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Editordentl Edi-

Akademik Gida dergisinin 23. yayin yilinin birinci sayisinda yine sizlerle birlikteyiz. Bu
sayimizda 6 arastirma ve 2 derleme makalesi yer almaktadir.

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

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus dergimize génderilecek
makalelerde Etik Kurul izni gerektiren galigmalarin 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.

Dergimiz halen SCOPUS ve TR-Dizin veri tabanlari basta olmak tzere 80'in Uzerinde
veri tabani kapsaminda indekslenmekte, 6zetlenmekte ya da listelenmektedir.
Dergimizin 2022 yili ve sonrasinda yayinlanan sayilarinda yer alan makalelere
SCOPUS veri tabani Gzerinden ulagilabilmektedir. Dergimizin kalitesini ve uluslararasi
alanda sayginhgini arttirabilmemiz icin etki faktdérinin ylkseltimesi baglica
hedeflerimiz arasindadir. Bu nedenle siz de@erli bilim insanlarindan gerek dergimize
ve gerekse diger ulusal ve uluslararasi dergilere génderdiginiz makalelerde Akademik
Gida dergisinde yayimlanan makalelere mimkin oldugunca atif yapmanizi tekrar rica
ediyoruz.

Dergimizin yayincisi Sidas Medya Limited Sirketi'nin 15 Ocak 2024 tarihli karari
uyarinca, 1 Subat 2024 tarihinden sonra Akademik Gida dergisine gonderilen Turkce
makaleler igin “kabul/red sartina bagli olmaksizin” yazar/yazarlar tarafindan katki payi
olarak 2000 TL (KDV Dahil) édenmesinin uygun goérulduguni tekrar hatirlatmak
istiyoruz. Diger taraftan ingilizce olarak dergiye génderilen makalelerden 1500 TL
(KDV Dahil) talep edilecektir (https://dergipark.org.tr/tr/pub/akademik-gida/price-

policy).

Katkilarinizla dergimizin daha iyi noktalara gelecegine yurekten inaniyoruz. Bu sayinin
olusmasinda katkida bulunan; calismalarini yayimlanmak lzere dergimize génderen
yazarlara ve bu calismalan titizlikle degerlendiren yayin kurulu uyelerimiz ve
hakemlerimize tesekkurlerimizi sunuyoruz.

Saygilarimla.

Prof. Dr. Oguz Giirsoy
Bas Editor
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Editérden / Ed-

BILIMSEL ETKINLIKLER

4. Uluslararasi Tiirk Tarim - Gida Bilimi ve Teknolojileri
Kongresi

4. Uluslararasi Tirk Tarim - Gida Bilimi ve Teknolojileri
Kongresi (TURJAF 2025) 28-30 Nisan 2025 tarihleri arasinda
Nigde Omer Halisdemir Universitesi ev sahipliginde cevrimigi
ve yuz ylze olarak gergeklestirilecektir. Kongre ile ilgili bilgilere
https://www.turjaf.com/index.php/TURSTEP adresinden
ulasilabilir.

4. Uluslararasi Gida Kimyasi1 Kongresi

Kimyagerler Dernegi tarafindan dizenlenen 4. Uluslararasi

Gida Kimyas:i Kongresi 8-11 Mayis 2025 tarihlerinde
arastirmaci  ve akademisyenlerin katihmiyla Antalya'da
gerceklestirilecektir.  Kongre ile ilgili bilgilere https://

gidakimyasikongresi.org/ adresinden ulasilabilir.
14. Gida Miihendisligi Ogrenci Kongresi

14. Gida Mihendisligi Ogrenci Kongresi, 12-13 Mayis 2025
tarihlerinde Cukurova Universitesi Miihendislik Fakiiltesi Gida
Muhendisligi Bolumi ev sahipliginde, Karma Grup Egitim,
Denetim ve Danismanlik destegi ile Adana’da
gerceklestirilecektir. Kongre “Gelecegin Guvencesi: Gida, Bilim
ve Teknoloji” ana temasiyla gerceklesecek ve cok cesitli
alanlarda guncel gelismeleri ele alacaktir. Kongre ile ilgili
bilgilere https://gidakongre.cu.edu.tr/ adresinden ulagsilabilir.

\

8. Uluslararasi Gida, Tarim ve Veteriner Bilimleri Kongresi

8. Uluslararasi Gida, Tarim ve Veteriner Bilimleri Kongresi
29-31 Mayis 2025 tarihlerinde arasinda Konya'da
gerceklestirilecektir.  Kongre ile ilgili bilgilere https://
www.gthk.org/ adresinden ulasilabilir.

Turkiye 15. Gida Kongresi

Gida Teknolojisi Dernegi tarafindan 1978 yilindan bu yana
dizenlenmekte olan Turkiye Gida Kongresinin on besincisi,
Sakarya Universitesi Gida Miihendisligi Bolimii ev sahipliginde
8-10 Ekim 2025 tarihlerinde Sakarya'da llkemizden alaninda
uzman bircok degerli  bilim insaninin  katiimi ile
gerceklestirilecektir. Kongre ile ilgili bilgilere
https://gidakongresi2025.org/ adresinden ulasilabilir.

14. Gida Miihendisligi Kongresi

Gida Muihendisleri Odasi tarafindan dizenlenen ve gida
sektérinin paydaslarini bir araya getirmeyi, gida zincirinde yer
alan tum aktorleri kapsayacak bicimde bilimsel ve teknolojik
calismalari  paylasmayi, AR-GE oOnceliklerini tartismayi,
yenilikleri aktarmayi ve en onemlisi ortak bir tartisma alani
olusturmayi hedefleyen 14. Gida Muhendisligi Kongresi 13-14
Kasim 2025 tarihleri arasinda Antalya'da gergeklestirilecektir.
Kongre ile ilgili bilgilere https://
www.gidamuhendisligikongresi.org/ adresinden ulagsilabilir.
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Research Paper / Arastirma Makalesi

Use of Hemp Seed Milk in Ice Cream and Its Effect on Physicochemical,
Rheological, Bioactive and Sensorial Properties
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ABSTRACT

The nutritional and positive effects of plant-based milks on human health are increasingly studied, and their
integration into various food formulations has become essential in new product development. In this study, hemp seed
milk was added to the ice cream mix as a functional ingredient and a replacement for cow’s milk (0-25-50-75-100%)
to investigate its effect on the physicochemical, rheological, textural, functional, and sensory properties of ice cream.
As the ratio of hemp seed milk with a high protein content increased in the mix, ice cream samples with higher protein
content were obtained compared to the control sample. The use of hemp seed milk reduced the first dripping time and
increased the melting rate of ice creams, causing them to melt in a greater mass. However, statistically insignificant
changes in the hardness parameter were observed as their textural properties. The apparent viscosity values of ice
creams decreased, and the difference between elastic (G') and viscous (G") properties also reduced compared to the
control ice cream. Among ice creams with hemp seed milk, the sample containing 25% hemp seed milk received the
highest sensory score. Considering the functional properties, as the hemp seed milk ratio increased, ice creams with
higher total phenolic contents and antioxidant activities were obtained compared to the control sample. In conclusion,
taking into account its favorable sensory properties, using a 25% hemp seed milk ratio can be suggested as a plant-
based milk option that delivers desirable physicochemical and functional characteristics to ice cream.

Keywords: Hemp seed milk, Seed-based milk, Vegetable milk, Ice cream, Functional

Dondurmada Kenevir Tohumu Sutu Kullanimi ve Fizikokimyasal, Reolojik, Biyoaktif ve
Duyusal Ozellikleri Uzerine Etkisi

0z

Bitki bazli sutlerin insan sagligi Gzerindeki besleyici ve olumlu etkileri giderek daha fazla arastiriimakta ve bunlarin
cesitli gida formuilasyonlarina entegrasyonu, yeni uriin gelistirmede 6nemli bir hale gelmektedir. Bu ¢alismada,
kenevir tohumu sutu, fonksiyonel bir bilesen ve inek sitl yerine (0-25-50-75-100%) kullaniimak tzere dondurma
karisimina eklenerek, dondurmanin fizikokimyasal, reolojik, teksturel, fonksiyonel ve duyusal 6zellikleri tGzerindeki
etkileri arastinimistir. Dondurma karigsiminda protein icerigi yuksek kenevir tohumu siti orani arttikga kontrol
dondurmaya goére daha yuUksek protein igerigine sahip dondurmalar elde edilmistir. Kenevir tohumu siti kullanimi,
dondurmalarin ilk damlama sdiresini kisaltip erime hizini artirarak daha buyik kitlede erimeye neden olmustur. Ancak
teksturel 6zelikler incelendiginde sertlik parametresi Uzerinde istatistiksel olarak anlamli bir degisiklik gdzlenmemigtir.
Dondurmalarin gorunir viskozite degerleri azalmis, elastik (G') ve viskoz (G") 6zellikleri arasindaki fark da kontrol
dondurmasina gore azalmistir. Kenevir tohumu sutu ilave edilen dondurmalar arasinda %25 kenevir tohumu suti
iceren dondurma en ylksek duyusal degerlendirme puanini almistir. Fonksiyonel Ozellikler dikkate alindiginda ise
kenevir tohumu sutd orani arttikga kontrol dondurmaya gore daha yiksek toplam fenolik ve antioksidan aktiviteye
sahip dondurmalar elde edilmistir. Sonug olarak %25 kenevir tohumu siti orani dondurmanin hem fizikokimyasal ve
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fonksiyonel 6zelliklerini gelistiren hem de duyusal agidan begenilen bitki bazli sit olarak dnerilebilir.

Anahtar Kelimeler: Kenevir tohumu sttt, Tohum bazl sttler, Bitkisel sttler, Dondurma, Fonksiyonel

INTRODUCTION

Milk and dairy products constitute an important part of
our diet. However, interest in plant-based products is
increasing due to reasons such as the adverse effects of
animal food production on the environment, the danger
of insufficient animal food sources for the increasing
population, lactose intolerance, adverse health effects,
and new lifestyles including vegetarian and vegan diets
[1-3]. Plant-based milk substitutes, or plant extracts, are
water-soluble extracts of cereals (oats, rice), legumes
(chickpea, soybeans), nuts (almonds, coconut, cashew
nut, hazelnuts), seeds (sesame, sunflower, hemp,
flaxseed) and pseudocereals (quinoa, teff) [4, 5]. Plant-
based milks are not only consumed as beverages but
also used as ingredients in food formulations. There are
many studies in the literature investigating the use of
plant-based milks in a fermented beverage [6, 7],
yoghurt [8, 9], pudding [1, 10], cheese [10, 11], and ice
cream [12-14] formulations. Since the sugar used in ice
cream can mask the unfamiliar taste of plant-based
ingredients, ice cream is a suitable food matrix in which
plant-based ingredients can be included [15].

The cultivation and production of hemp (Cannabis sativa
L.) were under control for years due to the psychoactive
substance (delta-9 tetrahydrocannabinol, THC) it
contains [16]. However, in the production of hemp-
based food products, materials obtained from the
industrial hemp plant containing 0.3% to 1.5% THC are
used. Therefore, wunlike Marijuana, which has
psychoactive properties including 5%-10% or more
THC, industrial hemp can be used legally [17]. Hemp
seed is a nutritional valuable seed due to its protein (20-
25%), lipids (25-35%), carbohydrate (20-30%), insoluble
fiber (10-15%), and ash (4-7%) content, which varies
depending on the variety. Hemp seed is also vital for
human nutrition, mainly due to its total polyphenols and
essential fatty acids (linoleic acid-LA, C18:2, w-6 and a-
linolenic acid-ALA, C18:3, w-3) [18, 19]. Hemp seeds
are also a rich source of antioxidants and
phytochemicals that positively affect health [20].
Therefore, hemp-based materials such as protein, oil,
flour, and milk can be used as functional ingredients in
producing functional food products [20, 21].

Hemp seed milk is one of seed-based plant milk and is
an oil-in-water emulsion resulting from the extraction of
hemp seeds with water [22]. There are studies
examining hemp seed milk only as a beverage [23-25]
or examining the effects of some technological
processes, such as ultrasound [26, 27], homogenization
[16, 26], enzyme applications [28] and heat treatment
[29], on the stability of hemp seed milk. Studies also
investigate its use as an ingredient in different food
formulations to develop new products. The possibilities
of using hemp seed milk in the production of products
such as ayran [9], yoghurt [30], ice cream [31] and kefir
[32] was investigated.

In this study, because the ice cream mix already
included stabilizers and emulsifiers, it was considered a
food matrix that did not require any further processing to
stabilize hemp seed milk. Differing from previous
research, this study focused on evaluating the impact of
varying hemp seed milk to cow’s milk ratios, rather than
just a single formulation, by analyzing how these ratios
influenced the structure of the resulting ice cream. The
research investigated the use of hemp seed milk as a
replacement for cow’s milk in ice cream formulations -
without the need for additional processing- and
examined its effects on the physicochemical,
rheological, sensory, and functional properties of the ice
cream.

MATERIALS and METHODS
Materials

The raw materials used in ice cream production were
purchased from the following companies in Turkiye:
skim milk powder (Enka Sut, Adana), sugar (Dogus Cay,
Afyonkarahisar), vanilla (Dr. Oetker, izmir), emulsifier
and stabilizer mixture (Danisco, Istanbul) and milk
cream with 35% milk fat content (Sok Market, Samsun).
Hemp seeds were supplied from Kenevir Arastirmalari
Enstitisi  (Ondokuz Mayis University, Samsun). To
obtain hemp seed milk, hemp seeds (20%, w/v) were
mixed with distilled water and mixed with Ultra Turrax
homogenizer (Ika Homogenizer T-25 basic Ultra Turrax,
Staufen im Breisgau, Baden-Wurttemberg, Germany) at
10000 rpm for 10 min. Then, hemp seed milk passed
through a 120-mesh sieve.

Methods
Ice Cream Production

The ice cream mix was calculated to contain 30% total
dry matter and 8% fat. The ingredients used in the ice
cream mix were as listed: 15% sugar, 0.75% stabilizer,
and the remainder were cow milk (CM) or hemp seed
milk (HM) and various combinations of them (CM-HM
ratios: 100-0 (Control), 75-25, 50-50, 25-75, 0—100%).
Besides, to achieve 8 g/100 g fat content in ice cream
formulations, milk cream with 35% milk fat content was
used. The milk was heated to approximately 45°C, and
powder ingredients were added. The mixture was then
heated and homogenized at 10000 rpm for 10 minutes
(lka Homogenizer T-25 basic Ultra Turrax, Staufen im
Breisgau, @ Baden-Wirttemberg, = Germany). The
homogenized mix was pasteurized in a water bath at
80°C for 10 minutes. Ice cream mixes were cooled to
4°C and then aged overnight at 4°C.
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Physicochemical Analyses of Samples

The dry matter and ash content of the ice cream
samples were determined gravimetrically by keeping
them in an oven at 105 °C and a furnace at 550°C,
respectively [33]. Kjeldahl method was applied to
determine protein content [34]. After the total nitrogen
amount was found, the protein amount was calculated
by multiplying it by 6.38. Fat content was determined
using the Gerber assay [35]. The pH values of the ice
cream mixes were measured with a pH meter (Eutech
Instruments, pH 700, Waltham, Massachusetts, USA).

AE* = \/(Lz - L12) + (a; —a;)? + (b, — by)?

Rheological Properties of Ice Cream Mix

The rheological properties of ice cream samples were
determined using a Haake Mars Il (Thermo Scientific,
Waltham, Massachusetts, USA) device with conical and
plate geometry (35 mm diameter, 0.104 mm gap, 2°
angle) according to Kurt and Atalar [35]. The steady and
viscoelastic properties of the ice creams were measured
at +4°C. In addition, the ice cream samples were loaded
onto the geometric probe and waited for 2 minutes for
structure recovery and temperature equilibrium before
each measurement. Shear rates from 0.1 s to 100 s™
(increasing) were applied to the samples for 3 min to
determine the flow behavior graphs and apparent
viscosity values (at a 50 s' shear rate). The flow
behavior was analyzed by using the Herschel-Bulkley
model based on the following Equation 2:

T=1y +Ky™" (2)

where 1 is the shear stress (Pa), ty is the yield stress
(Pa), K is the consistency coefficient (Pa s), y is the
shear rate (s') and n is the flow behavior index
(dimensionless).

Dynamic rheological measurements were made to
determine ice cream samples' viscoelastic properties,
and storage (G') and loss modulus (G") values were
obtained. For this purpose, measurements were made
at a shear stress of 0.2 Pa (linear viscoelastic area
determined by stress sweep analysis) and a frequency
range of 0.1-10 Hz.

Textural Properties of Ice Cream Mix

A texture analyzer (TA-XT2 Stable Micro Systems Co.,
Ltd., Surrey, UK) was used to determine the hardness
value of ice creams stored in a plastic container at -18°C
for 24 h. The analysis was carried out using a cylindrical
probe with a diameter of 5 mm, penetration depth of 5
mm, and penetration speed of 1.0 mm/s. The hardness

Color values of ice cream samples were determined
with a color measuring device (Minolta Chroma Meter
CR-400, Tokyo, Japan) using CIELAB system. The “L*”
value represents brightness (0: black, 100: white), the
“a*” value represents red/green (+: red, -: green), and
the “b*” value represents yellow/blue (+: yellow, -: blue).
The color difference value (AE*) value, which shows the
difference of the ice creams with hempseed milk (L2, a2,
b2) from the control ice cream (L1, a1, b1) in terms of
color, was calculated according to Equation 1 given
below;

(1)

is expressed as the peak pressure force (N) during
penetration [35].

Melting Properties of Ice Cream Mix

The first dripping time (min) and melting rate (g/min)
were determined according to the method reported by
Aboulfazli, Baba [36]. The hardened ice cream sample
(~30 g) was left to melt on a 1.34 mm sieve on top of a
pre-tared beaker in a cabinet set at 25°C, and the
amount of ice cream melted into the beaker was
recorded at a 5-minute interval for 45 min. The
percentage of ice cream drip-off was calculated using
the following Equation 3 [37]:

Drip-off (%) = (md/ms) x 100 (3)

where mq is the weight of the ice cream drip-off (g) at
the end of 30 min, and ms is the weight of the ice cream
sample (g) at the beginning of the analysis.

Functional Properties of Ice Cream Samples

Bioactive compound extraction from ice creams was
carried out according to the method of Gul, Atalar [8]
with some modifications. The samples were mixed with
80% methanol at a ratio of 1:1 and shaken for 1 hour at
ambient temperature. Then samples were centrifuged
(Nive-Bench Top Centrifuge, NF 1200R, Ankara,
Turkiye) at 8,000xg for 30 min at 4°C. Suspensions
were filtered with Whatman filter paper no. 1 and the
filtrate was used for total phenolic content (TPC) and
1,1-diphenyl-2-picrylhydrazil (DPPH) analysis.

The filtrates were mixed with Folin reagent to determine
total phenolic component determination, and then 2.5
mL of 7.5% (w/v) Na2COs was added. After keeping
them in a dark condition for 30 min, absorbance was
measured at 760 nm using a UV/VIS spectrophotometer
(Shimadzu UV-1800, Tokyo, Japan). Results were
calculated as Gallic acid equivalent using the calibration
curve (R%:0.9998) given below (Equation 4);

TPC (mg GAE/100g) = [(Absorbance — 0.179)/0.0123] x Dilution factor (4)

To determine DPPH activity, 4.9 mL of DPPH agent was
added to 0.1 ml of filtrate, and the absorbance was read
at 517 nm wusing a UV/VIS spectrophotometer

(Shimadzu UV-1800, Japan) after waiting in the dark for
30 min. Results were calculated using the calibration
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curve (R%0.9997) below based on the Trolox®

Trolox (mM) = [(Absorbance + 0.5998)/(56.608)]xDilution factor

Sensorial Properties of Ice Cream Samples

Ice cream samples stored at -18°C for 25 days were
evaluated using a hedonic scaling method for color/
appearance (1=undesired, 5=desired), texture
(1=undesired, 9=desired), taste and aroma
(1=undesired, 9=desired) and general acceptability [35].
Thirty panelists (academic staff and graduate students)
at Ondokuz Mayis University Food Engineering
Department participated in the sensorial evaluation test.

equivalent (Equation 5);

Statistical Analysis

The data was analyzed using IBM SPSS software
(Version 20, Chicago, USA). The one-way ANOVA and
Duncan’s post-hoc test at a 5% significance level were
conducted.

RESULTS and DISCUSSION
Physicochemical Properties of Samples
The physicochemical compositions of cow and hemp

seed milk used for ice cream making are given in Table
1.

Table 1. Physicochemical properties of cow and hemp seed milk

Physicochemical properties Cow milk Hemp seed milk
Dry matter, % 11.94+0.09 12.13+0.04
Ash, % 1.70£0.28 0.73+0.08
Protein, % 2.50+0.44 4.67+0.03
Fat, % 3.450.07 9.30+0.14
pH 6.32+0.01 6.66+0.01
L* (lightness/ darkness) 90.10+0.20 87.70+0.22
a *(red/green) -2.09+0.01 -0.71+0.23
b* (blue/yellow) 4.10+0.17 9.28+0.39

*L*: light (100) to dark (0), a*: red (+a*) to green (-a*), b*: blue (-b*) to yellow (+b*)

The dry matter content of hemp seed milk, prepared
with 20% hemp seeds to obtain the dry matter similar to
cow's milk (11.94%+0.09), was determined as 12.13%.
In the study by Gram and Mortas (2023), the dry matter
of hemp seed milk prepared at a 1:5 (seed: distilled
water) ratio was around 10.3-10.46%. Protein, fat, and
pH values were higher in hemp seed milk than cow milk.
On the contrary, the ash amount and L* value were
found to be higher in cow’s milk. Since the composition
of hemp milk varies depending on the amount of hemp
seeds used, hemp milk with different compositions has

been obtained in the literature. The protein, fat and ash
contents of the hempseed milk samples used were
found at 0.83-6.96%, 1.25-18.02% and 0.47—-0.664%,
respectively in studies [9, 16, 25]. Considering these
minimum and maximum values in the literature, the
chemical composition of the hemp seed milk produced
was within the specified range.

The physicochemical properties of ice cream samples
are given in Table 2.

Table 2. Some physicochemical parameters of control and HM added ice creams

Hemp Seed Milk Concentration

Parameters Control 25% 50% 75% 100%
Dry matter, % 30.13:0.08%  20.89£0.04°  2952:0.10°  20.98:010°  30.4240.02°
Ash. % 0.580.06° 0.54+0.09° 0.56£0.01° 0.55£0.04° 0.70£0.01°
Protein, % 24740.37°  2.8120.07%  3.10:0.03®  3.50£0.10°  3.04+0.04°
Fat, % 8.400.28° 8.50+0.14° 8.30£0.14° 8.60£0.01 8.70£0.14°
oH 6.2940.01° 6.66£0.01°  6.70£0.01°  6.7240.00° 6.7840.02°
L* (Lightness) 89.42+023°  87.64+0.03°  86.75:0.10°  87.72¢0.00°  87.76£0.01°
a* (redness) 126£0.08°  -1.40%0.01°  -13120.01  -0.750.01°  -0.59+0.01°
b* (yellowness) 8.75+0.36° 8.40+0.112 8.26+0.08? 9.84+0.03° 10.06+0.02°
AE* (Color difference) - 1.82+0.05° 2.08£0.01° 2.2140.02 2.7140.10°
Hardness (N) 10.3241.65°  15.48+1.43°  137142.47°  11.48+4.28°  13.37+2.01°

* Values are means + standard deviation. a-c means within the same line with different letters are significantly different at p<0.05

The dry matter content of all ice creams was around
30% since the mix formulation was calculated to be 30%
solids. Ice creams containing similar dry matter were
produced in a study examining quince seeds' effect on
ice cream's characteristics [35]. There was no statistical
difference between the ash amount of the ice cream

samples (p>0.05). The amount of protein increased as
the hemp seed milk ratio increased. This was because
the protein content of hemp seed milk was higher than
cow's milk. It has been reported that plant milk generally
has a higher protein content than cow's milk [38]. Since
the fat content in the ice cream mix was calculated as
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8%, the fat percentages were around this. According to
the Turkish Food Codex (Number: 2022/13) the ice
creams produced were included in the fatty ice cream
category. The pH value of the samples increased as the
hemp seed milk ratio in the ice cream mix increased
since the pH value of hemp seed milk was higher than
cow milk. The L* values of the samples with hemp milk
added were statistically different from the control ice
cream sample (p<0.05). The L* value of ice creams with
hemp seed milk was lower than control ice cream
because of the chlorophyll naturally found in hemp
seeds [39]. Some studies also indicate that the L* value
of ice cream prepared from plant milk was lower than ice
cream prepared from cow's milk [12, 31, 36].

When the hardness values of the ice cream samples
were examined, no statistically significant difference was
found between the samples (p>0.05). The texture of ice
cream varies according to ingredients and processing
conditions [40]. The hardness values of the samples
vary between 10.32+1.65 and 15.48+1.43. Some studies
in the literature have similar results [40, 41]. The
increase in the hardness value of the ice cream
containing 25% hemp seed milk compared to the control
sample can be attributed to increased protein content
with adding hemp seed milk. The rich protein content
may have interacted with other ingredients in the ice
cream mixture and contributed to increased water
immobilization in the ice cream due to its water-binding

properties, resulting in the formation of harder ice cream
[42].

However, a decrease was observed in the hardness
value of the ice creams containing 50, 75 and 100%
hemp milk compared to the ice cream containing 25%
hemp milk, although it was not statistically significant.
The reason for this decrease may be that as the hemp
milk ratio increases, the unsaturated fat ratio increases
as well as the protein content. The fat droplets
emulsified by the proteins in the colloidal structure of the
ice cream may have lost their stability due to the
increase in the unsaturated fat ratio. The destabilized oil
droplets may have also caused the viscosity to decrease
as the shear rate increased [35, 43].

Rheological Properties of Ice Cream Mix

Rheological properties are important in terms of sensory
evaluation in ice cream consumption. Furthermore,
rheological parameters are important in mechanical
transportation and convey the mix through lines during
the process [31]. While the viscosity at low shear stress
is associated with the consistency felt in the mouth, the
viscosity at high shear rate can be understood by the
flow characteristics in process operations such as
pumping and spraying [44]. Apparent viscosities at 50 s
" and Herschel-Bulkley model parameters are given in
Table 3.

Table 3. The apparent viscosity and Herschel-Bulkley model parameters of ice creams

Herschel-Bulkley Model Parameters

Apparent viscosity at 50 s,

Samples nso (Pa.s) Conslzst(?:nact)ér:)ndex, Flow beha:1V|or index, R2

Control 0.59+£0.01°¢ 9.98+2.28¢ 0.311£0.052 0.9999
25% 0.39+0.00P 5.94+0.390¢ 0.34+0.0120 0.9998
50% 0.29 0.022 1.19+0.452 0.65+0.07¢ 0.9999
75% 0.27+0.012 1.87+0.042> 0.52+0.00%° 0.9999
100% 0.25+£0.012 0.6410.142 0.75+0.059 0.9998

*Values are means * standard deviation. a-e means within the same column with different letters are significantly

different at p<0.05

Herschel-Bulkley model was applied to the data
obtained as a result of rheological analysis (R?>0.99).
Similar to our study, in many types of research in the
literature, the flow behavior properties of ice creams
produced were found to be suitable for the Herschel-
Bulkley model [35, 54]. All ice cream mixes had lower
(0.31-0.75) flow behavior index values than 1 (one) and
thus exhibited pseudo-plastic or shear-thinning flow,
meaning that their viscosity decreased as the shear rate
increased. As the hemp seed milk ratio increased, the
apparent viscosity (50 s') and consistency index (K)
decreased, while the flow behavior index (n) increased
(p<0.05). High K value represents high consistency [45].
The increase in n and the decrease in K may result from
the structural rupture of the protein network of the ice
cream due to shearing [36]. Samples with a low flow
behavior index were reported to be easier to pump and
more effective in providing the desired mouthfeel and

texture [31]. At the same time, the apparent viscosity
values of the ice cream samples decreased as the hemp
seed milk ratio increased. The reason for this may be
that the milk fat in cow's milk is of animal origin, while
the fat in hemp milk is of vegetable origin. An animal-
based partially coalesced fat provides firmness and
structure to ice cream [46]. Although an optimum mix
viscosity can not be defined, the apparent viscosity
range at 50 shear ratio after aging is suggested to be
0.1-0.8 Pas. In this study, the viscosity values of all
prepared ice cream mixes were within this range [31].

Dynamic rheological properties of ice cream samples
were examined to determine their viscoelastic
properties. The storage (G’) modulus and loss (G”)
modulus and fluid behavior curves of ice cream mixes
are given in Figure 1.
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Figure 1. (a) Apparent viscosity vs. shear rate for ice cream mixes containing 0-100%
hemp seed milk; (b-c-d-e-f-) Plots of storage (G) and loss (G") modulus as a function of
frequency for ice cream mixes containing 0-0.100% hemp seed milk

The G’ values of all ice cream samples were higher than
the G” values. This indicates an elastic (solid-like)
structure of the ice cream mix rather than a viscous
(liquid-like) structure. While the storage modulus (G’) is
associated with solid body-like behavior and therefore
the hardness of ice cream, the loss modulus (G”)
describes viscous behavior and fluidity and is
associated with the sensation of the creaminess of ice
cream [47]. As the hemp milk ratio increased, viscous
and elastic behavior values became closer. This
situation was supported by the fact that as you add
hemp milk, the viscosity decreased, and it became more
liquid. Moreover, the reason why the loss modulus value
of the ice cream mix increased as the hemp milk ratio
increased could be shown to be that hemp seeds
contain long-chain fatty acids, which are known to be
liquid [46]. Similar to this study, ice creams with storage
modulus values higher than loss modulus values have
been produced in the literature [48, 49]

Melting Properties of Ice Cream Samples

The chemical composition and physical structure of ice
cream affect its melting properties [37]. The melting rate
(g/min), drip-off (%) and first dripping time (min) of ice
cream samples are given in Table 4. Also, images of ice
cream samples at 0, 20, 30, and 45 minutes are shown
in Figure 2.

As the hemp milk ratio increased, the melting rate and
dripping amount of the ice cream samples also
increased. This may be because hemp seed milk's fat
melted faster than cow's milk fat. Similar results were
obtained in a study using plant-based coconut milk [14].
Similar to this study, in a study where walnut milk was
used in ice cream making, it was determined that the
energy required to melt ice cream made with walnut milk
was less than the control sample [13]. Unlike this study,
the study conducted by Atalar and Kurt [12] stated that
hazelnut milk improved the melting properties of ice
cream samples due to its high protein content, which
melted later.
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Figure 2. Melting behavior of ice cream containing 0-100% hemp
seed milk (HM) 0 (a), 20 (b), 30 (c) and 45 (d) min later at room

temperature (2512 °C)

Milk fat globules affect the melting properties of ice
cream by surrounding air bubbles and contributing to air
phase stabilization. It has been reported that the more
unsaturated the vegetable oil used in the ice cream mix
and the longer the fatty acid chain, the more
pronounced the destabilization of the fat globules [50].
The presence of polyunsaturated fatty acids (linoleic
acid, C18:2w6 and a-linolenic acid, C18:2w3) in

Table 4. Melting properties of ice creams

hempseed milk can explain the negative effect on
melting properties as the hemp milk ratio increases in
the ice cream mix [51]. Similar to this study, in the study
conducted by Glven and Kalender [52], it was observed
that the use of vegetable oils such as hazelnut oil and
olive oil negatively affected and accelerated the melting
of ice cream.

Sample Melting rate (g/min) Drip-off (%) First dripping time (min)
Control 0.27+0.08? 17.67+5.66° 3.32+0.19°
25% 0.40£0.13%* 26.67+8.48%° 2.85+0.462
50% 0.59+0.16% 39.58+10.48%° 2.74+0.51°
75% 0.73+0.03° 48.50£2.12° 2.57+0.012
100% 0.74+0.06° 49.50+4.00° 2.30+0.042

*Values are means + standard deviation. a-b means within the same column with different letters are significantly

different at p < 0.05.

No statistical difference was observed between the ice
cream samples regarding the first dripping times (p:
0.149). A high negative correlation exists between initial
drip time and melting (r: -0.93) rate. Additionally, a high
negative correlation was also calculated between
apparent viscosity values and melting rate (r: -0.94). A
high positive correlation was also found between the
first drip time and viscosity (r: 0.95). These results
revealed the importance of viscosity on the melting
properties of ice cream. In the study conducted by [35],
it was stated that viscosity is important in ice cream
samples with high correlation parameter.

Functional Properties of Ice Cream Samples

Among the functionalization strategies of ice cream, the
presence of bioactive components is important [53].
Plant-based milk stand out with their bioactive
components (for example, soy-based beverages contain
isoflavones and phytosterols; almond-based beverage
contains tocopherol and arabinose; oat-based beverage
contains glucan; hemp seed milk contains
polyunsaturated fatty acids (PUFAs) and essential fatty
acids (EFAs), are therefore used to produce functional
products [38, 54-56]. Bioactive compounds in ice
creams were determined by total phenolic content and
antioxidant activity analysis, and the results are shown
in Figure 3.
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Figure 3. The total phenolic contents (TPC) (a) and antioxidant activity levels of ice cream mixes

containing 0-100% hemp seed milk (b)

As the ratio of hemp seed milk in the ice cream mix
increased, both the total phenolic content and
antioxidant activity of the samples increased. Bioactive
compounds such as linoleic acid, y-tocopherol,
cannabidiol acid, lignan-amides, and terpenes contained
in hemp seed can be shown as the reason why the
phenolic and antioxidant content increased as the hemp
seed milk ratio increased [25]. A study conducted by
Besir and Mortas [9] determined that the antioxidant and
phenolic component content of ayran drink with
increased hemp milk content was higher than that of
ayran prepared entirely from cow's milk. Similar to this

study, phenolic and antioxidant contents increased in ice
creams produced from hazelnut milk in a study
researched by Atalar and Kurt [12]. In another study, the
effect of non-dairy ingredients (coconut milk and
coconut sugar) on total phenolic content was found to
be highly significant [14].

Sensorial Properties of Ice Cream Samples

Sensorial parameters evaluated for ice cream samples
are given in Table 5.

Table 5. Sensory parameters of control and HM added ice creams

Hemp seed milk concentration

Parameters Control 25% 50% 75% 100%

Appearance 8.59+0.622 8.53+0.722 8.29+0.922 7.88+0.992 7.94+1.032
Taste and aroma 8.58+0.62° 7.88+0.93% 7.23+0.97° 6.88+1.322 7.53+1.46°
Texture 8.12+0.86° 7.59+1.12% 7.47+0.80% 7.18+0.882 7.12+1.41°
General acceptance 8.56+0.55P 7.91+0.94%° 7.56+0.742 7.23+0.97° 7.44+1.25°

* Values are means + standard deviation. (n = 25 panelists for each ice cream type). a-b means within the same line with different
letters are significantly different at p<0.05. Sensory attributes and their scales: 1 = undesired, 9 = desired. Values are means *
standard deviation. a-b means within the same line with different letters are significantly different at p<0.05

There was no statistical difference between the ice
cream samples regarding appearance (p: 0.058). For
the taste-aroma parameter, ice cream containing 25%
hemp milk was scored similarly to control ice cream.
Taste and aroma differed statistically from control ice
cream, starting from a 50% hemp seed milk ratio.
Regarding texture, except 100% hemp seed milk all
ratios were evaluated as close to control ice cream
(p>0.05). When general acceptability was assessed, the
most liked ice cream with hemp seed milk added by the
panelists was the ice cream containing 25% hemp seed
milk. While the addition of plant-based milk increased
the acceptability compared to the control sample in
some studies [12, 13], it decreased the acceptability in
some studies [56-58]. In a study where ice cream was
made using soy and sweet bean milk, as the proportion
of plant milk increased, the panelists' approval score
decreased, and they determined that the best
concentration of plant-based milk was 25% [57]. In the
sensory analysis performed on ice creams produced
using hemp seed milk and almond milk, ice cream

produced from hemp seed milk was less liked due to the
high density and slightly unpleasant aroma specific to
hemp seed milk [56]. Like hemp seed milk, ice cream
made from soy milk was also disliked due to its intense
flavor [58].

CONCLUSION

This study investigated the usability of hemp milk in ice
cream production. Thanks to the high protein content of
hemp seed and its rich phenolic-antioxidant content,
hemp seed milk-based ice creams with higher protein
content and improved functional properties were
obtained compared to the control ice cream sample
made from cow's milk. Using hemp milk instead of cow's
milk did not positively affect viscosity and melting
properties. When the hardness value was examined, ice
creams similar to the control ice cream were obtained.
As the hemp milk ratio increased, the apparent viscosity
of the ice cream decreased due to the hemp seeds
containing long-chain fatty acids, which are known to be
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liquid. In addition, the loss modulus increased, and the
viscous and elastic behavior values became closer to
each other. From a sensory perspective, considering the
general acceptability parameter, the acceptable hemp
milk rate was determined to be 25%. If the results of this
study are supported by future studies examining its
effects on health, hemp seed milk can be recommended
as an alternative plant-based milk that can be used in
the production of functional ice cream, as it increases
the total phenolic and antioxidant content of ice cream.
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ABSTRACT

In this study, the antioxidant activities, total phenolic content (TPC), total flavonoid content (TFC), and phenolic
compounds in the leaves of wild edible plants, grown in Afyonkarahisar, Turkey were investigated. Antioxidant
activities were measured by 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2 -azine-bis (3-ethylbenz-thiazoline-6-sulfonic
acid) diammonium salt (ABTS), and ferric reducing antioxidant power (FRAP) assays, while phenolic acids and
flavonoids were identified and quantified by high performance liquid chromatography. The plants included Lactuca
serriola L. (bitter lettuce), Thymus vulgaris L. (thyme), Sinapis arvensis L. (mustard), Malva neglecta L. (hibiscus),
Amaranthus retroflexus L. (redroot pigweed), Tragopogon longirostris bisch (goat’s beard), Taraxacum officinale
(dandelion), and Chenopodium album (baconweed or lamb’s quarters). Phenolic acids, including gallic acid, ferulic
acid, chlorogenic acid, p-coumaric acid, ellagic acid, vanillic acid, caffeic acid, cinnamic acid, 4-hydroxybenzoic acid,
2,5-dihydroxybenzoic acid and flavonoids including catechin, apigenin, naringin, rutin and quercetin amounts in plant
leaves were determined. All plants showed antioxidant properties but Tragopogon longirostis bisch, Sinapis arvensis
L., and Thymus vulgaris L. had higher antioxidant activity than the rest. The highest TPC (2.69 mg/g) belonged to
Tragopogon longirostis bisch, and the highest TFC (1.84mg/g) belonged to Amaranthus retroflexus. Amaranthus
retroflexus L. had the highest gallic acid and vanillic acid levels. Malva neglecta L. had the highest ferulic, chlorogenic,
ellagic, and cinnamic acid contents. Tragopogon longirostris bisch had the highest p-coumaric acid, 4-hydroxybenzoic
acid, and 2,5 dihydroxybenzoic acid levels. It was observed that Malva neglecta L. had the highest catechin, apigenin,
and quercetin contents while Thymus vulgaris L. had the highest naringin and rutin levels. These results suggested
these leaves could be consumed as the sources of natural antioxidants in human diet.

Keywords: Phenolic, Antioxidant, DPPH, ABTS, FRAP

Afyonkarahisar'da Yetigsen Sekiz Yabani Yenilebilir Bitkinin Antioksidan Aktivitesi ve
Fitokimyasal Profili

0z

Bu calismada, Turkiye'nin Afyonkarahisar ilinde yetisen yabani yenilebilir bitkilerin yapraklarinin antioksidan
aktiviteleri, toplam fenolik icerikleri (TPC), toplam flavonoid igerikleri ve fenolik bilesenler arastiriimistir. Antioksidan
aktiviteler 2,2-difenil-1-pikrilhidrazil (DPPH), 2,2 -azin-bis (3-etilbenz-tiazolin-6-silfonik asit) diamonyum tuzu (ABTS)
ve demir indirgeyici antioksidan gii¢ (FRAP) analizleri ile dlgulirken, fenolik asitler ve flavonoidler HPLC ile tanimlanip
miktarlari belirlenmistir. Bu bitkiler Lactuca serriola L. (aci marul), Thymus vulgaris L. (kekik), Sinapis arvensis L.
(hardal), Malva neglecta L. (ebegumeci), Amaranthus retroflexus L. (kizilbacak), Tragopogon longirostris bisch
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(tekesakall), Taraxacum officinale (acigiinek) ve Chenopodium album'dur (sirken). Bitki yapraklarinda fenolik asitler
(gallik asit, ferulik asit, klorojenik asit, p-kumarik asit, ellagik asit, vanilik asit, kafeik asit, sinnamik asit, 4-
hidroksibenzoik asit, 2,5-dihidroksibenzoik asit) ile flavonoidlerin (katesin, apigenin, naringin, rutin ve kuersetin)
miktarlari belirlenmistir. Tim bitkiler antioksidan 6zellik gostermis fakat Tragopogon longirostis bisch, Sinapis arvensis
L. ve Thymus vulgaris L. digerlerinden daha ylksek antioksidan aktivite degerine sahip olmustur. En ylksek toplam
fenolik madde icerigi (2.69mg/g) Tragopogon longirostis bisch’e, en yiksek toplam flavonoid icerigi (1.84mg/qg)
Amaranthus retroflexus’a aittir. Amaranthus retroflexus L. en yuksek gallik asit ve vanilik asid icerigine sahip iken
Malva neglecta L. en yuksek ferulik, klorojenik, ellagik ve sinamik asit icerigine sahip olmustur. Tragopogon
longirostris bisch en yuksek p-kumarik asit, 4-hidroksibenzoik asit ve 2,5 dihidroksibenzoik asidi diizeyini sergilemisgtir.
Malva neglecta L.’nin en yuksek katesin, apigenin ve kuersetin dlzeyi, Thymus vulgaris L.’nin ise en yuksek naringin
ve rutin icerigine sahip oldugu goériimuastir. Bulgular, bu bitki yapraklarinin insan diyetinde dogal antioksidan

kaynaklari olarak tiketilebilecegini gostermistir.

Anahtar Kelimeler: Fenolik, Antioksidan, DPPH, ABTS, FRAP

INTRODUCTION

Medicinal plants contain healthcare components [1].
Phenolic compounds are found in most plants and have
antioxidant activity. Their redox properties sustain the
antioxidant properties of phenolics. Therefore, phenolic
compounds can take a role as reducing agents, oxygen
quenchers, and metal chelators [2]. Plants need
phenolic compounds for growth, pigmentation, and
resistance to pathogens. Plants are exposed to UV-B
(280-320nm) radiation, adversely affecting DNA. Plants
protect themselves from this radiation by producing
phenolic compounds [3]. Natural antioxidants like
phenolic compounds can replace synthetic antioxidants
against oxidative degradation caused by free radicals
[4]. Flavonoids are given as examples of phenolic
compounds. Flavonoids, which have high absorption at
250-270nm and 335-360nm, act as good UV screens
[5]. The important flavonoid component is quercetin, one
of the medicinal plants’ most active antioxidants.
Phenolics in these plants prevent cancer, cardiovascular
diseases, and asthma [6]. Al-Laith et al. [7] studied the
antioxidant properties of three wild medicinal plants from
Bahrain (Aizoon canariense L., Asphodelus tenuifolius
Cav., and Emex spinosus L. Campdera). E. spinosus
was ranked the highest antioxidant and antiradical
activities with an average FRAP value of 1.84 mmol/g
and ICso of 10.7 and 7.75 mg/mL for DPPH and ABTS
assays, respectively. Ginbatan et al. [8] reported that
DPPH, ABTS, and TFC of Malva neglecta L. were
87.59%, 17.57 mg gallic acid equivalent/g and 42.93 mg
rutin equivalent/g, respectively. Kolar et al. [9]
demonstrated that Chenopodium album had 91.5%
DPPH, 18.5 mg ascorbic acid equivalent/g FRAP, 14.9
mg tannic acid equivalent/g TPC, and 0.37 mg quercetin
equivalent/g TFC. Ivanov [10] showed that DPPH,
FRAP, and TPC of Taraxacum officinale grown in
Bulgaria were 130.3 mM Trolox® equivalent/g, 131.5
mM Trolox® equivalent/g, and 33.90 mg gallic acid
equivalent/g, respectively. Ao and Deb [11] investigated
the antioxidant potential of 10 wild edible mushrooms of
Nagalan in India. They reported that the highest
phenolic content was 18.7 g/100 g, and the highest
flavonoid content was 9.3 g/100 g. Shen et al. [12]
reported that okra fruit shows antioxidant capacity.
Somkuwar et al. [13] reported that gallic acid, vanillic
acid, ellagic acid, chlorogenic acid, sorbic acid,
coumaric acid, catechin, rutin, quercetin, and
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kaempferol were major phenolic compounds of red wine
grape. White wine grapes contain lower phenolics than
red wine grapes. Jagtap et al. [14] reported that Carica
papaya L. leaves showed antioxidant activity. Yalcin and
Schreiner [15] reported that the main phenolics of olive
oil were tyrosol and hydroxytyrosol. Free radical
scavenging activity of curry leaf (Murraya koenigii L.)
was approximately 90% [16]. Perea-Dominguaz et al.
[17] reported that the TPC of two tomatoes was 91.47
and 57.41 mg gallic acid equivalent/g dry samples.
Fellah et al. [18] reported that the highest TPC (152.6
and 125.8 mg gallic acid equivalent/100 g) was recorded
in Nabil flowers and Gabsi peels. Infrared treatment
caused an increase in the phenolic content of soy [19].
Hassanzadeh and Hassanpour [20] investigated TPC,
TFC, DPPH, and FRAP values of thirty-eight genotypes
of Elaeagnus angustifolia L. grown in Iran. They
reported that the TPC of peel and pulp was 268.38-1179
mg gallic acid/100 g and 250.57-820.85 mg gallic
acid/100 g, respectively. The TFC of peel and pulp was
23.50-327.50 mg catechin/100 g and 16.50-318.75 mg
catechin/100 g, respectively. DPPH of peel and pulp
was 49.22-93.11% and 28.59-93.15%, respectively,
while FRAP of peel and pulp was 57.00-128.67 mg
Fe2S04/100 g and 86.33-160.67 mg Fe2S04/100 g,
respectively. Orak [21] investigated phenolics of sixteen
red grape cultivars grown in Tekirdag, Turkey, and
reported that TPC ranged from 817 to 3062 ug gallic
acid equivalent/mL. Hassanpour and Alizadeh [22]
investigated berberry genotypes' antioxidant capacity,
TPC, and TFC (Berberis vulgaris and Berberis
integerrima). They reported that DPPH and FRAP
values of genotypes ranged between 20.69-68.33% and
20.2-70.39 TE mmol/L, respectively. Genotypes’ TPC
and TFC ranged between 263.35-623.07 mg gallic acid
equivalent/100 g and 158.33-280.00 mg catechin/100 g,
respectively.

This study compares the antioxidant activities in terms
of DPPH, ABTS, and FRAP, TPC, TFC, and phenolic
compounds of wild edible plants collected in
Afyonkarahisar, Turkey, on 25 May 2017. These plants
were Lactuca serriola L., Thymus vulgaris L., Sinapis
arvensis L., Malva neglecta L., Amaranthus retroflexus
L., Tragopogon longirostris bisch, Taraxacum officinale
and Chenopodium album. A comparison of the
antioxidant activities, TPC, TFC, and phenolic
compounds of the leaves of these plants has not been
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reported. This study will contribute to literature. The data
obtained will be a resource for researchers who will
work in this field.

MATERIALS and METHODS
Chemicals

HPLC grade methanol, formic acid, sodium carbonate
(purity299%), 2,4,6-tri(2-pyridyl)-s-triazine ferric chloride
hexahydrate, 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox®) (98% purity), ABTS (98%
purity), DPPH (95% purity), 2,4,6-tri-(2-pyridyl)-s-triazine
(TPTZ) (98% purity), potassium persulfate, AICIs,
NaNO2, H202, CuCl: and FeSO4 were purchased from
Merck (Darmstadt, Germany). Folin-Chiocalteu reagent
and phenolic standards (p-coumaric acid, caffeic acid,
chlorogenic acid, ferulic acid, gallic acid, ellagic acid,
cinnamic acid, vanillic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, naringin,
rutin and quercetin) were purchased from Sigma-Aldrich
(St, Louis, MO, USA).

Materials

Lactuca serriola L., Thymus vulgaris L., Sinapis arvensis
L., Malva neglecta L., Amaranthus retroflexus L.,
Tragopogon longirostris bisch, Taraxacum officinale and
Chenopodium album L. were collected from their natural
habitats (Latitude: 38,5917, Longitude: 31,0286 38° 35’
30" North, 31° 1' 43" East, Altitude: 1050m) in
Afyonkarahisar on 25 May 2017. The leaves of these

DPPH radical scavenging activity (%) = <1 -

ABTS Radical Cation Decolorization Assay

ABTS radical cation decolorization of samples was
determined according to the study reported by Re et al.
[25] with some modifications. The determination of
antioxidant activity by the ABTS radical cation
decolorization assay is based on the neutralization of a
radical cation after the one-electron oxidation of the
synthetic chromophore ABTS. Antioxidant activity is
determined by the change in the absorption spectrum
after the reaction [24].

ABTS (1.8 mM) and potassium persulfate (0.63 mM)
were mixed and stored in the dark for 24h at room
temperature for reaction. This solution was mixed with
methanol until an absorbance of 0.70 at 732 nm was
obtained. Then, the mixture (1.98mL) was added to the
sample extract (20 pL). After 30 min, the absorbance
was measured using a spectrophotometer (Optizen pop
Uv-Vis Spectrophotometer, South Korea) at 732 nm. A
standard curve was prepared by plotting the percentage
of radical cation decolorization of Trolox® (standard
antioxidant) versus its concentration (0.1-2.5mM). The
ABTS radical cation decolorization was expressed as
mg Trolox® equivalent (TE) per g sample.
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plants were separated from the plants and used for
analysis.

For sample extraction, 1 g of leaves was extracted with
10 mL of methanol in a homogenizer (Daihan WiseTis
HG-15D Digital Homogenizer, Seoul, South Korea) for 1
min at 20000 rpm. The homogenate was centrifuged at
3500 rpm for 10 min (Daihan Scientific Co., Ltd.,
WiseSpin® CF-10 Microcentrifuge, Seoul, South Korea).
The extract was separated and dried by a vacuum rotary
evaporator (Scilogex RE 100-Pro, USA) at 40°C. The
dry residues were dissolved in 90% methanol (10 mL)
before analysis.

DPPH Radical Scavenging Activity Assay

DPPH radical scavenging activity assay was performed
according to the method reported by Brand-Williams et
al. [23]. The determination of antioxidant activity with the
DPPH assay is based on the ability of the reaction of the
DPPH free radical with hydrogen donors. DPPH radical
solution is decolorized after reduction with an
antioxidant. So, color difference was calculated to
determine antioxidant activity [24].

DPPH was dissolved in 100% methanol to obtain a
solution with a concentration at 4.1075 mol/L. The
sample extract (400 pyL) was added to the DPPH
solution (1.6 mL). After incubation in a dark place at
room temperature for 30 min, the decrease in
absorbance was measured at 517 nm. The DPPH
solution (4.1075 mol/L) was used as a control for all
samples. The DPPH radical scavenging activity was
calculated using the following equation:

absorbanceg, e
— FTPE ) %100
absorbance g piro]

Ferric Reducing/Antioxidant Power (FRAP) Assay

The reducing capacity of samples was performed
according to the method reported by Benzie and Strain
[26]. Determination of antioxidant activity by the FRAP
assay is based on the forming of blue color after
reaction of 2,4,6-tri-(2-pyridyl)-s-triazine (TPTZ) with
ferric chloride hexahydrate [24]. FRAP reagent was
prepared for blank reading at 593 nm. 10 mL of sample
was then added to FRAP reagent (300 mL), along with
30 mL H20; the final dilution of the sample in the
reaction mixture was 1/34. Absorbance readings were
taken after 0.5 s and every 15 s. The change in
absorbance was calculated for each sample. 100-1000
mmol/L FeSO47H.O were used for calibration. The
results were expressed as mg FeSOa per g of sample.

Total Phenolic Content

The TPC of samples was determined by using the Folin-
Chiocalteu method [27]. Sample extract (300 pL) and
Folin-Chiocalteu reagent (750 pL) were mixed and
incubated for 5 min. Then 750 uL of Na2COs (60g/L)
was added, and the mixture was incubated in the dark
for 90 min at room temperature. The absorbance was
measured at 725 nm. Analysis was performed with
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working solutions in the 0.0-0.1 mg/mL concentration
range prepared from the catechin standard, and a
calibration curve was prepared. TPC was expressed as
mg catechin equivalents per g of the sample through the
calibration curve of catechin.

Total Flavonoid Content

The TFC of samples was determined according to the
method of Dewanto et al. [28]. 0.25 mL of the extract
was mixed with 1.25 mL of distilled water in a tube,
followed by the addition of 75 pL of a 5% NaNO:
solution. After 6 min, 150 pyL of a 10% AICI:6H20
solution was added and allowed to stand for 5 min.
Then, 0.5 mL of 1 M NaOH was added. The mixture was
brought to 2.5 mL with distilled water and mixed. The
absorbance was measured against the blank at 510 nm
using a spectrophotometer. TFC was expressed as mg
catechin equivalents per g of sample.

Analysis of Phenolic Compounds

The dried sample was dissolved in 1 mL of 100%
methanol and filtered through a 0.45 um nylon filter.
Phenolic compounds of samples were analyzed
according to the method of Caponio et al. [29] with some
modification by using HPLC (Shimadzu Prominence,
Kyoto, Japan) equipped with a diode array detector
(SPD-M20A) and Zorbax Eclipse C18 column (250 x 4.6
mm, 5 y). The mobile phase was 3% formic acid (A) and
methanol (B). The elution gradient was 95% A/5% B for
3 min, 80%A/20%B in 15 min and isocratic for 2 min,
60%A/40%B in 10 min, 50%A/50%B in 10 min, and
100%B in 10 min until the end of the run. The flow rate
was 1 mL/min. The eluates were detected at 278 nm.
Quantitative  phenolic compound evaluation was
performed by using calibration curves of standards.
Gallic acid, ferulic acid, chlorogenic acid, coumaric acid,
ellagic acid, vanillic acid, caffeic acid, cinnamic acid, 4-

hydroxybenzoic acid, 2,5-dihydroxybenzoic  acid,
catechin, apigenin, naringin, rutin, and quercetin were
determined. The amount of phenolic compounds was
expressed as ug per g of sample.

Statistical Analysis

Statistical differences between plant leaves were
evaluated using a one-way analysis of variance
(ANOVA) followed by the Duncan test. The difference
between groups was significant at P<0.05. All data were
analyzed using IBM Statistics SPSS 24 (Armonk, New
York, USA). The analysis was done in duplicate.

RESULTS and DISCUSSION
DPPH Radical Scavenging Activity of Plant Leaves

The DPPH radical scavenging activities (%) of plant
leaves are given in Table 1. Significant differences were
found between DPPH radical scavenging activities of
plant leaves. % Inhibition ranged from 15.9%
(Chenopodium  album) to 80.7% (Tragopogon
longirostris bisch). Tragopogon longirostris bisch had
the highest antioxidant activity, while Chenopodium
album had the lowest. The antioxidant activity of
Thymus vulgaris L. was statistically similar to that of
Sinapis arvensis L. The result of Lactuca serriola L. was
compatible with that recorded by Liu et al. [30]. Liu et al.
[30] reported that the DPPH value of lettuce (Lactuca
serriola L.) grown in Colorado was 69.6-81.6%. DPPH
value of Thymus vulgaris L. was higher than those (22-
55% and 27.5%) reported by Chizzola et al. [31] and
Dauqgan et al. [32]. DPPH value of Malva neglecta L.
was lower than that (97.59%) reported by Gunbatan et
al. [8]. DPPH value of Chenopodium album was lower
than that (91.5%) reported by Kolar et al. [9].

Table 1. Antioxidant activities of plant leaves (mean + standard deviation)

Samples DPPH (%) ABTS (mg TE/g) FRAP (mg FeSOa4/g)
Lactuca serriola L. 70.2+0.03d 2.13+0.018d 0.94+0.001h
Thymus vulgaris L. 77.9+0.15b 6.14+0.018¢c 8.77+0.001a
Sinapis arvensis L. 76.410.15b 10.01+0.018a 2.48+0.008f
Malva neglecta L. 69.5+0.59d 9.52+0.028b 7.74+0.057b
Amaranthus retroflexus L. 29.9+0.48e 8,92+0.030c 7.16£0.011c
Tragopogon longirostris bisch 80.7+1.73a 9.74+0.072ab 6.60+0.004e
Taraxacum officinale 74.3+0.15¢c 3.30+0.018d 2.43+0.007¢g
Chenopodium album 15.9+0.01f 8.63+0.035¢ 7.00+0.006d

*Values followed by the same letter in the same column are not significantly different (p<0.05)

ABTS Radical Scavenging Capacity of Plant Leaves

The ABTS radical scavenging capacities of plant leaves
are given in Table 1. Significant differences were found
between ABTS radical scavenging capacities of plant
leaves. ABTS values of plant leaves ranged from 2.13
mg TE/g (Lactuca serriola L.) to 10.01 mg TE/g (Sinapis
arvensis L.). Antioxidant capacity of Lactuca serriola L.
was statistically similar to that of Taraxacum officinale
and Malva neglecta L. The antioxidant capacity of
Thymus vulgaris L. was not significantly different from
that of Amaranthus retroflexus L. and Chenopodium
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album. Antioxidant capacity of Sinapis arvensis L. was
the highest, while that of Lactuca serriola L. was the
lowest. Compared with ABTS radical scavenging
capacity of Malva neglecta L. (17.57 mg gallic acid
equivalent/g) reported by Glnbatan et al. [8], leaves of
Malva neglecta L. used in this study had lower ABTS
radical scavenging capacity.

FRAP of Plant Leaves

The FRAP values of plant leaves are given in Table 1.
Significant differences were found between FRAP
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values of plant leaves. FRAP values of plants ranged
from 0.94 mg FeSOu/g (Lactuca serriola L.) to 8.77 mg
FeSOu4/g (Thymus vulgaris L.). Thymus vulgaris L. had
the highest FRAP value, while Lactuca serriola L. had
the lowest FRAP value. Lower FRAP value of Thymus
vulgaris L. was 121.1-339.2 umol TE/g obtained by
Daugan et al. [32]. FRAP value of Malva neglecta L.
(7.74mg FeSO4/g) was lower than that (190.3 pmol
Fe?/g) of Malva neglecta L. which was grown in Van,
Turkey [33]. FRAP value of Taraxacum officinale (2.43
mg FeSO4/g) was lower than that of Taraxacum
officinale (131.5 mM TE/g) reported by lIvanov [10].
FRAP value of Chenopodium album (7.00 mg FeSQOu/g)
was lower than that of Chenopodium album (18.5 mg
ascorbic acid equivalent/g) reported by Kolar et al. [9].

Total Phenolic Content of Plant Leaves
The TPCs of plant leaves are given in Table 2. A

significant difference was found between the TPC of
plant leaves. TPC of plants ranged from 0.20 mg

catechin/g (Sinapis arvensis L.) to 2.69 mg catechin/g
(Tragopogon longirostris bisch). Tragopogon longirostis
bisch had significantly higher TPC than other plant
leaves. TPC of Sinapis arvensis L. was the lowest in all
plant leaves. TPC of Thymus vulgaris L. was found
statistically similar to that of Malva neglecta L. and
Amaranthus retroflexus L. Higher TPC in Lactuca
serriola L., Malva neglecta L., Amaranthus retroflexus
L., Taraxacum officinale and Chenopodium album was
reported by some researchers. TPC of Lactuca serriola
L., grown in Netherlands, was 69.67-70.98 mg gallic
acid equivalent/g [34], that of Malva neglecta L. leaf was
17 mg gallic acid equivalent/g [35], that of Amaranthus
retroflexus L., grown in India, was 39.636 mg gallic acid
equivalent/g [36], that of Taraxacum officinale was 33.90
mg gallic acid equivalent/g [10] and 41.47-691.6 mg
gallic acid equivalent/g [37], that of Chenopodium album
was 14.9 mg tannic acid equivalent/g [9] and 18.44 mg
gallic acid equivalent/g [38]. Lower TPC (0.219 mg gallic
acid equivalent/g) in Thymus vulgaris L. was obtained
by Daugan et al. [32].

Table 2. Total phenolic (TPC) and total flavonoid contents (TFC) of plant leaves (mean

+ standard deviation)

Samples

TPC (mg catechin/g)

TFC (mg catechin/g)

Lactuca serriola L.

Thymus vulgaris L.

Sinapis arvensis L.

Malva neglecta L.
Amaranthus retroflexus L.
Tragopogon longirostris bisch
Taraxacum officinale
Chenopodium album

0.46+0.000e 0.06+0.011g
2.14+0.003b 1.22+0.006¢
0.20+0.000f 0.18+0.000f
2.17+0.078b 1.39£0.057b
2.12+0.039b 1.84£0.001a
2.69+0.064a 1.38+£0.029b
0.72+0.002d 0.36+0.011e
2.00+0.002¢ 1.04£0.011d

*Values followed by the same letter in the same column are not significantly different (p<0.05)

Total Flavonoid Content of Plant Leaves

The TFCs of plant leaves are given in Table 2. A
significant difference was found between the TFC of
plant leaves. TFC of plants ranged from 0.06 mg
catechin/g (Lactuca serriola L.) to 1.84 mg catechin/g
(Amaranthus retroflexus L.), Amaranthus retroflexus L.
had significantly higher TFC compared to other plant
leaves. TFC of Malva neglecta L. was statistically similar
to that of Tragopogon longirostris bisch. Higher TFC
was reported by some researchers. TFC of Thymus
vulgaris L. was 36.6-44.2 ug quercetin/mg [39], that of
Malva neglecta L. was 7.21 mg rutin equivalent/g [34]
and 42.93 mg rutin equivalent/g [8] and that of
Amaranthus retroflexus L., grown in India was 25.3 mg
quercetin/g [35]. Lower TFC (0.37 mg quercetin
equivalent/g) in Chenopodium album was reported by
Kolar et al. [9].

Phenolic Compounds of Plant Leaves

The phenolic compounds of plant leaves are given in
Tables 3 and 4. Chromatogram of phenolic compounds
is shown in Figure 1. Gallic acid, ferulic acid,
chlorogenic acid, p-coumaric acid, ellagic acid, vanillic
acid, caffeic acid, cinnamic acid, 4-hydroxybenzoic acid
and 2,5-dihydroxybenzoic acid of plant leaves ranged
between n.d.-0.625, n.d.-2.398, 0.002-1.446, 0.176-
2.897, n.d.-28.093, n.d.-10.675, n.d.-73.951, 0.122-
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71.000, n.d.-45.432 and 0.249-7.407, respectively,
Gallic acid was not determined in Lactuca serriola L.,
Sinapis arvensis L., Malva neglecta L. and
Chenopodium album. Ferulic acid was not determined in
Thymus vulgaris L. Catechin, apigenin, naringin, rutin
and quercetin of plant leaves ranged between n.d.-
2.398, n.d.-7.677, n.d.-0.247, 0.051-0.856 and 0.074-
0.676, respectively, Naringin was not determined in
Lactuca serriola L., Sinapis arvensis L., Malva neglecta
L., Amaranthus retroflexus L., Tragopogon longirostris
bisch and Chenopodium album. 3,4- dihydroxybenzoic
acid and epicatechin were not found in plant leaves.

Lactuca serriola L. had ferulic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, cinnamic acid,
4-hydroxybenzoic acid, 2,5-dihydroxybenzoic acid, rutin
and quercetin.

Thymus vulgaris L. had gallic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, caffeic acid,
cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, naringin,
rutin and quercetin.

Sinapis arvensis L. had ferulic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, caffeic acid,
cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, rutin and
quercetin.
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Malva neglecta L. had ferulic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, caffeic acid,
cinnamic acid, 2,5-dihydroxybenzoic acid, catechin,
apigenin, rutin and quercetin.

Amaranthus retroflexus L. had gallic acid, ferulic acid,
chlorogenic acid, p-coumaric acid, ellagic acid, vanillic
acid, caffeic acid, cinnamic acid, 4-hydroxybenzoic acid,
2,5-dihydroxybenzoic acid, apigenin, rutin and quercetin.

Tragopogon longirostris bisch had gallic acid, ferulic
acid, chlorogenic acid, p-coumaric acid, vanillic acid,
caffeic acid, cinnamic acid, 4-hydroxybenzoic acid, 2,5-

dihydroxybenzoic acid, catechin, apigenin, rutin and
quercetin.

Taraxacum officinale had gallic acid, ferulic acid,
chlorogenic acid, p-coumaric acid, ellagic acid, caffeic
acid, cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, naringin,
rutin and quercetin.

Chenopodium album had ferulic acid, chlorogenic acid,
p-coumaric acid, ellagic acid, vanillic acid, caffeic acid,
cinnamic  acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, apigenin, rutin and quercetin.

Table 3. Phenolic acids of plant leaves (ug/g) (mean * standard deviation)

Samples Gallic Ferulic Chlorogenic p-Coumaric Ellagic Vanillic Caffeic Cinnamic 4-hydroxy 2,5-dihydroxy
acid acid acid acid acid acid acid acid benzoic acid benzoic acid

Lactuca nd 0.055:0.001c  0.014£0.001d 0.176+0.007d 2.586:0.106¢ 0.108£0.017e nd 0.122£0.015¢ 2,510£0,010¢ 0.249£0.013e

Serriola L

Thymus 0.016£0.003c nd 0.832+0.023b 0.591x0.015¢  0.591+0.009d 0.240£0.023e 0.839£0.070e 0.400+0.007b 1.097£0.017d 1.042£0.017d

Vuigaris L.

Sinapis nd 0.002:£0.000d 0.053£0.005d 0.715£0.017¢  4.030:0.174b 7.708£0.371b 73.951:0.998a  0.384:0.093b 3.103£0.031c 1.506+0.039¢

Arvensis L.

Malva nd 2.398£0.039a 1.44610.030a 1.446+0.035b 28.093:0.903a  1.208£0.103c 25.584:0.071b  71.000:0.127a nd. 2.398£0.091b

Neglecta L.

Amaranthus  0.625£0.005a 0.058£0.003c  0.038:0.001d  1.395:0.071b  4.156£0.103b 10.67520.564a 28.03620.067b  0.123£0.075¢ 5.370+0.059b 1.786+0.087c

retroflexus L.

Tragopogon 0.134£0.013b 0.004:0.000d 0.187x0.013¢ 2.897+0.097a n.d. 1.92410.317¢ 9.33310.097d 0.141£0.091¢c 45432+0.307a 7.407%0.107a

longirostris

bisch

Taraxacum 0.024:0.007c  2.11320.015a 0.074£0.009d 0.257+0.003d  1.9360.098¢ nd 0.31320.017e 0.064£0.009d 0.024£0.009e 2.11320.01%b

officinale

Chenopodiu nd 0.160£0.005b 0.002£0.000d 1.136:£0.051b 0.018+0.003e 0.679+0.039d 18.217£0.873¢  0.129:0.013¢ 3.007£0.019¢ 0.664+0.035d

m album

*Values followed by the same letter in the same column are not significantly different (p<0.05)

Table 4. Flavonoids of plant leaves (ug/g) (mean + standard deviation)

Samples Catechin Apigenin Naringin Rutin Quercetin

Lactuca serriola L. n.d. n.d. n.d. 0.051+0.009d 0.074+£0.007c
Thymus vulgaris L. 0.01510.001c 1.431+0.097c  0.247+0.074a 0.557+0.013b 0.102+0.009¢c
Sinapis arvensis L. 0.078+0.009¢c 0.648+0.075d n.d. 0.076+0.007d 0.080+0.003c
Malva neglecta L. 2.398+0.073a 7.677+0.105a n.d. 0.12510.035¢ 0.676+0.103a
Amaranthus retroflexus L. n.d. 0.601+0.056d n.d. 0.051+0.007d 0.088+0.007c
Tragopogon longirostris bisch ~ 0.444+0.051b 2.307+0.093b n.d. 0.548+0.073b 0.548+0.091b
Taraxacum officinale 2.113+0.093a 0.074+0.009e  0.137+0.093b 0.856+0.091a 0.083+0.007c
Chenopodium album n.d. 0.002+0.000e n.d. 0.079+0.003d 0.094+0.005¢

*Values followed by the same letter in the same column are not significantly different (p<0.05)
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Figure 1. Chromatogram of phenolic compounds (1. gallic acid, 2. 3,4- dihydroxybenzoic
acid, 3. 4-hydroxybenzoic acid, 4. 2,5-dihydroxybenzoic acid, 5. chlorogenic acid, 6. vanillic
acid, 7. epicatechin, 8. caffeic acid, 9. p-coumaric acid, 10. ferulic acid, 11. rutin, 12. ellagic
acid, 13. apigenin, 14. cinnamic acid, 15. quercetin. 16. naringin, 17. catechin).

Correlation

Pearson correlation coefficients between DPPH, ABTS,
FRAP, TPC, and TFC in plant leaves are given in Table
5. There were high correlation coefficients between

17

ABTS and FRAP, ABTS and TPC, and FRAP and TPC.
This result indicated that ABTS could be used as a
replacement of FRAP for determining antioxidant
activity. Furthermore, ABTS and FRAP could be
analyzed for determining TPC.
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Table 5. Pearson correlation coefficients between antioxidant activity, total

phenolic content, and total flavonoid content

DPPH ABTS FRAP TPC TFC

DPPH 1.000 0.567 0.504 0.578 0.182

ABTS 0.567 1.000 0.910 **  0.898 ** 0.291

FRAP 0.504 0.910 ** 1.000 0.919 ** 0.576

TPC 0.578 0.899 **  0.919 ** 1.000 0.598

TFC 0.182 0.291 0.576 0.598 1.000
**5<0.01

CONCLUSION

Tragopogon longirostris bisch had the highest radical
scavenging activity, TPC, p-coumaric acid, 4-
hydroxybenzoic acid and 2,5-dihydroxybenzoic acid.
Sinapis arvensis L. had the highest radical caution
decolorization and caffeic acid. Thymus vulgaris L. had
the highest ferric reducing antioxidant power, as well as
naringin and rutin. Amaranthus retroflexus L. had the
highest TFC, gallic acid and vanillic acid levels. The
antioxidant potential of plants was positively correlated
with TPC. Malva neglecta L. was a rich source of
phenolic compounds with high antioxidant properties.
The high vyield of ferulic acid, chlorogenic acid, ellagic
acid, cinnamic acid, catechin, apigenin, and quercetin
could make this plant a valuable source of commercial
production. Results indicated that Tragopogon
longirostris bisch, Sinapis arvensis L., Thymus vulgaris
L., Amaranthus retroflexus L. and Malva neglecta L. had
a high capacity to prevent diseases caused by the
overproduction of radicals.
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ABSTRACT

Fruit leathers are considered a type of alternative confectionery and are regarded as healthy snack options. In this
study, cape gooseberry leathers were prepared using different drying methods, and the changes in their color,
browning index, phenolic composition, sugar content, as well as levels of a-carotene and B-carotene, were monitored
over a six-month storage period. The production technique for cape gooseberry leathers followed the traditional
method used for making pestil, a well-known Turkish fruit leather, utilizing starch, sugar, and lemon. Immediately after
production, the browning index of the samples ranged from 1.25 to 1.73 As20/g dry weight (dw). However, a significant
increase in browning index values was found in all samples during the final two months of storage, reaching between
2.762 and 3.278 A420/g dw by the end of the six months. It was found that (3-carotene levels were significantly higher
than a-carotene levels in the samples. Both a-carotene and (-carotene contents decreased significantly during
storage, with sun-dried samples experiencing the greatest reduction in B-carotene. Analysis of the phenolic profile
revealed the presence of rutin, gallic acid, vanillic acid, p-coumaric acid, ferulic acid, and cinnamic acid in the fruit
leathers. Some phenolic compounds decreased in concentration after six months of storage.

Keywords: Fruit leather, Pestil, Color, Bioactive properties

Farkli Kosullarda Kurutulan Altingilek Pestillerinin Depolama Boyunca Renk ve Bazi Biyoaktif
Ozelliklerindeki Degisimler

6z

Meyve pestilleri, alternatif sekerleme tirlerinden biri olarak kabul edilir ve saglikh atistirmalik segenekleri arasinda
gorulur. Bu galismada, farkh kurutma yontemleri kullanilarak altin gilek pestilleri hazirlanmis ve alti aylik depolama
suresi boyunca renk, kahverengilesme indeksi, fenolik bilesim, seker icerigi ile a-karoten ve p-karoten seviyelerindeki
degisimler izlenmistir. Altin gilek pestillerinin Uretim teknigi, nisasta, seker ve limon kullanilarak yapilan, Turkiye'nin
taninmis meyve pestillerinden pestil yapiminda kullanilan geleneksel ydntemi takip etmistir. Uretimden hemen sonra
orneklerin kahverengilesme indeksi 1,25 ile 1,73 A420/g kuru agirlik (ka) arasinda degismistir. Ancak, depolamanin son
iki ayinda tum Orneklerde kahverengilesme indeksi degerlerinde 6nemli bir artis gdézlemlenmis ve alti ayin sonunda bu
degerler 2,762 ile 3,278 Asx0/g ka arasinda degismistir. Orneklerde B-karoten seviyelerinin a-karoten seviyelerinden
anlamh derecede daha yiksek oldugu bulunmustur. Depolama stiresince hem a-karoten hem de B-karoten igerikleri
onemli 6lgiide azalmig, guneste kurutulan érnekler B-karoten miktarinda en blyik dislsu gostermistir. Fenolik profil
analizi, meyve pestillerinde rutin, gallik asit, vanilik asit, p-kumarik asit, ferulik asit ve sinnamik asit gibi bilesiklerin
varligini ortaya koymustur. Bazi fenolik bilesiklerin konsantrasyonlarinin, alti aylik depolama siresi sonunda azaldigi
tespit edilmigtir.

Anahtar Kelimeler: Pestil, Renk, Biyoaktif 6zellikler
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INTRODUCTION

Cape gooseberry (Physalis peruviana L.) is an exotic
fruit that originated region of Amazon and Andes
Mountains from South America [1, 2]. It has important
potential for healthy nutrition, especially owing to its
bioactive functional compounds such as phenolic
compounds, vitamin C and carotenoids and high fiber
contents [3-5].

Fruit leathers can be made from wide variety of fruits
including apple, apricot, banana, cherry, fig, grape,
mulberry, orange, peach, pear, pineapple, plum,
pomegranate strawberry, tangerine [6, 7]. Fruit leathers
are easy to consume, convenient to pack and that can
be consumed anywhere [8]. It is easy to store and
shipping that due to their lightness, and they do not
require cold storage [9]. Fruit pulps or fruit juice
concentrates are generally used for manufacturing fruit
leathers. Beside fruit, other ingredients such as sugar,
acid, pectin, or starch, can be used to improve the
texture, physicochemical and sensory characteristics of
fruit leather products [10]. In fruit leather production, sun
drying or industrial dryers such as oven or cabinet
dryers can be used, which helps in faster drying and
obtaining a standard product [8, 11].

Color change is one of the important changes that may
occur during drying in dried foods like fruit leather. The
changes in color occur mainly through enzymatic and
non-enzymatic browning reactions. Browning reactions
not only cause color change in foods but also lead to
decreased nutritional value, undesired taste and aroma,
and textural changes [12, 13].

In this study, fruit leathers were produced from cape
gooseberry using different drying methods and
temperature. Then, the color properties of the products,
important quality criteria for marketing dried fruit
products, and some of their bioactive properties were
monitored during storage. The effect of different drying
conditions on the quality and nutritional properties of the
fruit leather products during storage were determined.

MATERIALS and METHODS
Materials

Cape gooseberry fruits were obtained from local
producers in Antalya (Turkiye). Low density
polyethylene (LDPE) packaging materials, wheat starch,
sugar and lemon were purchased from local suppliers or
markets in Isparta (Turkiye). Fruits were stored at 4°C
until they were used in production. All fruit leather

products were kept in sealed vacuum bags at room
temperature during storage.

Methods

Production of Cape Gooseberry Leather

First, the calyx was removed from the fruits. The fruits
were then washed thoroughly to eliminate any dirt or
foreign matter. Stems were detached, and the fruits
were blended into a puree. Wheat starch was added at
8% of the puree weight, and water was incorporated at
25% of the puree weight. Sugar and lemon juice were
prepared to correspond to 15% and 2% of the puree
weight, respectively (see Table 1). The puree was then
heated, and sugar was gradually mixed in until fully
dissolved. The starch slurry was added, followed by
continuous heating and stirring, after which lemon juice
was incorporated. Heating was stopped when the
mixture reached 63°C. The hot mixture was poured into
trays and spread evenly to a thickness of 4 mm. Drying
was conducted in a cabinet dryer at 0.8 m/s air velocity
with temperatures of 60°C, 70°C, and 80°C, as well as
by sun drying. Drying continued until the final product
reached a dry matter content of 87%. This process
mirrors the traditional pestil-making method used in
Turkey for fruit leathers. After drying, the cape
gooseberry leathers were vacuum-packed in low-density
polyethylene (LDPE) packaging and stored at room
temperature.

Table 1. Raw materials used in cape gooseberry leather
production

Raw materials Amounts
Cape gooseberry puree 1000 g
Wheat Starch 8049
Water 250 mL
Sugar 150 g
Lemon juice 20 mL

Chemical Analyses

The pH of the fruit leather products was determined by a
pH-meter (Hanna HI 2211-02, Romania) and their
acidity values were determined as citric acid by
titrimetric method [14]. Moisture and ash values were
determined according to Pestil Standard Methods for
cape gooseberry leathers [15]. Results calculated in
g/100 g. Total phenolic contents were determined using
the Folin-Ciocalteu colorimetric method by extracting the
samples with methanol [16]. Absorbance values were
measured at 720 nm in a spectrophotometer. Results
were expressed as mg gallic acid equivalent (GAE) per
g fresh weight or g dry weight using the calibration curve
obtained from gallic acid solutions.

% inhibition (DPPH) = [(Abs Control — Abs Sample) / Abs Control]*100 (1)

In total carotenoid analysis, the fruit leather products
were extracted with methanol and the absorbance
values of the extract were measured at 666, 653 and
470 nm in a spectrophotometer (Unicam, UK) and the

total carotenoid content was calculated with the help of
the equations below (Equations 2-4) [18].

Ca=15.65 x A666 - 7.340 x A653 (2)
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Cb=27.05 x A653 - 11.21 x A666 3)
(4)

where Ca: Chlorophyll a, Cb: Chlorophyll b, and Cx+c:
Total carotenoid content.

Cx+c=1000 x A470 - 2.860 x Ca - 129.2 x Cb/245

Ascorbic acid was determined by a spectrophotometric
method of 2.6-dichlorophenoldophenol-xylene extraction
procedure [14]. Absorbance values were measured at
500 nm. Results were calculated using the calibration
curve obtained from the solutions prepared with dilute
ascorbic acid solution. Soluble solid contents of samples
measured according to [14], by refractometer. The water
activity (aw) values of fruit leather samples were
determined with a digital Aqualab CX-2 water activity
meter (Decagon Devices Inc. Pulman, Washington,
USA) [19].

Color Measurements

The color changes in fruit leather products were
determined by two different methods. Measurements
were made on the color measuring device (PCE-TCR
200) using Hunter (L, a, b) and (L, C, H) color scales.
The device was calibrated before each analysis using
the device’s standard black and white calibration table.
Also, the browning index values of samples were
determined [14]. For this purpose, 50 mL of 2% acetic
acid solution was added to 5 grams of sample cut into
small pieces. Samples were kept in the refrigerator
overnight for rehydration and then homogenized for 3
min. Each homogenate was transferred to a centrifuge
tube and centrifuged at 8000 g for 10 min. Then, the
supernatant was transferred to a 200 mL measuring
flask. The remaining part at the bottom of the tube was
added with 25 mL of 2% acetic acid, mixed with a glass
rod and centrifuged again. The supernatant in the
centrifuge tube was added to the measuring flask again.
Then, 10 mL of 10% lead acetate solution was added to
the flask containing the extract, and the flask was filled
to its volume with 2% acetic acid. The contents of the
flask were centrifuged again at 8000 g for 5 minutes.
Then, an equal volume of ethyl alcohol was added to the
upper clear part in the centrifuge tube and centrifugation
was performed once more. The absorbance of the
obtained extract was measured against the blank
consisting of equal volumes of 2% acetic acid and ethyl
alcohol in a UV-VIS spectrophotometer (Unicam,
England) at two different wavelengths, 420 and 600 nm,
and the browning index was determined using the
difference between them. The browning value is
expressed in units of Asog sample. In the examples,
Aus20/g values were calculated with the help of the formula
below (Equation 5) [14]. These values were determined
after the production of the fruit leather and during
storage.

As20/gsample= (A420-As00)XSt (5)

where St indicates a dilution factor.

22

Determination of Phenolic Composition

The composition of phenolic substances in samples
were determined by HPLC (high performance liquid
chromatography) [20]. First of all, 10 g from each
sample were weighed and homogenized with 20 mL of
methanol:water (4:1, v/v) solution. UltraTorax (IKA T18,
Staufen, Germany) was used for the homogenization
process. Afterwards, samples were taken into centrifuge
tubes and centrifuged in a centrifuge device (Sigma 2-
6E, Osterode am Harz, Germany), at 4000 rpm, 4°C, for
20 min, and the supernatant was taken. Before analysis,
these fractions were passed through membrane filters
(Millex, HV) with a pore diameter of 0.45 pm and 20 pL
of the filtrates were injected into the device, and the
phenolic composition was determined. All analyses were
performed with an HPLC instrument (Shimadzu, Kyoto,
Japan). Measurements were made with a DAD detector
at a wavelength of 278 nm. The column temperature
was set to 30°C. Agilent Eclipse XDB-C18 (250 x 4.60
mm, particle size 5 pm) column was used as the
column. Gradient program was used in the analysis. The
mobile phases used are solvent A: water:acetic acid
(3:97, v/v), solvent B: methanol. The flow rate was set to
0.8 mL/min.

Determination of Carotenoid Composition

Carotenoid composition determination was carried out
by an HPLC unit (Shimadzu, Kyoto, Japan), and a- and
B-carotene contents were determined in each sample
according to Olives Barba et al. [21]. First, the extraction
solution was obtained by mixing hexane, acetone and
ethanol (50/25/25, v/viv). Then, 50 mL of extraction
solution was added to 5 g of sample. The solution was
stirred on a magnetic stirrer for 30 minutes. The upper
phase was transferred to a balloon by adding 10 mL of
distilled water. Drying was carried out in the evaporator
(IKA Rv10, Staufen, Germany) and then the flask was
washed with 1 mL of chloroform. Dilutions were made
with  methanol/acetonitrile/tetrahydrofuran  (55/30/15,
v/viv) and 20 uL of the samples were injected into the
device for analysis. Measurements were made with a
DAD detector at 450 nm. The column temperature was
set to 30°C. Luna C18 (250x4.60 mm, particle size 5
pm) column was used as the column. The mobile phase
included methanol/acetonitrile (90/10, v/v) and 9 uM
triethyl amine. The flow rate was set to 1.2 mL/min.

Determination of Sugar Composition

The sugar composition of fruit leather samples were
determined chromatographically [22]. Extraction was
carried out with water. 40 mL of water was added to 10
g sample and homogenized by a homogenizer (IKA T18,
Staufen, Germany). Then, centrifugation was performed
at 6000 rpm for 30 min in a centrifuge (Sigma 2-6E,
Osterode am Harz, Germany). The upper clear part was
passed through membrane filters (Millex, HV) with a
pore diameter of 0.45 uym, 20 pL of which was injected
into HPLC. A Shimadzu brand HPLC unit (Kyoto, Japan)
was used for analyses. Measurements were made with
a RID 10A detector. The column temperature was set to
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80°C. Aminex HPX-87C (300x7.8 mm) carbohydrate
column was used as the column. The mobile phase
used was ultrapure water. The flow rate was set to 0.6
mL/min.

Statistical Analysis

In statistical analysis, SPSS program (version 19, IBM,
2010) was used. Analyses were repeated three times
and averaged. One-way analysis of variance with the
Duncan multiple comparison test was used to compare
means.

RESULTS and DISCUSSION

The physicochemical properties of cape gooseberry
leathers are shown that in Table 2. The effects of
different temperature applications and sun drying
method on the physicochemical properties of the
products can be seen in this table. The table shows that
the products have high acidity and low water activity.
Cape gooseberry leathers pH values between 3.56-
3.61. These values below limit pH value (4.0) for

bacterial growth. Below this limit only molds and yeast
can grow [23]. Cape gooseberry leathers aw values
between 0.53-0.56, with no differences among
treatments. Microbial growth doesn’t occur below the 0.6
aw [24]. Also, different preservation factors such as pH
and water activity showed synergetic effects on
inhibition of microbial growth [23]. Therefore, the high
acidity and low water activity of the products increases
their microbial stability. In addition, it is seen from the
table that temperature change has a similar effect on the
phenolic substance contents and antioxidant activities of
the products. It was determined that as the temperature
applied at drying increased, the amounts of phenolic
compounds and antioxidants were found to be higher.
This is probably due to the fact that the antioxidant
activity in foods is mainly due to phenolic compounds. It
was reported that phenolic compounds are mainly
responsible for antioxidant activity of fruit juice [4]. In
terms of total carotenoid and vitamin C amounts which
are other antioxidant compounds in the products, the
best preservation among fruit leather production
methods was provided by the sun drying method.

Table 2. The physicochemical properties of cape gooseberry leathers dried either in a cabinet at three different

temperatures or sun-dried (means * standard deviation)

Properties Drying at 60°C  Drying at 70°C Drying at 80°C Sun Drying
pH 3.60%£0.01" 3.61°+0.01 3.612+£0.01 3.56°+0.02
Titratable acidity (%) 3.43°+0.12 3.532°+0.04 3.5225+0.02 3.63°+0.05
aw 0.56°+0.01 0.53°1+0.01 0.55°+0.008 0.55°+0.008
Ash (% dw?) 2.44°10.02 2.40°+0.01 2.44°+0.002 2.57%£0.13
Soluble solid 65.332+£0.86 65.662+0.58 66.09°+0.32 64.372+2.46
Dry matter (%) 87.122+0.08 87.874+0.20 87.55%+0.31 87.522+0.53
Total phenolic content (mg/g dw) 0.572+0.02 0.71°+0.029 0.88°+0.053 0.622°+0.07
Total carotenoid content (mg/100 g dw) 3.19+0.01 3.15%+0.040 2.97°+0.098 4.19°¢0.07
Vitamin C (mg/100 g dw) 26.222°+0.80 19.26°°£0.77 11.62°+0.35 31.46°+£2.51
Antioxidant activity (%) 59.10°+1.38 66.68°+0.42 70.25°+0.71 71.50°¢1.09

"Means in a same row with different letters are significantly different (p<0.05). 2dw: dry weight

Browning values were determined in the products after
production and during storage. Analysis of browning of
the products were performed during storage at the end
of the second, fourth and sixth months of storage.
Browning absorbance reading values are shown in the
Table 3, and As20/g dry matter values are shown in the
Figure 3. In the samples, browning values after
production were found to be quite low. The browning
indices of cape gooseberry leather samples were
between 1.25 and 1.73 As20/g dw. This was expected
since the acidity values of the products were very high,
as shown in Table 3. High acidity is one of the restricted
factors for nonenzymatic browning [13]. Therefore, high
acidity in products is probably one of the main reasons
for low browning values. For cabinet dried leathers there
were slightly increase browning at higher degree. Che

man et al. [25] in a study on the durian leather showed
that an increase in temperature also increased
nonenzymatic browning index values. Miranda and
Berna, [26] also reported that temperature was the
determining factor on browning in dried apricots and
raisins. As for sun-dried samples in our study, their
browning index values were found near to cabinet dried
samples values. Also, results showed that browning
development for first months occur very slowly. However
for the last two months of storage, the browning indices
of all samples increased. The browning indices of cape
gooseberry leathers at end of the storage were found
between 2.762 and 3.278 As/g dw. The samples that
showed the highest browning values after six months of
storage were those dried at 80°C, which was the highest
temperature in cabinet drying.

Table 3. Browning index absorbance values at 420nm of fruit leathers dried at different conditions

during storage

Drying Temperature/Method  After production 2. month 4.month 6. month

60°C 0.01440.001 0.015+0.001  0.018+0.002  0.031+0.001
70°C 0.018+0.001 0.01940.001  0.020+0.001  0.030+0.001
80°C 0.01940.001 0.0204+0.001  0.022+0.002  0.036+0.002
Sun Drying 0.018+0.002 0.0204+0.003  0.020+0.002  0.030+0.002
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Figure 3. Change of the browning index (As20/g dw) values of samples during storage

Color is an important quality criterion for fruit leather
samples. The color values of L (lightness), a (redness),
b (yellowness), C (chroma) and h (hue angle) obtained
from the measurements made after production and in
the 2nd, 4th and 6th months of storage are shown in the
Tables 4, 5, 6 and 7 below. Color measurements
performed after production are shown in Table 4. The
lightness and yellowness of the samples dried in the sun
after production were statistically significantly (p<0.05)
higher from samples dried in the cabin. However, this
difference was not observed in the results of browning
analyses. In addition, during six months of storage, the
highest decrease in lightness values occurred in the
samples dried at the highest temperature (80°C), while
the highest increase in browning values was observed in
the same samples dried at 80°C. This indicated the
effect of the increase in browning on the decrease in
lightness values. It was reported that a decrease in L
(lightness) values was in parallel with an increase in the
browning indices of foods [8]. This was also observed in
present study for samples dried at 80°C. Reasons for
this color change in foods were reported as heat

treatment, moisture content, water activity, sugar
content, storage time and storage temperature [27].
Enzymes were inactivated by applying heat treatment to
the samples; however, the formation of darker pigments
is possible by non-enzymatic browning or ascorbic acid
oxidation [9].

The phenolic composition of fruit leather samples is
shown in Table 8. Rutin, gallic acid, vanillic acid, p-
coumaric acid, ferulic acid and cinnamic acid were
determined in fruit leather samples. Rutin was
determined as the dominant phenolic compound in the
samples. The second highest phenolic compound was
gallic acid. Licodiedoff et al. [28] studied the flavonols in
cape gooseberry fruit. They examined for rutin, myricetin
and quercetin. They reported that quercetin was present
in the fruit. They found mainly rutin and also myricetin in
the fruit. After six months of storage, the phenolic
compound contents were determined again in all
samples. After storage, some phenolic compounds
significantly decreased (Table 8).

Table 4. Color values of fruit leather products dried either in a cabinet at three
different temperatures or sun-dried after production (means + standard deviation)

Parameter Drying at 60°C  Drying at 70°C  Drying at 80°C Sun Drying
L 41.012+£0.61" 39.7821+0.31 39.90°+0.13 44.33°+0.96
a 9.81°+0.64 12.11£0.63 13.36>°+0.05 14.05°+0.76
b 21.532+0.69 17.09°+1.05 19.86°+0.70 23.76°+0.81
C 23.662+0.85 20.95%+1.12 23.942+0.61 27.60°¢1.09
h 65.512+£0.95 54.66°+1.36 56.06°+0.83 59.42°+0.50

"Means in a same row with different letters are significantly different (p<0.05).

Table 5. Color values of fruit leather products dried either in a cabinet at three
different temperatures or sun-dried after two months of storage (means + standard

deviation)
Parameter Drying at 60°C  Drying at 70°C  Drying at 80°C Sun Drying
L 43.542+0.54" 46.37°+£0.78 42.61°+0.49 47.22°+0.25
a 15.122+0.32 12.66°+0.38 15.212+0.97 16.152+0.39
b 23.88%+0.55 25.46°+0.25 25.20°+0.19 27.43°+0.77
C 28.272+0.30 28.442+0.39 29.45°+0.54 31.83°+0.49
h 57.65°+1.14 63.56°£0.49 58.912+1.62 59.50%+1.29

"Means in a same row with different letters are significantly different (p<0.05).
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Table 6. Color values of fruit leather products dried either in a cabinet at three
different temperatures or sun-dried after four months of storage (means + standard

deviation)
Parameter Drying at 60°C  Drying at 70°C  Drying at 80°C Sun Drying
L 44.73%+1.14' 43.56°+0.74 38.75+0.25 48.16°+0.66
a 12.44%+0.64 14.99°+0.38 14.86°+0.38 13.272+0.02
b 24.33%+0.76 24.73%+0.93 17.52+0.27 26.93°+0.21
C 27.332+0.45 28.92°+0.99 22.97°+0.45 30.02°+0.19
h 62.91°+1.86 58.77°+0.31 49.70°+0.31 63.77°+0.16

"Means in a same row with different letters are significantly different (p<0.05).

Table 7. Color values of fruit leather products dried either in a cabinet at three
different temperatures or sun-dried after six months of storage (means * standard

deviation)
Parameter Drying at 60°C  Drying at 70°C  Drying at 80°C Sun Drying
L 46.96%+1.77" 45.03°+0.59 31.91°+3.56 45.61°+2.60
a 12.052°+0.13 12.50%+1.02 10.28°+0.32 13.67%+1.16
b 24.51%+0.64 27.38%+1.26 17.10°+2.52 25.012+0.26
C 27.32%+0.54 30.10%+1.56 19.98+2.16 28.51°+0.78
h 63.812+0.77 65.492°+0.83 58.712°4¢3.93 61.38°+1.82

"Means in a same row with different letters are significantly different (p<0.05).

Table 8. Phenolic composition of samples (mg /100 g dry weight) initial and after six months storage (means *

standard deviation)

Sample Storage Gallic Vanillic p-Coumaric Ferulic Rutin Cinnamic
Time Acid Acid Acid Acid Acid

60°C 0 0.922+0.20° 0.302£0.40 0.112£0.20 0.182+£0.00 0.822+£0.40 0.05°°+0.00
70°C 0 0.872+0.20 0.322+0.20 0.112+0.25 0.212+0.25 0.57°+0.20 0.05*°+0.00
80°C 0 0.892+0.20 0.322+0.00 0.112+0.25 0.182+0.20 0.44°¢+0.25 0.092+0.20
Sun dried 0 0.642+£0.40 0.182+£0.25 0.092+£0.00 0.2124£0.25 0.57°+0.25 0.02¢+0.00
60°C 6 months 0.802£0.11 0.102£0.11 0.062+£0.11 0.0013°£0.11  0.29%9+0.23 0.03%+0.11
70°C 6 months 0.722+0.11 0.082+0.11 0.082+0.11 0.0013°+0.11  0.30°+0.20  0.04°°4+0.11
80°C 6 months 0.802+0.20 0.152+0.11 0.082+0.23 0.0013°+0.11  0.279+0.11 0.06°+0.11

Sun dried 6 months 0.5321£0.20 0.082+0.11 0.062+0.11 0.0015°+0.23  0.29%9+0.11 0.02¢+0.00

"Means in a same column with different letters are significantly different (p<0.05).

The B-carotene contents

of the samples were

the literature, Korese et al. [27], in their study examining

significantly higher than the a-carotene contents (Table
9). After six months of storage, the amounts of both a-
carotene and B-carotene significantly decreased in all
samples. However, the amounts of [(-carotene
decreased the most in sun-dried samples (Table 9). In

the effects of different packaging materials on the
storage stability of Gardenia erubescens Stapf. and
Hutch. dried fruits, found that the (-carotene amounts

decreased significantly during three months of storage.

Table 9. a- and B-carotene contents of samples (mg/100 g
dry weight) initial and after six months storage (means *

standard deviation)

Sample Storage Time  a-Carotene 3-Carotene
60°C 0 0.751°+0.02" 1.2279+0.01
70°C 0 0.8732+£0.01 1.5002+0.01
80°C 0 0.767°+0.02 1.378°40.02
Sun dried 0 0.7229+0.02 1.480°+0.02
60°C 6 months 0.009°£0.02 0.435°+0.01
70°C 6 months 0.008°+£0.01 0.394+0.01
80°C 6 months 0.007°+£0.02 0.3779+0.02
Sun dried 6 months 0.007°+0.02 0.346"+0.02

"Means in a same column with different letters are significantly

different (p<0.05).

In our study, the primary sugars identified in cape
gooseberry fruit leathers were sucrose, glucose, and
fructose. Because sugar was added during production,
the sucrose content in the leathers was significantly
higher than that of the other sugars (see Table 10).
According to previous research on cape gooseberry’s
sugar composition, the main sugars found in the fruit are
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glucose, fructose, and sucrose, with sucrose levels
exceeding those of glucose and fructose [29]. Although
there were some changes in the amounts of sucrose,
glucose, and fructose after storage, these sugars did not
experience notable losses, unlike the phenolic
compounds or carotene levels (Table 10).
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Table 10. Sugar composition of samples (g/100 g dry weight) initial and
after six months storage (means * standard deviation)

Sample Storage Time Sucrose Glucose Fructose

60°C 0 27.47°£1.18"  4.62°+0.30  5.07°°+0.57
70°C 0 26.97°°+1.61 5.67*°+0.09  5.84*+0.08
80°C 0 25.31°+1.78 7.64°£0.35 7.76%+0.37
Sun dried 0 33.78°+4.84 4.74%+0.35  5.19%+0.13
60°C 6 months 26.23%+1.42 4.97°40.12  5.27%+0.11
70°C 6 months 26.93°°+1.12 5.06°¢0.38  5.51%+0.32
80°C 6 months 23.89°+1.33 6.61°+0.22  6.83%+0.25
Sun dried 6 months 28.59°°+2.84 3.77°+0.45 4.57°+0.51

"Means in a same column with different letters are significantly different (p<0.05).

CONCLUSION

Fruit leathers made from various fruits serve as healthy
snack alternatives to traditional confectionery. In this
study, cape gooseberry leathers were prepared using
both hot air and sun drying techniques. After production,
changes in color metrics, browning index, phenolic
content, sugar composition, and levels of a- and [-
carotene in the fruit leathers were monitored over a six-
month storage period. Color is a key quality factor
influencing consumer preference and reflecting the
physical and structural characteristics of food products.
The browning index was initially low after production but
increased notably after the fourth month, reaching much
higher levels by the end of six months.

Among the samples, those dried at 80°C showed the
highest browning after six months. It was also found that
B-carotene levels were significantly higher than a-
carotene levels. Over the six months, both a- and -
carotene contents decreased significantly in all samples.
The phenolic profile analysis revealed the presence of
rutin, gallic acid, vanillic acid, p-coumaric acid, ferulic
acid, and cinnamic acid, with some phenolic compounds
exhibiting significant declines after storage.

Cape gooseberry is a tropical fruit rich in bioactive
compounds, including phenolic substances, vitamin C,
and carotenoids, making it valuable for healthy diets.
Turning cape gooseberry into fruit leather is an effective
way to add value, increase demand, and encourage
consumption of fruit-based products. This research
showed that cape gooseberry leathers retain essential
bioactive and functional nutrients and can preserve
these qualities for an extended period without added
preservatives. Furthermore, the use of hot air and sun
drying, common fruit and vegetable drying methods in
the food industry, proved suitable for producing this
product.
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ABSTRACT

An engineering perspective using computer-aided comparison were introduced in this research to investigate the
effects of starch concentration, product thickness and drying temperature on the drying time, effective moisture
diffusivity and drying kinetics of fifteen differently treated persimmon fruit leather samples. The best descriptive
mathematical model of the drying behaviors of the leather products was found by testing the equations of Page, Midilli
and others, Two-term and Logarithmic models. Fick’s second law model was used to calculate the water diffusion
coefficient and the diffusivity mechanism was modeled with feed forward backpropagation artificial neural network and
response surface methodologies. The product thickness and drying temperature were the most effective operating
parameters. The drying process for persimmon leather production took place in a falling rate period over a minimum
of 120 minutes. The values of effective moisture diffusivity varied from 1.1*107 to 13.8107 m?s. Semi-theoretical
Midilli and others model presented a better fit depending on the statistical analyses. The artificial network produced a
more powerful prediction than the response surface methodology with higher R-squared value (0.9846), lower mean
absolute error (0.0567) and root mean square error (0.0715).

Keywords: Artificial neural network, Drying kinetics, Effective moisture diffusivity, Feed forward backpropagation,
Persimmon fruit leather

Trabzon Hurmasi Pestilinin Konvektif Kuruma Davranisi ve Kiitle Difuzivitesinin Karsilastirmali
Bilgisayar Metodolojileri ile Modellenmesi

0z

Bu arastirmada, nisasta konsantrasyonu, urin kalinhdi ve kurutma sicakliginin on bes farkh islem gérmuis Trabzon
hurmasi pestil 6rneginin kuruma suresi, etkin nem difizivitesi ve kuruma kinetigi Gzerindeki etkilerini arastirmak igin
bilgisayar destekli karsilastirma kullanan bir muahendislik perspektifi sunulmustur. Pestil Grinlerinin  kuruma
davraniglarinin en iyi tanimlayici matematiksel modeli Page, Midilli ve digerleri, iki-terimli ve Logaritmik modeller test
edilerek bulunmustur. Su difiizyon katsayisini hesaplamak igin Fick'in ikinci yasa modeli kullaniimis ve difiizivite
mekanizmasi ileri beslemeli geri yayihimli yapay sinir agi ve yanit yiizeyi metodolojileri ile modellenmistir. Uriin
kalinligr ve kurutma sicakhgi en etkili galisma parametreleri olmustur. Trabzon hurmasi pestili Gretimi i¢in kurutma
islemi, minimum 120 dakika boyunca dusen bir hiz periyodunda gergeklesmistir. Etkin nem difuzivitesi degerleri
1,110-7 ile 13,8*10-7 m?/s arasinda degismistir. Yari teorik Midilli ve digerleri modeli istatistiksel analizlere bagli
olarak daha iyi bir uyum gostermistir. Yapay ag, daha ylksek R-kare degeri (0,9846), daha disUk ortalama mutlak
hata (0,0567) ve kok ortalama kare hatasi (0,0715) ile yanit yiizeyi metodolojisinden daha gugli bir tahmin Gretmistir.

Anahtar Kelimeler: Yapay sinir agi, Kurutma kinetigi, Etkin nem difiizivitesi, ileri beslemeli geri yayilim,
Trabzon hurmasi meyve pestili
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INTRODUCTION

The drying process is defined by the use of a heating
source for moisture removal by which allows fruits to be
consumed regardless of the time, season and
environmental conditions. The amount of moisture
determines the drying behaviors and the properties of
the product being dried. Mass and heat transfers take
place between the product and the drying system during
the moisture removal. The mass diffusivity and
activation energy changes in the material are calculated
to observe the transfers. A mathematical description of
the transfers is also carried out to reveal the drying
kinetics using several models [1-3]. Mass diffusivity is
the fundamental phenomenon of the drying behaviors
and is so important that the drying time, the final product
properties, the energy consumption and the efficiency of
the drying system may be greatly affected [4].
Therefore, there should be an accurate explanation of
the modeling construction used. Artificial neural
networks (ANNs) and response surface methodology
(RSM) have been used to express the drying behaviors
of different materials such as fruits and fruit products [5-
8]. Both methodologies yield good fittings; however,
RSM has limitations on the modeling of non-linear
processes and engineering applications, although it is
one of the most popular, powerful and widely used
methods for the design of experiments, modeling and
optimization [8, 9]. ANN is derived from the human brain
system and is very good at predicting the response
output(s) using transfer and training functions with a
topology map that includes nodes, layers and
connections. Choosing an appropriate network is
important to set up an accurate relationship between
input and output variables that is simple to understand.
Feed forward back-propagation (FF-BP) is a commonly
used network in artificial neural systems. It uses a multi-
layer structure consisting of inputs (process variables),
hidden neurons and output layers, so that it forms many
ways to reach the most fitting result for the output [9,
10].

It is important to determine the factors affecting the
drying kinetics, and accordingly, to realize the
appropriate drying model for the dried fruit products
such as fruit leathers. The healthy fruit leather, soft food
snacks, are produced by drying fruit puree, concentrate
or juice [11-13]. It has been reported that the most
effective parameters in the drying kinetics of fruit and
fruit products are temperature and thickness —by taking
into account the properties of the drying system used-
whereas air velocity and relative humidity are fewer
effective ones [3]. It is known that the effect of heat on
drying time of fruit leather is the most fundamental [12].
Additionally, it has been shown that the effect of the
water holding capacities of the gelling or thickening
agents (vegetable oil, starch, pectin, and other
hydrocolloids) used during the fruit leather production on
the moisture content of the final product is substantial
and the physical properties are significantly affected
[11].

The Asian fruit persimmon (Diospyros kaki L.) is widely
consumed in Mediterranean nations, mostly in its fresh
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form during a brief but distinct season (autumn) [14-16].
Several studies into the drying characteristics of
persimmon fruit in various forms such as whole or in
slices have been conducted [15-22]. For persimmon fruit
leather as a novel product, no drying kinetic study has
been done, though.

Given the foregoing information, the manufacturing of
persimmon leather was carried out in an experimental
design matrix, with the parameters of thickness,
temperature, and starch content being examined. At the
beginning and completion of the drying process, the
moisture content of the persimmon leather was
measured. Moisture ratios that were determined at any
point throughout the drying process were used to
establish the drying kinetics. A total of four drying curve
models were employed in the study since it is
impossible to determine a general drying equation
because the models can differ based on (i)fruit features,
(idrying conditions, (iij)drying techniques, and (iv)fruit
leathering processes. The semi-theoretical models of
Page, Midilli and others, Two-term and Logarithmic were
selected because they fit the drying behaviors of fruits
well and are commonly employed for natural products
[3, 6].

A comparative analysis of the models' coefficients was
conducted using statistical methods to determine which
the best is. The moisture weight loss during drying was
used to calculate the mass diffusivity and drying rate.
The mass diffusivity was modeled using the RSM and
FF-BPANN approaches, and their prediction accuracy
was statistically evaluated.

MATERIALS and METHODS
Experimental Design

The aim of generating this experimental design was to
produce different characterizations of persimmon leather
products; to investigate the effect of the production
variables on drying time and moisture diffusion; and to
model the drying kinetics for each product. The
experimental study was designed using the independent
variables of starch concentration, product thickness, and
drying temperature using a Box-Behnken Design (BBD)
in Design Expert Version 7.1.6 (Minneapolis, USA).
Fifteen leather products (three in the center point) were
prepared according to the starch concentration and
product thickness and then dried at the discussed drying
temperature levels.

Preparation of Fruit Leather

Persimmon fruit was purchased from a local market in
Gaziantep, Turkey. After the fruit had been cleaned,
peeled, and shredded, a hand blender was used to
homogenize it. A 1:2 (w/v) starch solution made of
commercial wheat starch and distiled water was
combined with 100 g of homogenized fruit. Following
thorough mixing, the mixture was heated using a
magnetic stirrer until the final brix value was 30.0+1.0.
The cooked material was spread on a clean fabric by
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using circular shaped molding apparatus of a certain
thickness. The fabric with the sample was placed in tray
drier (UOP 8 Tray Drier, Armfield, UK) with the velocity
of hot air maintained constant (0.5+0.05 m/s) for all
drying temperature levels [23]. A balance installed on
the tray drier was used to measure the material's weight
reduction every 20 minutes. As a result, the products'
free moisture content could be determined at any
moment. When the difference between the two most
recent weight reductions was measured to be less than
one gram, the drying process was halted, and the drying
duration for each persimmon leather product was
established [19]. The ultimate moisture content of the
products was determined using the oven method [24].

Mathematical Modeling of Drying Kinetics and
Statistical Analysis

The weight reduction of the leather products was
measured every twenty minutes so that the remaining
moisture content could be calculated in the products.
The moisture ratio (MR) of each product was calculated
by Equation 1 [25]. The equilibrium moisture content
was determined as the moisture content calculated at
the end of drying time.

_(M-M,)

(Mo_Me) (1)

Where the definitions are MR, moisture ratio; M,
moisture content of the product at any time; M., the
initial moisture content of the product; M., the
equilibrium moisture content of the product.

Four drying curve models were selected and performed
for each experimental run based on MR values. The
equations of the models are given below for Page
(Equation 2) [18], Two-term (Equation 3) [26],
Logarithmic (Equation 4) [27], and Midilli and others
(Equation 5) [30]. The models were fitted to the
experimental data by SigmaPlot software (Version 11,
Erkrath, Germany).

Page Equation: MR = exp (— kot") 2)

Two-term Equation: MR = aexp(—k,t)+bexp(—k,t)

Logarithmic Equation: MR = a exp (— kol‘)+ c (4)

Midilli and others Equation: MR = aexp(— kot" )+ bt (5)
Statistical evaluation of the predicted data for goodness
of fitting was performed by root mean square error

(RMSE; Equation 6), chi-square (;(2; Equation 7),
coefficient of determination (R? obtained from the
software) and the correlation coefficient (CC; Equation
8) as the primary criteria for the best model selection

[26]. The goodness of fit of the experimental and
predicted data was revealed by high R? and CC values,
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and by low chi-square and RMSE values. Consequently,
the best drying curve model was determined.

RMSE = \/NE(MRPW —MR.,,,) (6)
S 2
5 Z (MR exp,i _MRpre,[ )
_ =t
« N -z
@)
N
> (MR, ~MR ) x(MR,,,; ~MR,,))

cCc=—2*= ; ; @®

N N
\/ D (MR, ,~MR. ) x \/ D (MR, ~MR,.)
=

i=1

Where the definitions are N, number of data; MRpr/i,
predicted model value; MRexp,, experimental value;

MR i

mean of experimental value; and z number of constants
in the Equations of 6, 7 and 8.

mean of predicted model value; MR

prei

Experimental free moisture content values of the
products at any drying time were predicted using the
best drying curve model equation which was discussed
at the drying curve stage. This predicted data were
utilized to obtain the rates of the drying curve for each
run in Equation 9 [29] where R is the drying rate (kg
water/hx m), Ls dry solid (kg), A heat exposed area (m?),
dx/dt (kg water/kg dry solidxh) water loss at ¢ time.
Falling and constant rate periods of the drying
procedure were determined by plotting the rates versus
the predicted free moisture content values.

Ls dx

A dt

9)

Effective Mass and

Modeling

Diffusivity Calculation

The effective mass diffusivity coefficient of the leather
products during the drying period was estimated by
using Fick’'s second law of diffusion [30]. The leather
products were assumed to be in slab form. According to
the diffusion law, the drying behavior of the products can
be described in Equation 10 where MR' is the derived
moisture ratio from the best drying curve model
equation; n, the number of terms of the series; Der. the
effective diffusivity coefficient (m?/s); t, drying time and
L, the half thickness of the leather product. Since the
drying of leather products takes a long time, Equation 10
can be simplified to Equation 11 using only the first term
of the series [31].

8 < 1

(2n+ I)DW./z'Zt)
ﬂ-z n=0 (2n + 1)2

MR'= .
4L

(10)
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In(MR") = 1n(%> _Lam

41’ )

The derived Der values were predicted by the equations
for the response surface and artificial neural network
methodologies. A second order polynomial equation
(Equation 12) of the RSM (Design Expert Version 7.1.6,
Minneapolis, USA) shows that y is the response, Bois
constant, B, Bijand Bjare the regression coefficients,
and x; and x;are the levels of the independent variables.
FF-BPANN (MATLAB Version 7.10, USA) was trained
under supervision with the Levenberg-Marquardt (LM)
algorithm due to its speed and lower training
requirement. Three input layers were transferred by the
tan-sing function with 1 hidden layer, 10 neurons
(nodes) to 1 output layer. The prediction competencies
of the methodologies were compared by RMSE, mean
absolute error (MAE; Equation 13) and R? The
coefficient of determination values for RSM and FF-
BPANN were computed with the regression tool of the
MS Excel program.

k k J-1 k
Y=Lyt 2B A B DD X,
Jj=1 Jj=1

i=1 j=2

(12)

N
MAE:%Z(MR — MR (13)
i=1

pre,i exp,i)

RESULTS and DISCUSSION

The drying process provides a long shelf life for fruits by
reducing water content. The mathematical modeling
approach is used for drying kinetics based on the
efficiency and calculations of water removal to control
and consider an accurate design of the drying process.
Dried fruits are exposed to changing conditions and
nutritional loss over a period of time. To avoid such
problems and operate the drying successfully, the
process parameters needed to be modeled and
optimized [3, 32].

The time and moisture diffusivity, which are important
factors in drying [3], were discussed for the differently
treated persimmon leathers within the scope of the BBD
matrix depending on the moisture ratio changes (Table
1). The graphics (Figure 1) of MR and time show the
effects of the production parameters on the drying time.
The drying time extends when the leather thickness
increases at any concentration of starch and drying
temperature, as seen in Figure 1a and 1b. As Figures
1a and 1c demonstrate, drying times are shorter as
temperatures rise. This is a trend that is anticipated. The
effect of the starch concentration on the drying time is
related to the temperature value because the
gelatinization characteristics of the starch hydrocolloid
are affected by its type, temperature and water content
[33]. The minimum leather production period is 120
minutes, whereas the maximum one is 360 minutes,
which shows that drying thickness and temperature are
the most effective process parameters for persimmon
leather.
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Demiray and Tulek [17] applied pretreatments of
blanching and osmotic dehydration to whole persimmon
fruit. They dried the fruit with a cabinet dryer at 55, 65
and 75°C temperatures and 0.2 m/s air velocity. Specific
moisture content (35%) was reached at 75°C 27 h and
22 h respectively for blanched and osmo-dehydrated
fruit. Tontul and Topuz [34] produced pomegranate fruit
leather at constant product thickness (4 mm) and
concentration of wheat starch (10%). They indicated that
increasing drying temperature and presence of
hydrocolloid caused decreasing drying time. Yilmaz et
al. [35] produced pomegranate fruit leather at three
leather thickness (1, 2, 3 mm) and drying temperature
degrees (50, 60, 70°C), and constant wheat starch
concentration (5%). They indicated that the drying
conditions had significant effects on drying time and
effective mass diffusivity of the leather samples. When
the thickness of pomegranate fruit leather increased,
drying time significantly decreased. The increasing
drying temperature resulted in reverse effect on drying
time. The effective mass diffusivity was also significantly
affected by the parameters. Increasing levels of the
parameters cause a faster moisture removal from the
leather samples. They concluded that optimization of
drying conditions provides an enhancement for the
process efficiency. Azeredo et al. [12] found the same
effects for drying temperature and puree load (puree
mass per dish area) on the drying time to produce
mango fruit leather. Although they designated the drying
time as a parameter for leather production, they stated
that it could not be minimized, but the minimum
temperature could be determined to be the optimum
result for mango leather.

Developing a new food product requires design in terms
of process tools, operational parameters and outputs.
Modeling and optimization achieves the goals of
reduction in time and cost, operational minimization, a
well-controlled system, statistical evaluation and
reporting of the outputs and an understanding of the
relationship between the materials to be processed and
the system to be used [36]. The phenomenon of water
loss from a product during a conventional drying
process depends on external and internal conditions,
which can cause a challenge for drying of fruits.
Therefore, mathematical modeling is a good way of
attending to the fruit drying. Additionally, validation of
models used is important and it should be considered
statistically in terms of both accuracy and precision [37].
This study proposed that drying kinetics for fruits would
be described, evaluated and compared by modeling.
Page, Midilli and others, Two-term and Logarithmic
models are those that provide good predictions and the
right perspectives for various fruit drying processes [3].
The equations for these semi-theoretical models (Table
1) were tested to determine the best drying curve model
for the mathematical description of persimmon leather
products. Initial constant values and coefficients of the
models for each product run are presented in Table 2.
The Midilli and others model was specified as the best

model by its low RMSE and )(2 values and high R? and
CC values (Table 3).



D. Dursun Saydam Akademik Gida 23(1) (2025) 28-36

Table 1. The design matrix showing the results of drying time and experimental and predicted

effective mass diffusivity values

Starch Drying Drying Time Deft (M%/s*10°7)
Runs concentration thickness temperature (min) Deri
(%) (mm) °C) erived RSM FF-BPANN

1 7 3 50 240 8.2932 8.1500 8.2105

2 5 1 60 140 2.2709 2.4250 2.2845

3 3 1 50 120 1.6347 1.7780 1.8158

4 5 3 40 320 5.6617 5.5070 6.4660

5 5 2 50 180 5.6422 5.3770 5.4756

6 5 2 50 180 5.0819 5.3770 5.4756

7 3 2 40 260 3.6471 2.9890 2.4804

8 5 2 50 180 5.4061 5.3770 5.4756

9 3 3 50 220 8.4249 9.2370 8.3644

10 3 2 60 120 9.9218 9.6250 9.9041

11 7 1 50 140 1.6733 8.6140 1.9997

12 7 2 40 160 4.0344 4.3310 3.9469

13 7 2 60 160 5.6220 6.2800 5.6403

14 5 1 40 220 1.1008 1.6160 1.4148

15 5 3 60 180 13.7963 13.2800 13.3260

RMSE 0.0759 0.0715

Statistical sources MAE 0.0635 0.0567

R2 0.9815 0.9846

(a) 1.0 8 (b) 1.0 X

o¢ A mm, 60°C 09 1A% Almm 3%
08 e mm, 40°C 0.8 03mm, 3%
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Figure 1. Experimental and estimated (lines) MR values vs time, (a): at constant starch concentration, (b): at constant
drying temperature, (c): at constant drying thickness, (c): center point depiction

The model suggested by Hii et al. [38] was selected as
the best model for sliced and blanched persimmon fruit
drying among twelve thin-layer drying kinetic models in
the study of Hanif et al. [19]. Demiray and Tulek [17]
determined Page [39] and Modified Page [40] models as
the best models for the drying kinetics of whole
persimmon fruit. Sampaio et al. [21] and Doymaz [41]
reported that Midilli and others model presented the best
fitted modeling for drying process of persimmon fruit.
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It is known that fruits and vegetables mostly dry in the
falling rate period [41, 42, 43]. The leather of persimmon
fruit also dried in the falling rate period as seen in Figure
2. Except for Runs 9 and 12, their drying process took
place in both the first and second falling rate periods;
the others reached their equilibrium moisture content in
the first falling-rate period. Doymaz [18] observed the
drying process of persimmon fruit occurring in the falling
rate period.
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Figure 2. Drying rate curves of persimmon leather at different process
conditions. Run C* depicts the drying rate curve of the mean values of
the center points runs, Run 5, Run 6, and Run 8

The drying process is controlled by the moisture
diffusion mechanism [3]. Hence, its accurate portrayal is
important. The effective moisture diffusivity of food
products is in the range from 10 to 102 m%s [2, 17].
We calculated Der to be from 1.1 to 13.8%107 m?/s for the
persimmon leather products. The highest Deft value (Run
15) was obtained at a maximum temperature of 60°C
and a thickness of 3 mm whereas the minimum
temperature of 40°C and thickness of 1 mm gave the
lowest value (Run 14). It is understood that the moisture
removal is fundamentally affected by the drying
temperature and leather thickness. Carcel et al. [16],
Doymaz [18] and Demiray and Tulek [17] obtained Des
values varying from 0.7 to 1010 m?s for hot air drying
of persimmon fruit in different drying conditions. Doymaz
[18] and Demiray and Tulek [17], respectively worked
with 50 to 70°C and 55 to 75°C temperature intervals,
and indicated that the drying temperature increased the
Derr values. Lower Defr values were reported for tomato
slices (5.11*10% m?s) and date palm fruit (4.73%10°
m?s) by Onwude et al. [3].

15
13 4

11

Predicted data

There are many fruit drying studies where the
fundamental point is to explain the moisture removal
mechanism by modeling methods [5, 6, 8, 30, 31, 44,
45, 46, 47, 48, 49]. The effective moisture diffusivity was
modeled in this study. Statistical comparison of RSM
and FF-BPANN methods are presented in Table 1. The
topology of FF-BPANN (3-1-10-1) predicted more
accurate effective moisture diffusivity values. In other
words, it revealed better data fitting and estimation
capability since ANN methodology has better abilities of
modeling of non-linear processes and adapting to the
changes of the process. These properties make ANN
powerful and flexible. RSM tries to explain the changes
of the process by second order polynomial equation,
which creates an important limitation for its
representation [36]. However, there is so little difference
that both methods can be considered successful. Data
distribution on the regression line in Figure 3 showed
that FF-BPANN provided better prediction of Derr values.
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Experimental data
Figure 3. Visual demonstration of the prediction competence of the modeling methods for Dest
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CONCLUSION

The drying models based on the experimental studies
allows fewer assumptions to be made about the drying
processes, which results in more accurate and feasible
applications for designers and engineers. In this respect,
it is important to study the drying kinetics of persimmon
fruit leather as a novel product. The drying time and
moisture removal mechanisms were most affected by
the leather thickness and drying temperature
parameters. The drying rate curves showed that the
drying process of the leather products took place during
the falling rate period. The fitting quality of Midilli and
others model was statistically shown to be the best fit for
the persimmon leather drying kinetics. The effective
moisture diffusivity (Der) values for different persimmon
leather products ranged from 1.1*107 to 13.8*107 m?/s,
and were successfully modeled by RSM and ANN
methods. The artificial neural methodology produced
slightly better modeling results compared to RSM.
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Ticari enzim pazarinda 6nemli bir yeri olan proteolitik enzim grubundan proteazlar, genis ve farkl biyoteknolojik
uygulamalari nedeniyle yiksek talep géren bir enzim grubudur. Bu enzimlerin kifler kullanilarak fermantasyon yoluyla
Uretiimesi tercih edilen bir yontemdir. Clnkl, enzimlerin konsantre halde ekstraselller olarak Uretilmesiyle geri
kazanimi daha kolay ve maliyet acisindan daha elverisli bir tGretim yontemi olmaktadir. Bu nedenle ¢calismada, organik
cOpler substrat olarak kullanilarak Aspergillus niger'den proteazlarin Uretimine alternatif olusturmak ve enzimin
saflastirimasina bir temel olusturmak amaglanmistir. Arastirmada, A. niger inokile edilen %50 protein oraninda
organik atiklardan hazirlanan besiyerinin, 30°C'de 24 saat inkibasyon suresinde, pH 5.5'te enzim Uretimi icin
optimum besiyeri oldugu tespit edilmistir. A. nigerden Uretilen proteaz enzimi genis bir uygulama alanina sahip, ¢ok
yonlu bir biyo-ayirma araci haline gelen, ylksek geri kazanim ve saflik seviyelerine sahip bir dizi enzim ve proteini
saflastirmak igin kullanilan Ggli faz ayirma (TPP) sistemi ile kismen saflastiriimis ve biyokimyasal karakterizasyonlari
incelenmistir. TPP sistemi ile proteaz enzimi 1.0:1.5 (ham enzim ¢dzeltisi: t-bitanol orani) ve %80 doygun amonyum
sulfat konsantrasyonu ile %235.7 verimle 13.15 kat saflagtinimistir. Enzimin molekdl agirigi MALDI-TOF yontemiyle
15.56 kDa olarak belirlenmistir. A. nigerden saflastirilan proteaz enziminin optimum ve stabil pH’lari sirasiyla 10.0 ve
9.0 iken optimum ve stabil sicakhgi ise 60°C olmustur. Okside edici ajanlar, ylzey aktif maddeleri, inhibitor ve substrat
varligi proteaz enziminin aktivite degerlerinde azalmaya neden olmustur.

Anahtar Kelimeler: Proteaz, Aspergillus niger, Uglii faz ayirma sistemi (TPP), Taguchi

Protease Enzyme Production and Characterization from Aspergillus Niger Grown in Medium
Obtained from Organic Waste

ABSTRACT

Proteases, a subgroup of proteolytic enzymes with a significant role in the commercial enzyme market, are in high
demand due to their broad and diverse biotechnological applications. Fermentation using molds is a preferred method
for producing these enzymes because their extracellular production in a concentrated form facilitates easier recovery,
making the process more cost-effective. Therefore, this study aims to provide an alternative approach for the
production of proteases from Aspergillus niger using organic waste as a substrate and to establish a basis for enzyme
purification. In this study, the optimal medium for enzyme production was determined as a culture medium prepared
from organic waste with a 50% protein content, inoculated with A. niger, and incubated at 30°C for 24 h at pH 5.5. The
protease enzyme produced from A. niger was partially purified using the three-phase partitioning (TPP) system, which
has become a versatile bio-separation tool with broad applications, high recovery rates, and high purity levels. Using
the TPP system, the protease enzyme was purified 13.15-fold with a yield of 235.7% under conditions of a 1.0:1.5
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ratio (crude enzyme solution: t-butanol) and 80% ammonium sulfate saturation. The molecular weight of the enzyme
was found to be 15.56 kDa using the MALDI-TOF method. The optimum and stable pH values of the purified protease
enzyme from A. niger were determined as 10.0 and 9.0, respectively, while the optimum and stable temperature was
60°C. The presence of oxidizing agents, surfactants, inhibitors, and substrates caused a decrease in the enzyme

activity values.

Keywords: Protease, Aspergillus niger, Triple phase separation system (TPP), Taguchi

GiRiS

Enzimler, biyokimyasal katalizérler olarak galisan ve
reaksiyonlari yuksek verimle gerceklestiren
biyomolekillerdir. Canli organizmalar tarafindan spesifik
biyokimyasal reaksiyonlari gerceklestirmek amaciyla
uretilirler [1]. Enzimlerin buyuk kismi, enzimatik aktivite
icin gerekli olan ve protein yapisinda bulunmayan
kofaktorlere bagimh iken, bazilari yalnizca protein
yapisiyla fonksiyon gosterir. Endustrinin hemen hemen
her alaninda enzimlere ihtiyag duyulmakta olup, bu
enzimler genellikle mikrobiyal kdkenlidir. Mikrobiyal
kokenli enzimlerin tercih edilmesinin sebebi, hayvansal
ve bitkisel enzimlere kiyasla daha ylksek Kkalitatif
aktivite goOstermeleridir. Ayrica mikrobiyal enzimler
digerlerine gbére daha dayanikh, ekonomik ve daha
blyuk capta Uretilebilir [2]. Enzimler, tekstil, kagit, icecek
ve yiyecek, deterjan, deri, hayvan yemi, yakit, ilag,
kozmetik gibi c¢esitli endustrilerde yaygin olarak
kullaniimaktadir.

Mikrobiyal ~enzim grubu iginde olan proteaz,
aminoasitlerin olusumu ve protein katabolizmasi icin
gereklidir. Proteinlerin  peptit baglarinin  hidrolizini
katalize eden bu enzim, proteolitik enzimler veya
peptidazlar olarak adlandirilir. Peptitleri ve amino asitleri
serbest birakir ve gidanin bilesimi, sureci ve bozulmasi
Uzerindeki etkileri nedeniyle gida endustrisinde 6nemli
bir rol oynar. Fonksiyonel ve aktif gruplarina gore alti
ana baslik altinda siniflandirilir: serin proteazlar, sistein
proteazlar, metalloproteazlar, aspartilproteazlar, treonin
proteazlar ve glutamik asit proteazlar [3].

Biyoteknoloji alanindaki endistriyel enzim arastirmalari
giderek daha fazla 6nem kazanmaktadir. Bunun baslica
sebepleri arasinda enzim teknolojisinin gelismesi, Urdn
kullanim alanlarinin geniglemesi ve ekonomik degerinin
artmasi yer almaktadir. Son yillarda, bu galismalarin bir
kismi atiklardan enzim Uretimi Gzerine yogunlasmistir.
Dinya genelinde nufus artisina paralel olarak atik

miktari da hizla yUkselmekte ve bu atiklarin
degerlendirilmesi  cevresel agidan  buylk onem
tasimaktadir.  Ozellikle meyve ve sebzelerden

kaynaklanan biyolojik olarak pargalanabilir atiklarin yilda
yaklasik 50 milyon ton oldugu tahmin edilmektedir ve
bunun  sadece  %0.5'i  endustriyel islemlerde
kullaniimaktadir. Bu nedenle, endustriyel sureglerin yan
arinu olarak olusan atiklarin degerlendiriimesi gevresel
ve ekonomik acidan O6nemlidir. Bu kapsamda,
Madhumithah ve ark. [4] bitkisel atiklar, Oyeleke ve ark.
[5], bakliyat atiklari; Lanka ve ark. [6] hayvansal protein
kaynakli st Urlnleri atiklarini kullanarak Aspergillus
nigerden proteaz Uretimini arastirmistir. Benzer sekilde
bu calisma da organik atiklarin A. niger tarafindan
proteaz dretimi igin kullanilabilirligini degerlendirilmeyi
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ve enzim Uretimini
amagclamaktadir.

ekonomik olarak tegvik etmeyi

Bu ¢alismada proteaz enzimini saflastirmak icin tglu faz
ayirma (TPP) yodntemi kullanilmistir. TPP, genis bir
uygulama alanina sahip, protein ¢okelmesinin pek ¢ok
basamagini kapsayan ¢ok yonli bir biyo-ayirma araci
olarak yiksek geri kazanim ve saflik seviyelerine sahip

bir dizi enzim ve proteini saflastirmak igin
kullaniimaktadir.  Proteaz, invertaz, pektinaz, a-
galaktosidaz, tripsin inhibitort, lakkaz, katalaz gibi

enzimlerin saflastirimasinda yaygin olarak kullanilan
TPP yonteminin mekanizmasi tam olarak literatiirde
tanimlanmamis olsa da, salting out, ozmolitik
elektrostatik kuvvetler, kozmotropik ¢okeltme, izo-iyonik
cokeltme, konformasyon sikilagsmasi ve protein
hidrasyon kaymalari gibi c¢esitli ayirma iglemlerinin
kombinasyonlarindan olugtugu belirtiimektedir [8].

Bu calismanin amaglarindan biri de Taguchi test metodu
kullanilarak organik atiklardan elde edilen besiyerlerinde
A. niger fermentasyonu ile Uretilen proteaz enzimlerinin
en verimli kosullari belirlemek ve geleneksek yontemlere
gOre daha basit, verimli, ekonomik ve tek adimda
yuksek geri kazanimla saflastirilabilen TPP ydntemi ile
proteaz enziminin saflastirlmasinin karakterizasyonunu
yapmaktir.

MATERYAL ve METOT
Kullanilan Mikroorganizma

A. niger MRC 200806 saf kiiltirleri TUBITAK Marmara
Arastirma Merkezi Kuf Kuiltir Koleksiyonu’ndan temin
edilmistir. Saf kaltarler 650 pL gliserol, 350 uyL Tryptic
Soy Broth (TSB) iginde -18°C’de muhafaza edilmigtir.

Kifiin Cogaltiimasi

Sporulasyon ortami olarak TSA (Tryptic Soy Agar)
besiyeri kullaniimigtir. Seyreltiimis ornekler, steril 6ze
kullanilarak TSA iceren petri kaplarina ¢izgi ekim
yontemiyle inokiile edilmistir. Kilturler, 30°C’de 72 saat
inkiilbasyona birakimistir. inkilbasyon siiresi sonunda,
gelisen kolonilerden 100 yL alinarak 7 mL TSB (Tryptic
Soy Broth) besiyerine inokiile edilmis ve 30°C’de 72
saat boyunca inkibe edilerek ¢ogaltilmistir. Elde edilen

kaltir, enzim Uretiminde inokulum kaynagdi olarak
kullaniimigtir.

Uygun Besiyeri igeriginin Belirlenmesi

Proteaz uretimi igin en uygun besiyeri kosullarini

belirlemek amaciyla Taguchi (3x3) deney tasarim
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yontemi uygulanmistir. Bu ydntemin temel adimlari;
faktorlerin ve etkilesimlerin belirlenmesi, her bir faktériin
farkli seviyelerinin tanimlanmasi, uygun ortogonal
matrisin secilmesi, etkilesimlerin ve faktorlerin matrise
aktarilmasi, deneylerin gerceklestiriimesi, elde edilen
verilerin analizi, optimal kosullarin belirlenmesi ve

dogrulama deneylerinin yapilmasi seklinde 6zetlenebilir
[9]. A. niger kiiltir(, Taguchi yontemine gore tasarlanan
deney dulzeninde, Tablo 1'de belirtilen faktorler
dogrultusunda U¢ paralel analiz ile proteaz aktivitesi
acisindan degerlendirilmistir.

Tablo 1. Proteaz Uretimi igin kullanilan fermentasyon kosullari
Table 1. Fermentation conditions used for protease production

Hayvansal Protein (%)-Bitkisel Protein (%) pH inkiibasyon Siiresi (saat)
50-50 5.0 24
50-50 5.5 48
50-50 6.0 72
60-40 5.0 48
60-40 5.5 72
60-40 6.0 24
70-30 5.0 72
70-30 5.5 24
70-30 6.0 48
Sakarya YURTKUR Kiz Ogrenci Yurdu karisim hazirlanmistir. Karisima 100 mL saf su eklenmis

Yemekhanesi'nden toplanan gida artiklari (Tablo 2),
hayvansal-bitkisel protein, meyve-sebze ve polisakkarit
agirhkli olarak siniflandiriimis ve blender yardimiyla
piure haline getirilerek toplam 50 g olacak sekilde

ve homojen bir kivam elde etmek amaciyla tekrar
blender ile islem gérmugstur. Elde edilen besiyeri, gida
partikillerinden arindirilarak plrtzstiz bir yapr elde
etmek igin No:1 Whatman™ filtre kagidi ile stizilmugtr.

Tablo 2. Besiyeri kompozisyonunda yer alan biyolojik atiklarin igerigi
Table 2. Composition of biological waste in the growth medium

Kabak, havug, lahana (¢gig ve tursu), domates (¢ig ve konserve),
biber (kapya, carliston), patlican, sogan, patates, karnabahar,

1. Sebze ve meyve agirlikl atiklar

maydanoz, marul, dereotu, roka, nane, pirasa biberiye, kereviz,

mandalina, portakal, limon, karpuz, muz, ananas, igde, elma,
ayva, Trabzon hurmasi, armut, greyfurt, kivi

2. Hayvansal Protein agirlikli atiklar

Mantar, yumurta (¢ig ve haslanmig), peynir (beyaz peynir, kasar
peyniri), kirmizi et, tavuk eti

3. Bitkisel Protein agirlikh atiklar boriilce

Kuru fasulye yemeyi, nohut yemeyi, yesil mercimek, bezelye,

Ekmek (kepekli, cavdar, beyaz, tam bugday), kek, pankek, simit,

4. Polisakkarit agirlikh atiklar

pogaga (dereotlu, kasarli, domatesli), agma, Uzimli ¢orek,

kruvasan (cikolatall ve sade), sekerli ¢orek, ay ¢coregi.

Besiyerinin pH degderi deney dizenine uygun olarak 5.0,
5.5 ve 6.0 seviyelerine ayarlanmisg, ardindan her biri 30
mL fermantasyon ortami icerecek sekilde 100 mL’lik
Eppendorf®  tuplerine  aktariimistir.  Sterilizasyon
amacilyla 121°C'de 15 dakika otoklavlanmigtir.
Sogutulan besiyerleri, 8 mm c¢apinda A. niger kulturi ile
inokiile edilerek vortekslenmistir. inokiile edilen tim
besiyerleri, 30°C’'de 24, 48 ve 72 saat boyunca inkiibe
edilmistir. Fermantasyon suresi sonunda, biyolojik kabin
icerisinde Buhner hunisi kullanilarak No:1 Whatman™
filtre kagidi yardimiyla stizme islemi gergeklestiriimis ve
elde edilen sOzinti ham enzim kaynagi olarak
kullaniimigtir. Her bir sizintinin proteaz aktivitesi
Olcilmis ve tim analizler U¢ paralel tekrar ile
gerceklestirilmigtir.

Proteaz Enziminin Uglii Faz Ayirma Yéntemi
Kullanilarak Saflastiriimasi

Optimum kosullarda enzim Uretimi gergeklestirildikten
sonra, fermantasyon ortamindaki kuf miselleri filtre
kagidi kullanilarak uzaklastiriimistir.  Homojenattaki
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hicre kalintilarinin giderilmesi amaciyla, suzintli 5000
rom’de, 24°C’'de 25 dakika santrif(ij edilmistir. Enzim
saflastirma sirecinde, optimum amonyum siilfat/t-
bitanol oranini belirlemek igin homojenattan her bir tipe
2 mL aktarimig ve farkhh amonyum silfat doygunluk
seviyelerine (%30, %40, %50, %60, %70, %80 ve %90)
ayarlanmistir. Ardindan, her tuz konsantrasyonu igin
farkhh  homojenat/t-bitanol oranlar (1.0:0.5, 1.0:1.0,
1.0:1.5 ve 1.0:2.0) hesaplanarak uygun hacimde t-
bltanol eklenmig, her ekleme sonrasi vorteksleme
islemi uygulanmistir. Numuneler oda sicakliginda 1 saat
inkibe edilmis ve U¢ fazin olustugu gozlemlenmistir.
Bunu takiben, ¢ozeltiler 5000 rpm’de, 24°C’de 10 dakika
santrifuj edilmistir. Santriflij sonrasi Ust faz pastér pipeti
ile ayrilmis, kalan orta ve alt fazlar ayri tiplere
aktarilmistir. Son olarak, bu fazlarin protein tayini ve
enzim aktivitesi analizleri gergeklestirilmigtir.

Proteazlarin Enzim Aktivitesi

substrat olarak kazein
yontemle belirlenmistir [2].

Proteaz enziminin aktivitesi,
kullanilan modifiye bir
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Yontemde, %0.65 konsantrasyonda  hazirlanan
kazeinden 2.5 mL alinarak Uzerine 0.5 mL enzim
¢Ozeltisi eklenmistir. Reaksiyon karigimi, 37°C’de su
banyosunda 10 dakika inkliibe edilmistir. Kontrol (kor)
icin enzim ¢ozeltisi yerine Tris-HCI tampon (100 mM, pH
8.5) kullaniimistir. inkiibasyonun ardindan reaksiyonu
durdurmak igin 2.5 mL 110 mM TCA ¢0zeltisi eklenmis
ve karisim tekrar 37°C su banyosunda 30 dakika
bekletilmistir. Bu islemi takiben karisim 5000 rpm’de 10
dakika santrifij edilmis, olusan supernatanttan 1 mL
alinmistir. SiUpernatanta 2.5 mL Na,CO; (0.5 M)
¢Ozeltisi ve 0.5 mL Folin-Ciocalteu reaktifi (0.5 M)
eklenerek karigim bir kez daha 37°C’de 30 dakika
inkiibe edilmistir. inkiibasyonun sonunda, reaksiyon

karisiminin absorbans  degerleri 660 nm’de
spektrofotometrede Olgulmustur. 37°C ve pH 8.5
kosullarinda gergeklesen hidroliz sirasinda, %0.65

kazeinden dakikada 1 pg tirozin acida c¢ikmasi igin
gereken enzim miktari, bir Unite proteaz aktivitesi (U/mL)
olarak tanimlanmigtir.

Bradford Yontemiyle Protein Tayini

Seyreltimis BSA o6rneklerinin  Uzerine hazirlanan
Coomassie Brillant Blue G-250 ¢ozeltisinden 2 mL
eklenmis ve vortekslenmistir [2]. On dakika boyunda oda
sicakhiginda bekletildikten sonra standartlar 595 nm
dalga boyunda kore karsi okunmus ve elde edilen
degerlerle  protein  standart  grafigi  cizilmistir.
Numunelerdeki bilinmeyen protein konsantrasyonlari, bu
grafik yardimiyla hesaplanmistir.

Molekiiler Agirhgi

Saflastirilan proteaz enziminin molekuler agirhgr MALDI-
TOF cihazi kullanarak hesaplanmistir. Saflastiriimis
numunenin analizi igin numune 500 L (1/1/1
asetonitril/ultra saf su/ethanol) karisim kullanilarak
seyreltilmistir. Matriks icin ise iki farkli sekilde; 5 mg
CHCA (a-siyano-4-hidroksisinnamik asit), 10 mg
sinapinik asit (3,5-dimetoksi-4-hidroksisinnamik asit)
kullanilimigtir.  Matriksler 1000 puL (50.0/50.0/0.1
asetonitril/ ultra saf su/ trifloroasetik asit) karigsim
kullanilarak seyreltilmistir. Analiz islemi 0.5 mL numune
ve 0.5 mL matriks karigtirilarak gergeklestirilmistir.
Analizde kullanilan araliklar: ‘Mass Range’ 1000-4000
Da, ‘Max Laser Repetition Rate’ 50, ‘Power’ 95, Profile
100, ‘Shots’ 20, ‘Pulsed Extraction Optised at’ (Da) 2300
olarak bildirilmistir.

Saflastinlan Enzimin Ozellikleri

Saflastirnlan  enzimin  optimum  sicaklik  degerini
belirlemek amaciyla, 100 mM Tris-HCI tamponu (pH 8.5)
icerisinde %0.65 konsantrasyonunda hazirlanan kazein
¢ozeltisinden 2.5 mL alinarak Gzerine 0.5 mL enzim
cozeltisi eklenmistir. Enzim aktivitesinin belirlenmesi igin
reaksiyon karigsimlari 20°C’den 80°C’ye kadar farkli
sicakliklarda 10 dakika inkibe edilmistir. Ardindan,
enzim aktivite degerleri hesaplanarak optimum sicaklk
belirlenmistir. Optimum pH degerinin tespiti icin, %0.65
kazein iceren farkli tampon c¢ozeltileri hazirlanmistir:
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Sodyum fosfat tamponu (pH 6.0-8.0), Tris-HCI tamponu
(pH 7.0-9.0) ve glisin-NaOH tamponu (pH 9.0-11.0). Bu
cozeltilere 0.5 mL enzim eklenerek, 37°C’de 10 dakika
inkibe edilmistir. Ardindan, proteaz aktivite tayini
gerceklestirilmistir. Proteaz enziminin aktif bdlgesindeki
katalizden sorumlu amino asitlerin varligini tespit etmek
icin, enzim %1 ve %8 oraninda ure, %1 ve %5 oraninda
inhibitorler  (beta-merkaptoetanol, serin proteaz
inhibitéri PMSF ve metaloproteaz inhibitéri EDTA), %1
ve %5 oraninda ylzey aktif maddeler (Tween 80, Tween
20, SDS, Triton X-100) ve oksitleyici madde H202 ile
muamele edilmistir. Enzim g¢ozeltileri, ilgili kimyasallarla
30 dakika inkube edildikten sonra aktivite olcumleri
yapilmistir. Enzimin dogal substratlara karsgi aktivitesini
incelemek amaciyla, 100 mM Tris-HCI tamponu (pH 8.5)
icerisinde  hazirlanan  %0.65 konsantrasyonundaki
hemoglobin, kazein, BSA, azokazein ve jelatin
substratlari kullaniimistir. Farkh substratlar varliginda
enzim aktivite degisimleri analiz edilerek, enzimin
substrat spesifikligi degerlendirilmistir.

istatistiksel Analiz

Analizlerden alinan degerler, 3 tekrarin ortalamasidir.
Calismada istatistiksel analizler Minitab (18.0 versiyon,
State College, PA, ABD) paket programi kullanilarak
gerceklestiriimistir. Veriler varyans analizi (tek-yonli
ANOVA) ile analiz edilmis, istatistiksel farkliik Tukey
coklu karsilastirma testi yardimiyla p <0.05 diizeyinde
belirlenmisgtir.

BULGULAR ve TARTISMA
Proteaz Enziminin Uretimi

Taguchi yontemi kullanilarak yapilan hesaplamalara
gOre parametrelerin optimum seviyeleri gogunlukla S/N
oraninin en buydk oldugu seviyelerde meydana
gelmektedir ve grafikler incelendiginde protein orani
parametresinde en yuksek piki birinci seviyenin verdigi
gorulmektedir (Sekil 1 ve 2). Grafikler incelendiginde
%50-50 protein oraninin aktivite tayininde en yuksek
degeri verdigi gozlenmistir. pH parametresinde proteaz
enzimi Uretimi icin optimum degerin 5.5 oldugu tespit
edilmistir. A. nigerin proteaz enzimi dretimi i¢in optimum
inklibasyon slresi ise 24 saat olarak bulunmustur.
Calismada inkibasyon suresi arttikga enzim Uretiminin
dismesi kullanilan kati substrat yapisinin zamana bagli
olarak bozulmasi ve ortamdaki diger bilesiklerden
etkilenmesine baglanmaktadir. Mikroorganizma
tarafindan kisa surede enzim Uretiminin
gerceklestiriimesi 6nemli avantaj saglamaktadir. Bu
parametrelerle Uretilen besiyerinde proteaz aktivitesi
60.79 U/mL olarak hesaplanmistir. Literattrdeki benzer
galismalara bakildiginda Paranthaman ve ark. [10],
A.niger bakterisi kullanarak piring atiklarindan proteaz
enzimi Uretiminde aktiviteyi 67.7 U/g bulurken, Devi ve
ark. [11] da A. niger kifl ile yaptiklari optimizasyon
galismalarinda proteaz aktivitesini 89.1 U/mL olarak
belirtmiglerdir. Calismamizdan elde edilen deger ile
yakin sonuglar elde edilmistir.
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Figure 1. Response table for signal-to-noise ratios (the larger, the better)
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Sekil 2. Taguchi deney tasariminda enzim Uretiminin sinyal/gurdltd orani sonuglari
Figure 2. Results of the signal-to-noise ratio for enzyme production in the Taguchi experimental design

Calismada proteaz uretimini etkileyen faktorlerden biri
besiyerinde bulunan protein c¢esidi olmustur. Proteinler
aminoasitlerin polimerlesmesi sonucu olusan
polimerlerdir ve her aminoasidin miktari ve turl protein
kaynagina gore farklilik gosterir. Ornegin hayvansal ve
bitkisel proteinlerin de icerdikleri aminoasitler farklidir ve
bu aminoasit farklliklari proteaz cesidini de etkiler.
Proteazlar aktif bolgelerindeki fonksiyonel aminoasit
kokline gore serin proteaz, sistein proteaz, asidik
proteaz ve metalloproteazlar olarak siniflandiriimaktadir
Calismamizda hazirlanan  besiyerinin  bilesiminde
bulunan bitkisel proteinlerden bakliyatlar, asidik asit,
lisin, glutamik asit ve arjinin gibi aminoasitleri igerir.
Hayvansal proteinler proteazin proteini pargalamak igin
kullandid1 enzimlerden sistein ve serin dahil 20
aminoasidin tamamini igerir [12]. Proteaz Uretimi igin
hayvansal proteinler bitkisel proteinlere kiyasla
aminoasit ac¢isindan daha zengin olmasina ragmen,
bitkisel ve hayvansal proteinin esit miktarda oldugu
besiyeri proteaz Uretimi igin en uygun besiyeri olarak
belirlenmigstir. Literatirdeki protein farkhhgi Uzerine
yapillan bir calismada Pinar ve ark. [13], piring
cesitlerinin farkli cografi bdlgelerde yetistirildigi icin
numunelerdeki protein seviyesinin oldukga farkli
oldugunu raporlamistir. Cesitli piring atigi 6érneklerinden
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ekstrakte edilen proteazlarin aktivitelerini karsilagtirmis
ve farkli piring numunelerindeki proteaz Uretim
seviyesindeki farkin, numunelerin protein igerigindeki
farktan  kaynaklandigini  belirtmigtir.  inkiibasyon
suresinin etkisi yapilan c¢alismalarda incelendiginde;
Upgade ve ark. [14], Fransiz fasulyesi kullanarak
gerceklestirdigi fermantasyonda; Qazi ve ark. [15] ise
bugday kepegi ve soya fasulyesinden proteaz uretimini,
calismamizdan farkl olarak optimum 48. saatte elde
etmistir ve bunun yani sira Shivakumar [16] yaptig
benzer calismada optimal inklbasyon sulresinin 120.
saatte 280 U/g enzim aktivitesi ile elde ettigini
belirtmigti. Fakat tim c¢alismalar verimin artan
inkibasyon suresince distigu yonunde ortak bir karara
varmigtir.

Calismada optimum enzim Uretimi besiyerinin pH’si 5.5
oldugunda goézlenmigti. Bunun vyani sira benzer
calismalarda da farklh sonuglar alinmistir. Ornegin,
Oyeleke ve ark. [5] bitkisel proteinlerden fasulyeyi
kullanarak hazirladiklari besiyerinde A. nigerden
proteaz duretimi icin optimum pHIn 6 oldugunu
belirtirken; Shivakumar [16], Aspergillus sp. tarafindan
asit proteaz Uretimi igin optimum pH’nin 5.0 oldugunu ve
5.0''n altindaki ve Uzerindeki pH'nin enzim Uretimini
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olumsuz etkiledigini belirtmistir. Benzer sekilde Oyewole
ve ark. [17], mezbaha atiklarindan elde ettikleri proteaz
enzim aktivitesi icin sirasiyla A. niger ve P. frequesans
icin 5.0 ve 6.0 pH degerlerinin optimum oldugunu
kaydetmigtir. Optimum enzim Gretimi igin  pHnin
mikroorganizma tiriine, besiyeri bilesimine ve calisma
kosullarina bagli olarak 5 ile 6 arasinda degistigi
soylenebilir.

Proteaz Enziminin TPP Sistemiyle Organik
Co6zgen ve Amonyum Siilfat Oraninin Incelenmesi

A. nigerden uretilen proteaz enziminin sirasiyla %30,
40, 50, 60, 70, 80 ve 90 konsantrasyonlardaki amonyum
sulfat oranlari ve 1.0:0.5, 1.0:1.0, 1.0:1.5 ve 1.0:1.2 gibi
degdisik homojenat:t-bitanol oranlari ile yapilan analizler
sonrasl bulunan verilerle, yizde verim ve saflastirma
katsayilari  hesaplanmistir. Saflastirlan  proteaz
enziminin, %80 (w/v) amonyum sulfat ve 1.0:1.5 (v/v)
homojenat: t-butanol oraninda, alt fazda en iyi % verim
ve saflastirma katsayisini elde ettigi tespit edilmigstir
(p<0.05) (Tablo 3, Sekil 3). En yiiksek enzim verimi ve
saflastirma katsayisi sirasiyla %235.2 ve 13.15 olarak
raporlanmistir.

Tablo 3. A. nigerden proteaz enzimi saflastirma sireci ve aktivite analizi degerleri (n=3, ortalama * SS)
Table 3. The protease enzyme purification process from A. niger and enzyme activity values (n=3, mean + SD)

Toplam - . Toplam Toplam Spesifik
Faz Hacim (/E‘S'/‘r’]'qtf) (a“’/tr‘fq'{_‘) Aktivite Protein  Aktivite %Verim S;gfg"{;a
(mL) 9 (EV) (mg) (EU/mg) Y
Homojenat 2.00 25.85+3.2 5.20+1.4 51.70+45 10.40+2.3  4.97+2.1 100.00+0 100.00+0
Alt faz 2.00 60.79+7.8 0.93+0.1 121.58+9.6 1.8610.4 65.37+6.9 235.17+12.5 13.15£5.6
Ara faz 2.00 14.70£2.3 4.90+1.3 29.40+6.5 9.80+1.7  3.00%0.8 56.86+6.9 0.12+0.1
300 14
250 /\ 12
200 b 10 E
c £
E d 8 »
150 £
= s
ag100 ° %
(1]
a @ a 2 4%
o I [] [] 2
0 I Tl T e —D 0
o100 el oyt 0&‘01.5 V0%

homojenat:t-biitanol
I Verim Orta Faz

mmm Verim Alt Faz

—— Alt Faz Saflagtirma Katsayisi

Orta Faz Saflagtirma Katsayisi

Sekil 3. Homojenat:t-Bitanol oranlarinin proteaz enziminin verim ve saflastirma katsayisina
etkisi. Ayni harfle belirtilen bloklardaki ortalamalar arasindaki fark 6nemsizdir (p=0.05).

Figure 3. The effect of homogenate-to-t-butanol ratios on the yield and purification factor of
the protease enzyme. The differences between the means in bars marked with the same

letter are insignificant (p=0.05).

Literatirdeki saflastirma galismalarinda ¢ogunlukla ¢ok
asamali kromatografik yontemler tercih edilir fakat TPP
yontemiyle saflastirmaya ait az sayida galisma vardir.
TPP yontemi kullanilarak yapilan saflastirmalarda
genellikle %25-363 arasi verim ve 2.7-95 arasi
saflastirma  katsayisina ait sonuglarin  bildirildigi
gO6zlenmigtir [1]. Calotropis procera ve Cucumis melo
(Cucumisin) 'nun TPP yontemiyle proteaz saflastirmasi
Uzerine yapmis oldugu galismalarda %60-65 amonyum
sulfat konsantrasyonunda, ylksek oranda enzim geri
kazanimi ve saflastirma tespit edilirken, t-bitanol
hacmindeki artisin, enzim aktivitesinde bir azalmaya
sebep oldugu belirtilmistir [2]. Pinjara ve ark. [13]
A.niger ve A.flavus proteazlarini %70 doygunlukta
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amonyum siilfat ¢oktlirme ve diyaliz ile sirasiyla 11 ve 9
kat saflagtirmistir. Chimbekujwo ve ark. [18] A.
brasiliensis BCW2 tarafindan Uretilen ham proteazi,
amonyum siulfat (%80) kullanilarak kismen saflastiriimis
ve %28 proteaz geri kazanimi ile 13.3 kat saflik
vermistir. Rizgar'in B. licheniformis OSB6’dan proteaz
enzimlerinin TPP ile saflagtirimasi Gzerine yaptid
calismada %70 amonyum silfat ve 1.0:1.5 t-bitanol
oraniyla saflastirmayi gergeklestirdigi bildirilmistir [2].
Baska bir calismada ipek otundan proteaz enzimini
saflastirmak igin ilk olarak 1.0:0.5 homojenat:t-bitanol
ve %50 amoyum silfat oraninda ilk TPP yapiimis ve
sonrasinda alt faz alinarak 1.0:0.5 homojenat:t-butanol
oraninda %65 amonyum silfat ile ikinci bir TPP
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yapilmistir. Analiz sonucunda enzimin %132 verim ve
6.92 kat saflastinldigi ve enzimin alt fazdan elde edildigi
tespit edilmistir. Bir diger ¢calismada balik i¢ organlarinda
alkalin proteazi saflastirmak amaciyla 1.0:0.5 oraninda
t-bitanol, %50 amonyum sulfat kullanilarak pH 8.0° de
TPP ydntemi uygulanmis ve enzimin %154 verimle
saflgsatirildigi bildirilmistir. Sonug olarak t-bitanol miktar
daha dustk oldugunda amonyum stlfat ile yeterli sinerji
olusturamaz ama daha yuksek ise protein
denatirasyonuna neden olmasi kaginilmazdir. Ayrica
yapillan c¢alismalarda TPP prosedirleri sirasinda
amonyum siilfat konsantrasyonundaki artisin enzimlerin
aktivitesini arttirdigi rapor edilmistir [2].

Molekiiler Agirhgin Belirlenmesi

Bu calismada, A. niger tarafindan Uretilen proteaz
enziminin  molekdler agirhg, MALDI-TOF  kdtle
spektrometresi  kullanilarak belirlenmistir.  Spektrum
analizi sonucunda, en belirgin pik 1556.23 Da
bolgesinde  gbzlemlenmistir. Bu sonug, proteaz
enziminin yaklasik 15.56 kDa molekdiler agirhga sahip
oldugunu gostermektedir.

1556.23(r555)

Elde edilen molekuler agirlik, literatirde yer alan diger
Aspergillus tirlerinden izole edilen alkali proteazlarla
kiyaslandiginda benzerlik gdstermektedir. Ornegin, farkli
mikroorganizmalardan Uretilen proteaz enzimlerinin
molekiler agirliklarinin genellikle 10-45 kDa araliginda
oldugu bilinmektedir [19]. Bu baglamda, ¢alismamizdaki
enzim, disuk molekiler agirlikli proteazlar sinifina
girmektedir.

Bununla birlikte, grafikte go6zlemlenen diger pikler,
enzimdeki olasi post-translasyonel modifikasyonlar,
fragmentasyon veya saflastirma yontemine bagh olarak
kiguk peptit kontaminasyonlariyla iligkilendirilebilir.
Ayrica, 1921.00 Da ve 2106.42 Da bdlgelerinde gorilen
sinyaller, enzim yapisinda bulunan olasi alt birimlere
veya pargalanmigs protein formlarina isaret edebilir.

Sonug olarak, MALDI-TOF analizi ile belirlenen 15.56

kDa molekuler agirlik, proteaz enziminin
karakterizasyonuna 6nemli bir katki saglamaktadir. Bu
enzim, Ozellikle deterjan, deri isleme ve gida
endustrisinde  kullanim  potansiyeli olan  alkali
proteazlarla benzer oOzellikler gostermektedir [11].
Gelecekte, daha ileri saflastirma teknikleri ve
kristalografi ¢alismalari ile enzimin yapisal ve

fonksiyonel 6zellikleri daha ayrintili olarak incelenebilir.
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Sekil 4. Saflastiriimis enzimin molekdler agirhgi
Figure 4. The molecular weight of the purified enzyme

Proteaz Enzimi Uzerine Optimum Sartlarinin
Tespitine Yonelik Sonuglar

Saflastirilan proteaz enziminin pH 10.0 glisin-NaOH (pH
9.0-11.0) tamponunda optimum aktiviteye sahip oldugu
tespit edilmistir (Tablo 4). Benzer sekilde Devi ve
ark.’nin  [11], A. niger ile vyaptiklari optimizasyon
calismalarinda ve Lanka ve ark.’nin [6] sut Grunleri atik
suyunda alkalin proteaz uretiminde de optimum pH’in
10.0 oldugunu bulmustur. Bununla birlikte, Coral ve
ark.’nin [20], yani sira Oyeleke ve ark. da [5] A. niger’
den proteaz aktivitesi icin optimum pH’nin 9.0 oldugunu
belirtmiglerdir. Bu c¢alismalarin aksine Olajuyigbe ve
Ajele [21] A. nigerden asit proteaz uretiminde pH
kararliliginin pH 3.5’te en iyi oldugunu ve 4.0’dan sonra
hizla distigunu belirtmigtir fakat A. niger ile yapilan
calismalarin ¢ogunda optimum pH 10.0 olarak
bulunmustur. Calismalar karsilastirildiginda elde edilen
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enzimin pH kararhhdinin oldukga iyi oldugu ve
literatirdeki galigmalar ile uyumlu oldugu goériimugtir.
Bununla birlikte, optimum pH’nin 10.0 olarak bulunmasi,
enzimin  alkali sartlarda da  aktif oldugunu
gOstermektedir.

Sicaklik ¢alismalari sonucunda proteazin en iyi aktiviteyi
60°C’'de 1 saatlik inkilbasyon slresinin ardindan
%98.91’lik deger ile sagladigi gérilmis ve diger sicaklik
degerleriyle  karsilastirildiginda degisen  slrelerde
aktivitesini en iyi koruyan sicaklik oldugu goézlenmistir.
Qazi ve ark.’nin [15] yaptigi benzer bir ¢alismada da
bugday kepedi ve soya fasulyesini kullanarak A.
niger’den proteaz uretimi i¢in optimum sicakligin 60°C
oldugunu bulduklari gibi baska calismalarda yine A.
niger kullanilarak uretilen proteazin 40 ile 50°C'de
optimum aktivite sergiledigi gosterilmistir. Literattirde
cogunlukla sicaklik ve inkibasyon suresi arttikca
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aktivitenin distigu goérilur fakat termofilik enzimlerin alanlarinda da yuksek pH ve yuksek sicaklik araliginda
genellikle  sicaklik  sonucu  aktivitesinin  arttigi aktivitesini ve stabilitesini ylksek tutan proteazlar ve
belirlenmigtir.  Endlstriyel  ¢alismalarda  sicaklia daha fazla kullanilir [2]. Dolayisiyla bu yonlyle
dayanikliik ve vyuksek alkalilik olmasi istenen bir A.niger'den Uretilen proteaz enziminin oldukg¢a avantajli
durumdur ve enzimin tercih edilme sebepleri arasinda oldugu sdylenebilir.

yer alir. Biyoteknolojik uygulamalar ve biyomuhendislik

Tablo 4. pH degerinin ve sicakhigin proteaz enziminin ylzde badil aktivitesine etkisi (n=3, ortalama £SS)
Table 4. The effect of pH and temperature on the percentage relative activity of the protease enzyme
(n=3, mean +SD)

pH
6 7 8 9 10 11
85.245.6  82.247.3  78.2#4.2 75.242.5 100.0+0.0  54.5+6.3
Sicaklik (°C)
20 30 40 50 60 70 80 90
80.744.5 89.3+3.9  88.04+9.2 91.644.3 100.0+0.0  96.0+3.4 81.47+3.9 71.54¢5.7
Saflastirilan proteaz enzimi Uzerine okside edici ajan iyonlarinin ve ¢dzucllerin etkisini inceledigi ¢alismada
olan HxO2nin ve ylzey aktif maddelerin etkisi 30 dakikalik inklbasyon sonrasinda Tween 80 ve Trion
incelendiginde; %1 konsantrasyondaki SDS enzim X-100’ un yaklasik %25 inhibisyona sebep oldugu, SDS
aktivitesinde ciddi bir aktivite kaybina sebep olurken, varliginda enzimin %50 oraninda aktivitesini kaybettigini
%5’lik SDS’ in enzimin aktivitesini tamamen inhibe ettigi bildirmistir. Benzer sekilde Pham ve ark. [23] A. niger
tespit edilmistir (Tablo 5). Yuzde 1’lik H202'nin ise VTCC-F021’den Urettikleri proteaz  aktivitesinin
enzimin aktivitesini %87’ye kadar korudugu gorilmustir. %0.5-%2 (w/v) konsantrasyonlarda Tween 80 ve Tween

Sonug olarak ylzey maddelerinin konsantrasyonunun 20" ye kargl yuksek direng gosterdigini ve baslangig
artmasinin enzim aktivitesine olan etkinin de artmasina aktivitesinin  %80’inden fazlasini korudugunu tespit
neden oldugu belirlenmistir. Literatirdeki c¢aligmalara etmistir. SDS ve Triton X-100 ise enzim aktivitesini Ugte
bakildiginda; Sattar ve ark. [22] A. niger kaynakli iki oraninda azaltmistir.

proteaz aktivitesi Uzerine yuzey aktif maddelerin, metal

Tablo 5. Yizey aktif maddelerin ve okside edici ajanin saflastirilan proteaz enzimi
aktivitesi (n=3, ortalama +SS) lzerine etkisi

Table 5. The effect of surfactants and oxidizing agents on the activity of the purified
protease enzyme (n=3, mean +SD)

Ylzey Aktif Maddeler %1 %5
Kontrol 100.00+0.00 100.00+0.00
SDS 9.23+2.40 0.00+0.00
Tween-20 43.24+2.50 28.12+3.70
Tween-80 57.32+4.50 37.51+£4.30
TritonX-100 50.32+£3.40 25.17+2.80
H202 87.32+5.40 63.77+6.40

Proteaz enzimine inhibitorlerin etkisini incelendiginde aktivitesinin EDTA varliginda da azalmasi enzimin metal
%1 PMSF varliginda aktivitesinin yaklasik %95’ini inhibe baglama bdlgesine sahip oldugunu gdstermektedir.
ettigdi, %5 konsantrasyonda ise neredeyse tamamini Basu ve ark.nin [24] yaptigi benzer karakterizasyon
inhibe ettigi gorilmektedir (Tablo 6). Serin spesifik calismalarinda, A. niger tarafindan urettirilen proteazin
inhibitdérd olan PMSF’nin enzimin lzerindeki inhibe etkisi EDTA varliginda %90 inhibe oldugu ve PMSF tarafindan
aktif bolgesinde bir serin proteaz oldugunu ve enzimin aktif bolgedeki temel serin kalintisinin ve aktivitenin
alkalin serin proteaz oldugunu gostermektedir. Enzim tamamen kaybolmasina neden oldugu gorulmustur.

Tablo 6. inhibisyon gézeltilerinin proteaz aktivitesi iizerine etkisi (n=3, ortalama * SS)
Table 6. The effect of inhibition solutions on protease activity (n=3, mean + SD)

inhibisyon cozeltileri Konsantrasyon (mM) Kalan aktivite (%)
Kontrol 0 100.00+0.00
B-merkaptoetanol 1 41.32+3.20
5 23.45+1.60
EDTA 1 58.12+5.40
5 29.68+2.30
PMSF 1 4.85+0.90
5 1.23+0.20
DTNB 1 75.11+£5.30
5 60.23+3.80
Ure 1 48.41+£3.10
8 31.57+2.70

44



B. Tekyildiz, O. Aslan, A. Cagri Mehmetoglu Akademik Gida 23(1) (2025) 37-46

Proteaz enziminin farkli substratlardaki aktivite miktari
incelendiginde enzimin en iyi kazein varliginda aktivite
gosterdigi ve kazeini sirasiyla azokazein, hemoglobin,
jelaitin ve en son olarak da BSA'nin takip ettigi
gorulmektedir (Tablo 7). Muazu’'nun [25] A. niger Uzerine
yaptid1 calismasinda da kazeinin substrat olarak etkisi
calisiimis ve 0.44 pg/mL ile en yiiksek proteaz aktivitesi
kazeinde elde edilmigstir. Benzer olarak Leng ve ark. [26]
A. oryzae CH93'den saflastirilan proteaz enziminin BSA,

aktivitesi incelendiginde kazeinin en iyi aktiviteyi
gosterdigi tespit edilmistir. Cesitli substratlara enzimin
ilgisinin olmasi kullanim alanlarinin genislemesine
olanak saglar. Bu nedenle bazi belli kosullar altinda
stabil kalabilen enzimler, stabilitenin molekuler temelini
anlamak adina bir model sistem olusturur ve bu durum
endustriyel uygulamalar igin proteazlarin tasarlanmasina
oncllik edebilir [27-28].

jelatin, kazein ve azokazein subsratlari varliginda
Tablo 7. Proteaz enziminin dogal substratlara (%0.6, w/v) karsi yuzde bagil aktivitesi
(n=3, ortalama = SS)
Table 7. Percent relative activity of the protease enzyme against natural substrates
(0.6%, w/v) (n=3, mean + SD)
Kazein Azokazein Hemoglobin Jelatin BSA
100 83.614.6 47.3+3.2 35.443.8 21.241.9
SONUGC ORTAK CIKAR BEYANI/CIKAR CATISMASI
Bu c¢alisma, organik atiklardan elde edilen Yazarlar herhangi bir ortak ¢ikar beyani ya da c¢ikar
besiyerlerinde A. niger kullanilarak proteaz enzimi gatismasi beyan etmemistir.
Uretimini, saflastinlmasini  ve  karakterizasyonunu

kapsaml bir sekilde incelemistir. Elde edilen sonuglar,
organik atiklarin enzim Uretimi icin uygun ve ekonomik
bir substrat olabilecedini gdstermektedir. Taguchi deney
tasarimina goére optimize edilen besiyeri kosullarinda
(%50 hayvansal-%50 bitkisel protein, pH 5.5, 24 saat
inkibasyon slresi), en yiksek proteaz Uretimi
g6zlemlenmisgtir.

Uclii faz ayirma yéntemi kullanilarak gergeklestirilen
saflastirma silrecinde, %80 amonyum silfat ve 1.0:1.5
(v/v) homojenat:t-blitanol oraninda %235.7 verimle
13.15 kat saflastirma saglanmigtir. Saflastirilan proteaz
enziminin  molekiler agirhgr 15.56 kDa olarak
belirlenmistir. Optimum pH degeri 10.0, optimum
sicaklik degeri ise 60°C olarak tespit edilmis olup, enzim
yuksek sicaklik ve alkalin kosullara dayaniklilik
gostermistir.

Bununla birlikte, enzim aktivitesi okside edici ajanlar,
yuzey aktif maddeler ve inhibitérlerin varliginda
degiskenlik géstermistir. Ozellikle SDS ve PMSF gibi
inhibitdrlerin enzim aktivitesini 6nemli olgide azalttigi
tespit edilmistir. Substrat spesifikligi agisindan ise en
yuksek aktivitenin  kazein varliginda gergeklestigi
belirlenmisgtir.

Sonug olarak, c¢alismamiz, atik degerlendirme ve
biyoteknolojik enzim Uretimi alanlarinda surdurilebilir ve
ekonomik bir yaklagim sunmaktadir. Endustride proteaz
enzimlerinin kullanim alanlarini genigletmek ve Uretim
sureglerini daha verimli hale getirmek amaciyla, organik
atik bazli Uretim sireglerinin gelistirimesi 6nemli bir
adim olacaktir.
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Bu galismanin amaci, sifir atik yaklasimiyla nar kabuklarindan (Punica granatum L.) biyoaktif bilesenlerin ultrason
destekli ekstraksiyon (UDE) yontemi kullanilarak elde edilmesi ve farkli ekstraksiyon kosullarinin fenolik madde icerigi
ile antioksidan kapasite Uzerindeki etkilerinin belirlenmesidir. Taze nar kabuklarinin i¢c ve dis kisimlari ayri ayri
degerlendiriimis, %80’lik metanol ¢dzgeni ile farkh ultrasonik gi¢ (%50 ve %100) ve sire (5, 10 ve 20 dakika)
kombinasyonlarinda ekstraksiyon gergeklestiriimistir. Elde edilen sonuglara gore, dis kabugun toplam fenolik madde
icerigi %100 glc ve 10 dakika ekstraksiyon suresinde maksimum 58.73 £ 0.79 mg GAE/g KM degerine ulasmistir. En
yuksek antioksidan kapasite ise dis kabuk érneklerinde %100 glg¢ ve 20 dakikada 3177.75 + 6.06 ppm TEAC/g KM
olarak élgllmustir. i¢ zar érneklerinde ise en yiiksek fenolik madde miktari 7.31 + 0.03 mg GAE/g KM degerinde
bulunmustur. FTIR ve SEM analizleri, nar kabudunun yapisal butinligini koruyarak aktif bilesenlerin salimini
kolaylastirdigini gostermistir. Bu bulgular, nar kabuklarinin gevre dostu yaklasimlarla degerlendirilerek gida ve ilag
sanayilerinde katma degerli trlnler elde edilmesi igin 6nemli bir potansiyele sahip oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Nar kabugu, Antioksidan kapasite, Fenolik bilesenler, Ultrasonik ekstraksiyon

Extraction of Phenolic Compounds from Pomegranate Peels by Ultrasound Assisted
Extraction and Determination of Antioxidant Activities

ABSTRACT

The aim of this study was to extract bioactive compounds from pomegranate peels (Punica granatum L.) using the
ultrasound-assisted extraction (UDE) method within a zero-waste approach and to investigate the effects of different
extraction conditions on total phenolic content and antioxidant capacity. Fresh pomegranate peels were separated into
inner and outer layers, and extractions were performed using 80% methanol as a solvent under different ultrasound
power levels (50% and 100%) and durations (5, 10, and 20 minutes). The results showed that the outer peel exhibited
the highest total phenolic content, reaching 58.73 + 0.79 mg GAE/g DM under 100% power and 10 minutes of extraction.
The maximum antioxidant capacity was observed in outer peel extracts at 3177.75 + 6.06 ppm TEAC/g DM with 100%
power and 20 minutes. In the inner peel, the highest total phenolic content was found as 7.31 + 0.03 mg GAE/g DM.
FTIR and SEM analyses demonstrated that the structural integrity of the pomegranate peel was preserved while
facilitating the release of active compounds. These findings suggest that pomegranate peels possess significant
potential for valorization through environmentally friendly processes, offering opportunities for the development of value-
added products in the food and pharmaceutical industries.

Keywords: Pomegranate peel, Antioxidant capacity, Phenolic compounds, Ultrasonic extraction
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GiRiS

Nar (Punica granatum L.) kabudu, meyve isleme
endustrisinin en 6nemli yan Urlnlerinden biri olup,
meyvenin agirhginin %26-30’unu olusturmaktadir [1].
Geleneksel olarak hayvan yemi olarak kullanilan ya da
atik olarak cevreye birakilan nar kabuklari, icerdigi
biyoaktif bilesenler sayesinde son yillarda buyik ilgi
gormektedir. Punicalagin, ellajik asit, gallik asit ve
kuersetin gibi fenolik bilesikler ile antosiyaninler ve
ellajitanenler agisindan zengin olan nar kabuklari, guglu
antioksidan, antimikrobiyal ve sagligi destekleyici
Ozellikler sergilemektedir [2, 3]. Bu Ozellikler, nar
kabuklarinin dogal koruyucu ve fonksiyonel gida bileseni
olarak kullanimina yénelik ©6nemli bir potansiyel
sundugunu gostermektedir [4, 5]. Nar kabudu, meyvenin
yenilebilir kismina kiyasla ¢ok daha yuksek miktarda
fenolik bilesik icermekte ve gicli antioksidan 6zellikler
sergilemektedir [9].

Biyoaktif bilesiklerin bitkisel materyallerden eldesinde
kullanilan geleneksel yontemlerden Soxhlet
ekstraksiyonu, maserasyon ve hidrodistilasyon, uzun
suredir yaygin olarak kullanilan yontemlerdir [6]. Ancak
bu yontemler, uzun ekstraksiyon sureleri, pahali oluslari,
saf ¢ozilcu ihtiyaci ve i1siya hassas bilesenlerin zarar
gormesi gibi dezavantajlara sahiptir [1, 7, 8]. Bitkisel
materyallerden biyoaktif bilesenlerin eldesi igin yaygin
olarak kullanilan geleneksel ekstraksiyon yontemleri,
uzun islem suireleri, ylksek ¢Ozlcu tuketimi ve isiya
duyarh bilesiklerin bozulmasi gibi sinirlamalara sahiptir
[6]. Bu durum, daha verimli ekstraksiyon ydntemlerine
olan ihtiyaci artirmistir. Ultrason destekli ekstraksiyon
(UDE), bu alandaki en etkili yontemlerden biri olarak 6ne
cikmaktadir. UDE, yiksek frekansli ses dalgalarinin bir
sivi ortamda yayllmasiyla olusan kavitasyon etkisini
kullanarak bitki materyalinden biyoaktif bilesiklerin
¢bzgen icine salimini kolaylastiran bir yéntemdir. UDE,
kavitasyon etkisiyle bitki hiicre duvarlarini pargalayarak
biyoaktif bilesenlerin ¢gbzgen icine daha hizli ve etkin bir
sekilde gegmesini saglamaktadir [9]. Literatirde UDE'nin
geleneksel yontemlere kiyasla ekstraksiyon verimini
%20-30 oraninda artirdigi ve islem siresini %80-90
oraninda azalttigi goértlmuagstar [10, 11]. Ayrica, dusuk
sicaklikta ¢alismasi sayesinde isiya hassas bilesiklerin
korunmasini ve enerji tasarrufu saglamaktadir [12].

Bu calismanin amaci, nar kabugundan ultrason destekli
ekstraksiyon (UDE) yontemi kullanilarak fenolik maddeler
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gibi biyoaktif bilesenlerin eldesi igin uygun ekstraksiyon
kosullarinin belirlenmesidir. Calismada, fenolik
bilesiklerin ¢ozundrligunin yliksek olmasi nedeniyle
ekstraksiyon ¢ozgeni olarak %80'lik metanol tercih
edilmistir. Farkli slreler ve ultrasonik gu¢ seviyeleri
kullanilarak gercgeklestirilen ekstraksiyon islemleriyle,
fenolik madde ve antioksidan kazanimini etkileyen
kosullar arastirlmigtir. Bu kapsamda, UDE ydnteminin
geleneksel ekstraksiyon yontemlerine kiyasla solvent
kullanimini azaltma, ekstraksiyon siresini kisaltma ve
islem verimini artirma potansiyeli degerlendirilmigstir.
Calismanin 6zgin yond, nar kabuklarinin sifir atik
yaklagsimiyla katma degerli Grlnlere donasturilmesi ve
yenilikgi  ekstraksiyon tekniklerinin gida ve ilag
endustrilerinde  surduarulebilir  kullanimmna  yonelik
literatlre katki saglamasidir.

MATERYAL ve METOT
Materyal

Calismada kullanilan taze nar (Punica granatum L.)
ornekleri, 2024 yili Eylil ayinda bir yerel marketten
(Bornova, Izmir, Tirkiye) saglanmis ve ekstraksiyon
islemlerine kadar 4 °C’de muhafaza edilmistir. Narlar
yikandiktan sonra kurulandi ve nar dig kabuklari
(perikarp), narlarin tutundugu bdélim (mezokarp) ve i¢
zarlar, nar tanelerinden el yardimiyla ayiklanarak elde
edilmistir. Ornekler polietilen torbalarda paketlenmistir ve
4°C sicaklikta, buzdolabinda, kurutma islemi yapilana
kadar bekletilmigtir. Calismada kullanilan narlarin genel
Ozelliklerini temsil etmek amaciyla secilmis 6rneklerin
gorselleri Sekil 1'de verilmistir.

Kurutma Yontemi

Kurutma isleminde Mphahlele vd. [13] tarafindan yapilan
calismada Dbelirtilen yontem kullaniimigtir.  Kurutma
isleminden 6nce 4°C sicakliktaki 6rnekler oda sicakligina
ulasilincaya kadar bekletilmistir. Calisma kapsaminda
kurutma iglemi igin pilot 6lgekli tepsili kurutucu (Armfield
Lim., Ringwood, Hampshire, Birlesik  Krallik)
kullaniimistir.  Oda sicakhdindaki &rnekler, cihazin
tepsilerine yerlestirilip kurutma islemine tabi tutulmustur.
Kurutma 40°C hava sicakhgi ve 1.0 m/s hava hizinda
gergeklestirilmistir. Ornekler sabit tartima gelene kadar
kurutma islemine devam edilmistir. Nar dis kabugu,
mezokarp ve i¢ zarinin kurutma oncesi ve sonrasindaki
gOrinimu Sekil 2'deki gibidir.
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Sekil 1. Satin alinan narlar (a), yilkanmis ve temizlenmis nar (b), nar
dis kabugu (c), narlarin tutundugu bolim (d) ve i¢ zarlar (e)

Figure 1. Purchased pomegranates (a), washed and cleaned
pomegranates (b), pomegranate outer peel (c), the part where the
pomegranates are attached (d) and inner membranes (e)

Sekil 2. Kurutmadan once nar dis kabugu (a), mezokarp (b) ve i¢ zar (c);
kurutulduktan sonra nar dis kabugu (d), mezokarp (e) ve i¢ zari (f)

Figure 2. Pomegranate outer peel (a), mesocarp (b) and inner membrane (c)
before drying; pomegranate outer peel (d), mesocarp (e) and inner membrane
(f) after drying
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Kurutmadan sonra érnekler oda sicakligina getirilmis ve
oguticli (Beehive Mechanical Grinder, ABD) yardimiyla
ogutilerek 250 um elekten gegirilmistir. Mezokarp ve i¢
zar karistinlarak 6rnek nar kabugu i¢ zari olarak
adlandiriimis ve érnekler polietilen torbalarda analizler

a

gerceklesene kadar saklanmistir. Sekil 3'de, galismada
kullanilan nar kabugunun dis kabuk, i¢c zar ve orta
kisimlarina ait kurutulmus ve o6gutilmis orneklerin
gOrdnimda verilmistir.

C

Sekil 3. Ogiitilmis nar kabugu dis kabuk (a), mezokarp (b) ve i¢ zar (c)
Figure 3. Ground pomegranate peel outer shell (a), mesocarp (b) and inner membrane (c)

Nem ve Su Aktivitesi Tayini

Yas orneklerin nem igerikleri, AOAC (2005), Official
Method 934.06 [14] yontemine bazi kiglk degisiklikler
yapilarak belirlenmistir. Ornekler 105+0.5 °C sicakliktaki
etiivde kurutulmus ve kitle kaybi yontemi esas alinarak
nem oranlari hesaplanmistir. Kuru &rneklerin nem
icerikleri ise nem tayini cihazi (Radwag MA 50.R,
Polonya) kullanilarak, dretici firmanin  standart
protokoline uygun sekilde olgtlmastar.

Kurutulmus nar kabugu ve zar kisminin su aktivitesi
degerlerinin élgimuinde su aktivitesi 6lgiim cihazi (Testo
AG400, Lenzkirch, Almanya) kullaniimistir. Numuneler
sizdirmaz bir ¢celik hazneye yerlestirilmis, sabit sicaklikta
(25 °C) tutulmus ve dUrin-hava arasindaki nem
aligverisinin durmasiyla denge saglanincaya kadar
beklenmistir. Dengeye ulasildiginda hazne igindeki
havanin bagil nemi cihazin probu ile dl¢ilmis ve bu
deger dogrudan su aktivitesi (aw) olarak kaydedilmistir.

Toplam Fenolik Madde Miktari Tayini

Toplam fenolik madde miktarinin belirlenmesi amaciyla
ekstraktlarin hazirlanmasinda 5 g toz haline getiriimis
ornege 75 mL %80'lik metanol eklenmis ve bu karigim
oda sicakhdinda 250 rpm hizla calhsan manyetik
karistiricida 21 saat boyunca karigtirilarak  6n
ekstraksiyon gerceklestiriimigtir. Ardindan, homojenize
edilen karisima oda sicakhginda %50 ve %100 gug
seviyelerinde, 5, 10 ve 20 dakika sureyle ultrason destekli
ekstraksiyon (UDE) uygulanmistir. Bu yontemle, fenolik
bilegiklerin  ekstraksiyon veriminin artinimasi  ve
ekstraksiyon  slresinin  azaltimasi amaglanmistir.
Ultrason destekli ekstraksiyon sirasinda 6zellikle yiuksek
guc seviyelerinde (6zellikle %100 gugte) olusabilecek
Isinmayi o6nlemek amaciyla, cift cidarli 6érnek haznesi
kullaniimistir. Haznenin cidarlari arasinda dolastirilan
antifrizli su sayesinde, islem siiresince érnek ve ¢oziicl
sicakhg: stabil tutulmus ve sicakliga bagh olasi fenolik
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madde bozulmalari  engellenmistir. Elde edilen
ekstraktlardan toplam fenolik madde miktari tayini
Singleton vd. (1999) tarafindan verilen yonteme goére
yapilmigtir [15]. Bunun igin ekstraktlardan 200 pL
alindiktan sonra sonra 1 mL saf su ve 1 mL 0.2 N Folin
reaktifi ile karnistirlip 5 dakika sureyle beklenmistir.
Reaksiyon karigimina 800 pL %20’lik Na2COs ilave
edilmis ve oda sicakliginda 1 saat bekletilmistir.
inkiibasyon sonrasi karisimin 760 nm dalga boyunda
Cary 60 UV-vis spektrofotometrede absorbans degerleri
belirlenmis, sonuglar ‘mg/g KM gallik asit esdegeri (GAEY’
olarak verilmistir.

Antioksidan Aktivitesinin Belirlenmesi

Antioksidan aktivitenin belirlenmesi amaciyla, fenolik
madde analizi i¢in hazirlanmis ekstraktlar kullanilimistir.
Ekstraktlardaki  antioksidan  aktivitenin  kapsamli
degerlendirmesinde Re vd. (1999) tarafindan yapilmis
olan calismadaki yontemden vyararlaniimistir [16]. Bu
amagla kullanilacak ABTS ¢ozeltisi; 1.92 mg ABTS
reaktifinin 0.5 mL saf su igerisinde ¢6ziindirilmesiyle,
potasyum persilfat ¢ozeltisi; 0.33125 mg Potasyum
persilfatin 0.5 mL saf su igerisinde ¢ozundurilmesiyle
hazirlanmistir.  Tki ¢ozelti birlestirilip 16 saat oda
sicakhiginda karanlikta reaksiyona birakilmistir. Sonuclar
Trolox® esdeder antioksidan kapasitesi (TEAC)
agisindan niceliksel olarak belirlenmistir.

Hem Trolox® c¢ozeltileri hem de érnekler igin inhibisyon
degerlerinin yizdesi asagidaki Denklem 1 kullanilarak
belirlenmistir.

inhibisyon(%) = M x 100
ABTS*t
(1)

Aasts™, ABTS™*nin 734 nm’deki absorbansi, Aodrnek
ornegin 734 nm’deki absorbansidir.
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Orneklerin  antioksidan  kapasiteleri, 734 nm’ye
ayarlanmig bir Cary 60 UV-vis spektrofotometresi
kullanilarak, reaksiyon baslangicindan 6 dakika sonra
Olgulmustir. Antioksidan kapasiteleri, Trolox® standart
cozeltileri kullanilarak olusturulan kalibrasyon egrisi
Uzerinden hesaplanmistir. Kalibrasyon egrisi, 5 ppm ile
500 ppm arasinda degisen Trolox® konsantrasyonlari
kullanilarak hazirlanmis ve sonuglar mM TEAC (Trolox®
Equivalent Antioxidant Capacity) cinsinden ifade
edilmigtir. Tim analizler her érnek igin G¢ paralel 6lgim

yapilarak gerceklestiriimis ve c¢alisma iki badimsiz
tekerrir ile yuratdlmdastar.

Fourier Doniisimli  Kizilotesi Spektroskopisi
(FT-IR) Analizi

Dondurularak kurutulmus ekstrakt érneklerinin spektrum
analizleri, 400—4000 cm™ dalga boyu araliginda calisan
bir FT-IR spektrofotometre (Thermo Scientific NICOLET
iS10, ABD) kullanilarak gergeklestirilmistir.

Taramali Elektron Mikroskop (SEM) Analizi

Kurutulmus nar kabugu i¢ zarinin ve dis kabugunun
morfolojik gorintileri, 5.0 kV ivme voltaji kullanilarak bir
taramali elektron mikroskobu (SEM, Thermo Fisher
Scientific QUANTA FEG 250, Waltham, MA, USA) ile
elde edilmistir. Ornekler Au-Pd alagim ile kaplanarak
250-5000 kat bulyutilerek orneklerin  gorintilerinin
alinmasi saglaniimistir. Mikro gézenekli yapilar (Sekil 8
ve Sekil 9) 250x ve 5000x ¢ozlndrlikte gozlenirken,
goruntiler sirasiyla 400 ym ve 20um pargacik boyutuyla
goruntileme yapilmistir.

istatistiksel Analiz

Tam veriler ortalama degerler (xstandart sapma) olarak
sunulmustur. Tek yonlG varyans analizi (ANOVA) SPSS

(SPSS Inc., Chicago, ABD) kullanilarak
gergeklestirilmistir. Istatistiksel anlamhlik (p<0.005),
ortalamalar Duncan Coklu Karsilastirma  Testi

kullanilarak verilmistir.
BULGULAR ve TARTISMA
Nem ve Su Aktivitesi Tayini

Kurutulmus 6rneklerin nem (%) icerikleri ve su aktiviteleri
belirlenmigtir. Kurutulmus nar kabugu i¢ zarinin nem
orani %77.83'ten %9.05’e, dis kabugunun nem orani ise
%73.65'ten  %8.38'e dusmdistir. Literatirde nar
kabuklarinin farkli kurutma teknikleri (konveksiyonel
kurutma ve  dondurarak  kurutma) kullanilarak
kurutulmasina yonelik gergeklestirilen bir galismada [17]
da benzer sonuglar rapor edilmisti. S6z konusu
calismada dondurarak kurutulan nar kabuklarinin
baslangi¢ ve son nem igeriklerinin sirasiyla %73.6 ve
%7.7 oldugu belirtiimis olup, bu sonuglarin mevcut
calisma bulgulariyla paralellik gosterdigi gorulmektedir.

Kurutma isleminden sonra Urtnlerin su aktivitesi degerleri
ise 0.300 ve 0.381 olarak olgulmustir. Dusuk su aktivitesi
urinlerdeki gida bozulmasina ve mikroorganizma

51

bliyimesine yol acan enzimatik ve oksidatif
reaksiyonlarin  gergeklesmesini azaltmakta ya da
onleyebilmektedir [18, 19]. Kurutma islemi sonrasinda
elde edilen nar kabugu o6rneklerinde su aktivitesinin
dismesi, mikrobiyal gelisim riskini azaltarak depolama
stabilitesine katki saglayabilecek potansiyel gostermistir.

Toplam Fenolik Madde igerigi Tayini

Nar kabugu i¢ zari 6rneklerindeki toplam fenolik madde
miktarlari Tablo 1°’de goéruldigu gibidir. Calismada nar
kabugu i¢ zari igin fenolik madde miktari, 7.30£0.02 mg
GAE/g KM olarak ol¢ilmustir. Dig kabuk igin fenolik
madde miktari ise en ¢ok 58.73+0.79 mg GAE/g KM
olarak o6lgulmustir. Bu bulgu, literatirde bildirilen bazi
degerlerden  dusuk, bazilariyla ise  benzerlik
gostermektedir.  Ornegin, Derakhshan vd. [20]
galismasinda 100 gram toz nar kabugu 6rneginin 48 saat
boyunca oda sicakliginda etanol (%80) kullanilarak
yaplilan ekstraksiyonunda fenolik madde miktari 276-413
mg GAE/g KM olarak belirlenmistir. EI-Hamamsy ve EI-
Khamissi [21] tarafindan yapilan galismada ise, etanol
¢ozgeni ile elde edilen fenolik madde miktari 161.5+0.5
mg GAE/g KM olarak rapor edilmistir [22]. Bu farklar,
kullanilan ¢gdzgen, ekstraksiyon yontemi, sicaklik ve sire
gibi parametrelerin yaninda nar tard, yetistiriime kosulu
gibi parametrelerin de etkisinden kaynaklanabilir.
etkisinden kaynaklanabilir.

Ek olarak, Campos vd. (2022) nar kabugu tzerine yaptigi
calismasinda etanol/su karisimi (%0, %25, %50 ve %75
EtOH, v/v) kullanilarak yapilan ekstraksiyonlarda fenolik
icerik, cozgen konsantrasyonuna bagli olarak degiskenlik
gOstermis ve en ylksek fenolik miktar 0.86 mg GAE/mg
(75% EtOH) olarak bildirilmistir [23]. Elde edilen sonuglar,
kullanilan ekstraksiyon kosullari altinda metanoliin
toplam fenolik madde ekstraksiyonunda etkili bir ¢oziici
olabilecegini gostermektedir. Ayrica, Suleria vd. [24] nar
kabugu igin etanol kullanilarak yapilan ekstraksiyonda
toplam fenolik igerik miktarini 3.34 mg GAE/g KM olarak
bildirmistir, bu da galismamizdaki verilerin daha yuksek
fenolik igerigi isaret ettigini gdstermektedir.

Yapilan bu ¢alismada nar kabugu i¢ zar igin toplam
fenolik madde miktarina bakildiginda, hem ekstraksiyon
suresinin  hem de ultrasonik gucun etkili oldugu
g6zlenmistir. Kontrol grubuna (0 gig¢) kiyasla %50 ve
%100 gug seviyelerinde toplam fenolik madde miktari
artig gostermistir. Ozellikle 10 dakika ve %100 giig
kombinasyonu (7.3082+0.02698 mg GAE/g KM), en
yuksek fenolik madde miktarini saglamistir. Sire
acisindan, 20 dakikalik ekstraksiyon (hem %50 hem de
%100 glcte) benzer fenolik madde miktarlar Gretmistir.
Bu durum, i¢ zar icin belirli bir gli¢ ve sireden sonra
fenolik madde ekstraksiyonunun doyuma ulastigini
dusundurmektedir.

Fenolik icerik degerleri igin kolonlardaki kuiguk harf
farkliliklari Duncan testine gore sure igin istatistiksel grup
farkhhklarini ifade ederken, blyuk harfler Duncan testine
gore ultrasonik gug icin istatistiksel grup farkhliklarini
ifade etmektedir.
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Tablo 1. Nar kabugu i¢ zari 6rneklerindeki toplam fenolik madde miktarlar
Table 1. Total phenolic content in pomegranate peel inner membrane samples

Ornek Giig (Watt) Siire (dakika) mg GAE/g KM
0 0 6.44+0.01%A
5 6.51+0.21°8
%50 10 7.26+0.02%
Nar kabugu i¢ zari 20 7.01+0.20%8
5 6.78+0.39°C
%100 10 7.31+0.034
20 7.19+0.05°

Nar kabugu dis kabugunda ise toplam fenolik madde
miktari, glc¢ ve sure degisimlerine karsin daha sinirli bir
degisim go6stermistir. Kontrol grubunda (0 glig) elde
edilen fenolik madde miktari (58.5426+0.41682 mg

anlamli degildir. 20 dakikalik ekstraksiyonlarda (hem %50
hem de %100 gug) fenolik madde miktarinda hafif bir
azalma gorulmastir. Bu durum, dis kabuk igin daha kisa
sureli ve kontrolli bir ekstraksiyonun fenolik bilesenlerin

GAE/g KM), diger gruplarla istatistiksel olarak benzer ya korunmasi  agisindan  daha  uygun  oldugunu
da daha yiksektir. %50 ve %100 gii¢ seviyelerinde 10 gostermektedir.
dakika ekstraksiyon siresi ile fenolik madde miktari bir
miktar artig gOstersede, bu artis istatistiksel olarak
Tablo 2. Nar kabugu dis kabuk drneklerindeki toplam fenolik madde miktarlari
Table 2. Total phenolic content in pomegranate peel samples
Ornek Giig (Watt) Siire (dakika) mg GAE/g KM
0 0 58.54+0.428
5 56.24+0.98%*
%50 10 57.72+0.53%
Nar kabugu dis kabuk 20 57.01+0.312*
5 57.14+0.33%*
%100 10 58.73+0.79°*
20 55.89+0.76%*

Fenolik icerik degerleri icin kolonlardaki kugik harf
farkhlklari Duncan testine gore sire igin istatistiksel grup
farkhlklarini ifade ederken, blyuk harfler Duncan testine
gore ultrasonik glg igin istatistiksel grup farkliliklarini
ifade etmektedir.

Nar kabugu dis kabuk Orneklerindeki toplam fenolik
madde miktarlari Tablo 2’de gérilmektedir. Genel olarak,
nar kabugunun dig kismi i¢ zarina kiyasla daha yuksek
fenolik madde igerigine sahiptir. Bu durum, dis kabugun
fenolik bilesiklerin birincil depolama alani olmasi ve
antioksidan kapasitesinin daha yogun olmasindan
kaynaklanabilir. Literatiirde de sikga vurgulandigi tzere,
dis kabuktaki fenolik bilegiklerin yiksekligi, bu kismin
dogal bir antioksidan kaynagi olarak daha fazla
potansiyele sahip oldugunu gostermektedir [22, 25].
Sonug olarak, ¢alismada bulunan degerler literatiirdeki
diger calismalarla kiyaslandiginda, kullanilan
yontemlerin  fenolik icerik  miktarini  etkiledigini
dogrulamaktadir. Elde edilen bulgular, UDE yénteminde
uygulanan ekstraksiyon sdresi ve ultrasonik glg
seviyelerinin, nar kabugu fenolik bilesenlerinin verimli bir
sekilde elde edilmesinde etkili bir yontem oldugunu
gOstermektedir.

Antioksidan Aktivite Analizi

Nar kabugu i¢ zari i¢in yapilan analizlerde, ultrasonik gl
seviyesinin (%50 ve %100) TEAC degerlerinde anlamli
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bir artis saglamadigi, bu nedenle ultrasonik gucun i¢ zar
Uzerindeki etkisinin sinirli oldugu gérilmektedir. Tablo 3,
nar kabugu i¢c zari Orneklerindeki antioksidan aktivite
miktarlarini  gostermektedir.  Ekstraksiyon  siresi
acisindan, 10 dakika siire ile elde edilen sonuglar benzer
olsa da, %50 gucte 20 dakikalik sire ile TEAC degerinde
hafif bir artis gdézlenmistir. Bu durum, i¢ zarin antioksidan
kapasitesini artirmada ekstraksiyon sdresinin daha
belirleyici oldugunu gostermektedir.

Antioksidan aktivite deg@erleri igin kolonlardaki kiguk harf
farkhlklari Duncan testine gore sure igin istatistiksel grup
farkliliklarini ifade ederken, biyuk harfler Duncan testine
gore ultrasonik gug igin istatistiksel grup farkliliklarini
ifade etmektedir.

Nar kabugu dis kabugunda ise hem ultrasonik gi¢ hem
de ekstraksiyon suresinin antioksidan aktivite tUzerinde
belirgin bir etkisi oldugu gériimektedir. Ozellikle %100
glic ve 20 dakika ekstraksiyon siresiyle en yiksek TEAC
degerine (3177.75+6.06) ulasiimis, bu da hem uzun
surelerin hem de yuksek ultrasonik gui¢ seviyelerinin dis
kabugun antioksidan c¢ikigini artirmada etkili oldugunu
gOstermektedir. Ayrica, dig kabuk genel olarak i¢ zardan
daha yuksek TEAC degerlerine sahiptir ve bu durum dig
kabugun daha zengin fenolik bilesen igerigine sahip
oldugunu distindirmektedir.
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Tablo 3. Nar kabugu i¢ zari drneklerindeki antioksidan aktivite degerleri
Table 3. Amounts of antioxidant activity in pomegranate peel inner membrane samples

Ornek Glig (Watt) Siire (dakika) TEAC ppm/g KM
0 0 319.50+1.38%*A
5 320.47+0.12%
%50 10 321.33+0.57%
Nar kabugu i¢ zari 20 319.54+0.04%®
5 320.56+0.04%
%100 10 320.46+0.02
20 319.02+0.31%8

Tablo 4. Nar kabugu dis kabuk 6rneklerindeki antioksidan aktivite miktarlari
Table 4. Amounts of antioxidant activity in pomegranate peel outer shell samples

Ornek Giig (Watt) Siire (dakika) TEAC ppm/g KM
0 0 3167.11+5.46%
5 3167.96+2.402°A
%50 10 3167.47+1.845A
Nar kabugu dis kabuk 20 3111.78+21.26%
5 3136.92+23.05%48
%100 10 3155.40+3.390cAB
20 3177.75+6.06%8

Antioksidan aktivite degerleri icin kolonlardaki kiiguk harf
farkhlklari Duncan testine gore stre igin istatistiksel grup
farkliliklarini ifade ederken, blylk harfler Duncan testine
gore ultrasonik gug igin istatistiksel grup farkliliklarini
ifade etmektedir.

Tablo 4, nar kabugu dis kabuk érneklerindeki antioksidan
aktivite degerlerini vermektedir. Calismada nar kabugu
i¢ zar igin antioksidan aktivite miktari en ¢ok 321.33+0.57
TEAC ppm/g KM olarak, dis kabuk igin ise antioksidan
aktivite miktari en gok 3177.75+6.06 TEAC ppm/g KM
olarak o&lgulmuistir. Bu sonuglar literatlirde bildirilen
degerler ile karsilastirildidinda bazi ¢galismalardan dusuk,
bazilariyla ise benzerlik gostermektedir. Ancak,
literatlirdeki galigmalarin ekstraksiyon yontemi, ¢6zgen
tipi, analiz kosullari ve kullanilan standart birimleri farklilik
g6sterebilmektedir. Ornegin Suleria vd.[24] 2.0+0.5 g nar
kabugu 6rneklerini 20 mL %70 etanol ile ekstrakte ederek
ABTS testi uygulamis ve antioksidan aktiviteyi 3.34+0.09
mg AAE/g olarak bulunmustur.

Yan vd. (2017) yapmis oldugu ¢alismada ise alti farkli nar
gesidi (Bolicui (SD-BLC), 00Damaya (SD-DMY), Qingpi
(SD-QP, Kashgar Suan (XJ-KS), Hotan CelLe1# (XJ-HT),
and Piyaman (XJ-PYM)) %80 metanol-su g¢ozeltisi ile
ekstrakte edilerek ABTS analizi igin antioksidan
degerlerine  bakilmistir [26]. Belirtilen farkli nar
orneklerinde sirasiyla 422.8£#0.7 mg TEAC g™,
805.9+32.5 mg TEAC g™', 1105.1+27.6 mg TEAC g,
760.8+10.7 mg TEAC g™', 720.8+30.2 mg TEAC g,
579.1+37.6 mg TEAC g™ antioksidan aktivite degerleri
bulunmustur.

Elfalleh vd. (2012) tarafindan gergeklestirilen bir
calismada, hasat edilen nar O6rneklerinin kabuklari
ayrilmis, bu kabuklar glneste kurutulduktan sonra toz
haline getirilmigtir [27]. Daha sonra 10 g kabuk 6rnegi,
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30°C’de bir gece boyunca 100 mL metanol iginde
ekstrakte edilmistir. Elde edilen ekstrakt, partiktllerin
uzaklastinilmasi amaciyla Whatman No.1 filtre
kagidindan sizilmus ve ABTS radikal siplUrme aktivitesi
analiz edilmistir. Metanol ekstraktinda kabuklarin ABTS
aktivitesi 7.50+£0.83 TEAC mmol/100 g kuru agirlik olarak
tespit edilmistir.

Tdm bu sonuglara goére nar kabugundaki antioksidan
miktarinin farkliligi ¢ézgen madde, ekstraksiyon yontemi
ve nar cesidi gibi parametrelere gore degisiklik
gOsterebilmektedir. Ayrica nar kabugunun antioksidan
iceriginin, cicek, yaprak ve c¢ekirdek gibi diger nar
bilesenlerine kiyasla daha yuiksek oldugu rapor edilmistir.

Fourier Donlisimli Kizil6tesi Spektroskopisi (FT-
IR) Analizi

Nar kabugunun kontrol FTIR spektrumu (kirmizi kabuk)
ile %100 glcunde ve 10 dakika UDE islemiyle elde edilen
ekstraktin FTIR spektrumu karsilastiriidiginda, her iki
spektrumda da karakteristik bantlarin yer aldigi
g6zlemlenmigtir. FTIR spektrumuna ait sekiller, Sekil 4,
Sekil 5, Sekil 6 ve Sekil 7’de gorildigu gibidir. Kontrollere
kiyasla ekstrakt spektrumunda belirli piklerin (6rnegin
3293 cm™ ve 2917 cm™ gibi) yodunluklarinin arttigi veya
kaymalar gosterdigi gorulmektedir. Bu degigimler,
UDE’nin yapisal degisimlere neden oldugunu ve bazi
bilesiklerin (fenolikler veya diger aktif bilesenler gibi)
ekstrakte edildigini gdsterebilir. Ozellikle hidroksil gruplar
ve karbonil gruplari ile iligkili bantlardaki (6rnegin 1700-
3300 cm™ araliginda) degisiklikler, ekstraktin biyolojik
veya kimyasal 6zelliklerinde farkliliklar olduguna isaret
etmektedir. Bu sonuglar, ekstraksiyon yonteminin nar
kabugu biyokimyasal yapisina etkisini vurgulamaktadir.
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Sekil 4. Nar kabugu dis kabuk kurutulmus tozunda FTIR
Figure 4. FTIR on dried powder of pomegranate peel outer shell
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Sekil 5. Nar kabugu dis kabugunun kurutulmus tozu, %100 gugcte 10 dakika
UDE sonucu elde edilen ekstraktta FTIR

Figure 5. FTIR of dried powder of pomegranate peel outer peel, extract
obtained by UDE at 100% power for 10 minutes

UDE ve kontrol o&rneklerinin FTIR spektrumlari
karsilastirildiginda, her iki 6rnekte de 3293 cm™ (kontrol)
ve 3291 cm™ (%100) civarinda hidroksil gruplarina (O—
H) ait genis bir pik goézlemlenmistir. Bu pikler, genellikle
fenolik yapilarin varhigini goéstermektedir [28] . 2920-
2932 cm™ araliginda gézlemlenen bantlar, alifatik C—H
gruplarinin asimetrik gerilme titresimlerine; 1715 cm™
civarindaki bant ise karbonil (C=0) grubu titresimlerine
karsilik gelmekte ve ester, aldehit veya keton gruplarinin
varligina isaret etmektedir [29]. UDE sonrasi hidroksil

54

gruplari ve 1328 cm™ bolgesindeki polisakkaritlere isaret
eden bantlarin yogunlugunda azalma gdzlemlenmis,
ancak pik konumlarinda buyuk kaymalar olmamistir. Bu
durum, fenolik bilesikler ve bazi polisakkaritlerin ekstrakte
edildigini, ultrasonik iglemin ise yapisal bitlnlikte 6nemli
bir degisiklik yaratmadan aktif bilesenlerin ayrismasina
katkida bulundugunu gostermektedir [30, 31]. Bu
bulgular, UDE’nin fenolik ve polisakkarit yapilarin
¢ozinmesinde etkili bir yb6ntem oldugunu ortaya
koymaktadir.
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Sekil 6. Nar kabugu i¢ zari kurutulmus tozunda FTIR goruntdleri
Figure 6. FTIR images of dried powder of pomegranate peel inner membrane
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Sekil 7. Nar kabugu i¢ zarn kurutulmus tozu, %100 giicte 10 dakika
ultrasonik ekstraksiyon sonucu elde edilen ekstraktta FTIR

Figure 7. FTIR of the dried powder of pomegranate peel inner
membrane, extract obtained by ultrasonic extraction at 100% power for

10 minutes

Nar kabugunun ic zan ve dis kabugunun FTIR
spektrumlari karsilastirildiginda, her iki 6rnekte de
benzer fonksiyonel gruplar tespit edilmistir, ancak pik
yogunluklarinda ve bazi bdlgelerdeki belirginlikte
farkhlklar gézlemlenmistir. Nar kabugunun i¢ zari ve dis
kabugunun FTIR spektrumlar karsilastirildiginda, her iki
ornekte de benzer fonksiyonel gruplar tespit edilmistir.
Ancak, 3293 cm™ (i¢ zar) ve 3292 cm™ (dis kabuk)
bolgelerinde hidroksil gruplarini temsil eden genis pikler
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g6zlemlenmis, dis kabugun bu pikinin daha yogun ve
belirgin olmasi, fenolik igerik veya nem agisindan dis
kabugun daha zengin bir yapiya sahip olabilecegini
gOstermektedir [32]. Bununla birlikte, 11328 cm™ ve 1026
cm™' bolgelerinde gbézlemlenen polisakkarit piklerinin i¢
zarda daha baskin olmasi, i¢ zarin sellloz veya diger
polisakkarit yapilarin daha yogun oldugu bir bdlge
oldugunu disundirmektedir [33]. Genel olarak, dis kabuk
fenolik igerik agisindan daha zengin bir yapi sergilerken,
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ic zarin daha yuksek polisakkarit igerigine sahip oldugu
sOylenebilir. Bu farkhliklar, her iki bodlgenin kimyasal ve
biyolojik 6zelliklerinin farkli kullanim alanlarina uygun
olabilecegini gostermektedir.

Safdar vd. [34] nar kabugu FTIR spektrumlarinda
hidroksil (O-H), karbonil (C=0) ve alifatik C-H gruplarina
ait piklerin 3300, 1700 ve 2900 cm™ bdlgelerinde yer
aldigi belirtilmigtir. Bu ¢alismada da bu piklerin benzer
sekilde tespit edilmesi, literatiirdeki bulgularla uyum
gOstermektedir. Ayrica, ekstrakt spektrumunda gbézlenen
pik yogunlugu artislari ve kaymalar, literatlrde bildirilen
UDE'nin fenolik bilesen salinimini artirdigina dair
sonuglari desteklemektedir. Dias [35] tarafindan yapilan
FTIR analizleri, nar kabugunda farkl piklerde H-bagli
alkolik ve H-X gruplari, eter, alkan, fenolik ve eter
bilesiklerinin varhgini da kanitlamistir. Bdylece nar
kabugunun kimyasal yapisinin zengin bir fitokimyasal
icerik barindirdigi ve gesitli fonksiyonel gruplarin belirli
dalga boylarinda FTIR spektrumunda tespit edilebildigi
gorulmektedir. Ayrica, bu bulgular, nar kabugu
ekstraktlarinin fenolik bilesikler gibi aktif icerikleri izole
etmek ve karakterize etmek igin kullanilabilecek uygun bir
kaynak oldugunu isaret etmektedir.

Kontrol ve ekstrakt érneklerinin FTIR spektrum sonuglari,
Ben-Ali vd. [36] tarafindan nar kabugu ekstraktlari
Uzerine raporlanan hidroksil, karbonil ve alifatik C—H
gruplarina ait bantlarla uyumludur. Literatirde nar
kabugu ekstraktinda tanen ve gallik asit tlrevlerine ait
yeni bantlarin ortaya ¢iktigi belirtiimistir. Benzer sekilde,

4 HV pot usecase mago WI i det  mode
500kV 7.0 Standard 250x 104mm S50pA ETD SE

UDE ekstraktimizda bu bdlgelerdeki yeni pikler, fenolik
bilesiklerin ekstraksiyon sirasinda salindigini
gOstermektedir. Bu sonuglar, ekstraksiyon yontemimizin
biyoaktif bilesiklerin zenginlestiriimesindeki etkinligini
dogrulamaktadir.

Taramali Elektron Mikroskop (SEM) Analizi

Kurutulmus ve o6gutilmis nar kabuklarinin ylzey
morfolojisi, taramali  elektron mikroskobu (SEM)
kullanilarak incelenmistir. Narin dis kabuguna ait SEM
gorintileri Sekil 8de sunulmustur. Orneklerin sert ve
dayanikli  yapisi  belirgin  sekilde gdzlemlenmis;
yuzeylerinin oldukga puruzlu, heterojen ve gok katmanli
bir morfolojiye sahip oldugu tespit edilmistir. Bu morfolojik
ozellikler, dis kabugun lignoselllozik bilesenlerce zengin
olabilecegini ve mekanik islem sirasinda daha buyuk,
dlzensiz pargaciklara ayriima egilimi  gdsterdigini
disundirmektedir. Benzer sekilde, Siddiqui ve ark. [37]
galismalarinda da nar kabugunun sellloz, hemisellloz ve
lignin gibi lignoselllozik  bilesenler igerdigini
bildirmislerdir. Nar kabugunun dis ylzeyindeki purizli ve
heterojen yapisi, lignoselilozik bilesenlerin yogunlugu ve
mekanik islem sirasinda olusan diizensiz pargalanma ile
uyumlu olarak gdzlemlenmistir. Benzer sekilde, yapilan
bir calismada nar kabugu ekstrakti eklenen filmlerde de
plrtzli bir ylzey ve sungerimsi bir yapi olustugu rapor
edilmistir [38]. Baska bir gcalismada da SEM altinda nar
kabugu partikillerinin diizensiz ve lifli bir gériinime sahip
oldugu goérilmastir [39].

Sekil 8. Nar kabugu dis kabuk kurutulmus tozunda SEM goruntileri
Figure 8. SEM images of dried powder of pomegranate peel outer Shell

Nar kabugunun i¢ zarinin SEM goéruntileri Sekil 9'da
verilmigtir. Ornegin daha ince, katmanli ve fibréz bir
yaplya sahip oldugunu gorilmektedir. Ornegin
asimetrik formda ve ¢ok sayida gézenege sahip oldugu
g6zlemlenmistir. Bu durum 6gitme ile 6rnekte mekanik
hasarin ve moleklller arasi baglarin kiriimasiyla
dlzenli bir yapidan diizensiz bir yapiya donlismesinden
kaynaklanabilir [40]. Nar kabugunun vakum altinda
mikrodalga kullanilarak kurutulan bir ¢alismada farkli
mikrodalga glgleri ve vakum basinglarinin érneklerin
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morfolojik 6zelliklerine etkileri incelenmis ve elde edilen
goruntulerde kurutulan nar kabuklarinin ¢ok sayida
asimetrik gozeneklere sahip oldugu bulunmustur [41].
Yizeyi nispeten homojen olup, disik purizlGlik
sergilemektedir. Nar kabugu i¢ zarinin lifli ve purizli
yuzey morfolojisi, tasiyici ve emici bir materyal olarak
kullanim potansiyelini desteklemektedir [42]. Jerome ve
Dwivedi [43], nar kabudunun disik nemde kurutularak
toz haline getirilebilmesinin, ylksek islenebilirlik
potansiyelini ortaya koydugunu belirtmistir.
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Sekil 9. Nar kabugu i¢ zari kurutulmus tozunda SEM goériintileri
Figure 9. SEM images of dried powder of pomegranate peel inner membrane

SONUG

Bu calisma, nar kabugundan biyoaktif bilesenlerin
ultrason destekli ekstraksiyon (UDE) yontemiyle basarili
bir sekilde elde edilmesini ve karakterizasyonunu
saglamistir. Elde edilen sonuglar, dis kabudun fenolik
bilesikler agisindan daha zengin oldugunu (en yuksek
58.73+0.79 mg GAE/g KM, %100 gug, 10 dakika) ve i¢
zarin ise polisakkarit iceriginin daha ylksek oldugunu
gOstermistir. UDE uygulamasinda, nar kabugu dis
kabugunda en yuksek antioksidan kapasite
3177.75+6.06 ppm TEAC/g KM degerine %100 gti¢ ve 20
dakika kombinasyonunda ulasilmistir. i¢ zar érneklerinde
ise en yuksek fenolik madde igerigi 7.31+£0.03 mg GAE/g
KM ile %100 gi¢ ve 10 dakika sirede elde edilmigtir.
FTIR ve SEM analizleri, ultrasonik islemin nar kabugunun
yapisal bitinligunu korurken aktif bilesenlerin salinimini
kolaylastirdigini  gostermistir.  Bu  bulgular, nar
kabuklarinin sifir atik yaklasimiyla degerlendiriimesi ve
gida ile ilag endustrilerinde katma degerli Urinlerin
gelistiriimesi agisindan 6nemli bir potansiyele sahip
oldugunu ortaya koymaktadir.
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ABSTRACT

An increasing interest in probiotic-fortified foods today can be attributed to factors such as the pandemic, climate
change, and modern lifestyles. In the process of incorporating probiotics into foods, several crucial factors must be
considered, including the selection of the appropriate strain, ensuring survival in the gut, production techniques, and
storage conditions. The sugar content of these products is equally important, as it can significantly affect the survival
and effectiveness of probiotics. Some products in the market may contain excessive amounts of sugar to make them
more appealing to consumers. This study aims to determine the specific strains and sugar content in commercially
available probiotic-fortified foods. Additionally, it seeks to investigate the impact of sugar on probiotics and evaluate
the sugar levels in these products based on recommended dietary guidelines. Literature review indicated that strain
selection and sugar content in probiotic-fortified foods could play a crucial role in the viability of probiotics and their
health effects. High sugar content could negatively impact gut microbiota balance and reduce probiotic survival,
emphasizing the necessity for consumers and food manufacturers to carefully assess total and added sugar levels.
Further investigation into the interactions between different probiotic strains and sugar types is highly recommended
for improving product formulations and ensuring the long-term health benefits of probiotics.

Keywords: Probiotic-fortified food, Probiotic, Sugar, Viability, Health effects

Probiyotiklerle Desteklenmis Gidalardaki Suslar ve Seker igerikleri
0z

Gundmizde probiyotiklerle desteklenmis/gliglendirilmis gidalara olan ilginin artisi, pandemi, iklim degisikligi ve
modern yasam tarzi gibi faktorlere baglanabilir. Probiyotiklerin gidalara dahil edilmesi sirecinde, dogru susun
secilmesi, bagirsakta hayatta kalma yeteneg@inin saglanmasi, uretim teknikleri ve saklama kosullari gibi énemli
faktorler dikkate alinmalidir. Bu driinlerde bulunan seker miktari da esit derecede 6nemlidir, ¢lnkl probiyotiklerin
hayatta kalmasini ve etkinligini énemli 6lgiide etkileyebilir. Piyasadaki bazi drinler, tiketicilere daha cazip hale
gelmesi icin asin miktarda seker icerebilmektedir. Bu galisma, ticari olarak erisilebilir probiyotik ilaveli gidalardaki
spesifik sus cgesitlerini ve seker icerigini incelemeyi amaglamaktadir. Ayrica, sekerin probiyotikler Gzerindeki etkisini
arastirarak bu Urinlerdeki seker seviyelerini 6nerilen kilavuzlara gore degerlendirmeyi hedeflemektedir. Literatur
derlemesi, probiyotiklerle desteklenmis gidalarda sus secimi ve seker iceriginin, probiyotiklerin canlihgi ve saghk
Uzerindeki etkileri agisindan dnemli bir rol oynadigini ortaya koymaktadir. Yiksek seker igeridi, bagirsak mikrobiyota
dengesini olumsuz yonde etkileyebilir ve probiyotiklerin hayatta kalmasini azaltabilir, bu da tiketiciler ve gida
ureticileri icin toplam ve ilave seker seviyelerinin dikkatle degerlendiriimesi gerekliligini vurgulamaktadir. Farkli
probiyotik suslari ve seker tirleri arasindaki etkilesimin daha ayrintili incelenmesi, Uriin formulasyonlarinin
gelistiriimesi ve probiyotiklerin uzun vadeli saglik faydalarinin saglanmasi agisindan énerilmektedir.

Anahtar Kelimeler: Probiyotikli gida, Probiyotik, Seker, Canlilik, Saglik etkileri
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INTRODUCTION

The ecosystem of microorganisms living in a particular
environment is called the “microbiota”. Similar to the
human microbiota, the soil microbiota is the living
ecosystem of the earth and consists of a wide variety of
organisms. Environmental pollutants introduced in
modern life have a negative impact on soil microbiota. A
decline in the nutritional value of foods is a result of
these negative alterations in the soil. Macro and
micronutrient deficiencies are gradually increasing in
modern people who are fed low-nutritional-value foods
[1]. In addition, industrial toxins, a western-style diet,
and a sedentary lifestyle cause dysbiosis in which the
balance of the intestinal microbiota is disturbed [2]. In
the last century, the need for foods that provide benefits
beyond nutritional function has increased to modulate
nutritional deficiencies and impair gut microbiota. In
addition, consumer demand for high-quality meals and
awareness of healthy living have led to the development
of functional foods. Functional foods can be created by
changing the content of food using different engineering
and biotechnological methods or by adding bioactive
components, such as phenolic compounds, vitamins,
minerals, and fiber [3]. Probiotics, which are beneficial
bacteria, have also been used for this purpose.
Probiotics are known to strengthen the immune system
and improve overall health by regulating human gut
microbiota [4]. Food formulations containing probiotic
bacteria have an important place among functional
foods due to the numerous proven health benefits they
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provide in addition to their traditional nutritional functions

[51.

Owing to functional food technology, foods that are not
contain probiotic bacteria (such as tea, -coffee,
chocolate, and granola) are used as probiotic-fortified
products. However, the selected probiotic must be well
defined at the species and strain levels and be safe for
consumption. Additionally, probiotic strains must be
compatible with the food matrix, resistant to production
processes, and maintain their viability under storage
conditions. Active strains must survive until the end of
the product’s shelf life to provide the expected benefits
from probiotics. In addition, they must survive in the low
pH, bile salt, and enzymatic environment of the
gastrointestinal tract to reach and colonize the intestine
[6]. Therefore, not all probiotics are suitable for use in
food. When choosing which probiotics to use in food
formulations, the manufacturer should consider many
factors [7]. The most common microorganisms found in
probiotic foods are Lactobacillus and Bifidobacterium
spp. However, because of their tolerance to harsh
environments, spore-forming bacteria, such as Bacillus
coagulans and Bacillus subtilis, are becoming more
common in the food industry [8].

Sugar is added to food products to ensure the consumer
acceptability of food and to improve its sensory
properties [9]. Sugar is added to make nutrient-dense
foods, including probiotic foods, appropriate for general
consumption (Figure 1).

s, —>  sorace — )| viaBILITY
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ADDED FORTIFIEDFOOD
SUGAR
Bacillus coagulans

Bacillus subtlis
Lacwbacillus rhamnosus |
Bifidobacterium animalis

SUGAR

TOTAL AMOUNT OF SUGAR IN 100 G

PERCENTAGE OF ADDED SUGAR
Added sugar from foods should be below 5%

The levels of the total amount of sugar in 100
grams of the products are indicated by

“Traffic Light
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AFFECTED BY
*Type and concentration of sugar and/or
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sweetener

*Fermentation conditions

“Food matrix (sugar or salt content, aromatic
compounds, preservatives, pH, water activity)
*Microbiological parameters (strain, rate, and
proportion of inoculation)

*Packaging (material and conditions)

Daily energy requirement
oxcluding added sugar> 95%

*Gastrointestinal tract (acidic environment, bile

salts, enzymes, and peristaltic movements)

Figure 1. The effect of sugar amount on viability in probiotic-fortified foods

Health authorities agree that people can consume some
sugar within their daily recommendations [10]. However,
it should be noted that the nutritional composition of
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probiotic foods and the added active strains interact [3].
Considering the addition of different types and amounts
of sugar sources to foods, the impact of the consumed
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sugar quantity on probiotic activity is often overlooked.
The sugar content in probiotic food products should be
evaluated to ensure their effective use in a healthy diet.
In our study, the compositions of probiotic-containing
food samples from almost every sector available on the
market were analyzed and assessed in terms of their
sugar content (Table 1 and Table 3). Given that studies
have shown a decline in the survival rates of probiotic
bacteria in dairy products produced using different sugar
sources or amounts [11], the potential risks of sugar’s
impact on the viability of probiotic bacteria in food are a
significant public health concern.

PROBIOTIC-FORTIFIED FOODS
Viability of Strains

Viability is a basic requirement for the mechanism of
action and functionality of probiotics. The viability of
probiotic microorganisms can be divided into two parts:
food and the human body [3]. Microorganisms must
survive primarily under food production and storage
conditions [7]. Processing parameters, such as the
strain selected during food production, fermentation
conditions, food matrix (sugar or salt content, aromatic
compounds, preservatives, pH, water activity), heat
treatment, incubation temperature, and microbiological
parameters (strain of probiotics employed, rate, and
proportion of inoculation) are among the factors affecting
probiotic viability. The packaging material used, and
packaging conditions should also be considered as they
affect the conditions of microorganisms during storage

[6].

The next step is to survive the passage through the
gastrointestinal tract. The acidic environment, bile salts,
enzymes, and peristaltic movements in the intestinal
tract are the major challenges for microorganisms [12].
Different encapsulation methods are used to protect
microorganisms from harsh conditions in the
gastrointestinal tract. However, there are a few
important factors: the capsules used should not affect
the sensory properties of the food; they should provide
cell release and be protective in the gastrointestinal
tract. Thus, probiotics can reach the intestine and show
the expected effects [13].

The type and concentration of sugar and/or sweetener
added to the product during food processing can affect
probiotic viability. In a study, the impact of varying sugar
and inulin levels on the viability of probiotic bacteria was
investigated. They utilized different formulations of
probiotic ice cream containing freeze-dried mixed
cultures of Streptococcus salivarius spp. thermophilus,
Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus acidophilus La-14, and Bifidobacterium
lactis BL-01. This study focused on ice cream samples
prepared with three different sugar concentrations (15%,
18%, and 21%) and two levels of inulin (1% and 2%).
Over a 90-day storage period, the viability of probiotic
bacteria in these formulations was evaluated. The
results indicated that the viability of yoghurt and
probiotic bacteria was influenced by inulin and sugar
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levels. Inulin, which serves as a food source for probiotic
microorganisms, increases bacterial viability. lce cream
samples with 18% sugar concentration exhibited the
highest number of viable bacteria. Conversely, the
viability of the bacteria was lower at 15% and 21% sugar
concentrations. Furthermore, this study emphasized that
different bacterial strains react differently to the same
sugar and inulin levels. S. thermophilus demonstrated
the highest viability during storage, whereas L.
acidophilus and B. lactis showed a rapid decrease in
viability. In fact, at the end of the 90-day storage period,
the viable numbers of L. acidophilus and B. lactis (5 log
CFU/q) fell below acceptable levels ( =6 log CFU/g) [13].

Another study investigated the effects of low-calorie
sweeteners as substitutes for sugar on the bacterial
vitality in ice cream. Kalicka et al. [14], examined the
viability of Bifidobacterium animalis subsp. lactis BB-12
strain before and after storage in nine different ice
cream formulations containing various amounts of
polyols (maltitol, erythritol, xylitol) and sugar. The control
group was treated with an ice cream containing sucrose
(15%). After 28 days of storage, all samples had a live
cell count above 8 log CFU/g. The lowest vitality was
observed in the sample containing 7.5% sucrose and
8.38% erythritol, whereas the highest vitality was
consistently maintained in the control group. A sugar
ratio of 15% yielded good vitality. This study supports
the use of polyols in appropriate doses as a substitute
for sugar.

To maximize the benefits of probiotic-fortified foods, pH,
NaCl, sugar type/concentration, fat concentration, and
storage conditions should be considered. When
discussing the relationship between sugar and viability,
it is important to consider that higher sugar
concentrations can negatively impact both bacterial
viability and sensory characteristics. In addition, the
selection of specific probiotic bacterial strains plays a
vital role in determining their response to these factors.
Therefore, when determining the sugar levels in
probiotic-fortified product formulations, it is necessary to
consider the specific viability requirements of the chosen
bacterial strains to ensure optimal survival. This is
crucial for preserving the desired probiotic benefits in the
final product and providing functional food to consumers.
The number of bacteria (>7 log CFU/g) in probiotic-
fortified foods must be maintained throughout their shelf
life. Hence, the production process of probiotic foods
should be designed to preserve the viability of probiotic
microorganisms and maintain the specified bacterial
count until the end of the shelf life [15].

Strain Content of Probiotic-fortified Foods

The dynamics and stabilization of the human gut
microbiome during the first year of life are influenced by
the mother’s microbiota, diet, lifestyle, and genetics [16].
The diversity of the microbiota, which is affected by diet,
lifestyle, ethnicity, geography, and environmental factors
during the lifetime. Packaged probiotic- fortified products
and their strain content in the current food market are
listed in Table 1 as model products.
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Table 1. Probiotic- fortified products and strain contents (Products in the table were found by searching the word

“probiotic food” in the online database)

Probiotic Product

Brand Name

Active Strain Content

Grain And Grain Products

Bread The Grain Seed'licious
Cracker Kuna Pops
Chickpea Granola- Wholesome Effi Foods
Raspberry
Probiotic Oatmeal & Banana
Gerber
Baby Cereal
Special K® Probiotics Berries Kelloas
& Peaches Cereal 9
Muesli Sunsol
Bar Fropie
Oat Bar Nice & Natural

Gluten Free Pancake Waffle
Mix

Baking mix Gluten Free, Nut
Free, Vegan, Pizza Crust Mix

Enjoy Life

Enjoy Life

. coagulans
. coagulans
. coagulans

. lactis

B
B
B
B
B. lactis
B. coagulans
B. coagulans
B. coagulans
B. coagulans
B

. coagulans

Dairy Product

Milk Moringa Caldus Bifidobacterium longum ssp. longum BB536
Bifidobacterium lactis BB-12, L. acidophilus LA-5, L. rhamnosus LB-3, L. casei (2
Lowfat Yoghurt Nancy’s isolated strains), L. rhamnosus (2 isolated strains), L. acidophilus (2 isolated
strains), B. lactis (2 isolated strains)
Yoghurt Activia B. lactis
Dairy Free Yoghurt Califia Farms Bifidobacterium BB-12, S. thermophilus, L. bulgaricus
Drinkable Yoghurt Danactive Lactobacillus casei CNCM 1-1518
B. lactis BB-12, L. acidophilus LA-5, L. rhamnosus LGG, L. rhamnosus LB-3, L.
Kefir Nancy’s casei (2 isolated strains), L. rhamnosus (2 isolated strains), L. acidophilus (2
isolated strains), B. lactis (2 isolated strains)
Probiotic Drink Yakult L. casei Shirota
Probiotic Shot Activia L. bulgaricus, L. lactis, S. thermophilus
Sour Cream Good Culture L. acidophilus, B. lactis
Cottage Cheese Sek L. acidophilus, B. lactis

Products Containing Fruit and Vegetables

Organic Vegetable and Fruit
Mix

Garden of Life

L. gasseri, L. plantarum, L. casei, L. acidophilus

Non-Dairy Smoothie Love Grace Bacillus coagulans

Fruit Gel Welch’s B. subtilis

Juice Biola L. rhamnosus

Juice Tropicana B. lactis

Juice Valio Gafilus L. rhamnosus GG

Fruit Drink Danone Proviva L. plantarum

Sorghum Cauliflower Puffs Vegan Rob’s Bacillus coagulans

Fruit kombucha Humm Bacillus coagulans, B. subtilis
Soup Presserys Bacillus coagulans

Antioxidant Berry mix

Nature’s garden

L. rhamnosus GG

Sugar Product

Chocolate Healthy Delights Naturals B. coagulans

Lollipop Dr. John’s B. subtilis

Chocolate Shake Lyfe Fuel Lactobacillus acidophilus DDS, L. plantarum, L. rhamnosus, B. breve, B. longum
Sugar Sugar 2.0 B. coagulans

Herbal tea sweetened with B. animalis, B. lactis, L. acidophilus, L. casei, L. rhamnosus, Lactococcus lactis

Vita Biosa 10+

molasses ssp., Lactis biovar. Diacetylactis, L. pseudo mesenteroides, S. thermophilus
Drinks
Green tea Dogadan B. coagulans
Black tea Dogadan B. coagulans
Coffee Gut Power B. coagulans
Water Karma B. coagulans
Hot chocolate Cocosutra B. coagulans
Dairy free drinkable yogurt Califia farms Bifidobacterium lactis BB-12, S. thermophilus, L. bulgaricus
Choco cinnamon banana
. Vega B. coagulans
vegan protein powder
Pear digestion shot Goodbelly L. plantarum 299V
Mojita lime mint coconut Kevita B. coagulans

sparkling drink

Metabolism tea

Super organics

B. coagulans

Turmeric ginger shot

Welo

B. subtilis

Table 1 presents a compilation of commercially available
probiotic-fortified products categorized into grain-based
items, dairy and non-dairy products, fruit and vegetable-
containing foods, sugar products, and beverages. The
active probiotic strains identified in these products
include various species of Bacillus, Lactobacillus, and

63

Bifidobacterium, which are known for their potential
health benefits, particularly in gut microbiota modulation.
The products in Table 1 were selected as examples
from almost every category in the food and beverage
industry. When the strain content of the products was
examined, it was observed that Bacillus coagulans,
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Bacillus subtilis, Bifidobacterium lactis, and Lactobacillus
rhamnosus strains were frequently used in the food
market.

Characteristic of Strains

Bacillus coagulans, Bacillus subtilis, Bifidobacterium
lactis, and Lactobacillus rhamnosus are the probiotic
microorganisms most frequently employed in probiotic-
fortified products, as demonstrated in Table 1, and they
accepted GRAS status. The origins of these probiotic
microorganisms, their bacterial attributes, health
impacts, preferred food sources, and the benefits of their
utilization are comprehensively outlined in Table 2. The
strains, such as Bacillus coagulans, Bacillus subtilis,
Bifidobacterium lactis, and Lactobacillus rhamnosus,
demonstrate unique attributes such as resistance to
stomach acid and bile, spore formation, and lactic acid
production, which contribute to their viability in various
food matrices. These probiotics are associated with
significant health benefits, including gastrointestinal
health improvement, immunomodulation, and prevention
of infections, making them valuable components in both
dairy and non-dairy probiotic products. Although
probiotic strains generally promote gut health, specific
species also provide specific benefits [17]. However,
when it comes to a probiotic that provides benefits to
people in food and beverages, the characteristics of
probiotic bacteria might be variable [7].

Sugar in Probiotic- Fortified Products

According to WHO, the sugar naturally present in fruits
and vegetables is named ‘intrinsic sugars’ and "free
sugar" includes all monosaccharides and disaccharides
added to foods and sugars naturally found in honey,
molasses, and fruit juices [52]. Intrinsic sugars take
longer to enter the bloodstream and have less of an
impact on blood sugar than added sugar, owing to
beneficial components such as fiber and various
phytochemicals found in fruits and vegetables. In
addition, while sugar increases the energy content of the
diet, it also decreases the quality of the diet as it
decreases the nutrient density [9].

Sugar is an essential taste component of packaged
products. In a consumer report from FONA, a specific
subsidiary, it was found that 70% of consumers prioritize
taste over high sugar content in a product. Despite this,
50% of consumers aim to cut down on their sugar
intake. As a result, the market for new products with
reduced sugar has surged by 54% since 2017 [53].

Additional sugar consumption is influenced by factors
such as age, sex, ethnicity, and income. Men, young
adults, low-income individuals, and adolescents
consume more sugar than the average population.
However, in recent years, the importance of specifying
the sugar levels and sources in packaged foods has
increased considerably. According to the results of the
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survey studies, consumers want to know how much
sugar is in the product and what its source is, and taste
is still the most important parameter [54]. This indicates
that consumers’ choices are flavor-based rather than
health based. Consumer preferences for probiotic food
products are also similar. Probiotic- fortified products
containing added sugars have been preferred over
sugar-free products. This affects the ingredients of
packaged probiotic products containing added sugar [9].
However, excessive sugar (more than 5% of total daily
calories from added sugar, according to WHO)
consumption leads to many non-communicable
diseases such as obesity, diabetes, and heart disease
[10]. The negative effects of sugar on health and its
increasing prevalence have resulted in organizations
such as the WHO and NHS (National Health Service)
making consumption recommendations on sugar and
added sugar.

In this case, the content and nutritional values of
packaged foods (such as calories, total carbohydrates,
total fat, protein, salt, and sugar) should be known to
consumers. Consumers choose food according to the
nutrition labels written on the package. Therefore,
nutrition labels are of great importance in influencing
consumer behavior. Anastasiou, Miller, and Dickinson
[55] published a systematic review of the relationship
between food label use and dietary intake in adults. The
presence of health claims and use of nutrition labels
have been reported to result in healthier decisions. A
new FDA regulation requires added sugars to be listed
on the ‘nutrition facts label’ so that you can make
decisions based on your unique needs and preferences.
There is information such as added sugar and fiber
under the term carbohydrates on the label. The term
“total carbohydrates” on the labels refers to the total
amount of dietary fiber, sugars that are naturally found in
the foods they contain and added sugars. When
reviewing nutrition labels, the primary focus should be
on how many carbohydrates come from added sugar
[56].

According to the ftraffic light labelling, a product’s total
sugar content of 100 g should be less than 5 g for a low
level, between 5 and 22.5 g for a medium level, and
22.5 g or more for a high level. Products with low,
medium, and high total sugar are colored green, amber,
and red, respectively [57].

According to the WHO [58], "Sugar Intake for Adults and
Children" guidelines, added sugar from foods should be
below 5% of the daily energy requirements. In Table 3,
the percentage of added sugar is presented according to
the percentage of daily value (DV) in the Ilabel
information. Daily values are the reference amounts of
nutrients to be consumed or not exceeded each day.
From this point of view, as seen in Table 3, the sugar
contents of probiotic- fortified products available on the
market were given according to WHO guideline and
traffic light labelling.
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Table 3. Packaged probiotic-fortified products and sugar contents (Prepared using the product information of the

manufacturers.)

Servi Sugar Added Sugar Total S Level
Probiotic Product Product Siezr:I.frE:galnrie Amount Amount Total Sugar/100 g ('I?r:fficul_giﬁ'l:lt E:Eellin
(T.S/A.S) (WHO 5% Criteria) g €

g:'s':)"lf;ifra"”'a' Wholesome oo s 30g / 140 keal 4913 7% 13.3g Med Level
Probiotic Oatmeal & Banana Med Level
Baby Cereal Gerber 15g / 60 kcal 2g9/<ig <1% 13.3g
g::g::;‘f:;:r"’""s Berries & iog's 42g 1 160 keal 13g /12g 24% 3099 High Level
Muesli Sunsol 50g /196 kcal Tigiu u 15.4g Med Level
Cashew & Chia Prebiotic Bar Fropie 35q /138 kcal 13.7g / 0g 0% 3919 High Level
Oat Bar Nice & Natural 35g /153 keal Bg /U u 17.1g Med Level
Gluten Free Pancake Waffle Mix  Enjoy Life 40g /140 keal 5g/U 9] 12.5g9 Med Level
Lowfat Yogurt Blueberry Nanc'y 150g /120 keal 14g/7g 14% 9.3g Med Level

ogurt (plain ctivia g cal g/0g ] g ed Level
Yogurt (plain) Activi 100g /100 keal 1g1/0 0% 11 Med Level
H;'Lﬂ"" Probiotic Fruit & Archer Farms 359 160 keal 21g/19g 38% 60g High Level
R{i’:ﬁ:‘l"e Drinkable Yogurt Danone 93mL /80 keal 13g /10g 20% 14g Med Level
Kefir (plain) Nancy's 240mL /180 keal 8g/0g 0% 3.3g Low Level
Probietic Drink Yakult 80mL /50 keal 10g /9 18% 12.5g Med Level
Probiotic Daily Shot (plain) Activia 80mL /27 2 keal 37g10g 0% 469 Low Level
Peach & Tea Prebiotic Daily
Shot Activia 80mL / 45 kcal 69g/U u 8.6g9 Med Level

*(T.S: Total Sugar, A.S: Added Sugar, U: Unknown)

Table 3 lists probiotic-fortified products categorized by
low, medium, and high sugar levels. It does not provide
definitive information on how these sugar levels affect
the benefits of probiotics, but high sugar consumption is
known to reduce intestinal bacterial diversity, potentially
leading to microbiota dysbiosis. Consequently, selecting
probiotic products with low or medium sugar levels, as
indicated in Table 3, may support a healthier diet.
Furthermore, the traffic-light labeling for sugar levels is
determined based on total sugar content, making it
essential to consider the amount of added sugar in each
product. For instance, Table 3 shows that a low-fat
blueberry yogurt contains 9.3 grams of total sugar,
placing it in the medium sugar category, yet 14% of this
sugar comes from added sources, which should be
taken into account when making dietary choices.
Another example is a drinkable yoghurt, which contains
a total of 14 g of sugar and is considered a product with
medium sugar levels; however, 20% of this sugar is
added sugar. Both probiotic yoghurts exceeded the
WHO's sugar recommendations. This situation can be a
risk factor for a decrease in probiotic bacteria and
increase in pathogenic bacteria. Therefore, it is
important to consider both the total sugar content and
amount of added sugar in probiotic- fortified products. At
this point, the effect of sugar on the viability of probiotics
in the products and how this effect reflects the beneficial
effects of probiotics has become significant.

The impact of added sugar on the viability of probiotics
in functional foods varies depending on factors such as
the type and concentration of sugar, the specific
probiotic strains used, and the processing conditions of
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the food product. As a result, research studies have
been conducted using different sugar levels, various
strains, and diverse food matrices to investigate the
relationship between sugar and the viability of probiotics.
Table 4 presents the selected research studies
concerning the correlation between sugar and viability in
probiotic- fortified products.

As shown in Table 4, ice cream is frequently utilized in
probiotic studies due to its ability to support probiotic
viability. In such products, high sugar concentrations can
induce osmotic stress, potentially leading to cell damage
or death. Conversely, sugar may also exert a
cryoprotective  effect, mitigating freezing-induced
damage [59].

Shahsavan et al. [61] tested this issue using ice cream
formulations with different quantities of sugar (14%,
16%, and 18%) and fat (5%, 7.5%, and 10%). The study
found that the lowest number of L.casei cells was
observed in the sample with 14% sugar and 10% fat,
while the sample with 16% sugar and 5% fat had the
highest number of cells. As the amounts of sugar and fat
increased, the viability of L. casei was negatively
affected. Similarly, Akin et al. [13] also examined ice
cream formulations with varying sugar concentrations
(15%, 18%, and 21% w/w) and observed that a relatively
high sugar content could have a negative impact on
probiotic viability due to excessive osmotic pressure.
The best viability was observed in the sample with 18%
sugar. Both studies indicate that optimal L. casei viability
is achieved at moderate sugar concentrations.
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In addition to sugar, the impact of low-calorie
sweeteners on probiotic activity is also a subject of
interest. Therefore, sweeteners are commonly used in
studies that monitor probiotic viability in food products. A
study conducted on white chocolate investigated the
viability of Lactobacillus acidophilus and Lactobacillus
paracasei in sugar-containing and sugar-free (containing
maltitol) chocolates. The study found that L. acidophilus-
maintained cell counts above 7 log CFU/g during a 90-
day storage period. L. paracasei initially exhibited a
faster decline but stabilized at around 6.61-6.89 log
CFU/g. Throughout the study, although sucrose
provided better results, the cell counts in white chocolate
containing maltitol was still reported to be within the
therapeutic range (>6 log CFU/g) [62]. Similarly, Kalicka
et al. [60] investigated the effects of sweetener and
sugar on viable cell count in ice cream containing
Bifidobacterium animalis subsp. BB-12. In the study, the
highest number of viable cells was found in the control
sample containing 15% sucrose, while the lowest
numbers were found in the sample containing a
combination of erythritol and sucrose. At the end of the
28-day storage period, it was reported that the cell
counts of all ice cream samples indicated promising
results, with a consistent presence of 8 log CFU/g.
Gindogdu et al [66] reported 7.49 log CFU/g for the
same contidions for Bifidobacterium animalis subsp. BB-
12.

In summary, the varying sugar content of the products
determines the viability of probiotic bacteria and the
sensory properties of the product. However, higher
sugar concentrations do not always result in a lower
count of viable bacteria. It is the responsibility of food
manufacturers to find the right concentrations for both
the sensory and physical properties of the product, as
well as its probiotic activity. In fact, the inclusion of
higher sugar amounts in probiotic-fortified products
intended for health benefits is not deemed appropriate
when evaluated in the context of a healthy diet [67].

In contrast, a notable portion of individuals face
challenges in embracing sugar-free variants of probiotic-
fortified products. For such individuals, an advisable
approach might involve selecting the products featuring
sugar content below 5% during the initial phase of
acclimatization. The integration of these specific
probiotic items, known to enhance overall health, into
their dietary regimen could be deemed an advantageous
strategy.

CONCLUSION

In this review, we evaluated probiotic-fortified foods
across different categories available in the market based
on their strain composition and sugar content. The sugar
levels found in these foods often surpass the
recommended daily limits for added sugar and total
sugar intake as advised by the World Health
Organization (WHO) and the National Health Service
(NHS). According to the guidelines, opting for low-sugar
options can increase both consumption and the intake of
probiotics. However, the precise threshold at which
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excessive sugar consumption leads to dysbiosis and
inhibits probiotic activity remains uncertain.

The viability of a particular probiotic strain can vary
depending on factors such as the type of sugar, sugar
concentration, strain type, product formulation, and food
processing conditions. Conducting research that focuses
on specific strains would be invaluable in understanding
how different amounts of sugar impact viability — either
supporting or inhibiting it. Such strain-specific
investigations will shed light on the intricate interplay
between sugar content and probiotic viability, offering
critical insights for optimizing these foods' benefits.
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ABSTRACT

Meat is an essential component of human nutrition and is prepared using various cooking techniques to ensure its
microbiological safety and enhance its sensory qualities. However, conventional cooking methods like grilling, deep-
frying, and pan-searing often involve extended heat exposure, which can result in the production of harmful toxic
compounds such as polycyclic aromatic hydrocarbons, heterocyclic amines, and acrylamide that may pose health
risks. Moreover, the high temperatures and prolonged cooking times, typical of these conventional methods, can
cause a reduction in the nutritional content of meat. In recent years, research has focused on innovative methods that
can minimize the formation of toxic substances in meat while preserving its nutritional value and offering safer cooking
alternatives. Among these advanced cooking technologies, microwave heating, ohmic heating, sous-vide cooking, and
air-frying have attracted increasing interest. Compared to conventional methods, these techniques present important
benefits, including improved product quality and efficiency, faster processing times, energy savings, and lower
production costs. This review discusses advanced cooking technologies and their principles, highlighting their
influence on the formation of toxic compounds in meat in comparison with conventional cooking practices.

Keywords: Meat, Cooking methods, Quality, Advanced techniques

ileri Pigirme Tekniklerinin Ette Toksik Bilesik Olusumuna Etkisi
0z

insan beslenmesinde énemli bir besin kaynadi olan et, mikrobiyolojik giivenirliliginin saglanmasi ve organoleptik
Ozelliklerinin gelistiriimesi amaciyla gesitli yontemlerle pisirilerek tiketilmektedir. Ancak etin pisiriimesinde kullanilan
Izgara, yagda kizartma, tavada pisirme gibi geleneksel yontemlerde uzun sure yiksek I1si uygulanmasindan dolayi,
polisiklik aromatik hidrokarbonlar, heterosiklik aminler ve akrilamid gibi insan saghgdi agisindan tehlikeli toksik bilesikler
olusabilmektedir. Bunun yani sira geleneksel pisirme yodntemlerinde kullanilan uzun slre ve yuksek sicaklik etin
besleyici degerinde kayiplara neden olmaktadir. Son zamanlarda etin besin degerinde minimum kayipla birlikte toksik
bilesiklerin olusumunu azaltacak daha glvenli pisirme saglayacak ileri teknikler ile ilgili ¢alhismalar populerlik
kazanmistir. lleri pisirme ydntemleri arasinda mikrodalga isitma, ohmik isitma, sous-vide pisirme ve air-fryer
teknolojileri dikkat cekmektedir. Geleneksel ydntemlere kiyasla bu ydntemlerin Grlin kalitesini ve verimliligini arttirmasi,
islem siresinin kisa olmasi, enerji tasarrufu saglamasi, islem maliyetini azaltmasi gibi avantajlarindan dolay! 6nemli
bir potansiyele sahip oldugu ifade edilmektedir. Bu derlemede ileri pisirme teknikleri, uygulama mekanizmalari, ette
toksik bilesik olusumu Uzerine etkileri geleneksel ydntemlerle kiyaslanarak irdelenmistir.

Anahtar Kelimeler: Et, Pisirme yontemleri, Kalite, ileri teknikler
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INTRODUCTION

During cooking, the tenderness of meat increases due
to the shrinkage of muscle fibers and the reduction of
adhesion between fibers, resulting in the collagen tissue
dissolving to form gelatin, especially at temperatures
between 40-60°C [1]. However, when the cooking
temperature rises to a temperature between 60 and 90,
longitudinal shrinkage of muscle fibers increases water
loss, negatively affecting the texture [2]. Furthermore,
high temperatures during cooking accelerate oxidation
reactions. Lipid oxidation occurs as unsaturated fatty
acids undergo oxidation during meat cooking,
shortening the shelf life of meat, releasing unwanted
odor and flavor compounds, causing nutrient loss, and
leading to color and texture abnormalities, which
adversely affect quality [3].

Throughout the cooking process, chemical contaminants
such as polycyclic aromatic hydrocarbons, heterocyclic
amines, and acrylamide, which pose significant risks to
human health, can also form in the composition of the
meat depending on many factors such as method,
temperature and application time [4]. Polycyclic aromatic
hydrocarbons (PAHs) are organic compounds released
as a result of incomplete combustion of organic
materials, which can persist in the environment for
extended periods, causing environmental pollution and
disrupting biological balance [5]. PAHs are a major
concern due to their confirmed or potential adverse
health impacts. Regulatory agencies have classified
high molecular weight PAHs, such as benzo[a]pyrene
(BaP), as priority pollutants because of their significant
toxicological relevance [6]. Among foods, meat is
considered one of the highest-risk sources of PAHs
formation. PAHSs levels in cooked meats vary depending
on factors such as cooking method, type of fuel, cooking
temperature and duration, distance from the heat
source, and fat content of the food [7-9]. Studies have
shown that smoking, frying, and grilling methods result
in higher levels of PAHs formation, whereas boiling and
baking methods result in lower levels of PAHs formation
[10, 11]. Heterocyclic  amines (HAs) are
mutagenic/carcinogenic compounds formed when meat
is cooked at high temperatures, especially during pan
frying or charcoal grilling [12]. It has been reported that
HAs can be 100 times more mutagenic than aflatoxin B1
and 2,000 times more mutagenic than BaP on an equal
mass basis [13]. HAs level can be reduced by avoiding
prolonged exposure to high temperatures and
preventing the surface from coming into direct contact
with flames while cooking meat [14]. Acrylamide,
chemically known as 2-propenamide (Cs;HsNO), is a
water-soluble compound commonly present in foods
with high carbohydrate content like potato and grain-
based products. Acrylamide is found in various
quantities in many foods, except for boiled or raw food.
Cooked carbohydrate-rich foods were found to contain
higher levels of acrylamide (150-4000 ug/kg) compared
to cooked protein-rich foods (5-50 ug/kg) [15]. Many
foods, particularly those high in carbohydrates (starch),
amino acids (asparagine), and oils (glycerol is converted
to acrolein) produce acrylamide when they are heated to
temperatures above 120°C during the thermal frying
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process [16]. The International Agency for Research on
Cancer (IARC) [17] has identified acrylamide as a
potential human carcinogen, and it is also formed during
the frying of chicken [18].

In conventional (traditional) cooking methods, the use of
prolonged time and high temperatures generally leads to
losses in the nutritional value of the meat. Additionally,
the cooking method and duration may result in the
formation of toxic compounds that may pose a threat to
human health. To eliminate these risks, recent studies
have focused on the use of alternative advanced
cooking methods such as microwave heating, ohmic
heating, sous-vide, and air-frying technologies to
produce safer, minimally processed foods with high
nutritional value [19, 20]. In advanced cooking methods,
thermal energy is produced directly within the food,
ensuring homogeneous distribution of heat throughout
the food. The aim of using these methods is to improve
product quality, shorten processing times, reduce costs,
and increase efficiency by decreasing water and energy
consumption [21]. In this study, the effects of traditional
and advanced cooking technologies on formation of
toxic compounds in meat were reviewed.

EFFECT OF TRADITIONAL MEAT COOKING
METHODS ON FORMATION OF TOXIC
COMPOUNDS

Grilling

Grilling is a dry cooking method that utilizes direct
radiant heat. In this method, heat sources such as oven
grills, electric grills, or charcoal grills can be used. Since
the heat spreads from one direction, it is necessary to
turn the meat during cooking [22]. In the charcoal grilling
method, one of the biggest risks that arise from cooking
at very high temperatures with charcoal is the formation
of PAHs [23]. It has been reported that in grilled meat
products cooked at high temperatures, PAHs
compounds are formed as a result of pyrolysis of fat
dripping onto the charcoal and these compounds are
transferred to the meat surface along with the smoke
[23, 24]. The levels of PAHs in cooked meats vary
depending on the preparation and cooking method,
temperature, duration, distance of the meat from the
heat source (direct or indirect), and fat content (Table 1)
[8, 25].

To reduce or prevent the formation of PAHs in grilled
meat, avoiding direct contact with flames, minimizing
exposure to smoke, preventing the burning of fat,
removing dripping fat, avoiding excessively high cooking
temperatures, and selecting the appropriate distance
from the heat source are crucial [9]. In a study
examining the effects of different cooking methods
(boiling, frying, oven grilling, electric grilling and charcoal
grilling) on the formation of PAHs compounds in various

types of meat (beef, lamb, chicken, turkey), the
concentration of PAH4 compounds BaP,
benzo(a)anthracene (BaA), benzo(b)fluoranthene

(BbFlu), chrysene (Chr)) was found to vary depending
on the structure of the meat and the cooking methods.
The highest PAH4 concentrations ranged between 1.10



and 3.30 pg/kg was found in chicken meats cooked on
the grill [11]. Another way to reduce PAHs compounds
in meat is by applying different marinades before the
cooking process, which has been shown to be quite
effective in reducing the formation and concentration of
PAHs in cooked meats [27, 28]. In a study examining
the effect of different tea plant marinades on the
formation of PAHSs in grilled chicken drumsticks cooked

using different methods (charcoal and electric), it was
found that marinated drumsticks with white tea and
cooking them on an electric grill significantly reduced the
formation of HCAs (from 13.15 ng/g to 10.08 ng/g) and
BaP (from 13.15 ng/g to 0.17 ng/g) compared to wood
charcoal grilled drumsticks (P<0.05) [29].

Table 1. The major factors influencing the PAH formation in meat [26, 27]

Type of grill

Temperature and time

Electric < Gas < Briquettes=Charcoal < Wood
No dripping fat < Dripping fat

Long distance from heat < Short distance
Vertical heat source < Horizontal heat source

Low temperature < High temperature
Short grilling time < Long grilling time

Type of food

Preparation of the food

Low fat < High fat
Smooth/sealed surface < Rough surface
Low protein < High protein

Frequent turning < No turning
Marination with antioxidants < No marination
Precooking of food < No precooking

Saute Cooking

Saute cooking is a method where small pieces of meat
are cooked in a pan with a small amount of oil. In this
method, the pan is heated to 160-240°C before cooking,
thus preventing the meat from sticking to the pan and
the water in the meat from leaking out during the sealing
process [23]. It is stated that factors such as cooking
method, temperature, duration, pH, and fat content play
significant roles in the formation of mutagenic and
carcinogenic heterocyclic amines in saute cooking
method [30].

In a study, various cooking methods (deep fat frying,
pan frying, charcoal griling, and roasting) on the
formation of heterocyclic amines in chicken and duck
breast meats were investigated. The results showed that
chicken breast cooked by charcoal grilling had the
highest total HAs content (112 ng/g), followed by pan-
fried (27.4 ng/g) and deep fried (21.3 ng/g), while the
lowest formation of HAs was observed in roasted
chicken breast (4 ng/g). Similarly, for duck breast pan
frying resulted in the highest HAs content (53.3 ng/g),
followed by charcoal grilling (32 ng/g), deep frying (13.9
ng/g), while the lowest HAs formation was observed in
roasted duck breast (6.8 ng/g) [31].

Deep Fat Frying

Deep fat frying is a method of cooking meat by
immersing it in oil at 150-190°C [32]. During frying,
various physical and chemical changes occur in the
color and structure of the oil [33]. The primary
degradation products in frying oil are non-volatile polar
compounds, triacylglycerol dimers, and polymers. The
change in color of the oil is associated with oxidation,
polymerization, and the formation of carbonyl
compounds [34]. Deep fat frying is a method commonly
used in large-scale food production operations. The oils
used in this process tend to degrade more quickly than
those used for home frying, primarily due to their
prolonged use [32].
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Since oil can break down and produce smoke at high
temperatures, oil with low smoke points should not be
used for frying [35]. Due to the application of high
temperatures, carcinogenic compounds such as PAHSs,
HAs and acrylamide can form in meat [23]. In the frying
process, the formation of carcinogenic compounds
increases as the time increases [34]. Additionally, the
toxic compounds produced by the repeatedly using
cooking oil at high temperatures during frying pose a
health risk [34]. HAs are formed during frying in oil and
repeated use of oil leads to an increase in the amount of
toxic components [32, 36].

In a study conducted by Ghasemian et al. [37],
hamburgers prepared from beef were fried in sunflower
oil at 180°C and 200°C for 4 and 6 min. Their results
indicated that acrylamide levels reached 40 ppb in a
beef burger fried in sunflower oil at 180°C for 4 min,
while 85 ppb of acrylamide was detected in a beef
burger fried at 200°C for 6 min. As a result of the study,
it was reported that an increase in temperature and
cooking time led to an increase in acrylamide content of
hamburgers. In another study, various cooking methods
(microwave, baking, deep fat frying, and pan frying)
were applied to heat-treated croquettes filled with meat.
As a result, acrylamide concentrations of 360 ug/kg, 285
pg/kg, and 298 ug/kg were detected in baked, pan fried,
and deep fat fried croquettes, respectively, while the
highest level of acrylamide formation (420 ug/kg) was
reported in the microwave cooked croquettes [38].

Boiling

Boiling is a method of cooking food in a liquid at
temperatures above 100°C. This can be achieved by
rapidly boiling the liquid or by gently simmering it at
temperatures below the boiling point. It is known that the
formation of carcinogenic heterocyclic amines is lower in
boiled meats compared to grilling, frying, and sauteing
methods. In the boiling method, the aim is to prevent
drip loss and physical changes in the meat by retaining
its juice. However, the addition of more water than



necessary during cooking causes vitamin and mineral
losses, as well as color and flavor deterioration [35].

Solyakov and Skog [39] reported that the content of HAs
in poultry meat samples was lower (0.5 ng/g) when
boiled at low temperatures (<100°C) compared to
cooking at higher temperatures, and HAs formation
increased with rising cooking temperature. In another
study, the effect of different cooking methods (smoking,
griling, and boiling) on the formation of PAHs in
processed meats was examined. As a result, it was
reported that the highest level of PAHs (2.79 ug/kg) was
found in smoked meats and the lowest level of PAHs
(0.99 ug/kg) was determined in boiled meats [40].

Baking

Baking is a method that evenly cooks food by
transferring heat directly or through convection. The
baking method is widely used in the food industry [41].
The quality characteristics and microbial safety of meat
are affected by the baking process [42]. High cooking
temperatures enhance the color and flavor of meat,
shorten the cooking time, but reduce its juiciness and
cause it to gain a hard texture [43]. In a study, the
formation of PAHs in beef and pork during grilling and
baking were investigated. The results indicated that the
concentration of PAHs depended on the cooking
method and the type of heat source used, with the
highest concentration of PAHs (10.2 ug/kg) observed in
charcoal grilling [44].

EFFECT OF ADVANCED MEAT COOKING
METHODS ON FORMATION OF TOXIC
COMPOUNDS

Microwave Heating

Microwave heating is a dielectric heating method
commonly used in industry for cooking or reheating food
quickly in households. Microwave energy is a non-
ionizing electromagnetic radiation with a frequency
range of 300 MHz to 300 GHz [21]. In microwave
heating method, the formation of a homogeneous
electromagnetic field allows energy to penetrate directly
into the food, enabling volumetric and rapid heating. In
food processing, operations such as heating, drying,
sterilization, and thawing can be performed more
efficiently with microwave technology, allowing for
greater energy efficiency and shorter processing times
[45]. The principle of microwave cooking involves
converting electromagnetic energy into thermal energy
within the meat. During the cooking process, microwave
energy is absorbed through the rotation of water
molecules and the movement of ionic components in the
meat. Therefore, the water content and the dissolved ion
content play crucial roles [46]. Compared to traditional
heating methods, microwave heating provides
homogeneous heat treatment [47].

In a study, the effect of different cooking methods on the
concentration of HAs in chicken and beef satays was
investigated. Beef and chicken satays were subjected to
grilling, microwave pre-treatment before grilling, and
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microwave followed by deep frying. The results
indicated that chicken satays cooked by charcoal grilling
had the highest total HAs content (126.59 ng/g),
followed by microwave-charcoal grilled (81.69 ng/g),
while the lowest formation of HAs was observed in
microwave-deep fried chicken satays (3.44 ng/g).
Similarly, for beef satays charcoal grilling resulted in the
highest HAs content (140.68 ng/g), followed by
microwave-charcoal grilling (81.31 ng/g), while the
lowest HAs formation was observed in microwave-deep
fried beef satays (2.51 ng/g) [48].

Ohmic Heating

Ohmic heating is an advanced electro-heating technique
in which alternating electric current is passed through
food to achieve heating. In ohmic heating, food is used
as a resistor, allowing alternating current is passed
through it, thereby converting the electrical energy into
heat energy [49]. Generally, ohmic heating is applied to
foods at frequencies between 50-60 Hz [21]. Ohmic
heating offers many advantages such as preserving
product quality, reducing cooking loss, requiring low-
cost, high-energy efficiency, and being environmentally
friendly due to its ability to provide rapid and uniform
heating [20]. The heat generation that occurs in the
ohmic heating method varies depending on the thermal
conductivity of the food and the voltage gradient used
during heating. In ohmic heating, as the applied voltage
gradient increases, the time required for the sample to
reach the desired temperature decreases. Foods with
high electrical conductivity heat up more quickly [50].

It has been stated that ohmic heating is effective on
color stability as well as increasing protein coagulation
and aggregation in meat [51]. In a study reported by Zell
et al. [20], the effects of ohmic heating and steam
cooking on beef quality were investigated. The results
indicated that samples cooked with ohmic heating had a
lighter color and less cooking loss compared to those
cooked with steam, but they exhibited a firmer texture.
Another study explored the impact of low-temperature
long-time (72°C, 15 min), high-temperature short-time
(95°C, 8 min) ohmic heating, and steam heating (80°C,
105 min) on meat quality. The findings revealed that
meats subjected to ohmic heating had higher L* and
lower cooking loss values compared to those subjected
to steam heating [52].

Sous Vide

Sous vide is a cooking technique of French origin where
vacuum-sealed meat, either raw or pre-cooked, is
cooked in a controlled environment of low temperature
(60-95°C) with circulating water or both heat and steam
[53, 54]. After cooking, the product can be served
directly or griled or pan fried [55]. Compared to
traditional methods, the sous-vide method uses lower
temperatures and longer cooking times [56]. Studies
have reported that this combination enhances the
activity of proteolytic enzymes in meat, leading to the
release of free amino acids and increased tenderness
[67, 58]. It has been reported that in sous vide cooking,
there is less loss of nutritional components like vitamins



and minerals in meat compared to traditional cooking
methods such as frying, microwaving, oven cooking,
and grilling [59, 60]. Cooking meat at high temperatures
can lead to the formation of toxic and harmful
substances such as HAs, as well as a loss of nutritional
value [61]. In sous-vide cooking technology, the
formation of harmful substances is reduced, and the
nutritional value of meat is preserved, as cooking takes
place in a vacuum packaging environment and at low
temperature [62].

There are two main points that distinguish sous-vide
cooking from other methods. First, the food being
cooked is vacuum-sealed, which minimizes contact with
air and thus preventing oxidative spoilage during
cooking or subsequent storage. Second, the food is
cooked under controlled conditions at a constant
temperature, ensuring that the temperature remains the
same throughout the cooking process, both at the center
and on the outer surface [62, 63]. Traditional cooking
methods often result in temperature differences between
the center and the surface of the food. In the sous-vide
method, controlled temperature and time parameters
are used, allowing products to be easily prepared to the
desired level of doneness and ensuring consistent food
quality every time [64]. Additionally, because the meat is
cooked in a vacuum-sealed package, the
heterogeneous temperature and color distribution
observed in traditional cooking methods are eliminated,
and no additional processes such as stirring or flipping
are needed to ensure uniform cooking [65]. The biggest
problem in cooking meat at low temperatures for a long
time using the sous-vide method is its pink appearance
due to the lack of Maillard Reaction on the surface of the
cooked meat [66]. To prevent this, the surface of the
meat cooked with sous-vide is fried to induce the
Maillard reaction [56].

In a study, the formation of HAs was examined in beef
samples cooked using sous-vide, boiling, and frying
methods at different temperatures and durations. The
results showed that total HAs content of the samples
ranged from 0.032 ng/g to 0.940 ng/g. The highest level
of HAs was detected in samples cooked using the frying
method, while the lowest level was found in samples
cooked using sous-vide at 75-85°C for 120 min.
Additionally, it was reported that maintaining a constant
temperature and increasing the cooking time in sous-
vide cooking resulted in higher levels of HAs in the
samples [67].

Air-Frying

Air-frying is a new technology that cooks food by
circulating hot air around it, ensuring even contact
between the food and the oil droplets [68]. The
mechanism of the air-frying is based on the transfer of
heat from the circulating hot air to the food. During the
cooking process, dehydration from the surface occurs,
resulting in a crispy texture and unique sensory and
textural properties in the final product. Air-frying is
considered a relatively healthier frying method
compared to traditional methods due to lower oil
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absorption [69]. Compared to deep fat frying, foods
cooked in an air fryer contain 70-80% less fat [70].

Recent studies have reported that excessive fat intake
increases the risk of hypertension and obesity [71].
Therefore, new methods have been investigated to
reduce the fat content of fried products without
compromising product quality, and it has been reported
that air-fryer cooking method is effective in maintaining
food quality and safety [70].

In a study conducted by Lee et al. [72], the formation of
acrylamide and PAHSs in chicken breast, thigh, and wing
samples thawed using different methods (microwave,
refrigerator and immersion in water) and cooked using
air frying and deep fat frying methods was investigated.
Their results revealed that deep-fat-fried chicken meat
had higher levels of acrylamide (n.d.-6.19 pg/kg) and
total PAH (2.64-3.17 ug/kg) compared to air-fried
chicken meat (n.d.-3.49 pg/kg and 1.96-2.71 ug/kg). It
was also observed that the thawing method did not
significantly affect the formation of acrylamide or PAHs
(P>0.05) in chicken meat. They concluded that the air-
frying method could reduce the formation of acrylamide
and PAHs in chicken compared to the deep fat frying
method.

TRADITIONAL VERSUS ADVANCED COOKING
METHODS

Traditional cooking methods can lead to the formation of
harmful compounds (HAs, PAHs etc.) as previously
mentioned. In contrast, advanced cooking methods may
help reduce the production of these undesirable
substances [73]. Therefore, various advanced
technologies have been developed and applied to meat
to mitigate the harmful effects of high temperatures
while enhancing meat quality, as shown in Table 2.

CONCLUSION

Meat, which is an essential source for a balanced
nutrition and requires thermal processing for
consumption, plays a significant role in the intake of
carcinogenic compounds into the body. Exposure of
meat to high temperatures for extended periods can
lead to the formation of carcinogenic compounds such
as PAHs, HAs and acrylamide, which adversely affect
the eating quality of meat. Cooking conditions are one of
the most important parameters affecting the formation of
these compounds. For this reason, it is very important to
choose the appropriate cooking method, apply the
controlled cooking process at low temperatures, avoid
cooking directly over the flame, prevent the burning of
meat fat and pay attention to the distance from the heat
source. It is predicted that advanced cooking methods
may be preferred as alternative safe cooking methods
offering advantages over traditional methods including
energy savings due to shorter processing times,
protection of product quality, reduction or prevention of
toxic compound formation, decreased cooking losses,
lower oil absorption, and more homogeneous
temperature, and color distribution.



Table 2. Comparison of the advantages and disadvantages of different meat cooking methods

Cooking Methods Advantages and Disadvantages References
Processing at temperatures above 200°C poses a risk of HAs formation,
Grilling while prolonged cooking further enhances the likelihood of PAHs [23]
formation, including higher BaP levels
Saute Cooking PAHs and HAs formation from prolonged cooking at high temperature [23]
Deep Fat Frying The acrylamide levels increase when frying oil is reused multiple times [33]
Dry air flow causes the evaporation of surface water, leading to surface
Baking drying and formation of harmful compounds such as acrylamides, PAHs [43]
and HAs, which accumulate on the meat surface
Microwave Heating Fast processing time reduces PAHs formation [45]
. . Reduction of PAHs and HAs formation due to direct and homogeneous
Ohmic Heating cooking [20]
. Reduction in PAHs and HAs formation due to prolonged cooking at
Sous Vide temperatures between 60-95 °C [56]
Air-frying Reduction in PAHs and HAs formation due to lack of direct flame contact [70]
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bulundurulmahdir.

8. Tablo basliklari tablonun Ustliine, sekil basliklar ise
seklin altina yazilmali ve numaralandiriimalidir.
Kullanilan tablo ve sekillere metin icinde mutlaka atif
yapilmalidir. Metin iginde gegen veriler tablo ve
sekillerin tekrari olmamalidir. Tablo ve sekillerin
basliklari igerikleriyle uyumlu ve anlagilabilir olmahdir.
Sekiller ve resimlerin  yiksek ¢ézunurlikte olmasina
dikkat edilmelidir. Resimler (ve gerekiyorsa Sekiller)
* jpg formatinda metin igerisinde yer almalidir.

9. Metin icerisinde atiflar kdseli parantez igerisinde
rakamlarla yapilmali [1] ve Kaynaklar bdliminde bu
numara sirasiyla detaylari yazilmalidir. Kaynaklarin
numaralandiriimasi MS Word Numaralandirma Kitapligi
kullanilarak yapilmalidir.

10. Kullanilan matematiksel denklemler
numaralandiriimali ve metin icerisinde bu denklemlere
atif yapilmaldir.

11. Kaynaklar kismi APA yazim stili kullanilarak
hazirlanmalidir.  Kaynaklarin  yaziminda asagidaki
ornek yazim bigimleri kullaniimali ve makalelerin

yayinlandigi dergi isimleri kisaltma kullaniimadan ve
italik olarak yazilmalidir. Web adreslerine atif

yapilacaginda (mimkin oldugunca Resmi web
sayfalarina atif yapilmalidir) mutlaka ilgili web adresine
erisim tarihi verilmelidir.

Makale
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MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
Practical Aspects, Edited by R. Fuller, Chapman &
Hall, 2-6 Boundary Row, London SE1 8HN,
England, 212p.

Kongre-Sempozyum Bildirisi

[4] Girsoy, O., Akdemir, O., Hepbagh, A., Kinik, O.
(2004). Recent situation of energy consumption in
Turkey dairy industry. International Dairy
Symposium: Recent Developments in Dairy
Science and Technology, May 24-28, 2004,
Isparta, Turkey, Book of Proceedings, 10-16p.

12. Hakem gorisleri dogrultusunda dizeltiimek Uzere
yazar(lar)a gonderilen ¢aligmalarin gerekli dizeltmeleri
yapilarak yayin ofisine ulastiriimasi gereklidir. Editérler
tarafindan belirtilen stre =zarfinda gonderilmeyen
calismalar “ilk defa gonderilmis c¢alisma” olarak
degerlendirilecektir.

13. Yukaridaki kurallara uygun olarak hazirlanmamis
calismalar degerlendirmeye alinmaz.
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Guidelines to Authors

Akademik Gida® (Academic Food Journal) is a peer
reviewed journal where original research and review
articles are published in the field of food science and
technology. Research notes, mini-reviews, opinions and
letters to the editor are also considered for publication.
The journal is published trimonthly and each volume is
composed of 4 issues per year. Journal articles are
published either in Turkish or English. Manuscripts in
either good American or British English usage are
accepted, but not a mixture of these.

Manuscripts for the Akademik Gida® (Academic Food
Journal) must be sent via the electronic article
submission system, which can be located in the official
website of the journal, www.academicfoodjournal.com.
Manuscripts sent by e-mail are not considered for
evaluation. For questions related to the electronic article
submission system, contact the editor via e-mail at
ogursoy@yahoo.com.

» Authors must specify the type of the manuscript
(research articles, review articles, research briefs,
mini-review articles, comments and letters to the
editor).

» Authors should provide at least 3 potential referees
and their contact information (mailing address, e-mail
address and phone number).

» Manuscripts to be submitted should be free from any
spelling or grammatical error.

» 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.

» The editorial board is authorized to make necessary
changes in manuscripts accepted for publication.

Peer review policy

Manuscripts pass through initial screening in the
editorial office followed by internal review by Editors.
After the first 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. The 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, (iii) fragmentary and providing
marginally incremental results or (iv) poorly written.

Publication fee

There is a 2000 TL submission fee for
Turkish manuscripts submitted after January 15, 2025.
This fee may not be waived. 1500 TL fee
is charged for articles submitted to the journal in
English.
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Ethics Statement

Detailed information about journal publication policy,
evaluation of manuscripts and ethical issues can be
found in the Ethics Statement section.

Preparation of a manuscript

1. Manuscripts should be prepared in A4 size, and the
text must be prepared in a single column format. The
text must be double-spaced, and a single space should
be left between paragraphs. All lines and pages must be
continuously numbered.

2. The title must be 14pt Arial, bold, small letters and
centered. A blank line should be left after the title, and
the names of authors should be given in 10pt Arial and
centered. In addition to each author’s contact address,
the phone and fax numbers and e-mail address of the
corresponding author should be provided. If the
institutions of the authors are different, superscript
numbers should be used to indicate their addresses.

3. The headings (e.g. Abstract, Introduction, Materials
and Methods etc.) must be 10pt Arial, and should be
typed in bold capital letters. Each heading should
appear on its own separate line. A blank line should be
left after each heading. A list of keywords, a maximum
of 5, should be provided below the abstract section of
the manuscript.

4. The main text should be prepared in 9.5pt Arial.

5. Typical articles mainly consist of the following
divisions: Title, Author Names, Addresses, Contact
Information, Corresponding author’s e-mail address,
Abstract, Main text (Introduction, Materials and
Methods, Results and Discussion, Conclusions),
Acknowledgements (if necessary), Abbreviations (if
necessary) and References.

6. The abstract should not exceed 250 words, and the
main purpose and method and the most significant
result and conclusion should be presented in the
abstract. The abstract should be prepared as a single
paragraph, and should not include any citation.

7. Latin names in the text should be in italics, and
names and abbreviations should follow international
rules. If abbreviations that are not standard are
unavoidable, they must be defined at their first mention
in the text. Consistency of abbreviations throughout the
article must be ensured. Internationally accepted rules
and conventions must be followed, and the international



system of units (SI) must be used. If other units are
mentioned, their equivalents in S| must be provided.

8. Table headings should be on the top of each table
and figure captions below each figure. Each table or
figure must be numbered consecutively in accordance
with their appearance in the text. All figures and tables
should be cited in the text. The data presented in the
tables and figures should not be repeated in the text.
Table headings and figure captions should be self-
explanatory. Figures and pictures must be provided in
high resolution, and pictures (and, if necessary figures)
should be included in the text as *. jpg format.

9. References in the text should be cited in numbers in
square brackets [1] and details of the citations must be
provided in the Literature or References section with
their respective numbers.

10. Mathematical equations should be numbered and
cited in the text.

11. References should be given according to the APA
manual of style. The following formats should be used
for the details of cited references, and the journal names
must be typed in italics. References to the Web
addresses (if necessary, the official web pages should
be preferred) must include full web address and the date
of access.

Article
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12. A list of the corrections requested by the referees
must be provided by the authors, and it must be sent to
the editorial office.

13. Studies that are not prepared in accordance with the
rules above will not be considered for evaluation.
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Etik Beyani

Akademik GIDA®, gida bilimi ve teknolojisi alaninda
orijinal arastirma ve derleme makalelerinin yayinlandigi
hakemli bir dergidir. Dergi U¢ ayda bir Sidas Medya Ltd.
Sti. (Cankaya, izmir, Turkiye) tarafindan
yayinlanmaktadir. Derginin genel bilimsel kalitesini
iyilestirmek igin yayinci tarafindan asagdidaki yonergeler
belirlenmigtir.

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.

e 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.

e ik 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.

e ik 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.

e 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.

e 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.

e TUm makaleler, nihai formlarinda DOl numarasi
almis ve cevrimici olarak pdf dosyalari halinde
yayimlanir. ligili veritabanlarinda bu sekilde
indekslenir.

Yayin Ucreti

Akademik Gida dergisinde makalelerin yayinlanmasi
icin talep edilen tcret yazim kurallari bélumuinde verilmigtir.

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.

e Yazar/lar bagvuru 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.

e Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda

Xl

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

e Diuzeltmeler (revizyonlar) sirasinda, editorler 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.

e 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.

e Test edilen tim denekler igin, makalenin, ilgili
kurallara vel/veya uygun izinlere veya lisanslara
uyumunu gosteren belgelerin sunulmasi gerekir.

e Hayvanlar Uzerinde yapilacak her turli arastirma
kurumsal, ulusal veya uluslararasi kurallara uygun
olmali ve etik kurul tarafindan onaylanmalidir.

e Bitki materyallerinin toplanmasi dahil, bitkiler
Uzerinde yapilan deneysel arastirmalar, kurumsal,
ulusal veya uluslararasi kurallara uygun olmalidir.

e Saha calismalari yerel mevzuata uygun olarak
yapilmali ve uygun izinleri ve/veya lisanslari belirten
bir agiklama makalede yer almalidir.

Yayin suistimali

e 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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