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Editordentl Edi-

Akademik Gida dergisinin 22. yayin yilinin ikinci sayisinda yine sizlerle birlikteyiz. Bu
sayimizda 7 arastirma makalesi ve 2 derleme makale yer almaktadir.

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

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

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

Dergimizin yayincisi Sidas Medya Limited Sirketinin 1 5 Ocak 2024 tarihli
karari uyarinca, 1 Subat 2024 tarihinden sonra Akademik Gida dergisine génderilen
Turkce makaleler igin “kabul/red sartina bagli olmaksizin” yazar/yazarlar tarafindan
katki payi olarak 1000 TL (KDV Dahil) 6édenmesinin uygun goéruldugini tekrar
hatirlatmak istiyoruz. Diger taraftan Ingilizce olarak dergiye génderilen makalelerden
750 TL (KDV Dahil) talep edilecektir (https://dergipark.org.tr/tr/pub/akademik-gida/
price-policy).

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

Saygilarimizla.

Prof. Dr. Oguz Giirsoy
Bas Editor

Prof. Dr. Ozer Kinik

Prof. Dr. Ramazan Gokcge
Prof. Dr. Yusuf Yilmaz
Editorler
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BILIMSEL ETKINLIKLER

8. Uluslararasi Gida Giivenligi Kongresi

Gida Guvenligi Dernegi koordinatorligliinde duzenlenen 8.
Uluslararasi Gida Givenligi Kongresi 9-10 Mayis 2024
tarihlerinde, Grand Cevahir Hotel & Convention Center'da
(Istanbul) gerceklestirilecektir. Kongre ile ilgili bilgilere
https://www.gidaguvenligikongresi.org/ adresinden ulasi-
labilir.

3. Uluslararasi Geleneksel Gidalar ve Siirdiiriilebilir
Beslenme Sempozyumu

Toros Universitesi tarafindan diizenlenen 3. Uluslararasi
Geleneksel Gidalar ve Sirdurilebilir Beslenme Sempozyumu
3-4 Ekim 2024 tarihlerinde online olarak arastirmaci ve
akademisyenlerin katilimiyla gerceklestirilecektir.
Sdrdurulebilirlige yonelik kiresel zorluklarla micadele etme
yéntemlerinin ana konu olarak belirlendigi sempozyum ile ilgili
bilgilere https://food24.toros.edu.tr/ adresinden ulagilabilir.

XI. Uluslararasi Beslenme ve Diyetetik Kongresi

Hacettepe Universitesi Beslenme ve Diyetetik Bolimii
tarafindan 30 vyili askin slredir dizenlenmekte olan
Uluslararasi Beslenme ve Diyetetik Kongrelerinin on birincisi,
Hacettepe Beslenme ve Diyetetik Egitim Arastirma Dernegi
catisi altinda 10-12 Ekim 2024 tarihlerinde Hacettepe
Universitesi Kiltir Merkezinde (ilkemizden ve diinyadan
alaninda uzman bir¢cok degerli bilim insaninin katilimi ile
gerceklestirilecektir. Kongre ile ilgili bilgilere
https://www.bdk2024.org/ adresinden ulasilabilir.

7. Uluslararasi Malzeme ve Polimer Bilimi Kongresi

7. Uluslararasi Malzeme ve Polimer Bilimi Kongresi, 10-13 Ekim
2024 tarihleri arasinda S Class Hotel Convention Center,
Gaziantep'te dizenlenecektir. Malzeme ve Polimer Bilimi
alanindaki yeni gelismelerin paylasilacagi, sektérin sorunlari ve
¢6zUm Onerilerinin - konusulacagi, bu alanlardaki sektor
temsilcileri ile akademisyenlerin bulusmasinin saglanacagdi bu
etkinlikle ile ilgili bilgilere https://www.iscmp.org/ adresinden
ulasilabilir.

3. Uluslararasi Gida Arastirmalari Kongresi

Sivas Cumhuriyet tniversitesi Gida Calismalari Uygulamalari ve
Arastirma Merkezi tarafindan 16-18 Ekim 2024 tarihleri arasinda
3. Uluslararasi Gida Arastirmalari Kongresi (ICONFOOD’24 3.
International Congress on Food) isimli kongre
gerceklestirilecektir. Alaninda uzman bilim insanlari, ilgili kamu
kurum ve kuruluslarinin yetkilileri veya sektér temsilcilerinden
olusan katilimcilarin bir araya gelecegi kongre ile ilgili bilgilere
https://iconfood.cumhuriyet.edu.tr/index.php adresinden
ulasilabilir.

5. YABITED Fats and Oils Congress

Yag Bilimi ve Teknolojisi Dernegi tarafindan 7-9 Kasim 2024
tarihleri arasinda Antalya’da gerceklestirilecek olan kongre ile
ilgili bilgilere https:/lyabited.org/5th-yabited-fats-and-oils-congress/
adresinden ulasilabilir.
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ABSTRACT

In this study, the effect of ultrasound (US) pretreatment (600W for 30 min) prior to tray drying (TD) (46+1°C at 1.10
m/s) and freeze drying (FD) (-58°C at 0.001 mbar) on the quality characteristics of loquat cubes was investigated. US
pretreatment in TD demonstrated a significant decrease in drying time (19.67%) and an increase in drying rates
(22.23%, p<0.05). With US pretreatment, the effective moisture diffusivity increased from 7.83x10° to 8.92x10° m?/s
in TD. The highest rehydration capacity (4.47+0.23 g/g) was found in FD samples with US. In comparison to TD and
control samples, FD samples had higher phenolic contents. US pretreatment significantly reduced phenolic contents
from 1551.19+142.12 to 1197.03+80.51 mg GAE/100g and from 770.12+125.93 to 374.78+71.95 mg GAE/100g for
FD and TD, respectively (p<0.05). The antioxidant capacity of loquat cubes significantly decreased with TD compared
to FD (p<0.05). Results indicated that FD is a viable option for drying loquat cubes with a low moisture content, high
rehydration capacity, and enhanced phenolic content and antioxidant activity.

Keywords: Eriobotrya japonica, Drying rate, Quality, Freeze drying, Rehydration capacity

Ultrases Onisleminin Malta Eriginin Tepsili ve Dondurarak Kurutulmasi Sirasinda Fenolik ve
Antioksidanlarin Muhafazasina Etkisi

o0z

Tepsili kurutma (TK) (46£1°C, 1.10 m/s) ve dondurarak kurutma (DK) (-58°C, 0.001mbar) ydntemleri Oncesi
uygulanan ultrases (US) (600W, 30 min) tekniginin kurutulmus yenidinya (Malta erigi) kiplerinin kalitesine etkisi
arastirlmigtir. Ultrases 6nislem uygulamasi ile T kurutma zamaninda anlamh diisme (19.67%) ve kurutma hizinda
anlamli yikselme (22.23%, p<0.05) belirlenmistir. Ultrases uygulamasi ile TK yonteminde etkin difizyon katsayisi
7.83x10%dan 8.92x10° m?/s’a yukselmistir. En yiiksek rehidrasyon kapasitesi 4.47+0.23 g/g ile US uygulamasi
sonrasi DK ydntemiyle kurutulan drneklerde gézlemlenmistir. DK ile kurutulan érneklerdeki fenolik madde miktar TK
ile kurutulan 6rneklere oranla ylksek oldugu belirlenmistir. Ultrases 6nislemi fenolik madde miktarini DK ile kurutulan
Orneklerde 1551.19+142.12’den 1197.03480.51’e mg GAE/100g, TK ile kurutulan érneklerde de 770.12+125.93'ten
374.78+71.95'e mg GAE/100g azaltmistir (p<0.05). Dondurarak kurutma islemi ile karsilastirildiginda, TK islemi
uygulanan yenidiinya kuplerinin antioksidan kapasiteside anlamli dists gézlemlenmistir (p<0.05). Yapilan ¢alismanin
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sonucuna goOre dusuk nem orani, yiuksek rehidrasyon kapasitesi, yiuksek fenolik madde miktari ve antioksidan
kapasitesi ile yenidiinya kiplerine DK tekniginin uygulanabilir bir opsiyon oldugu belirlenmistir.

Anahtar Kelimeler: Eriobotrya japonica, Kurutma hizi, Kalite, Dondurarak kurutma, Rehidrasyon kapasitesi

INTRODUCTION

The loquat fruit (Eriobotrya japonica L.) has taken place
in people's lives since ancient times with its nutritional
and medicinal value [1]. Besides the antibacterial
property, this fruit has significant effects on health by
fighting against the inflammation, diabetes, and cancer
as well as a remedy of pain, allergy. Loquat fruit from
the Rosaceae family is mostly grown in oval shape, and
yellow/orange color [2]. Although the loquat fruit is
generally grown in regions with temperate climates in
the world, it is mostly grown in China, Japan, India,
Pakistan, Cyprus, Egypt, Greece, Tunisia, and Turkey
[3]. Loquats grow in subtropical and tropical climates,
particularly in regions where citrus is cultivated. With
unique taste and smell, loquat is a special tropical fruit
containing plenty amounts of carotenoids, phenolic
compounds, antioxidants, minerals, and vitamins [4].
Individual phenolic compounds in loquat fruit were
identified as 5-caffeoylquinic acid (chlorogenic acid),
neochlorogenic acid, hydroxybenzoic acid, 5-p-
feruloylquinic acid, protocatechuic acid, 4-caffeoylquinic
acid, epicatechin, o-coumaric acid, ferulic acid, and p-
coumaric acid [5]. Yet, the fresh loquat fruit with an 90%
moisture content can remain intact only 10 days at a
temperature range of 20 to 25°C after harvesting due to
its unique texture structure [2].

Drying is the most common technique to preserve the
perishable produces long time, which is economical in
terms of initial investment cost and energy consumption.
Tray drying (TD) is widely used method in which the
food product is placed on trays and exposed to the
drying medium of circulated hot air by the fan [6].
Whereas, conventional drying processes can reduce the
valuable bioactive components including vitamins,
carotenoids, antioxidants, phenolics, and aroma
compounds in fruits and vegetables, as well as their
sensory characteristics. As a novel technology, freeze
drying (FD) is an alternative technique especially
beneficial for fruits and vegetables drying. During the
FD, the food product is exposed to low pressure in the
frozen state at the cryogenic temperature and then
allowed water to pass from the solid to the gas phase.
Therefore, the free water in the product is directly
sublimated and removed from the food in gaseous form
[7]. According to the researcher study, total phenolic
content (TPC) and total flavonoid content (TFC) of
freeze dried hawthorn fruit extracts were higher than
fresh and oven-dried fruit extracts [8]. Besides, Mishra et
al. [9] investigated TD and FD techniques to evaluate
changes in chemical composition and sensorial quality
of loquat slices. After TD, total phenolics, flavonoids,
and antioxidant content of loquat slices significantly
decreased when compared to freeze dried and fresh
samples. With the porous structure, freeze dried loquats
had the highest sensory ratings. Conversely, other
researchers [10] found higher amounts of
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hydroxycinnamic acids in dried loquats using convective
drying than FD. They also reported increasing
temperature from 50 to 70°C in convective drying
increased antioxidant activity (ABTS and FRAP assays)
of dried loquat samples.

Numerous studies have shown that the various
dehydration techniques were successfully used for
inactivating the enzymes while maintaining the
nutritional content of the food. It is necessary to select
appropriate drying technique and processing parameter
to minimize these undesirable changes in the sample. It
is common practice to use ultrasound (US) in
conjunction with other drying technologies. Being that
the water transfer is primarily enhanced by alternating
the expansion and compression cycles, the mechanical
energy produced by the application of power ultrasonic
helps to reduce both the internal and external
resistances to the mass transfer [11]. Some research
studies suggested using US as a pretreatment in drying
processes since sonicated samples retained better
nutrients than untreated ones [12, 13]. In contrast, other
researchers have reported US pretreatment resulted in
null effect or severe degradation of bioactive
compounds in dried products [14, 15]. The purpose of
this study was to assess the effect of US treatment prior
to TD or FD methods regarding the quality
characteristics of loquat cubes such as phenolic content,
antioxidant properties, drying behavior, diffusivity,
moisture content, and rehydration capacity.

MATERIALS and METHODS
Sample Preparation

The loquat (Eriobotrya japonica L.) cultivar of ‘Ayva
Gobek’ was supplied from a retail market in Alanya
(Antalya, Turkey). The loquat fruits were stored at 4+1°C
and 95% relative humidity. Before drying processes, the
loquats were washed, stems and seeds were removed,
and then cut into cube-shaped pieces (0.9%0.9x0.9 cm).
Fresh loquat was used as a control sample.

Ultrasound Pretreatment

An ultrasonic bath (VWR USC900TH ultrasonic cleaner,
VWR Int. Radnor, PA, USA, 100% power: 600 W, 45
kHz) was used. The loquat fruit-to-water ratio was kept
constant at 1:4 (w/w, weight basis), and US was used
for 30 min. After US treatment, the samples were blotted
with adsorbent paper to remove excess solution and
then used for tray and freeze-drying processes.

Tray Drying

The loquat samples were dried in a laboratory-scale tray
dryer (Armfield UOPS8-G, England) operating at a
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uniform air velocity of 1.10 m/s. Loquat cubes were
evenly distributed on trays and drying was conducted at
46+1°C until sample weight remained constant.

Determination of Drying Rates during Tray Drying

Drying rate (DR) was evaluated by using Equations 1, 2
and 3.

da d.
DR =~ () ). @)
where w is weight of wet sample and dw is weight of dry
sample; X, Xe, and Xt are moisture content free,
equilibrium, at any time (g H20/g dm), respectively; A is
the surface area in m2.

The effective diffusivity of samples (Derr) was evaluated
using the Fick’s second law Equations 4, 5 and 6.

Xt =" (1)
aw
X = Xt — Xe, (2)
Mt—M
MR = Mi—M:’ ()
8 woo 1 Deff
MR = P nzlmexp [—(27’1 - 1)277.'2?1'], (5)
In(MR) = In (%) - (T[Z%t); Slope = m? %. (6)

where MR, and Mi, Me, Mt are moisture ratio and moisture content of initial, equilibrium, at any time, respectively; t, L,
and Der are time (s), thickness of samples (m), and effective diffusivity (m?/s), respectively. Assumptions: initial
moisture distribution is uniform throughout the sample; diffusivity is constant; sample is considered to be equivalent to

thin slabs of constant density, size and shape.
Freeze Drying

The loquat samples were dried in a laboratory scale
freeze dryer (ALPHA 1-2 LD plus, Osterode am Harz,
Germany). The loquat samples were remained in the
freezer (-18°C) for 24 h, then freeze dried at -58°C and

0.001 mbar for 24 h.

Moisture Content

The moisture content of the samples was measured by
using an infrared moisture device (Shimadzu MOC-63U,
Japan) Calculations were done based on dry basis [16].

Determination of Rehydration Capacity

The rehydration capacity (RC) of samples was
determined by placing 2 g dry sample in a beaker filled
with 50 mL distilled water and left for 24h in water bath
(Memmert WNB 22, Schwabach, Germany) at ambient
temperature. Then samples were filtered to remove
excess water and weighed. The rehydration capacity
was calculated using the Eq. 7.

Rehydration capacity (RC) = ” (7)

wr

d
where W: is weight after rehydration in g and Wy is
weight of dry sample in g.

Spectrophotometric Analyses

UV-visible spectrophotometer (BioTek Instruments,
Winooski, USA) was used for the spectrophotometric
analysis. Total phenolic content (TPC) assay was
carried out according to the method of Singleton and
Rossi [17] by using the Folin-Ciocalteu reagent. The
absorbance value was then measured at 760 nm. The
calibration curve (y=2.8066x-0.0296) was plotted using
gallic acid in the range of 0.01-0.4 mg/mL. The TPC
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was expressed in milligrams of gallic acid equivalents
(GAE) per 100 g of dry weight (dw). The antioxidant
capacities were determined by using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay [18] and cupric ion-
reducing antioxidant capacity (CUPRAC) assay [19].
Measurements were performed at 450 and 517 nm,
respectively. Trolox was used as a standard in the range
of 0.01-04 mg/mL while calibration curves
(y=4.0161x+0.0792 for DPPH, y=0.8475x-0.0139 for
CUPRAC) were plotted in the assay. The result was
reported as Trolox equivalents (TE) per 100 g of dw.

Statistical Analysis

All assays were carried out in triplicates and results
were expressed as mean =* standard deviation.
Statistical analysis was performed using JMP software
(JMP version 13.0; Cary, NC, USA). Processing
conditions were evaluated using one-way analysis of
variance (ANOVA) followed by a Tukey's multiple
comparison test at the 95% level was performed to
evaluate differences between treatments. Coefficient of
determination values (R?) of the spectrophotometric
analyses were calculated using Excel (Microsoft, USA)
software.

RESULTS and DISCUSSION

Effect of US Pretreatment on Drying Rates during
Tray Drying

During the drying process in the tray dryer, weight
reduction of loquat cubes at certain time intervals was
given in Figure 1. Regardless of US pretreatment, the
weight of the loquat samples decreased exponentially
with time. Whereas, application of US creates cavitation
and channels obtained by the disruption of cells after
cavitation is beneficial for transferring water [20]. In the
current study, usage of US as a pretreatment increased
the water loss of loquat samples and thereby decreased
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drying time in TD process. The drying time was found to
be 270 min for the samples with TD only, whereas, after
the US pretreatment it was 210 min, indicating
application of US prior to TD reduced the drying time
significantly by 22.23%.

The moisture content of loquat samples with respect to
time are shown in Figure 2. Mostly studies reported that
drying times were significantly reduced after US
pretreatment compared to untreated samples [21, 22].
Because of the lower pressure above the sample, US
pretreatment accelerates the drying rate and
encourages water loss. The influence of ultrasound on
drying time is caused by asymmetric implosions of
cavitation bubbles adjacent to a solid surface, which
form microjets in the direction of the surface and can
affect mass transfer [23]. Rani and Tripathy [24]
indicated that the samples lost moisture throughout the
pretreatment process, as a result moisture content at the
beginning of the drying process was different for the
pretreated and untreated samples. In addition, samples
prepared with US pretreatment had faster drying rates,
and thereby reduced drying time, compared to untreated
ones. Furthermore, US pretreatment was found to be
effective on diffusion coefficients, which is calculated for
TD and US+TD samples as 7.83x10° and 8.92x10°
m?/s, respectively, with R?>0.95. In consistent with our
study, US pretreatment raised effective water diffusivity
value from 2.13x107'° m?/s to 2.88x107"° m?/s for the hot
air drying of yellow cassava [25], from 1.739 x107'° m%/s
to 2.052 x107'° m?/s for microwave-convective drying of
basil [15], and from 6.50 x107"° m?/s to 2.11 x10° m?/s
for hot air drying of nectarine slices [26]. It is noteworthy
that effective water diffusivity value may vary due to the
products processed under different conditions including
drying temperature, moisture content, and physical or
chemical pretreatments as well as sample type,
composition, and shape.

Changes in drying rate of loquat cubes based on
moisture content is presented in Figure 3. According to
these findings, drying occurred in the falling rate period
rather than the constant rate period. Since water
mobility was impacted by the energy that ultrasound
waves transferred into the solid. The average drying rate
of the TD samples was found to be 0.0356 g
H20/min.m? while it was 0.0426 g H20/min.m? for the
US+TD samples. Therefore, the drying rate increased
by 19.67% in samples treated by US prior to TD.
Similarly, other researchers found pretreatment of
persimmon with high-intensity US increased drying rate
in hot air drying at 50°C [27]. Further study suggested
that US accelerates the drying rate of heat-sensitive
fruits like strawberry [28].

Moisture Contents and Rehydration Capacities

As presented in Table 1, the moisture content of the
fresh cube-shaped loquat pieces reduced from
87.710.1% to 30.43+0.18% for TD and 30.15+0.03 for
US+TD processes based on dry basis, indicating US
pretreatment had no significant effect on moisture
content of TD samples (p>0.05). These results were
consistent with a research study by [29] who found no
significant difference between the moisture content of
dried persimmons after application of US prior to hot air
drying (p>0.05). When compared to TD, the FD was
more effective process on loquat pieces with a
significant decrease in moisture content to 15.77+0.12%
(p<0.05). A similar trend was found in evaluation of
loquat drying methods and FD was the most effective
method compared to convective and vacuum-microwave
drying [10]. In addition, throughout the treatments, the
lowest moisture content (13.17£0.09%) was determined
in loquat samples which were treated with the US prior
to FD (p<0.05).
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Figure 1. Effect of ultrasound (US) pretreatment on the weight loss of loquat cubes

during tray drying (TD)
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Figure 2. Effect of ultrasound (US) pretreatment on the moisture contents of loquat

cubes during tray drying (TD)
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Figure 3. Effect of ultrasound (US) pretreatment on the drying rates of loquat

cubes during tray drying (TD)

With regard the value of moisture content, a correlation
was found with rehydration capacity of dried loquat
cubes. With the lowest moisture content, the highest
rehydration capacity (p<0.05) value was found to be
4.47+0.23 in US+FD sample (Table 2). Application of
US prior to drying processes affected the rehydration
capacity of loquat cubes, which was slightly increased in
the TD samples (p>0.05); however, significant increment
from 3.131+0.26 to 4.30+0.23 g/g was observed in FD
ones (p<0.05). According to the previous studies, button

mushrooms had been treated with US prior to TD had
higher rehydration capabilities than the untreated
samples, as well as for the cauliflower and brussels
sprout samples [21]. In other research study, they found
applying  osmotic  dehydration and  ultrasonic
pretreatment in a sucrose solution before drying
dramatically increased the rehydration capacities of
persimmon compared to the untreated group [29].
Overall, application of US as a pretreatment enhanced
the rehydration capacities of fruits and vegetables.

Table 1. Moisture content and rehydration capacity of loquat samples

Treatments’ Moisture Content (%) Rehydration Capacity (g/g)
C 87.70+0.10 @

TD 30.43+0.18 ® 2.46+0.19 ¢

US+TD 30.15+0.03 ° 2.65+0.18 b°

FD 15.77+0.12° 3.13+0.26"

US+FD 13.17+0.09¢ 4.30+0.23 @

" Treatments are indicated as C: Control (Fresh fruit), TD: Tray drying, US+TD: Ultrasound
treatment prior to tray drying, FD: Freeze drying, and US+FD: Ultrasound treatment prior to freeze
drying. 2 Data in the same column followed by same letter are significantly different (p<0.05).
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Table 2. Phenolic contents and antioxidant capacities of loquat extracts

Treatments' Total Phenolic Content A(nrzgx_:_dEa/%gagp;V%l)ty
(mg GAE/100 g dw)
CUPRAC DPPH

C 878.75+97.40 °© 3094.35+229.05 °© 807.97+40.33 @
TD 770.12+125.93 © 1716.74+128.92 ¢ 410.84+40.28 ¢
FD 1551.19+142.12 2 4749.42+545.78 @ 640.46+30.11°
US+TD 374.78+71.95¢ 1080.32+204.24 ¢ 296.02+44.31 ¢
US+FD 1197.03£80.51 " 3753.50+£474.46 ° 579.88+18.71 ¢

"Treatments are indicated as Control (C): Fresh fruit, TD: Tray drying, US+TD: Ultrasound treatment prior to
tray drying, FD: Freeze drying, and US+FD: Ultrasound treatment prior to freeze drying. 2 Data in the same
column followed by same letter are significantly different (p<0.05).

Phenolic Contents and Antioxidant Capacities

The effect of US pretreatment on phenolic compounds
of TD and FD loquat cubes is presented in Table 2. The
highest phenolics was found to be 1551.2+142.1 mg

GAE/100 g in FD loquat samples through other
treatments (p<0.05). Ultrasound pretreatment
significantly reduced total phenolics (p<0.05) from

15519.2+142.12 mg GAE/100 g to 1197.03+80.51 mg
GAE/100 g and from 770.12+125.93 mg GAE/100 g to
374.78+71.95 mg GAE/100 g for FD and TD,
respectively, which might be due to loss of nutrients
during draining of water out of fruits. According to a
recent study [30], significant decrease was observed in
total phenolics of apples, which were treated with US
prior to convective drying; however, no significant
difference was determined in FD samples when
pretreated with US. Furthermore, Bozkir et al. [29] found
significant loss in phenolics of US pretreated persimmon
slices after convective drying. When compared to
control samples, there was no significant difference
observed in phenolic content of TD loquat cubes;
however, phenolics were much higher in FD samples
(p<0.05). Moreover, phenolic content of FD loquat cubes
was significantly higher than TD samples because of
thermal degradation during the TD process. Thereby,
the nutrient loss was induced by the water transfer that
occurred during the application of this treatment [31].
Researchers have reported the decrease of total
phenolic contents of mandarins, sour cherries, and
blueberries with increasing temperature throughout the
drying process [6, 32]. Additionally, Amami et al. [33]
indicated that pretreatment with osmo-sonication also
resulted in significant losses in total phenolic content of
hot air-dried strawberries compared to the untreated
samples. Besides the TD and FD conditions, acoustic
application duration might affect the losses of phenolics
from the loquat cubes. It is important to point out that
long sonication periods ended up with significant
reduction of phenolics in quince slices [34].

The effect of US treatment prior to TD and FD on
antioxidant capacity of loquat cubes are shown in Table
2. Both DPPH and CUPRAC assays revealed that TD
decreased the antioxidant capacity of loquat cubes
significantly compared to FD and fresh samples. The
reason for this situation can be interpreted as prolonged
drying exposure of samples during TD may degrade
certain phenolic compounds and thereby resulting in a
decrease in antioxidant activity. In consistent to our
study, Lopez-Lluch et al. [10] have found higher
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antioxidant activity in dried loquats using FD than
convective drying. According to the results of CUPRAC
assay, the highest antioxidant capacity was observed in
FD loquat samples when compared to other treatments
and untreated sample (p<0.05). In addition, significant
reduction was determined in FD loquat cubes when
pretreated with US; however, their antioxidant capacity
was higher than untreated ones (p<0.05). Similar result
was obtained in application of US prior to TD, which
might be due to loss of antioxidants in water bath. Other
researchers have also reported decrease in antioxidants
of blackberry after application of US in a water bath [35].
Conversely, Sic Zlabur et al. [36] found positive impacts
of US pretreatment on vacuum dried honeyberry fruits.
In fact, US frequency, power, and pretreatment time, as
well as product structure, are effective parameters on
bioactive compounds.

CONCLUSION

Application of US treatment prior to TD enhanced the
drying rate and reduced drying time since implosions of
cavitation bubbles adjacent to a solid surface forms
microjets and then affects the mass transfer.
Rehydration capacity of loquat cubes increased with US
pretreatment for both TD and FD. Higher phenolic
content was determined in FD and US+FD loquat cubes
than TD, US+TD and fresh samples. Based in CUPRAC
and DPPH assays, antioxidant activity of loquat cubes
were higher in FD and US+FD when compared to TD
and US+TD samples. According to the results of this
study, the important point is that applying US before
drying processes may increase the demand on dried
fruits by accelerating drying rate thereby shortening the
processing time and enhancing the quality. These
methods can be evaluated on regionally available
subtropical crops to produce value added products.
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ABSTRACT

Olive oil is widely consumed worldwide and well-known for its health beneficial effects. However, polycyclic aromatic
hydrocarbons (PAHs) contamination in olive oils has been a serious concern and knowledge regarding PAH
concentrations in olive oils is scarce. The aim of this study was the determination and evaluation of PAH
contamination levels in olive oils in the market. In this study, commercial olive oils (n=14) available in the markets of
Giresun (Turkiye), including extra virgin and riviera olive oil samples, were investigated. Samples were analyzed by a
gas chromatography unit coupled with a mass spectrometer. Significant amounts of PAHs were determined in all olive
oil samples. The PAH contents of the samples varied between 0.04 ug kg and 4637.13 ug kg™' with the mean
content of 264.61 ug kg'. Regarding benzo[a]pyrene, 64.28% of the samples was incompatible with the EU
requirements. None of the samples were compatible with the EU requirements in terms of PAH4 components
(benzo[a]pyrene, benzo(a)anthracene, chrysene, and benzo[b]fluoranthene). Results showed that commercial olive
oils studied in this research might contain PAHs categorized under potential carcinogens.

Keywords: Gas chromatography-mass spectrometer (GC-MS), Olive oil, Polycyclic aromatic hydrocarbons (PAHs),
Benzo[a]pyrene, PAH4

Giresun’da Satilan Bazi Ticari Zeytinyaglarinin Polisiklik Aromatik Hidrokarbon (PAH)
Kontaminasyon Diizeyleri

0z

Zeytinyag! dinya ¢apinda yaygin olarak tuketiimektedir ve sagliga yararlari ile bilinmektedir. Ancak zeytinyagindaki
polisiklik aromatik hidrokarbon (PAH) kontaminasyonu ciddi bir endise kaynadidir ve bu yaglarin PAH
konsantrasyonlarina iligkin bilgi azdir. Bu ¢galismanin amaci, piyasada bulunan zeytinyaglarindaki PAH kontaminasyon
dlzeylerinin belirlenmesi ve degerlendiriimesidir. Bu calismada Giresun ili marketlerinden rastgele secilen sizma
zeytinyagi ve riviera zeytinyagi ornekleri (n=14) incelenmistir. Numuneler, kitle spektrometresi ile birlestiriimis gaz
kromatografisi Unitesi ile belirlenmistir. Yag 6rneklerinin tamaminda énemli miktarda PAH kalintisi tespit edilmistir.
PAH tespit edilen 6rneklerde PAH miktarlari 0.04 pg kg™ ile 4637.13 pg kg™ (ortalama 264.61 ug kg™') arasinda
degismektedir. Benzo[a]piren ile ilgili olarak numunelerin %64.28'i AB gereklilikleriyle uyumlu ¢ikmamistir. Zeytinyagi
orneklerinin hicbiri PAH4 bilesenleri (benzo[a]piren, benzo(a)antrasen, krizen ve benzo[b]floranten) agisindan AB
gerekliliklerine uygun gikmamistir. Sonuglar, bu arastirmada incelenen ticari zeytinyaglarinin potansiyel kanserojenler
kategorisinde yer alan PAH'lari icerebilecegini gostermistir.

Anahtar Kelimeler: Gaz kromatografisi-kutle spektrometresi (GC-MS), Zeytinyadi, Polisiklik aromatik hidrokarbonlar
(PAH'lar), Benzo[a]piren, PAH4
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INTRODUCTION

Olive oil is a product from the fruit of the olive tree (Olea
europaea L.) and it is the primary source of fat in a
Mediterranean diet. Olive oil is well-known for its unique
composition of monounsaturated fats, antioxidants, and
anti-inflammatory properties. Some of the key health
benefits of olive oil include reducing the risk of heart
diseases [1], containing of powerful antioxidants such as
vitamin E and polyphenols [2], anti-inflammatory effects
[3], cancer prevention [4], brain health and cognitive
functions [5]. The use of olive oil has grown over the
past 25 years not just in Mediterranean regions but also
globally [6].

Polycyclic aromatic hydrocarbons (PAHs) constitute a
class of organic compounds composed of multiple fused
aromatic rings, generally ranging from two to six rings.
The US Environmental Protection Agency (US-EPA) has
listed PAHs as a priority control due to their
carcinogenic, mutagenic, and teratogenic properties [7].
Names, chemical structures, molecular weights, and
hazard classification of 15 priority PAHs were shown in
Table 1. PAH compounds containing 2-4 rings are
classified as low molecular weight PAHs (LMW PAHSs)
or light PAHs (LPAHs), while PAH compounds
containing 5 or more rings are classified as high
molecular weight PAHs (HMW PAHSs) or heavy PAHs
(HPAHS) [8, 91.

Table 1. Names, chemical structures, molecular weights and hazard classification of 15 priority PAHs

PAH and . Ring MW Hazard Reference
No Abbreviation Chemical Structure No (g/mol) Classification
Possibly carcinogenic to
1 Nap(rllltgal)ene 2 128.2 humans according to IARC [10, 11, 34]
P (Group 2B)
2 Acenaphthylene ‘ 3 154.2 Acute and chronic hazardous air [10, 11, 12]
(Acy) pollutant according to EPA
Unclassifiable as to
Acenaphthene carcinogenicity in humans
3 p 3 166.2 according to IARC (Group 3),  [10, 11,12, 13]
(Ac) . .
acute and chronic hazardous air
pollutant according to EPA
Unclassifiable as to
Fluorene carcinogenicity in humans
4 3 178.2 according to IARC (Group 3), [11,12,13]
(Fle) \ .
acute and chronic hazardous air
pollutant according to EPA
Unclassifiable as to
Phenanthrene carcinogenicity in humans
5 3 178.2 according to IARC (Group 3), [10, 11, 12, 13]
(Phe) . )
chronic hazardous air pollutant
according to EPA
Unclassifiable as to
Anthracene carcinogenicity in humans
6 3 202.3 according to IARC (Group 3), [10, 11, 12, 13]
(Ant) : _
acute and chronic hazardous air
pollutant according to EPA
Unclassifiable as to
Fluoranthene carcinogenicity in humans
7 4 202.3 according to IARC (Group 3), [10, 11,12, 13]
(Flu) , _
acute and chronic hazardous air
pollutant according to EPA
Unclassifiable as to
Pvrene carcinogenicity in humans
8 Y 4 228.3 according to IARC (Group 3), [10, 11, 12, 13]
(Pyr) ) .
acute and chronic hazardous air
pollutant according to EPA
Possibly carcinogenic to
Benzo[a]anthracene humans according to IARC
9 (BaA) 4 228.3 (Group 2B), acute and chronic ~ [10, 11,12, 13]
hazardous air pollutant
according to EPA
Possibly carcinogenic to
humans according to IARC
Chrvsene ‘O (Group 2B), acute and chronic
10 (rghr) 4 252.3 hazardous air pollutant [10, 11,12, 13]
according to EPA
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Table 1. Names, chemical structures, molecular weights and hazard classification of 15 priority PAHs

(continuing)

PAH and . Ring MW Hazard Reference
No Abbreviation Chemical Structure No (g/mol) Classification
O Possibly carcinogenic to
humans according to IARC
11 Benzofblfluoranthene O. 5 2523  (Group 2B), acute and chronic  [10, 11, 12, 13]
(BbF) h
hazardous air pollutant
according to EPA
O Possibly carcinogenic to
12 Benzo[k]fluoranthene 5 2523 humans accordlpg to IARC [10, 11, 12, 13]
(BkF) (Group 2B), chronic hazardous
air pollutant according to EPA
“ Carcinogenic to humans (Group
13 Benzo[a]pyrene 5 278.4 1) acct_)rdmg to IARC: acute and [10, 11, 12, 13]
(BaP) chronic hazardous air pollutant
according to EPA
‘ Probably carcinogenic to
. humans (Group 2A) according
14 ~ Dibenzolahlanthracene 5 276.3 to IARC, acute and chronic  [10, 11, 12, 13]
(DBahA) f
hazardous air pollutant
according to EPA
O Unclassifiable as to
Benzo[g,h,ijperylene carcinogenicity in humans
15 g.h.lpery 6 276.3 according to IARC (Group 3),  [10, 11,12, 13]
(BghiPe) \ .
acute and chronic hazardous air
pollutant according to EPA

PAHs are ubiquitous environmental contaminants that
arise from both natural and anthropogenic sources,
including incomplete combustion of organic matter,
industrial processes, vehicular emissions, and natural
events such as forest fires and volcanic eruptions [14,
15].

Due to hydrophobicity and electrochemical stability of
PAHs, their persistence in nature is high [16]. The
significance of PAHSs lies in their widespread distribution,
persistence in the environment, and potential adverse
effects on human health and ecosystems. Due to their
lipophilic nature, PAHs can accumulate in various
environmental compartments, including soil, sediment,
water, and air, leading to long-term exposure risks for
organisms across levels [17]. Hydrophobicity, stability,
and toxicity properties all rise in direct proportion to their
molecular weight of PAHs [16].

Moreover, recent research [18] has shed light on the
role of PAHs as persistent organic pollutants with long-
range atmospheric transport capabilities, leading to
global distribution patterns and bioaccumulation in
remote regions, including polar environments.

PAHs are of particular concern due to their known or
suspected adverse health effects. Several high
molecular weight PAHSs, such as benzo[a]pyrene (BaP),
have been classified as priority pollutants by regulatory
agencies due to their toxicological significance.
Exposure to PAHs has been associated with respiratory
diseases, cardiovascular disorders, and various types of
cancer, particularly in populations living in urban areas
or in close proximity to industrial facilities [19].
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PAH contamination in foods has recently become a
serious issue. In 2001, a processing problem caused a
general contamination of European olive pomace oils. In
2005, the European Commission (EC) maximum levels
for BaP were adopted for oils and fats. Vegetable oils,
naturally free of PAHs, are contaminated by some
processes. However, the PAHs’ content in vegetable oils
can be radically reduced during refining [20].

Various comprehensive studies from different aspects
have been conducted on olive oil by researchers such
as optimization of olive oil extraction [21, 22],
determination of antioxidative capacity of olive oils [23],
the effect of some additives on olive oil yield and quality
parameters [24]. In the extent of contaminants
determination; phthalate residues in olive oils [25], metal
contamination on olive oils [26], mycotoxin residues in
olive oils [27] and pesticide residues in olive oils [28]
were examined in the literature. Studies on the detection
of PAH residues in Turkish olive oil are limited. To the
best of our knowledge, there are 3 studies [16, 29, 30]
carried out in Turkiye for the detection of PAH residues
in olive oils which are about BaP levels in olive oil
samples.

Understanding the sources, fate, ftransport, and
toxicological effects of PAHs is essential for developing
effective mitigation strategies, regulatory policies, and
environmental monitoring programs to safeguard human
health and ecological integrity.

Advancements in analytical techniques, such as gas
chromatography-mass spectrometry (GC-MS) [31, 9]
and high-performance liquid chromatography (HPLC)
[32, 33], have enabled the accurate detection and
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quantification of PAHs in environmental matrices at
trace levels. Additionally, molecular and biomarker
approaches have provided insights into the sources and
transformation pathways of PAHSs in various ecosystems
[23].

Bertoz et al. [11] stated that information regarding PAH
concentrations in olive oils that are widely eaten
worldwide is somewhat scarce. It is an important issue
to reveal informative findings about PAH contamination
of olive oils. The aim of this study was determination and
evaluation of PAH contamination levels in olive oils in
the market. In this article, a survey of 14 olive oils
sampled from the Turkish market included extra virgin
olive oil (EVOO) and riviera olive oil (ROO) samples,
was done. 15 of 16 USA-EPA priority pollutants were
selected for the analyzes. Considerable amounts of
PAHs were determined in all the oil samples.

MATERIALS and METHODS
Sample Collection

Olive oils (n=14) including EVOO and ROO were
analyzed for its PAH content. Refined oils are marketed
as blends with unrefined oils because the refining
methods negatively impact the flavor, aroma, and color
of olive oil [10]. The ROO samples in the current study
were blends of refined and extra virgin olive oils. The
olive oils were purchased from different grocery stores in
Sebinkarahisar district of Giresun province. All of
samples were originated from Turkiye. Samplings of the
olive oils were performed in ftriplicate on unopened
containers which had been stored at room temperature
before the analysis.

Solvents and Chemicals

Chromatography grade hexane, dichloromethane,
acetonitrile, and purified water (Millipore, Bedford, MA,
USA) were used. The PAH standard mixture was
obtained from Sigma—Aldrich (Missouri, USA) and
consisted of 15 compounds (100 ng/mL; 96—-99.9%
purity). These compounds were as naphthalene (Na)
(1000 Ig/mL), acenaphthylene (Ap) (2000 Ig/mL),
acenaphthene (Ac) (1000 Ig/mL), fluorene (F) (200
Ig/mL), phenanthrene (Pa) (100 Ig/mL), anthracene (A)
(100 Ig/mL), fluoranthene (FI) (200 Ig/mL), pyrene (P)
(100 Ig/mL), benz-[a]lanthracene (BaA) (100 Ig/mL),
chrysene (Ch) (100 Ig/mL), benzo[b]fluoranthene (BbF)
(200 Ig/mL), benzo[k]fluoranthene (BkF) (100 Ig/mL),
benzo[a]pyrene (BaP) (100 Ig/mL),
dibenz[a,h]anthracene (DBahA) (200 lg/mL),
benzo[g,h,i]perylene (BghiP) (200 Ig/mL).

Sample Preparation

PAH extraction processes from olive oils were carried
out in accordance with a previously validated method
[34]. Since various matrix interferences along with PAHs
were extracted from the sample, clean-up step of the
samples was required for analytical determination. Solid
phase extraction (SPE) cartridges containing octadecyl
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phase (Chromabond, 5 mL, Macherey-Nagel, Duren,
Germany) were used for the cleaning-up step.

Olive oils (2.5+0.001 g) accurately weighed into a 10 mL
volumetric flask, and the oil was diluted to 10 mL using
n-hexane. Next, 1.0 mL of the sample solution was
placed onto a 5-g silica SPE cartridge that had already
been cleaned with 20 mL of dichloromethane, vacuum-
dried, and conditioned with 20 mL of n-hexane. PAHs
were eluted using a 70:30 (v/v) mixture of
dichloromethane and n-hexane. Following the discharge
of the initial 8 mL of eluate, an 8 mL fraction containing
the PAH component was collected in a conical vial.
Approximately one drop per second was used to control
the flow rate.

Minimizing volatile PAH losses, the collected fraction
was concentrated under a nitrogen stream to around 20-
30 pL of volume, allowing the leftover solvent to
evaporate spontaneously at ambient temperature. After
being dissolved in 100 uL of acetonitrile, the residue
was introduced into the GC device.

Instrumental Analysis

The chromatographic separation of the analytes was
performed using GC-MS (7890A GC with 5975C Inert
MSD, Agilent Technologies) on a HP-5ms capillary
column (30 m x 250 ym i.d. x 0.25 pym film thickness,
Agilent Technologies, USA). The column was a C18
reversed phase, 250 x 3 mm ID, 5 uym particle size
thermostatted at 38°C with a column heater. Head-space
equipment (Agilent, 7694E) was used before gas
chromatography to capture the PAH compounds.

Purified helium was used as a carrier gas at a constant
flow rate of 1.5 mL/min and the pressure was 18.633
psi. The injection port's initial temperature was set to
30°C. The temperature program of the oven was as
follows: 55°C held for 1 min, followed by a 25°C/min
ramp to 320°C for 5 min.

In a pulsed splitless mode, one microliter of the sample
was processed. Data was acquired using selected ion
monitoring (SIM) mode. The MS Source and MS Quad
temperatures were set to 230°C and 150°C,
respectively.

RESULTS and DISCUSSION

There are limited studies conducted in Tirkiye on the
investigation of PAH contamination of olive oils [16, 29,
30], and they are only upon the determination of BaP
levels in olive oils. In our study, 15 priority PAH active
substances were examined unlike other studies. In
addition to BaP levels; PAH4 levels also were presented
in this study and some evaluations were made by
comparing them with regulatory limits and with the
results of other researchers.

A collection of 14 samples from commercially available
olive oil brands were analyzed using GC-MS. Significant
results have been obtained from the samples.
Regarding BaP, except for 3 samples of EVOO and 2
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samples of ROO, other samples (64.28%) were not
compatible with the EU requirements. In terms of the
total amount of BaP, BaA, Chr and BbF substances
(called PAH4), none of the olive oil samples were not
compatible with the EU requirements. The PAH amounts
of the samples occurrence detected, varied between
0.04 pug kg' and 4637.13 ug kg'. The mean of the
occurrence was 264.61 pug kg' in PAH detected
samples.

Heavy PAHs (HPAHSs) are typically more stable and
hazardous than light PAHs (LPAHSs) [11]. In this study,
the amounts of LPAHs such as 2-ring and 3-ring in all
olive oil samples (especially in EVOO) were higher
compared to HMW PAHs. PAHs are compounds with
low water solubility, and water solubility tends to
decrease with each additional ring in the structure [11].
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LMW PAHs with less lipophilic properties and more
hydrophilic properties were detected at a higher rate in
this study. The results were compatible with the survey
of Scientific Committee on Food (SCF) indicated that the
low molecular weight PAHs were the most prevalent
type of PAHs found in foods [35].

Determination and quantification of the PAH compounds
was made in light of their retention times (RT). RTs
identified by using standard chromatogram obtained
from mix samples of 15 PAH component and evaluation
were made by chromatographic comparison with the
standard chromatogram. GC-MS standard
chromatogram at the concentration of 100 ug kg’ is
presented in Figure 1.
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Figure 1. GC-MS spectrum of standard chromatogram (100 ug kg™)

The results of PAH concentrations in EVOO samples
were presented in Table 2 and the results of PAH
concentrations in ROO samples were presented in
Table 3.

The highest amount of PAH compounds was Nap in all
samples. Nap was detected mostly in B1 brand in both
EVOO and ROO samples. The interesting part of the
result was that the B1 was a major brand that has a
dominating power in the market. The Nap
concentrations in samples ranged between 1054.66 pg
kg' and 2732.59 ug kg (the mean: 2698.00 ug kg™).
The highest amounts of PAH components in all samples
after Nap were Ac, Acy and BbF. The mean levels of
these PAHs were 153.62 ug kg, 137.45 ug kg’ and
87.68 ug kg, respectively.

Phe was the compound detected in the least number of
samples. Phe was detected in only one sample as 14.42
ug kg in which was EVOO sample of B4 brand. Despite
there is no regulatory limit for Phe set by law, 14.42 ug
kg™ concentration was a significant amount compared to

threshold limit of PAH4 designated by law as 10 ug kg™'.
Flu followed Phe in being present in the fewest number
of samples. Flu was detected in both EVOO and ROO
samples of 2 brands coded as B1 and B2. Flu was
detected as 20.09 pg kg in the EVOO sample of B1
brand and 21.11 ug kg’ in the ROO sample of B1
brand. For B2 brand, Flu was detected as 6.67 ug kg™ in
the EVOO sample and 3.15 ug kg™ in the ROO sample.

In terms of detected PAH compound at the lowest
amount in all samples, BaA was the lowest. BaA was
detected at a minimum level of 0.04 ug kg’ in EVOO
samples and detected at a minimum level of 0.69 ug kg™
in ROO samples.

About PAH limit values, the EU Regulation (Regulation
No. 835/2011) and the Turkish Food Codex Regulation
(Contaminants Regulation No. 28157/2011) are
compatible with each other. According to the
regulations, the maximum limit was designated 2 ug kg™
for BaP and 10 ug kg™ for the PAH4 compounds consist
of BaP, BaA, Chr and BbF.
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Table 2. PAHs contents of randomly selected some samples comprising of extra virgin olive oils (ug kg™")

Extra virgin olive oil (EVOO)*

PAHs B1-E B2-E B3-E B4-E B5-E B6-E B7-E
Nap 3250.92+0.06 2984.85+0.35 2558.86+0.03 2531.97+0.36 2855.37+0.12 2426.7+0.08 2519.47+0.23
Acy 511.73+0.42 136.62+0.12 65.35+0.14 58.89+0.07 68.25+0.06 58.78+0.19 62.54+0.34
Ac 898.9910.21 56.22+0.09 27.62+0.08 19.66+0.18 33.78+0.38 28.11+0.22 10.95+0.14
Fle N.D.** 21.89+0.41 8.98+0.24 7.08+0.02 12.00£0.15 9.62+0.10 N.D.
Phe N.D. N.D. N.D. 14.42+0.09 N.D. N.D. N.D.
Ant 15.35+0.12 16.33+0.17 21.52+0.19 16.33+0.23 17.90+0.08 22.29+0.34 12.20+0.03
Flu 20.09+0.24 6.67+0.15 N.D. N.D. N.D. N.D. N.D.
Pyr 21.02+0.06 18.88+0.09 14.36+0.05 11.61+0.23 12.89+0.16 11.81+0.02 10.35+0.11
BaA 8.160.14 0.50+0.03 6.0710.21 5.61+0.05 0.04+0.01 N.D. N.D.
Chr 10.71+0.01 11.10£0.14 N.D. N.D. N.D. 3.59+0.09 3.56+0.12
BbF 53.43+0.18 46.53+0.07 133.8910.02 197.9810.14 36.88+0.03 17.74+0.05 40.32+0.33
BkF 26.54+0.22 24.03+0.16 66.54+0.29 99.69+0.03 19.38+0.17 8.81+0.09 20.59+0.29
BaP 32.50+0.10 14.38+0.29 14.99+0.11 14.47+0.09 N.D. N.D. N.D.
DBahA 42.41+0.06 N.D. 52.16+0.06 48.81+0.06 48.95+0.06 42.54+0.06 47.45+0.06
BghiPe 29.12+0.06 11.04+0.06 127.70+0.06 11.78+0.06 6.08+0.06 3.57+0.06 7.18+0.06
*Number of replicates = 3, B: Brand, E: Extra virgin olive oil, **N.D., Not Detectable
Table 3. PAHs contents of randomly selected some samples comprising of riviera olive oils (ug kg™)

Riviera olive oil (ROO)*
PAHs B1-R B2-R B3-R B4-R B5-R B6-R B7-R
Nap 4637.13+0.21 2408.31+0.07 2444.27+0.19 2503.8410.02 2872.97+0.18 2722.73+0.41 1054.66+0.11
Acy 100.4910.14  121.86+0.04 61.51+0.17 58.68+0.09 61.24+0.29 56.80+0.27 61.27+0.34
Ac 77.25+0.01 68.81+0.16 23.07+0.02 18.80+0.26 29.79+0.05 N.D.** 3.77+0.38
Fle N.D. 22.52+0.36 6.8310.14 6.3210.25 11.84+0.43 28.58+0.03 7.89+0.03
Phe N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ant 52.91+0.19 18.32+0.43 16.81+0.23 11.33+0.23 24.66+0.15 30.04+0.14 22.62+0.14
Flu 21.11+0.44 3.15+0.06 N.D. N.D. N.D. N.D. N.D.
Pyr 20.59+0.19 17.7110.04 12.26+0.09 11.55+0.06 13.18+0.46 11.30+0.36 12.01+0.23
BaA 15.99+0.15 14.75+0.12 0.69+0.02 14.31+0.20 6.52+0.24 N.D. N.D.
Chr 18.38+0.35 N.D. N.D. 19.90+0.08 12.49+0.21 4.31+0.14 2.93+0.08
BbF 30.07+0.32 42.61+0.07 199.32+0.08  202.97+0.28 31.62+0.22 68.51+0.10 38.64+0.17
BkF 14.95+0.29 21.77+0.19 99.97+0.34 102.06+0.24 15.72+0.27 34.81+0.23 20.00+0.12
BaP 3.3110.05 15.16+0.13 15.95+0.16 14.72+0.10 N.D. N.D. 51.17+0.08
DBahA 30.16+0.14 N.D. 51.00+0.04 43.77+0.29 47.24+0.16 42.16+0.07 52.44+0.19
BghiPe 39.49+0.22 7.17+0.06 13.30+0.06 3.09+0.05 37.34+0.19 26.76+0.02 5.99+0.04

*Number of replicates = 3, B: Brand, R: Riviera olive oil, N.D., Not Detectable; **N.D. = Not Detected

Based on the evaluation of the PAH profiles in food,
SCF recommended using BaP as a marker of presence
and impact of the carcinogenic PAHs in food [36].
Despite the fact that maximum BaP level should have
been 2 ug kg™ according to the law, commercial brands
except for samples B5, B6 and B7 of EVOO samples,
did not meet the regulatory threshold levels for BaP.
Detected BaP levels above the limit in EVOO samples
ranged from 14.38 ug kg’ to 32.50 pg kg”' with the
mean 19.09 ug kg™'. Baloglu and Bayrak [29], found BaP
concentrations between 0.330 pg kg™ and 0.870 ug kg™
for 3 samples of 20 extra virgin olive oils in Ankara
province. Sekeroglu et al. [30], found BaP
concentrations between 2.7 ug kg™ and 38.8 ug kg™ of 5
olive oil samples in Gaziantep province. Citak [16] found
BaP concentrations between 2.6 ug kg and 19.2 pg kg
" for 7 samples of 9 extra virgin olive oils in Izmir
province and found between 3.0 ug kg™ and 36.1 ug kg™
for 14 samples of 15 extra virgin olive oils in Aydin
province. In ROO samples in our study, commercial
brands except for samples B5 and B6, did not meet the
regulatory threshold levels for BaP. Detected BaP levels
above the limit in ROO samples ranged from 3.31 pg kg'
to 51.17 ug kg™ with the mean 20.06 ug kg™. Baloglu
and Bayrak [29], found the BaP levels up to 2.465 ug
kg' in 12 samples of 20 riviera olive oils. Sekeroglu et al.
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[30], found the BaP concentrations between 16.2 ug kg™
and 74.9 ug kg™ of 5 riviera olive oil samples. Citak [16]
found between 3.0 ug kg™'and 13.7 ug kg™ BaP levels in
2 samples of riviera olive oils. BaP residues of extra
virgin olive oils and riviera olive oils in our study were
quite high compared to Baloglu and Bayrak [29]. BaP
residues detected in our study were compatible with the
results of Sekeroglu et al. [30] and Citak [16].

Elaridi et al. [31] indicated that two different samples of
one brand had 9.45 ug kg™ and 11.9 ug kg™' BaP levels
from 25 bottled olive oil brands marketed in Lebanon.
Similar conditions such as such as SPE and GC-MS
were used in the study. The results of Lebanon olive oil
samples were above the regulatory limits. Our results
were higher than Lebanon olive oil samples in Elaridi et
al. [31]'s study.

Fromberg et al. [20] reported that BaP concentrations in
46 EVOO samples were from <0.2 ug kg™ to 0.4 ug kg,
and BaP concentrations in 6 olive oil (OO) samples were
from <0.2 pyg kg' to 0.2 ug kg'. In the study of
Fromberg et al. [20], SPE method and GC-MS adopted
as in our study and the BaP occurrence in the samples
was below the permissible limits.
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In the report of EC [37], BaP levels in virgin olive oils
(VOO) from 671 samples were varied between 0.015 ug
kg and 32 ug kg'; BaP levels in olive oils (OO) from
280 samples were ranged between 0.03 ug kg™ and 89
ug kg'. EC report indicated that some olive oil samples
in the market had lower amounts than the legislation but
some of them had higher than the upper BaP limit. The
BaP levels of VOO samples were in line with our study.

Van der Wielen et al. [38] revealed the amount of BaP
from 170 samples was up to 85 ug kg™ in OO samples.
Pupin and Toledo [39] detected BaP concentrations of
OO samples from 32 samples ranged between 0.5 ug
kg and 164 ug kg™'. These results suggested that the
highest BaP concentrations from these two studies were
considerably higher than in our study.

BaP concentrations in 6 EVOO samples in the study of
Krajian and Odeh [40], ranged from 0.08 pg kg™’ to 5.79
ug kg with mean value 1.52 ug kg™'. The BaP levels in
EVOO samples were lower than the levels of our study.
However, the levels of Krajian and Odeh [40] were
higher than the permissible Ilimits of EU. BaP
concentrations in Rascon et al. [41] were all lower than
the amount of this study. Rascén et al. [41] determined
BaP concentrations from 0.018 ug kg™ to 0.075 pg kg™
in 8 EVOO samples. These range of BaP levels were
quite low.

Ju et al. [42] found that BaP occurrence in the samples
was below the limit levels. BaP concentration in EVOO
sample was 0.481 pg kg™'. In OO sample, BaP level was
below Limit of Quantification (LOQ) value in the study of
Ju et al. [42]. Shi et al. [43] declared that BaP
concentrations obtained from 8 samples were in the
range of 0.27 ug kg™' and 0.89 ug kg'. These amounts
were compatible with the requirements of legislation and
quite lower than the levels of our study.

The data obtained in our study about the compounds
that constitute of PAH4 was as follows: BaA detected
samples from EVOO and ROO samples, had the
occurence level between 0.04 pg kg™ and 15.99 ug kg™'.
BaA was not detectable in B6 and B7 brands both of
EVOO and ROO samples. Chr detected samples among
of EVOO and ROO varied between 2.93 ug kg™ and
19.90 ug kg™'. Chr was not detectable in B3, B4 and B5
brands of EVOO samples. In ROO samples, Chr was
not detectable in B2 and B3 brands. There was no
sample that BbF could not be detected in the study. BbF
detected samples among of EVOO and ROO varied
between 17.74 ug kg™ and 202.97 ug kg™

According to the legislation, PAH4 should not be above
10 ug kg in fats and oils for human consumption or
used as food ingredients. However, in this study; PAH4
in EVOO samples ranged from 21.33 ug kg™ to 218.06
ug kg'. PAH4 in ROO samples ranged from 50.63 ug
kg' to 251.9 ug kg'. Even the lowest result of all
samples was found to be above the EU Regulation and
Turkish Regulation limit value. As a matter of fact, all
olive oil brands had PAH4 contamination in their
products.
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PAH4 amounts in Elaridi et al. [31] were 19.3 yg kg™' and
26.7 ug kg™'. These values were lower than of our study.
However, the values were higher than the permissible
limits of combination of 4 PAH components.

Gharbi et al. [8] declared the PAH4 level was between
0.2 ug kg and 0.7 ug kg'. The PAH4 amounts of
EVOO and OO samples in Ju et al. [32], were 2.508 ug
kg in EVOO sample and 0.540 ug kg™ in OO sample.
These levels were quite lower than the amounts of our
study, and below the upper limit of legislation. PAH4
concentrations in 6 EVOO samples in the study of
Krajian and Odeh [40], ranged from 0.34 pg kg and
20.2 ug kg' with mean value 7.66 ug kg'. The PAH4
levels were lower than the levels of our study but some
of the samples were higher than the permissible limits of
EU.

Rascéon et al. [41], PAH4 concentrations were
determined between 0.035 ug kg™ and 0.667 ug kg™ in
8 EVOO samples. PAH4 occurrence of 8 samples in Shi
et al. [43] was declared as 1.48 ug kg™ and 4.67 ug kg™'.
These amounts were compatible with the requirements
of legislation.

The sum of PAH content of 45 compounds in Ekner et
al. [9] was from 9.17 ug kg™ to 94.7 ug kg™'. Krajian and
Odeh [40] revealed that the total amount of 16 PAH
compounds in 6 EVOO samples ranged from 33.4 g
kg to 82.4 ug kg™'. Rascén et al. [41], the sum of PAH
content varied between 0.074 ug kg™ and 4.321 ug kg™’
in 8 EVOO sampiles. In 8 olive oil samples of the study
Shi et al. [33], the sum of PAH content ranged from
17.90 ug kg™ to 57.55 ug kg™.

The highest level for the sum of PAH amount from the
literature was determined as 94.7 ug kg’ [9]. In our
study, PAH detected samples were ranged from 0.04 ug
kg' to 4637.13 ug kg'. 27 results of our study were
higher than 94.7 ug kg™ concentration level. This is the
rate 16.17% of all the samples and mostly consisting of
Nap component.

The results showed that commercially available olive oils
contained probably and possibly carcinogenic PAHSs.
For instance, among 14 olive oil samples, one
commercial brand of samples (6.67%) contained residue
of PAHs carcinogenic to humans (Group 1), one
commercial brand (6.67%) contained residue of PAHs
probably carcinogenic to humans (Group 2A), four
commercial brands (26.67%) contained residue of PAHs
possibly carcinogenic to humans (Group 2B), seven
commercial brands (46.67%) contained residue of PAHs
unclassifiable as to carcinogenicity in humans (Group
3B). Compared to Elaridi et al. [31], the percentiles were
lower in our study concerning to hazard classification.

Considering the results; all olive oil samples analyzed
were contaminated with PAH residues little or much.
This is an issue that should be taken into consideration
seriously. Bertoz et al. [11] stated that PAHs can be
found in high levels in edible oils because of their
lipophilic nature. Consuming the foods with these
occurrence levels will have negative health effects on
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people both in the short and in the long term. For
instance, PAHs can be metabolized to reactive
compounds in the human body that show the ability to
damage structural proteins and DNA. This can be
resulted in mutations, developmental malformations,
tumors, and cancer [44, 45].

It is essential to take precautions to minimize PAH
occurrence in olive oils. For this reason, it is useful to be
aware of the sources of contamination. According to
Rascoén et al. [41] environmental pollution, production
methods, or the composition of the oil were the main
causes of PAHs in olive oils. For instance, particles
arising from air pollution and smoke contain PAH
components caused olive oil contamination. The PAH
components adhere to olive peel through polluted air
transferred to the oil when the oil is extracted [41, 46].

Fuel emission from mechanical harvesters was the main
source of PAH contamination for olive oils followed by
traffic emission [9, 11]. In olive oil production, olive
harvesting is carried out in two ways including collecting
olives manually from tree or harvesting olives by
harvester machines [47]. Incomplete combustion of the
fuel from harvester machines releases various PAH
compounds. These PAHs accumulate on the surface of
olives and cause the contamination of olives.

Using high temperature during the grinding of olives and
the extraction of olive pulp may cause PAH formation at
the batch. For instance, higher levels of PAHs in the
samples may have resulted from the hot-pressing
procedure used when processing the olives [31].

Elaridi et al. [31] indicated that the firms close to
industrial regions might accounted for the PAH pollution
levels in olive oils. In our study, it is difficult to allege that
all the production plants of olive oil samples with high
PAH contents were generally close to industrial areas.
From this angle, it is understood that the main source of
contamination in the olive oil samples produced in
Akhisar (Manisa) and Ayvalik (Balikesir), was the
automation  systems used during harvest or
manufacturing conditions. Remarkably, although olive
oils factories located in Izmir were more vulnerable to
the negative effects of industrialization, the lower levels
of PAH occurrence were determined from the samples
produced by izmir plants.

During the manufacturing processes lubricants,
extraction solvents, and detergents may also
contaminate the olive oil with PAHs. According to Bertoz
et al. [11], lubricating oil used during conveyor belt
installation, debris exposed during plant maintenance,
detergents for cleaning the lines in the factory and so on
are the other sources of contamination. Scimko et al.
[47] declared that recycled polyethylenes such as plastic
bottles contain PAH residues can contaminate the olive
oils by means of diffusion from the bottle. In addition to
this, Moret and Conte [48] expressed that the migration
of PAHs to olives can be caused by jute olive bags
whose jute fibers have been treated with mineral oils.
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It is possible to reduce PAH contamination in olive oils
through the filtration process during the olive oil
production [9, 20, 40]. Before bottling, natural olive oils
are physically filtered [49]. For this purpose, the tanks
are heated to 20-28°C in the cold months and the oils
are aged for ten days to a month. Next; olive oils are
filtered through the systems consisting of various
materials such as hydrophilic cotton, cellulose and soail
(diatomaceous earth, kieselguhr). However; the flavor,
aroma, and color of the olive oils are all negatively
impacted by the refining operations. Therefore, blending
refined olive oils with unrefined olive oils can be a
solution to avoid the loss [9].

PAH content in vegetable oils can be decreased by
bleaching and deodorization processes [11, 42, 50]. The
reasons for the decrease are removing some of PAHs
by the adsorption property of bleaching clay in the
bleaching step and removal some of PAHs while
removing undesirable volatile compounds in the
deodorization step. However, these steps are not
included in the olive oil production processes. Therefore,
outside the olive oil industry, it is possible to reduce the
occurrence of PAHs in vegetable oils through bleaching
and deodorization processes [11]. While deodorization
is an effective method for removing LMW PAHs from
crude vegetable oils, neutralization using activated coal
or activated earth is a more efficient way to remove
HMW PAHSs [9, 51, 52, 53].

CONCLUSION

In this study, commercial olive oil samples (n=14) were
analyzed for the presence of various PAHs. Considering
the results, all olive oil samples analyzed were
contaminated with PAH residues. The PAH amounts of
the samples occurrence detected, varied between 0.04
ug kg and 4637.13 ug kg™ (the mean 264.61 ug kg™) .
Regarding BaP, 64.28% of the samples were not
compatible with the EU requirements. None of the olive
oil samples were not compatible with the EU
requirements in terms of PAH4 compounds. This is an
issue that should be taken into consideration seriously.
It is clear that consuming the foods with these residue
levels will have negative health effects on people both in
the short and in the long term. Therefore, it is essential
to take necessary precautions to minimize PAH residues
in olive oils.
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ABSTRACT

Mulmina™ mango juice is the brand name of the formulation containing Mangifera indica L., Centella asiatica,
Curcuma longa, essential vitamins and minerals. Mulmina™ is natural immune booster and stress reliever. The
present study is to investigate the effect of Mulmina™ mango juice for its anti-allergic property by in vivo models like:
Compound 48/80 induced mast cell degranulation in rat mesentery, rat peritoneal fluid, milk induced leucocytosis and
eosinophilia in mice and systemic anaphylaxis in mice. Mulmina™ mango juice exhibited potential anti-allergic
property with marked reduction in number of degranulated cells, reduction in antigen (milk) induced immunological
reaction by lowering leucocytes and eosinophil count and showed protection against histamine induced anaphylactic
shock. These results constitute the first report of the anti-allergic properties of Mulmina™ mango juice on allergic
models, as well as suggesting that this natural fruit juice could be successfully used in the allergic conditions.

Keywords: Mulmina mango juice, Allergy, Leucocytes, Eosinophil, Anaphylaxis

Mulmina™ Mango Suyunun Anti-Alerjik Ozelliginin In Vivo Modellerde Degerlendirilmesi
0z

Mulmina™ mango suyu, Mangifera indica L., Centella asiatica, Curcuma longa, temel vitaminler ve mineraller igeren
formilasyonun marka adidir. Mulmina™ dogal bagisiklik glglendirici ve stres gidericidir. Bu galismada Mulmina™
mango suyunun anti-alerjik 6zelligi i¢in etkisi in vivo modellerle arastirmaktadir: Bilesik 48/80, fare mezenterinde mast
hiicre degraniilasyonunu, fare periton sivisini, farelerde siit kaynakli 16kositoz ve eozinofiliyi ve sistemik anafilaksiyi
indiiklemistir. Mulmina™ mango suyu, degraniile hiicre sayisinda belirgin azalmaya neden olmus, |6kosit ve eozinofil
sayisini digurerek antijen (sut) kaynakli immunolojik reaksiyonda azalma ile potansiyel anti-alerjik 6zellik sergilemis
ve histamin kaynakl anafilaktik soka karsi koruma géstermistir. Bulgular, Mulmina™ mango suyunun alerjik modeller
Uzerindeki anti-alerjik Ozelliklerini bildiren ilk calismadir ve bu dogal meyve suyunun alerjik kosullarda basariyla
kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Mulmina mango suyu, Alerji, Lokositler, Eozinofil, Anafilaksi
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INTRODUCTION

The prevalence of allergic diseases in Western
countries has risen substantially over the last few
decades [1]. Allergy may be defined as the potential for
development of immunologically mediated reactions to
allergens, which in 80% of the allergy-based clinical
diseases in man [2]. Exposure to an antigen sets off an
immune-mediated cascade of inflammatory events.
First, the allergen is broken down into smaller peptides
and exposed to T cells by antigen-presenting cells. The
T cells produce cytokines such as interleukin 4 (IL-4)
that induce B cells to produce antigen-specific IgE,
which binds to high affinity FceRI receptors on basophils
and/or mast cells [3]. On a second encounter with the
same allergen, the allergen cross-links the IgE bound to
FceRI receptors, activating them and causing the
release of inflammatory mediators such as histamine,
prostaglandins, and leukotriene [4]. Preformed
mediators, such as histamine, neutral proteases and
other enzymes, and chemotactic factors, are present in
granules and released by fusion of the granule
membranes with the cell membrane. Other substances,
such as cytokines, and lipid mediators, such as
prostaglandins and cysteinyl leukotrienes (LTC4, LTD4
and LTE4) are newly synthesized and secreted following
cross-linking. Current treatment of allergic symptoms
consists of antihistamines, leukotriene receptor
antagonists [5-9]. mast-cell stabilizers [10-11], and
corticosteroids [12]. Some of the above treatments
cause severe adverse effects [11-14].

In recent years, there has been an increasing interest on
natural products that possess potential health benefits,
particularly those derived from herbal sources. Among
these, Mulmina mango herbal juice, manufactured by
Jagadale Industries Pvt. Ltd., stands out as a unique
product due to its formulation and claimed health
benefits. Marketed as the world’s first aseptic Tetra Pak
product under the label of Vedic nutrition, Mulmina™
mango herbal juice is promoted as a natural immune
booster. The primary ingredients of Mulmina mango
herbal juice include Mangifera indica, Centella asiatica
extract, Curcuma Ilonga, and other nutritional
components, including B-carotene, various B vitamins
(B1, B2, B3, B5, B6, B9), Vitamin C, Vitamin E, Zinc,
Iron, and selenium. These nutrients play crucial roles in
supporting immune function, antioxidant defence, and
overall health.

Mangifera indica L. fruit pulp (Fam. Anacardiaceae)
commonly known in India as mango (aam). Mango
possess extensive array of nutrients and beneficial
phytochemicals. The tropical fruit is rich in essential
vitamins such as vitamins (A, C and E), minerals
(potassium, magnesium, selenium), polyphenols
(magniferin, quercetin and kaempferol). Studies suggest
that due to the presence of polyphenols and flavonoids
in mangoes may help to modulate allergic response by
reducing the release of histamine and other
inflammatory mediators [15]. The pharmacological
activities of mongo: antiallergic, antifungal, antitumor,
antiamoebic, spsmolytic, anti-inflammatory, analgesic,
antioxidant and immunomodulatory properties [16-19].
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Centella asiatica Linn, belonging to the Apiaceae family
and commonly known as Madukaparni or Gotu Kola, is
celebrated for its extensive therapeutic properties that
have been recognized in both traditional and modern
medicine. C. asiatica is recognized for its antiallergic
properties, attributed to its rich phytochemicals
composition and pharmacological actions [20]. Centella
asiatica has different therapeutic properties like wound
healing, anticancer, anti-allergic, anti-inflammatory,
antileprotic antinociceptive and antidiabetic. Important
active constituent’s presents in Centella asiatica are
glycoside, triterpenoid saponins, including asiaticoside,
centelloside, madecassoside and asiatic acid,
rhanmanose. In addition, Centella contains other
components, including volatile oils, flavonoids, tannins,
phytosterols, amino acids and sugars [21-24].

Curcuma longa Linn, commonly known as turmeric and
belongs to family Zingeberaceae has traditionally been
used to treat pain, fever, allergic and inflammatory
diseases such as bronchitis, dermatitis and arthritis.
Turmeric has been also studied expansively for its
pharmacological activities such as antioxidant, anti-
inflammatory, anti-cancer, anti-microbial, and
neuroprotective effects [25-29]. Curcumin, a main
ingredient derived from turmeric, has been also claimed
to be an antioxidant and anti-inflammatory agent [30].

The present study aims to evaluate the anti-allergic
properties of Mulmina™ mango herbal juice (Figure 1),
building upon the rich tradition of using natural remedies
to promote health and well-being. By exploring the
potential benefits of this herbal formulation, this
research seeks to contribute to the growing body of
knowledge on natural products in modern healthcare,
highlighting their role as complementary or alternative
therapies to conventional medicine.

Figure 1. Mulmina™ mango juice
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MATERIALS and METHODS
Chemicals and Reagents

Compound 48/80, Histamine, ovalbumin, Thiobarbituric
acid (TBA) with Malondialdehyde (MDA) Sulphanilamide
and N-1-napthylethylenediamine dihydrochloride (NED)
reduced glutathione (GSH), 5,5-dithiobis-2-nitrobenzoic
acid, thiobarbituric acid and trichloroacetic acid were
purchased from Hi-media Laboratories Pvt. Ltd,
Mumbai, India. All the other chemicals used were of
analytical grade.

Animals

Adult albino Wistar rats (180-220 gm), albino mice (18 -
20 gm) were used for the present study. The animals
were housed in animal house of Sree Siddaganga
College of Pharmacy, Tumkur, Karnataka, India. The
animals were maintained under controlled condition of
temperature (23+2°C), humidity (50+5%) and 12 h light-
dark cycle. The animals were acclimatized for seven
days before the study. The animals were randomly
divided into groups and individually housed in a
sanitized polypropylene cage. Animals were habitude to
laboratory conditions for 48 hours to minimize if any
non-specific stress. The animals were free assessed to
standard pellets as a basal diet and water ad libitum.
The experimental protocol was approved by the
institutional animal ethical committee and conducted
according to CPCSEA guidelines, Govt. of India.

Mulmina™ Mango Juice Preparation for Studies

Mulmina™ mango juice recommended for human two
400 mL per day as a natural antioxidant and immune
booster. The animal dose was calculated by using
USFDA dose conversion guidelines ie Animal Effective
dose (AED) mg/kg =Human Effective Dose (mg/kg) X
Dose conversion factor. Accordingly, Rat dose
conversion factor 6.2 and Mouse conversion factor 12.3
were used for the dose calculation for rats and mouse.
Rat dose used was 42 mL/kg as high dose and 21
mL/kg as low dose similarly for mouse high dose was 82
mL/kg and low dose of 41 mg/kg body weight used for
studies.

Anti-Allergic Screening of Mulmina Mango Juice

Compound 48/80 Induced Mast Cell Degranulation in
Rat Mesentery

Male Wistar rats (180-200 g) were selected and
acclimatized for 7 days [31]. Randomized into six
groups, each containing eight animals. Sensitization
with compound 48/80 (1 mg/kg, i.p) on first day after 2 h
of treatment except group | and Il. Each group received
respective treatment up to 7 days. The animals were
sacrificed under overdose of anaesthesia. Mesentery
was collected and challenged with Compound 48/80.
Numbers of intact and degranulated cells were observed
and percentage protection was calculated.
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Compound 48/80 Induced Mast Cell Degranulation in
Rat Peritoneal Fluid

The Male Wistar rats (180-200 gm) acclimatized for 7
days and divided into six groups, each containing eight
animals [32]. Sensitization with Compound 48/80 (1
mg/kg, i.p) on first day after 2 h of treatment except
group | and Il. Each group received respective treatment
up to 7 days. On 7" day after 2 hours of respective
treatment, 10 mL of normal saline was injected into rats
through peritoneal cavity. After a gentle massage of
peritoneal region for a period of 5 minutes, peritoneal
fluid was collected. 1 mLof collected peritoneal fluid was
mixed in a 2 mL Eppendorf tubes containing 1mL of
RPMI-1640 (Roswell Park Memorial Institute-1640) at
pH 7.2-7.4. Then, the tube containing peritoneal fluid
with RPMI-1640 media was centrifuged twice at low
speed (400-800 rpm) for 10 min. Further, discard the
supernatant and the pellets containing mast cells re-
suspended in 2 mL RPMI-1640 media. The mast cells
suspension placed on fresh and clean glass slide.
Smear was prepared on a glass slide, and challenged
with compound 48/80 (5ug/ mL) and air-dried. Then, the
slides stained with 0.1% toluidine blue in 4% v/v
aqueous formalin solution for 10 min. The stained cells
were then immersed in xylene for 5-10 min and finally
rinsed 2 or 3 times with acetone and was observed
under microscope at high power. Total of 100 cells from
different regions of different visible areas was counted
on prepared slide. Then record the number of intact and
degranulated mast cells and percentage protection was
calculated.

Milk Induced Leucocytosis and Eosinophilia in Mice

Blood samples were collected from each mouse via
retro-orbital plexus before drug administration and were
collected in an EDTA coated tubes for analysis [33].
(Leucocytosis and eosinophils). After 45 minutes of the
respective treatments to the same grouped mice
received boiled and cooled cow milk through
subcutaneous route except group | and Il. After 24 h
blood were withdrawn from retro-orbital plexus and were
collected in an EDTA coated tubes for count from Group
I to VI.

a. Total leukocyte: Samples were diluted with
WBC diluting fluid (1:1) using WBC pipette. Diluted
blood in a pipette were shaken and kept aside for 5 min
and total leucocyte count were determined by using
Neubauer’'s chamber.

b. Eosinophils count: Smear on plane slide was
prepared using collected blood samples. Leishman’s
stain was used for staining the smears. This caused
eosinophils to show up as orange-red granules. Then
the eosinophil cells were counted under light
microscope at 45X and tabulated.

Effect of Mulmina Mango Juice on 48/80-Induced
Systemic Anaphylaxis

Swiss albino mice (20-25) g of either sex were selected
and randomly divided into four groups of ten animals
each [34-36]. After the administration of the anaphylactic
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shock by compound 48/80 (8 mg/kg, i.p.) the mice were
observed for mortality. Over the period of observation
throughout 1 h, mortality of animals from all groups were
noted. The percentage of mortality were calculated
using the formula

p . cali The number of dead mice 100
ercentage mortality = X
ge v Total number of experimental mice

Statistical Analysis

All experimental data was expressed as Mean + S.E.M
(n = 6), Statistical evaluation was done by One-way
ANOVA followed by Tukey’s post hoc test. a p< 0.001
was considered significant.

RESULTS

In the model of compound 48/80 induced mast cell
degranulation in rat mesentery, the compound 48/80

alone used to sensitize the rats. The isolated mesentery
showed extensive degranulation of mast cells and found
significantly (p<0.001) high number of degranulated
mast cells 75.5£3.87 than the normal control group
(10.3+£0.65) (Table 1 & Figure 2). It was noteworthy from
the that treatment with Mulmina™ mango juice (21
mL/kg & 42 mL/kg) exhibited significant reduction
(p<0.001 & p<0.001) in number of degranulated cells
(27.4£1.17 & 15.1+0.54) and the percentage protection
was found to be (63.70% & 80.00%) when compare to
compound 48/80 alone group. Moreover, rats treated
with the standard drug ketotifen fumarate (1mg/kg)
showed marked reduction (p<0.001) in number of
degranulated cells (18.8+0.64) with 75.09% protection in
compare to compound 48/80 alone group. Treatment of
Mulmina™ mango juice to chemically induced mast cell
degranulation in rat mesentery exhibited comparable
protection as that of standard ketotifen fumarate

(1mg/kg).

Table 1. Effect of Mulmina™ mango juice in 48/80-induced mast cell degranulation in rat mesentery

Percentage (%)

Percentage (%) Percentage (%)

Groups  Treatment Intact mast cell degranulated mast cell protection

| Normal control 89.72+0.65 10.31£0.65 NA

Il Mulmina™ alone 89.04+1.14 11.0£1.14 NA
Inducer control s st

I (Compound 48/80) 24.49+3.86 75.5+3.87 NA
Mulmina™

v (21 mL/kg p.0.) 72.64+1.17 27.4+1.17 63.70
Mulmina™

Y (42 mL/kg p.o.) 84.86+0.54 15.1£0.54 80.00

VI Standard 81.19+0.64™ 18.840.64™" 75.09

(Ketotifen 1 mg/ kg)

*Each value represent the MeantS.E.M (n=6), ##P<0.001 compared to normal control; “"P<0.007 compared
to Compound 48/80 group. NA= Not applicable. Statistical evaluation was done by Tukey’s posthoc test.
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Figure 2. Effect of Mulmina™ mango juice in 48/80-induced mast cell degranulation in rat mesentery
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In the experiment model of compound 48/80 induced
mast cell degranulation in rat peritoneal fluid, the
experimental rats were sensitized and challenged with
compound 48/80. The peritoneal fluid of inducer control
groups rats showed significant (p<0.001) increase in
degranulation of mast cells (87.54+0.46) when
compared to normal control group (15.34+0.85) (Table 2
& Figure 3). Treatment with Mulmina™ mango juice (21
mi/kg and 42 mL/kg) showed significant (p<0.001)
reduction in number of degranulated cells (23.31+0.88 &
13.53+1.03 respectively) when compare to the
compound 48/80 alone group. Both the treatment doses

showed 73.37% and 84.54% protection against mast
cell degranulation challenged with compound 48/80.
Tallying with standard drug Ketotifen fumarate (1mg/Kg)
which showed significant (p<0.001) decreased number
of degranulated mast cells and protection was found to
be 77.02% when compared to compound 48/80 group.
In comparison with normal rats treated with the higher
dose of Mulmina™ mango juice alone did not caused
degranulation suggesting the safety of tested
formulation. The higher dose of Mulmina™ mango juice
showed slightly higher protection in comparison with
tested standard compound.

Table 2. Effect of Mulmina™ mango juice in compound 48/80 induced mast cell degranulation in rat

peritoneal fluid.

Treatment* Percentage (%) Percentage (%) Percentage (%)
Intact mast cell degranulated mast cell protection

Normal control 82.9+1.86 15.34+0.85 NA
Mulmina™ alone 82.2+0.51 11.86+0.74 NA
Inducer control (Compound 48/80) 12.5+0.46%# 87.54+0.46%# NA
Mulmina™ (21 mL/kg p.o.) 76.70+£0.88** 23.311£0.88*** 73.37
Mulmina™ (42 mL/kg p.o.) 86.5+1.03*** 13.53+1.03*** 84.54
Standard (ketotifen 1 mg/ kg) 79.9+1.17*** 20.114£1.17** 77.02

*Each value represent the MeantS.E.M (n=6), ##p<0.001 compared to normal control; “"p<0.001 compared to
Compound 48/80 group. NA= Not applicable. Statistical evaluation was done by One-way ANOVA followed by Tukey’s

posthoc test.
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Figure 3. Effect of Mulmina™ mango juice in compound 48/80 induced mast cell degranulation in rat
peritoneal fluid.

In the milk, induced leucocytosis and eosinophilia in
mice subcutaneous administration of milk (4 mL/kg)
showed significant increase (p< 0.001) in the leucocytes
and eosinophils count after 24 h compared to normal
control group (Table 3). The group of mice pre-treated
with Mulmina™ mango juice (41 mL/kg and 82 mL/kg)
exhibited significant decrease (p<0.001) in leucocytes
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and eosinophils levels. The reference standard of
Dexamethasone (50 mg/kg) showed significant
reduction (p<0.01; p<0.001) in leucocytes and
eosinophils counts respectively and provide the
validation of the model (In addition, Mulmina™ mango
juice alone treatment did not show serological responses
(Total leukocyte & Eosinophil count) to antigen (milk).
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Table 3. Effect of Mulmina™ mango juice on milk-induced leucocytosis and eosinophilia in mice

Difference in no. of

Difference in no. of

Treatment Leucocytes (per mm?) Eosinophils (%)
Normal control 133.3£103.7 0.305+0.378
MULMINA™ alone (41 mL/kg p.o.) 166.7+170.6 0.402+0.541
Inducer control (Milk 4mL /kg) 3390+198.5%# 10.3+0.92###

MULMINA™ (41 mL/kg p.o.)
MULMINA™ (82 mL/kg p.o.)
Dexamethasone (50 mg/kg )

1195+314.2*** (64.75%)
608.3+141.1*** (82.06%)
800+238.7*** (76.40%)

2.69+0.308*** (75.87%)
1.49+0.51%** (82.53%)
1.17+0.209*** (88.64%)

*Each value represent the Mean+S.E.M (n=6), #*#p< 0.001 compared to normal control; “"p< 0.001 compared
to Milk alone group. Statistical evaluation was done by Tukey’s posthoc test.

In the model of 48/80-induced systemic anaphylaxis, treatment with Mulmina™ mango juice and ketotifen fumarate 1
h prior to induction of compound 48/80 induces systemic anaphylaxis exhibits significant protection against
anaphylactic shock and death. Oral administration of higher dose of Mulmina mango juice (82 mL/kg) showed 70%
protection against mortality as compared to compound 48/80 alone group (100%). In addition, ketotifen fumarate
showed 50% protection against mortality. Behavioural observations showed that treatments delayed the anaphylaxis.
However, the lower dose of Mulmina™ mango juice (41 mL/kg) failed to show protective effect (Table 4).

Table 4. Effect of Mulmina™ mango juice on 48/80-induced systemic anaphylaxis

Groups Number of death / 10 animals % Mortality % Protection
Compound 48/80 (8 mg/kg, i.p) 10 100% 0%
MULMINA™ (41mL/kg,p.0)+ Compound 48/80 10 100% 0%
MULMINA™ (82 mL/kg, p.o) + Compound 48/80 3 30% 70%
Ketotifen fumarate (1mg/kg, p.o) + Compound 48/80 5 50% 50%

DISCUSSION

In this study, the anti-allergic effects of Mulmina™
mango juice were investigated using animal models of
allergy. Majority of diseases in man are allergy based,
allergic reaction involves an immune-mediated cascade
of allergic events due to exposed to antigens, the
immune modulatory T cells will release interleukins,
which induce B cells to produce antigen-specific
immunoglobulin E (IgE), which binds to high affinity
FceRI receptors on basophils and mast cells, leading to

their degranulation and subsequent release of
inflammatory mediators such as histamine,
prostaglandins, and leukotriene [37-38]. These

mediators cause the symptoms associated with allergic
reactions, including inflammation, itching, and
bronchoconstriction. Mast cells, in particular, play a
significant role in the pathophysiology of asthma and
other allergic diseases. Upon activation of allergens and
other stimuli, mast cells release a variety of cytokines
that regulate IgE synthesis and contribute to the
development of eosinophilic inflammation.

Mulmina mango juice contains a variety of bioactive
phytochemicals, including amino acids (lysine, leucine,

cysteine, methionine, valine, arginine, and
phenylalanine), vitamins (A, B, C, E and K), phenolic
compounds (Mangiferin, gallic acid, gallotannins,

quercetin, ellagic acid, epicatechin, quercetin, etc.,)
triterpenoids,  saponins, and curcumin. These
phytochemicals have been reported to possess immune
modulating, antioxidant, and anti-inflammatory
properties, which may be responsible for antiallergic
effect of Mulmina™ mango juice [39-40].

Phenolic compounds present in Mulmina™ mango juice
inhibit the release of histamine from mast cells and
reduce the production of pro-inflammatory cytokines [41]
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and also stabilize mast cells by preventing them from
degranulation and the release of histamine and other
inflammatory mediators [42].

Mulmina™ mango juice contains vitamins, reduce the
production of histamine, thereby alleviating allergic
symptoms [43], inhibit the synthesis of prostaglandins
and leukotrienes, which are key mediators of
inflammation in allergic reactions [44].

Curcumin's anti-inflammatory properties help reduce the
production of  pro-inflammatory  cytokines and
chemokines involved in allergic responses [45]. It also
scavenges free radicals and inhibits oxidative stress,
which can exacerbate allergic reactions [46]. Presence
of amino acids in Mulmina™ mango juice play important
role in the synthesis of glutathione, a potent intracellular
antioxidant that helps in protection of cells from
oxidative stress and inflammation [47].

The anti-allergic effect of Mulmina™ mango juice was
evaluated using animal models which help to simulate
human allergic responses and provide insights into the
potential therapeutic effects of the juice. The results
from these studies indicate that Mulmina™ mango juice
significantly reduces allergic symptoms, which can be
attributed to its rich composition of anti-inflammatory
and antioxidant phytochemicals.

CONCLUSION

This study demonstrates that Mulmina™ mango juice
possesses significant anti-allergic properties, attributed
to its rich content of bioactive compounds such as

phenolic  compounds, vitamins, amino  acids,
triterpenoids, and curcumin. These phytochemicals
modulate immune responses, inhibit inflammatory

mediator release, and enhance antioxidant defences,
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effectively reducing allergic symptoms. Animal model
studies further confirm its potential as a natural remedy
for allergic conditions. Therefore, Mulmina™ mango
juice shows promise as a beneficial dietary supplement
for managing allergies. Future research should focus on

clinical trials to validate these findings

in  human

subjects.
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ABSTRACT

In this study, physical and rheological characteristics of the emulsion stabilized with whey protein isolate (WPI) at a
concentration of 0.25% (w/w) and containing ozone applicated hazelnut oil (OHO) were studied. The hazelnut oil was
subjected to ozone gas exposure for durations of 1, 5, 30, 60, 180, and 360 min. The emulsions made with both control
(HO) and OHO were analysed to assess emulsion properties. It was observed that as the duration of ozone application
increased, the emulsion activity index (EAI) experienced a decrease. Specifically, ozone applications of 30, 60, and 180
min significantly reduced emulsion stability index (ESI). The creaming ratio of emulsions formulated with OHO for
durations of 1, 5, 30, 60, and 180 min were found to be 23%, 20%, 18%, 16%, and 44%, respectively. Optical microscopy
revealed that significant flocculated droplet formed in emulsions including OHO. The longer time the ozone application
resulted that the emulsions exhibited more solid-like behaviour. Furthermore, differential scanning calorimeter (DSC)
was utilized to assess the changes in the melting and cooling profiles of hazelnut oil after being applicated with ozone.
An increase in ozone application duration led to the melting peaks broadening and shifting towards lower temperatures.
Also, ozone application caused that the sharp exothermic crystallization shifted towards lower temperatures and
become broader and less pronounced as the duration of the application increased.

Keywords: Ozone, hazelnut oil, and emulsion stability, rheology, differential scanning calorimeter (DSC)

Ozonlanmig Findik Yagi ile Hazirlanan Emiulsiyonlarin Emiilsiyon Kararlhiligi ve Reolojik
Ozellikleri

0z

Bu cgalismada, %0,25 (w/w) konsantrasyonda peynir alti suyu protein izolati (WPI) ile stabilize edilen ve ozon
uygulanmis findik yad1 (OHO) iceren emllsiyonun fiziksel ve reolojik 6zellikleri incelenmistir. Findik yagi, 1, 5, 30, 60,
180 ve 360 dakikalik surelerle ozon gazina maruz birakilmistir. Hem kontrol (HO) hem de OHO ile yapilan emdlsiyonlar,
emdulsiyon 6zelliklerini degerlendirmek igin analiz edilmistir. Ozon uygulama siiresi arttikga emulsiyon aktivite indeksinin
(EAl) azaldigi gorilmistir. Ozellikle 30, 60 ve 180 dakikalik ozon uygulamalari emiilsiyon stabilite indeksini (ESI)
onemli 6lglide azaltmistir. 1, 5, 30, 60 ve 180 dakika sireyle OHO ile formiile edilen emdilsiyonlarin kremalagma oranlari
sirasiyla %23, %20, %18, %16 ve %44 olarak bulunmustur. Optik mikroskopi, OHO igeren emulsiyonlarda 6énemli
miktarda topaklasmis damlacik olustugunu ortaya gikarmistir. Ozon uygulamasinin sliresi uzadik¢a emdilsiyonlar daha
kati benzeri davranis sergilemistir. Ayrica, ozon uygulandiktan sonra findik yaginin erime ve soguma profillerindeki
degisiklikleri degerlendirmek icin diferansiyel taramali kalorimetre (DTK) kullaniimistir. Ozon uygulama suresindeki
artis, erime tepe noktalarinin genislemesine ve daha dusuk sicakliklara dogru kaymasina yol agmistir. Ayrica ozon
uygulamasi, uygulama suresi arttikga keskin ekzotermik kristallesmenin daha disik sicakliklara dogru kaymasina ve
daha genis ve daha az belirgin olmasina neden olmustur.

Anahtar Kelimeler: Ozon, findik yagdi, emulsiyon stabilitesi, reoloji, diferansiyel taramali kalorimetre (DTK)
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INTRODUCTION

The utilization of ozone as a novel, non-thermal
technique in the food industry has been preferred over
thermal methods. In thermal methods, heat procedures
have damage or diminish the physical, chemical, and
sensory qualities of food products despite their efficacy in
disinfection. Ozone has been recognized as a reliable
chemical disinfectant in food processing in several
developed countries, including the United States, Japan,
Australia, France, and Canada, since receiving an
approvement as the GRAS (Generally Recognized as
Safe) from the US FDA in 1997 [1-3]. It's use have cover
various sectors of the food industry, including the
sanitation of food surfaces and plant equipment [4], the
reuse of wastewater [5], the disinfection of poultry
carcasses and chill water [6], the inactivation of microbial
load in nuts and cereal storage atmospheres [7], and the
disinfection of fruits and vegetables [7]. Additionally,
ozone application has gained attention in the
pharmaceutical and cosmetic industries [8]. Application
of ozone to vegetable oils, which are a key componentin
numerous products in the food and pharmaceutical
industries, has become popular due to its antibacterial
and fungicidal properties. Recent research indicates that
the structural, chemical, and physical characteristics of
vegetable oils undergo changes following ozone
application. This study focuses on the effects of ozone on
vegetable oils, specifically hazelnut oil. Hazelnut oil has
been used as a food ingredient in food formulations at the
food industry due to its beneficial properties. It has been
obtained through the cold pressing of hazelnuts and
utilized in personal care and cosmetic products, food
preparations, and the pharmaceutical industry, finding
application in industries such as chocolate, confectionery,
and pastry.

Ozone, as an oxidizing substance, affects food
constituents, especially proteins, lipids, vitamins, and
other substances which are containing double bonds in
their structure. The reaction of ozone with unsaturated
lipid bonds generates a mixture of oxygenated molecules
like ozonides, peroxides, and aldehydes [9]. Limited
research exists on the rheological and functional
behaviour of emulsions made with ozone-exposed
hazelnut oil. Therefore, the work presents fundamental
findings on how ozone applicated hazelnut oil affects the
rheological and emulsifying characteristics of emulsions
stabilized with WPI.  Furthermore, effects of ozone
application on thermal stability of hazelnut oil were
investigated. Hazelnut oil was exposed to ozone for
various durations (1, 5, 30, 60, 70, 180, and 360 min), and
subsequently, both applicated and control samples were
stored at room temperature in hermetically sealed glass
bottles in a dark place. Emulsions were formed by mixing
OHO with WPI solutions and then homogenizing. The
EAI, ESI, and creaming properties of emulsions
containing control and OHO were measured. Optical
microscopy was used to observe the changes in droplet
size, structure, and flocculation in emulsions after ozone
application. The rheological behaviour of emulsions also
examined, and differential scanning calorimetry (DSC)
was used to determine the variations in melting and
cooling profiles of hazelnut oil due to ozone application.

105

MATERIALS and METHODS
Materials

Hazelnut oil was acquired from a local producer
(FISKOBIRLIK Company, Giresun, Turkey). Buffer salts,
potassium  dihydrogen orthophosphate, disodium
hydrogen orthophosphate and sodium dodecyl sulphate
(SDS) were purchased from Analar analytical reagent.
WPI (98%) (WPI, BIOPRO, Lot 86 No. JE 030-3-420)
were sourced from Davisco Foods International (Le
Sueur, MN, USA). Used chemicals utilized were of
analytical grade.

Ozone Application of HO

Ozone generator (Ozone Marine, OMS Model, Izmir,
Turkey) was used to produce ozone gas. The generator
operates on the corona-discharge method (flow rate:
1L/min; concentration of ozone: 40 mg/L). The oxygen
necessary for generating ozone was supplied from the
air. Firstly, 100 mL of hazelnut oil was poured into a gas
washing bottle. The ozone gas generated by ozone
generator was passed through the bottle including
hazelnut oil for different durations (1, 5, 15, 30, 60, 180,
and 360 min). The ozone dosages were calculated as
0.0004, 0.002, 0.006, 0.012, 0.024, 0.072, 0.144 ¢
ozone/mL oil for the ozone application times of 1, 5, 15,
30, 60, 180, and 360 min, respectively [10].

Emulsion Properties
Emulsion Preparation

Phosphate buffer was prepared by dissolving potassium
dihydrogen orthophosphate (3.76 g) and disodium
hydrogen orthophosphate (3.44 g) in 2 liters distilled
water and pH was adjusted to 7.0 by using 0.1M NaOH
and 0.1M HCI. 0.01 % (w/w) 28 sodium azide was added
to the buffer as an anti-microbial agent for emulsion
experiments. WPl was dissolved in phosphate buffer
(ionic strength 0.05M and pH 7.0) or double distilled water
at room temperature while stirring with magnetic stirrer for
1 hour.

The modified method [11] was employed to evaluate the
emulsifying properties of WPI. Emulsions were created
by homogenizing hazelnut oil (50.0% (v/v)) and protein
solution (50.0% (v/v)) for 30 seconds using an Ultrasonic
Disintegrator (Soniprep 150) at 72 kHz. The last protein
content in the emulsions was 0.25% (w/w). To examine
the impact of ozone gas on activity and stability of
emulsion, ozone applicated oils were used to prepare
emulsions. The emulsions were produced in triplicate.

Emulsion Stability and Activity

The modified method [11] was employed to evaluate the
emulsifying stability and activity of WPl stabilised
emulsions. At different intervals, a 0.05 ml of the emulsion
which taken from the bottom part of the beaker was
diluted with 50 ml of a 0.1% (w/v) SDS solution. After
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emulsion formation, absorbance of the sample was
measured immediately for every minutes for 2 hours.
Later, absorbance of the emulsions were measured daily
for 10 days. The absorbance of this diluted emulsion was
then measured at 500 nm using a spectrophotometer
(Pharmacia Biotech, Novaspec Il, UK). Emulsion Stability
Index (ESI) was calculated by monitoring the variation in
absorbance over time. Emulsifying Activity Index (EAI)
was measured instantly after the formation of the
emulsion based on the absorbance. The calculation
provided the surface area (m?) / amount of protein (mg)
used in the emulsions. These emulsion tests were
conducted three times.
EAI =2T/@C (1)
where C is the amount of protein per unit volume of
aqueous phase before forming the emulsion. T
represents turbidity, with T = 2.303 A/, where A is the
absorbance and / is the path length of the cuvette. @ is
the volumetric fraction of the dispersed phase.
ESI = At/AT (2)
where AT is the variation in turbidity during the time
interval At.

Creaming Analysis

Emulsions prepared from OHO were used to investigate
the influences of ozone on creaming. A freshly made 10
mL emulsion was placed in a test tube and kept at room
temperature (22-24°C). The length of the serum layer
was measured every 10 hours to observe its change over
time. The volume of the creamed emulsion at the top and
the initial volume of the emulsion were calculated, and the
results were expressed as a percentage of creaming.

%creaming = 100 — [(E)]

- (3)
where Vc is the volume of the creamed phase and Vt is
the total volume [12].

Optical Microscopy

At room temperature, images of the emulsions belonging
to droplets were assessed using polarized light
microscopy (PLM). 1 mL of 0.1% (w/v) SDS solution was
used to dilute emulsions, utilizing a volume of 100 pL.
Subsequently, a little part of the emulsion was applied to
a microscope slide, and a cover slip was carefully
positioned over it. After a brief period of acclimatization,
photomicrographs were captured at a 40x magnification
using an Olympus BX51 microscope (Tokyo, Japan) and
a camera (Pixera PVC, 100C, USA).

Rheological measurement

Bohlin CVO-R controlled stress rheometer (Bohlin
Instruments, Gloucestershire, UK) was used for dynamic
rheological measurements at 25+0.01°C (plate-to-plate
geometry: 40 mm diameter; 0.105 mm gap). 2.0 ml of
emulsion was attentively placed on the rheometer plate.
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A thin layer of silicone oil was applied to the exposed
surface of the sample to avoid evaporation during the
measurement, once the plate made contact with the
sample. Elastic (G') and viscous (G") behaviour were
determined against frequency. Frequency sweep tests
(1Pa stress value at 25°C) was conducted within a linear
viscoelastic region from 0.01 to 10 Hz frequency range.
The experimental data was collected using Reowin Pro
Data Manager Version 2.64, a data analysis program.

DSC Analysis of Heating and Cooling Thermogram

Differential scanning calorimetry (DSC) was utilized to
investigate the melting and cooling profiles of both control
and OHO using a Perkin-Elmer DSC 6 equipped with
Pyris software (Perkin-Elmer Inc., Wellesley, USA). Pure
indium was used to calibrate DSC, and a baseline was
established using an empty open aluminium pan.
Nitrogen was utilized as the purge gas, flowing at a rate
of 40 ml/min. Oil samples, weighing between 5-10 mg,
were put in aluminium pans and sealed. The aluminium
pan which was an empty, hermetically sealed utilized as
the reference. To eliminate any prior thermal history, the
sample was heated to 80°C in the DSC instrument and
maintained at this temperature for 10 minutes. It was then
cooled to -60°C at a rate of 5°C/min and held at this
temperature for 10 minutes. Following this, the sample
was heated up to 80°C (heating rate: 5°C/min). The onset
(Ton) and offset (Tor) temperatures, as well as the
enthalpy (AH) related to melting were detected from the
DSC thermogram.

Statistical Analysis

Statistical analysis was conducted using SPSS Statistics
16.0, version 2.0 (2006) (SPSS Inc., Chicago). Analysis
of variance (ANOVA) was used to evaluate the
experimental results. In order to determine statistically
significant differences between the data sets, The
Duncan multiple range test was applied. Differences were
evaluated that there were a significant level at the p <
0.05.

RESULTS and DISSCUSSION
Emulsifying Properties

The study investigated the emulsifying properties of
emulsions containing control and OHO and stabilized
with WPI. An ultrasound disintegrator (15 amplitudes for
30 seconds) was employed for emulsion preparation. As
suggested by prior research [13], severe intensity
ultrasonic waves were utilized to eliminate any droplets
which is flocculated in the emulsions.

EAI and ESI were measured over an extended period
(approximately 10 days) to observe droplet behaviour in
the emulsion. For control emulsion, EAl was 917 m?/mg,
while for OHO containing emulsions for 1, 5, 30, 60, 180,
and 360 min, EAIl values were 893, 880, 812, 791, 616,
and 177 m?/mg, respectively. Figure 1 indicates the EAI
of the control (HO) emulsion was similar with the
emulsions containing OHO1and OHOS5. However, EAI
values for the other emulsions containing OHO30,
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OHO60, OHO180, and OHO360 were reduced with
ozone application time. The result was revealed that a
negative impact of ozone application on EAIl (p<0.05).
The adverse effect of ozone on EAlI was more apparent
emulsions including OHO360. As the ozone application
time increased, it was noticed that the pH of the
emulsions changed. The emulsions were prepared with
buffer solution (pH: 7.0). pH value of the emulsion
containing HO was measured as 6.80. The pH values of
emulsions containing OHO were 6.75, 6.00, 5.22, 4.86,
3.00, and 2.25 for 1, 5, 30, 60, 180, and 360 min ozone
application. This might be due to pH variation influenced

the solubility of WPI in the emulsions. WPI is a protein
mixture and contains a high amount of B-lactoglobulin.
Previous research [14] proposed that the reduction in -
lactoglobulin adsorption at low pH was due to structural
changes in the molecule, reducing its flexibility and,
consequently, it's emulsifying characteristics. The pH of
the solution also impacts the net charge distribution of
proteins, affecting their solubility. Generally, a decrease
in protein solubility has a negative impact on functionality.
Some researchers stated that the protein showed the
lowest solubility near its isoelectric point (pl) [15, 16].
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Figure 1. EAl of emulsions prepared with HO and OHO. (Abbreviations:
HO; control hazelnut oil, OHO; ozone applicated hazelnut oil at different

times (1, 5, 30, 60, 180 and 360 min).

The oxidative interaction of ozone on proteins affects
their structural characteristics. Especially, this interaction
negatively impacting on their nutritional value (loss of key
amino acids), charge, enzyme activity, and structure
(exposure of lipophilic groups, alterations in secondary
structure, and disulfide groups). Additionally, the

functional properties of proteins had been affected by
ozone application. It was also observed that the lowest
solubility did not occur at the isoelectric point of -
lactoglobulin. This could be due to whey proteins contains
a mixture of some proteins such as B-lactoglobulin, a-
lactalbumin serum albumin [17].

Absorbance
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Figure 2. ESI of emulsions prepared with HO and OHO. (e; HO;
o; OHO1, ¥; OHO5, A; OHO30, m; OHO60, o; OHO180, +;
OHO360. Abbreviations: HO; control hazelnut oil, OHO; ozone
applicated hazelnut oil at different times (1, 5, 30, 60, 180 and
360 min).
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The changes in absorbance of emulsions prepared with
control and OHO were utilized to calculate the ESI. As
depicted in Figure 2, the ESI of ozone applicated samples
rapidly decreased within the first 4000-6000 minutes,
followed by a gradual slowdown approaching a plateau
value. Figure 2 indicates a significant impact of ozone
application on ESI (p<0.05). Notably, as the ozone
application duration increased, ESI experienced a more
pronounced decline. Significant drops in ESI were
determined after ozone applications for 30, 60, and 180
min. As reported earlier [18], the pH values of emulsions
made with ozone applicated oils decreased with
increasing ozonation duration. The emulsions showed
the lowest stability near the isoelectric point of WPI, which
has an isoelectric value around pH 5 [18]. This
phenomenon is associated with a minimal net charge,
leading to reduced electrostatic and steric repulsions,
causing flocculation and creaming extensively,

50

accelerating emulsion destabilization [18]. The stability of
the emulsion including OHO360 exhibited slow
alterations over time. This could be attributed to the
increase in oil sample viscosity with the duration of ozone
application. The rise in viscosity over ozone application
time is explained by ozone oxidizing unsaturated fatty
acids in the oil, leading to a reduction in the proportion of
unsaturated fatty acids and an increment in saturated
fatty acids. The viscosity of ozonated oils increases with
the ratio of saturated fatty acid to unsaturated ones, and
the most substantial increase in viscosity was observed
after 360 min of ozone application. Consequently, it can
be argued that as oil viscosity increased, the movement
of oil droplets in the emulsion decelerated. Previous
researchers [19] have mentioned that an increment in the
viscosity of the continuous phase can delay the
gravitational separation of emulsions.

Creaming (%)
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Figure 3. Creaming behaviour of emulsions prepared with HO and OHO.
(e; HO; o; OHO1, ¥; OHO5, A; OHO30, m; OHO60, o; OHO180, ;
OHO360. Abbreviations: HO; control hazelnut oil, OHO; ozone applicated
hazelnut oil at different times (1, 5, 30, 60, 180 and 360 min).

Figure 3 illustrates the creaming behaviour of control
emulsion and made with OHO. The duration of ozone
application had a significant impact on the creaming
behaviour of the samples (p<0.05). Creaming, the
migration of droplets to upward due to their lower density
than the surrounding liquid, progressed prominently for
approximately 75 days, after which it decelerated and
reached a plateau value except the including OHO360.
Emulsions including OHO 5, OHO30, and OHO60
exhibited comparable creaming behaviours. While control
emulsion showed 24% creaming after 75 days of storage,
emulsions including OHO1, OHO5, OHO30, OHO60 and
OHO180 exhibited 23%, 20%, 18%, 16%, and 44%
creaming, respectively. Consequently, the creaming ratio
of the emulsion including short-term ozone applicated oils
was found to be slower than the creaming behaviour of
the control, whereas, the creaming ratio of the emulsion
made with OHO180 increased dramatically. This may be
due to a variation in the pH of emulsions including ozone
applicated oils. The acid value of the hazelnut oil
increased after ozone application, leading to a decrease
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in the pH of the emulsions depending on the ozone
application period. pH of the emulsion containing
OHO180 was 3.35. Previous studies have shown that pH
affects the physical stability of emulsions, with emulsion
stability studies indicating fast creaming and droplet
aggregations at low pH values (pH: 3) [20]. The creaming
in emulsion containing OHO360 was not observed. Due
to the increment in viscosity and acid value of the oil after
360 min of ozone application, there might be insufficient
interaction between the oil droplets and continuous
solution of the emulsion system. It can be inferred that the
lack of noticeable creaming after 360 min of ozone
application was due to a significant increase in olil
viscosity.

Polarised Light Microscope (PLM)

Polarized light microscopy at 40x magnification was
utilized to capture images of control and emulsions
including OHO to discern any microstructural disparities
between the emulsions. In figure 4A, a well-formed
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structure of generally small and well-isolated spherical oil
droplets was observed in the emulsion made with control.
In figure 4 B, C and D, the similar results were obtained
with control emulsion. As seen in these figures (Figures 4
B, C and D), spherical, small, well-formed droplets were
observed in the emulsions including OHO1, OHOS5,
OHO30. The limited packing volume of emulsion
droplets, coupled with electrostatic repulsion between
protein molecules at the interface, prevented droplet
flocculation, resulting in a well-stabilized emulsion in
liquid form. However, optical microscope observations
revealed extensive droplet flocculation in emulsions
containing oil exposed to ozone for prolonged periods.
The size of emulsion oil droplets increased as the
duration of ozone application lengthened. Specifically, in
figures 4E, F and G, the microscopic measurements of
emulsion microstructure verified extensive flocculation of
droplet in emulsions including OHO 60, OHO180 and
OHO360.

The results showed that protein-coated droplets at the
isoelectric point is more susceptible to formation of
flocculated droplets. Consequently, aggregated droplets
have been formed from insufficient electrostatic repulsion
between droplets. Furthermore, as the ozone application
period increased, the pH of the emulsions reduced. The
distribution of size of the emulsion droplets moved to
larger sizes with increasing ozone application time, as
depicted in Figure 4E, F and G, due to a decrease in
emulsion pH. Near the isoelectric point, electrostatic
repulsion between oil droplets has reduced result in
droplet aggregation was further facilitated. Ultimately, the
microstructure of the emulsion including OHO360
appeared as coarse droplets (Figure 4 G). Despite the
presence of coarse droplets, the creaming ratio was
observed at a low level due to an increment in the
viscosity of OHO360. As the viscosity of the emulsion
increases, the motion of the oil droplets slows down,
contributing to increase in the emulsion stability [21].

Rheological Properties of Emulsions

The mechanical spectra of emulsions made with control
and OHO are illustrated in Figure 5. In this context, G’
represents the energy stored in an oscillation cycle, while

G
Figure 4. Polarized light micrographs of emulsions prepared with HO and OHO. (HO: control hazelnut oil; OHO: ozone
applicated hazelnut oil for 1, 5, 30, 60, 180, and 360 min.) A: HO; B: OHO1; C: OHO5; D: OHO30; E: OHO60; F:
OHO180; and G: OHO360. Scale bar = 20um.
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G" reflects energy scattered as viscous flow in an
oscillation cycle [22]. At low frequencies, it is observed
that the loss modulus (G") exceeded the storage modulus
(G"). The meaning of this the sample showed a more fluid
similar behaviour (Figure 5). Depending on the ozone
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application time, the crossing between G" and G’ curves
occurred at distinct frequency ranges. For instance, the
crossing between the G" and G’ curves of the control
emulsion was observed at 7.88 Hz, while the crossing for
an emulsion including OHO360 was seen at 2.39 Hz. For
emulsions including OHO1, OHO5, OHO30, OHO60,
0HO180 and OHO360, the crossing frequencies were
altered to 3.85, 4.89, 3.85, 3.03, and 2.39 Hz,
respectively. The shift of the crossover towards lower
frequencies could be associated with an increase in the
ozone application time, and emulsions including OHO
showed a more similar solid behaviour with a rise in the
ozone application period. The similar solid behaviour was
observed at upward frequencies than the crossing
frequency, where G' exceeded G". This representation of
the mechanical spectrum, [23] is characteristic of
viscoelastic fluids. Another crucial parameter to consider
is the loss tangent, expressed as ftan 6 = G/ G'[18]. The
behaviour of phase angle (tan &) with time is also
characteristic of a viscoelastic liquid at short times
(around 90°) and reaches a value characteristic of an
elastic solid (near 0°) at larger times [24]. Our findings
indicated that, at shorter durations, the phase angle of all
emulsions was around 90°. Accordingly, it was
determined that all emulsions made with both control and
OHO exhibited viscoelastic liquid behaviour.
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DSC Heating and Cooling Thermogram

Heating thermograms of vegetable oils are often more
intricate during the heating process than during cooling
due to the overlapping of numerous polymorphic crystal
melting events [25]. The thermograms of control heating
at -5.6°C exhibited a distinct endothermic peak, as
depicted in Figure 6. The melting point of hazelnut oil was
reported to be -6.1°C in previous DSC reports [26].
According to earlier studies [25], the heating thermogram
of hazelnut oil shows either a single melting peak or an
extensive endothermic incident with four overlapped
peaks, corresponding to triacylglycerol (TAG) melting
[27]. The hazelnut oil heating thermograms exhibited
noticeable changes, particularly after 30 min of ozone
application. Endothermic peaks shifted slightly towards
lower temperatures. After 30 min of ozone application, the
melting curve of hazelnut oil widened and became less
distinct. Following exposure to ozone for 180 and 360
min, the melting curves either disappeared or became
less pronounced. Previous studies suggested that the
significant increase in free fatty acids and lipid oxidative
products may have hindered TAG crystallization, resulting
to the formation of noticeable and less stable crystal
polymorphic forms compared to those of control [28].
These mixed crystals, composed of TAG and molecules
resulting from oxidative changes (monoacylglycerols,
diacylglycerols, free fatty acids, primary and secondary
oxidation products), likely melted at a lower temperature
due to their decreased stability.
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Figure 5. Viscoelastic moduli for emulsions prepared with HO and OHO. (HO: control
hazelnut oil; OHO: ozone applicated HO for 1, 5, 30, 60, 180, and 360 min) A: HO; B: OHO1;
C: OHO5; D: OHO30; E: OHO60; F: OHO180; and G: OHO360.)
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Figure 5. Viscoelastic moduli for emulsions prepared with HO and OHO. (HO:
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Figure 6. Representative DSC heating thermogram of HO and OHO (Control hazelnut
oil; HO, ozone applicated hazelnut oil for 1, 5, 30, 60, 180 and 360 min; OHO1, OHOS5,
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Table 1. DSC data obtained from the heating thermograms of control and OHO?

Ozone treatment time Ton Tort AH Peak height Range
(min) (°C) (°C) (J/g) (mW) (°C)
control -12.45+ 0.3° 5.14+0.5° 58.28+0.1° 3.16+0.3? 17.59+0.22
1 -13.22+0.4> 3.60+0.4°> 57.79+0.3°  3.68%0.2° 16.82+0.4°
5 -13.51+0.3° 2.91+0.4° 56.83+0.8°  3.79+0.2° 16.42+0.5°
30 -16.67+0.1°  1.94+0.3¢ 50.31x1.2¢9  2.7410.4° 18.61+0.9°
60 -18.72+0.5¢  2.02+0.49 42.49+0.7¢  2.34%0.5° 20.74+0.7¢
180 -20.82+0.2°  0.90£0.2° 42.90+0.5°  1.03+0.7¢ 31.72+0.5°
360 -24.16+£0.1"  0.65+0.1" 33.48+0.77  0.66%0.3° 37.81+0.8

a@Same letters within each column do not significantly di

fferent (p<0.05). Ton: onset temperature of melting,

To:0ffset temperature of melting, AH: enthalpy of melting.

Table 1 presented the thermal properties of control and
OHO samples. With an increase in the duration of ozone
application, the enthalpy of the heating transition
decreased. After 360 min of ozone application, the
smallest enthalpy of transition was observed (Fig. 6). This
phenomenon is likely a result of the heterogeneous
structure of triacylglycerol (TAG) crystals forming due to
a remarkable increase in oxidative products during the
ozone application procedure. As the ozone application
duration increased, the onset (Ton) and offset (Tor)
temperatures moved towards lower values. Additionally,
the main endothermic peak widened, leading to an
increase in the range of transition temperatures for 180
and 360 min of ozone application.

During the cooling phase, hazelnut oil crystallized,
resulting in an exothermic phase change observed in
Figure 6 for both control and OHO. The cooling
thermogram of control resembled those from earlier
studies on the oils [25]. An exothermic peak at

approximately -37°C, associated with the triunsaturated
TAG crystallization, and a small peak at approximately -
15°C, linked to the disaturated TAG crytallization, were
evident in the cooling profile of control [25]; [27]. Ozone
application altered the cooling profiles related with the
exothermic peaks, especially the main peak, which
broadened over a wider temperature interval and
exhibited a decrease in height of peak with increasing
ozone application durations. The small peak had less
distinct as the ozone application period increased.
Previous research on the cooling profiles of vegetable oils
after deep frying, conventional, and microwave heating
methods reported a reduction in the height peak related
to crystallization, broadening, and a shift to lower
temperatures [29]. These changes were associated with
an increase in lipid oxidative products and molecules
from TAG lysis, such as free fatty acids,
monoacylglycerols, and diacylglycerols, potentially
hindering TAG molecule alignment for crystal formation
[25, 29].

HE -
. oho 180
30 4
| oho 60
‘ 2 4 oho 30
% % 1 oho 3
[3
a
=]
2 24
w
E ohol
w
7 22
T
20 4 ho
18 4
16,22 T T T T T T T T T T T T
7758 -7 70 65 60 -55 -50 -45 -40 -35 30 25 200 A8

Temperature (°C)
Figure 7. Representative DSC cooling thermogram of HO and OHO. (HO: control
hazelnut oil; OHO, ozone applicated hazelnut oil for 1, 5, 30, 60, 180 and 360 min; OHO1,

OHO5, OHO30, OHO60, OHO180, OHO360).

Figure 7 illustrates a prominent exothermic peak of
control at -37°C, with a smaller distinct shoulder peak at
-22°C. With ozone application, the strong exothermic
crystallization shifted to lower temperatures, becoming
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wider and lower as application time increased. Upon
completion of the ozone application, the tiny peak
became less visible and eventually disappeared.
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Table 2. DSC data obtained from the cooling thermograms of control and OHO?.

Ozone treatment time Ton Totf AH Peak height Range
(min) (°C) (°C) (J/9) (mW) (°C)
control -35.40+ 0.3 -40.14+0.5* -48.28+0.1° -3.91+0.32 4.74+0.22
1 -35.95+0.4°> -40.74+0.4° -47.43+0.3> -4.16+0.2° 4.79+0.4°
5 -36.68+0.3°  -41.83+0.4° -42.98+0.8° -3.88+0.2° 5.15+0.5°
30 -43.06+0.1¢  -52.64+0.3¢ -25.99+1.2¢ -1.42+0.4° 9.58+0.9°
60 --65.65+0.59 -71.34+0.4° -11.18%0.7¢ -0.59+0.5¢ 5.69+0.7¢
180  eeeee e e memee e

@ Same letters within each column do not significantly different (p<0.05). Ton: onset temperature of crystallization,
Torr.offset temperature of crystallization, AH: enthalpy of crystallization.

Table 2 presents the thermal parameters of control and
OHO, including peak enthalpy, beginning and final
crystallization temperatures, transition range, and height
of peak obtained by thermogram related with cooling.
Following ozone application, oxidative products (dimers,
polymers, hydroperoxides, and aldehydes) are generated
in the hazelnut oil. The melting range of the oil containing
free fatty acids and oxidation products tends to shift to a
lower temperature, as previously reported [28]. The
crystallization enthalpy of hazelnut oil decreased as the
ozone application period increased. Due to longer ozone
application times, a significant drop in peak enthalpy of
OHO30 and OHO60 was seen. Additionally, the
crystallization peaks of OHO180 and OHO360 could not
be observed, and the crystallization enthalpy could not be
determined. In contrast, a minor drop in enthalpy of
OHO1 and OHOS5 revealed related with the crystallization
indicating that less time ozone application could not
significantly alter the formation of the crystallization.

Previous research on cooling thermograms of
thermooxidized oils also found a reduction in
crystallization  enthalpy, potentially related to

triacylglycerol (TAG) partial lysis and the generation of
breakdown products (e.g., free fatty acids,
monoacylglycerols, diacylglycerols, oxidized TAG) [25].
Crystallization onset (Ton) and offset (7o) temperatures
moved significantly lower after 1min ozone application,
while the moving in temperatures of the crystallization
happened more noticeable after 30 min. The change in
crystallization peak temperature and decrease in
enthalpy related with crystallization might be attributed to
TAG depletion, an increase in amount of free fatty acid,
and an increment in viscosity.

CONCLUSION

The using of ozonated hazelnut oil in the emulsion
preparation affects the functional and rheological
properties of emulsions. The EAI of the emulsion
containing control was higher than that of the ozone
applicated emulsions. The application of ozone had a
negative impact on EAI. Furthermore, as the ozone
application time increased, ESI suffered more
significantly. Additionally, the creaming ratios of the
emulsions made with less time ozone applicated hazelnut
oils were delayed compared to the creaming ratio of the
emulsion prepared with control. The optical microscope
results clearly indicated substantial droplet flocculation in
emulsions containing OHO with an extended application
time. Rheological research revealed that emulsions
including OHO showed more solid like behaviour with
ozone application time prolonged. The strong exothermic
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peak related with the crystallization shifted to lower
temperatures during the ozone application process, and
happened broader and smaller as the application
duration extended. The melting curves became less
visible or disappeared after 180 and 360 min of ozone
application, respectively. Our findings obtained from the
study represent valuable results related with the effects
of ozone on food components and on functional and
rheological properties of food components.
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Bu calismada, 6n pisirilmis ve dilimlenmis kuzu kokoregler vakum (V) ve modifiye atmosfer (%30 CO2 + %70 N2)
altinda paketlenmis (MAP) ve depolama boyunca (4°C, 10 gun) kokoreglerin fizikokimyasal [pH, renk, TBARS
(Thiobarbituric Acid Reactive Substances)] ve mikrobiyolojik 6zelliklerinde (toplam psikrofil bakteri sayimi, toplam
koliform bakteri sayimi ve toplam maya-kuf sayimi) meydana gelen degisiklikler arastiriimistir. Kokoreglerin nem, yag,
protein ve kul igerikleri sirasiyla %56.13, 32.45, 10.35 ve 1.07 olarak bulunmustur. Kokoreglerdeki pH degerinin 6.65
ile 7.26 arasinda degiskenlik gosterdigi ve depolamanin ilk ginu hari¢ diger ginlerde gruplar arasinda anlaml bir
farkhhdin oldugu tespit edilmistir (p<0.05). Depolama boyunca tim 6rneklerin TBARS degerlerinde 6nemli dususler
gérilmustir (p<0.05). Orneklerin aletsel renk degerlerinde (CIE L*, a*, b*, C degeri, h agisi) 6nemli dalgalanmalar
belirlenmistir. Her bir analiz periyodunda, MAP kodlu 6rneklerde toplam psikrofil bakteri sayisi V kodlu drneklere
kiyasla yuksek bulunmustur. Depolama boyunca tim 6rneklerin toplam koliform bakteri sayilarinda ve toplam maya-
kif sayilarinda énemli artiglar gdzlenmistir (p<0.05).

Anahtar Kelimeler: Kokoreg, Raf 6mrl, Vakum paketleme, Modifiye atmosfer

Physicochemical and Microbiological Properties of Sliced Lamb Kokore¢ Packaged with
Different Methods

ABSTRACT

This study aimed to determine the effect of different packaging systems [vacuum (V) and modified atmosphere
packaging (MAP) (%30 CO:z + %70 Nz)] on the physicochemical [pH, color and TBARS (Thiobarbituric Acid Reactive
Substances)] and microbiological changes (total psychrophilic bacteria count, total coliform bacteria count and total
yeast-mold count) in pre-cooked and sliced lamb kokore¢ during refrigerated storage (4°C) up to days 10. The
moisture (%), fat (%), protein (%) and ash (%) content of the kokore¢ samples were records as 56.13%, 32.45%,
10.35% and 1.07%, respectively. The pH value in kokore¢ samples ranged from 6.65 to 7.26 and there was
statistically difference on the each of storage periods except for the day 1 (p<0.05). The TBARS value of the samples
significantly decreased with storage time (p<0.05). There were significant fluctuations in instrumental color values
(CIE L*, a* b*, C and h angle) of the packaged samples throughout storage. Each of analysis intervals, the MAP-
coded sample had the highest total psychrophilic bacteria count. The total psychrophilic bacteria and total coliform
bacteria count, total yeast-mold count of kokore¢ samples significantly increased during storage (p<0.05).

Keywords: Kokoreg, Shelf life, Vacuum packaging, Modified atmosphere
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GiRiS

Tdm canlilarin  yasamsal fonksiyonlarini  yerine
getirebilmesi icin beslenmeye ihtiyaglan vardir. Bu
baglamda, bireylerin protein, yag ve karbonhidrat

kaynakli gida UGrunlerini belirli sinirlar gergevesinde
tuketmeleri Onerilir. Yeterli ve dengeli bir beslenme igin
glinde her bir kg vicut agirhigi icin en az 1 g ham protein
tiketilmesi ve bu protein miktarinin en az 1/3’Unun
hayvansal kaynakli olmasi énerilmigtir [1-5].

Sosyal ve Kkultirel degisiklikler insanlarin beslenme
aligkanliklarini degistirmistir. Sanayilesme, kentlesme,
kadinlarin is hayatindaki rollerinin artmasi, insanlarin
zamanlarinin  ¢odunu  disarida  gegirmesi  gibi
etkenlerden dolayr hazir yiyeceklere olan talep hizla
artmaktadir. Bu baglamda, kirmizi ete alternatif olan
cesitli sakatat Urinleri tiketiminin de artmaya basladigi
gorulmektedir [6, 7].

Kasaplik hayvanlarin kesimi sonucunda elde edilen
karkas disindaki tuketilebilir i¢ organlar “sakatat” olarak
adlandiriimaktadir. Sakatatlar genel olarak kirmizi ete
gbre daha az yag, daha fazla su ve karbonhidrat
icerirler.  Ayrica, sakatatlarin vitamin ve mineral
maddeler acgisindan da olduk¢ga zengin olduklari
bildiriimistir [8]. Sakatatlar, beyin, karaciger, bobrek, kalp
gibi organlari ihtiva etmesine ragmen kuzu veya dana
ince bagirsaklari gesitli et Urlnlerin Uretiminde (sosis,
salam gibi et Urlinlerinde) kilif olarak
degerlendiriimektedir. Ayrica, kuzu veya dana ince
bagirsaklari basta Ulkemizde olmak Uzere Yunanistan,
Azerbaycan, Iran gibi pek cok (ilkede severek tiiketilen
bir Grtin olan kokoreg¢ Uretiminde de kullaniimaktadir.

Hammaddesi bagirsak olan kokore¢, mezenterial
yaglarin etrafina kiuiglikbas veya blylkbas hayvanlarin
ince bagirsaklarinin sariimasi ile dretilen, kismi bir 1sil
isleme tabi tutulduktan sonra genellikle komur
I1zgaralarinda pigirilen, tuketici istegine bagh olarak
baharath (kimyon, kekik, karabiber, kirmizi pul biber)
veya baharatsiz olarak tiketilebilen lezzetli bir ayakustu
atistirmalik gidadir  [9]. Kokoregler taze olarak
tuketilebildigi gibi dondurulmus bir sekilde de cesitli
marketlerin reyonlarinda da satiimaktadir. Ancak, tat ve
aroma agisindan kokore¢ Uretiminde daha ¢ok sut
kuzusu bagirsaklari tercih edilmektedir. Yine, tlketicinin
istegine bagh olarak kokorecin iri kiyim veya ince kiyim
olarak da servisi bulunmaktadir.

Kokoreg uretiminde kullanilan bagirsaklarin yeterince
temizlenememesi, yetersiz 1sil iglem, uygun olmayan
depolama kosullari, Uretim hattindan tiketim anina
kadar hijyenik sartlardaki eksiklik gibi pek ¢ok
durumlarin halk saghgi acisindan o6nemli bir risk
olusturdugu bilinmektedir. ClUnki kokore¢ daha ¢ok
Ulkemizin bulylk sehirlerinde birgok islek caddenin
yaninda veya ortasinda hali hazirda yasak olmasina
ragmen sokak saticilari tarafindan seyyar arabalarda
satiimaktadir. Gerek seyyar arabalarda gerekse de ilgili
restoranlarda ve marketlerde satilan kokoreglerin
Uretiminde hijyenik kaliteye ne o6lglide uyulduguna
yonelik ciddi soru isaretleri tuketicilerin zihnini mesgul
etmektedir. Ulkemizin sakatat tebliginde kokorece
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yonelik herhangi bir yasal mevzuatin olmamasi gida
zehirlenmelerinin artisina ve hatta olumle
sonuglanabilecek ciddi vakalarin ortaya ¢ikmasina
neden olabilmektedir. Dolayisiyla, bu durumun 6nlne
gegebilmek igin  Oncelikle kokore¢ gibi sakatat
arGnlerinin  dretimine ydnelik yasal bir mevzuatin
hazirlanmasi ve hazirlanan mevzuata goére de Urinlerin
Tarim ve Orman Bakanhginda calisan personellerce
hem isletmelerde hem de satigi yapilan market, restoran
gibi yerlerde  gerekli denetimlerin yapilmasi
gerekmektedir. Ayrica, seyyar arabalarda satilan kuzu
veya dana kokoreg satiglarinin engellenmesine yonelik
cesitli caydirici galigmalarin yapilmasi buyiuk énem arz
etmektedir [10, 11].

Bu calismada, kuzu kokoregler vakum ve modifiye
atmosfer altinda (%30 CO:z + %70 N2) paketlenerek
depolama boyunca (4°C, 10 gin) kokoreglerdeki
fizikokimyasal (pH, renk, TBARS) ve mikrobiyolojik
Ozelliklerde (toplam psikrofilik ve toplam koliform bakteri
sayimi) meydana gelen degisiklikler arastiriimistir.

MATERYAL ve METOT
Materyal

Calismada kullanilan 4 kg 6n-pisirilmis (kdmdr atesinde
ve atese olan uzaklik 20 cm olacak sekilde 50-55 dakika
isil isleme tabi tutulmustur), dilimlenmis (1.5 cm
kalinhginda, 15 cm ¢apinda) ve dondurulmus kokoreg
Oornegi yuksek yogunluklu mavi polietilien ambalaja
konulduktan sonra soguk zincir altinda polisteren kdpuk
kutular icerisinde Akseker Tarim Et Entegre Tesisleri
A.S.den (Konya, Tirkiye) tarafimiza temin edilmistir.
Kuzu kokoreglerin paketlenmesinde kullanilan ambalaj
materyali Krcpack Flexibles (ABD) firmasindan ve bu
urinlerin  modifiye  atmosferinde paketlenmesinde
kullanilan gaz tipu Denizgaz Gulf Cryo sirketinden
(Bornova, izmir) satin alinmistir. Analizlerde kullanilacak
olan tum kimyasal maddeler Merck (Darmstadt,
Almanya) ve Sigma-Aldrich (Steinheim, Almanya)
firmalarindan temin edilmigtir.

Kuzu Kokoreclerin Paketlenmesi

Akseker Tarim Et Entegre Tesisleri A.$.den temin
edilen 6n-pisirilmis, dilimli kuzu kokorecler soguk zincir
altinda Pamukkale Universitesi’nin Et ve Et Uriinleri
Laboratuvarrna getirilmistir. Ornekler aseptik kosullar
altinda ambalaj materyalinin icerisine
[polietilen+poliamid+etilen vinil alkol, 655 um, (oksijen
gecirim orani:<3 cm®m?/gln, 23°C, %0 nispi nem; su
buhari gegirim orani:<12 g/m?/gin, 38°C, %90 nispi
nem), Krcpack Flexibles, ABD] (100 g olacak sekilde)
yerlestirerek her bir paketleme yontemi icin 20’ser paket
hazirlanmigtir. Bu ambalaj materyali hem vakum hem de

modifiye atmosferde paketleme sistemlerinde
kullaniimistir. Kuzu kokoreclerin vakumla
paketlenmesinde intervac markali (Bad Liebenzell,
Almanya) vakum cihazi kullanilirken kokoreglerin

modifiye atmosfer paketlenmesinde (%30 CO2 + %70
N2) ise Seles markali (DZ-260 model, Wenzhou Xingye
Machinery Equipment Co. Ltd., Pekin, Cin) modifiye
atmosfer cihazi kullaniimistir. Depolama boyunca (4°C,
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10 gun) kuzu kokoreclerin fizikokimyasal (kimyasal
kompozisyon, pH, renk ve TBARS) ve mikrobiyolojik
Ozelliklerinde (toplam psikrofilik ve toplam koliform
bakteri sayisi ile birlikte toplam maya-kif canli sayisi)
meydana gelen degisiklikler arastiriimistir.

Analizler

Kimyasal Bilegim

Kokoreglerdeki nem, protein ve kil miktari AOAC [12]
yontemine goére belirlenmistir. Kokore¢ oOrneklerindeki

yag miktari Flynn ve Bramblett [13] tarafindan gelistirilen
yontem esas alinarak tespit edilmistir.

pH Degeri
Dana kokoreglerinde pH analizi dijital pH metre
kullanilarak  gergeklestiriimistir  (Crison Basic 20,

ispanya). Bu odlgiimleri yapilabilmek icin 6ncelikle pH
metre elektrodu uygun tampon c¢ozeltileri (pH: 4, 7 ve
10) icerisine daldiriip kalibrasyonu gergeklestirilmistir.

Daha sonra her bir et érneklerinden 10 g tartihp kuguk
bir cam kavanozun igerisine yerlegtiriimis ve Uzerine 90
mL saf su ilave edilerek homojenizatér (HG-15A
WiseTis, Kore) yardimiyla homojenize edilmistir [14].

Aletsel Renk Degerleri

Vakum ve modifiye atmosferde paketlenen kuzu
kokoreclerindeki aletsel renk degerlerini belirlemek igin
kolorimetre  cihazi  (Miniscan XE Plus, ABD)
kullanilmigtir. Bu Olguimlerde L* (koyuluk-agiklhk), a*
(+a*: kirmizi, -a*: yesil) ve b* (+b*: sari, -b*: mavi), C ve
hue acisi degerleri CIE Lab renk sistemine gore
belirlenmistir. AE degeri icin asagida belirtilen formul
kullanilmigtir [15]. Paketten cikarilan yuvarlak dilimli
kuzu kokoregler cam bir petrinin igerisine yerlestirilmistir.
Ardindan Ornekler tzerinde 3 farkli noktadan okumalari
yapiimistir.  Orneklerdeki aletsel renk degerlerinin
Olcumunden once siyah ve beyaz plakalar kullanilarak
kalorimetre cihazinin kalibrasyonu gergeklestirilmistir
[16].

AE=(Lo—Lf +(a'o—a’f +("o—0")

TBARS Analizi

TBARS analizi, lipit oksidasyonunun ikincil yan Grant
olan malonaldehit miktarinin tespitinde kullaniimaktadir.
Kuzu kokoreglerde malonaldehit miktarini hesaplamak
TBARS analizi Ergezer ve Serdaroglu [17]ye gobre
yapilmistir. 5 g kuzu kokore¢ erlene tartiimis ve tzerine
50 mL %20lik TCA c¢ozeltisi ilave edilerek
homojenizatérde (HG-15A WiseTis, Giiney Kore) 2 dk
sureyle parcalanmigtir. Karisim Uzerine 50 mL su
konularak 1 dk daha pargalanmis ve karisim 100 mL’lik
balon jojeye bir huniden filtre kagidi yardimiyla
stziIimistur. Balon joje 100 mL’ye 1:1 TCA/su ¢Ozeltisi
ile tamamlanmistir. 5 mL sGzintd 100 mL’lik balon
jojeden alinip deney tupune aktariimistir. Deney
tipunin UGzerine 5 mL 0.02 M TBA cozeltisi ilave
edilmistir. Ayni sekilde 5 mL 1:1 TCA:Su ve 0.02 M TBA
ile kor numune hazirlanmistir. Tupler karistirilarak 35
dk. 80°C’deki su banyosunda (NB-5 Nuve, Tirkiye)
bekletilmis ve sonra sogutulmustur. Sire sonunda rengi
pembeye donen Orneklerin absorbansi 532 nm dalga
boyuna ayarlanmis spektrofotometre (EMC-11-UV,
Duisburg, Almanya) ile lgtlmustir. Absorbans degerleri
5.2 faktoru ile carpilarak kg urindeki olusan mg
malonaldehit miktari hesaplanmistir.

Mikrobiyolojik Analiz

Vakum ve modifiye atmosfer paketlenen kuzu
kokoreclerin  mikrobiyolojik  kalitesinin  belirlenmesi
amaciyla toplam psikrofilik aerobik, toplam koliform ve
toplam maya-kif sayimi yapimis olup depolama
boyunca  drneklerin  mikrobiyolojik  6zelliklerinde
meydana gelen degisiklikler arastinimistir. PCA (Plate
Count Agar, Merck, Darmstadt, Almanya) ve PDA
(Potatoes Dextrose Agar, Merck, Darmstadt, Aimanya)
besiyerleri 121°C’de 15 dk otoklav isleminden sonra
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steril petri kutularina dékualmastir. VRB (Violet Red Bile
Agar, Merck, Darmstadt, Almanya) besiyeri ise
mikrodalgada 2 dk boyunca kaynatildiktan sonra steril
petri kutularina dokulmustur. Her bir analiz glnlerinde
(0, 1, 4, 7 ve 10. gunlerde), vakum ve modifiye
atmosferde paketlenen kuzu kokorecleri aseptik kosullar
altinda alinip steril Stomacher poseti (Curafos Co.)
icerisine (yaklasik 10 g) yerlestiriimistir. Ardindan
orneklerin tUzerine 90 mL serum fizyolojik su ilave edilip
homojenizatérde (Seward Medical, London, Birlesik
Krallik) homojenize edilmis (2 dk, orta devirde) ve
boylece 10-"lik dilisyon hazirlanmigtir. Daha sonra ise
10"  homojenizatindan  alinarak  seri dilGsyonlar
hazirlanmigtir. Otomatik pipet yardimiyla diliisyonlardan
alinan 100 pL’lik 6érnekler agarli petri kutularina ekilmis
ve drigalski spatull kullanilarak iki tekrar ve iki paralel
olacak sekilde yayma islemi gergeklestiriimistir. Toplam
psikrofil bakteri sayimi igin ekimi yapilan petri kutular
7°C’ye ayarlanmis inkibatore (Nuve EN 500, Ankara,
Turkiye) yerlestiriimis ve burada yaklasik 10 giin slreyle
inkibasyona birakilmistir [18]. Toplam koliform bakteri
ve toplam maya-kif sayimi igin ise ekimi yapilan petri
kutulari Mikrobiyoloji (NUve ES 500, Ankara, Turkiye) ve
Et ve Et Uriinleri isleme Teknolojileri (Membert UNE
400, Almanya) Laboratuvarlarinda bulunan inkiibatorlere
siraslyla yerlestirilmistir. Toplam koliform bakteri sayimi
icin Ornekler 37°C'de 24-48 saat inklbasyona tabi
tutulurken [19] toplam maya-kif sayimi igin ise drnekler
30°C’de 4-5 gun inkiibasyona [20] birakilmistir.

istatistiksel Analiz

Vakum ve modifiye atmosferde paketlenen kuzu
kokorecglerde analizler 2 tekrar, 2 paralel ve 5 farkl
depolama periyodunda (0, 1, 4, 7 ve 10. glnlerde)
(n=20) gergeklestiriimistir. Elde edilen veriler SPSS
istatistik programi (%95 glven seviyesinde) kullanilarak
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tek yonli varyans ve Duncan ¢oklu karsilastirma testiyle
degerlendiriimis ve sonuglar, ortalama ve standart
sapma degerleriyle birlikte (ortalamazstandart sapma)
verilmistir. Ayrica, her bir analiz glninde gruplar
arasinda farkliligin olup olmadigi T-Testi yapilarak tespit
edilmigtir.

BULGULAR ve TARTISMA
Kimyasal Bilesim

Ulkemizde sakatat ve sakatat (rinleri tebliginde
kokorece ait herhangi bir yasal mevzuatin olmamasi
kokore¢ Uretiminde kullanilacak olan yad ve protein
miktarinin belli olmamas: tuketiciler zerinde ciddi soru
isaretlerini beraberinde getirmektedir. Dolayisiyla bu
durumun o6ntne gecgebilmek i¢in Tarim ve Orman
Bakanligr'nin sakatat ve urinlerine yoénelik yasal bir
mevzuati hazirlayip basta Gida Muhendisleri olmak
Uzere  bakanhginin  bunyesinde ¢alisan  diger
personellerle birlikte (veteriner, ziraat muhendislerinin)
kokore¢ uretim vyerleri, restoran, lokanta, market gibi
cesitli yerlerde denetimleri yapmasi blyik 6nem arz
etmektedir. Akseker firmasindan temin edilen pisirilmis
ve dilimlenmis kuzu kokoreglerin % nem, yag, protein ve
kil igerikleri sirasiyla %56.13, %32.45, %10.35 ve
%1.07 olarak bulunmustur.

Bilgin ve ark. [11] tarafindan yapilan bir galismada, kuru
madde cinsinden ¢ig kokoreglerdeki toplam protein, yag
ve kul icerikleri sirasiyla %14.34, 8.2 ve 1.31 olarak
bulunmustur. Farkh hayvansal yaglari (kuyruk, kabuk ve
ic yagi) kullanilarak Uretilen dana ve kuzu kokoreglerin
toplam kil igerikleri %0.97 ile 1.48 arasinda degiskenlik
gOsterdigi ve kabuk yagi ilave edilmis kuzu kokorecin

(%1.48) en yuksek kdl icerigine sahip oldugu bildirilmistir
[21]. Bagka bir c¢alismada ise, kuzu kokoreglerin
uretiminde kuyruk, i¢ ve kabuk yaglar kullaniimis ve
kuzu kokoreglerdeki toplam yag iceriginin %24.04 ile
30.02 arasinda degistigi ve en ylksek yag igerigine ise
kuyruk yagl kuzu kokorecin (%30.02) sahip oldugu
belirtilmigtir [22].

Kuzu Kokoreglerin pH ve TBARS Degerleri

Depolama boyunca vakum ve modifiye atmosferde
paketlenen kuzu kokoreglerin pH degerlerinde meydana
gelen degisiklikler Tablo 1’de verilmigtir. Kokoreglerdeki
pH degerinin 6.65 ile 7.26 arasinda degiskenlik
goOsterdigi ve depolamanin 1. gini hari¢ tim analiz
glnlerinde gruplar arasinda anlamh bir farklihgin oldugu
tespit edilmistir (p<0.05). Depolamanin baslangicindan
depolamanin 4. gunine kadar V kodlu Ornegin daha
yuksek pH degerine sahip oldugu gorilirken
depolamanin 4. guninden sonra ise durum tersine
dénmis ve MAP kodlu 6rnegin daha yuksek pH
degerine sahip oldugu goézlenmistir. Depolamanin 0.
glnunden depolamanin 1. glndne gelindiginde V ve
MAP kodlu 6rneklerin pH degerlerinde artislarin oldugu
ancak bu artiglarin 6nemli olmadid1 tespit edilmistir
(p>0,05). Depolama boyunca tum &rneklerin pH
degerlerinde oOnemli artiglarin  oldugu (p<0.05) ve
Ozellikle 7. glinden sonra bu artisin daha fazla oldugu
go6zlenmistir (Tablo-1). pH degerlerinde meydana gelen
bu artigin mikrobiyal aktiviteye bagl olarak agida ¢ikan
cesitli metabolitlerden kaynaklandigi disunilmektedir.
Orneklerde pH degeri depolama boyunca artis
g6zlenmis olmasina ragmen bu artisin V kodlu
orneklerde MAP kodlu 6rneklere gore daha sinirli kaldigi
belirlenmistir.

Tablo 1. Depolama boyunca (4°C, 10 giin) Vakum ve modifiye atmosferde paketlenen kuzu kokoreglerin
pH ve TBARS degerlerinde meydana gelen degisiklikler
Table 1. Changes in pH and TBARS values of lamb kokore¢ packaged in vacuum and modified

atmosphere during storage (4°C, 10 days)

pH Degeri

Ornek Depolama Suresi (Giin)

Gruplarr* 0 1 4 7 10

Vv 6.71£0.022° 6.73+0.013P 6.78+0.015C 6.84+0.04°8 7.03+0.02°4
MAP 6.65+0.01°° 6.69+0.03%° 6.83+0.02%¢ 6.95+0.05%8 7.26+0.03%A

TBARS (mg malonaldehit/kg kokoreg) Degeri

Vv 0.34+0.022A 0.33+0.012A 0.32+0.03%8 0.29+0.01%8 0.25+0.023¢
MAP 0.36+0.0124 0.34+0.02%A 0.30+0.0128 0.26+0.023¢ 0.20+0.01°°

a b Ayni sltunda bulunan harfler istatistiksel agidan 6nemli bulunmustur (p<0.05). A B © D Ayn| satirda bulunan
harfler istatistiksel agidan énemli bulunmustur (p<0.05). *V: Vakum paketlenmis kuzu kokoreg grubu; MAP: %30 CO;
+ %70 N2 gazlar kullanilarak modifiye atmosferde paketlenmis kuzu kokoreg grubu

abDifferent lower-case letters (a-b) in the same column; ~BCP-Capital letters (A-D) in the same row indicate
significant differences (p<0.05). *V: Vacuum packaged lamb kokoreg groups; MAP: Lamb kokoreg groups packaged
in modified atmosphere using 30% CO:2 and 70% N» gases

Babaoglu [21] tarafindan yapilan bir calismada, farkli
hayvansal yaglarin (i¢c yagi, kabuk yagdi ve kuyruk yagi)
ilavesi ile Uretilen dana ve kuzu ince bagirsaklarindan
Uretilen kokoreglerdeki pH degerlerinin 6.92 ile 7.07
arasinda degistigi ve gruplar arasinda istatistiki agidan
bir farkhhgin olmadidi belirtiimistir. Bagka bir ¢calismada
ise, kuzu kokoreglerin Uretiminde 3 farkli hayvansal yag

(ic yagi, kabuk yagdi ve kuyruk yagi) kullaniimis ve
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kokoreclerdeki pH degerlerinin 6.99 ile 7.07 arasinda

degistigi bildirilmigtir [22].

Lipit oksidasyonu gidalarin kalite karakteristiginin
belilenmesinde ©6nemli rol oynayan parametrelerden
birini olugturmaktadir. Lipit oksidasyonunun ikincil yan
Urinu olan malonaldehitlerin tespit edilmesinde TBARS
yontemi kullaniimaktadir. Depolama boyunca vakum ve
modifiye atmosferde paketlenen kuzu kokoreglerin
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TBARS degerlerinde meydana gelen degisiklikler Tablo
1'de verilmigtir. 10. gin hari¢, tim analiz gunlerinde
Ornekler arasinda Onemli farkhliklarin olmadigi tespit
edilmistir (p>0.05). 0. ve 1. glinlerde en yiksek TBARS
degerine V kodlu 0Ornegin sahip oldugu gorilirken
depolamanin ilerleyen asamalarinda ise durum tersine
donmus ve MAP kodlu 6rnegin en yiksek TBARS
degerine sahip oldugu gozlenmigtir. Depolamanin
baslangicindan depolamanin 1. ginine gelindiginde, V
ve MAP kodlu o&rneklerinin  TBARS degerlerinde
disusler yasanmis ancak bu dusuUsler istatistiki agidan
Onemsiz  bulunmustur. Depolama boyunca tim
orneklerin TBARS degerlerinde o6nemli dususlerin
oldugu (p<0.05) ve bu duislsln Grinin depolanmasi
sirasinda agiga c¢ikan malonaldehitlerin aminoasit ve
proteinlerle reaksiyona girerek urindeki malonaldehit
olusum hizini azaltmasindan kaynaklandigi
digunllmektedir. Yag igerigi bakimindan zengin olan
Orneklerinde oksidasyonun engellenmesine yodnelik
olarak oransal degisiklikler de dikkate alindiginda vakum
ambalajlamanin MAP ambalaja gére daha ustin oldugu
dusundlmektedir.

Kokore¢ ile ilgili tim literatir incelendiginde,
kokoreclerde lipit oksidasyonunun ikincil yan Grina olan
malonaldehit miktarinin tespitinin yapiimadigi
gérulmastur.  Dolayisiyla  bu  durum ¢alismamizin
O0zgUnligund artirmasi agisindan blylk ©Onem arz
etmektedir. Anandh ve ark. [23] tarafindan yapilan bir
calismada, atistirmalik bir Grin olan bufalo iskembe
katkil sandvi¢ (%75 bufalo bagdirsadi ve %25 bufalo eti
kullanilarak bufalo bagirsak rulosu) Uretilerek atmosferik
oksijenle paketlenmis ve depolama boyunca (4 °C, 10
gln) pisirilmis sandviglerin TBARS degerlerinde 6nemli
artiglarin  oldugu bildirilmistir  (p<0.05). Baska bir
calismada ise, iki farkli oranda bufalo iskembe katkili
bérekler (%100 bufalo eti ve %0 bufalo bagirsagi; %75
bufalo bagirsadi ve %25 bufalo eti) pigirilerek vakumla
paketlenmis ve depolama boyunca (4 °C, 28 giin)
orneklerdeki TBARS degerlerinin 0.50'den 0.92 mg
malonaldehit/kg Uriin seviyesine yikseldigi belirtilmistir
[24].

Kuzu Kokoreglerin Aletsel Renk Degerleri

Kuzu kokoreglerin depolanmasi sirasinda aletsel renk
degerlerinde (CIE L*, a*, b*, C, h ve AE degeri)
meydana gelen degisiklikler Tablo 2’de verilmistir.
Kokoreglerdeki parlaklik degerlerinin 52.64 ile 60.58
arasinda degiskenlik gdsterdigi ve her bir depolama
periyodunda (7. gin hari¢) gruplar arasinda anlamli
farkhhiklarin ~ yasandigi tespit edilmistir (p<0.05).
Depolamanin baslangicinda, MAP kodlu &rnedin en
dusuk parlaklik degerine sahip oldugu goérulmastir.
Depolamanin 0. giintinden 4. gliine gelindiginde, V kodlu
ornegin parlaklik degerinde Onemli artiglar olmasina
ragmen (p<0.05), 1. ve 4. gunlerde yasanan artisin
onemli olmadigi gézlenmistir (p>0.05). Depolamanin 7.
gunune gelindiginde ise V kodlu 6rnegin parlaklik
degerinde dusus yasanmasina ragmen 7. giinden sonra
V kodlu Ornegin parlaklik degeri 56.88'den 60.58
seviyesine yukselmistir. V kodlu 6rnekte oldugu gibi

119

MAP kodlu 6rnegin parlaklik degerinde dalgalanmalarin
oldugu ve depolamanin 0. gininden depolamanin 7.
ginine gelindiginde MAP kodlu 6rnegin parlaklik
degerinde 6nce bir artis daha sonra (7. glinden 10. gline
gelindiginde) ise bir dusus gozlenmistir. Genel anlamda,
depolamanin baglangicindaki parlaklik degerleriyle
karsilastirildiginda  6érneklerdeki parlaklik degerinin
artigi ve bu durumun Kkokorecglerin depolanmasi
sirasinda meydana gelen mikrobiyal aktiviteden
(mikroorganizmalarin aktiviteleri sonucu olusan cesitli
metabolitlerin aciga cikmasi) kaynaklandigi
dusunidlmektedir.

Tablo 2 incelendiginde, V ve MAP kodlu kokoreglerin
kirmizihk degerlerinde onemli dalgalanmalarin
yasandigl gorulmustur. Depolamanin baslangicinda V
ve MAP kodlu 6rneklerin kirmizilik degerleri sirasiyla
3.37 ve 3.89 olarak bulunmustur ve depolamanin 1.
ginine gelindiginde ise Orneklerdeki  kirmizilik
degerlerinin sirasiyla 2.18 ve 2.98 seviyesine dugtugu
g6zlenmistir  (p<0.05). Depolamanin 1. guninden
depolamanin 4. giniine gelindiginde ise hem V hem de
MAP kodlu orneklerin kirmizilik degerlerinde onemli
artiglar yasanmistir (p<0.05). 4. gunden 7. glne
gelindiginde drneklerdeki kirmizilik degerlerinin distugi
(p<0.05) ve daha sonraki analiz guntnde (10. gun) ise
tekrardan artmistir. 10. giin harig, her bir analiz giininde
Ornekler arasinda oOnemli farkhlklar tespit edilmistir
(p<0.05). Depolama boyunca V kodlu 6rnegin en yiksek
kirmizilk degerine 4. ginde sahip oldugu gorilirken
MAP kodlu drnek ise depolamanin baglangicinda en
yuksek kirmizilik degerine sahiptir.

Depolama sirasinda vakum ve modifiye atmosferde
paketlenen dilimlenmis kokoreglerin sarilik degerlerinde
meydana gelen degisiklikler Tablo 2'de verilmigtir. Tim
analiz glnlerinde, gruplar arasinda anlamli bir farkhihk
tespit edilmistir (p<0.05). Depolama boyunca V ve MAP
kodlu érneklerin sarilik degerinde 6énemli dalgalanmalar
yasanmistir. Depolamanin baslangicindan depolamanin
1. gundne gelindiginde, V kodlu 6rnegin sarilik
degerinde 6nce bir diisis daha sonra ise 6rnegin sarilik
degeri 9.96 seviyesine (4. giinde) yikselmis olmasina
ragmen bu artis istatistiksel agidan  Gnemli
bulunmamigtir  (p>0.05). Depolamanin 4. ginden
depolamanin 7. ginine gelindiginde V kodlu 6rnegin
sarilik degerinde 6nce bir disls daha sonra ise dnemli
bir artis (10. giinde) yasanmistir (p<0,05). Depolamanin
0. ve 10. glnlerinde V kodlu 6érnegin benzer bir sarilik
degerine  sahip oldugu gozlenmistir  (p>0.05).
Depolamanin baslangicindan depolamanin 7. gunine
kadar MAP kodlu 6rnegin sarilik degerinde 6nce bir
dists (1. ginde) daha sonra ise kismi bir artisin (4.
guiinde) oldugu gortlmastur. Ancak, 1. ginden 4. gine
gelindiginde MAP kodlu o6rnegin sarilik degerinde
meydana gelen artis onemli bulunmamistir (p>0.05).
Depolamanin 4. giininden depolamanin 10. glnine
gelindiginde, MAP kodlu 6rnegin sarilik degeri 9.39'dan
11.58 seviyesine yukseldigi ve bu artisin istatistiksel
acidan 6nemli oldugu tespit edilmistir (p<0.05).
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Tablo 2. Depolama boyunca (4°C, 10 guin) vakum ve modifiye atmosferde paketlenen kuzu kokoreglerin
aletsel renk degerleri (CIE L*, a*, b*, C ve h)
Table 2. Changes in instrumental color parameters (CIE L*, a* b*, C and h) of lamb kokore¢ packaged in
vacuum and modified atmosphere during storage (4°C, 10 days)

L* (Parlaklik) Degeri

Ornek Depolama Siiresi (Giin)
Gruplarr* 0 1 4 7 10
\Y 57.20+0.25%¢ 58.86+0.3028 58.91+0.15% 56.88+0.243P 60.58+0.1134
MAP 52.64+0.27°E 53.83+0.18° 56.16+0.22°8 57.3310.29%* 55.43+0.13C
a* (Kirmizilik Degeri)

\Y, 3.37+0.20%8 2.18+0.16°C 3.82+0.08%* 3.28+0.1738¢ 3.42+0.29%
MAP 3.89+0.19%* 2.98+0.14% 3.48+0.13°¢ 2.98+0.24%8 3.79+0.12%A
b* (Sarilik) Degeri

\Y 10.65+0.26°" 9.89+0.15% 9.96+0.11%8 9.44+0.19%¢ 10.13£0.27b*
MAP 9.84+0.238 9.37+0.13°C 9.39+0.10°¢ 9.93+0.25% 11.58+0.322A
C Degeri
\Y 11.18+0.342" 10.19+0.38%8 10.75£0.45%" 10.01£0.18%® 10.74£0.33%*
MAP 10.61+0.328 9.87+0.40%¢ 10.05+0.2198C 10.40+0.24% 12.21+0.292A
h Degeri
\Y, 72.71+0.45% 78.27+0.4734 69.41+0.24° 70.87+0.28°° 72.00+0.20%¢
MAP 68.37+0.40°° 72.50+0.468 69.83+0.18% 73.42+0.23% 72.13+0.1728
AE
\Y, 0 2.18+0.28% 1.90+0.32°¢ 1.26+0.24°P 3.42+0.25%
MAP 0 1.57+0.26¢ 3.57+0.29% 4.78+0.33%4 3.23+0.21%

a.b: Ayn siitunda bulunan harfler istatistiksel agidan énemli bulunmustur (p<0.05). A B €. D. B Ayn satirda bulunan harfler
istatistiksel agidan énemli bulunmustur (p<0.05). (V: Vakum paketlenmis kuzu kokore¢ grubu; MAP: %30 CO, + %70 N2
gazlari kullanilarak modifiye atmosferde paketlenmis kuzu kokore¢ grubu)

ab:Different lower-case letters (a-b) in the same column; ~BCPECapital letters (A-D) in the same row indicate significant
differences (p<0.05). *V: Vacuum packaged lamb kokore¢ groups; MAP: Lamb kokore¢ groups packaged in modified

atmosphere using 30% CO:2 and 70% N: gases

Tablo 2 incelendiginde, depolama boyunca MAP kodlu
Oornegin C degerinde dnce bir dusus (0. ginden 1. glne
gelindiginde) daha sonra ise (1. giinden 10. gline kadar)
onemli artis gézlenmistir. 1. ve 10. gunler harig, gruplar
arasinda 6nemli farkliliklar tespit edilmistir (p<0.05). En
yuksek C degerine MAP kodlu 6rnegin (10. ginde)
sahip oldugu goriimugstir. Depolama boyunca V kodlu
ornegin C degerinde 6nemli dalgalanmalar yasanmistir.
Depolamanin baslangicinda, V kodlu érnegin en ylksek
C degerine sahip oldugu ve depolamanin 1. gunine
gelindiginde V kodlu 6rnedin C degerinde 6nce bir
dists (10.19) daha sonra ise (4. gunde) 6nemli bir
artisin oldugu ve 0. gun ile 4. gin arasinda istatistiksel
acidan bir farkhhk tespit edilmemistir (p>0.05). 4.
giinden sonra V kodlu 6rneginin C degeri 10.75'den
10.01’e dismdus (7. ginde) ardindan ise tekrardan 10.74
seviyesine (10. guinde) yukseldigi gdzlenmigtir. 0., 4. ve
10. guinlerde, V kodlu érnegin birbirine yakin C degerine
sahip oldugu belirtilmigtir.

Depolama boyunca kuzu kokoreglerin h agilarinda
meydana gelen degisiklikler Tablo 2’de verilmistir. 10.
gln haricinde, her bir analiz gunlerinde &rnekler
arasindaki farklilik 6nemsiz bulunmus ve diger tim renk
parametrelerinde oldugu gibi (CIE L*, a*, b* ve C degeri)
depolama boyunca oOrneklerin h acilarinda o6nemli
dalgalanmalarin yasandigi goérilmdastir. Her bir analiz
gunlerinde (0. ve 1. giin harig), MAP kodlu 6rnegin daha
yuksek h agisina  sahip oldugu gdzlenmistir.
Depolamanin baslangicinda V ve MAP kodlu drneklerin
h acilari sirasiyla 72.71 ve 68.37 olarak bulunmus ve
depolamanin 1. gunline gelindiginde o6rneklerin h
acilarinda 6nce bir artis daha sonra ise bir disus (4.
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glnde) gorulmustir. Ayrica, depolamanin 4. giniinden
depolamanin 10. giintne gelindiginde V kodlu 6rnegin h
acisinda o6nemli artiglar yasanmasina ragmen MAP
kodlu 6rnegin h agisinda ise 6nce bir artis (7. gunde)
daha sonra ise ©6nemli bir dusis (10. ginde)
g6zlenmistir (p<0.05).

AE degeri, kokoreglerin depolanmasi  sirasinda
Orneklerin renklerinde meydana gelen degisiklikleri
gOsteren 6nemli bir parametredir. Buna gore, V ve MAP
kodlu 6rneklerin AE degerlerinde depolama sirasinda
dalgali bir seyir gozlenmistir. Depolamanin sonunda
baslangica gore V ve MAP kodlu 6rneklerin AE degerleri
siraslyla 3.42 ve 3.23 olarak bulunmustur. Dolayisiyla V
kodlu &érneklerde MAP kodlu 6rneklere kiyasla renk
degisikligin daha belirgin oldugu sdylenebilir.

Literatir incelendiginde, kokoreglerin aletsel renk
degerlerine ait bir yayina rastlaniimamistir. Dolayisiyla
literatirde kokorece benzer diger sakatat Urdnleri
arastirilmis ve bu urtinlere ait aletsel renk degerleri (CIE
L*, a*, b* C degeri, h agisi ve AE degeri) incelenmis ve
¢ikan sonuglar galisma sonuglarimizla kargilastiriimigtir.

Kolesterol bakimindan oldukga zengin bir sakatat Grinu
olan domuz beyninin parlakhk, kirmizihk ve sarilk
degerlerinin sirasiyla 63.88, 5.60 ve 15.43 oldugu
belirtilmigtir [25]. Domuz ince bagirsaklarinin atmosferik
ve vakumla paketlendigi bir c¢alismada, c¢alisma
sonuclarimizla benzer sekilde depolama boyunca (4°C,
10 gln) domuz ince bagirsaklarinin aletsel renk
degerlerinde (CIE L*, a* ve b*) énemli dalgalanmalarin
yasandigi bildirilmistir [26]. %54 sigir kalbi katkili sigir
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koftesinin Uretildigi baska bir calismada ise, depolama
boyunca (4 °C, 10 gun) pisiriimis sigir koftelerinin
parlaklik degerinde dnce bir artis (14. gline kadar) daha
sonra bir dislsin oldugu (14. ginde), kirmizihk
degerinin azaldigi (8.38'den 6.14’e), sarilik degerinin ise
yukseldigi (20.22’den 25.56’ya) tespit edilmistir [27].
Seong ve ark. [28] tarafindan yapilan bir calismada ise,

Glney Kore'ye ozgi bir sIgir irkindaki
(Hanu veya Korean Native) ince bagirsaklarin
fizikokimyasal Ozellikleri  arastirlmis  ve ince

bagirsaklarin aletsel renk degerlerinin (CIE L*, a*, b*, C
degeri, h agisi) sirasiyla 52.78, 4.68, 7.02, 10.47 ve

61.09 oldugu bulunmustur. Farkh oranlarda sigir
iskembesi, sigir karacigeri ve soya fasulyesinin
kullanilarak sigir sosisinin Uretildigi bir ¢alismada,

orneklerdeki parlaklik degerinin 55.20 ile 63.04 arasinda
degiskenlik gosterdigi ve soya fasulyesi miktarinin
artmasiyla drneklerdeki parlaklik arttigi bildirilmistir [29].
Baska bir calismada ise, farkli oranlarda tavuk
karacigeri (%10, 20 ve 30) ve kurutulmus tavuk tashgi
(%10, 20 ve 30) kullanilarak koépek biskuvisi Uretilmis ve
%20’ye kadar tavuk karacigeri ve tavuk tasligi ilavesinin

Orneklerdeki parlaklik ve sariik degerini artirdigi
belirtilmistir [30].

Kuzu Kokoreglerin Mikrobiyolojik Analiz
Sonuglar

Kuzu kokoreclerin depolanmasi sirasinda mikrobiyolojik
Ozelliklerinde (toplam psikrofilik bakteri, toplam koliform
bakteri ve toplam maya-kif canli sayimi) meydana
gelen degisiklikler Tablo 3’te verilmistir. Her bir analiz
glinlerinde, MAP kodlu 6rnegin en yuksek toplam
psikrofil bakteri sayisina sahip oldugu ve depolamanin

0. ve 1. gunlerinde gruplar arasinda anlamli bir farkhligin
olmadigi tespit edilmistir. Depolamanin baslangicindan
depolamanin 1. gunitne gelindiginde, V ve MAP kodlu
kokoreglerin toplam psikrofil bakteri sayilarinda artislarin
yasandigi ancak bu artislarin istatistiksel agidan dnemli
olmadigi gorilmustir (p>0.05). Depolama boyunca tim
Orneklerin toplam psikrofil bakteri sayilarinda artiglarin
oldugu ve vakum paketlenmig ornekle
karsilastirildiginda, modifiye atmosferde paketlenen
kokoreglerdeki toplam psikrofil bakteri sayisindaki artisin
daha fazla oldugu goézlenmistir. Depolamanin sonunda
MAP kodlu drnegin insan tuketimi i¢in esik sinir olarak
kabul edilen 6-7 log (CFU/g) seviyelerine ulastigi
gorlilmustir. Genel olarak, vakum paketlenmis etlerdeki
toplam psikrofilik bakteri sayilarinin modifiye atmosferde
paketlenmis etlere gbére daha digsik oldudu cesitli
arastiricilar tarafindan da ortaya konulmustur [31, 32].
Vakum paketlemenin 6zellikle Pseudomonas cinsi
psikrofil karakterli mikroorganizma gelisimini 6nemli
Olgude engelledigi belirtilmistir [33].

Sigir iskembesinin  vakum ve atmosferik oksijenle
paketlendigi bir calismada, depolama boyunca (4°C, 28
gliin) tim orneklerin toplam psikrofil bakteri sayisinda
onemli artiglar yasanmasina ragmen en fazla artisin
atmosferik oksijenle paketlenen 6rnek grubunda oldugu
bildiriimistir [34]. Bufalo iskembesi, yag ve cesitli baharat
karisimindan (sogan tozu, sarimsak tozu, karabiber,
kimyon, karanfil, kakule gibi) olusan, ulkemizde
kokorece benzer bir Griin olan ve genellikle Afrika
bdlgesinde severek tuketilen bir Grinidn depolanmasi
sirasinda (4°C, 60 gun) toplam psikrofilik aerobik bakteri
sayisinin 4.70 log CFU/g dan 6.50 log CFU/g seviyesine
yukseldigi belirtiimistir [35].

Tablo 3. Depolama boyunca (4°C, 10 giin) vakum ve modifiye atmosferde paketlenen kuzu kokoreglerin
bazi mikrobiyolojik 6zelliklerinde meydana gelen degisiklikler
Table 3. Changes in some microbiological properties of lamb kokoreg packaged in vacuum and modified

atmosphere during storage (4°C, 10 days)

Toplam Psikrofilik Aerobik Bakteri Sayimi, log (CFU/g)

Ornek Depolama Siresi (Gtin)

Gruplarr* 0 1 4 7 10

\% 2.25+0.15%0 2.30+0.143¢P 2.50+0.10°¢ 3.20+0.15P8 4.50£0.254
MAP 2.35+0.10%° 2.45+0.12%° 3.50+0.10%¢ 4.80+0.2028 6.00+£0.20%4

Toplam Koliform Bakteri Sayimi, log (CFU/g)
\% 0.70+0.05%° 0.80+0.072P 0.95+0.05°¢ 1.10£0.058 1.30£0.10°*
MAP 0.75+0.10%° 0.90+0.113¢ 1.05+0.042° 1.25+0.05%8 1.50+0.05%
Toplam Maya-Kif Sayimi, log (CFU/g)

\Y, 1.00+0.10% 1.20+0.043P 1.40+0.03¢ 1.55+0.10°8 1.90+0.04%4
MAP 1.10£0.05% 1.25+0.06°° 1.50+0.06%° 1.80£0.05%8 2.10£0.10%*

a b Ayni situnda bulunan harfler istatistiksel agidan énemli bulunmustur (p<0.05). A B ¢ D.E- Ayn satirda bulunan harfler
istatistiksel agidan énemli bulunmustur (p<0.05). *V: Vakum paketlenmis kuzu kokore¢ grubu; MAP: %30 CO-, ve %70
N2 gazlari kullanilarak modifiye atmosferde paketlenmis kuzu kokore¢ grubu)

abDifferent lower-case letters (a-b) in the same column; ~B-CPECapital letters (A-E) in the same row indicate significant
differences (p<0.05). *V: Vacuum packaged lamb kokoreg groups; MAP: Lamb kokoreg groups packaged in modified

atmosphere using 30% CO:2 and 70% N: gases

Tablo 3 incelendiginde, vakum ve modifiye atmosferde
paketlenen kuzu kokoreclerin toplam koliform bakteri
sayllarinin 0.70 ile 1.50 log CFU/g arasinda degiskenlik
gOsterdigi ve depolama boyunca tim 6rneklerin toplam
koliform bakteri sayllarinda 6nemli artiglar tespit
edilmistir  (p<0.05). Depolamanin  baslangicindan
depolamanin 1. gunune gelindiginde, V kodlu 6rnegin
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toplam koliform bakteri sayisinda bir artisin goriilmesine
ragmen bu artis istatistiksel agidan Onemsiz
bulunmustur (p>0.05). 0. ve 1. gunlerde, gruplar
arasinda anlamh bir farkhhdin olmadigi gozlenmistir
(p>0.05). Kuzu ince bagirsagindan yapilan bu
kokoreglerin  toplam  koliform bakteri  sayilarinin
beklenenden diguk gikmasi kokoreglerin Uretim, tasima
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ve depolama kosullarinda sanitasyon kurallarinin etkili
bir sekilde uygulandigini gostermektedir. Depolama
boyunca tum orneklerin toplam koliform bakteri
sayilarinda meydana gelen  artisin artnlerin
depolanmasi sirasinda meydana gelen gesitli kimyasal,
enzimatik ve mikrobiyolojik degisikliklerden
kaynaklandigi diistindlmektedir.

Cig ve farkli metotlarda (1zgarada ve tandirda) pisirilmis
kuzu kokoreglerinde mikrobiyolojik kalitenin incelendigi
bir calismada, 1sil islemin toplam koliform bakteri
sayisini 6nemli dlglide azalttigi goérlilmis ve 1zgarada
pisirilen kuzu kokoreclerin en duslk koliform bakteri
sayisina sahip oldugu belirtiimistir [10]. Bilgin ve ark.
[11] tarafindan vyapilan bir c¢alhsmada ise, kuzu
kokorecleri tandirda ve i1zgarada pisirilmis ve tandirda
pisirilen (6.4x10%) 6rnede goére izgarada pisirilen kuzu
kokoreglerinde (5.2x102) toplam koliform bakterisi daha
dusuk bulunmustur.

Depolama boyunca vakum ve modifiye atmosferde
paketlenen kuzu kokoreglerin  toplam  maya-kif
sayllarinda meydana gelen degisiklikler Tablo 3’te
verilmistir. Orneklerdeki toplam maya-kiif sayilari 1.00
ile 2.10 log CFU/g seviyeleri arasinda degiskenlik
gOstermistir. Depolamanin 0. ve 1. glnlerinde, V ve
MAP kodlu kuzu kokorecglerdeki toplam maya-kuf
sayilarinin birbirine yakin degerler aldigi ve gruplar
arasinda anlamli bir farkliigin olmadigi tespit edilmistir
(p>0,05). Depolama boyunca tim o&rneklerin toplam
maya-kif sayllarinda 6nemli artiglar  yasanmistir
(p<0.05). Afyonkarahisar'da tiketime sunulan
kokoreclerde mikrobiyolojik kalitenin arastirildigr  bir
calismada, kokoreglerdeki toplam maya-kuf sayisi 5.89
log kob/g olarak bulunmustur [36]. Kilig [37] tarafindan
yapilan bir calismada ise, ¢ig kokorecteki toplam
koliform bakteri sayisinin 1.3x10° CFU/g seviyesinde
oldugu ve 1sil islemle birlikte kokoreglerdeki toplam
koliform bakteri sayisinin 1.0x10" CFU/g seviyelerine
distigu belirtilmistir.

Tdm  mikrobiyolojik  kriterler  dikkate alindiginda,
depolamanin 1. gununden itibaren V uygulanmig
orneklerin MAP uygulanmis 6rneklere gére daha stabil
oldugu ve mikrobiyal artigin sinirli kaldigr tespit
edilmistir.

SONUG

Genel bir degerlendirme yapildiginda, depolamanin ilk
dort guntne kadar V kodlu 6rnegin pH degeri daha
yuksek bulunmug ancak gruplar arasinda anlamli bir
farklilk tespit edilmemistir (p>0.05), depolamanin 4.
glndnden itibaren ise durum tersine donmis ve MAP
kodlu 6rnegin en yiksek pH degerine sahip oldugu
g6zlenmistir. Bu galismadan elde edilen sonuglara goére
vakum paketlemenin aletsel renk degerleri Uzerinde
olumsuz etkilere yol agmadan mikrobiyal aktiviteyi
(toplam psikrofil, toplam koliform ve toplam maya-kuf)
onemli oranda vyavaslattigi saptanmistir. Depolama
boyunca kokoreglerdeki TBARS degerlerinin kademeli
bir sekilde azaldigi gorulmustar.
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Ulkemizde kokoregler (pisiriimis ve dilimlenmis veya
pisiriimis ve ardindan ince kiyim haline getirilmig
sekilde) vakum ve modifiye atmosferde paketlenmis
paketler sekilde cesitli marketlerin et ve et Urlnleri
reyonlarinda satisa sunuldugu gibi bazi restoranlarda
ise butin sarim seklinde satisinin oldugu géruldr.
Kokoreg, basta Ulkemiz olmak U(zere Yunanistan,
Azerbaycan, iran gibi llkelerde severek tiiketilen bir
sakatat UrinU olmasina ragmen dinyada bu Urin ile
ilgili bilimsel ¢alismalar oldukga sinirlidir. Bu kapsamda,
kokoreg ile ilgili daha kapsamli bilimsel c¢alismalarin
yapilmasi gerekmektedir. Su ana kadar kokoreg tiiketimi
ile ilgili zehirlenme ve hatta Olimle sonuglanabilecek
olaylara ait resmi bir belge veya yazinin olmamasi bu
urtn ile ilgili dinyada yasal bir mevzuatin olmadigini
gOstermesi acisindan blyidk énem arz etmistir. Ayrica,
glinimuzde kuzu kokoreg olarak satilan drinlerin
bazilarinin aslinda dana kokore¢ olduklari bilinmektedir.
Besleyicilik  agisindan  kuzu  kokoreglerin  dana
kokoreclere nazaran protein, vitamin ve mineralce daha
zengin olduklari belirtiimektedir. Protein, vitamin ve
mineralce oldukga zengin bir Grlin olan kokoreci daha
genis kitlelere ulagiminin saglanabilmesi igin 6ncelikle
kokoreclerde olusabilecek kimyasal (kimyasal madde
kalintisi,  sanitasyon  uygulamalari,  poliaromatik
hidrokarbonlar gibi) ve biyolojik (mikroorganizmalar)
tehditlerin neler olabilecedi ve bu tehditlere kargi ne tir
Onlemlerin alinmasi gerektiginin bilinmesi ve ardindan
basta Tarim ve Orman Bakanhdi olmak lzere gesitli
Ulkelerin bakanliklariyla ortak bir yasal mevzuatin
hazirlanip basta restoranlar, isletmeler olmak Uzere
kokoreg uretim ve tiketim yerlerinin belirli araliklarla
denetlenip gida guvenilirliginin saglanmasi gerekir.
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Bu galismada, kullanilan aronya meyvesi ile bu meyvden Uretilen ekstra geleneksel recel ve geleneksel marmelatinin
fizikokimyasal ve fitokimyasal 6zelliklerinin belirlenmesi amaglanmigtir. Aronya meyvelerinden agik kazanda pisirme
yontemi ile recel ve marmelat uretimleri yapilmig ardindan taze meyve, ekstra geleneksel aronya receli ve geleneksel
aronya marmelatinin suda ¢6zunur kuru madde (SCKM), pH, titrasyon asitligi, su aktivitesi, toplam seker, HMF, renk,
toplam antosiyanin, toplam fenolik madde ve toplam antioksidan kapasite degerleri belirlenmistir. Taze meyve, ekstra
geleneksel regel ve geleneksel marmelatin SCKM degerleri sirasiyla %21.10, 72.73, 61.10; pH degerleri 4.14, 3.93,
3.95; titre edilebilir asitlik degerleri %0.79, 0.35, 0.56; su aktivitesi degerleri 0.948, 0.655, 0.659 ve toplam seker
miktarlari 7.79, 33.74, 34.19 g/100g olarak tespit edilmistir. Taze meyvede HMF’ye rastlanmazken ekstra geleneksel
recel ve geleneksel marmelatta tespit edilmis; toplam fenolik madde igerikleri meyve, regel ve marmelatta sirasiyla
1043.7, 570.9 ve 616.9 mg GAE/100 g olarak saptanmistir. Ekstra geleneksel aronya recgelinde 24.12 mgsiyanidin-3-
galaktozid/100g olan toplam antosiyanin miktari aronya marmelatinda 143.89 mgsiyanidin-3-galaktozid/100g olarak
Olculmustiur. Taze meyve, ekstra geleneksel regel ve geleneksel marmelatin antioksidan kapasite degerleri TEAC
yontemi ile 257.98, 107.21, 121.56 mg TE/100 g; FRAP yo6ntemi ile 1910.98, 363.73, 883.30 mg TE/100 g olarak
saptanmistir.

Anahtar Kelimeler: Aronya, Recel, Marmelat, Antioksidan aktivite

Some Physicochemical and Phytochemical Properties of Extra Traditional Jam and Traditional
Marmalate Produced from Aronia

ABSTRACT

This study aimed to determine the physicochemical and phytochemical properties of aronia fruits and extra traditional
jam and traditional marmalade produced from these fruits. For this purpose, first, jam and marmalade were produced
under atmospheric conditions from aronia fruit, and then total soluble solids (TSS), pH, titratable acidity, water activity,
total sugar, HMF, color, total anthocyanin, total phenolic substance, and total antioxidant capacity values of the
aronia, extra traditional aronia jam and traditional aronia marmalade were analyzed. TSS values of fresh fruit, extra
traditional jam and traditional marmalade were determined as 21.10%, 72.73, 61.10%; pH values 4.14, 3.93, 3.95;
titratable acidity values 0.79, 0.35, 0.56%; water activity values were 0.948, 0.655, 0.659 and total sugar amounts
were determined as 7.79, 33.74, 34.19 g/100g, respectively. While HMF was not found in fresh fruits, it was detected
in jam and marmalade. Total phenolic substance contents were 1043.7, 570.9 and 616.9 mg GAE/100 g in fruits, jams
and marmalades, respectively. The total amount of anthocyanins, which was 24.12 mg cyanidin-3-galactoside/100 g
in extra traditional aronia jam, was determined as 202.52 mg cyanidin-3-galactoside/100 g in traditional aronia
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marmalade. Antioxidant capacity values of fresh fruit, extra traditional jam and traditional marmalade were 257.98,
107.21, 121.56 mg TE/100 g by TEAC method and were 1910.98, 363.73, 883.30 mg TE/100 g by FRAP method.

Keywords: Aronia, Jam, Marmalade, Antioxidant activity

GiRIiS

Rosaceae familyasinda yer alan Aronyanin kokeni
Kuzey Amerika ve Dodu Kanada’'dir [1]. Halk arasinda
chokeberry adiyla bilinen bu Gzimsd meyvenin
Ulkemizde yetigtiriimesine 2012 yilinda Ataturk Bahge
Kultarleri Merkez Arastirma Enstitiisi’'nde baslanmistir.
2014 yilinda Yalova ve Kirikkale’de, 2017 yilinda
Manisa, Canakkale, Samsun, istanbul, Antalya ve
Bursa’da aronya bahgeleri kurulmaya baslanmig, 2018
ve 2019 yillarinda ise yine Kirklareli, Ankara, Bursa,
izmir, Canakkale, Bolu, Trabzon, Giresun, Kirgehir ve
Tekirdag’'da devam etmistir. Aronya taze olarak, meyve
suyu sanayisinde, aronyali dondurma ve aronyali sut
olarak sut ve sut Urunleri teknolojisinde, kuru meyve
teknolojisinde, meyveli ekmek, ¢orek, kek, puding ve
pastalarda, baharat sanayisinde, meyve salatalarinda,
recel, marmelat ve konserve sanayisinde, kuru yapragi
ve kuru meyvesi cay olarak ve diyet menulerinde
kullaniimaktadir [2, 3].

Meyveler icerisinde 6zellikle Gzimsi meyvelerin dogal
antioksidanlar bakimindan zengin oldugu ve yuksek
antioksidan kapasitesi ile antosiyanin miktarina sahip
olduklar bilinmektedir. Bu lGzimsi meyvelerden biri de
aronyadir. Aronyanin bilesiminde diyet lifi, organik
asitler, seker, yag, protein, mineral ve vitaminler gibi
birgcok bilesen bulunmaktadir. Meyve o6zellikle fenolik
maddelerce zengin bir kaynaktir. Taze meyvedeki
mineral igeriginin (kul degerleri) 440-580 mg/100g, diyet
lifi oraninin 5.62 g/100g, yag igeriginin 0.14 g/100g ve
protein iceriginin 0.7 g/100g oldugu tespit edilmistir.
Aronyadaki indirgen seker miktarinin %16-18 arasinda
oldugu ve glikoz ve fruktoz toplaminin 13-17.6 g/100 g
oldugu bildirilmigtir. Taze meyvelerin pH degeri 3.3-3.7,
kuru maddesi %15.6-28.8 araliinda olup meyvedeki
ana organik asitler L-malik asit ve sitrik asittir [1].
Jakobek ve ark. [4] aronyanin toplam polifenol, toplam
antosiyanin ve antioksidan aktivitelerini arastirdiklar
calismalarinda aronyanin toplam antosiyanin miktarini
4341.06 mg/kg ve toplam polifenol miktarini 10637.20
mg/kg olarak belirlemiglerdir. Aronyada en ¢ok bulunan
antosiyaninlerin  siyanidin-3-galaktosid (%68.9) ve
siyanidin-3-arabinosid (%24.5); toplam flavonollarden
ise flavonol kersetin (%93.07) oldugunu
raporlamiglardir. Polat ve ark. [5] Ankara’da yetistirilen 3
farkli  aronya genotipinin  fenolik  bilesenlerinin
belilenmesi amaciyla yaptiklari ¢alismalarinda aronya
meyvelerinin gallik asit, protokatesik asit, p-hidroksi
benzoik asit, klorojenik asit, kafeik asit, siringik asit,
benzoik asit, o-kumarik asit, rutin ve eriodictiol igerdigini
tespit etmislerdir. Calismada meyvedeki baskin fenolik
maddenin klorojenik asit (43.71 ppm) oldugu ve onu
protokatesik asit (16.34 ppm) ve rutinin (4.53 ppm)
izledigi bildirilmistir. Aronyanin taze ve islenmis (kuru
meyve, komposto, regel, taze meyve suyu) meyvelerinin
C vitamini, toplam polifenol igerigi ve antioksidan
kapasitesinin incelendigi baska bir ¢calismada 6rneklerin
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C vitamini igeriklerinin 7.25-98.75 mg/100g aralijinda
degistigini raporlamislardir. Ayni galismada aronya kuru
meyveleri en ylksek toplam polifenol icerigi (4015.25
mg GAE/100 g) ve antioksidan kapasite (84.45 mg
TE/g) gosterirken, aronya kompostosunun minimum
antioksidan kapasite degeri (12.25 mg TE/g) gosterdigi
bildiriimistir [6].

Meyveler, hasat zamanlarinin disinda da tiiketime hazir
hale getirilmeleri icin regel, marmelat ve jdle gibi
dayanikli Urinlere donusturilurler. Regel, bitin, yarim
veya daha kuglk parcalar halindeki meyveye seker
ilavesi ile hazirlanan; marmelat ise meyve pulpuna
seker ilave edilerek hazirlanan kivamli bir Grandur [7].
GlUnumuzde farkli meyveler kullanilarak hazirlanan regel
ve marmelat yelpazesi oldukga genistir. Bununla birlikte
sagliga faydali fonksiyonel bilesenlerce zengin olan
meyveler kullanilarak regel ve marmelat tretimi de gln
gectikge 6nem kazanmaktadir.

Aronya ile ilgili yapilan calismalar aronya meyvesinin
yuksek antioksidan kapasiteye sahip oldugunu ortaya
koymaktadir. Bu nedenle de saglik Uzerine olumlu
etkileri olan aronyanin hasat mevsimi diginda da
tiketimini saglamak igin alternatif gelistirmek 6nem arz
etmektedir. Bu caligmada aronya meyvesinden ekstra
geleneksel aronya receli ve geleneksel aronya
marmelati Uretilerek, Uretilen 6rneklerin fizikokimyasal
ve fitokimyasal 6zellikleri incelenmistir.

MATERYAL ve METOT
Materyal

Arastirmada, Eylil ayinda hasat edilmis olan Viking
cesidi Yalova aronyasi kullanilmigtir. Aronyalar ekstra
geleneksel recel ve geleneksel marmelat Uretimleri
gercgeklestirilinceye kadar +4°C’de depolanmigtir.

Metot

Ekstra Geleneksel Recel ve Geleneksel Marmelat
Uretimi

Regel ve marmelat Gretimleri, Tirk Gida Kodeksi; Regel,
Jole, Marmelat ve Tatlandirimis Kestane Puresi
Tebligi'nde belirtilen ekstra geleneksel recgel ve
geleneksel marmelat Gretimleri hedeflenerek yapilmistir
[8]. Aronyalar 6ncelikle se¢cme, aylklama ve ylkama
islemlerine tabi tutulmustur. Ekstra geleneksel recel
Uretimi icin meyveler batin halde, geleneksel marmelat
Uretimi icin ise bir blender yardimiyla pulp haline
getirildikten sonra kullaniimigtir. Bu amagcla her 2 Uretim
igin Uretime hazir hale getirilen meyvelerin Gzerine 1:1.2
oraninda seker ilave edilmis ve Uretimler acik kazanda
pisirme (atmosfer basincinda) teknigi ile
gerceklestirilmistir. Aronya receli 100°C’de 45 dakika,
aronya marmelati ise 100°C’de 30 dakikalik pisirme
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islemi sonrasinda kapakli cam kavanozlara sicak dolum
yapilmis ve kavanozlarin kapaklari sikica kapatiimistir.

Analiz Metotlari

Aronya, geleneksel aronya marmelati ve ekstra
geleneksel aronya regeline uygulanan analiz metotlari
asagida belirtilmis olup analizler 1 tekerrtr ve 3 paralel
olarak gercgeklestiriimis, sonuglar ortalamatstandart
sapma olarak verilmistir.

Suda Goziinir Kuru Madde

Orneklerin suda ¢éziinlr kuru madde (SCKM) degerleri
dijital refraktometre (Hanna HI96801, Romanya)
kullanilarak 6lgtlmustir.

pH

Orneklerin pH degerleri WTW Inolab pH 7110 Set 2
(Almanya) model pH-metre kullanilarak élgtlmusttr [9].

Titrasyon Asitligi
Orneklerin titrasyon asitligi degerleri potansiyometrik

olarak belirlenmis ve sonuglar sitrik asit cinsinden %
olarak verilmistir [9].

Su Aktivitesi
Orneklerin su aktivitesi degerleri 20°C’ye ayarlanmis
AqualLab (Model Series 3TE) su aktivitesi cihazi

kullanilarak 6lgtlmustir.
Toplam Seker

Orneklerin toplam seker tayinleri Fenol-Siilfirik Asit
metodu kullanilarak yapilmigtir [10]. Hidrolizat hazirlama
asamasi igin homojenize edilmis ornekten 0.1 g alinip 5
mL 2.5 N HCI ile 95°C'de 3 saat hidrolize edilmis,
hidrolizasyon  sonunda o6rnekler hizlica 1°C’ye
sogutulduktan sonra 750 uL %40’k NaOH ilave edilip
250 mL’ye saf ile tamamlanmigtir. 600uL hidrolizat ve
600 pL %5 (w/v) fenol ilave edilip 30 s vorteks karistirici
(Velp 2X3, italya) ile karistirnimis ve karisimin iizerine

hizlica 3 mL konsantre H2SO4 ilave edilip kanstirildiktan
sonra 80°C’lik su banyosunda (Mikrotest TT104,
Tarkiye) 3  dakika inkibasyona  birakilmistir.
inkiibasyonu tamamlanan érnekler musluk suyu altinda
sogutulduktan sonra 490 nm’'de absorbanslari
okunmustur.  Standart olarak D-glikoz  ¢ozeltisi
kullanilmis ve sonuglar g/100g olarak ifade edilmigtir.

Hidroksimetilfurfural

Orneklerin  hidroksimetil  furfural (HMF) miktarlari
spektrofotometrik olarak belirlenmistir. Analiz i¢in 10 g
ornek tartilip 20 mL oksijensiz su iginde ¢6zulmus ve 50
mL'ye su ile tamamlanmistir. Her Ornek igin iki ayn
deney tupunin her birine, 2’ser mL deney ¢ozeltisi ve
5’er mL para-toluidin ¢ozeltisi eklenip tiiplerden birine 1
mL su ve digerine 1 mL barbitirik asit ¢ozeltisi ilave
edilmigtir. Tapler iyice karistirildiktan sonra 550 nm'de
absorbans degerleri okunmus ve HMF miktarlari mg/kg
olarak ifade edilmistir [11].

Renk

Aronya (dis kabuk), aronya marmelati ve aronya regeli
orneklerinin L*, a* ve b* degerleri Minolta renk 6lgiim
cihazi (CR-300, Japonya) kullanilarak rastgele 3 farkl
noktadan olgtimustir.

Toplam Antosiyanin

Orneklerin ekstrakt hazirlama agsamalari Rababah ve
ark. [12]'ye gore yapilmistir. Bu amag igin 2 g 6rnek 50
mL asitlendiriimis metanol (%1 HCI igeren) ile 60°C'de
60 dakika inkiilbasyona birakilmistir. inkiibasyon
sonunda ekstraktlar filtre edilmis ve analizlere kadar
karanlik bir ortamda bekletilmistir.

Orneklerin toplam monomerik antosiyanin miktarlari pH
differansiyel metodu ile belirlenmistir [10]. Belli
miktardaki 6rnek ekstraktlari pH 1.0 ve pH 4.5 tampon

ile kangtirildiktan sonra 520 nm ve 700nm’'de
absorbanslari  6lgilmis ve toplam  monomerik
antosiyanin  miktarlari  asagdidaki formlle  gére

hesaplanmistir.

Toplam monomerik antosiyanin (mg/kg) = (A) * (MW) * (Sf) * 1000/ € * ¢
A: (As20nm —Azoonm) pH 1.0 - (As2onm—A7oonm) pH 4.5
MW: Siyanidin-3-galaktozid molekul agirligi, 445.2

Burada Sf: Seyreltme faktoru, €: Molar absorptivite, 30320 ve {: Spektrofotometre kiveti katman kalinhgidir, 1 cm.

Toplam Fenolik Madde ve Antioksidan Kapasite igin
Ekstrakt Hazirlama

Orneklerin ekstrakt hazirlama asamalari Rababah ve
ark. [12]'na goére yapilmistir. Bu amag i¢in 2 g 6érnek 50
mL metanol (%99.4) ile 60°C'de 120 dakika
inkilbbasyona  birakilmigtir.  inkiibasyon  sonunda
ekstraktlar filtre edilmis ve analizlere kadar karanlik bir
ortamda bekletilmigtir.
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Toplam Fenolik Madde

Orneklerin toplam fenolik madde miktarlari Franke ve
ark. [13]na gore belirlenmigtir. 1 mL ekstrakta 5 mL
Folin-Ciocaltue ayraci ve 15 mL %Z20’lik sodyum
hidrojen karbonat (NaHCOQO3) ilave edilip 100 mL’'ye saf
su ile tamamlandiktan sonra 2 saat karanlkta
bekletimis ve 760 nm dalga boyunda absorbans
degerleri okunmustur. Standart olarak gallik asit ¢ozeltisi
kullanilarak sonuglar mgGAE/100g olarak verilmistir.
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Antioksidan Kapasite

Orneklerinin antioksidan kapasiteleri TEAC ve FRAP
yontemleri ile belirlenmigtir. Analizlere ait detaylar
asagida sunulmustur.

TEAC

Orneklerin TEAC yontemi ile antioksidan kapasiteleri Re
ve ark. [14] tarafindan geligtirilien spektrofotometrik
yonteme gore yapilmistir. ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) (9.7 mg) ve
potasyum peroksidisilfat (K20sS2) (37.5 mg) sirasiyla
25 ve 1 mL saf suda c¢odzulmistir. Stok c¢oOzeltiyi
hazirlamak icin ABTS c¢ozeltisine 44 pyL K20sS:2
cOzeltisinden ilave edilmistir. ABTS radikal ¢ozeltisinin
hazirlanmasi igin karisim oda sicakliginda 12-16 saat
karanhk ortamda bekletilmistir. Calisma c¢ozeltisi; 1 ml

stok c¢ozeltisinin 88 mL etil alkol ile 734 nm’'de
0.700+0.02 absorbans degeri verecek sekilde
seyreltimesi ile hazirlanmis ve bdylece baslangig

absorbans degeri belirlenmigtir. 3 mL ¢alisma g¢ozeltisi
Uzerine 300 pL ornek ekstrakti ilave edilip karistirildiktan
sonra reaksiyonun gergeklesmesi icin oda sicakliginda
karanlik bir ortamda 6 dakika beklenmis ve 734 nm’'de
absorbans degerleri okunmustur. Standart olarak
Troloks  (+-6-Hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid) kullaniimis ve sonuglar mg TE/100 g
olarak verilmistir.

FRAP

Orneklerin FRAP yéntemi ile antioksidan kapasiteleri
Benzie ve Strain [15] tarafindan  belirtilen
spektrofotometrik yontem kullanilarak yapilmistir. 20 yL
ekstrakt Uzerine 2.98 mL FRAP c¢ozeltisi (FRAP 1,
FRAP 2 ve FRAP 3 cozeltileri 10:1:1 oraninda
karistirilarak hazirlanmistir) ilave edilip karistirilarak 30
dakika karanlik ortamda bekletiimis ve 593 nm’'de
absorbans degerleri okunmustur. Standart olarak
Troloks  (+-6-Hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid) kullaniimis ve sonuglar mg TE/100 g
olarak verilmistir.

BULGULAR ve TARTISMA

Turk Gida Kodeksi 2006/55 sayili Regel, Jole, Marmelat
ve Tatlandinimig Kestane Plresi Tebligi'nde geleneksel
marmelatta refraktometre ile tayin edilen ¢6zinebilir
kuru madde igeriginin %55ten, ekstra geleneksel
recellerde ise refraktometre ile tayin edilen ¢ozunebilir
kuru madde degerinin %68'den daha az olmamasi
gerektigi belirtiimistir [15]. Calismamizda elde edilen
sonuglara gore; aronya, ekstra geleneksel aronya regeli
ve geleneksel aronya marmelatinin SCKM igerikleri
sirasiyla %21.10, 72.73 ve 61.00 olarak belirlenmistir
(Tablo 1 ve Tablo 2). Recel ve marmelat 6rneklerinin
suda ¢o6zundr kuru madde degerleri ilgili teblig ile
uyumludur. Taze meyvenin 21.10 briks olan SCKM
degeri meyvenin regel ve marmelata islenmesi sirasinda

128

ilave edilen seker ve uygulanan isil islem sonrasinda
artmistir. Calismamizla benzer sekilde Vatansever [16]
alic meyvesinin 2 farkl ¢esidini kullanarak Urettigi recel
ve marmelatlarin SCKM degerlerini regellerde 68.00 ve
66.90; marmelatlarda ise 64.50 ve 52.30 olarak
saptamistir. Seymen [17] SCKM degeri 7.50 olan
balkabagindan Urettigi recel ve marmelatin SCKM
degerlerini sirasiyla 71.14 ve 70.60 olarak belirlemistir.
Esin [18] ug¢ farkli c¢esit Frenk UzUm( (kirmizi, siyah,
Ojebyn) meyvelerinin 8.00, 14.10 ve 11.00 olan SCKM
degerlerinin bu meyvelerden Uretimini yaptigi recellerde
64.88, 63.52 ve 63.63; marmelatlarda ise 63.00, 61.50
ve 62.55’e yukseldigini bildirmistir. Kaplan [19] SCKM
degeri %23 olan hinnaptan (rettigi recelin SCKM
degerini %68 ve marmelatin SCKM degerini ise %65
olarak belirlemistir. SCKM agisindan gorilen bu
farklilklar kullanilan hammadde ve pisirme sire ve
derecesi arasindaki farkliliktan kaynaklanmaktadir.

Taze meyvenin 4.14 olan pH degerinde recel ve
marmelata islenmesi sonrasinda bir miktar dasis
yasanmis ve bu deger ekstra geleneksel recgelde 3.93,
geleneksel marmelatta ise 3.95 olarak kaydedilmistir.
Calismamizda elde edilen sonuglarin Turk Gida Kodeksi
2006/55 sayili Regel, Jole, Marmelat ve Tatlandiriimis
Kestane Piresi Tebligi’'nde belirtilen dederlerden yliksek
bulunmus olmasi regel ve marmelat Uretimi sirasinda
asit ilave edilmemis olmasindan kaynaklanabilir.
Seymen [17] balkabagindan urettigi recelin pH degerinin
4.76, marmelatin pH degerinin ise 4.77 oldugunu
bildirmistir. Rababah ve ark. [11] cilek, kiraz, kayisi, incir
ve portakaldan urettigi recellerin pH degerlerini sirasiyla
2.71, 3.31, 3.34, 3.27 ve 3.22 olarak saptamiglardir.
Saglam [20] 5 farkh kiraz gesidi, 2 farkli dut cesidi ve
gilaburu meyvesinden acik kazanda pigirme teknigi
kullanarak Urettigi regellerin pH degerlerini kiraz
recellerinde  3.09-3.22; dut regellerinde 3.04-3.17
araliginda ve gilaburu regelinde ise 2,98 olarak
belirlemigtir. Tokbas [21] pH degeri 3.52 olan karaduttan
2 farkli pektin konsantrasyonu (%0.5-1) kullanarak
urettigi recellerin pH degerlerini 3.65 ve 3.55 olarak
saptamistir. Yildirrm [22] aciligi giderilmis kapariden
aclk kazanda ve vakum altinda pisirme yOntemleri ile
urettigi recellerin pH degerlerini sirasiyla 3.12 ve 3.16
olarak belirlemistir.

Aronya, ekstra geleneksel aronya receli ve geleneksel
aronya marmelatinin titre edilebilir asitlik degerleri sitrik
asit cinsinden sirasiyla %0.79, %0.35 ve %0.56 olarak
Olculmastur (Tablo 1 ve Tablo 2). Calismamizda elde
edilen sonuglar farkli meyvelerle Uretilen regel ve
marmelat sonuglari ile benzerlik gostermektedir.
Yildinm [22] acihgi gideriimis kapariden Urettigi
recellerin titrasyon asitlik degerlerini 0.65-0.70 g/100g
araliginda; Engin [23] kara kusburnu ve karadut
ekstraktlar ilavesi ile Urettigi nar regellerinin titrasyon
asitlik degerlerini %0.57-0.59; Yildiz Turgut ve ark. [24]
batin kamkat meyvesi ve kamkat meyve pargalarindan
urettikleri kamkat recellerinin titrasyon asitlik degerlerini
ise %0.40-0.55 olarak saptamislardir.
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Tablo 1. Aronyanin fizikokimyasal ve fitokimyasal 6zellikleri (ortalamazstandart sapma)
Table 1. Physicochemical and phytochemical properties of aronia (meantstandard deviation)

Parametre Deger
pH 4.14+0.30
Titrasyon asitligi, %sitrik asit 0.79+0.21
Su aktivitesi 0.948+0.004
SCKM, % 21.10+0.20
Toplam seker, g/100g 7.79+1.12
HMF, mg/g TE*
Toplam fenolik madde, mg GAE/10 Og 1043.7+0,0
Toplam antosiyanin, mg siyanidin-3-galaktozid/100 g 710.69+1.64

Antioksidan kapasite, TEAC, mg TE/100 g

257.98+138.50

1910.98+10.56

Antioksidan kapasite, FRAP, mg TE/100 g

L 19.78+1.15
a 1.93+0.66
b’ 3.38+1.32

*Tespit edilemedi

Taze meyvenin su aktivitesi degeri 0.948 olarak
belirlenmis, regel ve marmelat Gretimleri esnasinda ilave
edilen seker ve pisirmenin etkisi ile Uretimler sonrasinda
ekstra geleneksel regelde 0.655, geleneksel marmelatta
ise 0.659 olarak élciilmistir. Orneklerin su aktivitesi
degerleri literatirde gecen  degerlerden  disik
bulunmustur. Bu durum aronyadan Uretilen ekstra
geleneksel recel ve geleneksel marmelatin daha uzun
dayanim suresine sahip olabilecegini gostermektedir. de
Moura ve ark. [25] geleneksel ve dusuk sekerli olarak

urettigi bogurtlen recellerinin su aktivitesi degerlerinin
sirasiyla 0.785 ve 0.930; Kaya ve ark. [26] 4 farkli
formulasyon kullanarak urettikleri Trabzon hurmasi bazli
karigsik meyveli geleneksel marmelatlarin su aktivitesi
degerlerinin 0.84-0.89 araliginda; Ozbey ve ark. [27]
inceledikleri 30 farkh kusburnu marmelatinin su aktivitesi
degerlerinin 0.804-0.904 araliginda; Yildiz Turgut ve
ark. [24] dUrettikleri kamkat recellerinin su aktivitesi
degerlerinin ise 0.803-0.809 oldugunu raporlamiglardir.

Tablo 2. Ekstra geleneksel aronya regeli ve geleneksel aronya marmelatinin fizikokimyasal Ozellikleri

(ortalamazstandart sapma)

Table 2. Physicochemical properties of extra traditional aronia jam and traditional aronia marmalade

(meanzstandard deviation)

Parametre Ekstra Geleneksel Geleneksel
Aronya Regeli Aronya Marmelati
pH 3.9340.05 3.95+0.04
Titrasyon asitligi, %sitrik asit 0.35+0.05 0.56+0.09
Su aktivitesi 0.655+0.006 0.659+0.010
SCKM, % 72.73+£1.07 61.00+0.00
Toplam seker, g/100g 33.74+0.21 34.19+0.21
HMF, mg/kg 274.91+£11.59 26.5616.20
Aronya, ekstra geleneksel aronya recgeli ve geleneksel Aldohekzoslarin  asidik ortamda isitilmalari ile

aronya marmelati Orneklerinin toplam seker degerleri
siraslyla 7.79, 33.74 ve 34.19 g/100g olarak tespit
edilmigtir (Tablo 1 ve Tablo 2). Engin [23] klasik ve
ultrasonik ekstraksiyon yontemleri ile hazirladig1 karadut
ve kara kusburnu antosiyanin bazli ekstraktlar ilave
ederek ve etmeyerek Urettigi 5 farkli nar regelinin toplam
seker miktarlarinin Gretimler sonrasi 71.16-90.59 g/100
g araliinda degistigini raporlamig, 60 ginlik depolama
suresince meydana gelen toplam geker miktarindaki
degisimin ise Maillard reaksiyonlarindan kaynaklandigini
bildirmistir. Kaplan [19] Urettigi Hinnap recgelinin toplam
seker miktarini 60.29 g/100g, hinnap marmelatinin
toplam seker miktarini ise 58.13 g/100g olarak
bulunmustur. Vatansever [16] toplam seker miktarinin 2
farkli cesit alic meyvesinden Urettigi recellerde 169.64
ve 318.55 mg/g, marmelatlarda ise 204.28 ve 167.08
mg/g oldugunu bildirmistir. 3 farkh ceside ait enginar
kalplerinden Uretilen enginar regellerinde toplam seker
icerleri  59.51, 63.17 ve 69.92 g/100 g olarak
belirlenmigstir [28].

129

dehidrasyona ugramalari sonucu agiga c¢ikan HMFnin
olusumu yuksek sicaklik ile hizlanmaktadir. Regel ve
marmelat gibi sekerce zengin gidalarin da Uretimleri
sirasinda uygulanan isil igslem ve sureye bagl olarak az
ya da ¢ok miktarda HMF olusmaktadir [10, 29]. Bununla
birlikte, recel ve marmelatlarda onemli bir kalite kriteri
olmasina ragmen Tirk Gida Kodeksi'nde recel ve
marmelatlarin  HMF igerigi ile ilgili herhangi bir
sinirflandirma bulunmamaktadir. Calismamizda aronya
meyvesinde HMF saptanmazken regcel ve marmelat
Uretimleri sonrasi Urinlerde HMF tespit edilmistir. Ekstra
geleneksel aronya regelinde 274.91 mg/kg, geleneksel
aronya marmelatinda ise 26.56 mg/kg dizeyinde HMF
saptanmistir. Ornekler arasindaki bu farklilik Gretim
sirasinda  regel  6rneginin  daha uzun sire
pisiriimesinden, literatirdeki degerlerden yuksek olmasi
ise Orneklerin aglk kazanda pisirme yontemi ile
pisiriimesinden kaynaklanmis olabilir. Seymen [17]
balkabagindan Urettigi regellerde 17.56, marmelatlarda
ise 39.07 mg/kg HMF saptarken; alic meyvesinin 2 farkli
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cesidinin kullanilarak uretildigi recel ve marmelatlarin
HMF degerleri recgellerde 0.70-0.186 Ma/g,
marmelatlarda ise 0.60-63.30 ug/g olarak belirlenmistir.
Engin [23] farkli ekstraksiyon yontemleri ile hazirladigi
karadut ve kara kusburnu antosiyanin bazli ekstraktlar
ilave ederek ve etmeyerek Urettigi 5 farkl nar regelinin
60 gunlik depolanmasi slresince HMF miktarlarinin
5.13-18.25 mg/kg araliinda degistidini raporlamistir.

Orneklerin renk degerleri Tablo 1 ve Tablo 3'de
verilmigtir. Aronyada basglangigta 19.78 olan L" degeri,
regcel ve marmelata iglenmesi sonrasinda bir miktar
azalmistir. Parlakli§i ifade eden L" degeri recelde 13.38,
marmelatta 17.22 olarak Olgulmistir. Ayni sekilde
Seymen [17]7de balkabadindan Uurettigi marmelat
orneklerinden elde edilen L° degerinin  regel
Orneklerinden elde edilen degerden yuksek ciktigini
bildirmistir. Calismamizda ekstra geleneksel aronya
regeli ve geleneksel aronya marmelatina ait a” degerleri
sirasiyla 1.07 ve 1.48; b* degerleri ise yine sirasiyla
4.25 ve 3.27 olarak saptanmistir. Batu [30] iki farkl ttr
karayemis meyvesi kullanarak Urettigi regel ve
marmelatlarin L~ degerlerinin  20.78-30.99, a’
degerlerinin -0.367-8.08 ve b" dederlerinin ise 2.27-9.82
araliginda oldugunu bildirmigtir. de Moura ve ark. [25]
geleneksel ve dusuk sekerli olarak Urettikleri bogurtlen
recellerinin L", @’ ve b" degerlerinin sirasiyla 22.45, 8.74
ve 2.29; Yildiz Turgut ve ark. [24] butin kamkat meyvesi
kullanarak Urettikleri regellerin L", a’ ve b’ degerlerinin
19.92, 3.43 ve 7.76; kamkat meyve parcalari kullanarak
urettikleri kamkat regellerinin L', a" ve b" degerlerinin ise
19.54, 2.02 ve 5.91 oldugunu saptamislardir.

Tablo 3. Ekstra geleneksel aronya
(ortalamazstandart sapma)

receli ve geleneksel aronya marmelatinin

Orneklerin toplam antosiyanin miktarlar siyanidin-3-
galaktozid cinsinden hesaplanmis olup bu deger taze
meyvede 710.69 mg siyanidin-3-galaktozid/100g, ekstra
geleneksel recelde 2412 mg siyanidin-3-
galaktozid/100g ve geleneksel marmelatta ise 143.89
mg siyanidin-3-galaktozid/100g olarak belirlenmistir
(Tablo 1 ve Tablo 4). Meydana gelen antosiyanin
kayiplari, recel ve marmelatin igerdigi aronya
meyvesindeki miktarin baslangic aronya meyvesindeki
miktarina oranlanarak hesaplanmistir. Aronya
meyvesinin regel ve marmelata islenmesi sonrasinda
toplam antosiyanin miktarinda recelde %96.60,
marmelatta ise %79.75 oraninda dusius saptanmistir.
Recel ve marmelat dretimleri sirasinda uygulanan
yuksek 1sil igslem antosiyaninlerin degradasyonuna
neden olmaktadir. Bu nedenle bu tip antosiyanin
kayiplari pigirme isleminin disuk isil islem uygulamalari
dolayisiyla da drunlerin vakumda pisirme yoOntemi
kullanilarak Uretilmesi ile en aza indirilebilir. Literatirde

yer alan farkli meyvelerden Uretilen regel ve
marmelatlarin ~ toplam  antosiyanin  miktarlarinda
meydana gelen azalmalar g¢alismamizla benzerlik

gOstermektedir. Saglam [20] 5 farkli kiraz gesidi, 2 farkh
dut gesidi ve gilaburu meyvesinden vakumda pisirme
teknigi  kullanarak Urettigi  recellerin  antosiyanin
miktarinda %58.23-73.28; acik kazanda pisirme teknigi
ile Urettigi recellerde ise %76.68-89.0 oraninda azalma

gerceklestigini  bildirmistir. Oancea ve Calin [31]
geleneksel yontem ile drettigi bogurtlen, kirmizi
ahududu, tath kiraz ve vyabani kiraz regellerinde

antosiyaninlerin taze meyvelerle karsilastirildiginda
%66-84 oraninda pargalandiklarini ifade etmistir.

renk degerleri

Table 3. Color values of extra traditional aronia jam and traditional aronia marmalade (meanzstandard

deviation)
Renk Parametresi Ekstra Geleneksel Aronya Regeli Geleneksel Aronya Marmelati
L 13.38+2.77 17.2241.29
a 1.07£0.69 1.4810.24
b’ 4.25+1.04 3.27+0.52

Orneklere ait fitokimyasal ozellikler Tablo 1 ve Tablo
4’de verilmistir. Calismamizda toplam fenolik madde
miktari aronyada 1043.7 mg GAE/100 g, ekstra
geleneksel aronya regelinde 570.90 mg GAE/100 g ve
geleneksel aronya marmelatinda ise 616.9 mg GAE/100
g olarak kaydedilmistir. Calismamizda elde edilen
sonuglar farkli meyvelerle yapilan regel ve marmelatlarin
toplam fenolik madde miktarlarindan daha yiksek
bulunmustur. Rababah ve ark. [11] cilek, kiraz, kayisi,
incir ve portakaldan Urettikleri regellerin toplam fenolik
madde miktarlarini sirasiyla 578.26, 543.94, 514.86,
29142 ve 436.9 mg GAE/kg olarak saptamislardir.
Seymen [17] balkabagindan urettigi recelin toplam
fenolik madde miktarinin  63.33 mgGAE/100g,
marmelatin toplam fenolik madde miktarinin ise 71.92
mg GAE/100 g oldugunu bildirmistir. Esin Yicel ve Kaya
[32] kirmizi, siyah ve Ojebyn cesit Frenk Uzimiinden
urettikleri regel ve marmelatlarin toplam fenolik madde
miktarlarinda 6 aylik depolama silresince meydana
gelen degisimleri inceledikleri galigmalarinda toplam
fenolik madde miktarinin recgellerde 106.5-808.1 ug
GAE/g araliginda, marmelatlarda ise 202.0-798.8 ug
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GAE/g araliginda degistigini saptamislardir. Baskaya
Sezer ve ark. [33] c¢akal erigi ve yonuz eriginden
urettikleri  marmelatlarin ~ toplam  fenolik madde
miktarlarinin sirasiyla 47.75 ve 45.67 mg GAE/100 g
oldugunu bildirmiglerdir.

Orneklerin antioksidan kapasiteleri Troloks esdegeri
antioksidan kapasite (TEAC) ve demir (lll) indirgeme
antioksidan gicli (FRAP) acgisindan degerlendirilmistir.
Aronyanin  antioksidan  kapasite = degeri TEAC
yonteminde 257.98 mg TE/100 g olarak bulunurken,
FRAP yonteminde bu deger 1910.98 mg TE/100 g
olarak belirlenmistir. Regel ve marmelat orneklerinin
TEAC yontemi ile belilenen antioksidan kapasite
degerleri sirasiyla 107.21 ve 121.56 mg TE/100 g iken;
FRAP yontemi ile belirlenen antioksidan kapasite
degerleri ise sirasiyla 363.73 ve 883.80 mg TE/100 g
olarak saptanmistir. Saglam [20] 5 farkh kiraz gesidi, 2
farkh dut gesidi ve gilaburu meyvesinden acgik kazanda
pisirme teknigi kullanarak Uretilen recellerin antioksidan
kapasite degerlerini TEAC yontemi ile 6.72-13.73
mMtroloks/g; DPPH yontemi ile 26.52-73.97 ug/mL
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araliginda; Seymen [17] balkabagindan Urettigi recel ve
marmelatlarin antioksidan kapasitesini DPPH ydntemi
ile sirasiyla 23.43 ve 24.99 ymol TE/g; Bagkaya Sezer
ve ark. [33] cakal erigi ve yonuz erigi marmelatlarinin
antioksidan kapasite degerlerini ABTS yoOntemi ile
siraslyla 454.03 ve 658.06 mg/100g; Diaconeasa ve ark.
[34] yabanmersini, bogurtlen-frenk Gzimu, frenk Gzimd,
kizilcik ve ahududundan drettigi recellerin antioksidan
kapasitesini ABTS yoOntemi ile sirasiyla 6.10, 18.26,
36.56, 20.11 ve 10.10 uM Trolox/g; Vatansever [16] ali¢
meyvesinin iki farkli tirinden acgik kazanda pisirme

yontemi ile Urettigi regel ve marmelatlarin DPPH %
inhibisyon degerlerini recellerde 51.76-61.74 ve
marmelatlarda 69.63-95.78 araliginda; Glzel [35] iki
farkl maviyemis c¢esidi kullanarak uretip 6 ay silresince
depoladigi recel ve marmelatlarin antioksidan kapasite
degerlerini TEAC yontemi ile regellerde 3.63-11.60 pmol
TE/g, marmelatlarda 1.16-10.97 umol TE/g; FRAP
yontemi ile regellerde 2.27-10.33 umol TE/qg,
marmelatlarda ise 1.83-8.62 umol TE/g arahdinda
oldugunu tespit etmiglerdir.

Tablo 4. Ekstra geleneksel aronya receli ve geleneksel aronya marmelatinin fitokimyasal 6zellikleri (ortalamazstandart

sapma)
Table 4. Phytochemical properties of extra traditional aronia jam and traditional aronia marmalade (meantstandard
deviation)
Parametre Ekstra Gelenekgel Geleneksel
Aronya Regeli Aronya Marmelati
Toplam Fenolik Madde (mg GAE/100 g) 570.948.7 616.91£1.0
Toplam Antosiyanin (mg siyanidin-3-galaktozid/100 g) 24.12+0.18 143.89+2.20
Antioksidan Kapasite, TEAC (mg TE/100 g) 107.21£23.75 121.56+71.82
Antioksidan Kapasite, FRAP (mg TE/100 g) 363.73+8.98 883.80+6.97

SONUG

Ulkemizde son yillarda yetigtirimeye baglanan ve Tarim
ve Orman Bakanhgdrnin sertifikali fidan ve kredi destegi
ile yeni aronya bahgelerinin kurulumunu desteklemesi ile
aronya yetistiriciligi hizh  bir sekilde artmis ve
yayginlagsmistir.  Bu calismada, ylksek antioksidan
Ozellik gosteren aronya meyvesinden ekstra geleneksel
recel ve geleneksel marmelat Uretilerek, Uretilen regel ve
marmelatin bazi fizikokimyasal ve fitokimyasal ozellikleri
ortaya konmustur. Yuksek fonksiyonel 6zellik gosteren
aronya meyvesinden dUretilen recel ve marmelatlarin
kalitesinin ortaya konmasi, bu tip Urinlerin endistriyel
boyutlarda dretimlerinin standardize edilmesine, yeni
urtnlerin piyasaya kazandiriimalarina ve dolayisiyla da
ulke ekonomisine katki saglayacaktir.
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Bu calismada bilgi alma, besin israfini azaltma, planlama ve hazirlama alt boyutlarindan olusan, bireylerin besin
zincirine katiimini belirleyen ‘Besin Zincirine Katihm Olgeginin (BZKO) Tirk kiltirine uyarlanmasi ile birlikte
bireylerin genel 6zellikleri ve besin satin alma-63iin hazirlama ile ilgili dzelliklerine gére BZKO puanlarinin
degerlendirilmesi amaglanmistir. Olgek, uzmanlar tarafindan ingilizce dilinden hedef dil olan Tirkgeye gevrilmis,
gerekli kontrollerden sonra ters geviri yapilarak tekrar anadile gevrilmistir. Son kontroller ve pilot ¢calisma sonrasinda
nihai haline getirilmistir. Calismaya katilan yetiskinlere genel bilgiler, besin satin alma ve hazirlama ile ilgili bilgiler ve
Besin Zincirine Katihm Olgegini iceren soru formu uygulanmis, yiz ylize gérigsme teknigi ile veriler toplanmigtir.
Calismaya 712 kadin ve 415 erkek olmak (izere toplam 1127 yetigkin birey dahil edilmistir. Ortalama BZKO puani
kadinlarda, egitim diizeyi ylksek olanlarda, evlilerde, kentsel alanda yasayanlarda, kronik hastaligi olanlarda ve diyet
uygulayanlarda daha yilksek bulunmustur (p<0.05). Bireylerin besin satin alma ve 6gin hazirlama ile ilgili
davraniglarina gére BZKO puani degiskenlik géstermistir (p<0.05). Tiirkgeye uyarlanan dlgedin maddelerinin faktor
yiikleri 0.42-0.803 arasinda degisirken uyum istatistikleri yliksek bulunmustur. Olgegin toplam Cronbach alfa katsayisi
0.804 olarak hesaplanmistir. Yapilan analizler sonucunda 6lgegin Turkge dilinde gegerli ve guvenilir bir 6lgme araci
oldugu ve yetigkin bireylere uygulanabilecedi sonucuna varilmigtir.

Anahtar Kelimeler: Besin zinciri, Strdirilebilirlik, Besin israfi, Gegerlik-glivenirlik

Adaptation of “Food Chain Engagement Measurement” Scale for Adults into Turkish: A
Validity and Reliability Study

ABSTRACT

This study aimed to adapt to Turkish culture the "Food Chain Engagement Measurement Scale” (FCEMS), which
determines the participation of individuals in the food chain and consists of the sub-dimensions of obtaining
communication, waste reduction, planning, and preparation. It aimed to evaluate FCEMS scores according to their
general and food purchasing-meal preparation characteristics. The scale was translated from English into the target
language, Turkish, by experts, and after the necessary controls, it was translated back into the primary language. It
was finalized after final checks and the pilot study. A questionnaire containing general information, information about
purchasing and preparing food, and the 'Food Chain Engagement Measurement Scale' was applied to the
participants, and data was collected by face-to-face interview technique. A total of 1127 adults, 712 women and 415
men, were included in the study. The mean FCEMS score was higher in women, those with higher education levels,
married, living in urban areas, with chronic diseases, and on a diet (p<0.05). FCEMS score varied depending on the
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behaviors of purchasing and preparing food of participants (p<0.05). The factor loadings of the scale items adapted to
Turkish ranged between 0.42 and 0.803, and the fit statistics were found to be high. The total Cronbach's alpha
coefficient of the scale was calculated as 0.804. As a result of analyses, it was concluded that the scale is a valid and
reliable measurement tool in Turkish and can be applied to adults.

Keywords: Food chain, Sustainability, Food waste, Validity and reliability

GiRIiS

Besin zincirine katilim, “besin zinciri boyunca besinle
ilgili davraniglarin aktif olarak gerceklestiriimesi” olarak
tanimlanmaktadir. Bu kapsamda besin Uretimi ve
mensei, besin secimi ve aligverig, pigirme ve hazirlama,
yemek ve beslenme, besin israfi ve surdurilebilirlik ile
besin savunuculugu ve paylasimi yer almaktadir [1].
Besin zincirinde Uretimin, tiketimin ve tlketici
davraniglarinin énemli rolu oldugu gorilmektedir [2]. Bu
baglamda besinin Uretimi, islenmesi ve dagitimindaki
temel unsurlar, besinin guvenligi ve kalitesi konusunda
tuketicilere hizmet etmektedir [3].

Bireylerin neyi, nasil ve neden tlkettigi bir dizi karmagik
suregten olugsmaktadir. Besin segimi bireylerin beslenme
aligkanliklan, kdlturel altyapilari, saglk ihtiyaclar,
besine erisebilme durumu ve maddi olanaklar gibi ¢ok
yonlu faktorlerden etkilenmektedir [4—8]. Ayni zamanda
besin ve beslenme politikalarinin, kiresel besin
endustrisinin, yerel besin ortamlarinin, pazarlama ve
reklamin bireysel besin secimi tzerinde 6nemli bir etkisi
bulunmaktadir [9]. Ayrica besin atiklarinin kontrol altina
alinmasi da besin zinciri boyunca dikkat edilmesi
gereken bir diger boyuttur [10]. Tuketim esnasinda
bireylerin diyet kalitesine odaklanmalarinin yani sira
tercihlerinin surdlrulebilirligi destekler nitelikte olmasi
besin zincirine olumlu yonde katki saglayacaktir [11]. Bu
suregte sadece beslenme veya besin segiminin
Otesinde, besine iligkin daha genis bir c¢ercevede
davranigsal sonuglari dogru bir gekilde o6lgmek igin,
Uretimden atiga kadar besin zincirinin tamami boyunca
cesitli potansiyel katihm noktalarini kapsayan bir dlgim
yapmanin yararli olacagi dusuncesiyle Besin Zincirine
Katilim Olgegi [BZKO] gelistirilmistir [1].

Bu calismada uyarlamasi yapilan BZKO, bireylerin besin
zinciri surecindeki katkilarini degerlendirmeyi, besin
sec¢imini ve dolayisiyla diyet kalitesini etkileyebilecek
kavramlara iliskin bilgi saptamayi hedefleyen, O’Kane ve
ark. [1] tarafindan gelistirilen Ingilizce bir aragtir. Bu
calismada, gerekli izinleri alinan BZKO’nin yetigkin
bireylerde Tarkce gecerlik ve glvenirligini
degerlendirerek Turkge diline uyarlamak ve bununla
birlikte katilimcilarin genel 6zellikleri ve besin satin
alma-6gun hazirlama ile ilgili ézelliklerine gére BZKO
puanlarini degerlendirmek amaglanmistir.

GEREG ve YONTEM

Arastirmanin Tiiri

Bu galismanin tiri yapilis amacina gére uygulamali,
toplanan verilerden yararlanma amacina goére

tanimlayici,  verilerin  toplandigi  zamana  goére
kesitselarastirma niteligindedir. O'Kane ve ark. [1]
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tarafindan geligtirlen ve orijinal adi Food Chain
Engagement Measurement Scale olan Besin Zincirine
Katlim  Olgeginin  Tirk  kiltirine  uyarlanmasi
caligsmasidir.

Arastirmanin Evreni ve Orneklemi

Bu calismanin 6érneklemini; veri toplama igin belirlenen
tarihler arasinda ulasilabilen, Kirikkale’de ikamet eden
ve dahil etme kriterlerini  karsilayan bireyler
olusturmustur.  Arastirmada  “kolayda  &rnekleme
yontemi” kullanilarak galismaya katilmaya gonulld, 19-
64 yas araliginda, beslenme ile ilgili herhangi bir
uzmanhgi veya ilgisi olmayan, saglikh iletisim kurabilen
ve anadili Turkge olan yetigkin bireyler dahil edilmistir.

Bir olgedin baska bir kiltire/topluma uyarlanmasinda,
Olcek madde sayisinin en az 5-20 kati sayida 6rnekleme
ulagiimasi gerekmekte oldugu bildirilmektedir [12, 13].
Bu calismada kullanilan Besin Zincirine Katilim
Olgeginin 10 madde oldugu gdz 6niine alindiginda en
az 50-200 vyetigkin bireye ulasilmasi hedeflenmistir.
Arastirmanin veri toplama agsamasi icin ayrilan sirede
erigilen goénulli sayisi olan 1127 birey ile ¢alisma
tamamlanmistir.

Besin Zincirine Katihm Olgeginin  Orijinal
Formunun Tirkceye Uyarlanmasi Agamalari

Besin Zincirine Katiim Olgeginin  Tiirkge diline
uyarlanmasi amaci ile ilk olarak 10 maddeden olusan
dlcek Ingilizce vyeterlilikleri olan iki ogretim (yesi
tarafindan birbirlerinden bagimsiz olarak hedef dil
Tarkceye cevrilmistir. Bu iki ayri c¢eviri daha sonra
birlikte ele alinmig, aralarindaki uyum ve uyumsuzluk
detayli olarak incelenmigstir. Tirkgeye cevrilen dlgek ile
ilgili tartigilarak anlam, dilbilgisi ve kullanilan terimler
acisindan gerekli duzeltmeler yapilmig ve Uzerinde
uzlagilan bir Turkce Olgcek elde edilmistir. Turkgeye
cevrilen 6lgcek Beslenme ve Diyetetik alanindan farkli iki
Ogretim dyesi ve bagimsiz Ug¢ diyetisyen olmak Uzere
toplam bes uzman tarafindan alan, dil ve uygunluk
agisindan degerlendirilmig, gerekli dizeltmeler
yapilmistir. Ardindan olasi dil hatalarini 6nlemek igin, ¢
bagimsiz dil uzmani dlgegi Tirkgeden Iingilizceye
cevirmislerdir.  Ingilizceye tekrar gevrilen (back-
translation) Olgek, kontrol etmek, hatalari 6nlemek ve
orijinal Olcek ile karsilastirmak icin Ogretim Uyeleri
tarafindan tekrar incelenmistir. Anlagiimayan,
anlasilmasi zor veya hatali kisimlar geriye donulip
dlzeltiimistir. Sonug olarak elde edilen Tirkge Olgegin
anlasilirhgini test etmek igin dOlgek ana calismanin
yapilacagi érneklemi temsil edecek sekilde 10 gonalliye
uygulanmis ve nihai haline getirilmistir. Yapilan bu 6n
uygulamada elde edilen veriler arastirma kapsamina
dahil edilmemisgtir.
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Tirkge diline uyarlanan Besin Zincirine Katihm Olgeginin
orijinal 6lgege olan uyumunu (6lgcegin hedef dildeki yapi
gecerligini) degerlendirmek amaci ile dogrulayici faktor
analizi [DFA] yapilmigtir. Uyum belirteclerinden iyi uyum
indeksi (goodness of fit index [GFI]), dizeltilmis iyi uyum
indeksi (adjusted goodness of fit index [AGFI]),
normlastiriimis uyum indeksi (normed fit index [NFI]),
Tucker-Lewis indeksi (Tucker—Lewis index [TLI]),
karsilastirmali uyum indeksi (comparative fit index [CFI])
ve tahmini ortalama karekok hatasi indeksi (root mean
square error of approximation [RMSEA]) kullaniimigtir
[14].

Olcegin  maddeleri  arasindaki  i¢c  tutarlihg:
degerlendirmek icin Cronbach alfa i¢ tutarlihk katsayilari
incelenmigtir. Olgegin giivenirligini saptamak icin ana
¢alismanin yapildigi 6rneklem grubunun bir kismina
test-tekrar  test  uygulanmasi, konu  hakkinda
katihmcilarin ~ kisa zaman icerisinde olasi fikir
degisikliklerinin olmasi nedeniyle uygun gérilmemistir.

Veri Toplama Araglari

Arastirma yuz ylze goérisme teknigi ile ydratalmastar.
Gonullilere yoneltilen anket formu, arastirmacilar
tarafindan literatur taramasi sonucu hazirlanan sorular

ve “Besin Zincirine Katim Olgegi” ile olusturulmustur.

Genel bilgiler soru formu: Yas, cinsiyet, 6grenim
durumu, meslek, medeni durum, yasanan yer, kim ile
yasadigi, calisma durumu, saglk durumu, diyet yapma
durumu, vicut agirhdi-boy uzunlugu olgtimleri, aile
durumu ve gelir durumu ile ilgili genel bilgiler, besin
satin alma ve 6gun hazirlama (ana 6giin hazirlamadan
sorumlu Kkisi, ana 06gun hazirlama sikhgi, market
aligverisinde sorumlu kisi vb.) ile ilgili sorular yer
almistir. Vicut agirhgr ve boy uzunlugu beyana gore
kaydedilmis ve beden kiitle indeksi (BKIi) (viicut agirhgi
[kgl/boy uzunlugu (m)?) formili ile hesaplanmistir.
Diinya Saglik Orgiitii kriterlerine goére BKi <18.5 kg/m?
(zayif), 18.5-24.9 kg/m? (normal), 25.0-29.9 kg/m? (fazla
kilolu) ve 230.0 kg/m? (obez) olarak kabul edilmigtir [15].

Besin zincirine katiim olgegi: O’Kane ve ark. [1]
tarafindan 2022 vyilinda gelistiriimistir. Toplam 10
maddeden olusan begli Likert tipte bir dlgek olup; bilgi
alma, besin israfini azaltma ve planlama ile hazirlama
olmak Uzere toplam Uug¢ alt boyuttan olusmaktadir.
Yazarlar tarafindan besin zincirine katilim 6lgeginin,
besin mudahalelerine etkililiginin degerlendiriimesinin
yani sira besin secimi ve buna bagl olarak diyet
kalitesini etkileyebilecek daha genig kavramlar hakkinda
daha fazla bilgi saglamak i¢in kullanilabilecegi
belirtilmistir. Olgek; her zaman-5, sik sik-4, bazen-3,
nadiren-2, hicbir zaman-1 puan seklinde
degerlendiriimektedir. Olgekten en az 10 en fazla 50
puan alinabilmektedir [1]. Olgekten alinan puan arttikca
bireylerin besin zincirine katihm duzeyi artmaktadir.
Olgegin daha dénce Tirkge gecerlik ve glvenirliginin
yapildigi  bir calismaya rastlanmamigtir.  Olgegin
uyarlanmasi igin, sorumlu yazar tarafindan e-posta yolu
ile iletisim kurulmus ve uyarlanabilecegine iligkin gerekli
izinler alinmgtir.
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Verilerin Analizi

Calismadan elde edilen verilerin istatistiksel analizleri ve
tablolarin olusturulmasi amaci ile SPSS 23.0 istatistik
yazilim programi kullaniimigtir.  Olgegin alt boyutlarini
analiz edebilmek igin kullanilan Dogrulayici Faktor
Analizi AMOS Version 23 ile yapilmistir. Tanimlayici
istatistikler nicel degiskenler igin ortalama, standart
sapma (SS), alt deger ve Ust deger seklinde ifade
edilmigtir. Nitel degiskenler ise frekans ve yilzde (%)
olarak gosterilmistir.

Nicel degiskenlerin karsilastirimasinda, parametrik test
kosullarinin ~ saglanip  saglanmadigi  Kolmogorov-
Smirnov testi ile arastiriimig, 6rneklem sayisinin hedefin
Uzerinde ve yeterli olmasi ve normal dagilim sartlarinin
saglanmasi nedenleri ile parametrik testler kullaniimigtir.
ikili gruplarin ortalamalarinin karsilastirlmasinda, iki
ortalama arasindaki farkin onemlilik testi, ikiden fazla
karsilastirmalarda tek yonlu varyans analizi (ANOVA)
yapiimisti. ANOVA’da farklilk ¢ikmasi durumunda
farklihgin kaynagini arastirmak igin Bonferroni Post-Hoc
testi kullanilmistir. Surekli iki veri arasindaki iligkinin
belirlenmesi icin Pearson korelasyon testi yapiimistir.

Olgegin yapisal gegerligini incelemek icin alt boyutlarin
orijinal élgekler ile uyumunun analizi Dogrulayici Faktor
Analizi (DFA) ile yapiimistir. Olgegin i¢ tutarhliklarinin
analizi igin madde-analizi yapilmis ve guvenirlik
katsayilari (Cronbach’s-a) hesaplanmigtir. istatistiksel
anlamlilik dizeyi p<0.05 olarak kabul edilmistir.

Arastirmanin Etik Yonu

Katilimcilara  oncelikle arastirmanin  dahil edilme
kriterleri ve arastirma ile ilgili detayl bilgilendirme metni
yonlendirilmig, s6zIu ve yazili onamlari alinmigtir. Bu
calisma igin Kirikkale Universitesi Girisimsel Olmayan
Arastirmalar Etik Kurulu'ndan 2023/06 sayili ve
20/06/2023 tarihli “Etik Kurul Onay1” alinmigtir.

BULGULAR ve TARTISMA

Katilimcilarin Genel Ozelliklerine Dair Bilgileri ile
BZKO Puanlarinin Degerlendiriimesi

Calismaya 712 (%63.2) kadin ve 415 (%36.8) erkek
olmak Uzere yas ortalamasi 33.1£12.7 yil olan toplam
1127 birey dahil edilmistir. Katiimcilarin 515 (%45.7)’i
12 yil Uzerinde egitim almisg, 623 (%55.3)'U bekar, 1052
(%93.3)'si kentsel bolgede yasayan, 503 (44.6)'0 es
velveya c¢ocuklar ile ikamet eden, 636 (%58.6)sI
calismayan, 652 (%59.1)'si geliri giderine esit, 743
(%68.0)'G  kronik hastaliga sahip olmayan ve 837
(%76.6)’'si herhangi bir diyet uygulamayan bireylerden
olusmustur. Beyana goére alinan vucut agirhgr ve boy
uzunlugundan hesaplanan BKi ortalama degeri 25.0+4.9
kg/m? olup bireylerin %4.7'si zayif, %14.3'4 obezdir
(Tablo 1, Tablo 2). Degisen tuketici tercihleri,
surdirulebilirik ve c¢evresel etki gibi faktorler besin
segiminde 6nemli bir yere sahiptir [16]. Besin zincirine
katihmin BZKO ile degerlendirildigi sporcularda yapilan
cevrimici bir calismada, beyana dayali hesaplanan BKi
ortalamasi erkeklerde 26.6+4.4 kg/m? kadinlarda
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23.84#3.6 kg/m?dir [17]. Ulkemizde ulusal diizeyde bulunabileceklerinin  géz  6ninde  bulundurulmasi
yapilan beslenme ve saglik arastirmasinda 19-64 yas gerektigi belirtimektedir [19], [20]. Bu ¢alismada kadin
grubunda bireylerin %29.3’0 normal aralikta olup %1.7’si katilimcilarin  fazla olmasinin (%63.2), BKi normal
zayif, %36.9'u fazla kilolu, %28.4'0 obez, %3.8'i ise aralikta olanlarin oraninin (%51.3) llke genelinden daha
morbid obezdir [18]. Yapilan bazi ¢alismalarda, beyana yuksek olmasinda etkili bir faktér oldugu bununla birlikte
dayali olarak hesaplanan BKi degerlerinin ortalama BKIi degerinin normal aralikta olmasina neden
epidemiyolojik arastirmalarda kullanilabilecegi, ancak olabildigi disunilmugtar.

obez bireylerin ve kadinlarin hatali beyanda

Tablo 1. Katihmcilarin tanimlayici ézelliklerine gére Besin Zincirine Katiim Olgegi puanlari
Table 1. Participation in the Food Chain Engagement Measurement Scale scores according to the descriptive
characteristics of the participants

Degigkenler OrtalamaS$s Alt deger-Ust deger Test Istatistigi
r=0.104
Yas (yil) 33.1212.7 19-64 p<0.001*
Frekans ve yiizde SZKO Pual Test istatistigi
. Kadin 712 (%63.2) 32.216.4 t=14.282
Cinsiyet Erkek 415 (%36.8) 26.217.1 p<0.001
<8yl 189 (%16.8) 29.7£7.0° E-o1 986
Egitim durumu g-12yil 423 (%37.5) 28,347 4% <0.001
>12yil 515 (%45.7) 31.447.0° p=f.
_ Evii 504 (%44.7) 31.37.1 t=5.623
Medeni durum Bekar 623 (%55.3) 28.947.2 p<0.001
Kentsel alan (ilfilge) 1052 (%93.3) 30.1%7.2 t=2.947
Yasanan yer Kirsal alan (Kasabarkdy) 75 (%6.7) 27.647.9 p=0.003
Tek bagina 102 (%9.1) 30.3£7.4%
Es ve/veya cocuklarile 503 (%44.6) 31.3¢7.1°
Birlikte yasadig Anne ve/veya baba ile 445 (%39.5) 28.717.1° F=8.052
isi(ler iger akraba(lar) ile 1. 916 .44 p<0.
kigi(ler) Diger akraba(lar) il 13 (%1.2 26,946,438 0.001
Arkadasg(lar)ile 47 (%4.2) 28.248.3%
Diger* 17 (%1.5) 26.746.3%
i Galigmiyor 636 (%58.6) 30.247.1 t=0.479
Galisma durumu Calisiyor 449 (%41.4) 30.0¢7.6 p=0.632
_ Geliri giderinden az 302 (%27.4) 29.5+7.3
Gelir durumu Geliri giderine esit/neredeyse esit 652 (%59.1) 30.247.2

degerlendirme Geliri gicerinden fazla 150 (%13.6) 306474

*: Kardes, oda arkadasl, karisik aile bireyleri ile. **: Katiimcilardan 42’si ¢calisma durumuna yanit vermemistir. ***: Katiimcinin
beyani olup gelir durumuna 23 kisi yanit vermek istememistir. Tabloda Bagimsiz gruplarda t testi, One-Way ANOVA testi ve
Pearson korelasyon testi kullaniimistir. #¢ [kiden fazla grup arasindaki istatistiksel farkliliklari géstermektedir.

Tablo 2. Katilimcilarin kronik hastalik varligi, diyet yapma durumu ve BKI degerine gére Besin Zincirine Katilim Olgegi
puanlari

Table 2. Food Chain Participation Scale scores of the participants according to the presence of chronic disease,
dieting status and BMI value

BZKO Puani

Degigkenler Frekans ve Yizde OrtalamaSs Test istatistigi
Kronik hastalik Yok 743 (%68.0) 29.67.3 t=-3.216
varhgr Var 350 (%32.0) 31.1£7.1 p=0.001
Hayir 837 (%76.6) 29.547.3 1=-5.034
Diyet uygulama _ ; Evet 256 (%23.4) 32.146.8 p<0.001
durumu® Kendi kendine uygulayan 170 (%66.4) 32.046.7 F=0.761
Diyetisyene bagvurup uygulayan 75 (%29.3) 32.647.0 p=0'468
Doktora bagvurup uygulayan 11 (%4.3) 29.945.8 '
Zayif 53 (%4.7) 30.1£7.2
Normal 577 (%51.3) 30.0£7.3 F=0.023
R - Fazla kilolu 334 (%29.7) 29.947.1 p=0.995
(BKZ‘I’;';)'},?“E'""E"S' Obez 161 (%14.3) 30.0:7.2
OrtalamaSs Alt deger-Ust deder Test Istatistigi
r=0.002
25.0x4.9 16.1-57.2 p=0.942

*: Katilmcilardan 34’0 kronik hastalik ve diyet yapma durumuna yanit vermemistir. **: Katiimcinin beyani olup viicut agirhgi-boy
uzunlugu sorusuna 2 kisi yanit vermek istememistir. Tabloda bagimsiz gruplarda t testi, One-Way ANOVA testi ve Pearson
korelasyon testi kullaniimistir.

Bu galismada Besin Zincirine Katilim Olgegi puani ile ve/veya babasi ile yasayanlardan (28.7+7.1), kronik
yas arasinda pozitif yonde glglu bir iliski saptanirken hastaligi olanlarda (31.1+7.1) olmayanlardan (29.6+7.3),
(r=0.104; p<0.001) BKi ile iliski bulunmamistir (p>0.05). diyet yapanlarda (32.1+6.8) yapmayanlardan (29.5+7.3)
Ortalama BZKO puani kadinlarda  (32.246.4) istatistiksel agidan anlamh olarak daha ylksek
erkeklerden (26.2+7.1), 12 yil Uzeri egitim alanlarda bulunmustur (p<0.05) (Tablo 1, Tablo 2). Bireylerin
(31.417.0) <8 yil (29.7£7.0) ve 8-12 yIl arasi (28.317.4) besin zincirine katilim yapisini dlgmek igin tamamen
egitim alanlardan, evlilerde (31.3t7.1) bekarlardan farkli yaklasimlar ve teorik paradigmalarin uygulandigi
(28.947.2), kentsel bodlgede yasayanlarda (30.117.2) Olcekler g6z oOnlne alindiginda, o©nceki calismalarin
kirsal bolgede yasayanlardan (27.6+17.9), es vel/veya sonuglarini  kiyaslamak zorlasmaktadir [21-23]. Bu
gocuklari ile birlikte yasayanlarda (31.3t7.1) anne calismada BZKO puani cinsiyet, egitim durumu, medeni
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surdurilebilirlik agisindan, gugli bir sekilde sosyal ve

cevresel faktorlerden etkilenmektedir [25].

durum, yasam sekli, kronik hastalik varligi ve diyet

yapma durumuna goére anlamli olarak farkh bulunmustur

(Tablo 1, Tablo 2). Besin katilim dlgeginin gelistirildigi bir

Ogiin

Hazirlamaya Dair Bilgileri ile BZKO Puanlarinin

Degerlendirilmesi

ve

Satin Alma

Besin

Katilimcilarin

¢alismada bu c¢alisma ile benzer olarak besin katilim
puaninin kadin cinsiyette ve ileri yasta daha ylksek
oldugu belirlenmigtir. Bu durum yash bireylerin, besin

cinsiyetin

kadin

ve
toplumdaki roll nedeni ile besin katihm puanlarinin daha

deneyimleri

dongusundeki

paketli besinlerin  etiketini
okumadigini, %39.0'u paket tzerindeki besin igeriklerine

%23.8’i

Katilimcilarin

yuksek olmasi ile ifade edilmektedir [23]. Baska bir

¢alismada da yuksek besin zincirine katilim duzeyleri,

dikkat etmedigini, %70.0’i paket Uzerindeki beslenme
bildiriminin saglikl besin sec¢imini etkiledigini, %28.6’sI

yasam sekli ile (iki ya da daha fazla arkadas ile birlikte
yasama) iliskilendirilmistir [24]. Saglikli besin se¢imi ve

hazirlamaktan sorumlu

oldugunu, %67.0’si ev igin yiyecek/icecek alisverisini

yaptigini ifade etmistir (Tablo 3).

gln ana 6gun

evde her

besin zincirine katilimi,

iligkili

ile

beslenme egilimi
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Ortalama BZKO puani katiimcilarin besin satin alma ve 6giin hazirlama durumuna gére degiskenlik gdstermistir.

Paketli besinlerin etiket Dbilgilerini her zaman
okuyanlarda (32.616.5) bazen (29.5£6.4) ve hig
okumayanlara (25.4+7.4) kiyasla; etikette enerji, yag,
doymus yag, seker, tuz gibi besin igeriklerine her zaman
dikkat edenlerde (32.846.7) bazen dikkat edenlere
(30.316.4) ve hic dikkat etmeyenlere (27.4+7.4) kiyasla;
pakette besin iceriklerinin belirtiimesinin saglikli besin
secgimini etkileyenlerde (31.316.9)  etkilemeyen
(26.416.9) ve bu konuda herhangi bir fikri olmayanlara
(27.2+7.1) kiyasla; evde ana 6gin hazirlamaktan daha
sik sorumlu olanlarda [haftada 5-6 kez (32.8+6.8), her
gin (33.846.2)], daha az siklikta sorumlu olanlara
[haftada 3-4 kez (30.5+6.6), haftada 1-2 kez (29.5+6.2)]
ve hi¢ sorumlu olmayanlara (25.4+6.9) kiyasla; evde
yemek hazirlayanlarda [kahvalti igin (31.716.5), 6gle
yemegi icin (32.846.4), aksam yemegi igin (32.416.6),
ara 6gunler icin (30.7+7.5)] hazirlamayanlara [kahvalti
icin (27.817.7), 6gle yemegi icin (28.917.3), aksam
yemegi icin (27.1£6.9), ara Ogunler icin (29.5+7.1)]
kiyasla; evde vyiyecek-igecek aligverisinden sorumlu
olanlar (30.9+7.0) ve evdeki bireyler ile birlikte aligverig
yapanlarda (31.0+£7.2) yapmayanlara (28.1+7.3) kiyasla
ortalama BZKO puani istatistiksel olarak anlamli sekilde
daha ylksek bulunmustur (p<0.05) (Tablo 3).

Ambalajli besinlerde beslenme bildiriminin hangi yluzde
oldugunu dogru bilen bireyler katihmcilarin 864
(%76.7)’Gnd  olusturmustur. Dogru bilen bireylerin
ortalama BZKO puani (30.647.0) 6n vyizinde
diyenlerden (27.5£7.5) ve dikkat etmeyenlerden
(25.6+£7.1) daha yiksektir (F=15.504; p<0.001).
Katilimcilarin 335 (%29.8)'i genellikle evde 3-4 kisiye
yemek yapmaktan sorumlu iken bu bireylerin ortalama
BZKO puani (32.3+6.5) sadece kendi igin hazirlayanlara
(27.7£7.1) ve evde yemek hazirlamayanlara (25.2+7.0)
kiyasla daha yuksektir (F=39.426; p<0.001) (Tablo 3).

Saglikli beslenme davraniglariyla bir arada var olan
besin  zincirine  katilimini  etkileyen  faktorlerin
belirlenmesi, toplum sagligi agisindan dnemlidir. Besin
satin alma ve 6gin hazirlama, besin zincirine katilimini
etkileyen o6nemli faktérlerdendir [25]. Bu c¢alismada
besin etiketi okuma sikhdi yiksek olan, besin ogesi
icerigine her zaman dikkat eden ve evde &giln
hazirlayan bireylerin ortalama BZKO puani istatistiksel
olarak anlamli dizeyde yiksek bulunmustur (Tablo 3).
Yapilan bir galigmada, besin etiketi okuma duzeyi ile
besin zincirine katiim duzeyinin pozitif yonde iligkili
oldugu belirlenmistir [26]. Besin zincirine katilim dizeyi
yuksek olan bireylerin evde 6gun hazirlama sikhiginin
daha ylksek oldugu [25], baska bir calismada da evde
0gun hazirlamayan bireylerin besin zincirine katiliminin
diglk oldugu belirtimektedir [27]. Marshall ve Bell
(2004) yaptiklar galismada, dizenli 6gin tiketiminin ve
kendi kendine 6gun hazirlamanin, ylksek besin zincirine
katilimi ile iligkili oldugunu saptamiglardir [23]. Besin ile
ilgili davraniglarin sirekli ve aktif olarak yerine
getiriimesi olarak tanimlanan besin zinciri katiliminda,
besin satin alma ve 6gun hazirlama davraniginin besin

138

zincirine katilm dizeyi ile iligkili oldugu gorilmektedir.
Besin zincirine katihmini etkileyen faktorlerin incelendigi
bir calismada, kadinlar ve yagli bireylerin erkeklere ve
geng bireylere kiyasla daha yiksek dizeyde besin
zincirine katihmi gésterdikleri, besin zincirine katilimini
en cok etkileyen faktorlerin ise yemege oOn hazirlik,
yemek pisirme ve bagkalari igin yemek yapmaktan keyif
alma oldugu belirlenmigtir [28].

BZKO’nin Dogrulayici Faktér Analizi Sonuglari

Orneklem blylkliginin faktér analizi icin uygun olup
olmadigini belirlemek icin Kaiser-Meyer-Olkin (KMO)
testi yapilmistir. KMO degeri 0.5-0.6 kabul edilebilir, 0.6-
0.7 uygun, 0.7-0.8 orta, 0.8-0.9 iyi ve 0.9-1 ¢ok iyi olarak
siniflandiriimaktadir [29]. Buna gére bu galismada KMO
testi istatistiginin sonuglari (KMO=0.833), o6rneklem
blyUkligunin yeterli oldugunu géstermektedir. Faktor
analizinin 6n kosulu olan maddeler arasinda yeterli
korelasyonun olup olmadiginin arastiriimasi icin Bartlett
Kiresellik Testi kullanilmistir. Test sonucuna gore
maddeler arasinda faktér analizi yapilabilecek yeterli
dizeyde iligkili oldugu saptanmistir (c?=3153.8;
p<0.0001).

Besin Zincirine Katiim Olgeginin dogrulayici faktor
analizi sonuglan Tablo 4, Tablo 5 ve S$ekil 1'de
gOsterilmistir. Madde faktor yukleri 0.42-0.803 arasinda
degiskenlik gostermistir. Buna ek olarak uyum indeksleri
olarak kullanilan CFl, AGFI, GFI, NFI ve TLI degerleri
sirasiyla 0.969; 0.961; 0.978; 0.959; 0.955 olarak tespit
edilmistir.

Beslenme arastirmalarinda sadece beslenmeye degil,
besine daha genis bir bakis agisiyla odaklanan
BZKO’nln, besin zincirine katilimi dlgmeye yonelik
geligtirilen ilk 6lgme araci oldugu O’Kane ve ark.
tarafindan belirtiimektedir [1]. Bu 06lgegin Turkce diline
uyarlanmasi ile yapilan dogrulayici faktér analizi
sonuglari Tablo 4, Tablo 5 ve Sekil 1°de gosterilmigtir.
Bu degerlerin 0,95 ve Uzerinde olmasi iyi uyum
oldugunu gostermektedir [14]. Ayrica Olgegin Tirkce
diline uyum indeksinin iyi dizeyde oldugu belirlenmistir.
Bununla birlikte bu calismada BZKO’niin Cronbach alfa
i¢ tutarlilik katsayisinin 0.804 oldugu gorulmektedir. Bu
katsayi O ile 1 arasinda deger alabilmekte, 1 sayisina
yaklagmasi  Olgegin  guvenilir  oldugunu  gdsterir
niteliktedir.  Katsayinin  0,80’in  Uzerinde  olmasi
BZKO'niin glvenilir oldugunu géstermistir [30]. iranli
yetiskin bireylerde besin zincirine katilim 6lgeginin
Farsga uyarlamasinin yapildidi benzer bir ¢alismada,
madde uyum indekslerinin iyi ve kabul edilebilir bir
diizeyde oldugu, 6lgegin Cronbach alfa degerinin ise
0.786 oldugu saptanmistir (CFI: 0.921, TLI: 0.928) [31].
Besin Zincirine Katiim Olgeginin herhangi bir topluma
uyarlanmasi heniz literatirde yer almamaktadir. Bu
nedenle dogrulayici faktorler ve i¢ tutarhlik katsayisi,
besin katilim dlgeklerinin uyarlanmasi ile kiyaslanmigtir.
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Tablo 5. Besin Zincirine Katihm Olgeginin uyum istatistikleri
Table 5. Fit statistics of the Food Chain Engagement Measurement Scale

Uyum indeksleri Kriterler [14] BZKO
RMSEA <0.06 0.053
CFl 20.95 0.969
AGFI 20.95 0.961
GFI 20.95 0.978
NFI 20.95 0.959
TLI 20.95 0.955
37

=
-2
=
1]

S

?

Bilgi

59 Alma

?

55

°

Planlama ve
Hazirlama

o

n
@

Gida Israfini
Azaltma

6

Ny
o

5

Sekil 1. Besin Zincirine Katilim Olgeginin dogrulayici faktér analizi diyagrami ve (ig faktorlii modele uyumu
Figure 1. Confirmatory factor analysis diagram of the Food Chain Engagement Measurement Scale and its fit to the
three-factor model

BZKO’nin Giivenirlik Analiz Sonuglari

Besin Zincirine Katim Olgeginin toplam 10 maddesi
arasindaki i¢ tutarliligi saptamak igin madde toplam
korelasyonlari ve Cronbach alfa i¢ tutarlilik katsayilari
hesaplanmistir. Korelasyonlar madde sirasi ile 0.291;
0.589; 0.527; 0.586; 0.526; 0.523; 0.310; 0.436; 0.520
ve 0.498 olarak bulunmustur. Cronbach Alpha degerleri
sirasiyla 0.804; 0.774; 0.781; 0.775; 0.781; 0.781;
0.807; 0.792; 0.782 ve 0.785dir. Olgegin toplam
Cronbach alfa i¢ tutarhlik katsayisinin 0.804 oldugu
tespit edilmistir.
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Arastirmanin Sinirliliklari

Bu arastirmanin ¢esitli sinirhliklari  bulunmaktadir.
Oncelikle kolayda érnekleme yéntemi ile yapildigi igin
belirli bir kesimin sonuglarini géstermekte ve ¢alismaya
katilan bireylerin verilerini yansitmaktadir. Buna ek
olarak c¢alismaya katilmaya gonullilik acisindan
kadinlarin daha ylksek sayida olmasi nedeni ile kadin-
erkek sayilari esit alinamamigtir. Ancak bu durum
istatistiksel olarak uygunsuz bulunmamigtir.

SONUG
Uretimden atiga kadar besin zincirinin gok yénli

asamalarinda bireylerin katiliminin dlgilmesi, beslenme
ve tuketimin 6tesinde karsimiza gikacak pek ¢ok besin
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ve beslenme davranisi hakkinda 6nemli bilgiler saglama
potansiyeline sahiptir. Tirk toplumunda BZKO'niin
Tarkge formunun yuksek yapi gecerligi ile gegerli ve
glvenilir bir dlgme araci oldugu belirlenmistir. Besin
zincirine katilim 6lgeklerine kiyasla daha kapsayici olan
ve sirdirilebilifige odaklanan BZKO, besin ve
beslenme arastirmalarinda, besin tercihinde ve diyet
kalitesi ile iligkili arastirmalarda kullanilabilecek gegerli
ve guvenilir bir 6lgektir.

TESEKKUR

Yazarlar, arastirmaya katiimayi kabul eden ve zaman
ayiran tum katihmcilara ve veri toplama surecinde
destekleri icin Kirikkale Universitesi Beslenme ve
Diyetetik BOlumuU dgrencilerine tesekkur eder.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir gikar gatigsmasi yoktur.
YAZAR KATKILARI

Plan, tasarim: ABG, EQ; Gerec, yontem ve veri toplama:
ABG, FNK, BC, CO, EO; Analiz ve yorum: ABG, FNK,
BC, ¢O, SED, EO; Yazim: ABG, CO, SED; Elestirel
degerlendirme: FNK, BC.
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ABSTRACT

Food packaging, crucial for protecting foods from various environmental impacts, is commonly produced from
petroleum and its derivatives. However, the slow decomposition of plastics in nature leads to environmental pollution.
One of the alternatives presented as a solution to this problem is biodegradable packaging materials. In this context,
edible films stand out as a new packaging material with various non-toxic and environmentally degradable features.
Edible films offer an eco-friendly option with properties like oxygen and moisture barriers. Recently, the production of
pouches derived from these edible films has gained popularity. Edible pouches are designed as an alternative to the
environmental pollution caused by disposable materials arising from practical usage demands. These pouches stand
out as packaging with controlled release properties and their ability to dissolve in water, aiding in preserving the
enclosed foods. This review examines edible films' purpose, characteristics, and applications, focusing on the use and
functions of pouches derived from edible films. Additionally, the review discusses the experimentation of these
pouches in various products, production purposes, methods, manufacturers, and the legal regulations associated with
them.

Keywords: Biodegradable packaging, Edible film, Edible bag, Food packaging, Industrial applications

Suda Géziinebilen Yenilebilir Keselerdeki Son Gelismeler: Uretim Yontemleri, Endiistriyel
Uygulamalar ve Yasal Diizenlemeler

0z

Gidalarin farkli gevresel etkilerden korunmasi igin blylk ©6nem tasiyan gida ambalajlari genellikle petrol ve
trevlerinden Uretilmektedir. Ancak, plastiklerin dodada zor bozunmasi ¢evre kirliligine yol agmaktadir. Bu soruna
¢ozum olarak, gosterilen alternatiflerden biri biyo-bozunur ambalaj materyalleridir. Bu baglamda, yenilebilir filmler
cesitli dzellikleriyle dikkat ¢ceken, toksik olmayan ve dogada bozunabilen yeni bir ambalaj malzemesi olarak 6ne
cikmaktadir. Yenilebilir filmler, oksijen ve nem bariyeri gibi 6zelliklere sahip olmalarinin yani sira gevre dostu bir
secenek sunmaktadir. Son zamanlarda, bu yenilebilir filmlerden tiretilen keselerin Uretimi de popdilerlik kazanmistir.
Yenilebilir keseler, pratik kullanim talepleri dogrultusunda ortaya ¢ikan tek kullanimlik materyallerin neden oldugu
cevre kirliligine alternatif olarak tasarlanmigtir. Bu keseler, suda ¢6ziinme 6zelligine sahip olmalarinin yani sira
icerdikleri gidalarin korunmasina yardimci olan, kontrolli salinim 6zelligine sahip ambalajlar olarak 6ne ¢ikmaktadir.
Bu derlemede, yenilebilir filmlerin ortaya g¢ikis amaci, 6zellikleri, yenilebilir filmlerden elde edilen keselerin kullanim
amaglari ve iglevleri irdelenmistir. Bu konularin yani sira, bu keselerin hangi Urtnlerde denendigi, tretim amaglari,
uretim yontemleri, Ureticileri ve bunlara iliskin yasal dizenlemeler ele alinmistir.

Anahtar Kelimeler: Biyobozunur ambalaj, Yenilebilir film, Yenilebilir kese, Gida ambalaji, Endustriyel uygulamalar
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INTRODUCTION

In contemporary times, consumers are increasingly
inclined towards fresh, nutritious, and high-quality food.
Food packaging is paramount in delivering healthier and
safer food products to consumers. Food packaging
contributes to preventing spoilage of food products in
the food supply chain, minimizing damage during
transportation, ensuring hygiene, and reducing food
waste.

The importance of food packaging helps to provide the
provision of healthier and safer foods. It has been
emphasized that food packaging in the food supply
chain contributes to preventing spoilage of food
products, minimizing damage during transportation,
ensuring hygiene, and reducing food waste [1]. Food
packaging performs various functions, such as reducing
food interaction with  spoilage factors like
microorganisms, water vapor, oxygen, and undesirable
tastes, preventing the loss of desired compounds like
aroma, and extending the shelf life of foods [2].
Packaging protects food from processing to
transportation. Packaging materials, such as paper,
plastic, glass, metal, or composites, have certain
limitations in food packaging. Plastics (e.g., polyethene,
polypropylene, polyethene terephthalate) are derived
from the processing of petroleum or petroleum-based
products. Additionally, non-eco-friendly of these single-
use plastic food containers, discarded into oceans or
landfills after use, poses serious issues such as CO:
and greenhouse gas emissions from their incineration,
contributing to ozone layer depletion [3].

Common packaging materials are produced from
synthetic polymers due to their excellent mechanical
properties, transparency, smoothness, and lightness.
Synthetic polymers like polyethene and polypropylene
are not biodegradable. They also exhibit good barrier
properties against gases such as water vapor, Oz, and
CO2. The non-biodegradability of synthetic polymers
causes environmental problems. Monomers and
additives from synthetic packaging can migrate into the
food, leading to serious health issues. To overcome
such problems, research is being conducted on using
biodegradable and naturally derived packaging
materials (e.g., proteins, polysaccharides) instead of
non-biodegradable synthetic polymers [4]. Consumers
have changed their attitudes towards food packaging,
quality, and environmental concerns in our modern era.
This shift has prompted researchers to focus on
biodegradable, sustainable packaging materials that
contribute to reducing carbon footprint. Edible packaging
is considered an eco-friendly alternative to food
packaging, allowing consumers to consume packaging
materials derived from plants, animals, marine life, or
natural food group polymers such as polysaccharides,
proteins, and lipids [5, 6]. With the advancement of
technology, it has been indicated that edible materials
can be ftransformed into edible packaging, which
preserves food quality, extends shelf life, and
contributes to waste reduction. Edible films are
mentioned as packaging materials for separating the top
or bottom of frozen products (such as pizza), for use as
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packaging material in sushi or sandwiches, or as
dissolving pouches for food products [7, 8]. Edible
pouches, categorized as edible packaging, have gained
popularity due to their biodegradability. They serve as
packaging materials with good oxygen, moisture, and
aroma barrier properties. They minimize gas
permeability to prevent oxidative rancidity, allow
controlled mass transfer, and facilitate the release of
active components such as antimicrobials, antioxidants,
and additives [9].

This review aims to provide recent developments,
mostly in last 5 years, on the emergence,
characteristics, production methods, usage purposes,
features, functions, and analyses of edible films.
Additionally, it aims to provide insight to the companies
in the industry producing edible pouches, the products
for which they are manufactured, their purposes, and
the legal regulations about edible pouches.

EDIBLE FILMS

In recent years, there has been an increasing global
demand from consumers for fresher and healthier foods.
This trend has led to an increase in the use of plastic-
based packaging materials to preserve product quality
and extend shelf life. According to statistical data
reported by Mostafavi and Zaeim [10], the production of
petroleum-based packaging materials  worldwide
increases by 8% annually, with less than 5% of the
materials being recycled. This contributes to the
continuous accumulation of plastics in the environment,
disposing millions of tons of plastic-based packaging
materials into landfills each year, leading to a significant
global issue. The slow decomposition of plastics in
nature, taking up to hundreds of years, exacerbates the
environmental pollution caused by plastics. In response
to these challenges, biodegradable and environmentally
friendly edible films have emerged as an alternative to
synthetic  polymers to reduce  plastic-related
environmental pollution.

As indicated by Mostafavi and Zaeim [10], edible films
offer a sustainable solution to mitigate environmental
pollution caused by plastics. According to Martinez et al.
[11], Mostafavi and Zaeim [10], and Ebrahimzadeh et al.
[12], these films can prevent the transfer of moisture,
oxygen, and aroma between the food and the
surrounding atmosphere. Consequently, the use of
edible films has rapidly increased to preserve the quality
of various foods. The statistical data presented by
Mostafavi and Zaeim [10] underscores the urgency for
sustainable alternatives to petroleum-based packaging
materials, supporting the growing adoption of edible
films to minimize the environmental impact of plastic
pollution.

Properties of Edible Films

Edible films play a crucial role in ensuring the safety and
freshness of foods throughout their shelf life, protecting
them from adverse conditions. The purposes of using
edible films vary based on the needs during food
preservation, and the natural properties of film-forming
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materials can limit their protective features due to
moisture and gas transport mechanisms. Edible films
must meet specific criteria to be suitable for use with
food. The ideal characteristics of an edible film can be
outlined as follows [13, 14]:

1. Safe for Human Consumption: The film-forming
materials must be considered safe for human
consumption (Generally Recognized as Safe,
GRAS) and approved by the Food and Drug
Administration (FDA).

Non-Toxic and Allergen-Free: The film should be
non-toxic, allergen-free, fully digestible, and
biologically degradable.

Mechanical Durability: It should be mechanically
durable to withstand potential damages during
the transportation and storage of food products.

. Solubility in Safe Solvents: The film-forming
materials should readily disperse and dissolve in
solvents such as water, alcohol, or mixtures
commonly used in production.

Adequate Coverage: The film should cover the
entire product.

Good Mechanical and Rheological Properties: It
should possess good mechanical and rheological
properties under production and application
conditions.

. Control of Water Vapor Transmission: The film
should be able to control water passage inside
and outside the protected food to maintain the
desired moisture content.

Control of Cohesion and Adhesion: It should
control the cohesion between polymer molecules
constituting the film and the adhesion between
the film and the food.

Non-Impact on Sensory Properties: It should not
adversely affect taste, smell, appearance, or

flavor to be acceptable to consumers, and
improvements in these properties can be
considered.

10.Carrier for Desired Additives: Edible films can
carry desired additives such as colorants,
antioxidants, antimicrobial agents, vitamins, and
nutrients.

11.Ease of Production and Economic Applicability: It
should be readily producible and economically
viable.

12.Control of Gas Balance:
balance of gases involved
anaerobic respiration of foods.

13.Biochemical and Microbial Stability: It should
ensure biochemical and microbial surface
stability, protecting against contamination,
microbial growth, and other forms of deterioration.

It should control the
in aerobic and

Gas barrier properties, moisture barrier properties, light
permeability, sensory and mechanical properties, and
organoleptic characteristics in edible films constitute
significant quality criteria. These criteria and their effects
are illustrated in Table 1. Moreover, these criteria may
vary based on internal and external factors, where
external factors include temperature, humidity, pressure,
relative humidity, and pH, and internal factors include
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the chemical properties and concentration of
components constituting the films [15].
e Mechanical Properties: Good mechanical

properties are essential in edible films to prevent
early cracking during production, distribution,
transportation, storage, and food packaging
consumption [16].

Optical Properties: The optical properties of
edible films (opacity, colour, light transmission)
are crucial parameters affecting their appearance,
acceptability, and suitability for various
applications [17].

Antimicrobial Properties: Antimicrobial properties
in edible films are effective in minimizing or
preventing spoilage and the development of
pathogenic microorganisms in antimicrobial food
products. This contributes to the extension of
shelf life, food quality, and safety. Antimicrobial
materials, such as bacteriocins, essential oils,
plant extracts, enzymes, organic acids (e.g.,
lauric acid), and inorganic/metallic nanoparticles,
can be incorporated into the matrix for this
purpose [18].

Sensory Properties: The sensory properties of
edible films are crucial for consumer acceptability.
Properties such as appearance, texture, taste,
and aroma can influence acceptability.
Additionally, the interaction of films with the
included food or food additives should be
evaluated since they are considered edible
together [19].

Water Vapor Permeability: The water vapour
barrier property is highly effective for food
preservation and shelf life extension. Edible films
should have low water vapour permeability to
prevent moisture transfer between the food and
the environment, impacting food preservation and
shelf life [20].

Oxygen Permeability: Oxygen permeability is one
of the most researched and effective carrier
properties of edible films. Controlling the passage
of oxygen is essential to prevent quality loss due
to processes such as lipid oxidation, microbial
growth, enzymatic browning, and vitamin loss, as
well as to prevent quality losses resulting from
respiration in fresh fruits and vegetables [21].
Chemical Properties: The solubility, hydrophobic-
hydrophilic interactions, and chemical
characteristics of components in materials with
high water content can effectively determine their
biodegradability [15].

Edible films should comprise at least two components: a
biopolymer-based matrix capable of forming a
compatible structure and a solvent (usually water).
Biopolymers, such as polysaccharides, proteins, and
lipids, are extracted from biomass. Additives are
included in the formulation to enhance mechanical,
functional, organoleptic, and nutritional properties.
Plasticizers increase flexibility, antimicrobials
(preservatives) enhance shelf life, antioxidants protect
against oxidation. Antimicrobial and antioxidant
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properties can be achieved by incorporating essential
oils, plant extracts, and metallic nanoparticles.
Probiotics, prebiotics, vitamins, and minerals can be
added for health benefits [5]. The components of edible
films are illustrated in Figure 1.

Production of Edible Films

Edible fiims are commonly used as a solid matrix
wrapped around the surface of food products, primarily
serving as primary packaging without any sensory or
nutritional appeal. Additionally, it has been noted that
edible films can be used as pouches or bags for
beverages that dissolve when added to cold or hot
liquids, releasing their contents. This provides
consumers convenience and portion control and can be
used as an alternative to traditional meal packaging [22].

Edible films derived from edible materials are obtained
through two different methods [30]. The wet or solvent
casting method is a commonly used laboratory-scale
method for producing thin films. It is widely employed in
scientific studies for formulating and evaluating
formulations due to its effectiveness and cost efficiency
in determining film formation properties [31, 32]. In the
production, the film-forming materials should disperse
and dissolve in a solvent such as water, alcohol, a
water-alcohol mixture, or other solvent mixtures.
Plasticizers, color and flavor agents, and antimicrobial
and antioxidant substances are added during this
process. Subsequently, the film solution is cast and
allowed to dry at the desired temperature and relative
humidity [33, 34]. While the wet process is
advantageous for its simplicity, it is challenging to scale
up for industrial production. The high water content of
the film-forming solution leads to prolonged drying times
and, consequently, high energy consumption, limiting
the industrial application of this method [35]. Santosa et
al. [36] produced antimicrobial edible films using
solvent-casting with various concentrations of starch
and lemongrass oils. Jridi et al. [37] manufactured
antioxidant and antimicrobial edible films using fish
gelatin and blood orange peel pectin in different ratios
through solvent casting. Ribeiro et al. [38] produced
edible films of different thicknesses using three different
biopolymers (chitosan, sodium alginate, gum arabic),
and polyphenols extracted from elderberry through the
solvent casting method, suggesting their potential as
alternatives to plastic packaging materials for preserving
food products and facilitating the transportation of active
components. In extrusion processes, biopolymers are
plasticized. This involves heating and plasticizing the
extrusion polymers under low water content conditions
at the glass transition temperature. The extrusion
process is used to produce flexible films. Biopolymers
are plasticized at the end of the extruder with heat,
pressure, and shear force to create a homogeneous
melt. In addition to film formation, this soft and rubbery
melt can be transformed into different shapes after
cooling using traditional processing methods such as
thermal compression or injection molding [39].
Compared to the solvent casting method, the extrusion
method offers advantages such as lower energy
consumption, shorter processing times, suitability for
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commercial use, absence of solvent, ease of processing
of highly viscous polymers, and efficiency. However,
limitations include the restricted use of specific polymers
and the processing of only temperature-sensitive and
low-moisture raw material mixtures [22, 40]. Using the
extrusion method, Cheng et al. [41] produced edible
films using starch/gelatin and beeswax, candelilla wax,
and carnauba waxes. Krishna et al. [42] developed
edible films using fish gelatin through twin-screw
extrusion at 110°C and 120°C, followed by compression
molding at 80°C. They compared these films with
solvent-cast films, finding that the extrusion method
produced more flexible films. Castro et al. [43] produced
edible films using modified starch through the extrusion
method at an extrusion temperature of 100°C and a
screw speed of 120 rpm.

Uses of Edible Films

It has been indicated that edible films operate in various
industries, such as food, cosmetics, and
pharmaceuticals. In the food industry, edible films are
used as edible decorations, such as logo printing on
pastries or cakes, or as interleaves between frozen
products like hamburger patties to prevent them from
sticking together. Additionally, in cosmetics, edible films
can be used as facial masks. In the pharmaceutical
sector, edible films are produced from different
components, such as caffeine, nutrients, or herbal
ingredients, to promote oral hygiene and alertness.
These films dissolve upon ingestion. Moreover, water-
soluble edible films can also produce drug strips or
ribbons. They offer a solution for individuals, especially
the elderly, children, or those with swallowing difficulties,
who can use them without water [44].

Whey protein based edible films are quite common in
industry. Castro et al. [46] developed edible films based
on whey protein enriched with green tea extract using
solvent casting. These films aimed to minimize or delay
lipid oxidation in salmon by exhibiting antioxidant effects.
The study results showed that edible films with green
tea extract effectively delayed lipid oxidation in salmon
on the 14th day of storage. In a study [47], whey protein
isolate, incorporating thyme oil, garlic oil, nisin, and
natamycin were applied to Kashar cheese. The findings
revealed that the developed films had antimicrobial
efficacy.

Xia et al. [48] designed double-layered edible films with
an outer layer of zein (hydrophobic) and an inner layer
of gelatin (hydrophilic) enriched with tea polyphenols
using the solvent casting method. These films were
tested on freshly cut kiwi, avocado, and banana fruits.
The study aimed to develop packaging that reduces
water vapor permeability and controls moisture, thereby
preserving product stability and positively impacting
shelf life. The addition of tea polyphenols facilitated the
continuous release of antioxidant compounds,
preventing browning and maintaining the freshness of
the fruits. The results indicated that the developed films
controlled mass loss in kiwi, improved color stability in
avocados, and inhibited microbial growth in fresh
bananas after two days of storage.
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Polymer and

Production

Analysis of

Packaged

Results

components method pouch product Reference
Soybean Thermal Wat Instant coff Pouches dissolved within a f
olysaccharide erma ater nstant coffee, ouches dissolved within a few [23]
gelatin ’ bonding solubility coconut powder  seconds (<30 s).
Citrus and apple pectin-based
Apple and citrus Thermal Water pouches dissolved in less than 30
pectin, soy protein bondin solubility Instant coffee s. Pouches derived from soy [24]
isolate 9 (95°C) protein isolate took a longer time to
dissolve.
The coffee pouch dissolved
instantly, the salad dressing pouch
\s/\élal}zirlit Lantﬁz:igﬁf;?éd in less than 10 s, and the cake mix
Natural whey . . o y ya . in 2.5-3 min.
. With solution ~ (90°C), dressing mix, [25]
protein isolate Consumers needed help
Sensory blueberry cake distinquishing bet th h
analysis mix istinguishing between the pouches
used in the study and the ones
packaged.
Starch, Laver Water
’ Not specified  solubility Spice mix It dissolved within a few seconds. [26]
(seaweed), xylose
’ (85°C)
Cassia gum, ethyl  Thermal \S,\é?l}?):lﬁt (in Dried vegetable  The bag with the dried vegetable [27]
cellulose, bonding boiling v}\llater) mix mix was dissolved in 2 min.
y;?irgﬁ: frzlaxrtﬂ;es It is noted that adding kaolin
of medium starch 'tl)'he(rjr.nal Not specified Biscuit tehnhancef] the barkrller i)r:opertles of [28]
hosphate manioc onding e pouches, making them more
gtarch and kaolin resistant to tearing.
Color, light
Fish qelatin Thermal transmittance, The pouches preserved the
Iucogse ’ bondin differential Flaxseed oil product’s colour and provided [29]
9 9 scanning adequate protection against UV.
calorimetry
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Figure 1. Components of edible films [45]
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In conclusion, edible films have diverse applications in
the food, cosmetic, and pharmaceutical industries,
offering innovative solutions, including decoration,
antimicrobial packaging, and controlled release of
bioactive compounds.

EDIBLE POUCHES

In the food industry, products such as ready-made
soups, dried vegetables, noodles, and instant coffee are
typically packaged using aluminum-laminated plastic or
other plastic films before being consumed. Before use,
these packages are torn open, and the contents are
used this way before pouring water onto them. This
usage could be more convenient and environmentally
friendly, as these materials end up in landfills and not
degrade. The concept of making water-soluble bags
from edible films is derived from this context. The idea is
to produce bags that can dissolve or be cooked in hot
water by pouring water onto them, allowing for quick
consumption without tearing the packaging. Such
applications include spice bags, ready-to-drink beverage
bags, sugar bags, and cheese slice bags. In the
detergent industry, water-soluble bags are used for
packaging detergents. In the agricultural industry,
predetermined quantities of fertilizers are transformed
into fertilizer bags. These bags gradually dissolve upon
contact with moist soil or during irrigation, facilitating
convenient application [44].

Properties of Edible Pouches

In some practical food packaging applications, such as
those involving powdered substances like ready-made

Table 2. Analysis of packaged products in edible pouches

foods, instant coffee, coconut powder, milk powder,
noodles, beverage mixes, tea leaves, and seasoning
and flavoring additives, the use of edible films has been
preferred (Table 1 and Table 2). It has been explained
that soluble sachets, bags, packages, or pouches are
processed to contain powdered substances. The
principle behind using pouches involves mixing them
with food products like yoghurt or dissolving them by
placing them in water for beverages or soups. It has
been noted that such a packaging system’s most
significant advantages include requiring simple
technology, the ability of edible packaging to carry pre-
weighed amounts of the product, addressing waste
disposal issues (being eco-friendly), being readily
convertible to a usable form, and being reliable from a
health perspective.

Edible pouches also assist in transporting aroma
compounds to contribute to sensory characteristics.
Additionally, the heat-sealing property is a crucial
criterion for pouches in practical applications and for
preserving liquid or dry food products. It is emphasized
that heat insulation should be durable to prevent
leakage under storage conditions. Adequate sealing
force is crucial to prevent the pouches from opening
prematurely and to support the packaged materials. The
stretching properties of the pouch and the barrier
properties (moisture, oxygen, gas, and oil) should be
good to minimize the chemical degradation of the
product. It is explained that these features depend on
the selection of the matrix used in pouch production [23,
53-56].

Polymer and Production  Packaged Analysis of product Results Reference
components method product
Chicken protein Peroxide value, Pouches containing phenolic
isolate, fish skin Heat Chicken Thiobarbituric acid  compounds protected chicken [49]
gelatin, gallic acid, sealing skin oil reactive substance  skin oil against oxidative
tannic acid (TBARS) deterioration
The peroxide value, TBARSs value,
and free fatty acid content of
Fish qelatin Heat Flaxseed Peroxide value, flaxseed oil stored in gelatin-
9 ’ . . TBARSs value, free  based pouches containing [29]
glucose sealing oil .
fatty acid content glucose were lower than those
stored in pouches without
glucose.
Soy protein isolate, Heat Flaxseed Peroxide va!ue, Low peroxide and free fatty acid
A . X free fatty acid . [50]
Pinhao seed extract  sealing oil content were determined.
content
Peroxide value, .
Low peroxide value, low content
: content of ; - .
Pumpkin pulp, corn  Heat Flaxseed . . of conjugated dienes and trienes,
. ) . conjugated dienes . [51]
zein sealing oil - and inadequate sensory
and trienes, o
. characteristics were found.
sensory analysis
gle?;lg{esog;ir:in Heat Peroxide value, It was emphasized that it prevents
9 ’ ’ h Coconut oil TBARs, free fatty oxidation and can extend shelf [52]
copper sealing . X
. acid content life.
nanocomposite
Soluble edible pouches also possess other between food and the environment or among
characteristics, such as controlled mass transfer components in food, enhanced product appearance,

(migration, adsorption, absorption, and permeability) and structural integrity. The rapid dissolution upon
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contact with water, enabling the segmentation of various
foods like breakfast cereals or ready-to-drink beverages
into individual portions and extending shelf life, provides
convenience for consumers and enhances the efficiency
of industrial-scale food production. Pre-measurement of
ingredients, requiring less cleaning, delivering products
cleanly and accurately, and reducing dependence on
workers or chefs are advantages of edible pouch
production on an industrial scale. It is emphasized that
more than the edibility feature is required in pouch
production. From the consumer’s perspective, instant
and complete dissolution, allowing controlled release of
products, and fulfilling a protective function in packaging
are essential requirements [25].

Table 3. Production methods of edible pouches

Production of Edible Pouches

Edible films are produced in the form of pouches. One of
the methods commonly used to prevent opening or
leakage in these pouches is heat sealing [57]. Heat
sealing is frequently employed in industrial applications
to produce flexible packaging. It involves pressing and
squeezing two thin film layers between hot metal bars
for a specified period, subsequently allowing the layers
to cool. The method relies on the principle that the
polymer matrix melts due to heat. Mass diffusion and
interfacial interaction take place along the melted layers.
After cooling, the polymers of these two layers, which
melted at the interface, blended and solidified due to
diffusion [58]. The studies related to the production of
edible pouches are provided in Table 3.

Polymer and Production Pouch .
Process details Reference

components method measurements
Soybean . . Heat sealing 20 mm x 70 mm Sealed under 150°C, 300 kPa, for 1.5 min. [23]
polysaccharide, gelatin
fgi)r/] protein isolate, corn Heat sealing 40 mm x 50 mm Sealed under 3 s, 3 atm, at 120-130°C. [60]
Chicken protein isolate, Heated at 150°C for 1.25 s, then closed by
fish sklp gelatin, . Heat sealing 25 mm x 20 mm cooling for 1.50 s. [49]
phenolic content (gallic
acid and tannic acid)

Films with heat-denatured whey protein isolate
Whey protein isolate were sealed for 2.5 s. Films with naturally
(natural and heat- Heat sealing  Not specified denatured whey protein isolate were sealed for [25]
denatured) 2 s, with temperatures of 205 and 165°C,

pressure of 293 kPa, and cooling time of 4.5 s.
Hydroxypropyl Sealed for 2 s with heat for denaturation.
methylcellulose, soy Heat sealing 25 mm x 79 mm [61]

protein isolate

Uses of Edible Pouches

Convenience and pleasant flavors are essential for
meeting consumers' fast-paced lifestyles and nutritional
needs regarding ready-made foods. In other words,
ready-made foods fulfii the demand for quick
preparation and nourishment in consumers’ lives. It is
well-known that the packaging of products such as
flavoring powders, oil/lsauce blends, and dried
vegetables, provided alongside ready-made foods, is
typically made from petroleum-based polymers and is
widely used. However, these packages can impact both
human health and product quality. Therefore, it has been
explained that in the packaging of these products, bio-
based polymers are used to produce environmentally
friendly and user-friendly pouches, which are then
introduced into the market [59].

Oil Packaging

Carpine et al.’s [62] study focused on producing edible
films based on coconut oil-added soy protein isolate
emulsions for packaging. The films were initially
produced using soy protein isolate (SPI), untreated

virgin coconut oil (VCO), and soy lecithin (SL).
Thickness, opacity, moisture content, water vapor
permeability, mechanical properties, and
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thermogravimetric analyses were conducted on the
films. Subsequently, the films were cut into 100 mm x 40
mm dimensions and sealed using a heat sealer. The
prepared pouches contained 5 g of olive oil. The
oxidative stability of the olive oil in the pouches was
observed over 28 days through peroxide analyses. The
results indicated that the peroxide values (13.197,
11.164 mEq Oz/kg) did not exceed the maximum limit
(20 mEq O2/kg) set by the Codex Alimentarius. It was
concluded that these pouches, by protecting olive oil
from oxidation and rancidity, provided environmental
benefits and enhanced product quality, serving as an
alternative to non-biodegradable traditional packaging
materials.

In the study conducted by Rosenbloom and Zhao [61],
edible, water-soluble, heat-sealable, and antioxidant
pouches were developed using hydroxypropyl
methylcellulose (HPMC) and SPI for packaging sesame
oil. Initially, edible films were produced from
hydroxypropyl methylcellulose and soy protein isolate.
Additionally, formulations were enriched with 0.1% or
0.2% DL-a-tocopherol acetate (VE) and 0% or 0.25%
oleic acid to impart antioxidant and hydrophobic
properties. Cellulose nanocrystals (CNC) were also
added. The films were tested for color, water vapor
permeability, solubility, Scanning Electron Microscopy
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(SEM), mechanical properties, and more. For pouch
production, two 25 mm x 79 mm films were stacked,
heat-sealed on three sides for 2 s, filled with 3 mL of
sesame oil per pouch, and the fourth side was sealed.
After pouch production, peroxide value analysis was
performed on the sesame oil within the pouches. The
results demonstrated that the lowest peroxide values
(8.1+£0.9 mEqg/kg) were observed in SPI-based pouches
after 60 days of storage at 35°C. Oleic acid was found to
influence the heat-sealing of SPIl-based pouches. The
developed pouches were identified as a promising
packaging alternative in the industrial context,
contributing to reducing plastic waste, extending the
shelf life of lipid-based foods, and enhancing consumer
convenience.

In the work by Cho et al. [60], heat-sealable pouches
were produced based on soy protein isolate (SPI)
coated with corn zein (CZ). Initially, films were produced
by coating soy protein isolate with corn zein, and
analyses were conducted for water vapor permeability,
color, SEM, solubility, and mechanical properties. The
heat-sealing properties of soy protein isolate corn zein
bilayer films were analyzed at temperatures ranging
from 85 to 155°C under 3 atm pressure for 3 s. The
heat-sealability of soy protein isolate film was optimized
at 120-130°C and enhanced by adding corn zein film.
Pouches containing 2 g of olive oil were created by
cutting the films into 40 mm x 50 mm pieces and heat-
sealing three sides. Peroxide analysis was performed on
the olive oil in the pouches. It was concluded that soy
protein isolate and corn zein-based pouches extended
the shelf life of olive oil and exhibited excellent oxygen
barrier properties by preventing oxidative deterioration
during storage. Moreover, these pouches demonstrated
good mechanical properties and were deemed suitable
for packaging and processing.

Nilsuwan et al. [49] produced pouches based on a
mixture of chicken protein isolate/fish skin gelatin
containing various concentrations (0%, 0.375%, 0.75%,
1.5%, and 3.0%) of phenolic compounds (gallic acid and
tannic acid). Before pouch production, fiims were
manufactured, and analyses were performed for
thickness, color, solubility, mechanical properties, water
vapor permeability, opacityy, SEM, total phenolic
analysis, and antioxidant activity. The films were then
cut into 25 mm x 20 mm pieces, sealed with a heat
sealer at 150°C for 1.25 s, and cooled for 1.50 s to
determine leakage strength and efficiency. Pouches
were further produced by heat-sealing three sides of 50
mm x 50 mm films. These pouches contained 2 g of
chicken skin oil. Peroxide value, free fatty acid, and
TBARs value analyses were conducted on the oil in the
pouches. The pouches with 0.75% gallic acid
demonstrated a lower peroxide value, TBARS, and
volatile compounds during the 15-day storage period
compared to the oil stored in pouches without phenolic
compounds. It was suggested that phenolic-containing
pouches exhibited antioxidant effects, -effectively
protected chicken skin oil from oxidative deterioration,
and preserved the quality and nutritional value of the
product. Additionally, the addition of phenolic
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compounds positively influenced the durability and shelf
life of the pouches.

The research by Kchaou et al. [29] involved the
production of fish gelatin-based pouches with or without
glucose. Before pouch production, films were prepared
from fish gelatin, with and without glucose, and dried in
oven at 25°C and 120°C. Subsequently, pouches were
produced, and 10 mL of flaxseed oil was added to each
pouch. Product analyses included peroxide value,
TBARS, and free fatty acid analyses. Also, color, light
permeability, and Differential Scanning Calorimetry
(DSC) analyses were performed in pouches. The results
indicated that the pouches preserved the product's color
and provided UV protection. Pouches with glucose
demonstrated lower peroxide values, TBARS values,
and free fatty acid content in the stored oil than those
without glucose, suggesting that glucose-containing
gelatin-based pouches reduced oxidative damage and
helped preserve the oil's freshness. Furthermore, these
pouches were proposed as a potential alternative to
synthetic packaging for protecting foods against
oxidation.

The study conducted by Souza et al. [50] involved the
production of pouches using soy protein isolate and
extracts from Pinhdo seeds, with only the selected high
antioxidant capacity extract at 2%. Control pouches
were also produced. Before pouch production, films
were produced from Pinhdo seed extracts and analyzed
for color, water vapor permeability, mechanical
properties, Fourier-Transform Infrared Spectroscopy
(FTIR), total phenolic, and antioxidant capacity. The
peroxide value was also determined in samples.
Pouches were produced by cutting films of the highest
antioxidant capacity into 3 cm x 7 cm pieces, which
were sealed. These pouches contained 5 mL of flaxseed
oil. The oxidative stability of flaxseed oil in pouches was
confirmed, with lower peroxide and free fatty acid values
observed after 60 days of storage at 60°C. The study
concluded that pouches containing phenolic compounds
contributed to the oxidative stability of flaxseed ail,
displaying low peroxide and free fatty acid content.
These pouches were considered a potential alternative
for active packaging, contributing to the preservation of
the quality and nutritional values of the packaged
product.

In the research by Gautam and Mishra [52], laminated
pouches were produced by laminating pectin-sodium
alginate and casein, adding copper nanocomposites to
the pectin layer. Films were manufactured, and analyses
were conducted for thickness, color, opacity, water vapor
permeability, solubility, mechanical properties,
antimicrobial analysis, X-ray diffraction (XRD), SEM, and
thermogravimetric properties. The films were then cut
into 70 mm x 50 mm pieces and heat-sealed on three
sides. These pouches contained 5 mL of coconut oil.
Analyses were performed for peroxide value, free fatty
acid, and TBARSs on the oil in the pouches. The pouches
were found to preserve the oxidative stability of coconut
oil during storage, extending its shelf life. Packaging
coconut oil in edible and water-soluble sodium alginate-
pectin/casein pouches was identified as an effective and
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sustainable packaging solution, contributing to both
ease of consumption and preservation of coconut oil.

Dry Powder Mixture Packaging

Jakub et al. [24] studied producing pouches using apple
and citrus pectin with soy protein isolate. Before pouch
production, films were manufactured and analyzed for
thickness, color, moisture content, solubility, opacity,
water vapor permeability, and mechanical properties.
The prepared films were heat-sealed on three sides to
produce pouches. Each pouch was filled with 2 g of
instant coffee, and the fourth side was sealed. Solubility
analysis was performed on the pouches. It was
observed that pouches made from citrus and apple
pectin entirely and instantly dissolved (in less than 30 s)
when in contact with water, while those derived from soy
protein isolate required more time (due to thermal
denaturation). The study aimed to provide an eco-
friendly packaging alternative catering to coffee
enthusiasts who seek a quick and easy coffee
preparation method without the need for traditional
brewing techniques.

Liu et al. [23] focused on producing gelatin-based
pouches using soybean polysaccharide (SSPS). In the
study, soybean polysaccharide and gelatin solutions
were prepared separately, plasticized with glycerol, and
mixed, then films were cast using a casting method. The
weight ratios of the films were 100/0, 80/20, 60/40,
40/60, 20/80, and 0/100. Analyses were performed on
the films for mechanical properties, optical properties,
water vapor permeability, thickness, solubility, SEM,
Atomic Force Microscopy (AFM), DSC, XRD, Attenuated
Total Reflection (ATR)-FTIR, and heat-sealing strength.
The films were cut into 20 mm x 70 mm pieces for heat-
sealing, and pouches were created by sealing two films
together at 150°C, 300 kPa pressure, and 1.5 min.
Pouches were filled with 3 g of instant coffee and
coconut powder, and the fourth side was sealed.
Solubility analysis in water at 95°C was conducted on
the pouches. Both types of pouches dissolved rapidly in
hot water (95°C) within a few s (<30 s), releasing the
encapsulated powders quickly. The research suggested
that these pouches are potential alternatives for
manufacturing quickly dissolving packaging for
powdered food and beverage products.

Janjarasskul et al. [25] produced pouches using whey
protein isolate (WPI) in natural and thermally denatured
forms. Before pouch preparation, films were created
from denatured and natural WPI, and analyses were
conducted for solubility, mechanical properties, ATR-
FTIR analysis, and oxygen permeability. Pouches were
created by heat-sealing films at 205°C for 2.5 s for
denatured WPI films and 165°C for 2 s for natural WPI
films, with a pressure of 293 kPa. Pouches were left to
cool for 4.5 s. The pouches were filled with ready coffee,
dry ltalian salad dressing, and blueberry cake mix. The
study aimed to produce WPI-based pouches for the
packaging of pre-weighed dry foods, emphasizing their
quick solubility and the principle of being edible and
sealable. The solubility (at 90°C) and sensory properties
of coffee pouches were highlighted. It was observed that
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heat-sealed whey protein isolate (HWPI) pouches
softened and swelled but did not dissolve in hot water. In
contrast, solution-sealed natural whey protein isolate
(NWPI) pouches dissolved rapidly, except for the sealed
part, due to thermal denaturation during sealing.
Sensory evaluation indicated that panelists could not
distinguish between coffee prepared from fully dissolved
solution-sealed NWPI pouches and traditionally
prepared coffee. The study concluded that WPI -based
pouches could effectively package pre-weighed dry
foods without affecting consumer acceptability.

Chen et al. [26] conducted a study on the production of
starch-based edible spice pouches that could be placed
inside instant noodles. Starch-based pouches containing
laver (seaweed) were produced at different ratios (10%,
20%, and 30%) and xylitol. The research used xylitol as
a plasticizer, cellulose crystals as a reinforcing agent,
and laver to reduce gas permeability. Film analyses
were initially conducted, including thickness, moisture,
water vapor permeability, mechanical properties, and
SEM. The addition of both laver and cellulose crystals
increased tensile strength. Although laver reduced water
vapor permeability, the overall flexibility of the starch film
was compromised. Xylitol was found to reduce film
hardness. After the addition of cellulose and laver, a
decrease in moisture sensitivity was observed. Solubility
analysis was conducted on the pouches at 85°C. It was
observed that the pouches dissolved in hot water within
a few s at 85°C. The study aimed to produce quickly
dissolving pouches for flavoring instant noodles. The
researchers concluded that starch-based edible films
were successfully used as spice pouches, enhancing
consumer convenience for flavoring instant noodles.

Nawab et al. [63] conducted a study on the production of
heat-sealed pouches using mango seed starch and
plasticizers such as glycerol, sorbitol, and a combination
of glycerol: sorbitol (1:1). Mango seed starch was
extracted before producing films, and subsequently, 10
cm x 20 cm pieces were cut from the films and heat-
sealed using a sealer to close three sides. Polyethylene
bags were used as control pouches. The pouches were
filed with 50 g of red pepper powder to extend their
shelf life. The heat-sealing capability of the pouches was
investigated, with the optimal results observed at 70°C
for 3 s for all pouches. Pouches with glycerol as a
plasticizer exhibited higher impermeability strength
(70%) than others. After six months of storage, mango
seed starch pouches were observed to preserve the
color and sharpness of packaged red pepper powder for
a longer duration than commercially available
polyethene pouches. This was attributed to mango seed
starch pouches' better barrier properties than
polyethene. The study suggested that mango seed
starch pouches could effectively preserve red pepper
powder without compromising consumer acceptability.

Other Product Packaging

In the study by Kumar et al. [64], chitosan and basil
essential oil were used to create pouches to impart
antioxidant properties. Films were formed using chitosan
and basil essential oil, and these films analyzed for
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moisture, solubility, FTIR, Thermogravimetric analysis
(TGA), water vapor permeability, mechanical properties,
antioxidant capacity, color, and opacity. Subsequently,
pouches were produced from these films, and fried
finger potatoes were placed inside them. Comparative
analysis of oxidation was conducted using FTIR
spectroscopy during the oxidative damage analysis of
the product within the pouch. It was observed that the
pouches significantly reduced oxidative damage during
storage (7 days). The study concluded that the pouches
could preserve the quality and freshness of fried finger
potatoes by preventing or reducing the formation of
oxidation-related off-odors and undesirable tastes. The
research aimed to contribute to producing sustainable
food packaging to prevent oxidative deterioration within
the pouch, consequently reducing food waste.

Li et al. [27] produced pouches by adding 5% ethyl
cellulose to cassia gum and cassia gum-based films.
Films were created with cassia gum and cassia gum
with 5% ethyl cellulose, and analyses were performed
for thickness, mechanical properties, water vapor
permeability, light permeability, solubility, SEM, FTIR,
and thermogravimetric analysis. Subsequently, pouches
were produced by heat-sealing films measuring 6.5 cm x
6.5 cm. Dried vegetable mixtures and carrot cubes were
placed in the pouches. It was observed that pouches
containing a dried vegetable mixture were wholly
dissolved in boiling water within 2 min. The weight of the
carrot cubes placed in the pouches with 53% relative
humidity was measured after conditioning at 12, 24, 72,
and 120 h. Growth rates and inhibition rates were
calculated. The study also indicated that the addition of
ethyl cellulose in pouches with carrot cubes helped
reduce moisture content, had a significant effect on
water vapor permeability, and could be more suitable for
pouch production to extend the shelf life of dry
vegetables and protect them from water vapor. The
study aimed to develop and evaluate a sustainable and
eco-friendly packaging material that could enhance the
quality and shelf life of dried vegetables while reducing
waste and pollution.

Rammak et al. [28] aimed to package biscuits using
various cassava starch blends and medium phosphate
cassava starch, adding kaolin (5%, 10%, 15%). Initially,
films were produced, and mechanical properties,
thermogravimetric  analysis, SEM, water vapor
permeability, swelling ratio, FTIR analysis, and soil
biodegradability were examined. The films were sealed
and closed from the bottom and sides to create
pouches. It was noted that adding kaolin increased the
pouches' barrier properties, making them more resistant
to tearing. Pouches containing 10% kaolin were found to
be semi-transparent, preventing light and UV
absorption, thereby preserving both the shelf life and
quality of the packaged food. The study aimed to
produce durable packaging for biscuit products,
maintaining a balance between the external
environment and food and creating biodegradable
pouches that dissolve quickly in nature, evaluating the
potential use of such packaging.
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Industrial Production of Edible Pouches

It has been noted that commercially produced edible
packaging is gaining increasing market value despite
concerns such as high production costs and safety
issues leading to a decrease in market value. The global
market for seaweed-based edible packaging in Europe
has been highlighted, followed by North America.
Companies such as Notpla, Loliware, Evoware, and
Monosol have been reported to be producing edible
packaging [65].

Monosol

Monosol, a company, has introduced edible and water-
soluble polymer pouches containing odor and tasteless
food to the market. These pouches' ability to dissolve in
cold and hot water is a significant feature. Another
characteristic is their suitability for ready-to-eat foods,
allowing predetermined quantities to be added to the
pouches. Consequently, the pouches dissolve instantly
when placed in water, becoming consumable along with
the enclosed food product [66].

Evoware

Evoware, an Indonesian company, utilizes seaweed to
produce biologically degradable alternatives to single-
use plastics, creating edible packaging. These packages
(Figure 2) are made with seaweed-based, thermally
adhesive materials that dissolve in warm water, offering
an edible and sustainable solution. The biological
degradability allows the packaging to be used as
fertilizer for plants. The company is known for
manufacturing spice pouches for instant noodles, coffee
pouches, and packaging for hamburgers and
sandwiches [65].

Notpla

Notpla produces packaging and pouches (Figure 3)
made from brown seaweed. The most remarkable
feature of the pouches produced by the company is their
ability to self-disintegrate in nature and their cost-
effectiveness compared to plastic. They are used for
various products such as water, beverages (alcoholic or
non-alcoholic), spices, and some cosmetic items [67].

Stonyfield Farm, Inc.

Stonyfield Farm, Inc., is one of the pioneering
companies commercially selling a product with edible
packaging. In 2014, they launched a frozen yoghurt
product called WikiPearlsTM. This product consists of
small capsules with a gelatinous shell encapsulating
yoghurt. It was designed and developed by David
Edwards, a Harvard scientist, in a laboratory in Paris.
The edible shell is made of a seaweed-based material
containing alginate and calcium, complementing the
enclosed food product. Additionally, WikiFoods has
collaborated with other companies and initiated efforts to
produce edible packaging for chilled foods like cheese
or fruit juices, soups, water, and coffee [68].
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SEAWEED
SACHET
Perfect for:

Coffee, Tea, Sugar
or any Drinking Powder

evoware

Loliware

Loliware, established in 2015, introduced the first non-
toxic, plastic-free, gelatin-free, gluten-free, and GMO-
free edible cups. These cups, in addition to being edible,
are also biodegradable. Made from seaweed
(specifically agar), these cups derive their flavors and
colors from organic sweeteners and extracts obtained
from fruits and vegetables. The cups can be served at
room temperature or cold and have an immediate
dissolving feature in hot water. However, their slightly
higher cost is the only issue associated with these cups
[69]. The Loliware brand has also produced edible
straws with different flavors, including vanilla [70]. Using
LOLIWARE®'s SEA Technology™, the company is
producing carbon-neutral, 100% biobased (seaweed-
based), plastic-free, home compostable straws, aiming
to prevent carbon emissions [71].

Legal Regulations for Edible Pouches

Legal regulations regarding food packaging vary from
country to country. According to European Directives
and U.S. regulations, edible pouches are produced from
edible films. Within edible films, food components fall
under substances in contact with food or food packaging
materials. Therefore, all components must be GRAS
according to FDA regulations. According to EU
Regulation 1935/2004, all materials in contact with food
must meet four basic requirements. Firstly, they should
not jeopardize human health; secondly, they should not
alter the composition of the enclosed food; thirdly, they
should not alter the taste, smell, or texture of the food;
and finally, they should be produced by Good
Manufacturing Practices (GMP). According to this
regulation, a material will only be permitted for food
packaging when proven not to harm human health.
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Figure 3. Seaweed-based water-soluble and e

dible pouches produced by Notbla

Additionally, it is emphasized that the addition of
nanomaterials to food packaging and the safety
assessment of their toxicological effects should be
explicitly addressed [19].

Edible pouches may contain  antimicrobials,
antioxidants, colorants, and other  functional
components. However, some consumers may have
allergies to ingredients such as milk (whey or casein),
soybeans, peanuts, nuts, fish, or wheat (gluten).
Therefore, it is stated that if these components are
present in the packaging material, even in small
amounts, they should be indicated. Another substance
causing allergic reactions is essential oils, classified as
GRAS by the European Commission and the United
States and used for their antimicrobial effects. However,
high-dose usage of these oils can cause severe oral
toxicity. In summary, it is mentioned that the use of
antimicrobials, volatile oils, antioxidants, colorants, or
other additives in edible pouches and the related
regulations are the same as those used in food
formulations [72].

DISCUSSION and CONCLUSION

One of the crucial steps in the delivery of food to
consumers is food packaging. Plastics obtained from
petroleum or its derivatives are commonly used as
packaging materials. However, due to their non-
biodegradable nature and widespread environmental
pollution, researchers have conducted numerous
studies on alternative packaging materials that can
replace plastics. Edible packaging materials, including
proteins, polysaccharides, and lipids, have been the
most prominent focus of these studies. Many research
efforts have been dedicated to producing edible films
based on proteins, polysaccharides, and lipids and their
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use as direct packaging materials or in the form of
pouches.

Water-soluble edible pouches should not be toxic, be
biologically degradable, and have protective functions
against biological, physical, chemical, or microbial
deterioration. They should also possess good barrier
properties (such as moisture, oxygen, and gas) and
thermal adhesion characteristics. Numerous studies
have explored the potential of edible pouches as
alternatives to traditional packaging materials for
products such as ready-to-eat foods, instant coffee, tea,
cake mix, oil, coconut powder, spices, or sweeteners.
The studies have evaluated whether these pouches,
produced in different formulations, have the potential to
be manufactured and used, suggesting that research
should continue for their potential use and further
development. Companies known for producing these
pouches on an industrial scale include Stonyfield Farm,
Loliware, Monosol, Evoware, and Notpla. These
companies emphasize the importance of using eco-
friendly, bio-degradable packaging that contributes to
bio-degradability.

In addition, new technologies and approaches are
needed for these pouches to be more effective in terms
of functionality and features. Among these new
technologies are techniques such as multilayer systems,
biocomposites, encapsulation, and nanotechnology.
These new techniques could allow the creation of active
compounds through micro or nano-capsulation of
functional ingredients such as enzymes, prebiotics, and
probiotics enriched in edible pouch formulations. As a
result, it may help reduce moisture loss and provide
protection against heat or light. It is necessary to
conduct more research on developing single-layer
systems and transitioning to multilayer systems. Using
compounds such as additives, antioxidants, and
antimicrobials in controlled release mechanisms can
make a difference in pouch production.

Finally, sufficient studies need to be conducted on
sensory properties and the legal and safety-related

approval procedures for successful edible pouch

production. Moreover, more detailed toxicological

studies on the polymers used are required.
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Ultrases (ultrason) islemi, 6zellikle gida, biyoteknoloji ve biyofarmasoétik endistrileri olmak Uzere ¢esitli alanlarda
kullanilan yesil ve etkili bir termal olmayan islem teknigi olarak son yillarda dikkat gekmektedir. Ultrason isleminin bu
endustrilerde 6nemli uygulamalara sahip enzimatik reaksiyonlarda etkilerinin belirlenmesi énemlidir. Yodun ultrason
kosullari enzim inaktivasyonuna neden olurken iliml ultrason kosullarinda (yani dusik yogunluk ve kisa sure) enzim
aktivitesinin arttinlabildigi bildirilmektedir. Ultrason islemi serbest enzime, substratta ve immobilize enzime
uygulanabilir. Ultrasonikasyon isleminin enzim ve substrat yapisi ile enzimatik hidroliz kinetigi ve termodinamik
parametreleri Gzerine etkileri bulunmaktadir. Bu islem, molekdillerin yapisini olumlu sekilde degistirebilir ve bdylece
enzim aktivitesi ile Grin verimi arttinlabilir. Bu derlemede ultrason igleminin serbest enzim, immobilize enzim ve
substrata uygulanmasi sonucu meydana gelen molekiller yapidaki ve enzim aktivasyonundaki degisiklikler, bu
degisikliklerin mekanizmalari ve bu mekanizmalari etkileyen faktorler ile ilgili bilgiler verilmistir.

Anahtar Kelimeler: Ultrason, Enzim aktivasyonu, Serbest enzim, immobilize enzim

Effect of Ultrasonication on Enzyme Activation
ABSTRACT

Ultrasound has attracted attention in recent years as a green and effective non-thermal processing technique used in
various fields, especially in the food, biotechnology and biopharmaceutical industries. It is important to determine the
effects of ultrasonication on enzymatic reactions that have important applications in these industries. While intense
ultrasonication conditions cause enzyme inactivation, it has been reported that enzyme activity can be increased
under mid-ultrasound conditions (i.e. low intensity and short duration). Ultrasound treatment can be applied to free
enzyme, substrate and immobilized enzyme. Ultrasonication may have a positive effect on the structure of molecules,
increasing enzyme activity and product yield. In this review, information is given about the changes in molecular
structure and enzyme activation that occur as a result of the application of ultrasound treatment to free enzyme,
immobilized enzyme and substrate, the mechanisms of these changes and the factors that affect these mechanisms.

Keywords: Ultrasound, Enzyme activation, Free enzyme, Immobilized enzyme

GIRIS yem, ilag, boya, su aritma, tekstil, kozmetik, deri,

biyoyakit ve biyokataliz de dahil olmak Uzere bir dizi
Enzimler, her turli biyolojik ve kimyasal prosesler igin endustriyel sirecte énemli uygulamalara sahiptir [1, 2,
yuksek katalitik aktivite ve segcicilie sahip ayni zamanda 3]. Enzimatik islemler, daha ylksek verim, daha az
aktivasyon enerjisini diglrerek reaksiyonlari hizlandiran malzeme tuketimi, proses icin gereken enerjinin etkili bir
makromolekuler biyolojik katalizérlerdir. Enzimler gida, sekilde azaltilmasi ve ayni zamanda toksik yan drlnlerin
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olusumunun azaltiimasi nedeniyle tercih edilir [4]. Son
yilllarda enzim hazirlama maliyetlerinin azaltiimasina ve
gida enzimlerinin  uygulamalarinin  genisletiimesine
yonelik artan talep, biyokatalizor gelistirmede enzim
aktivasyonunun arttirilmasini zorunlu hale getirmektedir.
Enzimlerinin aktivitesini arttirmaya yonelik ¢esitli islemler
arasinda yesil, termal olmayan bir teknoloji olarak
ultrasonun, yalnizca enzim aktivitesini yogunlastirmakla
kalmayip ayni zamanda cesitli gida matrislerinin farkh
yapisina gore enzim Ozelliklerini uygun hale getirmede
de yararli oldugu kanitlanmistir [5].

Ultrason teknolojisi gesitli kimyasal ve biyokimyasal
alanlarda arastirilan, izotermal olmayan ve ¢evre dostu
bir isleme teknolojisidir [6, 7, 8]. Isitilebilir frekans
araligini asan yani 20 kHz'in tzerindeki ses dalgalarina
'‘Ultrason' adi verilmektedir [9]. Ultrasonik dalgalar,
genlesme ve sikigtirma fazlarn olusturarak, 20 kHz ila
100 MHz frekans araliginda mekanik bir dalga olarak
herhangi bir ortamda yayilabilir [10]. Ultrasonik dalga
spektrumu gu¢ ultrasonu (20 kHz—1 MHz frekans
araliginda) ve tanisal ultrason (1 MHZz'den daha yulksek
frekans araliginda) olmak Uzere iki bolgeye ayrilabilir:

Birincisi, son zamanlarda gida ve biyoproses
genlesme
Ultrasonik
dalga
sikistirma

sikistirma

endustrisinde ekstraksiyon, madde modifikasyonu ve
reaksiyon hizlandirma gibi c¢esitli uygulamalar igin
yukselen bir teknoloji haline gelirken, ikincisi esas olarak
tibbi  ve endlstriyel goruntileme amaclar igin
kullanilmaktadir [4, 5, 11]. Ultrason, gaz ortamlarda
basing degisiklikleri ve kati ortamlarda sivi hareketi
uretir [6]. Ultrasonun sivi sistemler Gzerindeki ana etkisi
kavitasyondur [7]. Bu etki, ultrason strecinde en énemli
etki olarak kabul edilir. Kabarcik/balon olusumu,
buylimesi ve patlamasi sureci (Sekil 1) olarak bilinen
kavitasyon, disariya dogru yayillan sok dalgalariyla
siddetli basinglar Uretebilir ve bu da cevredeki ortamda
ciddi tdrblulansa neden olabilir. Bu ani degisiklikler,
makromolekillerdeki kimyasal baglari kirabilen ve
bdylece molekdller Gzerinde bir dizi modifikasyon
etkisine neden olabilen yiksek kesme gradyanlar
uretmektedir [4]. Ayrica kavitasyon, kutle transferinin

artisina ve yuksek enerjili serbest radikallerin
olusmasina neden olmaktadir. Ultrason, guvenli bir
islem olmasindan dolayi SIvI gidalarin
karistirimasi/ayrilmasi/ekstraksiyonu, proteinlerin

emllsifikasyonu ve iglevsellik modifikasyonu gibi cesitli
sureglerde kullaniimigtir [7].

genlesme

Sekil 1. Ultrasonik dalgalar sonucu olusan kavitasyon balonlarinin olusumu ve patlamasi
Figure 1. Formation and explosion of cavitation bubbles resulting from ultrasonic waves

Ultrason, uygulanan uygun veya uygunsuz kosullara
bagl olarak enzim aktivasyonu ve inaktivasyonu igin de
kullanilimistir. Birgok kimyasal ve fiziksel etki ayni anda
meydana geldiginden, spesifik enzim aktivasyonu veya
inaktivasyonu mekanizmasini agiklamak zordur. Ancak
enzim aktivitesindeki degisikliklerin, esas olarak amino
asit bilesimine ve protein konformasyonuna bagh oldugu
bilinmektedir [7, 12]. Kavitasyon balonlarinin sikistirma
etkisi ile ¢okmesi sonucu, lokal basing (1.000 MPa) ve
sicaklik (5.000°K) artisi meydana gelmektedir. Ayrica
ultrason, kararli kavitasyon balonlarinin titresmesini
saglayarak gugcli kayma gerilimine ve bitigsik sivida
mikro akisa neden olan sok dalgalari olusturmaktadir.
Bu ekstrem kosullar altinda sonikasyon, polipeptit
zincirlerindeki hidrojen baglarinin ve van der Waals
etkilesimlerinin bozulmasina neden olabilir ve bu da
proteinin ikincil ve Uglncil yapisinin degismesine yol
acabillir. Proteinin ikincil ve uguncul yapisindaki bu tur
degisiklikler nedeniyle enzimin biyolojik aktivitesi
genellikle kaybolmaktadir. Basing ve sicakliktaki agsiri
lokal artis ayrica homolitk su  molekulindn
parcalanmasina, hidroksil ve hidrojen serbest radikalleri
gibi yuksek enerjili ara Urdnlerin olugsmasina neden
olmaktadir. Olusan  serbest radikaller enzim
stabilitesinde, substrat baglanmasinda veya katalitik
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fonksiyonda goérev alan bazi aminoasit kalintilariyla
reaksiyona girerek biyolojik aktivitede degisiklige neden
olabilir [13]. Ancak ultrason, iIhmh sicaklik kosullarinda
tim enzimleri etkisiz hale getirmez [8, 13, 14]. Uygun
frekanslarda ve yogunluk seviyelerinde ultrason
islemlerinin  kullaniimasi, fiziksel ve (biyo-)kimyasal
etkiler nedeniyle enzim aktivitesinin artmasina yol
agabilir. Bu etkiler, (mikro) karistirma nedeniyle kutle
transferinin artmasi gibi fiziksel etkiler ile hicre
parcalanmasindan dolayr substrat miktarinin artmasi
dolayisiyla belirli enzimlerin Gretiminin indUklenerek
hicre dokular icindeki biyokimyasal reaksiyonlarin
uyariimasina neden olan biyokimyasal etkilerdir [13].
Ayrica ultrason buyik enzim molekullerinin daha kuguk
pargalara bolinmesine, daha fazla aktif bolgelerin agiga
¢cilkmasina ve bdylece enzim aktivitesinin artmasina yol
agabilir [8].

Ultrason iglemlerinde maksimum faydayi elde etmek igin
calisma parametreleri (frekans, islem dongisu, gug ve
islem suresi) iyi optimize edilmelidir. Burada da
aciklandigi gibi kontrolsiz ve uzun sureli sonikasyon,
proteini denatire edecek ve dolayisiyla Kkatalitik
aktivitede kayba neden olacak veya asiri enerji kaybina
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yol agacaktir. Dolayisiyla gergeklestirilen islem, enzim
aktivite kaybi nedeniyle ekonomik olmayacaktir [15].

Ultrason iglemi, ultrasonik su banyosu veya prob
kullanilarak gergeklestirilebilir [4, 11]. Prob sonikatérd,
sistemde toplu veya surekli modda manipule edilebilen
kavitasyon etkisini tUretmenin dogrudan bir yolu olarak
sivi bir ortama daldirilacak sgekilde tasarlanmigtir.
Ultrasonik banyo, reaksiyon sivisinin dogrudan reaktére
veya bir cam kaba vyerlestirilebildigi, numuneyle

dogrudan veya dolayli temasla nispeten tekdiize (prob
sonikatoriyle karsilastirildiginda) ve sireksiz kavitasyon
Yapilan

saglayan bir temizleme kabidir [4, B5].

banyosu

Ultrasonik islem

islem Parametleri

calismalarda enzimlerde ultrason islemi icin her iki
ultrason tipi kullaniimigtir. Ultrason problarinin enzimler
Uzerindeki etkisi olumlu iken bu problarin endustriyel
diizeyde uygulanmasi (6lgek bliylitme) zordur. Ek olarak
ultrason problarinin yiksek asinma ve yipranma 6zelligi,
sinirl - bir hizmet &mriine neden olur dolayisiyla
endustriyel uygulamalardaki kullanimini kisitlar [4, 8].

Enzim aktivitesinin artirlmasi i¢in uygulanan ultrason

islemleri, 6n islem prosedirlerine ve/veya kombine
enzime uygulanarak gerceklestirilebilir. Sekil 2'de
ultrason  teknolojisi ile  enzim  aktivasyonunun

artinlmasina yonelik uygulanan stratejiler 6zetlenmistir.

Serbest enzime * Gug Substrata yonelik
yonelik uygulamalar ¢ !:erEkanS uygulamalar
* |slem siiresi

islem déngiisi

immobilize enzime
yoénelik uygulamalar

Sekil 2. Ultrason teknolagijisi ile enzim aktivasyonunun artiriimasina yénelik uygulanan stratejiler
Figure 2. Strategies applied to increase enzyme activation with ultrasound technology

Bu derlemede ultrasonikasyon isleminin serbest enzim,
immobilize enzim ve substrata uygulanmasi sonucu
meydana gelen molekul yapisindaki degisiklikler, bu
degisikliklerin ~ mekanizmalari, bu  mekanizmalari
etkileyen faktorler ile enzimin aktivasyonuna iligkin
bilgilere yer verilmistir.

Ultrasonik Iglemlerin Serbest Enzim Aktivitesi
Uzerine Etkisi

Serbest enzimler, sulu bir ¢dzelti veya dondurularak
kurutulmus toz halinde elde edilebilen enzimin
geleneksel bir formudur. immobilize enzimlerin sundugu
bazi benzersiz avantajlara ragmen kullanimi kolay olan
serbest enzimler, ylksek enzim aktiviteleri ve ucuz
maliyetleri g6z 6nune alindiginda bira, sut ve nisasta
gibi bazi endustriyel sektorlerde hala vazgegilmezdir [4].

Surdurdlebilir  biyokutlenin - enzimatik  hidrolizinin
iyilestirilmesi igin enzim gereksiniminin ve islem
suresinin azaltilmasi gereklidir. Ultrasonik islem, enzim
aktivitesini ve stabilitesini etkilemektedir. Ancak bu
etkinin nasil oldugu, uygulanan gi¢ ve frekans gibi
sonikasyon parametrelerine baghdir.  Glnimuzde
enzimlerin ultrasonla aktivasyonuna iligkin arastirmalarin
¢ogu serbest enzimler Uuzerinde gergeklestirimistir
(Tablo 1). Bu arastirmalarda, ilimli ultrasonik kosullari
altinda gergeklestirilen enzimatik reaksiyonlarin enzim
aktivitesinde artisa yol actigi gozlemlenmistir.
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Ultrasonun serbest enzimlerin yapi, kinetik ve
termodinamik parametreleri Uzerine etkileri
bulunmaktadir.  Enzimlerin  birincil  yapisi, peptit

baglariyla bagli amino asitlerden olusmaktadir. Bu
polipeptit zincirleri, hidrojen bagdi yoluyla a-heliksler, -
yapraklar (akodeon), B-donlsler ve rastgele sarmallar
dahil olmak Uzere ikincil yapilar olusturma egilimindedir.
Bu tidr ikincil yapilar, hidrofobik etkilesimler yoluyla
uclncul yapilari olugturan alt birim haline gelmek Uzere
U¢ boyutlu olarak katlanirken dérduncual yapi, van der
Waals kuvvetleri ile iligkili alt birimleri icermektedir.
Enzim yapisinin degistiriimesi islevselligini, stabilitesini
ve kalan aktivitesini de degistirecektir. Enzimin katalitik
yetenegi, aktif merkezine baglidir. Ultrason esas olarak
enzimlerin aktif merkezini etkileyerek katalitik reaksiyonu
etkilemektedir [16, 17]. Enzim c¢ozeltisine ultrason
uygulandiginda, kavitasyon balonlarinin patlamasiyla
olusan kesme kuvvetleri, enzim molekill igindeki van
der Waals kuvvetlerini, hidrojen baglarini ve hidrofobik
etkilesimleri etkileyebilir, bu da ikincil ve Ugincdl
yapllarda ve dolayisiyla  katalitik  aktivitelerde
degisikliklere neden olabilir. Yogun ultrason kosullari
(asiri ultrasonik yogunluk veya uzun iglem suresi gibi)
gecici kavitasyon etkilerinin olusmasina izin verir,
burada kavitasyon kabarciklarinin ice dogru gékmesi ve
patlamasi sok dalgalarina neden olabilir ve ortamda
ciddi bir kayma gradyani yaratabilir. Bu tir siddetli
kayma kuvveti, enzim konformasyonunu ve aktif
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bdlgeleri olusturan kimyasal baglar yok edecek kadar
glcli olabilir ve enzim inaktivasyonuna yol agabilir [5].
Ancak son calismalar, uygun ultrason isleminin ayni
zamanda enzimin aktivitesini de destekledigini
gOstermistir. llimh ultrasonik kosullarin (yani disuk
yogunluk ve kisa sure) neden oldugu kararh bir
kavitasyon etkisi, salinimli rezonans kabarciklarinin
¢ozelti boyunca mikro akimlar olusturmasina neden
olabilir, bdylece c¢o6zeltide daha hafif kesme gerilimi
Uretebilir. Bu seviyedeki mekanik etki, enzim yapisini,
uzaysal konformasyonunu gevsetecek ve daha fazla
aktif bolgelerin agiga ¢ikmasini saglayabilir ve bdylece
enzim aktivitesi iyilestirilebilir [5, 16].

Enzimatik reaksiyon hizi ile reaksiyon hizini etkileyen
cesitli  faktorler (enzim konsantrasyonu, substrat
konsantrasyonu, pH, sicaklik, aktivator, inhibitoér vb.)
arasindaki iliskiyi gosteren enzimatik kinetik, Michaelis-
Menten denklemi ile gosteriimektedir. Bu denklemin
Lineweaver-Burk grafigi ile dogrusallastiriimasi ile,
enzim kinetiginde onemli iki kinetik parametre olan
doygun substrat konsantrasyonunda elde edilen
sinirlayici reaksiyon hizini temsil eden maksimum
reaksiyon hizi (Vmax) ve enzimin substrata olan ilgisini
gosteren Michaelis-Menten (Km) sabiti
hesaplanmaktadir. Yukarida bahsedildigi gibi, ultrason,
enzimlerin molekuler yapilarini kolaylikla degistirerek
daha aktif bdlgelerin agiga gikmasina neden olabilir, bu
da enzimatik reaksiyon sirasinda substratin enzime
baglanmasini kolaylastirabilir. Bu nedenle ultrason
islemine tabi tutulan enzimlerin Kn'sinin orijinal enzimle
karsilastirildiginda azaldigi yani enzim ile substrat
arasindaki iliskinin arttigi; ultrason tarafindan indiiklenen
enzim molekillerindeki fiziksel ve kimyasal degisiklikler
nedeniyle de enzimatik reaksiyonlarin Vmax degerinin
arttigi ifade edilmektedir [5, 17].

Enzimatik termodinamik, maddenin hallerinin
donusimunu ve enzimatik reaksiyonlarda yer alan enerji
degisikliklerini  aciklayan  bir  teoridir.  Enzimin
termodinamik parametrelerinden biri olan aktivasyon
enerjisi (Ea), bir kimyasal reaksiyonun gerceklesmesi
icin gereken minimum enerji miktarini temsil eder ve
Arrhenius denkleminden hesaplanabilir. Ultrasonun,
cesitli enzimler tarafindan katalize edilen enzimatik
reaksiyonlarin Eaz’sini azaltmada etkili oldugu bdylece
enzim aktivasyonunu arttirdidi ifade edilmektedir. Diger
termodinamik parametreler olan entalpi (AH), entropi
(AS) ve Gibbs serbest enerjisi (AG) degisimleri bir
enzimin uzaysal konformasyonunun katlanma veya
acllma durumuyla iligskili oldugundan ultrasonun,
enzimler Uzerindeki modifikasyon etkilerini
degerlendirmek icin Onemli gdbstergelerdir. AH, bir
termodinamik sistemin enerjisini temsil eden ve bir
reaksiyonun isi transfer durumunu goésteren énemli bir
durum fonksiyonudur. AH O0'dan biyidk oldugunda
reaksiyon endotermiktir, aksi takdirde ekzotermiktir.
Enzimatik reaksiyonlarda entalpi, hidrojen baglarinin ve
hidrofobik  ¢ekirdeklerin  olusumu ve yikimi gibi
enzimlerin konformasyonel yapisiyla yakindan iliskilidir.
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Enzimlerin ultrasonik islem ile aktivasyonu sirasinda,
AH'deki degisiklik muhtemelen enzim molekdllerindeki
hidrojen baglari, elektrostatik etkilesimler ve van der
Waals kuvvetleri gibi zayif baglarin sono-mikrojetler ve
sok dalgalar tarafindan kiriimasi nedeniyle meydana
gelmektedir. Bu tir bir konformasyonel degisim, enzim
ve substrat arasindaki baglanmayi destekleyebilir ve
bdylece daha ylksek bir reaksiyon verimliligi ortaya

cikabilir.  Entropi, reaksiyon sisteminin molekuler
rastgeleliginin ~ bir  Olglstdir. Enzime  ultrason
uygulandiginda AS'deki degisimler, kavitasyon

nedeniyle olusan serbest radikaller ile enzimdeki amino
asit kalintilarinin oksidasyonu ile ilgilidir, bu nedenle
artabilir veya azalabilir. AG, sabit sicaklik ve basingta
cesitli termodinamik sureglerin kendiliginden
ilerlemesinin  yénudnu ve sinirini degerlendirmek igin
kullanilabilir.  Enzimatik bir reaksiyonda, yalnizca
artnlerin toplam serbest enerji miktari
substratlarinkinden dusukse (AG<0) kendiliginden
ilerleyebilir. Ultrasonla aktive edilen enzimle gergeklesen
reaksiyonlarda azalan bir AG olabilir, bu da artan enzim
aktivitesini ve dolayisiyla enzimatik reaksiyonlarin
kendiliginden arttigini  goésterir [5, 18]. Ultrasonun
serbest enzim aktivasyonuna etkisi Uzerine yapilan
¢alismalar ve bu c¢alismalarda elde edilen O6nemli
bulgular, Tablo 1’de 6zetlenmistir.

Ultrasonik islemlerin Substrat Uzerine Etkisi

Substratin yapisini iyilestirmek ve enzim ile hidrolizini
arttirmak amaciyla substratlara ultrasonik islemler
uygulanabilir. Enzimatik hidrolizden &nce ultrasonik
islemin, substrat molekullerinin  ylzey yapisini
degistirebilecedi ifade edilmektedir. Ultrasonik 06n
islemin, substratlarin ylzey morfolojisini degistirerek
enzimlerin substratlara baglanmasini arttirmak gibi
enzimatik reaksiyonlarin desteklenmesi tzerinde énemli
etkileri vardir. Substrat molekiliindeki bu degisiklikler,
g6zenek ve oluklarin olusumu ile molekiler yizeyin
puruzliligunde bir artis ve dolayisiyla substrat
molekillerinin spesifik ylUzey alaninda bir artis ile
beraber bazi siki molekuler yapilarin tahrip edilmesi ve
substrat molekiler vyapilarinin gevsemesi seklinde
gerceklesebilir. Ultrasonik on islem, substratlarin ikincil
yapisini degistirebilir, polimerizasyon derecesini
azaltabilir. Depolimerizasyon sirasinda kovalent bir
bagin homolitik ve/veya heterolitik kirlmasi meydana
gelebilir ki makromolekuildeki en yaygin mekanizma C-C
baginin  kirlmasidir.  Ultrasonun  neden  oldugu
kirlmanin, zincirin ortasina yakin bir yerde meydana
gelmesi tercih edilir. Boylece molekil boyutundaki
azalma kutle transferini arttirabilir. Bbylece enzimler,
aktif substrat gruplari ile daha kolay birlesebilir boylelikle
enzimatik reaksiyonun etkinligi artabilir. Ultrasonik 6n
islem ayrica diger maddelere bagh substratlari ayirabilir
veya toplanmis substratlari dagitabilir  bodylece
enzimlerle temas alanini genisletebilir ve enzimatik
hidrolizi tesvik edebilir [3, 16].
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Pourmohammadi ve ark. [19], a-amilaz ile patates
nigsastasinin hidrolizinde substrata ultrasonik iglemin

etkisini incelemislerdir. Bu c¢alismada ¢ift frekansl
ultrasonik banyo kullanmiglardir. Ultrasonik
uygulamanin nisasta grandillerini daha gbézenekli

yapilara donastlirdidgand, bu durumun enzimin hidroliz
icin nisasta granullerine nifuz etmesini kolaylastirdigini
ifade etmislerdir. Boylelikle nisastalarin ultrasonikasyon
yoluyla islenmesinin nisasta hidrolizinin de
iyilestirilebilecegi sonucuna varmiglardir.

Roohi ve ark. [20], a-amilaz ile nigsastanin hidrolizi
Oncesinde ultrason destekli modifikasyona tabi tutulan
nigastalarin reolojik davraniginin ve viskozitelerinin
belirlenmesi Uzerine bir calisma gergeklestirmislerdir.
Calismada, goOzenekli nisasta elde etmek igin
sonikasyona tabi tutulan misir ve patates nisastasi igin
ultrason geometrisinin, glciiniin ve frekansinin sivi akisi
Uzerindeki etkisi degerlendirilmistir. Ultrasonik banyoda
on isleme (300 W, 25 + 40 kHz, 10 dakika) tabi tutulan
nisastalarda a-amilazin daha etkili oldugunu tespit
etmiglerdir. Bunun sebebinin sonikasyon igleminin
nisasta granillerinin ylzeylerinde hasara, catlaklara ve
gOzeneklilige neden olmasi dolayisiyla nisasta
grandllerinin yapisal butinliginin bozulmasi ile enzim
hidrolizinin kolaylastigini ifade etmislerdir. Yazarlar, o-
amilaz tarafindan hidrolize duyarli olan hasarl
nisastanin Uretilmesi i¢cin ultrasonikasyon isleminin
kullanilabileceg@ini dnermiglerdir.

Soares ve ark. [21], yaptiklari c¢alismada Kkegi
kremasinin lipaz ile hidrolizinde ultrasonun lipaz, krema
ve reaksiyon Uzerindeki etkisini arastirmiglardir.
Ultrasonun reaksiyondaki (krema+ lipaz)
etkisi incelendiginde ultrasonik islem destekli enzimatik
reaksiyon, geleneksel prosesle karsilastirildiginda daha
yuksek bir hidroliz orani (55°C'de %12, 40°C'de %23 ve
25°C'de %28) gdsterdigini belirlemislerdir. Yazarlar
kavitasyon sirasinda kabarcik ¢dkmesiyle glglu
turbulansla birlikte yayillan sok dalgalari ve kesme
kuvvetleriyle sonuglanan &énemli bir enerji salinimi
oldugunu olusan bu mekanik etkilerin sadece enzim
yapisini ve aktivitesini degistirmedigini ayni zamanda
enzim ve substrat arasindaki difiizyonu azaltarak
reaksiyon sirasinda kitle transferini artirip reaksiyonun
hizlandigini vurgulamiglardir.

Ultrasonik Islemlerin immobilize Enzim Aktivitesi
Uzerine Etkisi

Serbest enzimler yiliksek katalitik aktivite Uretmelerine
ve kullanimlarinin daha kolay olmasina ragmen, dusuk
kararliliklari ve yeniden kullanilamamalari endustriyel
uygulamalarini kisittamaktadir. Bu nedenle, immobilize
edilmis enzimlerin aktivasyonuna ve modifikasyonuna
giderek artan bir ilgi duyulmaktadir [1, 17].

Cesitli matrisler kullanilarak immobilize edilmis enzimler
hazirlamak i¢cin ¢ok sayida yontem bulunmaktadir.
immobilizasyon materyalleri dogal polimerler, sentetik
polimerler veya inorganik malzemeler olabilir. Enzim
immobilizasyon teknikleri fiziksel ve kimyasal olmak
Uzere iki yonteme ayrilabilir. Fiziksel immobilizasyon
yontemleri, van der Waals kuvvetleri, hidrofobik
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etkilesimler ve hidrojen bag iceren fiziksel kuvvetler

yoluyla  gerceklesir.  Kimyasal yontemler, geri
dondurilemez bir sure¢ yoluyla kovalent veya iyonik
baglar  kullanilarak  enzimlerin  farkh  matrislere

baglanmasini icerir [1, 3].

Reaksiyon ortamindan kolayca ayrilabilen heterojen bir
katalizdér olarak immobilize enzimler, reaksiyonun
herhangi bir zamanda sonlandiriimasini saglayarak
kirletici icermeyen saf bir Urtin elde edilmesini saglarlar.
Ayrica, endustriyel bir suregte birden ¢ok kez
kullanilabilirler. Geleneksel serbest enzimlere gére bu
avantajlar, immobilize enzimlerin gida endustrisinde
kullamimini artirmaktadir. immobilize enzimlerin katalitik
aktivitesinin ve Ozelliklerinin iyilestiriimesi, daha verimli
ve uygun maliyetli bir endustriyel slrece katkida
bulunacaktir [5]. Immobilizasyon isleminin verimliligi ve
enzimatik aktivitenin sabit tutulmasi sinirhdir. Bu
nedenle immobilizasyon verimliligini ve geri kazanimi
artirmak igin farkli teknikler kullaniimaktadir [3]. Ultrason
islemi, enzimlerin serbest formunu modifiye etmenin
yani sira son zamanlarda immobilize enzimlerin
aktivitesini iyilestirmede de kullaniimigtir. Ultrasonun
teknolojisi ile immobilizasyonda enzim aktivasyonunun
artirnimasina yoénelik farkli stratejiler bulunmaktadir
(Sekil 3). Bu stratejilerden biri, immobilizasyon 6ncesi
serbest enzime ultrason igleminin uygulanmasi sonra
islem gérmis enzimin immobilize edilmesidir ki serbest
enzime ultrasonun  etkisi  yukarndaki  boélimde
aciklanmistir.  Bir  diger strateji, immobilizasyon
materyaline (tasiyici) ultrason &n iglemidir. immobilize

materyaline o6n islem ile, immobilizasyon sirasinda
enzim molekllleri ile etkilesimini hizlandirmak igin
tasiyicinin  yapisini  degistirerek immobilize enzimin

aktivitesinin iyilestiriimesi amaclanmaktadir [5, 17, 22].
Ultrasonla indiklenen kesme kuvveti, sok dalgalar ve
serbest  radikallerin, immobilizasyon  materyalinin
Ozelliklerini  ve materyal ile enzim arasindaki
etkilesimlerini  degistirdigi, sonu¢ olarak enzimin
substratlara olan etkili temas alanini genigletilebildigi
boylece katalitik  aktivitenin de dolayh olarak
iyilestirilebildigi ifade edilmektedir [3, 22].

immobilizasyondan énce 6n islem asamasinda ultrason
kullanmanin yani sira, enzim aktivitelerinin daha fazla
iyilestiriimesine olanak taniyan bir baska yaklasim da
enzimlerin immobilizasyonu  sirasinda  ultrason
uygulamaktir. Bu tir bir uygulama, isleme sisteminde
daha fazla madde/molekul oldudu igin bir dizi genis
kapsamli sonuca yol agabilir ve ayni zamanda kontrol
edilmesi daha zor olan karmasik bir sirectir [5, 23]. Bu
siirecte (i¢ olgu meydana gelebilir. ilk olarak ultrasonun,
enzimlerin g¢oOzeltiden tasiyicilarin  ylzeyine kitle
transferini hizlandirmasi ve enzimlerin tasiyici ylizeylere
adsorpsiyonunu desteklemesidir. Bodylece ultrasonik
kavitasyon tarafindan olusturulan bir dizi mekanik etki,
kutle transfer 6zelliklerini azaltir. Sonug olarak, sistemin
katle transferi artinimis ve daha homojen bir karigim
elde edilerek tasiyicilar ve enzimlerin kombinasyonu
desteklenmis olur. ikinci olarak ultrasonik kavitasyon,
enzimin konfiglirasyonunu degistirebilir ve bdylece
enzimin aktivitesini dogrudan iyilestirebilir. Ugiinciisii
ultrason, tasiyiclyr degistirebilir ve enzimlerle temasa
daha duyarh hale getirebilir [3, 22]. Wang ve ark. [23],
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yapmis olduklari galismada ultrasonun, sodyum aljinatin
hidrofobik  etkilesimlerini ve araylz aktivitelerini
artirdigini béylece sodyum aljinat ile enzimler arasindaki
capraz baglanmanin kolaylastigini ifade etmiglerdir.

Tablo 2’de ultrasonun immobilize enzim aktivasyonuna
etkisi lizerine yapilan ¢alismalar ve bu ¢aligmalarda elde
edilen 6nemli bulgular 6zetlenmisgtir.

1. Strateji 3. strateji
) Immobilizasyon ‘ Immobilize Enzim
Enzim + materyali enzim Ultrason ‘ immobilize
’ + uygulamasi enzim
Ultrason | _serbest enzime 6n islem | immobilizasyon | !immobilizasyon siirecine yardim
uygulamasi materyali =~ “ttttttmotomomoomoomosoooosooooooos '
2. strateji 4. strateji
) Immobilizasyon Immobilize . Immobilizasyon Immobilize
Enzim materyali enzim Enzim + materyali enzim
T mobilizayon R T—
Ultrason materyaline é'm};slem E lf’.ﬂf’f'.'Ob'“Zj; illml§ : Ultrason
UygUlAMAS] bocmmmes 2o ___Enzimin modifikasyonu | uygulamast

Sekil 3. Ultrason teknolojisi ile immobilizasyonda enzim aktivasyonunun artiriimasina yonelik uygulanan stratejiler
Figure 3. Strategies applied to increase enzyme activation in immobilization with ultrasound technology

Tablo 2. Ultrasonun immobilize enzim aktivasyonuna etkisi
Table 2. Effect of ultrasound on immobilized enzyme activation

Enzim Arastirma konusu Ultrason kogullan Onemli bulgular Kaynak
& Gukosidar Ean;;:]nﬁa US”eon ilﬁﬂ:ﬁqn;hiliz?:sy:si ulﬁraso;i_k t?_ar]yl?j; 5200%} %30« Onlislemden sunrglimmobililzle edil:len enzim ile iglem gormemis immobilize 28]
(gluteraldehit ve amonyum silfat) gorev déngistnde, enzime kiyasla %82lik bir aktivite geri kazanimi
Immobilize  enzimin  oldugu . " L . .. W
Glukoamilaz ve o- ekslraksiyon ortamina US is,lenqli; dtrasonik banyo, 20kHz, 20 ' IUItrasuln ve |mmpb|||ze enzim ile eksquk5|yon verimi 108:.23 mg/g iken on -
amilaz MNP'e birikie immobiize edimis W, 15 dk islemsiz ekstraksiyon verimi 89.97 mglg; ekstraksiyon veriminde 13-15 kat  [36]
enzimler artg
Peroksidaz Ulirason  kullantlarak ~ Zn-MOF ultrasonik prob; 20 kHz, 200 +  Immobilizasyon verimi, %93.3 7]
nanoyapisi sentezi W, 20 dk, 90°C +  Immobilize enzimin spesifik aktivitesi, serbest enzime gore yaklagik 3 kat artmig
Ulirasonik destekli immobilizasyonda
o Lipaz yikleme miktan (177.3 mg/g ve verim %41.3) ultrasonik olmayana (84.4
immobilizasyon iglemine destek; drasonik orob: 20 kHz 100 mglg) gore 1.1 kat yiksek
Lipaz Mezopor (cok gdzenekli) silka W 10 dk prob; ' o Katalitik verim (6.4 mmolig saat) 9.1 kat yiksek [38]
iizerine immobilizasyon ' Vel
+  Ultrason destekliimmobilize enzim, 11.24 x 107
+  Immobilize enzim, 3.10 x 10°
, Immobilize enzime islem; Amino- . )
Peinaz  ve i bt in i o UITESONK bamyo; 20 RHZ 10 gy 3t Kadar bt B9
seliilaz . W, 20 dk
enzimler
L .. Ultrasonik  on  islemin, domuz W Do . - .
P oy G ik gt 5 it * NS el Lt e o DGk vk
Ramm pozy diasigliserol  (DAG)  sentezi  boyunca 45°C ve giig 250 W reafsi o s "|9' et 1y -onlglem, g
iizerindeki etkisi yon siresini dnemli dlciide kisaltmis
Immobilizasyon islemine destek; . ]
Lizozim kasiyum  ainat fim zerne oo pb 22 K 4TS, yiasimum et aie (7234 U) %13.2 oraninda et 3
immobilizasyon e
+ |Immobilize enzim aklivitesi, yiksek substrat konsanirasyonunda kontrole
Lipez US  desteki  manyetik Ta- ultrasonik prob; 25°C sicaklik, kiyasla artmig 2
MOF @Fe;0, nanoyapi sentezi 15 dakikalik siire ve 120 W +  Immobilize enzimin termal stabilitesi daha fazla artmis
»  Reaksiyon sonunda immobilize enzim aktivitesini %95 korumus
+  Oniglem sonrasinda lipaz akivitesi 1.6 kata kadar artmis
+  Kmve Vmaxdederleri sonikasyona tfabi futumus immobilize lipaz
Lipaz Enzime 6n islem; immobilizasyon  ultrasonik prob; 22 kHz, 11.38 ile sonikasyona tabi tutulmus serbest lipaz ile hemen hemen ayni (18]
materyali: MOF Werm®, 25 dk +  Immobilize enzim art arda 7 kez yeniden kullanim dongiisinden sonra kalan
akfivite %54
+ 25 ginlik depolamada aktivitesini %90'ini korumug
Solilaz Immobilize enzime iglem; MNP'le dtrasonik banyo; 6.3 W, dk Immobilize enzimin aktivitesi 3.6 kata kadar artmig 1]

immobilize edilmis enzimler

Vg 51 arimig ve Ky azalmig

US: Ultrason, MNP: Magnetik nano partikal, MOF: metal-organik cerceve
US: Ultrasound, MNP: Mmagnetic nanoparticles, MOF: Metal organic framework
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SONUG ve ONERILER

Uygun ultrasonik islem serbest enzime, substrata
ve/veya immobilize enzime uygulandiginda enzimin
aktivitesini iyilestirebilir, enzimatik reaksiyonun hizini ve
verimini artirabilir. Enzim aktivasyonunun artisinda
ultrason tarafindan olusturulan kavitasyonun énemli bir
roli bulunmaktadir. Kavitasyon dinamik bir olgudur ve
etkileri buylk ol¢lide calisma parametrelerine baglidir.
Uygun kosullarda gercgeklestirilen ultrason, enzimin ve
substratin konformasyonunu degistirir, bu da enzimin
katalitik etkinliginde bir iyilesmeye yol acabilir.
Ultrasonun neden oldugu mekanik etkiler
makromolekuller Uzerinde kayma kuvvetleri olusturur,
enzimlerin ve substratlarin kiimelesmelerini zayiflatir ve
baglanmalari kolaylastirir.

Ultrasonun enzim aktivitesi Uzerine umut verici
sonuglarina ragmen, bu teknolojinin o6lgeklenebilirligi
konusunda bazi zorluklar devam etmektedir. Bu
zorluklarin  Ustesinden gelebilmek igin yapilacak
calismalarla ultrasonun, enzimatik  reaksiyonlar
Uzerindeki olumlu etkisinin ve c¢alisma kosullarinin
etkisinin incelenmesi sonrasinda verimli bir ultrason
destekli enzimatik reaksiyonun tasarlanmasi ¢ok
onemlidir. Ayrica enzimatik reaksiyon verimliligini
artirmak ve ultrason ekipmaninin enerji tlketimini
azaltmak igin ultrason proses parametrelerinin optimize
edilmesi gereklidir.
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Akademik GIDA®, gida bilimi ve teknolojisi alaninda
orijinal arastirma ve derleme makalelerinin yayinlandigi
hakemli bir dergidir. Dergi U¢ ayda bir Sidas Medya Ltd.
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yayinlanmaktadir. Derginin genel bilimsel kalitesini
iyilestirmek igin yayinci tarafindan asagdidaki yonergeler
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Yayin Politikasi

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

Makalelerin Degerlendirilmesi

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

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

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

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

Yayin Ucreti

Akademik Gida dergisinde makalelerin yayinlanmasi
icin herhangi bir yayin lcreti talep edilmemektedir.

Gizlilik

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

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

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

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

Yazarlik

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

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

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

Destekleyen/Finans Saglayan Kuruluglar

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

Yazarlarda Degisiklik

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

Calisma Verilerinde Duzeltme

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

Makalenin Geri Gekilmesi

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

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda
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Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

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

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

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

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

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

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

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

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

Yayin suistimali

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

takip eder.

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

supheli bir suiistimal durumunda, arastirmacilar,

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

e Makaledeki benzerlik orani tek bir kaynaktan

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

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

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

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

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

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

Editorial Policy

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

Peer Review

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

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

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

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

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

Akademik GIDA welcomes article submissions and does
not charge any publication fee.

Confidentiality

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

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

Authorship

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

Funding Sources

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

Alteration in Authorship

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

Correction of Data

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

Retraction of an Article

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

Ethical Considerations

Conflict of interest:

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

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

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

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

Research involving human subjects, animals or
plants:

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

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

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

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

Publication misconduct:

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

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

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

Copyright

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