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Editordentl Edi-

Akademik Gida dergisinin 18. yayin yihnin son sayisi ile sizlerle birlikteyiz. Bu
sayimizda 9 arastirma ve 2 derleme calismasi olmak ulzere toplam 11 makale yer
almaktadir.

Makale yazarlarindan zaman zaman gelen sorular nedeniyle makale kabulu ile ilgili
daha 6nce yaptigimiz bilgilendirmeyi tekrar etmek istiyoruz. Dergimiz 2017 yili birinci
sayisindan itibaren http://www.academicfoodjournal.com adresinin yani sira
TUBITAK ULAKBIM catisi altinda, Tirkiye'de yayimlanan akademik dergiler igin
elektronik ortamda barindirma ve editoryal siire¢ yonetimi hizmeti sunan DergiPark’ta,
http://dergipark.gov.tr/akademik-gida adresinde yayimlanmaya baglamistir. Ancak
dergimize  yayimlanmak lzere gonderilen  makalelerin  kabuli  halen
http://www.academicfoodjournal.com adresinden vyapilmakta olup, DergiPark
Uzerindeki makale kabul slreclerini igceren sistem kullaniimamaktadir. Bu sistem
Uzerinden makale kabuline 2021-2022 yillar igerisinde gecilmesi planlanmaktadir.
Dergimizin tim arsivine DergiPark Uzerinden erigiminin saglanmasi igin gerekli
calismalar TUBITAK ULAKBIM tarafindan yapilmakta olup, bu galismalarin kisa bir
sure igerisinde tamamlanmasi beklenmektedir. S6z konusu calismalarla birlikte
dergimizde yayimlanan makalelerin ulasilabilirliginde de énemli diizeyde artis olmasi
beklenmektedir.

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus 2020 yilindan itibaren
dergimize gonderilecek makalelerde Etik Kurul izni gerektiren c¢alismalarin ilgili izni
aldiklari ile ilgili bilgi ve belgelerini TR-Dizin’e ylklenmek Uizere dergimize (makalelerini
dergimize gonderme asamasinda) sunmalari gerekliligidir. Dergimizin etik hususlarla
ilgili detayli etik beyanina web sayfamizdan
(https://dergipark.org.tr/tr/pub/akademik-gida/page/6477) ulasilabilir.

Dergimizle ilgili bir diger yenilik makalelerin sonunda yer alan kaynaklar bolimunde
kaynaklarin gosteriminde kisaca APA (American Psychological Association) olarak
bilinen Amerika Psikoloji Dernegi yazim stilinin kullanilacak olmasidir. Dergimize
makale gonderecek meslektaslarimizin bu durumu dikkate almasini ve giincellenen
yazim kurallari sayfalarimizi takip etmesini rica ediyoruz.

Bu yil ve 6nuimuzdeki yillarda daha fazla ulusal ve uluslararasi veri tabani ve indekste
dizinlenmek ve derginin uluslararasi dizeyde taninirhidini arttirmak igin calismalarimizi
surdlrtyoruz. Dergimizin kalitesini ve uluslararasi alanda sayginhigini arttirabilmemiz
icin etki faktorinin yikseltiimesi baslica hedeflerimiz arasindadir. Bu nedenle siz
degerli bilim insanlarindan gerek dergimize ve gerekse diger ulusal ve uluslararasi
dergilere gonderdiginiz makalelerde Akademik Gida dergisinde yayimlanan makalelere
muimkin oldugunca atif yapmanizi tekrar rica ediyoruz.

Katkilarinizla dergimizin daha iyi noktalara gelecegine yirekten inaniyoruz. Ayrica,
dergimizde arastirma makalelerinin ve Ingilizce olarak yazilan makalelerin
degerlendirme ve yayinlanma surelerinin diger makalelere kiyasla oldukga kisa
oldugunu yazarlarimiza tekrar hatirlatmak istiyoruz.

Bu sayinin olusmasinda katkida bulunan; ¢alismalarini yayimlanmak Uzere dergimize
gonderen yazarlara ve bu ¢alismalari titizlikle degerlendiren yayin kurulu Gyelerimiz ve
hakemlerimize tesekkirlerimizi sunuyoruz.

Saygilarimizla.

Oguz Giirsoy
Bas Editor

Ozer Kinik
Ramazan Gokge
Yusuf Yilmaz
Editorler
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BILIMSEL ETKINLIKLER

Peynir Caligtayi

Peynir ve Peynir Teknolojileri ile ilgili caligsanlar veya bu
sektorlere hizmet verenler ile bilim insanlarinin bir araya
getirilmesi, guincel gelismeler ve sektdr sorunlarin tartisiimasi
hedefleriyle Sidas Medya Ltd. Sti. ve Ege Universitesi Ziraat
Fakultesi Sut Teknolojisi Bolimu tarafindan diizenlenecek
Peynir Calistay! ile ilgili bilgilere etkinligin Facebook ve
Instagram sosyal medya hesaplarindan ulasilabilir.

5. Uluslararasi Anadolu Tarim, Gida, Cevre ve Biyoloji
Kongresi

Tarim, gida, ¢evre ve biyoloji alanindaki gelismeleri gindeme
getirmek ve yeni is birliklerine olanak saglamak amaciyla,
5.Uluslararasi Anadolu Tarm, Gida, Cevre ve Biyoloji
Kongresi Tokat Gaziosmanpasa Universitesi ve Tirk Tarim -
Gida Bilim ve Teknoloji dergisi (TURJAF) onculiginde 1-4
Ekim 2020 tarihlerinde Tokat'ta dizenlenecektir. Kongre ile
ilgili http://www.targid.org/ adresinden ulasilabilir.

IV. Et Uriinleri Galigtayi

Ulkemizde Et Bilimi ve Teknolojisi alaninda &ncii bir
organizasyon olma ozelligi tasiyan ve temasi "Et Urinleri
Uretiminde Yenilikgi Yaklasimlar" olarak belirlenen V. Et
Uriinleri Calistayr 6-8 Ekim 2020 tarihlerinde Seven Seas
Sealight Elite Otel'de (Kusadasi, Aydin) dizenlenecektir.
Calistay ile ilgili ayrintili bilgilere
https://etcalistayi2020.ege.edu.tr/ adresinden ulasilabilir.

Tirkiye 13. Gida Kongresi

Turkiye 13. Gida Kongresi, 21-23 Ekim 2020 tarihlerinde Gida
Teknolojisi Dernedi ve Canakkale Onsekiz Mart Universitesi
Gida Miihendisligi Bolimii igbirligi ile Canakkale Universitesi
Troia Kongre Merkezi'nde duzenlenecektir. Kongre ile ilgili
https://gidakongresi2020.org/ adresinden ulasilabilir.

7. Uluslararasi Gida Giivenligi Kongresi

Gida Guvenligi Dernegi tarafindan duizenlenen Uluslararasi

Gida Guvenligi Kongrelerinin yedincisi 3-4 Haziran 2021
tarihlerinde istanbul’da (Grand Cevahir Hotel Convention
Center) gerceklestirilecektir. Kongre ile ilgili bilgilere
https://www.gidaguvenligikongresi.org/ adresinden

ulasilabilir.
10. Ulusal Analitik Kimya Kongresi

2002 yilindan bu yana iki yilda bir duzenlenen Analitik Kimya
Kongrelerinin onuncusu Mugla Sitki Kogman Universitesi ev
sahipliginde 2-5 Eylul 2021 tarihlerinde duzenlenecektir. Kongre
ile ilgili bilgilere http://luakk2020.mu.edu.tr/ adresinden
ulasilabilir.

V. International Joint Science Congress of Materials and
Polymers

Malzeme Bilimleri alaninda son gelismelerin tartisilacagi V.
International Joint Science Congress of Materials and Polymers
kongresi 15-17 Eylil 2021 tarihleri arasinda Burdur Mehmet Akif
Ersoy Universitesi ev sahipliginde Lavanta Tepesi Hotel'de
(Burdur)  duzenlenecektir.  Kongre ile ilgili  bilgilere
http://iscmp.org/ adresinden ulasilabilir.
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monocytogenes Growth on Kashar Cheese

Simeyye Erol “=, Arzu Cagri Mehmetoglu =
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ABSTRACT

High occurrence of Listeria monocytogenes in cheeses is an important risk for human health. The present work aims
to investigate antibacterial effect of scallop-shell powder (SSP) on L. monocytogenes on Kashar cheese. Cheese
samples were immersed into 0, 0.5, 1.0 or 1.5% of SSP suspensions. After drying, the surface of cheese samples
was inoculated with L. monocytogenes (5 log cfu/g). Following drying for 2 h, each sample was individually vacuum-
packed and stored at 4°C for 28 days. The microbiological and chemical properties of samples were determined at
every 7 and 14 days of storage, respectively. Application of SSP solution (%) significantly inhibited the growth of L.
monocytogenes and mold but not yeast or lactic acid bacteria. Treatment of SSP did not affect the pH value, color and
chemical properties (p>0.05) but increased the ash contents of cheese samples (p<0.05). The results suggested that
SSP treatment could be used to reduce risk of L. monocytogenes contamination on Kashar cheese.

Keywords: Listeria monocytogenes, Scallop-shell powder, Kashar cheese

Kasar Peynirine Uygulanan Midye Kabugu Tozu Cozeltisinin Listeria monocytogenes Geligimi
Uzerine Etkisi

o0z

L. monocytogenes peynirlerde bulunan bir patojen olarak insan sagldi icin bir tehdit unsurudur. Bu ¢alisma ile midye
kabugu tozu (MKT) uygulanmasinin Kasar peynirinde L. monocytogenes uUremesine karsi antimikrobiyal etkisi
arastinlmistir. Bu amagla, L. monocytogenes (5 log kob/g) bulastirilan peynir ylzeylerine daha sonra farkli
konsantrasyonlardaki (%0, 0.5, 1.0, 1.5) MKT ¢ozeltisi uygulanmistir. Peynirler vakumlanip 4°C’de depolanmistir.
Depolanmanin her 7 ve 14 gininde 6rneklerde sirasiyla mikrobiyolojik ve kimyasal analizler yapilmigstir. MKT’nin
uygulanmasi L. monocytogenes ve kif Uremesini engellerken maya ve laktik asit bakterilerinin Gremesini
etkilememistir. MKK uygulamasi érneklerin pH’si, rengi ve kimyasal ozelliklerine etki etmemistir (p<0.05) fakat kul
iceriginde artisa neden olmustur (p<0.05). Sonuglar, peynirde MKT’nin L. monocytogenes ve kiflenme problemini
azaltmak icin kullanilabilirligini gdstermistir.

Anahtar Kelimeler: Listeria monocytogenes, Midye kabugu tozu, Kasar peyniri

INTRODUCTION outbreaks in milk and dairy products and therefore
became a risk factor in the dairy industry [1, 2]. These
Kashar cheese has been one of the most popular semi- pathogens have been shown to be able to survive and

hard cheeses in Turkey. L. monocytogenes caused grow in soft and semi-soft cheeses [3]. L.
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monocytogenes is resistant to high salt concentration
and can survive even below the refrigerator
temperature. Foodborne infectious diseases caused by
L. monocytogenes are called listeriosis. Listeriosis is
defined as a disease that causes serious infections
leading to meningitis, abortion, septicemia and even
death as a result of consumption of foods contaminated
with L. monocytogenes.

Several studies showed that the growth of L.
monocytogenes could be inhibited in Kashar cheese by
some applications. For example, chitosan or whey
protein coating solutions containing essential oils like
thyme and clove have been shown to have antimicrobial
effect on L. monocytogenes in Kashar cheese [1].
Similarly, in another study, zein-wax composite films
containing lysozyme prevented the growth of L.
monocytogenes ATCC 7644 in Kashar cheese [2, 3]. In
this study, the application of scallop shell powder (SSP)
suspension was investigated as a cheap and safe
alternative  antimicrobial preservative against L.
monocytogenes on Kashar cheese.

SSP is a waste product produced from scallop shell in
Japan and Korea. It was listed as a food additive (E529)
in Turkish Food Codex. The main ingredient of SSP is
calcium carbonate (CaCOg), but when heat treatment is
applied at temperatures of 700°C and above, CaCOs; is
transformed into calcium oxide (CaO) having strong
antibacterial effect [4, 5]. The studies revealed that the
application of SSP inhibited growth of several pathogens
including Staphylococcus aureus, Salmonella enteritidis,
S. typhimurium, Escherichia coli O157:H7 and L.
monocytogenes [4, 6-12] and also increased shelf life of
some food products. For example, the addition of SSP
solution into ingredients increased the shelf life of the
traditional fermented product kimchi, shredded cabbage
and fresh soy cheeses [13-15].

Objectives of the study were to (1) inspect the inhibition
effect of SSP on the growth of L. monocytogenes on
Kashar cheese; (2) investigate the impact of SSP
application on shelf life of Kashar cheese in terms of
numbers of lactic acid bacteria, yeast and mold, and
chemical properties (dry matter, protein, fat, ash, water
activity, pH); and (3) examine the sensory and color
characteristics of Kashar cheese treated with SSP.

MATERIALS and METHODS
Listeria monocytogenes culture

L. monocytogenes ATCC 7644 was twice successively
transferred in 10 mL of tryptic soy broth (Merck
Laboratories) at 30°C for 24 h. Optical density of L.
monocytogenes culture at 600 nm reached to 0.7 which
represents 9 log/ml cells. The culture was diluted in
0.1% peptone water to a concentration of approximately
7 log/mL for following inoculation.
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Preparation of Kashar Cheese Samples

Fresh Kashar cheese samples (20 g) were immersed
into SSP suspension prepared at 0, 0.5, 1.0 or 1.5%
concentration for 10 sec (immersing time was kept short
to avoid solid weight loss from the cheese samples and
water residues on the surface) and were dried for 2 h in
a biosafety cabinet. Following spreading 0.1 mL of L.
monocytogenes (5 log CFU/g) on both surfaces, the
cheese samples were dried and vacuumed packed in
sterile bags (polyamide-polyethylene), and kept at 4°C
for 28 days.

Microbiological Analysis

In every 7 days, 10 g sample was homogenized using a
stomacher (Interscience, Bagmixer 400, France) in 90
mL of peptone water (0.1%) for 2 min. To determine the
number of L. monocytogenes, lactic acid bacteria and
yeast/mold, appropriate dilutions were plated on
Modified Oxford Agar (30°C for 48 h), de Man, Rogosa
and Sharpe Agar (42°C for 2 days) and Oxytetracyclin-
Glucose-Yeast-Extract  Agar  supplemented  with
oxytetracycline (25°C for 5 days), respectively.

Chemical Analysis

Cheese samples were evaluated for moisture using
oven drying method, protein using Kjeldahl method [16],
fat using Gerber Method [17] and ash [18] at O, 14 and
28" days of storage. The pH and water activity of the
samples were also monitored by using a pH meter
(Hannah pH 211 model), and using a water activity
meter (AQUA Lab Series 3), respectively.

Color

A tintometer (Lovibond RT 300 Series Reflectance
England) was used to evaluate the color characteristics
of the cheese samples at every 14 days and recorded
as hunter color system (a* (redness), b* (yellowness)
and L* (lightness)). The colorimeter was calibrated
using a standard white tile. For each cheese sample,
five readings were taken in triplicate.

Statistical Analysis

IBM SPSS software package and two-way analysis of
variance was used to analyze data from triplicate
experiments (SPSS 20.0, SPSS Inc. Chicago, IL, USA).
Duncan’s Multiple Range Test assessed differences
among means at the 95% significance level.

RESULTS and DISCUSSION
Listeria monocytogenes

The number of L. monocytogenes observed for 28 days
of storage with the standard deviations of the means
was shown in Figure 1la. The initial L. monocytogenes
number was found to be about 4.5 log CFU/g in all
samples. The number of L. monocytogenes inoculated
in all Kashar cheese samples started to decrease
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significantly from day 7 (p<0.05). At the end of storage,
the number of L. monocytogenes reduced from 4.5 to
approximately 2 log in the cheese samples treated with
0, 0.5 or 1.0% SSP. No significant difference within
effect of those treatments was observed. However,
immersing cheese samples into 1.5% SSP significantly
increased drop seen in the population of L.
monocytogenes (p<0.05).

Antimicrobial effect of SSP is coming from released
hydroxy! ions which oxidize free radicals and increase
reactivity [12, 19, 20]. They could kill microorganism
cells by damaging cytoplasmic membrane and
denaturation DNA and proteins. The similar studies also
showed the antimicrobial effect of SSP against the
growth of L. monocytogenes [12, 21]. For example, even
application of 0.1% SSP suspension significantly
reduces the number of L. monocytogenes on chicken
wings and frankfurters surface by 6 and 3.5 log CFU/g,
respectively [12, 21]. Likewise, another study confirmed

that 0.15% CaO solution for 3 min treatment reduced
the number of L. monocytogenes by 50% [12].

The results in the current study showed that the number
of L. monocytogenes reduced around 2 log on all
cheese samples with or without SSP treatment during
28 d refrigerated storage. Cetinkaya and Soyutemiz
[22] also showed the similar inhibition pattern of L.
monocytogenes during ripening stage of Kashar cheese.
Hurdle concept including salt, high acid and presence of
lactic acid bacteria on cheese may play important role
on reduced number of L. monocytogenes. Several
studies revealed that existence of lactic acid bacteria
could prevent the growth of pathogens and spoilage
microorganisms in fermented foods by production of
antimicrobial compounds including organic acids,
diacetyl and bacteriocins. SSP treatment at 1.5%
concentration together with mentioned antimicrobial
compounds above might have synergistic effect on
inhibition of L. monocytogenes.
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Figure 1. Effect of scallop shell powder (SSP) treatment on the growth of Listeria
monocytogenes (a) and lactic acid bacteria (b) on the surface of Kashar Cheese
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Lactic Acid Bacteria

The change in the number of lactic acid bacteria in the
Kashar cheese samples treated by the SSP suspension
at different concentrations (0, 0.5, 1.0, 1.5%) is shown in
Figure 1b. In general, the number of lactic acid bacteria
increased by approximately from 5.8 to 6.7 log CFU/g in
all samples during the storage period. However,
increasing concentration of SSP did not significantly
affect the growth of lactic acid bacteria in the cheese
(p>0.05). In the similar studies, the application of SSP
on frankfurters or kimchis did not have a lethal effect on
lactic acid bacteria [12, 15]. Occurrence of lactic acid
bacteria in Kashar cheese provides preservation of the
products by synthesizing antimicrobial compounds and
also promotes flavor development during maturation
period.

In the current study, SSP treatment limited to surface of
the cheese, so that it did not affect interior part. Most of
the lactic acid bacteria are facultative anaerobes and
can be exist and grow inside of cheese structure. The
hidden microorganism interior part could not be
inactivated by SSP treatment on the surface.

Molds

In Kashar samples, the number of mold was counted as
0.47 log CFU/ g at the beginning of the storage (Figure
2a). While 0.94 log CFU/g increase in the growth of
mold was observed in the cheese treated by 0% and
0.5% SSP suspensions at the end of 28 d storage
period, no mold growth was observed in the cheeses
containing 1% and 1.5% SSP. Increasing concentration
of SSP significantly decreased the growth of mold in
Kashar cheese. Similarly, Bodur et al. [12] and Cagri-
Mehmetoglu [15] confirmed that SSP treatment could
suppress mold growth on chicken wings and
frankfurters.

Mold growth on Kashar cheese is very important
problem in decreasing shelf life. Vacuum packaging of
cheese partially inhibits mold growth since vacuuming
cannot completely suck air out due to less smooth
structure of cheese [23, 24]. In the present study, on the
control cheese even vacuum packaging some mold
growth was also observed. SSP, which is a safe and
inexpensive antimicrobial, has been proven in this study
as an effective method against mold growth together
with vacuum packaging. Shawai and Yoshikowa [25]
also showed that SSP has the stronger antifungal effect
than antibacterial effect. Alkaline effect of SSP and the
generation of active oxygen such as superoxide anions
from the application of SSP may have antifungal effect
against mold growth.

Yeasts

The changes in the number of yeasts for 28 days of
storage for Kashar cheese samples treated by SSP
suspension are shown in Figure 2b. In the application,
the initial number of yeasts for all cheese samples was
observed to be approximately 2.76 log CFU/g, while the
number of yeast increased to an average of 3.7 log
CFU/g at the end of the storage. Increasing in SSP
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concentration did not significantly affect the growth of
yeast on the cheese (p>0.05).

However, in our previous studies on frankfurters and
chicken wings, treatment of 0.10 or 0.50% SSP
compared with the untreated control samples reduced
the number of yeast cells on both products by 0.4 to 1.4
log CFU/g, respectively.

Another antimicrobial mechanism of CaO is that it
strongly  alkalinizes  cell membrane, leading
depolarization and possibly blockage of electrochemical
gradient renewal by transferring calcium into the
cytoplasm, rising to internal alkalization, and, to end with
cell death. The proton gradient in bacteria and yeasts
through the membrane is a common process; however,
the growth of yeast was not prevented by CaO in the
present study unlike other studies. The reason for this
must be that application of CaO treatment could not
show antifungal effect on yeast cells by failing internal
alkalization since low pH of Kashar cheese did not allow
that.

Water Activity

The water activity value of the coated Kashar cheese
with SSP solution was measured around 0.90 (Table 1).
Statistical analysis showed that SSP did not significantly
affect water activity in the application of Kashar cheese
(p>0.05).

pH

The pH values of the samples of the Kashar cheese
samples were 5.67-5.70 at the first day; at the 28" day it
was determined to be 5.69-5.68 (Table 1). A significant
increase in the pH value of the first 14-day period was
observed in the samples of Kashar cheese, and a
decrease in the pH values was observed in the period
up to 28 days after the 14" day. In general, the pH value
at the end of storage was determined as 5.68. While this
average value was found to be higher than the
reference study, SSP suspensions prepared at a
concentration of 1% and 1.5% had a significant effect on
pH in Kashar cheese at the first 14 days of storage
(p<0.05). This is due to the fact that SSP is an alkaline
agent and its pH is close to 11. During the last 14 days
of storage, the amount of lactic acid produced by lactic
acid bacteria during the cheese ripening kept the pH
balance again.

Chemical Analysis

The dry matter value of the samples of Kashar cheese
was found to be 56.46% at the end of the 28" day
(Table 2). Statistically, there was no effect of SSP on dry
matter in Kashar cheese (p>0.05). Ash content of
cheese treated with SSP solution at different
concentration was changed from 3.07 to 4.07%. Only 14
days of storage significantly increased ash content of
the cheese samples immersed into only 1.0 and 1.5%
SSP suspensions. The cheese samples contain 28.92 to
31.08% fat and 2.8 to 3.2% protein. Fat and protein
content of the samples significantly did not change
during 28 days of storage (p>0.05).
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Figure 2. Effect of scallop shell powder (SSP) treatment on mold (a) and yeasts (b) growth

on the surface of Kashar cheese

Table 1. The effect of scallop shell powder (SSP) application on water activity
and pH of Kashar Cheese

SSP Treatment Storage Time (Day)

(%, wiv) 0 14 28
Water activity
0 0.88+0.02* 0.89+0.008** 0.91+0.005*
0.5 0.89+0.01* 0.91+0.0074 0.91+0.002%4
1 0.91+0.005* 0.91+0.004A 0.91+0.003**
15 0.90+0.01* 0.91+0001* 0.91+0.008**
pH

0 5.67+0.03* 5.73+0.01* 5.69+0.01%4
0.5 5.68+0.02* 5.75+0.01* 5.68+0.02*
1 5.67+0.02* 5.81+0.01%A 5.67+0.01*
15 5.70+0.08* 5.77+0.03% 5.68+0.05*

*Mean (n =3) + Standard deviation. a, b, ¢, d: Different letters in the same row indicate
significant differences among storage duration (p<0.05). A, B, C, D Different letters in the
same column indicate significant differences among treatments (p<0.05).
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Table 2. The effect of scallop shell powder (SSP) application on the chemical composition of Kashar

cheese during 28 days of storage

Storage Time (Day)

SSP Treatment (%, w/v) 0 14 28
0 58.85+0.562* 56.98+0.56* 56.08 +2.40*
Dry Content 0.5 59.16+0.892* 55.31+1.60°* 56.94+1.69°*
(%) 1.0 59.98+0.04%A 57.21+0.68* 56.44+2.01°*
15 59.91+1.30% 55.38+0.40°* 56.40+2.18*
0 28.63+0.2242 28.12+0.80%2 30.11x0.66%2
Fat (%) 0.5 29.18+0.7442 29.19+0.58"2 30.32+0.85%
1.0 28.13+0.63* 28.55+0.70%2 29.67+0.88*
1.5 29.21x0.7142 30.25+0.782 30.08+0.494
0 3.07+0.55%a° 3.32+0.13" 3.34+0.77%
Ash (%) 0.5 3.17+0.19"@ 3.64+0.228 3.69+0.825
1.0 3.59+0.288° 3.82+0.68% 3.88+0.22¢
15 3.86+0.15° 4.10£0.65 4.07+0.41P2
0 3.27+0.61% 3.36+0.33" 3.37+0.29"
Protein (%) 0.5 3.18+0.29" 3.29+0.38% 3.38+0.37%@
1.0 3.20+0.77%2 3.25+0.32% 3.28+0.55"
1.5 3.22+0.29"2 3.29+0.19% 3.33+0.39%

*Mean (n =3) £ Standard deviation. a, b, ¢, d: Different letters in the same row indicate significant differences among
storage duration (p<0.05). A, B, C, D Different letters in the same column indicate significant differences among

treatments (p<0.05).
Color

The color parameters of cheese are shown in Table 3.
The L* values (representing brightness for cheeses)
treated with SSP at different concentrations were
ranged from 77 to 81. Similarly, Civelek and Cagri-
Mehmetoglu [26] reported similar results that L* values
for Kashar cheese stored for 56 days did not
significantly changed.

During storage, the a* values indicating redness (+),
greenness (-) ranged from -0.85 to -1.79 for cheese

samples. Although treatment of SSP did not statistically
change the a* value of the samples, the storage of the
cheese for at least 14 days significantly decreased
(p<0.05). The b* values representing yellowness of the
cheese samples was measured between 24.77 and
30.07. Storage of 28 days or SSP treatments did not
statistically change the b* value of the samples (p>0.05).
Unlike our studies, the studies usually reported that
aging cheese increase yellowness (b* value) of cheese
in terms of moisture loss and increased in dry matter
[27, 28, 29].

Table 3. The effect of scallop shell powder (SSP) treatment on color values of Kashar cheese

during 28 days of storage

Storage Time (Day)

14 28

78.10+£2.0742
78.91+£2.30%
81.06+0.85%
79.7241.43%

78.22+1.27%
79.66+1.33%
80.81+2.05"
79.10£0.76%2

-1.66+0.444a°
-1.55+0.98%a°
-1.62+0.9742°
-1.79£0.694%°

-1.79+0.18%a
-1.56+0.814a
-1.67+0.72%
-1.78+0.66"

SSP Treatment 0
(% wiv)
0 77.64+3.3442
L* 0.5 79.17+3.0442
1 80.83+3.1142
1.5 80.95+2.95%2
0 -0.85+0.9942
a* 0,5 -0.96+0.78%2
1 -1.27+0.64%2
1,5 -1.33+0.9442
0 24.77+1.3472
b 0.5 29.47+1.877@
1 28.18+2.39%@
15 30.07+3.144@

26.17+2.0742
26.66+1.29%
26.13+1.92%
26.56+1.09%

27.43+1.28%
28.28+0.88*
27.55+1.19%
29.06+0.474

*Mean (n =3) + Standard deviation. a, b, c, d: Different letters in the same row indicate significant differences
among storage time (p<0.05). A, B, C, D Different letters in the same column indicate significant differences

among treatments (p<0.05).
CONCLUSION

In conclusion, it is the most important finding of this
study that more than 1% SSP application on Kashar
surface  prevented the development of L.
monocytogenes. The other important finding is that the
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mold growth was not observed on the samples of
Kashar cheese treated by SSP at different
concentrations. However, the growth of the yeast or
lactic acid bacteria could not be inhibited by application
of SSP treatment. No inhibition on the growth of the
yeast and lactic acid bacteria, which are important
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functions in Kashar ripening, is another important result
of this study. The chemical and physical properties of
the cheese samples were not significantly affected by
SSP treatment. Since SSP is a safe natural product in
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ABSTRACT

In this study, the effect of vacuum cooking conditions (temperature and time) on the color, textural, microstructural
and sensory quality of beef samples was investigated. In order to determine the optimum cooking temperature (60-
90°C) and time (80-120 min) for beef, an optimization study was carried out following Central Composite Rotatable
Design (CCRD). The optimum vacuum cooking condition was selected as 85.6°C of cooking temperature and 106.6
min of cooking time targeting maximum chewiness (textural quality), minimum shear force (textural quality) and
maximum sensory overall acceptance attributes. Considering the color values of crust and inner parts of beef
samples, an insignificant difference was observed among cooking temperatures and times. However, Warner Bratzler
shear force values decreased with an increase in cooking temperature. Moreover, higher cooking temperature and
longer cooking time resulted in superior sensorial properties in terms of overall acceptance scores.

Keywords: Vacuum cooking, Beef, Optimization, Texture, Color

Vakum Pisirmede islem Kosullarinin Kirmizi Etin Renk, Tekstur, Mikroyapi ve Duyusal
Ozellikleri Uzerine Etkisi

o0z

Bu calismada vakumlu pisirme islem kosullarinin (sicaklik ve stire) kirmizi etin renk, dokusal, mikroyapisal ve duyusal
kalite Uzerine etkisi arastiriimistir. Kirmizi etin optimum pisirme sicakligini (60-90°C) ve sureyi (80-120 min) belirlemek
icin Merkezi Tumlesik Tasarim (CCRD) ile optimizasyon galismasi yapilmistir. Optimum vakum pisirme kosulu,
maksimum c¢igneme (dokusal kalite), minimum kesme kuvveti (dokusal kalite) ve maksimum duyusal genel kabul
ozelliklerini hedef alarak 85.6°C pisirme sicakligi ve 106.6 dakika pisirme suresi olarak belirlenmistir. Kirmizi et
numunelerinin kabuk ve i¢ kisimlarinin renk degerleri g6z éniine alindiginda, farkli pisirme sicakligi ve sure arasinda
onemli bir fark gézlenmemistir. Warner Bratzler kesme kuvveti degerleri, pisirme sicakh@i arttikga azalmistir. Ayrica,
daha ylksek pisirme sicakhdi ve daha uzun pisirme siresi, genel kabul puanlari agisindan daha iyi duyusal 6zellikler
ortaya ¢ikmistir.

Anahtar Kelimeler: Vakum pisirme, Kirmizi et, Optimizasyon, Tekstur, Renk
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INTRODUCTION

Cooking process provides many positive effects on meat
quality such as enhancing taste and flavor, improving
digestibility, ensuring microbiological safety and
increasing shelf life. During the cooking process, the
meat undergoes some changes in its physical properties
(i.e. color, texture) and it is subjected to chemical
reactions (i.e. protein denaturation, Maillard reactions)
that influence its final quality and acceptability such as
aroma formation, shrinkage, firmness, changing in the
amount of fat and protein fractions, increasing in pH,
losses of minerals and changing of microbiological load
[1]. It is well known that cooking conditions (time and
temperature) and cooking methods are among the
factors that mostly affect the final quality of meat
products [2].

Cooking method of meat is generally determined
according to the basic traits related to consumer
preferences as flavour, tenderness, colour and
appearance [3, 4]. The most preferred cooking methods
are grilling, sauteing, and deep fat frying and boiling. In
the grill type cooking method using a high heat source,
the formation of dangerous carcinogenic mutagenic
agents (PAH, HCA) is accelerated [5].

An alternative cooking method, called vacuum boiling or
cooking, has been applied in haute cuisine restaurants
from the beginning of its development to prevent the
formation of unhealthy substances caused by high
temperatures. Vacuum boiling consists of cooking in
boiling water at below 100°C by lowering the pressure to
reach the vapour pressure of water. The low pressure is
maintained during cooking by the continuous function of
the pump. Few scientific studies have been found in the
literature about the application of this technique to cook
vegetables and fruits in water [3, 6, 7]. Vacuum cooking
of meat has not been commonly used in the food
processing industry. The purpose of vacuum cooking of
meat is to decrease the temperature to be applied to a
level at which the quality deteriorations are minimized.
However, a study about vacuum cooking of meat is not
available in the literature.

Low-temperature heating methods provide juicy meat by
improving the water holding capacity of the muscle
tissue during cooking. Below 60°C, mainly transverse
muscle fiber shrinkage occurs while at higher
temperatures a severe longitudinal shrinkage takes
place, which significantly reduces cooking yield [8, 9].
Furthermore, higher cooking temperatures lead to
myofibrillar protein alterations with a toughening effect
[10], which can be avoided under low temperature
conditions. Maintaining these low core temperatures for
a prolonged time has a tenderizing effect, which is
mainly caused by a weakening in connective tissue
strength [11-13].

The primary aim of the present study was to investigate
the effects of vacuum cooking conditions on color,
textural, microstructural and sensory quality of beef.
Secondly, the optimum vacuum cooking condition (time
and temperature) was determined, following Central
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Composite Rotatable Design (CCRD), targeting
maximum chewiness (textural quality), minimum shear
force (textural quality) and maximum sensory overall
acceptance attributes. The determination of optimum
process conditions with regards to energy efficiency and
food quality will provide the available data for the food
industry in future studies.

MATERIALS and METHODS

Materials

Beef eye of round (semitendinosus muscle) was
purchased from a local butcher, in Izmir, Turkey shortly
after slaughter. Samples were obtained daily and stored

at 4°C before the cooking process.

Design of
Prototype

the Vacuum Cooking Equipment

A vacuum cooking equipment prototype was designed
and developed for cooking, frying and evaporation
purposes, which can operate in a wide range of vacuum
pressure and atmospheric pressure as well. The
schematic diagram of this equipment was given in
Figure 1. The same equipment was used to produce
strawberry jam as discussed by Okut et al. [14] and to
cook peas and carrots as given by Kog et al. [15]. The
developed equipment made up a 6 L vessel equipped
with a reductor mixer that worked in the 0-50 Hz range
continuously or batch, an electrical heater with 1.5 kwW
power, an oily type vacuum pump of 0.41 kW power and
a condenser of 1 kW power. PLC system was used to
control mixer rate, vacuum level and cooking time, while
PID system was used to control the electrical heater.
The internal temperature of the cooker, vapor
temperature at the condenser's exit and the internal
pressure of the cooker were recorded per each 3 s.

Cooking Methods

Raw beef was cut into 2x2x1 cm quadratic slices to
obtain homogeneously cooked beef pieces. The beef
pieces were weighed as 200 g and put into a cooking
basket. The cooking basket was stand up until the
cooking water reached the desired temperature and
then the basket was pulled down into the cooking water
without allowing the vacuum to be broken.

Beef samples were cooked at different temperatures
and times under vacuum to understand the effect of the
process conditions on cooking quality. The vacuum
pressure inside the cooker was applied according to the
vapor pressure of water for each cooking temperature,
therefore absolute pressure was varied in the range of
20 to 70 kPa (for vacuum method, absolute pressure
was 20, 25, 40, 60, 70 kPa at 60, 64.4, 75, 85.6 and
90°C, respectively). The process conditions of vacuum
cooking method were arranged according to CCRD
experimental design as shown in Tables 1, 3and 5

All cooking experiments were performed in replicate for
each operating condition, besides each analysis in
thrice.



E. Devseren, D. Okut, M. Kog, H. Karatas, F. Kaymak-Ertekin Akademik Gida 18(4) (2020) 347-356

Mixmg motor

Thermocouple

Heater

Vacmen pump

Lf@

Cooling fan

Figure 1. Vacuum cooking equipment prototype

Analyses
Color Analysis

The color was measured on the surface of the cooked
samples using a colorimeter (Minolta, DP-40 Konica
Minolta, Osaka, Japan) as Commission Internationale
de l'eclairage (CIE) Lab color parameters, L* (lightness),
a* (redness), b* (yellowness). The measurements of the
outer and the inner part of the cooked beef pieces were
repeated at four randomly selected locations on each
sample. The color intensity (Chroma, C*) values were
calculated with Eq. 1 [16-17].

C* = (a*z + b*Z)l/Z (1)

Texture Analysis

Texture analysis was performed by means of both
Warner Bratzler shear test (WB) and Texture Profile
Analysis (TPA), using TA.XT2 Texture Analyzer
(Texture Analyzer TA-XT2, Stable Micro Systems,
Haslemere, UK) with a 30 kg load cell for each cooked
sample and raw beef sample before the cooking
process. Samples were kept 2 h at room temperature
after cooking and then cut into pieces of 1x1x2 cm for
the WB shear test and 1x1x1cm for TPA. WB shear test
was achieved using Warner-Bratzler knife with triangular
cut-out, perpendicularly to the direction of the muscle-
fiber arrangement with the following testing procedure:
pre-test speed 2 mm/s, test speed 1.5 mm/s and trigger
force 20 g. The maximum shear force (WBSF) required
to shear the sample and the work after the maximum
force were measured and that work was taken as a
measure of toughness.

349

TPA was performed using a 36 mm diameter of
cylindrical probe with the following settings: pre-test
speed 1 mm/s, test speed 1 mm/s, time interval between
first and second stroke 3 s, trigger force 5 g and final
strain 80%. TPA parameters of hardness, adhesiveness,
chewiness, springiness and cohesiveness were
determined from the force-time plot of TPA curves.
Hardness (N) was defined as the force required during
the first compression. Adhesiveness (g.s) was the
negative force area under the baseline between the
compression cycles representing the work necessary to
pull the compressing plunger away from the sample if
the material exhibits stickiness during decompression.
Springiness, the rate at which sample returns to original
shape after compressions, was calculated from the ratio
of time difference of the second cycle to the first cycle.
Cohesiveness, a measure of the internal strength of the
bonds that make up the product, was the ratio of the
positive area of the second cycle to the positive area of
the first cycle. There are no units for springiness and
cohesiveness. Chewiness (N) was the product of
hardness (N), springiness and cohesiveness. 10 sample
cuts were analyzed for each cooking test [18].

Microstructure

Microstructure measurements of the raw and cooked
meat samples were carried out by using Micro
Computer Tomography (Micro-CT) equipment (Scanco
Medical uCT 50, Switzerland). 3D models were created
with the images received cross-section of the sample by
using X-rays [19].
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Sensory analysis

Sensory analysis was carried out for appearance, color,
hardness (texture), smell, taste and overall acceptance
by 10 semi-trained panelists [20]. The intensity of the
properties was determined using a 5-point hedonic scale
(1 being the lowest and 5 the highest). The overall
acceptance of samples was evaluated in terms of
surface color, textural properties, and juiciness of
samples. Two sessions per day were conducted in
which four or five randomly three digits coded samples
during sessions were evaluated in random order with 2
h break between sessions. Sensory analyses were
carried out at daylight and room temperature [21].

Experimental Design and Statistical Analysis

Response surface methodology (RSM) was used to
investigate the main effects of the independent
variables (cooking temperature and time) on the shear
force, chewiness and the sensory quality of the meat
during cooking of beef samples. Cooking temperature
(60-90°C) and cooking time (80-120 min) were chosen
as independent variables with respect to literature
research and pre-elementary tests. A Central Composite
Rotatable Design (CCRD) was performed that includes
13 experiments formed by 5 central points (Table 1).

For vacuum cooking, all experimental data were fitted to
a second-order polynomial model. Regression
coefficients were obtained for each response. Significant
terms in the models were found through analysis of
variance (ANOVA) by using Design Expert Ver. 7.0.0
software.

For each result ANOVA at a confidence level of 95%
was carried out. Also, one sample t-test was evaluated
using SPSS version 13.0 Windows program (SPSS Inc.,
Chicago, IL) to test the significant differences between
the results estimated by model and obtained by
optimum point experiments.

Optimization

Numerical methods were used for optimization
(desirability function) [22]. At least five experiments were
followed out at the optimum point as determined by the
model (the optimum process conditions) and the
optimum point was confirmed experimentally. In this
study, desirability functions were evaluated for the
criteria of maximum chewiness, minimum shear force
and maximum sensory attributes. Response surface
graphs and contour lines that helps to determine the
optimum point is plotted using models obtained by
regression analysis.

RESULTS and DISCUSSION

The color, textural and sensorial properties of the beef
samples cooked under vacuum at different experimental
conditions are given in Tables 1, 3 and 5. For the
determination of the statistical significance of the model
terms and to fit the model, ANOVA and regression
analysis were carried out, as given in Tables 2, 4 and 6.
The quadratic  polynomial model represented
significantly the experimental values of responses at
p<0.05 levels, besides the lack of fit of models were not
significant.

Table 1. Crust and inner part color (CIE L*, a*, b*) and color intensity (C*) values of the beef samples cooked

under vacuum at different conditions

Temperature Time Crust Inner part

(°C) (min) L* a* b* C* L* a* b* C*
64.4 85.9 58.93 8.56 13.45 15.85 62.54 10.41 11.53 15.62
85.6 85.9 48.92 11.49 10.80 15.86 52.21 9.64 12.08 15.49
64.4 114.1 56.69 9.41 12.19 15.48 61.09 7.70 11.16 13.67
85.6 114.1 49.96 7.08 12.87 14.84 58.06 8.67 12.14 14.98
60.0 100.0 61.45 6.92 11.84 13.75 62.36 10.03 11.45 15.37
90.0 100.0 51.57 12.32 12.33 17.70 55.74 9.40 11.38 14.88
75.0 80.0 35.82 4.86 9.50 10.67 38.82 5.20 7.91 9.54
75.0 120.0 52.58 10.78 13.65 17.54 58.07 8.11 11.24 13.85
75.0 100.0 49.88 11.79 12.39 17.40 57.93 9.11 12.09 15.16
75.0 100.0 53.97 8.55 13.52 16.14 60.67 8.61 11.85 14.71
75.0 100.0 53.59 7.97 13.46 15.78 61.04 7.68 11.49 13.87
75.0 100.0 51.18 8.93 13.86 16.61 58.27 8.24 12.29 14.85
75.0 100.0 55.92 7.26 13.42 15.28 58.14 8.98 11.38 14.54

Consumers have been advised that the absence of pink color can be an indicator of thorough cooking (internal temperature of
717C, USDA, 1994). However, we have observed a red internal color in patties cooked to 717C. This phenomenon seemed to
be more frequent in products containing 20% fat (Berry, 1992, 1994; Berry and Stanfield, 1993). Consumers have been advised
that the absence of pink color can be an indicator of thorough cooking (internal temperature of 717C, USDA, 1994). However,
we have observed a red internal color in patties cooked to 717C. This phenomenon seemed to be more frequent in products
containing 20% fat (Berry, 1992, 1994; Berry and Stanfield, 1993).

Color measurement in cooked meat products can
provide reliable information about eating quality
attributes and consumer acceptance. Because of the
absence of pink color seems an indicator of appropriate
cooking of the meat product by consumers. The results
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of color evaluation on cooked beef samples under
vacuum are given in Table 1 for all vacuum cooking
conditions. The CIE color values of raw beef were
45.98+1.02 (L*), 19.83+1.56 (a*), and 12.03+0.70 (b*).
Prior to the vacuum cooking process, all samples were
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stored and prepared at the same conditions, so the quadratic model (p<0.05) and these values were
initial myoglobin’s redox state for all samples could be affected by cooking temperature and time at significant

accepted as same. The redox state of beef muscle level (p<0.05) (Table 2).
myoglobin affects cooked color because each derivative
differs in its thermal stability [23]. No significant difference was generally observed among

cooking temperatures and times (p>0.05) with respect to
When the results of ANOVA were evaluated, it was the color values of crust of beef samples. Similarly,
determined that the crust color values of beef samples Becker et al. [24] found that there were insignificant
(L*, a*, b* and C*) could not be explained with quadratic differences in a* and b* values of pork meat between
model (p> 0.05). For the inner part, only L* values of heated for 20 h at 53°C and low temperature heated to
beef pieces were found to be in agreement with the 60°C core temperature.

Table 2. ANOVA results for color analysis of vacuum cooked beef

I p- values
Variation Crust inner part
source L* a* b* Cc* L* ax b* c*
Model 0.053 0.567 0.077 0.458 0.010* 0.352 0.301 0.347
X1 0.036* 0.242 0.636 0.372 0.015* 0.849 0.633 0.91
X2 0.099 0.480 0.036* 0.153 0.008* 0.903 0.167 0.412
X1 X2 0.707 0.287 0.111 0.863 0.285 0.506 0.838 0.642
X2 0.143 0.607 0.193 0.878 0.555 0.123 0.789 0.296
X2? 0.061 0.630 0.066 0.228 0.011 0.178 0.071 0.093
Lack of fit 0.061 0.181 0.077 0.022* 0.106 0.028* 0.013* 0.007*

* Significant differences at 0.05 levels Xi: Temperature (°C), X2: Time (min)

The lowest a* value (redness) of the inner part and the values. The lower a* values of the samples may be

crust of beef were found at 70°C for 80 min cooking. explained by the short cooking time and also the effect
The amount of myoglobin, its redox status and the heat- of vacuum that might reduce the redness probably
dependent denaturation have determined the red color linked to a different protein denaturation pattern.
of cooked meat [25]. The redness is influenced by the Increasing of cooking temperature of samples caused a

heat treatment, the cooking method, the cooking time decrease in L* values. Also, L* values of inner part of
and temperature. An increase in cooking temperature beef samples were found to be higher than the crust of
increases the brown color and decreases the pink color the samples. Moreover, the beef pieces cooked at 75°C
[10]. According to Hunt et al. [23], deoxymoglobin, and 80 minutes had lower b* and C* values. This could
which is predominant redox state of myoglobin be explained with the myoglobin denaturation of meat
immediately after cutting, denatures at temperatures of during cooking, which changes from bright red or pink
65 to 75°C. In this study, a* value of raw beef was colors to more opaque brown colors or paler shades
19.83+1.56 and all the vacuum cooked beef had lower when meat is cooked.

a* value than the raw beef. It can be explained that the

vacuum cooking above 60°C might denature major However, as Van Laak et al. [26] investigated a red
amounts of myoglobin. However, no significant changes internal color in patties cooked to 71°C, we also
were observed in the a* values of beef samples with the determined the same phenomenon for the beef pieces
cooking temperature and time (Tables 1 and 2). The cooked at 75°C as well. This phenomenon has been
shorter cooking time might play a role in the reduced a* related with the products containing 20% fat [27].

Table 3. WBSF (N) and TPA results of beef cooked under vacuum at different conditions

Temperature (°C) Time (min) F‘)s::za(';\“ Hardness (N) ("?iﬁr'::;\i’:miiss) Chewiness (N) (disn":grsgilc:]rlelizs) ((ci:iﬁ:lee:;\i’cfl?lzzss) Gumminess (N}
64.4 85.9 71.59 258.4 241 72.23 0.51 0.60 144.9
85.6 85.9 50.37 156.03 -0.74 38.39 0.45 0.55 85.56
64.4 114.1 59.43 193.47 -1.95 57.78 0.49 0.56 107.15
85.6 114.1 33.03 199.6 -1.23 55.14 0.51 0.54 108.10
60.0 100.0 63.26 190.98 -2.41 52.46 0.46 0.57 103.54
90.0 100.0 31.51 154.8 -1.04 37.92 0.52 0.53 82.14
75.0 80.0 60.18 226.44 -2.06 64.45 0.49 0.58 131.64
75.0 120.0 46.35 213.95 -0.24 65.92 0.56 0.55 118.40
75.0 100.0 50.6 252.32 -2.04 67.19 0.46 0.58 145.33
75.0 100.0 456 230.20 -2.27 65.24 0.50 0.57 131.28
75.0 100.0 49.02 252.72 -2.49 71.17 0.49 0.56 142.78
75.0 100.0 56.18 254.96 -2.91 71.89 0.50 0.57 145.12
75.0 100.0 49.08 247.91 -3.48 73.59 0.50 0.59 146.89

In literature, textural properties of cooked meat are like electrical stimulation [29] or cooking method [30,

generally related with zoo technical characteristics of the 31]. The hardness (N) and WBSF (N) values of vacuum
animal [28], anatomical characteristics such as type of cooked beef determined by TPA and WB shear tests are
muscle, factors external to the animal, as handling and given in Table 3, respectively.

feeding characteristics, or technological characteristics
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Table 4. ANOVA results for texture analysis of vacuum cooked beef

p- values
Variation Shear Hardness Adhesiveness Chewiness Springiness Cohesiveness Gumminess
source force
Model 0.000* 0.000* 0.032* 0.000* 0.247 0.003* 0.000*
X1 <0.000* 0.001* 0.030* 0.001* 0.553 0.001* 0.002*
X2 0.001* 0.215 0.156 0.663 0.093 0.009* 0.096
X1 X2 0.462 0.001* 0.425 0.003* 0.172 0.161 0.002*
Xq? 0.583 <0.000* 0.091 <0.000* 0.589 0.010* <0.000*
X2? 0.051 0.015* 0.013* 0.141 0.246 0.456 0.012*
Lack of fit 0.763 0.47 0.497 0.515 0.106 0.966 0.497

* Significant differences at 0.05 levels; X;: Temperature (°C), X5: Time (min)

During cooking, hardening of myofibrillar proteins due to
increasing of internal temperature has a toughening
effect on meat muscle. WBSF (N) is especially taken as
an indicator of hardness and gives more information on
the extent of denaturation of the myofibrillar proteins that
resulted in shrinkage of the muscle fibers, in comparison
with alterations of connective tissue component (i.e.
collagen shrinkage and gelatinization) after cooking of
meat. It was determined that WBSF (N) decreased with
increase in cooking temperature (Table 3). On the other
hand, both cooking temperature and time were found to
have a significant effect on the WBSF of the cooked
beef samples (p<0.05) (Table 4). Belew et al. [32] have
categorized the WBSF results of 40 bovine muscles
based on confidence intervals reported earlier by
Shackelford et al. [33]. According to the categorization,
shear force lower than 31.38 N determined as “very
tender”, 31.38<shear force<38.25 N as “tender’,
38.25<shear force<45.11 N as “intermediate” and higher
than 45.11 N as “tough”. In this study, only the beef
samples vacuum cooked at 85.6°C for 114.1 min and
90°C for 100 min meet the criteria for “tender” category.
WBSF results showed that vacuum cooked beef
samples except above conditions were determined as
“tough”. This could be attributed to the low fat content of
the beef pieces used in this study. It has been agreed
that low fat beef was not appropriate for vacuum
cooking method. Since Semitendinosus muscle is
mainly composed of myofibrillar proteins, WBSF values
might be more determinant parameters than hardness

g)

— e wm )

values obtained from TPA for the correct evaluation of
the hardness of meat. Similarly, Fabre et al. [34] found
that the WBSF value of Semitendinosus muscle was
determined 46,1 N for water bath method. In addition,
they indicated that different cooking methods and
muscle types had a significant effect on WBSF values.

According to ANOVA results, cooking temperature had a
significant  (p<0.05) effect on the hardness,
adhesiveness, cohesiveness, gumminess  and
chewiness values of the vacuum cooked beef samples
(Table 4). However, only the springiness values did not
vary with the cooking temperature and time (p>0.05).
The reason of statistically undifferentiated springiness
values might be explained by the high core
temperatures of samples that were already exceeded
myosin and a-actinin denaturation temperature in all
cooking temperatures [35] because the minimum core
temperature was chosen 65°C for all cooking
experiments except sample 90°C/100 min. Chewiness
(N), calculated using hardness as a factor, which
suggests resistance to compression force was probably
the main textural property determining tenderness
characteristics of beef. As seen in Table 3, chewiness
and gumminess (N) values showed a significant
decrease with the cooking temperature increased
(p<0.05). The lowest chewiness and gumminess values
were obtained at 90°C/100 min. It could be explained
that cooking temperature effect on fiber shrinkage.

1)

Figure 2. Micro-CT images of vacuum cooked beef a) 64.4°C-85.9 min;
b) 85.6°C-85.6 min; ¢) 64.4°C -114.1 min; d) 85.6°C-114.1 min; ) 60°C-100 min;
f) 90°C-100 min; g) 75°C-80 min; h) 75°C-120 min; i) 75°C-100 min
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Microstructure of foods is considered as two-phase
random media composed of a void phase (i.e., the
pores) and a solid and/or liquid matrix phase (i.e., cells,
cell walls, crystals, globules, oil droplets, etc.). The
complex three-dimensional (3D) architecture of pores
and matrix elements greatly affects the physical,
sensorial and chemical properties of the food [36]. The
microstructure  of food changes because of
simultaneous heat and mass transfer during cooking
process. These changes play a key role in the formation
of textural structure [37]. That's why, the structural
changes in beef during cooking was analyzed with Micro
Computer Tomography (Micro-CT) in this study. Micro-
CT images of vacuum cooked beef are shown in Figure
2. In these images, the change of colors from blue to red
indicated to enlarge the pore diameter of beef. The pore
diameters increased with an increase in vacuum

cooking temperature, but it was not exactly affected by
cooking time. It could occur because both the loss of
connection and breakage between the myofibrils and
cooking loss can be observed in some areas, in addition
to the appearance of some empty intercellular spaces.

Similarly, Christensen et al. [38] have observed that
increasing cooking time has a smaller effect on diameter
changes than the increased temperature and, thus in
the pork longissimus heated at 53-59°C there were no
clear differences in fiber diameter as cooking time was
increased from 3 to 20 h. In the lamb longissimus
cooked at 60, 70 or 80°C (6, 12 or 24 h of cooking), the
fibers in micrographs were found to be smaller at 60°C,
and no significant effect of time of cooking was
determined [39].

Table 5. Sensory analysis results of vacuum cooked beef at different conditions

Tempierature T"T‘e Appearance Color Smell Texture Taste Overall
(°C) (min) acceptance
64.4 85.9 2.17 2.33 2.33 2.3 2.17 2.33
85.6 85.9 3.10 3.00 3.30 3.50 2.90 3.63
64.4 114.1 2.63 2.63 3.13 2.13 2.13 3.00
85.6 114.1 417 417 4.00 4.39 4.00 4.38
60.0 100.0 2.40 2.30 2.30 2.60 2.40 2.50
90.0 100.0 3.80 3.30 3.40 4.20 3.60 3.88
75.0 80.0 3.50 3.44 3.22 3.28 3.50 3.19
75.0 120.0 3.50 3.33 3.50 3.83 3.50 3.83
75.0 100.0 3.20 3.20 2.80 3.30 3.10 3.38
75.0 100.0 3.20 3.60 3.60 3.10 3.30 3.60
75.0 100.0 3.33 3.50 2.67 3.33 3.00 3.75
75.0 100.0 2.83 3.17 2.83 3.00 3.00 3.25
75.0 100.0 3.17 3.33 3.17 3.50 3.50 3.50

Table 6. ANOVA results for sensory analysis of vacuum cooked beef

Variation p- value

Source Appearance Color Smell Texture Taste Overall acceptance
Model 0.013* 0.013* 0.045* 0.004* 0.026* 0.001*

X1 0.001* 0.003* 0.008* 0.000* 0.003* <0.000*

X2 0.113 0.143 0.079 0.128 0.314 0.003*

X1 Xz 0.340 0.167 0.882 0.113 0.143 0.831

X4 0.435 0.028* 0.638 0.862 0.166 0.063

X2? 0.378 0.982 0.160 0.632 0.728 0.959

Lack of fit 0.088 0.108 0.751 0.105 0.088 0.530

* Significant differences at 0.05 levels; X;: Temperature (°C), Xz: Time (min)

Sensory evaluation was conducted to test the
consumer’s acceptance on the sensory properties of
vacuum cooking beef in terms of appearance, color,
smell, texture, taste and overall acceptance. 5-point
(1=dislike very much, 5=like very much) hedonic scale
was used to assess the overall liking of vacuum cooked
beef samples and results are given in Table 5. Texture
of beef is one of the most important criteria for
consumer acceptance. A beef with rough is not
acceptable by consumers. As seen in Table 5, the
vacuum cooked beef sample at 85.6°C for 114.1 min
possessed the highest for all sensory quality
parameters. This condition is the combination of the
highest temperature and time under vacuum. Texture
scores increased with increasing cooking time and
temperature; however cooking temperature was the
most effective parameter on the texture and it was found
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to be statistically significant (p<0.05) (Table 5-6). In
addition, correlation coefficients determined between
texture scores and WBSF values were -0.89. The
negative correlation indicated that consumer acceptance
decreased with increasing WBSF values. Similarly,
overall acceptance scores increased with increasing
cooking time and temperature and these two variables
were found to be statistically significant (p<0.05) (Table
6). For appearance, color, smell, texture and taste
scores, only cooking temperature was found to be
statistically significant (p<0.05) and these scores
increased with increasing cooking temperature (Tables
5-6).

Vacuum cooked beef at low cooking temperature
caused hardening of the tissue, leading to undesirable
color, texture and mouthfeel. These undesired
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properties affected the quality characteristics of the beef
and caused low scores given by the panelists.

Optimization

The optimum vacuum cooking process conditions in
terms of cooking temperature and time were determined
with  targeting minimum shear force, maximum
chewiness and maximum sensorial overall acceptance.
The optimization procedure was performed with Design
Expert version 7.0 software (Stat-Ease Inc., MN, USA).

Second-order polynomial model was used for each
response for determining the optimum point. Response
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surface and counter plot of chewiness, sensory overall
acceptance and WBSF of vacuum cooked beef are
given in Figure 3. As seen in Figure 3, a decrease in
cooking temperature and time resulted in higher
chewiness. Besides, the cooking temperature was found
to be the most effective parameter on chewiness. The
sensory overall acceptance score of the cooked beef
increased linearly with increasing cooking temperature
and time. At the maximum point of cooking time and
temperature, the overall acceptance value reached the
highest level. Besides, increased cooking time and
temperature caused to decrease in the WBSF values.
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Figure 3. Response surface and contour plot of vacuum cooked beef

Table 7. Results of statistical analysis for verification of the optimization results

Responses Predicted Experlmintal SEP Difference % Error® p value
value value

WBSF 34.73 36.34 1.903 -1.61 0.044 0.446

Chewiness 53.98 52.95 0.043 0.07 0.018 0.179

Overall acceptance 4.06 3.99 1.390 1.03 0.020 0.499

3 Experimental values were given as mean + standard deviation; ® Mean standard error; € %Error - (Iyexp-Yprel/Yexp)*100

The desirability function approach was applied to obtain
the optimum point solution given in Table 7. The
optimum point of cooking temperature and cooking time
was found to be 85.6°C and 106.6 min. The WBSF
value, the chewiness and the sensorial overall
acceptance at the optimum point were determined as
34.73 N, 53.98 N and 4.06, respectively. The results of
the five validation experiments at optimum vacuum
cooking process conditions were also given in Table 7,
comparatively as average results and the estimated
values. The WBSF, the chewiness and the sensorial
overall acceptance of the obtained samples were found
to be not significantly (p>0.05) different from the
predicted values determined by Design Expert.

According to the results of the validation test, it has
been verified that the difference between all the
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responses and the estimated values from the model was
not statistically significant (p>0.05). This result clearly
showed that the optimization process was confirmed by
verification trials.

CONCLUSION

In this study, the effects of vacuum cooking method on
color, textural, microstructural and sensorial quality of
beef were investigated. CCRD experimental design was
used to determine the effects of vacuum cooking
independent variables (temperature and time).
Moreover, the optimum vacuum cooking process
conditions were chosen with targeting maximum
chewiness, minimum shear force and maximum sensory
overall acceptance attributes. According to the results of
the optimization study, cooking temperature of 85.6°C
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and cooking time of 106.6 min. were found to be
optimum point for vacuum cooking method of beef.

Vacuum cooked beef samples except the samples
cooked at 85.6°C for 114.1 min and 90°C for 100 min
were found to be tough according to Warner Bratzler
Shear Force (WBSF) results. This has been related with
the low fat content of the beef samples. In future
studies, beef samples with higher fat content could be
evaluated to determine the effect of vacuum cooking
method on the textural quality of beef in a better way.
Beef sample vacuum cooked at 85.6°C for 114.1 min
has the highest overall sensory quality scores. This
result is a clear understanding of higher cooking
temperature and longer time leads to better textural
quality and cooked color perception due to protein
denaturation for vacuum cooking method. Even if the
color properties and the Micro-CT results did not show a
significant difference with cooking temperature and time,
vacuum cooking method still could be an alternative to
traditional cooking method in terms of better sensorial
quality and healthier cooking conditions.
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ABSTRACT

In this study, polyaniline/sugar beet pulp (PANI/SBP) composites were synthesized, and the potential use of
composites was determined for the removal of copper [Cu (I)] and nickel [Ni (11)] from wastewater. The structural and
morphological properties of composites were determined by Fourier Transform Infrared Spectroscopy (FTIR) and
Scanning Electron Microscope (SEM), respectively. The metal removal of composites from aqueous solutions was
monitored by Ultraviolet Visible Absorption Spectrometer (UV-Vis). At this stage, some parameters, such as
adsorbent dosage, stirring speed and contact time, the initial concentration of metal solutions and pH, were changed,
and the most suitable condition was selected for metal removal. Metal removal from wastewater was determined by
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) at optimum conditions. FTIR and SEM results
supported the formation of PANI/SBP composites. Under optimum conditions, ICP-OES results for wastewater treated
with PANI/SBP composite showed that this composite can be used for the removal of copper and nickel from
wastewater.

Keywords: Polyaniline, Sugar beet pulp, Copper, Nickel, Adsorption

Polianilin/Seker Pancari Posasi (PANI/SBP) Kompoziti Kullanilarak Sulu Ortamdan Nikel ve
Bakirin Uzaklastiriimasi

o0z

Bu calismada polianilin/seker pancari posasi (PANI/SBP) kompozitleri sentezlenmis ve atik sudan bakir ve nikelin
uzaklastiriimasinda kompozitlerin potansiyel kullanimi arastirilmistir. Kompozitlerin yapisal ve morfolojik 6zellikleri
sirasiyla Fourier Donlisumu Kizilétesi Spektroskopisi (FTIR) ve Taramali Elektron Mikroskobu (SEM) ile incelenmistir.
Sulu c¢ozeltilerden metal uzaklastirma calismalari Ultraviyole Gorlinir Absorpsiyon Spektrometresi (UV-Vis) ile
izlenmistir. Bu asamada adsorban dozaji, karistirma hizi ve karistirma suresi, metal ¢Ozeltilerin baslangig
konsantrasyonu ve pH gibi bazi parametreler degistirilerek metal uzaklastirma igin optimum kosullar belirlenmigtir.
Atik sudan metal uzaklastirma galismalari, Endiktif Olarak Eslestiriimis Plazma Optik Emisyon Spektrometresi (ICP-
OES) ile optimum kosullarda gergeklestiriimistir. FTIR ve SEM sonuglari, PANI/SBP kompozitlerinin olusumunu
desteklemektedir. Optimum kosullarda, PANI/SBP kompoziti ile muamele edilmis atik su igin elde edilen ICP-OES
sonuglari, kompozitin atik sudan bakir ve nikelin uzaklastiriimasinda kullanilabilecegini gdstermistir.

Anahtar Kelimeler: Polianilin, Seker pancari posasi, Bakir, Nikel, Adsorpsiyon
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INTRODUCTION

Some cellulosic agricultural waste materials such as
sugarcane bagasse, rice husk, sawdust, coconut husk,
etc., have been used as cost-effective sorbents for the
removal of heavy metals from industrial waste water due
to their several advantages [1-4]. They have some
functional groups to bind metal ions (i.e. caboxylic and
hydroxy). Modification of these materials can be made
easily with various chemicals and materials to increase
the adsorption capacity. Sugar beet pulp (SBP) is one of
these cellulosic waste materials. SBP is the remaining
waste material after taking as many crystals as possible
from sugar beet syrup prepared in factories under
technological and economic conditions. This waste
material is used substantially for animal feeding. SBP
consist of functional groups associated with heavy
metals binding. Especially carboxyl groups have a great
biosorption and heavy metal removal potential capacity
[5]. So that, the sugar beet pulp has been widely used in
many studies for heavy metal removal [6-8].

Water pollution by heavy metal ions is increasingly
becoming a major environmental problem because of
the high toxicity of some of these elements and their
tendency to accumulate through the food chain due to
their high solubility in the aqueous phases, affecting all
living organisms in a given ecological system. In the
recent years, a great number of adsorptive materials
have been used as effective materials for heavy metal
removal. Among these materials there has been an
increase research interest in the use of conductive
polymers such as polyaniline (PANI) in the removal of
heavy metals [9, 10]. The advantages of PANI are
different structures, special doping mechanism and
excellent environmental stability of PAn. Additionally,
aniline is cheap and polyaniline can be easily prepared
and coated chemically on cellulosic substrates [11-13].
These distinctive properties of PANI make it a good
candidate for metal adsorption on it.

The aim of this study was to determine the potential use
of PANI/SBP composite for the removal of Ni (Il) and Cu
(1) from aqueous solution. The adsorption process was
specifically designed with respect to the effect of factors
such as pH, adsorbent dosage, contact time and initial
concentration on metal removal. PANI/SBP composite
was characterized structurally and morphologically by
FTIR and SEM analysis, respectively. In addition,
PANI/SBP was used for the removal of the Ni (ll) and
Cu (Il) from industrial wastewater.

EXPERIMENTAL
Instrumentation
PANI, SBP and PANI/SBP composite were

characterized by scanning electron microscope (SEM)
and Fourier Transform Infrared (FTIR) spectroscopy in
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detail. The morphological structures of samples were
determined by Philips XL 30S FEG model SEM
(FEI-Phillips, Hillsboro, Oregon, USA). The structural
analysis of samples was performed by Perkin-Elmer
Spectrum BX model FTIR spectrometer (HP91Q)
(PerkinElmer,  Waltham,  Massachusetts, = USA).
Adsorption studies were monitored by PG Instruments
Limited T60UV model UV-Vis spectrometer (PG
Instruments Limited, UK). Metal treatment of PANI/SBP
composite was achived by Bandelin Sonorex RK 52
model ultrasonic bath (Bandelin Electronic Co., Berlin,
Germany). pH measurents were performed by Hanna
Instruments 2211 pH/ORP model pH meter (Hanna
Instruments, Smithfield, Rl, USA). The real water
sample was analized by Optima 8000 model Inductive
Coupled Plasma Optic Emission Spectrometer (ICP-
OES) (Perkin Elmer, CT, USA) to confirm the UV-vis
analysis of sample.

Reagents and Solutions

Aniline (Sigma-Aldrich, St. Louis, MO, USA) was purified
by distillation at reduced pressure before it was used.
Nickel(Il) chloride hexahydrate (NiCl..6H.O) (Merck,
Darmstadt, Germany) and Copper(ll) chloride dehydrate
(CuCl,.2H,0) (Merck, Darmstadt, Germany) were used
without further purification. Ammonium peroxydisulfate
(NH4)2S20s), was purchased from Merck (Darmstadt,
Germany). Double-distilled water was used for
preparation of solutions. Methanol was purchased from
Merck (Darmstadt, Germany).

Synthesis of Polyaniline

The ratio of monomer to oxidizing agent was 2. Aniline
(2 mmol) was dissolved in 125 mL 1 M H,SO4. The
solution was maintained in an inert N, atmosphere
during 15 minutes. Polymerization was initiated by the
drop wise additon of (1 mmol) ammonium
peroxodisulfate (NH4).S:0g) as the oxidizing agent in
125 mL 1 M H2SO4 under constant stirring at 0-5°C. The
reaction mixture was kept under constant stirring for 4 h.
After polymerization period methanol was added to the
mixture to precipitate the composite. The precipitated
polymer was filtered and washed in goach crucible with
distilled water prior to filtration. Finally, the composite
was dried at 50°C for 24 h under vacuum environment.
Synthesis of Polyaniline/Sugar Beet
Composite (PANI/SBP)

Pulp

Sugar beet pulp was dried and ground until getting
shape like flour (Figure 1). Then, 2.5 g ground sugar
beet pulp was added into 125 mL 1 M H,SO, solution
containing 2 mmol aniline. After that stage,
polymerization process was same with polyaniline.
Synthesized composite was stored at room temperature
for use in adsorption studies.
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Figure 1. (a) Dried and (b) ground sugar beet pulp

Batch Experiments for the Removal of Nickel and
Copper from Aqueous Media

To conduct adsorption studies, Ni(ll) (50 mg/L) and
Cu(ll) (50 mg/L) solutions were prepared in distilled
water. To examine the influence of pH on the adsorption
properties of PANI/SBP, 25 mL of Cu (Il) and Ni (I)
aqueous solutions at different pH were taken and 0.20 g
PANI/SBP was added on it and mixed for 45 minutes at
room temperature. Then, the mixture was filtered and
heavy metal ion concentrations in the filtered solution
were determined by UV-Vis technique. After determining
the appropriate pH value, a calibration graph was
prepared and experiments were repeated by changing

contact time, stirring speed, adsorbent dosage and initial
concentrations. All experiments were duplicated. The
removal efficiencies of the Ni (Il) and Cu(ll) ions were
determined using the following expression (1):
Removal efficiency = [(Co-Ce) / Co] X 100 (8]
where Co (mg/L) and C. (mg/L) are the initial and final
concentrations (at any time) of Ni(ll) and Cu(ll) ions
before and after adsorption, respectively. The pH of the
metal solutions was adjusted using saturated HCI or
NaOH solutions. The working ranges for optimized
parameters were shown at Table 1.

Table 1. Working ranges for studied parameters

Parameters

pH

Adsorbent dosage (g)
Contact time (min)
Mixing speed (rpm)

Initial concentration (mg/L)

Ni(I1) cu(ll)
6-8 475
0.03-0.10 0.05-0.20
30-60 15-60
200-400  200-400
25-75 25-75

Ni (Il) and Cu(ll) Removal from Wastewater

The adsorption capacity of PANI/SBP composite was
tested at optimum conditions for real wastewater and
the results monitored with the ICP-OES instrument. The
Ni(ll) and Cu(ll) contaminated wastewater was received
from the Organized Industrial Region, Burdur, Turkey.
Experiments were performed to purify 25 mL
wastewater by applying the optimum conditions.

RESULTS and DISCUSSION

Characterization

FTIR Results

Structural characterizations of PANI and PANI/SBP
composites were obtained by FTIR analysis (Figure 2a-
¢). FTIR spectra show that both quinoidal and benzoid

stretching clearly exist which indicating the polymer is in
the form of emeraldine base (EB) [14]. Base form of
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PANI has five important regions in FTIR; the first region
is attributed to N-H stretch in benzenoid-N-H-benzenoid
units (B-NH-B) in the range of 3500-3100 cm™. The
main absorbance peaks are located at 3429 cm™ and
3430 cm? in this range for PANI and PANI/SBP,
respectively. The second region is in the range of 3100-
2800 cm?® which shows the C-H stretch. The
absorbance of PANI is even weaker in this region
(Figure 2b). The third region is from 1600 to 1450 cm™;
aromatic ring stretch, N-H deformation and C=N stretch
are vibrations that give absorption in this region. The
bands at 1556 cm™ and 1632 cm™ which are seen in
PANI/SBP composite spectrum are belong to benzenoid
ring stretch and quinoid ring stretch (Figure 2c). The
fourth region is belonges to C-N stretch (from 1400 to
1240 cm™) for aromatic amines. Self-conducting PANI
shows three characterisic peaks in this region which are
at 1303 cm?, 1384 and 1238 cm™. These bands are
seen in the PANI/SBP composite at 1309, 1384 and
1238 cm, respectively. The last region is from 1200 to
500 cm?, that is the C-H in-plane and out-of-plane
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bending vibrations in aromatic rings. For intrinsic
conducting PANI, the main absorbance bands are
located at 1150 and 800 cm™ and some other bands can
also be seen [15, 16]. The band at 1114 cm™ for PANI is
described as the ‘electronic-like band" by the
MacDiarmid group and is considered as a measure of
the degree of delocalization of electrons on the PANI
[17]. It can be evaluated as the characteristic band of
PANI conductivity [18]. This band is around 1155 cm™ in
composite. The bands at about 800 cm™ and 500 cm™
are due to the C-H out-of-plane bending and the
aromatic ring deformation, respectively. The band at
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1741 cm™ in the spectrum of SBP was attributed to ester
groups of hemicelluloses and the ester linkage of
carboxylic groups in lignin [19]. The band referred to
benzenoid ring stretch and quinoid ring stretch at 1646
cm?® for PANI shifted to 1632 cm™® for PANI/SBP
composite. Similarly, the band at 1055 cm™ that belongs
to C-H in-plane and out-of-plane bending vibrations in
aromatic ring for PANI shifted to 1051 cm™ for
composite. As a result, it is supported by FTIR results
that PANI forms PANI/SBP composites by being
properly coated on sugar beet pulp by a chemical
polymerization method.
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Figure 2. FTIR spectra of (a) Polyaniline (PANI), (b) Sugar beet pulp (SBP) and (c) PANI/SBP

SEM Results

SEM micrographs of PANI, SBP and PANI/SBP are
shown in Figure 3(a-e). The SEM image of the PANI is
shown in Figure 3(a), indicating that the material is
made of capsule, granular and porous surface particles
[20]. The micrograph of sugar beet pulp exhibits a
homogeneous sponge-like native structure results from
the destructuring undergone by the beet during the
industrial sugar extraction process. The typical
rectilinear cellulose fibrous structure was not observed
(Figure 3b) [21]. When the surface morphology of
PANI/SBP was examined, it can be seen that the PANI
particles were homogeneously distributed in SBP
morphology (Figure 3c). This structure supported the
formation of composite. Besides, surface topography of
PANI/SBP, before and after treated with metals was
observed that the morphology was affected. After
treating with Ni (Il), minor changes in morphology were
observed (Figure 3d). However, marked differences
were observed between PANI/SBP and Cu(ll) treated
PANI/SBP (Figure 3e) such as a very rigid and solid
surface structure.

Adsorption Studies
Effect of pH

The pH of the working solution is one of the most
important parameters in the metal adsorption processes.
Aqueous solution pH affect the chemical speciation of
the metal ions and the surface charge characteristics of
functional groups onto the adsorbent surface [22, 23].
The effect of pH on the adsoption of metal ions was
studied and indicated in Figure 4a, b. The experiments
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were performed with different solution pH values ranged
between 6-8 and 4-7.5 for Ni(ll) and Cu(ll), respectively.

It was observed that an increase in pH supports the
removal of nickel metal until pH 7.5, and adsorption
decreases above pH 7.5. Optimum pH value was
determined as 7.5 for Ni(ll). This optimum pH value is in
harmony with the literature [24]. It was that pH increase
negatively affects the removal of copper metal from
agueous solutions, and the highest removal is at pH 4.
In the adsorption experiment, when the pH value was
greater than 7, there was a significant decrease in the
adsorption percentage. The reason for this is that if the
pH value is greater than 7, the OH- ion dominates and
creates competition for OH- and Cu (Il) ions between
the adsorbent surface and the solution. As a result, the
adsorption of Cu (Il) ions on the surface decreases. This
result is in good agreement with some previous studies
[25]. It is seen that the adsorption of Cu (ll) ions at pH 4
is 55.01% and at pH 5 it is 52.45%. Since there is not
much difference between the adsorption values of pH 4
and pH 5, the optimum pH was determined as 5.

Effect of PANI/SBP Dosage

Adsorbent dosage is one of the most important
variables, which specifies the capacity of an adsorbent
for metal solutions at optimum condition. After
determining the optimum pH values, the effect of
adsorbent dosage on the removal of metal ions was
investigated (Figure 5). The effect of different adsorbent
dosages on the removal of Ni (Il) and Cu (Il) from
copper and nickel solutions at the initial concentration
were investigated. Maximum adsorption values were
determined by using different adsorbent dosages at
optimum pH. Adsorbent dosage was tested in the range
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of 0.05-0.2g in removing copper ions [25]. The optimum
adsorbent dosage was determined as 0.15g. Adsorbent
dosage was in the range of 0.03-0.1g for the removal of
nickel ions [24]. Since 94.88% of nickel ions are
removed at 0.05g, the optimum adsorbent dosage was
determined as 0.059. The removal of Ni (ll) ions
decreases after 0.05 g PANI/SBP. This may be due to
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the fact that the adsorption capacity is not fully utilized at
higher adsorbent dosages in comparison to lower
adsorbent dosages. These results may be due to the
overlapping of the adsorption sites as a result of
overcrowding of adsorbent particles [26].
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Figure 3. SEM images of (a) PANI, (b) SBP, (c) SBP/PANI, (d) SBP/PANI treated with Ni(ll) and (e) SBP/PANI treated

with Cu(ll)

70 —&—Cu —#—Ni
60
50
40

30

% Adsorption

20

10

6 7 8 9

Figure 4. Effect of pH on the removal of Ni(ll) and Cu(ll) ions
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Figure 5. Effect of polyaniline/sugar beet pulp (PANI/SBP) dosage on the removal of Ni (Il) and Cu (II)

Effect of Stirring Speed

The effect of mixing speed on adsorption was
investigated by keeping the optimum pH and optimum
adsorbent dosages constant for nickel and copper
solutions. Optimization was completed by changing the
mixing speeds in the range of 200-400 rpm (Figure 6).
Adsorption values increased at 300 rpm according to
200 rpm for metal ions. The adsorption reduction that
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40
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occurs at higher mixing speed than 300 rpm may be due
to excessive agitation of the ions in the mixed solution.
Higher stirring speed may reduce the adsorption by
increasing the repulsion forces on the adsorption
surface. The attraction between PANI/SBP and metal
ions may be reduced by these forces [27]. Thus, the
optimum stirring speed for the removal of both metal
ions was determined as 300 rpm.

80 ‘//_“

300 400 500

stirring speed (rpm)

Figure 6. Effect of stirring speed on the removal of Ni (Il) and Cu(ll)

Effect of Contact Time

In order to investigate the effect of mixing time on the
removal of metal ions, the effect of different mixing times
on adsorption at initial concentrations, optimum pH,
adsorbent dosage and mixing speed was investigated.
Figure 7 indicates the effect of the contact time on the
removal efficiency of Ni(ll) and Cu(ll). The mixing time
was changed in the range of 15-60 minutes to remove
copper ions. While there was an increase in metal

removal up to 30 minutes, a decrease was observed
over 30 minutes and the optimum time was determined
as 30 minutes. It worked well within 30-60 minutes for
the removal of nickel ions. It was observed that metal
removal decreased between 30 and 45 minutes, and
metal removal increased between 45 and 60 minutes.
Since 94.88% metal was removed in 60 minutes, there
was no need to increase time further and the optimum
time was determined as 60 minutes.
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Figure 7. Effect of contact time on the removal of Ni (II) and Cu (Il)

Effect of Initial Concentration

Figure 8 shows that the metal ion adsorptivity depended
on the initial Ni (Il) and Cu (Il) ions concentrations. The
initial metal ion concentration appears to be an
important factor driving ionic mass transfer between the
aqueous phase and the adsorbent [28]. After
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determining the optimum pH, adsorbent dosage, mixing
speed and contact time, the effect of initial concentration
on the removal of metal ions was examined. Metal
removal studies were carried out by changing the
solution concentrations 25 to 75 mg/L. The optimum
initial concentration was determined as 50 mg/L for both
metals.

40 50 60 70 80

initial concentration (mg/L)

Figure 8. Effect of initial concentration on the removal of Ni (II) and Cu (Il)

Waste Water Studies

The adsoption performance of PANI/SBP was tested for
the industrial wastewater sample supplied from
organized industrial region in our city (Burdur, Turkey),
contaminated by metal cations from industrial activities
using ICP-OES. The real water samples were only
filtered through a filter paper prior to analysis.
Experiments were performed to treat 25 mL wastewater
by applying the optimum conditions given in Table 3.

In addition, metal adsorption percentages were
compared by treating the real water sample with both
SBP and PANI/SBP under optimum conditions, and it
was determined that the composite retained Ni (II) and
Cu (Il) metal ions better. SBP adsorbed 75% and 65%
of Ni (Il) and Cu (ll), respectively, while the composite
adsorbed 95% and 78%. Table 4 shows the ICP-OES
parameters for Ni (I) and Cu (ll) standart solutions
calculated from the calibration curves of metal ions and
maximum adsorption values of metals (%Ads) with
PANI/SBP in wastewater.
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Table 3. The optimum conditions to remove Ni(ll) and Cu(ll)
from aqueous solutions and the maximum adsorption percent of

adsorbents
Parameters Ni(11) Cu(ll)
pH 75 5.0
Dosage (g/50 mL) 0.05 0.15
Stirring speed (rpm) 300 300
Contact time (min) 60 30
Initial concentration (mg/L) 50 50

Table 4. ICP-OES parameters of Ni (II) and Cu (1) standart solutions

Element Dalga Boyu (nm)  LOD (pg/L) R? Max adsorption (Ads%) with PANI/SBP
Ni(Il) 231.604 5.0 0.999 45
Cu(ll 327.393 25 0.999 72

According to the ICP-OES results, Ni(ll) and Cu(ll)
removal from wastewater in terms of percent removal
were calculated almost 45% and 72%, respectively. The
removal percent of Ni(ll) was lower than Cu(ll) using
PANI/SBP composite. It was suggested that PANI/SBP
composite had a higher selectivity of Cu(ll) ions than
that of Ni(ll) ions [29, 30]. As a result, PANI/SBP is an
efficient and cost-effective adsorbent for the removal of
Ni (I) and Cu(ll) from industrial wastewaters.

CONCLUSION

PANI/SBP composite was synthesized successfully in
aqueous media by the chemical polymerization and the
adsorption ability of produced adsorbent was studied in
the aqueous media for the Ni(ll) and Cu (ll) ions. The
composite formation was investigated with FTIR and
SEM techniques. FTIR results supported that PANI
formed PANI/SBP composites by coating sugar beet
pulp properly. SEM images supported that the granular
and porous PANI was coated on sugar beet pulp, whose
micrograms were crystalline, and a composite with a
new morphology was formed. After the optimization of
some important parameters (pH, adsorbent dosage,
contact time, mixing speed, initial concentration of metal
solutions), removal efficiencies were found to be 95%
and 78% for Ni (I) and Cu (Il), respectively. In
conclusion, the effectiveness of PANI/SBP composite
was good for the removal of Ni (Il) and Cu (ll) from
wastewater.
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ABSTRACT

The aim of this study was to evaluate the effect of an ethylene absorber (zeolites) in a packaging material on the shelf
life of button mushrooms (Agaricus bisporus). Mushrooms were packaged under passive modified atmosphere in low-
density polyethylene (LDPE) bags with or without zeolites. Alongside the unpackaged control, three treatment groups
were stored at 4°C and 50% RH for 16 days. Headspace gas composition, physical (weight loss, color and texture),
chemical (pH, total soluble solids) and sensory analyses were carried out every 4 days of cold storage. Mushrooms
packaged in LDPE bags without zeolites and LDPE with zeolites showed almost no significant change in weight
during the storage time whereas the unpackaged mushrooms reached almost 20% weight loss by the end of the
storage. Sensory attributes for mushrooms packaged in LDPE bags without zeolites and LDPE with zeolites were also
still acceptable after the 8" day while unpackaged mushrooms lost their acceptability by day 4. Although no
mentionable difference in shelf life was observed between samples packaged in LDPE bags without zeolites and
LDPE with zeolites when physical, chemical and sensory properties considered, the active material was better than
control material in terms of color, with less browning index and higher whiteness index.

Keywords: Active packaging, Zeolites, Shelf life, Button mushrooms, Agaricus bisporus

Etilen Tutucu igeren Aktif Ambalajlamanin Mantarin (Agaricus bisporus) Kalitesi ve
Raf Omriine Etkisi

o0z

Bu calismanin amaci etilen tutucu olarak zeolite igeren ambalaj materyalinin mantarin (Agaricus bisporus) raf émriine
etkisini belirlemektedir. Mantar pasif modifiye atmosfer altinda zeolit iceren ve icermeyen dusik yogunluklu polietilen
(LDPE) torba ambalajlarda ambalajlanmigtir. Ambalajsiz grupla birlikte toplam ¢ uygulamaya ait trtinler 4°C’de %50
bagil nemde 16 gin depolanmistir. Depolamanin her dért gliniinde bir tepe boslugu gaz analizi, fiziksel (agirlik kaybi,
renk ve tekstir), kimyasal (pH, toplam ¢6zunebilir kuru madde) ve duyusal analizler gergeklestiriimistir. Zeolit iceren
ve icermeyen LDPE ambalajlarda agirlik kaybi agisindan depolamanin sonunda o6nemli bir degisim ortaya
ctkmamistir, ancak ambalajsiz mantarlarda %20’ye yakin bir kayip ortaya ¢ikmigtir. Ambalajsiz mantarlarin duyusal
olarak kabul edilebilirligi 4 gtnle sinirliyken, bu slre zeolit iceren ve igermeyen ambalajlarda 8 glin olarak tespit
edilmistir. Fiziksel, kimyasal ve duyusal 6zellikler agisindan degerlendirildiginde zeolit iceren ve icermeyen ambalajlar
arasinda raf 6mri agisindan ¢ok blylk bir fark ortaya gikmamasina ragmen, aktif ambalajlanmis mantarda beyazlik
indeksi daha ylksek, esmerlesme indeksi daha disik bulunmustur.

Anahtar Kelimeler: Aktif ambalajlama, Zeolit, Raf émrl, Mantar, Agaricus bisporus
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INTRODUCTION

Agaricus bisporus (also known as button mushroom) is
the most widely cultivated mushroom globally,
contributing to as much as 30% of the total mushroom
production worldwide [1]. This unrivaled popularity is
due to its high nutritional value, sensory properties,
medicinal attributes, ease of harvesting, and its low price
compared to other mushrooms [2]. Unfortunately,
mushrooms have a great disadvantage: it is highly
perishable. Mushrooms have a short shelf-life compared
to other fresh food commodities, which was reported to
be 1 to 3 days when stored at room temperature (20-
25°C), 5 to 7 days when stored at 0 to 2°C, or about 8
days when stored under refrigerated conditions [3-5].

Many internal factors (i.e., water activity, respiration rate
and microbial activity) and external factors (related to
storage conditions) play a role in the perishable nature
of button mushrooms [5]. One significant factor directly
contributing to the browning of mushroom caps is
ethylene. Although mushrooms produce a little amount
of ethylene, they are highly sensitive to ethylene, which
makes storing or shipping mushrooms challenging,
since mushrooms can be affected by the ethylene
produced by other fresh fruits and vegetables if shipped
together [1]. As stated by Zhang, many researchers
have developed methods that succeeded in reducing
postharvest deterioration and achieved shelf-life
extension of mushrooms [5]. However, the studies that
concentrated on eliminating ethylene as the
deteriorating factor are limited.

The removal of ethylene from product environment using
an ethylene scavenger slows the ripening process, thus
prolongs the shelf-life of the produce. Ethylene
scavenging is done either by adding a sachet containing
the active material to the package or incorporation of it
in the package structure itself. The most widely used
ethylene scavenger in sachets in potassium
permanganate (KMnO,4). However, it cannot come in
direct contact with food due to its high toxicity [6-8].
Another system for scavenging ethylene depends on
metals and metal oxides, which is activated by UV light
or visible light or both. However, the fact that UV
exposure can affect food quality should be taken into
consideration [8]. Considering the previously mentioned
reasons, zeolite-based materials are a good choice as
ethylene scavengers since they have no adverse effects
on the safety or quality of food products. However, the
literature is unsatisfactory for using zeolite-based
materials as ethylene scavengers for fresh produce.

Zeolite based films were successfully used for the
packaging of broccoli [9], Mango [10], and kiwifruit [11].
However, literature lacks the application of such
packaging on mushrooms.

The aim of this study was to investigate the effects of
zeolite-added LDPE packaging on the overall quality
parameters (physical, chemical and sensory) as well as
the extension of the shelf-life of button mushrooms.
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MATERIALS AND METHODS
Materials

Freshly harvested mushrooms (A. bisporus) were
purchased from the producer 1 day before the study and
were kept under refrigerated conditions (4°C). After
damaged, dirty and mushrooms with broken stems were
excluded, mushrooms with similar size and color were
chosen to get uniform samples.

The packaging materials used are low density
polyethylene (LDPE) bags without zeolite and LDPE
bags with zeolites. The dimensions of both types are 35
cm x 27 cm. The oxygen transmission rates (OTR) and
the water vapor transmission rates (WVTR) are 3303
cc/m?/24hr and 5.24 g/m?/24hr for LDPE without zeolites
and 5664 cc/m?/24hr and 17.5 g/im?/24hr for LDPE with
zeolites, respectively. The amount of zeolite is about
10%.

Packaging of Mushrooms

Mushrooms were divided randomly into 3 treatment
groups: (M1) LDPE bags without zeolite, (M2) LDPE
bags with zeolites and (C) unpackaged mushrooms. 500
grams of mushrooms were weighed in LDPE bags and
thermally sealed under passive modified atmosphere
with a product to headspace ratio of 1:1. Two parallels
were prepared for each treatment. The samples were
stored at 4°C for 16 days, and physiological (headspace
gas composition), physical (weight loss, texture and
color), chemical (pH, total soluble solids) and sensory
analyses were carried out every 4 days.

Headspace Gas Composition

The concentrations of O, and CO; were detected using
a PBI Dansensor (CheckPoint O,/CO;, Ringsted,
Denmark). Two samples from each group were
analyzed by inserting a thin needle into the packages
and a pump draws a small sample of headspace gas
into the analyzer equipment. The headspace gas comes
into contact with a sensor that can measure the
concentration of residual oxygen or carbon dioxide in
the headspace gas sample. Two readings were made
from each parallel package for each treatment [1].

Weight Loss

The mushrooms were weighed using an electronic
weighing scale (GE 2101, Sartarius, Germany) with £
0.1 g accuracy every 4 days. The results were then
expressed as a percentage of weight loss with the
respect to the initial weight [1].

Color

The caps of 10 mushrooms from two parallel bags of
each treatment group were analyzed using a colorimeter
device (Hunter Laboratories, Reston, VA, USA) and
L*a*b* values were obtained (L*: light/dark, a*:
red/green, and b*: yellow/blue).
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Using the formulas bellow, the whiteness index (W1) and
the browning index (Bl) were calculated [2].

WI=L-3b+3a
Bl 100 (x — 0.31)
B 0.17

Where: x = — 21758

5.645L+a—3.012b

Texture

Ten mushrooms were taken from two parallel bags of
each treatment group. After removing the stems,
firmness of mushroom caps was measured using a TA-
XT Plus texture analyzer (Stable Micro Systems, Surrey,
England) equipped with a 2mm diameter cylindrical
probe. Samples were penetrated with a speed of 5 mm
s, and results were expressed as Newton (N) values
[12].

pH and Total Soluble Solids (TSS)

The pH values were determined by taking 3 mushrooms
from each treatment. After being homogenized and
squeezed with the aid of a hand press, 10 g of the
resulting juice were taken and diluted by 10 folds. Using
a pH-meter (WTW-315i, Weilheim, Germany), four pH
readings for each treatment were taken. Using a digital
refractometer (Atago N-50E, Tokyo, Japan), the brix
value of the resulting juice was determined [2].

Cap Opening

Cap opening (%) is a quality criterion based on the
development of umbrella-like shape of the cap, followed
by detachment of the veil [12]. Cap opening was
determined based on a 5 points scale (1=Caps
completely closed, 2=caps slightly open, 3=caps half-
open, 4=caps mostly open, 5=caps completely open).
The result for each value was expressed as percentage.
The percent open caps was determined from known
number of mushrooms as: %Open caps=Noc/Nt x 100
Where: Nt=total number of mushrooms; Noc=number of
open caped mushrooms.

Sensory Analysis

On each day of analysis, 6 experienced panelists
evaluated the mushrooms using 5 point scale in terms of
color (1:the cap and the stem are brown, 3: acceptable,
5:the surface is white), overall appearance (1:.creased
surface, formation of a sticky layer, 3: acceptable,
5:smooth surface) and overall acceptance (l:bad, 3:
acceptable, 5:excellent), the acceptability level is 3 out
of 5 points at room temperature. The samples were
coded with three-digit random numbers and served in
different orders to each panelist to eliminate the order
effect.
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Statistical Analysis

Data were expressed as the mean + SD (standard
deviation). Two-way analysis of variance (ANOVA) was
performed by SPSS (IBM SPSS version 20) and the
difference was considered to be statistically significant if
p<0.05.

RESULTS and DISCUSSION
Headspace Gas Composition

Mushrooms respiration rate is high in comparison with
other fresh commodities, which contributes directly to its
postharvest quality degradation [13, 14]. Both
respiration and the gas permeability of the packaging
material play a role in the change of the headspace gas
composition [14]. Change in O, and CO, concentrations
is shown in Fig. 1 (A and B, respectively.). O,
concentration started with the ambient concentration
(around 21% in both packaging materials) and
decreased rapidly during the first 4 days of storage in
M1 (0.2-0.1%) and continued decreasing in M2 until it
was undetectable by the 16" day of storage. It is worth
mentioning though that it is possible for O, to be trapped
in the caps of the mushrooms. In contrast, the CO.
concentration increased sharply during the first four
days of storage in both packages, corresponding to the
sharp decrease in O, concentration. The increase of
CO, was followed with a sharp depletion between the 4™
and 8" days of storage until it reached equilibrium in
both packages, with a noticeably higher concentration in
M1 compared to M2, which can be attributed to the
lower barrier properties of M1. This pattern of change in
headspace composition is in an agreement with other
reports in literature [2, 13, 14].

Weight Loss (%)

Weight loss is an important indicator when it comes to
the quality of mushrooms, leading to the reduction of
consumer’s acceptability [15]. This weight loss is mainly
due to the continuous loss of moisture in mushrooms [5],
which is caused by both the thin epidermal structure of
mushrooms and their high transpiration rate [14,16]. Fig.
2 shows the weight loss in mushrooms packaged in
LDPE bags without zeolites (M1), LDPE bags with
zeolites (M2) as well as the unpackaged mushrooms
(C). As mentioned by Gantner, weight loss greater than
3% reduces the consumer’s acceptability [15]. The
weight loss for unpackaged mushrooms reach almost
20% at the end of the storage, but it already reached
unacceptable quality after 4" day of storage. On the
other hand, M1 and M2 showed a gradual but barely
mentionable weight loss (less than 1%), thus M1 and M2
can be considered economically efficient. These results
may be due to the low WVTR of PE films controlling the
moisture loss [2, 14].
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Figure 1. (A) Change in concentration of O, (%) during storage and (B)
Change in CO; (%) concentration during cold storage (4°C, 50% RH).
(M1: LDPE bags without zeolites, M2: LDPE bags with zeolites).
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Figure 2. Effect of packaging on weight loss (%) during cold storage
(4°C, 50% RH). (C: Unpackaged mushrooms M1: LDPE bags without
zeolites, M2: LDPE bags with zeolites)
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Color

Color is considered the most important quality attribute
in mushrooms since it directly contributes to the
consumer’s acceptance. Browning occurs in mushrooms
due to either enzymatic activities or/and microbial
contamination [2, 5, 12, 14, 17]. Hence, whiteness index
(W1) and browning index (Bl) are important to evaluate
color changes in mushrooms. Table 1 shows the change
in whiteness index while (B) shows the change in
browning index. As the whiteness index decreases with
storage time the browning index increases. These
trends occur regardless of the packaging material used
and comes in agreement with other researchers’
previous works [13, 14, 16]. M2 showed best results with

the lowest decrease in W1 and lowest increase in Bl. M1
did not show a significant difference in terms of W1 in
comparison with the control (p>0.05). This could be
attributed to the higher CO, concentration in this
package (M1), leading to the damaging of mushroom
cap surface tissue, and such results were reported in
the literature [2, 18].

As for the browning index, M2 maintained the lowest
browning index during storage compared to other two
groups (M1 and control group) (Table 2). There is no
significant difference observed between LDPE with no
zeolite and unpackaged groups during storage in terms
of browning index.

Table 1. The effect of different packaging materials on the whiteness index (WI) of mushrooms during cold
storage (4°C, 50% RH)

Whiteness index (W1)

Storage day
Treatment 0 2 8 12 16
C 60.11+4.44%2 42.89+7.78"5P 36.02+6.10%° 25.07+8.728¢ 28.17+4.565¢
M1 60.11+4.44%2 40.06+7.18°° 35.69+5.414¢ 25.71+7.048¢ 27.68+6.255¢
M2 60.11+4.44°2 47.98+9.78"° 38.78+5.57%¢ 33.786.07¢ 37.09+4 544

*Uppercase letters indicate significant differences (p<0.05) between different treatment groups, lowercase letters indicate
significant differences (p<0.05) within the same treatment group. C: Unpackaged mushrooms M1: LDPE bags without
zeolites, M2: LDPE bags with zeolites.

Table 2. The effect of different packaging materials on the browning index (BI) of mushrooms during cold

storage (4°C, 50% RH)

Browning index (BI)

Storage day

Treatment

0 4 8 12 16
C 16.79+2.89%¢ 27.90+5.97A8d 36.14+7.46%° 47.66+8.32%2 41.01+4.987°
M1 16.79+2.894¢ 29.15+5.294° 32.52+4 8240 44 .81+7.09"2 42 .66+6.65"2
M2 16.79+2.89¢ 24.03+8.088° 32.17+5,22B2 34.53+4 4652 32.33+3.6482

*Uppercase letters indicate significant differences (p<0.05) between different treatment groups, lowercase letters indicate
significant differences (p<0.05) within the same treatment group. C: Unpackaged mushrooms M1: LDPE bags without

zeolites, M2: LDPE bags with zeolites.
Texture (Firmness)

Enzymatic activity and water loss cause texture changes
in mushrooms, thus leading to quality deterioration and
less consumer acceptability [2, 17]. Table 3 shows the
change in the penetration force (N) during storage time.
All treatments experienced a loss in firmness during the
storage time. The unpackaged mushrooms changed
texture quickly, requiring higher penetration force on the
4" and 8" days, probably due to the massive loss of

moisture and drying out, causing the caps to become
more elastic and thus requiring more force. In
comparison, the other packaged products in both
packages (M1 and M2) lost firmness slightly and
showed no significant difference (p>0.05) since the 4"
day to the end of the storage time, which may be a sign
that the change in the texture in these treatments is
purely due to internal enzymatic reactions that causes
the mushrooms to soften, not due to the loss of
moisture.

Table 3. The effect of different packaging materials on firmness (penetration force, N) of mushroom during cold

storage (4°C, 50%RH)

Penetration force (N)

Storage day

Treatment

0 4 8 12 16
C 3.94+1.287¢ 4.49+0.80°% 4.79+1.1758 3.57+1.12%¢ 2.62+0.827d
M1 3.94+1.2872 2.58+0.43%° 2.64+0.43%° 2.68+1.06%° 2.71+0.827°
M2 3.94+1.2872 2.50+0.318¢ 2.22+0.308¢ 3.10+1.1378b 2.54+0.56"¢

*Uppercase letters indicate significant differences (p<0.05) between different treatment groups, lowercase letters indicate
significant differences (p<0.05) within the same treatment group. C: Unpackaged mushrooms M1: LDPE bags without
zeolites, M2: LDPE bags with zeolites.
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pH and TSS

Table 4 shows the change in pH values in the different
packages during the storage time. pH values dropped
slightly but not significantly in all treatment groups. Table
5 shows the change in total soluble solids content over
storage. As expected, the brix value in the unpackaged

mushrooms increased significantly at first corresponding
to the massive loss of moisture. In comparison, no
significant difference (p<0.05) was found between M1
and M2 in terms of brix values during the storage time,
which further proves the efficiency of LDPE bags in
retaining the moisture of the mushrooms.

Table 4. The effect of different packaging materials on pH of mushroom during cold storage (4°C, 50%RH)

pH
Storage day
Treatment 0 ] 8 12 16
C 6.86+0.03"2 6.72+0.05°P 6.80+0.18"2 6.40+0.015¢ 6.39+0.03¢¢
M1 6.86+0.03"° 6.88+0.035" 6.95+0.04"2 6.54+0.01°4 6.64+0.02°°
M2 6.86+0.03"° 7.03+0.06"2 6.82+0.02°° 6.54+0.05"° 6.56+0.045¢

*Uppercase letters indicate significant differences (p<0.05) between different treatment groups, lowercase letters indicate
significant differences (p<0.05) within the same treatment group. C: Unpackaged mushrooms M1: LDPE bags without
zeolites, M2: LDPE bags with zeolites.

Table 5. The effect of packaging materials on brix of mushroom during cold storage (4°C, 50%RH)

Brix (%)
Storage day
Treatment 0 4 8 12 16
C 4.55+0.06"° 5.50+0.58%a° 7.63+3.03% 6.50+0.804% 6.13+1.374%
M1 4.55+0.06"2 4.33+0.7452 4.43+0.3282 4.33+0.1082 4.03+0.1082
M2 4.55+0.06"2 4.43+0.2153° 4.08+0.035° 4.23+0.218ab 4.55+0.3752

*Uppercase letters indicate significant differences (p<0.05) between different treatment groups, lowercase letters
indicate significant differences (p<0.05) within the same treatment group. C: Unpackaged mushrooms M1: LDPE

bags without zeolites, M2: LDPE bags with zeolites.
Cap Opening

Mushrooms lose their internal moisture during storage,
leading to the drying of the caps and veil. Thus,
mushrooms cap opening percentage is considered as
one of the important quality parameters indicating the
freshness of mushrooms [2]. As can be seen in Table 6,
the percentage of completely closed caps decreased
with the storage time regardless of the packaging
material. Such results were also obtained by other
researchers [2, 12]. As expected, the control witnessed
the highest drop in closed caps percentage with storage
time, which comes in correlation with weight loss results
explained earlier. M2 showed a superior performance
with 79% completely closed caps compared to 69% in
M1 at the end of the storage.

Sensory Evaluation

Sensory evaluation is crucial in assessing the
postharvest quality of mushrooms [18]. As Table 7
shows, sensory scores declined in all packages with
extended storage time. These results come in
agreement with other researchers [1, 12, 18]. In terms of
color, both M1 and M2 are still acceptable on the 8" day
while the unpackaged mushrooms lose their
acceptability on the 4" day. For overall appearance,
packaged mushrooms were acceptable on the storage
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day of 8, but it is limited to 4 days for unpackaged
control product. There was same trend observed for the
overall product acceptability. Although there was
significant color difference between active packages and
control packages in terms of whitening and browning
index in the favor of active package, it was not reflected
by the color evaluation by the sensory panelists.

CONCLUSIONS

In conclusion, weight loss was the most affected by the
packaging. The weight loss reached around 20% in the
unpackaged samples by the end of the study while there
was not any significant weight loss in M1 and M2,
Although no significant difference in performance was
achieved in weight loss and extending the shelf-life
between M1 and M2, M2 showed superiority regarding
color with higher whiteness and lower browning,
retained closed caps for longer storage time (16 days).
Regarding shelf-life, the estimated shelf-life of the
unpackaged mushroom is 4 days, since it lost
acceptance in all sensory attributes after the 4" day.
Although no mentionable difference in sensory attributes
was observed between samples packaged in LDPE
bags without zeolites and LDPE with zeolites, the active
material was better than control material in terms color
with less browning and higher whiteness index.
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Table 6. The effect of different packaging materials on the cap opening of mushrooms

during cold storage (4°C, 50% RH)

Cap opening (%)

Treatment Score Day 0 Day 4 Day 8 Day 12 Day 16
1 100.00 76.47 72.50 66.15 61.63
2 0.00 19.61 22.50 22.94 22.97
C 3 0.00 3.92 3.34 1.78 9.71
4 0.00 0.00 1.67 5.35 3.70
5 0.00 0.00 0.00 3.79 2.00
1 100.00 85.25 82.51 87.96 69.05
2 0.00 11.48 10.47 3.94 18.12
M1 3 0.00 3.28 5.30 3.94 5.49
4 0.00 0.00 1.73 2.09 7.34
5 0.00 0.00 0.00 2.09 0.00
1 100.00 76.27 76.70 75.86 79.00
2 0.00 20.34 15.31 12.07 19.28
M2 3 0.00 3.39 3.03 5.17 0.00
4 0.00 0.00 3.24 6.90 1.73
5 0.00 0.00 1.73 0.00 0.00

1: Completely open, 2: Partially open, 3: Half open, 4: Mostly open, 5: Completely open
C: Unpackaged mushrooms M1: LDPE bags without zeolites, M2: LDPE bags with zeolites.

Table 7. Effect of different packaging on sensory attributes of mushrooms during cold

storage (4°C, 50% RH).

Sensory evaluation

. . Treatment

Attribute Time (d) C ML M2
0 5.00+0.00 5.00+0.00 5.00+0.00
4 3.33+0.52 3.00+0.63 3.67+0.52

Color 8 1.83+0.41 3.83+0.41 3.00+0.00
12 3.00+0.00 1.830.41 2.1+0.41
16 1.00+0.00 1.00+0.00 2.33+0.52
0 5.00+0.00 5.00+0.00 5.00+0.00

overall 4 4.1740.41 3.50+0.84 3.83+0.75

appearance 8 1.83+0.41 3.50+0.55 3.1740.41
12 2.17+0.41 2.00+0.00 2.17+0.41
16 1.00+0.00 1.00+0.00 2.33+0.52
0 5.00+0.00 5.00+0.00 5.00+0.00

Overall 4 4.00£0.00 3.50+0.89 4.00£0.63

ag’fggtance 8 1.83+0.41 3.50+0.55 3.00£0.00
12 2.67+0.52 2.00+0.00 2.00+0.00
16 1.00+0.00 1.00+0.00 2.00+0.00

C: Unpackaged mushrooms M1: LDPE bags without zeolites, M2: LDPE bags with zeolites

ACKNOWLEDGEMENTS

The authors are grateful for Meliha Oztiirk and Tuncay
Tiribolulu for their help at the laboratory analysis.

REFERENCES

(1]

(2]

Sun, B., Chen, X., Xin, G., Qin, S., Chen, M., Jiang,
F. (2020). Effect of 1-methylcyclopropene (1-MCP)
on quality of button mushrooms (Agaricus
bisporus) packaged in different packaging
materials. Postharvest Biology and Technology,
159, 1-8.

Gholami, R., Ahmadi, E., Farris, S. (2017). Shelf
life extension of white mushrooms (Agaricus
bisporus) by low temperatures conditioning,

373

(3]

(4]

(5]

modified  atmosphere, and  nanocomposite
packaging material. Food Packaging and Shelf
Life, 14, 88-95.

Jiang, T. (2013). Effect of alginate coating on
physicochemical and sensory qualities of button
mushrooms (Agaricus bisporus) under a high
oxygen modified atmosphere. Postharvest Biology
and Technology, 76, 91-97.

Xu, Y., Tian, Y., Ma, R, Liu, Q., Zhang, J. (2016).
Effect of plasma activated water on the postharvest
quality of button mushrooms, Agaricus bisporus.
Food Chemistry, 197, 436-444.

Zhang, K., Pu, Y. Y., Sun, D. W. (2018). Recent
advances in quality preservation of postharvest
mushrooms (Agaricus bisporus): A review. Trends
in Food Science and Technology, 78, 72-82.



(6]

[7]

(8]

9]

[10]

[11]

[12]

E. Kutahneci, A. Al Obaidi, Z. Ayhan Akademik Gida 18(4) (2020) 367-374

Ayhan, Z. (2011). Effect of packaging on the quality
and shelf-life of minimally processed/ ready to eat
foods. Academic Food Journal, 9(4), 36-41.
Mart'inez-Romero D., Bail'en G., Serrano M.,
Guill’'en F., Valverde J.M., Zapata P., Castillo S.,
Valero D. (2007). Tools to maintain postharvest
fruit and vegetable quality through the inhibition of
ethylene action: a review. Critical Reviews in Food
Science and Nutrition, 47(6), 543-60.

Yildirim, S., Rocker, B., Pettersen, M.K., Nilsen-
Nygaard, J., Ayhan, Z., Rutkaite, R., Coma, V.
(2018). Active packaging applications for food.
Comprehensive Reviews in Food Science and
Food Safety, 17(1), 165-199.

Esturk, O., Ayhan, Z., Gokkurt, T. (2014).
Production and application of active packaging film
with ethylene adsorber to increase the shelf life of
broccoli (Brassica oleracea L. var. ltalica).
Packaging Technology and Science Journal, 27(3),
179-91.

Boonruang K., Chonhenchob V., Singh S.P,,
Chinsirikul W., Fuongfuchat A. (2012). Comparison
of various packaging films for mango export.
Packaging Technology and Science, 25(2), 107-18.
Ayhan, Z. (2016). Use of zeolite based ethylene
absorbers as active packaging for horticultural
products. Book of abstracts of International
Congress-Food Technology, Quality and Safety;
Novi Sad, Serbia, 25-27 October 2016. Novi Sad,
Serbia: University Novi Sad.

Gao, M., Feng, L., Jiang, T. (2014). Browning
inhibiton and quality preservation of button
mushroom (Agaricus bisporus) by essential oils
fumigation treatment. Food Chemistry, 149, 107-
113.

(13]

(14]

(15]

[16]

(17]

(18]

Ban, Z., Li, L., Guan, J., Feng, J., Wu, M., Xu, X.,
Li, J. (2014). Modified atmosphere packaging
(MAP) and coating for improving preservation of
whole and sliced Agaricus bisporus. Journal of
Food Science and Technology, 51(12), 3894-3901.
Liu, J., Liu, S., Zhang, X., Kan, J., Jin, C. (2019).
Effect of gallic acid grafted chitosan film packaging
on the postharvest quality of white button
mushroom  (Agaricus  bisporus). Postharvest
Biology and Technology, 147, 39-47.

Gantner, M., Guzek, D., Pogorzelska, E.,
Brodowska, M., W ojtasik-Kalinowska, I,
Godziszewska, J. (2017). The effect of film type
and modified atmosphere packaging with different
initial gas composition on the shelf life of white
mushrooms (Agaricus bisporus L.). Journal of Food
Processing and Preservation 41(1), 1-9.

Aday, M.S. (2016). Application of electrolyzed
water for improving postharvest quality of
mushroom. LWT - Food Science and Technology,
68, 44-51.

Khan, Z.U., Aisikaer, G., Khan, R. U., Bu, J., Jiang,
Z., Ni, Z., Ying, T. (2014). Effects of composite
chemical pretreatment on maintaining quality in
button mushrooms (Agaricus bisporus) during
postharvest storage. Postharvest Biology and
Technology, 95, 36-41.

Lin, Q., Lu, Y., Zhang, J., Liu, W., Guan, W., Wang,
Z. (2017). Effects of high CO; in-package treatment
on flavor, quality and antioxidant activity of button
mushroom (Agaricus bisporus) during postharvest
storage. Postharvest Biology and Technology, 123,
112-118.

374



SiDAS MEDYA

Akademik Gida®
ISSN Online: 2148-015X
http://dergipark.gov.tr/akademik-gida

Akademik Gida 18(4) (2020) 375-381, DOI: 10.24323/akademik-gida.850881

Research Paper / Aragtirma Makalesi

Physicochemical and Rheological Properties of Commercial Kefir Drinks

Oguz Gursoy! “* =, Kiibra Kocatiirk? ', Hande Ozge Gliler Dal' "~ , Hasne Nazli Yakali?"~,
Yusuf Yilmaz?!

1Department of Food Engineering, Faculty of Engineering and Architecture, Burdur Mehmet Akif Ersoy University, Istiklal
Campus, TR-15030, Burdur, Turkey
°Division of Food Engineering, Graduate School of Natural and Applied Sciences, Burdur Mehmet Akif Ersoy University,
Istiklal Campus, TR-15030, Burdur, Turkey

Received (Gelig Tarihi): 25.12.2019, Accepted (Kabul Tarihi): 23.12.2020
= Corresponding author (Yazismalardan Sorumlu Yazar): ogursoy@yahoo.com (O. Gursoy)
@ +90 248 21327 23 = +90 248 213 27 04

ABSTRACT

Kefir is one of the most preferred fermented beverages, and its production constitutes a significant portion of the dairy
industry. In this study, the physicochemical and rheological properties of commercial plain kefir drinks were compared.
Kefir drinks of dominant brands in the Turkish kefir market (n=6) were obtained from national markets, and samples
with different production dates for each brand were used as replications. The ranges for the dry matter, protein and fat
contents (%) of kefir drinks were 9.49-11.97, 2.30-3.44 and 2.50-3.00%, respectively. Moreover, the pH values of
samples were in a range between 3.86 and 4.06 while their total titratable acidity (%, lactic acid) values ranged from
0.71 to 0.93%. Significant differences were found among the physicochemical properties of commercial kefir drinks
(p<0.05). Rheological analyses were conducted at three different temperatures (4.0, 10.0 and 25.0+0.3°C), and the
power law model was used to interpret the rheological characteristics of kefir drinks, which resulted in high coefficient
of determination (R?) values. Besides, the apparent viscosity values of samples (at a shear rate of 111.6 s) were
inversely related to temperature and varied between 0.48 and 1.76 mPa.s (p<0.05). Activation energy values of
samples were between 21.51 and 36.18 kJ/mol. Significant differences in physicochemical and rheological properties
were found among the commercial kefir samples of different brands, indicating the compositional variations of raw
materials and kefir cultures used in their production.

Keywords: Kefir, Fermented milk, Consistency, Rheological behavior, Viscosity

Ticari Kefirlerin Fizikokimyasal ve Reolojik Ozellikleri
0z

Kefir, fermente icecekler igerisinde en g¢ok tercih edilenlerden biri olup Uretimi st endistrisinde énemli bir yer
tutmaktadir. Bu ¢alismada, ticari sade kefirlerin fizikokimyasal ve reolojik ozellikleri karsilastiriimistir. Tarkiye ticari
kefir pazarinda etkili olan markalara ait kefirler (n=6) Turkiye'deki ulusal marketlerden temin edilmis ve her bir marka
icin farkl son kullanma tarihlerine sahip 6rnekler tekerrtr olarak kullaniimigtir. Ticari kefir 6rneklerinin kuru madde,
protein ve yag iceriklerine ait araliklar, sirasiyla %9.49-11.97, %2.30-3.44 ve %?2.50-3.00 olarak bulunmustur.
Orneklerin pH degerleri 3.86-4.06 araliginda, toplam titre edilebilir asitlik (%, laktik asit) degerleri %0.71-0.93 arasinda
saptanmistir. Farkli markalara ait ticari kefir 6rneklerinin fizikokimyasal 6zelliklerinde énemli degdisiklikler saptanmistir
(p<0.05). Farkli sicakliklarda (4.0, 10.0 ve 25.0+0.3°C) yapilan reolojik analizlerde, kefir igeceklerinin reolojik
dzelliklerinin yorumlanmasinda yiiksek R? degerlerinin elde edildigi Ussel Kural (Power Law) modeli kullanilmistir.
Orneklerin (111.6 s™ kayma oranindaki) gériinir viskozite degerlerinin sicaklikla ters orantili oldugu ve 0.48 ile 1.76
mPa.s arasinda degistigi saptanmistir (p<0.05). Orneklerin aktivasyon enerijisi degerleri 21.51 ve 36.18 kJ/mol
arasinda degismistir. Farkli markalara ait ticari kefir 6rneklerinin fizikokimyasal ve reolojik ozellikleri arasinda dnemli
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farklihklar belirlenmis olup,
kaynaklanabilecegini gostermistir.

bu farkhligin da Uretimde kullanilan farkl

hammadde ile kefir kiltlrlerinden

Anahtar Kelimeler: Kefir, Fermente sut, Kivam, Reolojik 6zellik, Viskozite

INTRODUCTION

Commercial production of probiotic foods has greatly
increased over the last decades in parallel to an
increase in consumer consciousness towards healthy
food choices. Fermented milk beverages are particularly
effective in preserving the diversity of microorganisms
and balance in the intestinal flora by their probiotic
content. Kefir is a traditional fermented milk drink with
an increasing popularity, and it can regulate the
intestinal microflora by supplementing a number of
probiotic bacteria that are useful for maintaining the
body health [1, 2].

Traditionally produced kefir is highly preferred by
consumers, and commercial producers of kefir drinks
have a target to obtain taste and aroma similar to those
of traditional kefir drinks. In Kkefir production,
thermophilic, mesophilic, probiotic bacteria and yeasts
are mostly used together or separately as a kefir culture,
which gives unique flavor to the product by their
symbiotic metabolic activities. The type and ratio of
starter used in kefir production are effective on the
sensory and chemical qualities of the final product [3-5].
In commercial production, kefir is produced by
microorganisms in the form of kefir grains that resemble
cauliflower florets or by isolated microorganisms as a
starter culture. Kefir has an important functional property
with its characteristic microbial flora, flavor and slightly
acidic sour taste, in addition to its appetizing and
refreshing characteristics. While ethyl alcohol,
acetaldehyde, diacetyl and amino acids, which
contribute to the sensory properties of kefir, are formed
during fermentation, the primary products of this process
are ethanol, lactic acid and carbon dioxide that
characterize sour, acidity and low alcoholic taste, also
viscous and foamy texture of kefir drinks [1, 6]. The
health benefits of kefir intake may include an
improvement in lactose tolerance and immune system,
an increase in anticarcinogenic and antimutagenic
properties, sensorial and nutritional attributes of milk
beverage [4, 7, 8].

Rheological characteristics of kefir influence its
consumer acceptability and choice directly. Various
factors have been reported to be effective on the
formation of the main characteristics and composition of
kefir depending on the raw material used such as type
of milk and diversity of microorganisms, also process
and final product variations as fermentation time,
temperature, and storage time or flavor addition [9-11].

To the best of our knowledge, studies examining the
rheological properties of kefir samples at different
serving temperatures are quite limited. In one of these
studies, the viscosity values of commercial kefir samples
(n=6) were reported at 50 and 100 rpm without any
temperature information [12]. In another study, the
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rheological properties of a commercial kefir sample were
determined at 10, 20 and 30°C, which included
temperatures beyond the regular consumption
temperatures of kefir drinks [13]. In this present study,
the rheological properties of six different commercial
kefir samples were determined at 4, 10 and 25°C and
the effects of different serving temperatures on the
rheological behavior of commercial kefir samples were
evaluated.

MATERIALS and METHODS
Materials

Commercial kefir drinks of the dominant brands in
Turkey were purchased from various markets, and
samples with different production dates were used as a
replicate. Then, they were coded as A, B, C, D, E and F
and kept at 4°C prior to analyses.

Physicochemical Analyses

The dry matter contents of kefir samples were
determined by a rapid moisture analyzer (Kern DBS 60-
3, Balingen, Germany) at 110°C, and pH values were
determined by a pH meter (Jenco 6173, Jenco, San
Diego, CA, USA). Color parameters (L*, a* and b*
values) were measured in the CIELAB system by a
colorimeter (CR-400 Chroma Meter, Konica Minolta,
Japan). During measurements, illuminant D65 and a
pulsed xenon lamp as a source of light were used in the
device. Before the analyses, the device was calibrated
with by its white calibration plate then CIE L*, a*, and b*
color parameters were obtained. The titratable acidity
values of kefir samples were determined according to
the method of Oysun [14]. Total nitrogen analyses were
conducted by the Dumas method with the Dumatherm
analyzer (Gerhardt GmbH & Co. KG, Konigswinter,
Germany), and the protein content of kefir samples was
determined by using the conversion factor of 6.38. The
fat content of kefir samples was determined by the
Gerber method [14].

Rheological Analyses

The rheological properties of kefir samples were
determined by a Brookfield viscometer (Model DV-II Pro,
Brookfield Engineering Laboratories, Middleboro, MA,
USA) with a spindle of RV-2. For this purpose, a portion
of the sample (~500 mL) was placed into a 600 mL
beaker, which was carefully isolated by a Styrofoam to
minimize heat loss during measurements, and
measurements were carried out at a constant
temperature. Each measurement was repeated 5 times
at the shear rates of 40-120 rpm (37.2-111.6 s?) for
each temperature (4, 10 and 25°C). Shear rate (s%),
shear stress (dyn/cm?), torque (%) and viscosity (cp)
values were measured at intervals of 10 s. The apparent
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viscosity values of commercial kefir samples were Statistical Analyses

determined at 120 rpm (111.6 s?). Apparent viscosity

and torque values were recorded for each shear rate, Statistical analyses were conducted using the variance
and the flow behavior index values (n) and consistency analysis (ANOVA) of Statistical Analysis Software
coefficients (K, Pa.s") of kefir samples were determined (SAS®) Package Version v9.3 (SAS® Institute, 2010).
according to the power law model (Equation 1), where & Mean values of the analyses were compared for
and y demonstrate the shear stress (Pa) and the shear significant differences by the Duncan’s multiple-range
rate (s), respectively [15]. The Arrhenius equation test with the significance level of 0.05. All analyses were
(Equation 2) was used to determine the temperature conducted in duplicates, and results were expressed as
dependency of apparent viscosity and to calculate the a mean * standard deviation. PROC CORR procedure
activation energy values according to the method of was used to obtain the Pearson’s correlation of
Marcotte et al. [16]. In Equation 2, n is apparent physicochemical and rheological properties of samples

viscosity (Pa.s), A is the frequency factor. E,, R, T are in 95% confidence interval.

activation energy, gas constant and temperature (K),

respectively. RESULTS and DISCUSSION
§ = K(p" ) Physicochemical Properties
n = Ae(E/RD @)

The chemical analysis results of commercial kefir drinks
are presented in Table 1.

Table 1. Chemical analysis results of commercial kefir drinks (mean * standard deviation)

Sample Dry matter Protein Fat ((:jontent (%, Fat Total titratable

code %) %) on dry matter %) pH acm;hty .
basis) (% Lactic Acid)

A 11.71£0.228+* 2.63+0.09¢ 26.04+0.0084 3.00+0.00" 4.06+0.044 0.81+0.02°

B 9.96+0.19F 2.61+0.09¢ 28.49+1.394 2.85+0.07%A¢  3.90+0.05° 0.80+0.02°

C 9.49+0.107 2.30+0.16° 26.13+0.0484 2.50+0.00¢ 3.88+0.03¢ 0.91+0.02%

D 10.51+0.07° 3.06+0.29° 27.49+2.68* 2.90+0.28%*  3.88+0.04° 0.93+0.02%

E 11.01£0.07¢ 3.44+0.117 22.76+0.228¢ 2.50+0.00¢ 3.97+0.02°8 0.71+0.04¢

F 11.97+0.07* 3.24+0.37°A 21.34+1.99¢ 2.55+0.218¢  3.86+0.02° 0.89+0.014

*Values with different letters in a column indicate statistical significances among means (p<0.05)

The dry matter, protein and fat contents (%) of prepared by different percentages of kefir grains and
commercial kefir samples were in the intervals of storage days, lIrigoyen et al. [18] reported that the
9.49+0.10-11.974£0.07%, 2.30+0.16-3.44+0.11%, and average ranges for the pH, fat and dry matter contents
2.50+0.00-3.00£0.00%, respectively. Moreover, pH and of kefir drinks were 4.4-4.7, 3.23-3.60% and 11.3-
total titratable acidity (%, lactic acid) values of the 11.7%, respectively. Unal et al. [12] reported that the
samples were determined in the intervals of 3.86-4.06 ranges for the dry matter, pH and acidity values of
and 0.71-0.93%, respectively. The pH values of the commercial kefir samples were 8.71-10.68%, 4.26-4.37,
brands A and E were higher than the pH values of other and 0.67-0.88%, respectively. Moreover, the fat content
brands (p<0.05), and insignificant differences were of commercial kefir drinks was reported between 0.55
determined in pH values of other four brands. Variations and 2.90%.

in other physicochemical properties were obtained

among different sample groups (p<0.05). For the protein Eryilmaz [5] determined the chemical and mineral
contents of kefir drinks, brands A, B and C were similar composition, and antioxidant properties of kefir drink
(p>0.05) while the protein content of brand E was produced with different milk samples and kefir cultures.
significantly higher compared to other brands with an In this study, the dry matter content (11.1-12.0%), pH
exception of brand F (p<0.05). Also, significant (4.64-5.88) and titratable acidity (0.42-0.86%) values of
differences determined in dry matter values of all six kefir samples were found similar for different milk
brands that the dry matter content of brand F was samples (p>0.05). Studying the influences of
significantly higher than others (p<0.05), while the fermentation process variations on kefir quality, Kok-Tas
lowest dry matter content value was obtained for brand et al. [11] reported the pH and lactic acid (%) values in
C (p<0.05). Moreover, an insignificant difference in fat the ranges of 4.29-4.53 and 0.81-0.95%, respectively.
contents (%) was found among A, B and D brands Also, the protein and total solids contents (%) of kefir
(p>0.05) and also among C, E and F brands (p>0.05). drinks were in the ranges of 3.09-3.48% and 7.81-8.21%
Similar results were reported by Barukgi¢ et al. [17] who during different days of cold storage. Results for the
compared chemical, sensory and rheological properties chemical properties of commercial kefir drinks in this
of kefir produced by different combination of kefir present study were in good agreement with those
starters and grains. In their study, pH and titratable reported in the literature.

acidity values were reported between 4.58-4.65 and

0.686-0.803%, respectively while the average total dry Color parameters (L*, a* and b*) of various commercial
matter was between 10.8 and 11.7%. For kefir drink kefir drinks are presented in Table 2.
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Table 2. Color parameters of commercial kefir drinks (mean %
standard deviation)

Sample code L* a* b*
A 86.68+0.02"  -2.58+0.028  6.03+0.04*
B 86.07+0.098  -2.40+0.01*  5.19+0.25°
C 85.78+0.128  -2.67+0.08°  4.80+0.10°
D 85.99+0.13%  -2.69+0.01¢  5.63x0.19°
E 86.48+0.078  -2.54+0.008  5.07+0.15P
F 84.21+0.53°  -2.87+0.11°  6.03+0.39*

*Values with different

letters

in a column

indicate statistical

significances among means (p<O0.

The L* a* and b* color values of commercial kefir
samples were in the intervals of 84.21 and 86.68, -2.87
and -2.40, 4.80 and 6.03, respectively. The highest L*
color value was obtained for brand A (p<0.05), while the
lowest L* color value was obtained for brand F (p<0.05).
Dogan [19] determined the Hunter L color values of kefir
with honey as between 63.10-73.18. Also, Hunter a and
b color values were determined between -1.50 to -0.92
and 3.77 to 9.35, respectively. Atalar and Dervisoglu
[20] determined the Hunter L, a and b color values of
kefir powders as between 84.04 and 90.6, -2.94 and -
1.09, 8.62 and 14.64, respectively. Goncu et al. [21]

05).

reported that the Hunter L, a and b color values of kefir
samples enriched with apple and lemon fiber changed
between 67.23 and 78.87, -1.55 and 1.46, and 9.17 and
11.62, respectively.

Rheological Properties

The apparent viscosity, consistency coefficient and flow
behavior index values of commercial kefir samples are
presented in Table 3 for different brands at three
temperatures.

Table 3. Rheological properties of commercial kefir samples at three different temperatures

Apparent viscosity

Sample Temperature

Flow behavior

Consistency

Coefficient of

i o o
code (°C) at(;lplfs; index (n) E:E,e:qg:_g deteranglzr;atlon
4 1.24+0.08"F 0.44+0.04* 12.12+£2.07" 0.996
A 10 1.16+0.11F 0.37+0.01° 16.15+1.69%H 0.995
25 0.48+0.09¢ 0.18+0.05" 28.44+9.85P 0.963
4 1.76+0.03* 0.34+0.028¢ 31.23+3.06"8 0.996
B 10 1.43+0.128¢ 0.30+0.02¢P 32.84+4.164 0.994
25 0.91+0.117 0.30+0.04¢P 20.22+3.41F¢ 0.995
4 1.46+0.055¢ 0.32+0.038¢ 28.58+4.33*P 0.986
C 10 1.43+0.098¢ 0.31+0.04°P 30.37+7.37"8 0.994
25 0.52+0.14¢ 0.23+0.07FF 20.80+6.54F°¢ 0.973
4 1.29+0.06°¢ 0.34+0.028¢ 21.83+2.24°¢ 0.997
D 10 1.18+0.08F 0.32+0.018¢ 22.86+2.62°° 0.993
25 0.52+0.03¢ 0.31+0.06°P 11.68+4.26" 0.979
4 1.59+0.0948 0.34+0.038¢ 27.37+4.92*F 0.996
E 10 1.21+0.35"¢ 0.32+0.065¢ 23.19+4.72¢¢ 0.993
25 0.58+0.11¢ 0.22+0.055F 24.80+5.515F 0.983
4 1.59+0.06"8 0.34+0.028¢ 27.65+2.66"F 0.997
F 10 1.35+0.08°° 0.31+0.03°P 29.66+8.28*¢ 0.996
25 0.57+0.06° 0.26+0.03°E 16.54+1.97¢H 0.981

*Different letters in a column indicate statistical significances between means (p<0.05)

Table 3 demonstrated that the Power Law model was
appropriate to interpret the rheological characteristics of
kefir drinks with high R? values ranging from 0.963 to
0.997 (Table 3). This model was previously used to
determine the rheological flow properties of fermented
milk products as plain yoghurt [22], concentrated milk
[9], acidified milk drinks [23], yoghurt drink [24] and kefir
[11, 18, 25]. Apparent viscosity values of commercial
kefir samples ranged from 0.48 to 1.76 mPa.s. Apparent
viscosity values of commercial kefir samples were
higher at 4°C than those at either 10 or 25°C. Results
showed that the kefir samples of brand B, E and F were
more viscous at 4°C. Also, brand B had a higher
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apparent viscosity value, in general, at 4 and 25°C than
the others (p>0.05). Flow behavior index values (n)
changed from 0.18 to 0.44, indicating a typical
pseudoplastic behavior. The significantly highest n value
was observed for brand A at 4°C (p<0.05). The flow
behavior type of commercial kefir samples was non-
Newtonian pseudoplastic with respect to Power Law
indices (n<1) for all samples (p<0.05).

Similar rheological analysis results were obtained for
kefir drinks in the literature studies. Goncu et al. [21]
reported the viscosity of kefir samples enriched with
apple and lemon fiber in the range of 0.67 and 9.73
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mPa.s. Studying the rheological properties of kefir
samples produced by mare’s milk and its mixtures with
goat and sheep milk, Cais-Sokolinska et al. [26]
determined the viscosity values of samples between
3.09-4.45 mPa.s. In addition, Garrote et al. [27] reported
the apparent viscosity of different kefir samples
prepared by different kefir grains between 7.5 and 15.4
mPa.s.

In a study [17], power law model was found appropriate
for defining the rheological behavior of kefir drinks with
flower and pine honey. In this study, kefir beverages
exhibited a non-Newtonian behavior, where the flow
behavior indexes (n) changed from 0.37 to 0.47. Similar
results for yoghurt drinks were reported in a study by
Gursoy et al. [24] where the influence of ultrasound

power on the rheological properties of yoghurt drinks
was investigated. According to our results, power law
model was suitable to explain the rheological
characteristics of kefir samples, which showed a non-
Newtonian type flow behavior. Studying the rheological
characteristics of a kefir drink at various temperature
levels, Icier et al. [13] reported a non-Newtonian
pseudoplastic flow behavior with the flow behavior index
values of 0.410, 0.426 and 0.351 at 10, 20 and 30°C,
respectively. Unal et al. [12] reported the flow behavior
index values of commercial kefir samples ranging
between 0.26 and 0.45.

The activation energies of commercial kefir samples
were determined by plotting In(n) versus (1/T) as shown
in Figure 1.

6.0

6.5

Ln (Apparent viscosity, J)

® oA B C
oD AE oF
3.33 3.38 3.43 3.48 3.53 3.58 3.63

11T (x103, K-')

Figure 1. Arrhenius plot of apparent viscosity values of commercial kefir drinks

Activation energy values of Kkefir samples were
determined by the Equation 2 using Figure 1 and
changed between 21.51 and 36.18 (Table 4). Results
indicated that the viscosity of brand C is relatively more
sensitive to temperature changes in comparison to kefir
drinks of other brands. Studying the effect of heating
from 22 to 70°C on the rheological properties of
Cheddar, Colby, whole milk Mozzarella, low-moisture
part-skim Mozzarella, Parmesan, soft goat, and Queso

Fresco cheeses, Tunick [28] found the activation energy
values of cheeses between 30.4 and 182.5 kJ/mol. In a
study determining the temperature dependency of
apparent viscosity of oat milk, activation energy values
were reported between 07.43 and 303.64 kJ/mol [29].
Abu-Jdayil et al. [30] determined the activation energy of
concentrated yogurt (Labneh) between 20.92 and 21.88
kJ/mol.

Table 4. Activation energies of commercial kefir drinks

Sample code

Activation Energy (kJ/mol)

TmMmOO >

32.87
2151
36.18
31.25
33.25
34.77
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Correlation among Physicochemical and
Rheological Properties
The Pearson correlation coefficients for the

physicochemical properties of commercial kefir samples
by their rheological properties are shown in Table 5.

According to Table 5, the correlation of physicochemical
properties of kefir samples with apparent viscosity
values were statistically insignificant (p>0.05); however,
correlations of fat (%), pH and b* (yellowness) color
value with K and n values of commercial kefir samples
were found statistically significant (p<0.05). Accordingly,
as fat (%) and pH values of kefir samples increased,
their K values decreased while their n values increased
(p<0.05).

Table 5. Correlation of physicochemical properties of commercial kefir drinks with their rheological properties
(Upper values state Pearson’s correlation coefficients (R) and values in parentheses indicate statistical

significances)
Dr Fat content Total
matt‘:er Protein  (Dry matter Fat (%) pH titratable L a* b
basis) acidity

Apparent -0.2154 0.1601 -0.1185 -0.3643 -0.4023 -0.3530 -0.3189 0.2895 -0.3983
viscosity (0.5014)  (0.6191) (0.7138) (0.2444) (0.1948) (0.2604) (0.3123) (0.3614) (0.1998)

K -0.4868 0.0990 -0.1198 -05962 -0.7170 -0.0025 -0.4103 0.0815 -0.6225
(0.1085)  (0.7596) (0.7107) (0.0408)** (0.0087) (0.9938) (0.1853) (0.8011) (0.0306)

N 0.5510 -0.1210 0.1079 0.62554 0.8574 -0.2608 0.4389 0.1225 0.6194
(0.0634)  (0.7081) (0.7385) (0.0296) (0.0004) (0.4129) (0.1534) (0.7045) (0.0317)

** Bold values show statistically significant correlations (p<0.05)

CONCLUSION

Kefir is a popular dairy product with its functional
properties and probiotic content. In the present study,
physicochemical and rheological properties of the kefir
drinks containing the most popular and dominant brands
of the Turkish kefir market were determined. Results
showed that significant differences in physicochemical
and rheological properties were present among the
commercial kefir samples of different brands, indicating
the compositional variations of raw materials and kefir
cultures used in their production. Additionally,
rheological properties were influenced by temperature,
and Power Law model could be used to define their flow
behavior, which was of a pseudoplastic type over the
temperature range studied. Fat (%), pH and CIE b* color
values of commercial kefir samples were found to be
inversely correlated with consistency coefficient values
(K), and these values were positively correlated with the
flow behavior index values of commercial kefir drinks
(n). This study may promote an important understanding
of the physicochemical properties and rheological
behavior of the commercial kefir beverages marketed in
Turkey.
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Bu arastirmada farkli on islemler (Iliml elektrik alan ve ultrases uygulamasi) sonrasi mikrodalga ve derin yagda
kizartilan havug cipslerinin renk degerleri ve nem igerikleri kiyaslanarak on islemlerin ve kizartma tekniklerinin
etkilerinin belirlenmesi amaclanmistir. Farkli mikrodalga glgleri (400 ve 600W) ve kizartma surelerinde (4 ve 6 dakika)
calisiimistir. Sonugta ayni sicaklik derecelerinde (180+3°C) ve sirelerde derin yagda kizartmaya kiyasla mikrodalga
kizartma islemi 6rneklerin nem igeriklerinde daha fazla azalmaya neden olmustur. En diisik nem igeriginin %11.19
olarak elektrik alan+ultrases+mikrodalga uygulamalarinin birlikte uygulandigi grupta oldugu saptanmistir. Mikrodalga
uygulamasinda uygulama suresi ve gug¢ degeri arttikga nem igerigindeki azalma artis gostermistir. Ultrases destekli
haslama isleminin geleneksel haslamaya kiyasla nem igerigi ve renk de@erleri Uzerinde istatistiksel olarak énemli
seviyede etkili oldugu, ayrica elektrik alan uygulamasi ile hilcrelerde pargalanmaya bagl olarak daha fazla suyun
kizartma prosesinde uzaklastigi tespit edilmistir. Ultrasesin diger yontemlerle kombine kullanildiginda parlaklik ve
sarilik degerlerinde daha etkili oldugu ve mikrodalga kizartma teknolojisi uygulanan drneklerde parlaklik degerinin
daha yiksek oldugu sonucuna varilmistir. En yiksek aydinlik degerinin (L*=68.76), 1limli elektrik alan, ultrases ve
mikrodalga uygulamasinin birlikte uygulandigi (600 W, 4 dakika) grupta oldugu saptanmistir.

Anahtar Kelimeler: Ultrases, Mikrodalga kizartma, Havug cipsi, Renk, Nem

Effect of Moderate Electric Field and Ultrasound Applications on Color and Moisture Contents
of Carrot Chips Produced by Microwave and Deep-Frying Methods

ABSTRACT

In this study, color values and moisture contents of microwave-fried and deep-fried carrot chips after different pre-
treatments (moderate electric field and ultrasound blanching) were determined, and frying techniques were compared
at the same temperature (180+3°C). Microwave frying was carried out at two microwave powers (400 and 600W) for 4
or 6 minutes. As a result, microwave frying process provided a significant reduction in the moisture contents of
samples at the same temperature and time in comparison to deep frying. The least moisture content was found in the
group that treated by both moderate electric field, ultrasound and microwave, as 11.19%. As time and power
increased, the moisture contents of samples decreased. Ultrasound blanching was found statistically effective on the
color values and moisture contents compared with conventional blanching. Additionally, more water evaporated in the
frying process depending on the disintegration of plant cells by the application of electric field. Ultrasound was more
effective on the color properties when used in combination with other methods, and the lightness value was found to
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be higher in microwave-fried samples. The highest lightness value was found in the group of moderate electric field,
ultrasound blanching and microwave frying (600 W, 4 min) as 68.76.

Keywords: Ultrasound, Microwave frying, Carrot chips, Color, Moisture

GIRiS

Derin yagda kizartma teknigi, suyun kaynama noktasi

Uzerindeki sicaklikta ve yenilebilir yadin igerisinde
arinin kismen veya tamamen kurutulmasi olarak
tanimlanmistir  [1]. Kizartma teknolojisinde  yag

emiliminin fazla olmasi ve akrilamid olusumu gibi
faktorler nedeniyle yeni tekniklerin kullanimina yoénelik
calismalar dikkat cekmektedir [2-5]. Mikrodalga teknigi
ile kizartma bu yeni yéntemler arasinda yer almaktadir.
Mikrodalga enerjisinin geleneksel ydntemlere kiyasla
enerji ve zaman tasarrufu saglamasi bu konudaki
uygulamalarin 6énemini daha da arttirmaktadir. Ayrica
ultrases ve elektriksel islemlerin mikrodalga ile kombine
kullaniimasi  kizartma isleminde olumlu sonuglar
dogurmaktadir [6, 7]. Ornegin patatesle yapilan bir
calismada, mikrodalga destekli vakum kizartma ile
vakum kizartmaya kiyasla daha az yag icerigine sahip,
renk ozellikleri daha iyi ve daha gevrek yapida cips elde
edildigi saptanmistir [8]. Benzer bir baska calismada
ultrases ve mikrodalga destekli vakum kizartma teknigi
kullanilarak patates cipsi Uretilmesi amaclanmistir. Iki
kizartma sicakhdi (90 ve 100°C) kullanilarak, USMVF
(Ultrases mikrodalga destekli vakumlu kizartma teknigi)
ve MVF (mikrodalga destekli vakumlu kizartma)
karsilastirildiginda, ozellikle dusuk kizartma
sicakhginda, kuruma slresinin  %20-28 oraninda
azaldigi tespit edilmistir. USMVF'deki eneriji tiketiminin
MVF'ye kiyasla azaldidi bulunmustur [7]. Bir baska
calismada, mikrodalga ile kizartilmis patateslerin yag
iceriginin geleneksel olarak kizartiimis dérneklerden daha
dusik oldugu bulgulanmistir [5]. Ayrica, Parikh ve ark.
[9] tarafindan patatesin mikrodalga kizartmasi sirasinda
yag aliminin azaldigi belirlenmistir. Bir bagka ¢alismada
ise ultrases destekli kizartma islemi sirasinda kabak
cipslerinin hicresel vyapisinin da iyi korundugu
saptanmistir [10]. Vakum kizartma isleminde uygulanan
mikrodalga ve ultrases iglemlerinin balkabagi cipsleri
icin kalite parametrelerinin gelistiriimesinde sinerjistik bir
etki gosterdigi vurgulanmistir [10]. Janositz ve ark. [11]
vurgulu elektrik alan uygulamasinin patates cipsinde
belirgin sekilde yag emilini azalttigini belirtmistir.

Elektriksel alan uygulamasiyla dokularin pargalanmasi
amagclanmaktadir. Yuksek gradientli (1800-2000 V/cm)
ve dusik gradientli (11-180 V/cm) elektriksel alan
uygulamalari olanakhdir [12]. Elektrik etkisi ile protein
molekdillerinin elektron-kinetik potansiyelinin degismesi
sonrasinda Urin ve su molekullerinin dipol baglari
pargalanmaktir [12]. Bu nedenle uriinde
elektroplazmolizden sonra bir kisim su serbest kalarak,
urindn  termofizik karakteristigi yani 1sil iletkenlik,
viskozite ve 0zgll termal kapasite degismektedir. Bu
degisimlerin nedeni Urlnin dehidratasyon olayidir ve
urtinde sonradan yapilacak Isil islemlerin
kolaylastirimasinda kullanilabilmektedir [12]. Kurutma
ve kizartma islemlerinde de bu 6zelligi ile islem suresini
kisalttigr dustnulmektedir. Bir diger iglem olan ultrasesin
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enzimler Uzerine etkisi oldugu uzun zamandir
bilinmektedir. Bu mekanizma genelde ultrasesin
makromolekilleri depolimerize etmesi seklindedir.

Ultrasesin diger islemlerle (1si ve/veya basing) birlikte
kullanildiginda daha etkili oldugu saptanmigtir. Ultrases
isleminin st ve meyve Urtnlerinde bulunan lipoksigenaz
(LOX), polifenoloksidaz (PPO), peroksidaz (POD) gibi
enzimlerin ve 1siya karsi direngli olan lipaz ve proteaz
enzimlerinin inaktivasyonunda etkili bir yontem oldugu
belirtilmistir [13]. Bu 0zelligi ile geleneksel haslama
islemine alternatif olarak kullanimi yayginlagsmaktadir.

Yapilan bu ¢alismada havug 6rneklerine 6n islem olarak
ihml elektrik alan uygulamasi (40 V, 60 s) ve ultrases
haslama yontemi (35 kHz, 80°C, 2 dakika)
uygulanmigtir. Bu ydntemlerin kombine edilmesiyle
yapilan 6n islemlerin mikrodalga kizartma (farkli gic ve
slrelerde) ve geleneksel kizartma (180°C) islemlerine
etkisi arastiriimistir. Uygulanan kizartma iglemlerinin
urinde nem ve renk dizeyine etkisinin saptanmasi
amaclanmigtir.

MATERYAL ve METOT
Materyal

Calismada havug (Daucus carota L.) yerel bir marketten
temin edilmis, Ege Universitesi Miihendislik Fakiiltesi,
Gida Mihendisligi Bolimi, Meyve ve Sebze isleme
Pilot Tesisinde +4°C depoda (BZP-L3303 WCP, Vestel,
Tarkiye) islemler yapilana kadar muhafaza edilmistir.
Havuglar (0.01mx0.01mx0.05m) boyutlarinda dilimleme
makinesi (Berkel, Almanya) ile dilimlenmigtir. Aygicek
yagi kullanilarak kizartma islemi yapilmistir. Kullanilan
tum kimyasallar (hidrojen peroksit, guiacol ve sodyum
fosfat tamponu (Merck, Alimanya)) analitik safliktadir.

Metot
isleme Yontemleri

Havug oOrnekleri 1tlimli  elektrik alan uygulanmis ve
uygulanmamis (kontrol) olarak ikiye ayrilmistir. Her iki gruptaki
Ornekler ultrases ve geleneksel haslama yontemleri ile
haslanmis sonrasinda iki farkli kizartma metodu ile
kizartilmistir. Kontrol grubu; ultrases haslanmis mikrodalga
kizartilmig (US+MD), ultrases sonrasi derin yagda kizartiimis
(US+DK), geleneksel haslanmis mikrodalga kizartma iglemi
uygulanmis (GH+MD) ve geleneksel hagslama iglemi
uygulanmis sonrasinda derin yagda kizartma iglemi
uygulanmis (GH+DK) olarak 4 gruba ayriimistir. Elektrik alan
islemi uygulanmis ornekler de iki farkli haslama y6temine goére
haslanmis sonrasinda mikrodalga kizartiimisg (EA+US+MD ve
EA+GH+MD) ve derin yagda kizartilmis Ornek gruplari
(EA+US+DK ve EA+GH+DK) seklinde ayriimistir. Havug cipsi
akim semasi ve Ornek gruplari Sekil 1’de belirtilmigtir.
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Mikrodalga islemi iki farkli gicte (400 ve 600 W) uygulanmigierkezine de (4-6 mm derinliginde) iki sicaklik senséru

kizartma icin ise iki farkli stire (4 ve 6 dakika) denenmisgtir.
Ilmh Elektrik Alan Uygulamasi

igneli vals tipi elektroplazmolizatér (2011/ 10506 Y
faydali model, Turkiye) ile havuglar bitin halde iken
havug igcin daha 6nce belirlenmis en uygun kosullarda
(40 V, 60 s) ihmli elektrik alan uygulanmistir [14].

Haglama iglemi

Geleneksel haglama igleminde o&rnekler 2 dakika
boyunca 95°C’de suda (Nuve ST30, Turkiye)
haslanmistir [15]. Ultrases ile haslama yonteminde ise
havug Ornekleri 30 dakika boyunca (42°C, 92.5 W)
ultrasonik su banyosunda (35 kHz, Everest Ultrasonic,
Turkiye) haslanmistir [16]. Bu parametreler segilirken
enzim  (peroksidaz) inaktivasyonu g6z Oninde
bulundurulmustur. Tim 6rnekler haslama sonrasinda
akan suyun altinda 1-2 dakika sogutulmus ve orneklerin
fazla suyu filtre kagidi yardimiyla uzaklastiriimistir.

Kizartma
Geleneksel kizartma isleminde 25 g havug O6rnegi

(baslangig nem: %91.04) 250 mL aygicedi yadi ile dolu
olan 3 litre kapasiteli fritdz ile (Sinbo, SDF 3827, Fransa)

yerlegtirilmis ayrica kizartma yagi sicakhgr da 180°C
olarak belirlenmistir. Numunelerin ylzeyindeki fazla yag
filtre kagid ile 20 saniye boyunca giderilmigtir.

Mikrodalga kizartma ise 25 g havug 6rnegi (baslangi¢c
nem: %91.04) 250 mL aygicegdi yagd ile dolu olan pyrex
kabina yerlestirilerek (GW72N Samsung Electronics,
Kore, 100-900 W) farkli gui¢ (315-400-600 W) ve farkli
surelerde (0, 2, 4, 6 ve 8 dakika) uygulanmistir. Yapilan
On denemeler sonucunda havug cipsi uretimi igin 400 ve
600 W glcinde 4 ve 6 dakika mikrodalga islemi
uygulanmasina karar verilmisgtir. Mikrodalga
uygulamasinda 315 W gliciinde ve 2 dakika sliresince
istenilen sicakhiga ulasilamadigi, 8 dakika sonunda ise
Orneklerin  fazla kizarmasi  sonucu  kararmalar
saptanmigtir. Geleneksel kizartmayla kiyaslayabilmek
icin mikrodalga kizartmada da yag sicakligi 180°C
olarak secilmistir. iki farkli giigte sicaklik 180°C’ye
ulasinca 4 ve 6 dakika ornekler kizartiimistir. Sicaklik
geleneksel kizartma ile  kiyaslamak amaciyla
mikrodalgada kesikli (60 saniye on 60 saniye off
seklinde) calisilarak 180+3°C olacak sekilde sabit
tutulmustur. Kizartma yagi sicakligr iki ayri sensorle
Olglimastir. Geleneksel kizartma islemindeki gibi iki
farkli  havu¢ Orneginin merkezine de (4-6 mm
derinliginde) iki sicaklik sensOri yerlestiriimistir.
Numunelerin ylzeyindeki fazla yag, filtre kagidi ile 20

gerceklestiriimistir [17]. ki farkli havug 6rneginin  saniye boyunca giderilmistir.
Hamug
kontrol Iimli Elektrik Alan (EA)
Ultrasonik Geleneksel Ultrasonik Geleneksel
Haglama (U3) Haslama (GH) Haglama (US) Haslama (GH)
Mikrodalga Derin Y ajda Mikrodalga Derin Yadda Mikrodalga Derin Yadda Mikradalga Derin Y adda
Kizartma Kizartma Kizartma Kizartma Kizartma Kizartma Kizarma Kizartma
(US+MD) (US+DK) {GH+MD} (GH+DK) (EA+IS+MD) (EA+US+DK) (EA+GH+MD) (EA+GH+DK)
400WY 600V 4 dakika B dakika 400w 600 W 4 dakika 6 dakika 400 W EDD\ 4 dakika 6 dakika 400V 600 4 dakika Bdakika
4 6 4 & 4 & 4 & 4 & 4 3 4 8 4 3

Sekil 1. Havug cipsi Uretim gruplari

Peroksidaz Enzim Tayini

Peroksidaz aktivitesi, substrat olarak guaiacol ve
hidrojen dondru olarak H.0; kullanilarak
spektrofotometrik (UV 1601 PC-Shimadzu Corporation,
Japonya) yontemle 470 nm dalga boyunda
gerceklestirilmisgtir.  Substrat karisimi 10 mL %1
guaiacol, 10 mL %0.3 hidrojen peroksit ve pH 6.5
degerinde 100 mL 0.05M sodyum fosfat tamponu
icermektedir [18].
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Nem Tayini

Orneklerde nem tayini infrared nem cihazi (MOC63u,
Shimadzu Inc. Japonya) ile 2.5 g 6rnek kullanilarak %
olarak belirlenmigir [19].

Renk Olgiimii

Kizartilmis havug cipslerinin renk dlgimleri Minolta renk
Olgim cihazi (MINOLTA, CM-3600d, Japonya) ile
ornekler butin halde cihazla temas edilerek yapilmistir
[20]. Her dlgimde bir havug dilimi (2.5+0.5 g) kullaniimis
ve 3 paralel 6lgim alhnmigtir. Cihaz standart beyaz
gizgiye (Y=93.9, x= 0.313, y=0.321), L* (aydinlik), a*



A. Rayman Ergiin, B. Kutlu, F. Ayrig, T. Baysal Akademik Gida 18(4) (2020) 382-389

(kirmizi-yesil), ve b* (mavi-sar1) degerlerine goére kalibre
edilmis, geleneksel haslanmis derin yagda kizartiimis
(GH+DK) 6rnek grubu referans olacak sekilde toplam
renk farki ve hue agisi hesaplanmistir (Denklem 1, 2).

AE=V [(L*-L¥*rer)?+(@*-a*rer)+(b*-0*rer)?]
Hue angle (°H)=tan}(b*/a*)

(1)
)

istatistiksel Analiz

Denemeler 2 tekrar ve tim analizler 3 paralel olacak
sekilde  gergeklestirilmistir. Ornekler  arasindaki
istatistiksel analiz SPSS paket programi kullanilarak
(SPSS 15.0 for Windows Version; SPSS Inc., Sikago,
ABD) %95 glven araliginda gerceklestiriimistir. Varyans
analizinden (ANOVA) yararlaniimigtir.

BULGULAR ve TARTISMA

Mikrodalga ve geleneksel yontemle kizartilan havug
ornekleri igin nem ve renk degerleri Tablo 1 ‘de
verilmigtir. Ayni sicaklikta kizartilan Orneklerin  nem
icerikleri kiyaslanmistir. En yiksek nem igerigi kontrol
orneginde 6 dakika kizartilan havug cipslerinde %20.04
olarak bulunmustur. Nem igerigi karsilastinldiginda ayni
sturede kizartilan dGrunler igin geleneksel kizartma
islemine goére mikrodalga kizartma igleminin daha hizl
nem kaybina neden oldugu goérulmektedir. Elektriksel
alan ve ultrases islemlerinin birlikte uygulandigi
orneklerde nem igerigi diger Orneklere kiyasla daha
disik (%12) bulunmustur. En disik nem igeriginin
%11.19 olarak EA+US+MD grubunda oldugu
saptanmistir. Bu iki uygulamanin hiicre parcalanmasina
yardimci olarak kitle transferini  hizlandirdigi  ve
kizartma islemi sirasinda suyun daha hizla uzaklastigi
sonucuna varilmistir. Literatirde benzer sonuglar
bulunmaktadir. Ornegin Janositz ve ark. [11] patates
cipsinde wvurgulu elektrik alan uygulamasinin kitle
transferini hizlandirarak orneklerin daha disik nem
icerigine sahip oldugunu vurgulamistir. Elektriksel islem
bitkisel Urlinlerde hiicre duvarinin zarar gérmesine neen
olarak dehidrasyonun daha kisa surede olusmasini
saglamakta bdyleikle kurutma ve kizartma islmelerinde
nem igerigi azalmaktadir. Su ve ark. [21] patates cipsi
uretiminde vakum altinda kizartmada mikrodalgadan
yararlanmis ve evaporasyon hizinin arttigini saptamistir.
Ayni yazarlar 2018 yilindaki yayinlarinda ultrasesin
mikrodalga ile kombinasyonunda kuitle transferinin
hizlanmasi ile mikrodalganin  kizartma  sUresini
kisalttigini belirtmislerdir [7]. Sirenin kisalmasi ile renk
ve tekstur gibi 6zelliklerin daha iyi korundugu ve bu
yonde kalitenin arttigi vurgulanmistir. Ancak mikrodalga
gucunln kizartma slresine belirgin bir etkisinin olmadigi
gorulmustur [7].

Calismada geleneksel haslama sonrasinda mikrodalga
kizartma isleminde iki farkh gl¢ ve surede kizartilan
orneklerin nem igerikleri kiyaslandiginda ise 400 W ile
600 W guicte kizartilan kontrol érnekleri arasinda nem
icerikleri agisindan istatistiksel olarak 6nemli bir fark
bulunmadig saptanmistir (p>0.05). Ultrases haslanmis
havug dilimleri 600 W glcinde mikrodalga ile
kizartildiginda geleneksel haslanmis 6rneklere kiyasla
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daha az nem igerigine sahip bulunmustur. Benzer
sekilde, Oztop ve ark. [5] mikrodalgada 400, 550 ve 700
W glglerde ve 2, 2.5 ve 3 dakika suresince patatese
kizartma islemi uygulamig, gu¢ ve slre arttikca nem
oraninin  dustigtd  saptanmistir.  Nem  igerikleri
mikrodalga (550 W, 2.5 dakika) ve derin yagda kizartma
(2.5 dakika) icin sirasiyla %42.04 ve 67.44 olarak
bulunmustur. Huang ve ark. [10] ultrases destekli
mikrodalga vakum kizartmada kabak dilimlerinin
kalitesini incelemiglerdir. Ultrasesin rengi etkilemedigi
ancak nem igerigi belirgin bir sekilde azalttig
vurgulanmistir. Ayrica mikrodalga ve ultrasesin birlikte
kullanimi ile nem igeriginin dlsurllebilecegi ve kizartma
sUresinin kisaltilabilecegi belirtilmigtir. Yiksek
mikrodalga gulgcleri uygulandigi zaman (600, 800, ve
1000 W), son nem igeriklerinin (8.54, 8.09 ve 7.85 g/100
g kb) azaldigi; azalan nem igeriginin de kizartma islem
slresini kisalttigini vurgulamislardir. Ultrases destekli
mikrodalga vakum kizartma o&rneklerinde mikrodalga
vakum kizartmaya kiyasla daha az nem icerigi
saptanmigstir [10]. Devi ve ark. [2] nem igeriginin artan
mikrodalga gucu ile azalis gosterdigini ve en fazla nem
kaybinin 1000 W giclUnde belirlendigini ayni surede
UMVF 6rneklerinden uzaklasan suyun VF ve MVF
orneklerinden daha fazla oldugunu belirtmislerdir. Bunu
da yagda kizartma esnasinda ultrasesin mantarlarda
dokuyu zayiflatarak nem g¢ikisini hizlandirmasi olarak
aciklamiglardir [2]. Aydinkaptan ve Mazi [22] farkli
glclerde mikrodalga firinda patates kizartmasi
Uretmisler ve geleneksel derin yagda kizartiimis érnekler
ile nem igerigi ve renk degerlerini kiyaslamislardir.
Sirasiyla 360 W (MF360), 600 W (MF600), 900 W
(MF900) ve derin yagda kizartma (DF) i¢in nem igerikleri

kuru madde bazinda %41.41+0.85, 37.20+0.51,
35.47+0.64 ve 52.95+0.9 olarak saptanmistir.
Mikrodalga  kizartilmig  patatesler  konvansiyonel

kizartmaya gore daha dusuk neme sahiptir. Bu sonucu
kizartma igleminde suyun gidanin ylzeyinden hizla
evapore olurken gidanin yuzeyi ve i¢ kismi ile buylk bir
nem gradyani olusturmasi ile agiklamiglardir. Gidanin
icerigindeki nem buhar olarak disari ¢ikarken de basing
gradyeni olusturmaktadir. Nem kaybi devam ederken
nemin ayrildigi kisimlar kuru ve hidrofilik bir yapi 6zelligi
kazanir [22]. Bagka bir galismada Su ve ark. [8] duslk
sicakligin mikrodalga destekli vakum kizarmis patates
cipslerine etkisini arastirmis ve genelde %2 degerinin
altindaki nem iceriklerinde patates cipsinin tercih
edildigini saptamislardir. Ornegin kizartmanin 120 sn
sure sonrasinda nem igerikleri 600 W, 800 W ve 1000 W
glc degerlerinde sirasiyla %36.88, 31.32, ve 22.11
olarak bulunmustur. En dusik nem iceridi ise en yliksek
glgte (1000 W) ve en uzun sure kizartilan (6 dakika)
Ornekte bulunmustur. Quan ve ark. [23] nem igerigindeki
azalmanin yavasladigi kizartmanin 240. saniyesinde
kurutmanin didsen hizda kuruma bdlgesine benzegini
belirtmigtir. Parikh ve Takhar [9] 177 ve 193°C
sicakliklarda, konvansiyonel ve mikrodalga kizartma
islemlerinde nem igerikleri agisindan higbir farkhlik
gOstermedigini ancak 185°C'de 60 ve 120 saniye
kizartma isleminde geleneksel kizartmaya gore
mikrodalga kizartmada daha disik nem igerigi
bulundugunu agiklamislardir.
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Tablo 1. Ornek gruplarina ait nem igerikleri ve renk degerleri

Ornek Nem (%) L* ax b* AE Hue agisi
US+MD a a, a, a. a, b
A0OW 4 dakikay 200474002 6109001 1818002 37.51%002  0.05%0.02  45.80°10.02
US+MD b b a b b b
(B00W 6 dokika) 14-24°H001 50.49°:0.02  1836%0.02 3567°:003 9.48%:002  4397°:0.02
US+MD ] ] . ’ 5 y
00W 4 dakika) 15:19°001 50819002 1840°0.03 3133003 9564002  46.72'%0.02
US +MD C. C a, C C C
(00W 6 dakika) 13507001 57474001  18.41°30.01 39.75%:001  06140.02  47.56%0.02
US+DK 25.50°40.01  46.89°0.02 20.01°40.02 27.80°#0.02  9.83°40.02  47.05°+0.02

(4 dakika)
US+DK 22504001 45.8640.05 20.86°40.05 25.2540.02  9.95%+0.02  47.86°40.02
(6 dakika)

GH+MD g 9 d d d c
(00W. 4 dakika) 717002 59.38%:001 10.22%:002 3L53':004 1011%0.03  44.81°40.02
GH+MD g h d d e c
00W. 6 dakika) 1705001  55.02°:002 1025%0.02 3L69%:002 1078°0.02  44.83°+0.02
GH+MD h, 1 d e e, C
(G00W. 4 dakika) 1605':0.01 54583001 1026%0.02 35.26°:002 1088°0.01  44.87°40.02

GH+MD ) . ‘ ; . 44.88°40.02
00W. 6 dakika) 16007001 54514002  10.83%0.04  358240.01  10.50:0.02
GH+DK (4 dakika) 30.00+0.02  46.49+0.02  19.78°+0.02  33.70%0.00 50.33%+0.02
GH+DK (6 dakika) 31.04+0.02  42.13+0.05 19.94°t0.04 34.02M0.02 50.89%+0.02

EA+US+MD i ) . . g b
0OW. 4 dalka) 12512002 62074006 1834001 34.4040.02 5077002  41.20°:0.02

EA+US+MD ,. | . | i )
0OW. 6 dalka) 12382001  65.660.02 1839:0.02 3183002 586'002  41.18°:0.02

EA+US+MD ,. . . J. i .
(G00W. 4 dalka) 12002003  68767:0.02 1849002 30.05:0.03  555':001  4229°:0.02

EA+US+MD k n a, 3 h e
00 6 duiiky  LL19°2001  62.89°:0.05  18.88°40.02 34.40°4002  531':0.02  42.28°0.02

EA+US+DK 13.80+0.01 56.32+0.04 19.13°40.02 40.66+0.02  6.6240.04  44.26+0.02
(4 dakika)

EA+US+DK 13.80+0.01 59.70#0.02 19.40°40.01 41.04m:0.02 6.8740.02  44.46'+0.02
(6 dakika)

EA +GH+MD N . X m h c
0O\ 4 dnika) 165072003 561140.01  2017':0.02 39.637:0.01 5.00°:002  45.60°40.02
EA +GH+MD (400 ) ) .

W, & dalika) 16.447+0.01 50.81°#0.02 20.25'+0.02 31.33":0.02  4.56M0.03  43.72%+0.02
EA+GH+MD (600 17 5904001  61.09°40.03 20.20"+0.02 31.53'+0.02  6.11440.02  42.81°40.02

W, 4 dakika)

EA+GH+MD (600 14 3604003 547294001  20.83+0.06  35.821:0.01  6.8840.02  44.4340.02

W, 6 dakika)

EA+GH+DK 18.12°40.02  45.69+0.01 2513001 35.96+0.02 5.31"+0.01  47.76940.02

(4 dakika)
E(/éeriEiE;K 18.68°40.05 61.20°40.02 25475002 37.07%40.02  5.3940.02  47.829+0.02

*Ayni siradaki farkh harflerle (*9) ifade edilen degerler drnekler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.
*EA= Elektrik alan, US= Ultrases haslama, GH= Geleneksel haslama, MD= Mikrodalga kizartma ve DK=Derin yagda kizartma
islemi uygulanmig ornek gruplarini géstermektedir. Bu islemlerin kombine uygulanmasi “+” ile gOsterilmistir
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Orneklerin renk degerleri incelendiginde en yiiksek
aydinlik degerinin (L*=68.76) EA+US+MD (600 W, 4
dakika) grubunda oldugu saptanmistir. Derin yagda
kizartma isleminde mikrodalga kizartmaya kiyasla daha
dusuk L* degerleri bulunmus ayrica ultrases uygulamasi
ile geleneksel haglama islemi kiyaslandiginda ise
ultrasesin parlakhdi daha iyi korudugu, elektriksel alan
uygulamasinin 6rneklerde aydinlik degerini arttirdidi
sonuglarina ulasiimigtir. Derin yagda kizartma isleminde
surenin parlaklik degerleri Uzerine etkisi 6nemli olarak
bulunmazken (p>0.05), mikrodalga kizartma gruplarinda
gug ve slrenin parlaklik degerinde anlamh bir farkliliga
neden oldugu saptanmistir (p<0.05). Kirmizilik degeri
ise en fazla EA+GH+DK (6 dakika) grubunda 25.47
$+0.02 degerinde; en az US+MD (400 W, 4 dakika)
grubunda 18.18+0.02 degerinde bulunmustur.
Elektriksel alan uygulamasi sonrasinda hucre
parcalanamsinda baglh olarak kirmizilik degerlerinin
degismesi beklenen bir sonugtur. Kirmizihgin artmasi
esmerlesmenin arttigini  gostermektedir. Surenin ve
glcln etkisi kirmizilik degerinin degisiminde Onemli
olarak bulunmamistir (p>0.05). Sarilik de@erini gdsteren
b* degeri agisindan ise islemlerin etkisi ayrica slre ve
gucun de etkisi 6nemli olarak saptanmistir (p<0.05). Bu
renk degerlerine bagli olarak toplam renk farki (AE)
degerlerinin arasinda da istatistiksel acgidan onemli
farklar bulunmustur (p<0.05). Esmerlesme indeksini
gosteren °Hue agisi en fazla GH+DK grubunda
(50.89+0.02) saptanmustir.

Kizartma iglemi suresince renk degisimi Maillard
reaksiyonu, karamelizasyon ve kimyasal oksidasyon
sonucunda degismektedir. Bu nedenle ultrases
uygulamasinin mikrodalga vakum kizartma igleminde bu
reaksiyonlari azalttigi ve dogal rengi daha iyi korudugu
dustnulmektedir. Benzer sekilde Baardseth ve ark. [24]
yaptiklari derin yagda kizartilmis havug cipsi Uretimi
galismasinin renk analizi sonucunda L* (52.4), a*(16.3),
ve b*(32.2) degerleri bulunmustur. Huang ve ark. [10]
kabak dilimlerinde mikrodalga ve ultrasesin kombine
etkisinin kizartilmis Grinin kalitesinde etkili oldugunu
vurgulamistir [10]. Dueik ve ark. [20] vakum kizartma
teknolojisi ile havug cipsi Uretiminde son riin %2 olacak
sekilde o6rneklerin 180°C’de atmosferik kosullarda
kizartilmasi sonucu a* deg@erini 15.3 ve b* degerini 25.3
olarak bulmustur. Vakum altinda kizartildiginda ise bu
degerler 45.4 ve 65.1 olarak saptanmistir. Bir baska
calismada Liu ve ark. [25] wvurgulu elektrik alan
uygulamasinin patateslerin kizartiimasinda geleneksel
kizartmaya gbére daha dusuk sicakliklarda ayni
esmerlesme indeksine ulastigi belirlenmigtir. Elektriksel
alan uygulamasi ile elektropasyon sonucu indirgen
sekerlerin ylzeye c¢ikmasi ve Urlinin esmerlesmeye
daha yatkin hale geldigi belirtimistir [25]. Oztop ve ark.
[5] mikrodalgada 400, 550 ve 700 W glglerde; 2, 2.5 ve
3 dakika sturesince kizartma islemi uygulamis ve toplam
renk degerinin de artan gl¢ ve sureyle arttigini
saptamistir. Benzer bir ¢alismada Farug ve ark. [26]
elma dilimlerinin mikrodalga vakum kizartma (MVF) ve
ultrases destekli vakum mikrodalga kizartma (UMVF)
islemleri sonrasinda renk degerlerindeki degisimi
incelemislerdir. ki farkli giicte (800 W and 1000 W)
90°C ve 18 dakika suren kizartma isleminde 1000 W
gug¢ igin UMVF grubunda sirasiyla L, a, b ve AE
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degerlerini 73.56, -2.75, 29.7, 8.71 degerlerinde
Olcmuglerdir. UMVF 800 W icin ise bu degerler yine
siraslyla 66.78, -4.1, 25.59, 11.90 ve MVF-800 W igin
ise 63.67, —4.8, 24.01 ve 13.81 bulunmustur. Bu ¢alisma
da ultrasesin rengi korudugunu destekler niteliktedir
[26]. Bu galismaya paralel olarak Sansano ve ark. [17]
mikrodalganin 430 ve 600 W glcinde a ve b
degerlerindeki artisa bagh olarak renk farkhliklarinda
belirgin artiglar oldugunu saptamistir. Ultrases destekli
vakum mikrodalga ¢alisan Devi ve ark. [2] yaptiklari bir
c¢alismada VF, MVF ve UMVF gruplarina ait a* degerini
istatistiksel olarak 6nemli seviyede farklilik gdosterdigini
(p<0.05) ve en disik a* degerinin UMVF grubunda
saptandigini belirtmiglerdir. Bu ¢ kizartma prosesinde
a* degerlerinin kiyaslanmasi sonucunda ultrasesin
enzimatik esmerlesme gdstergesi olan kirmizilik
degerini azaltici etkisinin de oldugu belirlenmistir. Diger
yandan b* degeri kizartma sicakligi arttikca artis
gostermis ve en yiksek b* degeri UMVF grubunda
bulunmustur (p<0.05). Patates kizartilmasi konusunda
yapilan bir baska calismada Ignat ve ark. [27] vurgulu
elektrik alan (9000 vurgu, 0.75 kV/cm) ile L* degerini
66.40+£2.60 ve kirmizilik degerini —=3.74+0.29 bulmustur.
Derin yagda kizartmaya kiyasla parlaklik degerinde
azalma ve kirmizilik degerinde ise artis saptamislardir.
Bu sonucu elektriksel alanin hicreyi pargalayarak
esmerlesmeye sebep olabilecek substrat niteligindeki
indirgen sekerlerin aciga cikmasi ve renk ozelliklerinin
degismesi ile aciklamislardir [27]. Elektriksel islem
uygulanan bir diger calismada ise mantar cipslerinde
kurutma sonrasinda parlakligin ve kirmizilik degerinin
artmasi yine bu sonuglari destekler niteliktedir [28].

Aydinkaptan ve Mazi [22] farkli guglerde mikrodalga
finnda patates kizartmasi Uretmis ve geleneksel derin
yagda kizartilmis Ornekler 360 W (MF360), 600 W
(MF600), 900 W (MF900) ve derin yagda kizartma (DF)
icin toplam renk degisimleri ise (AE) 29.25+1.90,
30.28+1.27, 31.76+1.65, 25.96+1.44 olarak
bulunmustur. Parlaklik degerlerinde mikrodalga ile
desteklenmis vakum kizartma islemi sonrasinda belirgin
azalmalar saptanmistir. Parlakhk degeri 100°C’de
kizartilan Orneklerde 90°C ve 95°C’de kizartilanlara
kiyasla daha az bulunmustur. Quan ve ark. [23]
cipslerde parlaklik degerinin yiksek olmasi istendigini
vurgulamis ve mikrodalga guciinde ve suresinde artisa
bagl olarak b* (sarilik) degerinde de artisa rastlanildigi
rapor edilmistir. Ayrica toplam renk degerleri ayni
sekilde mikrodalga glcuindeki ve uygulanan suredeki
artisa paralel olarak artmistir. Mikrodalga gucu arttikca
enzimatik olamayan esmerlesme reaksiyonlari da
artmaktadir. Boylelikle patateslerin renginde koyulasma
gOrulmustir. Ancak, mikrodalga guicinde artis kirmizilik
degerinde artis saglamamistir. Bu sonug¢ da yine bu
arastirmada ulasilan sonug ile benzerlik gdstermektedir.
Calismayl destekleyici nitelikte diger bir arastirmada
Parikh ve Takhar [9] hem derin yagda hem de
mikrodalgada kizartma isleminde yuksek kizartma
sicakliklarinda ve uzun surelerde b* degerinde artislar
oldugunu belirtmistir. Ayrica ¢alismada 185 ve 193°C
sicakliklarda 120 saniye kizartma slresince mikrodalga

ile yadi azaltlmis patates kizartmasi Uretilmesinin
mUmkin oldugunu vurgulamislardir.  Ancak nem
iceriklerinde bir farklihk bulunmamigtir. Mikrodalga
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kizartilan 6rnekler yiksek sicakliklarda bile derin yagda
kizartmaya kiyasla daha agik renkte ve daha sari olarak
degerlendirilmistir [9]. Bir baska calismada ise Su ve
ark. [7] cipslerin renk degerleri icin ylksek L*, dusik a*
ve ylksek b* degerlerini ultrases destekli VF ile
saptanmistir. L* ve b* degeri ultrases ile MVF &rnekleri
icin istatistiksel olarak énemli seviyede artmis, a* degeri
ise azalmistir. Toplam renk degeri ise ultrasesin etkisi ile
onemli diizeyde azalmistir. Ultraseste ylksek gugler ise
disuk renk farkliigina yol agmistir. USMVF 6rneklerinde
renk Ozelliklerinin iyilestiriimesi, ultrases ve mikrodalga
sinerjik etkisi ile hizlandinlmis nem kaybi orani
aciklanmistir. Bu nedenle, 1sinan yaga maruz birakilma
slresi ve enzimatik olmayan esmerlesme reaksiyonlari
olasiiginin azalabilecedi savunulmustur [29]. Ultrases
ve mikrodalga kombinasyonunun renk parametreleri
Uzerindeki bu “sinerjik etkisi” Szadzinska ve ark. [29]
tarafindan agiklanmaya calisiimistir. MVF &rneklerinin
kirmiziliginin (a * degeri) ve toplam renk degisiminin (AE
degeri) ultrases kombinasyonuyla o6nemli olglde
azaldigi  (p<0.05) ve bunun sonucunda da
"mikrodalganin 1sitma etkisiyle ultrasesin etkisinin iki
katina ¢cikmasi" olarak yorumlanmistir. Benzer sonuglar
ahududularin konvektif ve konvektif-mikrodalga kombine
kurutmalarinda ylksek gug ultrases_uygulamasi ile elde
edildigi bir galismada daha vurgulanmistir. Ayrica,
Aydinkaptan ve Mazi [22] patates kizartmasi konusunda
yaptiklar calismada mikrodalga Isitmanin
konvansiyonel yonteme kiyasla kalite parametrelerinde
olumlu etki yaratarak daha fazla degisime sebep
oldugunu vurgulamiglardir.

SONUG

Son yillarda kizartma teknolojisi konusunda yapilan
calismalar mikrodalga kizartma tekniginin kullanimina
yonelik olarak gelisme gostermektedir.  Yapilan
calismada havuc o6rneklerine 1hmli elektrik alan ve
haslama (geleneksel ve ultrases yontemi ile) 6n iglemleri
uygulamasinin ve bu ydntemlerin kombinasyonunun
mikrodalga kizartma ve geleneksel kizartma islemlerine,
uygulanan kizartma islemlerinin de Grinin nem ve
rengine etkisinin arastiriimasi amaglanmistir.
Geleneksel gida isleme yontemlerine alternatif olarak
meyve ve sebze isleme sanayinde kullanilan 1limli
elektrik alan ve mikrodalga kizartma isleminin Grinin
renk Ozelliklerini daha iyi korudugu saptanmigtir.
islemlerin  kombine uygulandi§i  grupta parlaklik
degerinin en yliksek, geleneksel haslanmis derin yagda
kizartilan ornekte ise bu degerin en disuk oldugu
saptanmigtir. Ayrica farkl kizartma slrelerinin  ve
mikrodalga guglerinin nem igerigi ve renk degerlerine
etkisi incelenmigtir. Artan gug¢ ve slreye bagh olarak
nem igeriginin azaldigi, kirmizilik ve sarilik degerlerinin
ise etkilenmedigi saptanmistir. Ultrases ve elektrik alan
islemlerinin sinerjistik etkisiyle kizartma igleminde nemin
daha kolay uzaklastigi ortaya konulmustur. Elektriksel
alan, ultrases haslama ve mikrodalga uygulamalarinin
birlikte kullanmildigi (600 W, 4 dakika) grupta renk
degerlerini en iyi korudugu belirlenmistir. Elde edilen
sonuglarin ileride vyapilacak olan g¢alismalara vyol
gosterici olmasi agisindan Ayrica duyusal 6zelliklerin de
degerlendirilmesinin literature yararl olacagi
dustnilmektedir.
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Kombu cayi asetik asit bakterileri ve mayalarin simbiyotik iliskisiyle seker ilave edilmis ¢ay ekstraktlarin
fermentasyona ugratiimasi sonucu elde edilen fermente bir icecektir. Kombu ¢ayinin tiketimi ve konusundaki
calismalar her gegen gun artmaktadir. Bu ¢alismada, Artvin boélgesinden temin edilen Capparis ovata Desf.
turldne ait kapari tomurcuklari Kombu ¢ayi Uretiminde kullanilmig, kapari tomurcugu ve fermentasyon sonucunda
elde edilen Kombu cayi 6rnekleri (KCi: yesil cay, KCz: kapari tomurcugu, KCs: kapari tomurcugu+yesil cay)
analiz edilmistir. Kombu ¢ayi Uretiminde kullanilan kapari tomurcugunun kurumadde, suda ¢6ztinen kurumadde,
kil ve toplam asitlik ile pH ortalama degerleri sirasiyla; 25.994£1.12 ¢/100g; 14.47+0.21; 1.74+0.06 g/100 g;
0.57+0.06 g/100 g; 5.30+0.12 olarak belirlenmistir. Uretilen Kombu cayi érneklerinde, fermentasyon sonunda
toplam asitlik 0.74+0.02 ile 1.43+0.04 g/100g arasinda degisirken, pH ise 3.18+0.01 ile 3.19+0.01 degerleri
arasinda belirlenmistir. Kapari tomurcugunda antosiyanin igerigine rastlanmazken; KCi1 érneginin antosiyanin
miktari 2.30 mg/L (siyanidin-3-glikozit esdegeri) olarak bulunmus, KCz 6&rnedinde bu degerin kapari
tomurcugunun da etkisi ile %52 oraninda artarak, 3.50 mg/L (siyanidin-3-glikozit esdegeri) oldugu belirlenmistir.
Kombu c¢ayi oOrneklerinin saglik Uzerindeki potansiyelleri belirlemek amaci ile antioksidan kapasiteleri
incelenmis, yesil cay ve kapari iceren KCs ornegi; ekstrakte edilebilir (TEACasts: 7.06 ymol Trolox/mL;
TEACoppH: 7.12 umol Trolox/mL), hidrolize edilebilir (TEACagts: 7.59 ymol Trolox/mL; TEACcurrac: 4.28 umol
Trolox/mL; TEACoppH: 3.03 pmol Trolox/mL) ve biyoerisilebilir fenolikler (TEACasts: 5.70 pmol Trolox/mL;
TEACcuprac: 4.47 pmol Trolox/mL; TEACorph: 2.36 umol Trolox/mL) agisindan en yuksek degerleri gdstermistir.
Ayrica, duyusal degerlendirme sonuglarina gére, KCs 6rnegdi, 5.61 puan (genel begeni) ile panelistlerce en
begenilen 6rnek olmustur. Calismanin sonucunda, fenolik bilesenlerce zengin bir substrat olan kapari
tomurcugu kullanilarak, antioksidan kapasite ve toplam fenolik bilesen igerigi zenginlestiriimis, yeni ve saglikli
bir fermente icecek Uretilmistir.

Anahtar Kelimeler: Cappariss spp., Kombu gayi, Antioksidan kapasite, Antosiyanin, Biyoerisilebilirlik

Effect of Caper Buds (Capparis spp.) on Phenolics, Antioxidant Capacity, and Bioaccessibility
on Kombucha Tea Production

ABSTRACT

Kombucha is a fermented beverage obtained by the fermentation of tea extracts containing sugar by the symbiotic

culture of acetic acid bacteria and yeasts. The consumption and studies about the Kombucha are increasing steadily.
In this study, caper buds belonging to Capparis ovata Desf. obtained from the Artvin region in Turkey were utilized in
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Kombucha production; caper buds and Kombucha tea samples (KCi: Green-tea, KC,: Caper bud, KCs: Caper bud +
Green-tea) were analyzed. The dry matter, water-soluble dry matter, ash and total acidity and pH of caper buds used
in Kombucha tea production were determined as 25.99+1.12 g/100g, 14.47+0.21, 1.74+0.06 g/100g, 0.57+0.06
g/100g and 5.30+0.12, respectively. In Kombucha samples, at the end of fermentation, the total acidity ranged from
0.74+0.02 to 1.43+0.04 g/100g, while the pH was between 3.18+0.01 and 3.19£0.01. Although, caper buds did not
contain any anthocyanin, KC,; sample had 2.30 mg/L (cyanidin-3-glycoside equivalent) anthocyanin and it increased
by 52% and determined as 3.50 mg/L (cyanidin-3-glycoside equivalent) in KC3; sample by the inclusion of caper buds.
In order to determine the potential of Kombucha tea samples on health, antioxidant capacity of samples were
determined, and green tea and caper bud containing KC3; sample had the highest values in extractable (TEACagrs:
7.06 pmole Trolox/mL; TEACppen: 7.12 pmole Trolox/mL), hydrolyzable (TEACasts: 7.59 pumole Trolox/mL;
TEACcuprac: 4.28 umole Trolox/mL; TEACpeen: 3.03 umole Trolox/mL) and bioaccessible phenolics (TEACagrs: 5.70
umole Trolox'mL; TEACcurrac: 4.47 umole Trolox/mL; TEACpeen: 2.36 umole Trolox/mL). In addition, according to
sensory evaluation results, KCz with 5.61 points was the most preferred sample by panelists (overall acceptability). As
a result of the study, antioxidant capacity and total phenolic component contents of tea samples were enriched by
using a phenolic compond rich substrate capers buds, and a new healthy fermented beverage was produced.

Keywords: Cappariss spp., Kombucha, Antioxidant capacity, Anthocyanin, Bioaccessibility

GIRiS

Artan diinya nlfusu ve bununla beraber ortaya ¢ikan
saglik problemleri ile bireyler saglikli beslenmeye daha
¢cok 6nem vermeye baslamis ve ilag tedavisi yerine
bitkisel icerikli tedavilere olan ilgi artmistir. Bu amagla;
son vyillarda besin igerigi zengin, biyoerigilebilirligi
yuksek, fonksiyonel gida arayisi ile saglikh receteler
olusturulmakta ve saglik Uzerindeki etkileri
incelenmektedir.

Kapari bitkisi Capparaceae familyasina ait, tGlkemizde
Capparis spinosa ve Capparis ovata olmak Uzere iki
tiriniin  ve bu tlrlere ait 6 c¢esidinin Glineydogu
Anadolu, Orta Dogu, Karadeniz, Marmara ve Akdeniz
bolgelerinin bazi yorelerinde yetisen, bubu, devedikeni,
geber otu, gebere otu, gebere, gebre, gevil, kapara,
kapari, kapari, kebere, keberegebre out, kedi tirnagi,
kemeri, keper, kepere, menginik, seballah ve yumuk gibi
isimlerle de anilan ¢ok yillik bir bitkidir [1, 2].

Kapari gida genellikle sektoriinde lezzeti gelistirmek
amaciyla baharat olarak kullanilmanin  yansira,
“Karpuzcuk” adi verilen kapari tomurcuklar hazir yemek
urtnlerine, peynire, et ve su durldnlerine, finncilik
urlnlerine ilave edilerek kullanilabilmekte ve konservesi
genis bir kullanim alani bulmaktadir. Recelinin de
yapilmasinin yanisira, salamurada muhafaza etmek
suretiyle tursu olarak da kullanimi yaygindir [3-5]. Kapari
bitkisinin iceriginde 100 g tomurcudu (kurumaddede)
baz alindiginda; 24.03 g protein, 12.52 g seliiloz, 2.19 g
lipit, 9.41 mg kil, 64 mg fosfor, 66 mg kalsiyum, 8.7 mg
demir ve az miktarda nigsasta tespit edilmistir [6].
Capparis’in farkl turlerinde, bitkinin farkh kisimlari (kdk
kabugu, vyaprak, ¢icek tomurcugu, meyve, tohum)
alkaloid, flavonoid, glukozinolat, lipid, polifenol gibi
birgok kimyasal bilesik icermektedir [7-8]. Kapari
bitkisinin aroma bilesenlerini ise izobutil izotiyosiyanat,
kikurt ve sildo-oktasiklosulfir olusturmaktadir [9].
Kaparinin metanolik estraklarinda tespit edilen baslica
flavonoidler  kaparirutin,  kuersetin  3-O-glukosid,
kuersetin 3-O-glukosid-7-O-rhamnosit olmakla birlikte,
kaparirutin ve kuersetin kaparinin antioksidan ozelligi
uzerinde en etkili flavonoidlerdir [7]. Yemig'in [10] yaptigi
calismada kapari tomurcuklarindaki glukosinatlar ve
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flavonoidler incelenmis, igerdidi glukosinatlarin yiksek
oranda glukokapparinden (%92.1), flavonoidlerin ise
rutin  (1.459/100g KA) ve kamferol-3-rutinozit
(0.88g/100g KA)den olustugu tespit edilmistir. Ayrica
diger calismalarla da, ylksek miktarda a, y ve &
tokoferol icerigine sahip oldugu ifade edilmistir [7, 8].
Kapari gida sektorinin yansira saglik sektoriinde de
kullanim alani bulmaktadir. Huseini ve ark. [11] tip-2
diyabetik hastalarla yaptigi arastirmada meyvelerin
antidiabetik ve kolestrerol districl etkisini, Eddouks ve
ark. [12] streptozotosin-indiklenmis diyabetik siganlarla
yapti§i arastirmada anti-obesite etkisini, Kazemian ve
ark. [13] ise diyabetik sicanlarla yaptigi calisamada anti-
hepatoksik etkisini belirlemistir. icerdigi fenolik bilesenler
sayesinde de antioksidan, idrar sokturicu, anti-
hipertansiyon, balgam sokturici etkileri bulundugu ve
eklem, kas, kemik, dis agrilarinda agn Kkesici etki
gosterdigi; dalak blylimesi, kalga rahatsizidi, hemofili,
gut, skorbit hastaliklarinda tedavi edici rollere sahip
oldugu belirlenmigtir [14-16].

Tursu, sirke, boza, kefir, Kombu c¢ayi, sucuk gibi
fermente gidalar, vucuttaki olusan zararh
metabolitlerden korunmaya yardimci olan antioksidatif
ve fenolik bilesenlerce zengin icerigi ile dikkat
cekmektedir. Fermentasyon ile Urdnlerin raf 6mri
uzatilarak daha uzun sure faydalanmamiz saglanirken
ayni zamanda, igerigi zenginlestiriimis, fonksiyonel
Ozellikleri gelistirilmis yeni Grtnler de elde edilmektedir.
Fermente Urlnlerin, immun sistemi destekleyici oldugu,
kanserin 6nlenmesinde ve hastaliklarin tedavisinde
yardimci rol oynadigi, osteoporoz belirtilerini azalttig,
antioksidan, antimikrobiyal, antikolestrol ve probiyotik
Ozelliklerinin bulundugu gesitli calismalarda bildirilmis,
saglik Uzerine etkileri de ortaya koyulmustur [17].

Fermente Urinlerden “Kombucha”, maya ve asetik asit
bakterilerinin  simbiyotik  birlesiminin  sekerli ¢ayin
fermentasyonu ile elde edilen bir igecek olup ve kelime
olarak Japonca Laminaria japonica adindaki genis
yaprakli bir deniz yosununu tanimlayan ‘Kombu’ ile ¢ay
anlamina gelen ‘Cha’ kelimelerinin  birlesiminden
olusmaktadir [18, 19]. Kombu c¢ayi, hafif tath ve asidik
yaplya sahip olup diinya ¢apinda tiketilen ve populerligi
giderek artan bir igecektir [20]. Mikroorganizmalarin
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aktivitesiyle olusan bu fermente icecek genellikle gesitli
cay tlrlerinden (siyah, yesil, beyaz vb.) veya kahveden
meydana gelen sivi faz ile sivi fazin izerinde olusan
selllozik yapidaki biyofilm tabakasindan meydana
gelmektedir [19, 21]. Bu selllozik biyofiim tabakasi ‘tea
fungus’ olarak bilinmekte ve ‘SCOBY’ olarak
adlandiriimaktadir. SCOBY, ingilizce ‘Bakteri ve
mayalarin simbiyotik kilturd’ anlamina gelen Symbiotic
Culture of Bacteria and Yeast’in kisaltmasidir.
Gerceklesen aerobik fermentasyonda cay, kahve gibi
substratlar icerdikleri kafein, teofilin gibi bilesiklerle
Kombu mayasinin hicrelerinin gelisimi igin gerekli azot
kaynagini, eklenen seker (%7-15 oraninda) ise karbon
kaynagini olusturmaktadir [22]. Kombu ¢ayinda bulunan
mayalar, ¢ayin icerdigi karbonhidrat kaynagini invertaz
enzimi ile parcalamakta ve elde ettikleri glikozdan etil
alkol Uretmektedir. Simbiyotik bakteriler ise mayalarin
urettikleri etil alkolden asetik asit meydana getirmektedir.
Kombu gay! Uretimi igin hazirlanan igerik; fermentasyon
kabi Uzeri hava gegisine izin veren bir bez veya tilbent
ile kapatilarak, dogrudan gines 1sigina maruz
kalmayacak sekilde, 25°C-28°C sicaklkta, 7-12 gin
slreyle fermentasyona birakilir [23, 24]. Fermentasyon
suresi ve ekstrakta gore Kombu c¢ayinin igerigi farkhlik
gostermekle birlikte genel itibariyle asetik asit, laktik asit,
glukonik asit, polifenoller, probiyotikler, etanol, etil
glukonat, katesinler, teoflavinler, flavonoller gibi cay
bilesenleri, invertaz, amilaz gibi hidrolitik enzimler, Na,
K, Ca, Cu, Fe, Mn, Ni, Zn gibi elementleri igermektedir
[22, 25]. Kombu cay! serinletici 6zelligininin yani sira
profilaktik (hastalik Onleyici) ve terapoétik (tedavi edici)
ozelliklerinin olmasi nedeniyle de tercih edilmektedir [19,
26, 27]. Antibiyotik etkisinin oldugu, immun sistemi

destekledigi, antikanserojenik, antidiyabetik,
hipokolesterolemik, hipoglisemik, antioksidan,
antimikrobiyel o6zellikler tasidigi, laksatif 6zelliginin

oldugu, bagirsak florasinin gelismesine yardimci oldugu,
metabolizmay! hizlandirarak kilo kaybini destekledigi
yapilan ¢alismalarda belirlenmistir [19, 21, 28-35].

Saglik Uzerindeki ettkileriyle bilinen fenolik bilesikler,
aromatik halka (en az bir adet) ve hidroksil grubu iceren
bitkilerde dogal olarak bulunan organik bilesiklerdir.
Saglik Uzerinde kanser riskini azaltmak, kalp-damar
hastaliklarini  engellemek vb. birgok olumlu etkisi
bulunmaktadir  [36]. Fenolik bilesikler vicuttaki
hicrelerin zarar gormesini serbest radikaller ile
tepkimeye girerek, metallerle selat olusturarak,
hidroperoksitleri daha stabil forma dénusturerek, diger
indirgen ajanlarla sinerjik etki olusturarak engellemekte
ve boylelikle vucutta antioksidan etki gostermektedir
[37]. Gidalarin sahip oldugu antioksidan etki, hidrojen
transferine dayanan reaksiyonlar (HAT; Hydrogen Atom
Transfer) ve tek elektron transferine dayanan
reaksiyonlar (SET; Singlet Electron Transfer) olmak
Uzere iki farkh reaksiyon mekanizmasi ile analiz
edilebilmektedir [38]. Tekrar edilebilir, ucuzlugu ve
yayginligi nedeniyle, 6rnek icerigine de bagl olarak;
DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2 2'-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid)), CUPRAC
(The Cupric lon Reducing Antioxidant Capacity), FRAP
(Ferric Reducing Antioxidant Power) ve Folin-Ciocalteu
metodu (Toplam Fenolik Bilesen Analizi; Total Phenolic
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Content) tercih edilen antioksidan kapasite metotlari
arasindadir.

Gidalarin antioksidan o&zelliklerinin saglik Uzerindeki
etkileri, vlcuttaki sindirilebilirligine  gére  farklilik
gostermektedir. Gida matrisi icinde, karmasik yapilar
halinde bulun fenolik bilesikler, bagirsakta sindirim
slirecinden gectikten sonra vicutta kullanilabilmekte
olup ve bu konuda birbiriyle iliskili iki kavram &ne
cikmaktadir:  biyoerisilebilirlik ve biyoyararlihk [39].
Biyoerisgilebilirlik, mide-bagirsaksisteminde gida
matrisinden serbest hale gecgerek, bagirsak emilimi i¢in
uygun hale gelen biyolojik fraksiyonu; biyoyararlilik ise,
bagirsaktan emildikten sonra vicudun kullanabilecegi,
kan ve idrarda rastlanabilen, biyolojik etkiye sahip
fraksiyonu ifade etmektedir [39-41]. Gidalarin
biyoerigilebilirlikleri, sindirim enzimleri ile yapay olarak
olusturulan in vitro sindirim sistemi ile belirlenmekte olup
[42], gidanin saglik Gzerindeki etkisi ile ilgili potansiyelini
ortaya koyan 6nemli parametrelerden biridir.

Bu calismada kapari bitkisinin (Capparis ovata Desf.)
tomurcugu ile Kombu gayl Uretimi gerceklestirilerek
uretimde kullanilan kapari tomurcugu ve Uretimi
gerceklestirilen Kombu cayi 6rneklerinin fiziko-kimyasal
analizlerinin yanisira; ekstrakte edilebilir, hidrolize
edilebilir ve biyoerisilebilir fenolik bilesen ekstraktlarinin
antioksidan kapasite (TEACDPPH, TEACCUPRAC ve
TEACeTs), toplam fenolik bilesen analizleri de yapilarak
biyoerisilebilirlikleri (%) belirlenmistir.

MATERYAL ve METOT
Materyal

Kombu cayl Uretiminde kullanilan kapari tomurcugu
Capparis ovata Desf. tirine ait olup, 2019 yili agustos
ayinda, Artvin Deriner Baraji bolgesinden (H: 220 m; N:
41° 10' 11.0064”; E: 41° 52" 12.9972”) (Sekil.1) elde
edilmistir. Temin edilen kapari tomucuklari Kombu c¢ayi
uretimi  ve analizleri yapilana dek -18°C’de
depolanmistir. Kombu c¢ayi dretiminde kullanilan yesil
cay (Dogadan Gida Uriinleri A.S, Istanbul, Tirkiye) ve
pancar sekeri (Dogus Gida A.S, istanbul, Tiirkiye) yerel
marketlerden  temin  edilmistir.  Fermentasyonun
saglandigi starter kultir (SCOBY) ticari olarak satisini
gerceklestiren  Oregon Kombucha Tea (ABD)
firmasindan (ABD) temin edilmistir.

Kombu Gayi Uretimi

Kombu gayinin Gretimi igin, sterilize edilmis 1 L damitik
suya 14 g/L yesil cay ve/veya 100 g/L homojenize
edilmis kapari tomurcugu (Tablo. 1, Sekil. 2) eklenerek
100°C’de 15 dakika demleme islemi gergeklestirilmistir.
Demleme islemi sonrasinda sizme isleminin ardindan
icerik 28°C-30°C sogutulmus, bu esnada 30 g/L pancar
sekeri ilave edilmistir. Elde edilen ekstrakta bir énceki
fermentasyondan elde edilen 100 mL/L Kombu g¢ayi ve
SCOBY eklenmistir. Cayin Uzeri hava gegcirebilecek
sekilde cift kath tilbent ile kapatilarak 28+2°C’de
fermentasyona birakilmigtir. pH’si 3.20+0.10’e gelen
Kombu gaylari, siselenerek pastorize edilmistir (Sekil. 2).
Analizlere kadar +4°C’de depolanmistir.
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Capparis ovata Desf.

H: 220 m, N: 41°10’ 11.0064”, E: 41°52’ 12.9972”
Sekil 1. Artvin ilinde bulunan kapari bitkisi ve kapari tomurcugu

Tablo 1. Kombu gay! formilasyonlar*

= Kapari Yesil Ca Kombu gayi
Ornek tomurcFl)Jgu(g) yaprakla%l}{g) seker(g)  Saf Su(l) (mL) Y
KC: - 14.00 30.00 1.00 200.00
KC2 100.00 - 30.00 1.00 200.00
KCs 100.00 14.00 30.00 1.00 200.00

*KCi: Yesil Cayll Kombu Cayi, KC,: Kapari Tomurcuklu Kombu Cayi, KCs: Yesil Cay + Kapari

Tomurcuklu Kombu Cayi

Sekil 2. Kombu gayi 6rnekleri
*KCi:Yesil Cayli Kombu Cayi, KC2:Kapari Tomurcuklu Kombu Cayi, KCs: Yesil Cay + Kapari Tomurcuklu Kombu Cayi

Metot
Fiziko-Kimyasal ve Kimyasal Analizler

Kapari tomurcudu ve Kombu c¢ayl &rneklerinde
kurumadde tayini (AOAC Metot No: 984.25), suda
¢ozunen kurumadde tayini (AOAC Metot No: 970.59),
kdl tayini (AOAC Metot No: 940.26) pH tayini (AOAC
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Metot No: 981.12; Hanna marka, pH 211 model pH-
metre, Hanna Instruments S.R.L., ABD), toplam asitlik
tayini (AOAC Metot N0:942.15) yapilmistir [43].

Orneklerin, renk tayini Minolta Spektrofotometre (CM-
3600d; Osaka, Japonya) cihazi ile yapilarak, L*, a’, b’
parametreleri belirlenmistir. Orneklerin toplam
antosiyanin igerigi, Lee ve ark. [44] tarafindan belirlenen
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pH-diferansiyel metoduna goére spektrofotometrik
(Optizen 3220UV, Optizen Labs LLC, Varsova,
Polonya) olarak belirlenmis, sonuglar siyanidin-3-glikozit
(S3G) esdegeri olarak hesaplanmistir.

Antioksidan Kapasite ve Toplam Fenolik Bilesen
Analizleri

Fenolik Madde Ekstraksiyonu

Kapari ve Kombu c¢ayi o6rnekleri, ekstrakte edilebilir,
hidrolize edilebilir ve biyoerisilebilir fenolik
ekstraksiyonlari elde edilerek analiz edilmistir. Ektrakte
edilebilir ve hidrolize edilebilir fenolik fraksiyonlarinin
ekstraksiyonu igin Vitali ve ark. [45]'nin metoduna gore,
kapari tomurcugu igin 2 gr-Kombu gayi igin 2 mL 6rnek,
HCl  conc/metanol/su  (1:80:10, v/v) eklenerek
calkalayicili su banyosunda (250 rpm) (Thermo Fisher
Scientific Inc., Waltham, MA, ABD) 20°C’de ekstrakte
edilmistir. Ardindan 3500 rpm devir ile santrifiij edilmigstir
(4°C, 10 dk.) (3 K 30 Sigma Santrifuj, Almanya).
Ekstrakte edilebilir fenoliklerin ekstraksiyonu analiz igin
ayrilirken, kalintinin Uzerine metanol/H2SO4 (10:1)
eklenerek calkalayicii su banyosunda (250 rpm),
85°C’de 20 saat ekstrakte edilmistir. Ardindan, 3500
rom devir ile santrifij edilmis (4°C, 10 dk.), hidrolize
edilebilir  fenolik ekstraksiyonu olarak ayriimistir.
Biyoerisilebilir fenolik fraksiyonlarinin ekstraksiyonu igin,
Bouayed ve ark. [42]'nin in vitro enzimatik ekstraksiyon
prosediriine gore, 2 mL-2 g Ornek, pepsin enzimi (40
mg/mL, 0.1 M HCI) eklendikten sonra 37°C’de
galkalayicili  su banyosunda (250 rpm, 2 saat)
galkalanmistir. Ardindan, pankreatin enzimi (2 mg/mL)
ve ‘bile (safra) karisimi’ (12 mg/mL) eklenerek 2 saat
daha cgalkalama islemine (37°C, 250 rpm) devam
edilmistir. Ekstraksiyon sonunda ornekler santrifijj
edilmigstir (15°C, 3500 rpm, 10 dakika). Kapari meyvesi
ve Kombu gayi érneklerinin ekstrakte edilebilir, hidrolize
edilebilir ve biyoerisilebilir fenolik ekstraksiyonlari
analizlere kadar, -18°C’de depolanmistir.

Antioksidan Kapasite Analizleri

Kapari meyvesi ve Kombu c¢ayl o6rnekleri fenolik
bilesenlerinin antioksidan kapasitesi ekstrakte edilebilir,
hidrolize edilebilir ve biyoerisilebilir fenolikler agisindan
ABTS, DPPH ve CUPRAC metotlari olmak Uzere (g
farkl yontem kullanilarak belirlenmistir. ABTS igin, Apak
ve ark. [46]; DPPH igin, Brand-Williams ve ark. [47];
CUPRAC icin, Apak ve ark. [48]'in analitik prosedurleri
uygulanmistir. Ekstralarin absorbanslari
spektrofotometrik olarak belirlenmis; sonuglar kapari
tomurcugu igin pmol Trolox esdegerilg kapari
tomurcugu, Kombu c¢ayi 6rnekleri igin ise pmol Trolox
esdegeriimL Kombu c¢ay! olarak ifade edilmis ve Uglu
analiz sonuglari ortalama + SS olarak verilmigtir.

Toplam Fenolik Bilesen Analizi

Kapari ve Kombu c¢ayl O&rneklerinin toplam fenolik
bilesen analizi Folin-Ciocalteu metoduna gére Naczk ve
Shahidi  [49]'nin analitik prosedirleri uygulanarak
yapiimistir. Ekstraktlarin absorbanslari spektrofotometrik
olarak belirlenmis, sonuglar mg gallik asit esdegeri
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(GAE)/g-mL olarak degerlendiriimis ve Ugli analiz
sonuglar ortalama + SS olarak verilmigtir.
Fenolik Bilegenlerin %
Belirlenmesi

Biyoerisilebilirliginin

Kapari ve Kombu c¢ayi 6rneklerinin fenoliklerinin %
biyoerisilebilirligi ekstrakte edilebilir, hidrolize edilebilir ve
biyoeligilebilir  fenoliklerin, toplam fenolik icerik ve
antioksidan kapasite analizi sonuglar ile Anson ve ark.
[50]'na gore hesaplanmistir (Denklem 1).

% Biyoerisilebilirlik*= x 100

EFB+HFB @
*EFB: Ektrakte edilebilir Fenolik Bilesenler, HFB: Hidrolize edilebilir

Fenolik Bilesenler, BFB: Biyoerisilebilir Fenolik Bilesenler
Duyusal Analiz

Kombu ¢ayi 6rneklerinin duyusal degerlendirmesi, 9'lu
hedonik skala kullanilarak, 22-50 yas araligindaki,

egitimli olmayan 18 Kkisilik tadim ekibi tarafindan
gerceklestirilmistir. Kombu gayi érnekleri renk, berraklik,
tat, koku, eksiik ve genel begeni acisindan

degerlendirilmistir.
istatistiksel Degerlendirme

Kapari ve Kombu gayi 6rneklerine ait 3 tekerrtrll olarak
yapilan analiz sonuglardan elde edilen veriler
istatistiksel olarak JMP IN 7.0.0 (Statistical Discovery
from SAS 2005. Institue Inc.) programi kullanilarak
varyans analizi ile degerlendiriimistir. LSD (Least
Significant Difference) testi uygulanarak elde edilen
ortalama degerler arasindaki istatistiksel fark gruplarinin
belirlenmisgtir.

BULGULAR ve TARTISMA
Kapari Tomurcugu
Fiziko-Kimyasal Ozellikler

Kombu c¢ayi Uretiminde hammadde olarak kullanilan
kapari tomurcugunun kurumadde igerigi 25.99 g/100 g,
suda ¢Ozunlr kurumadde igerigi 14.47 g/100 g, kul
miktar 1.74 g/100 g, toplam asitlik miktari 0.57 g/100
mL (sitrik asit esdegeri olarak) ve pH’si 5.30 olarak
belirlenmistir. Kurumadde igerigi litereatlirden bir miktar
yuksek bulunmus olup; Arslan [51] tarafindan Capparis
ovata’ya ait kapari tomurcuklarinda kurumadde miktarini
23.40+0.11 ile 21.194£0.18 g/100 g degerleri arasinda
belirlerken; Yemis [10] tarafindan ise 21.10 g/100 ¢
olarak belirlendigini ifade etmistir. Kapari tomurcuguna

ait kal miktari ise, kurumadde Uzerinden
degerlendirildiginde,  6.69+0.06 g/100 g olarak
bulunmustur. Ozcan [52]'In yaptigi c¢alismada C.

ovata’ya ait kuru agirlik Uzerinden kil miktar %6.24;
Kusgu ve Yildirm'in [53] yaptigi calismada %6.70;
Yemig'in [10] yaptidi bir ¢alismada ise %8.42 olarak
bildirilmistir. Kusgu ve Yildirim [53] kapari tomurcugunun
pH’sini 6.63, toplam asitlik miktarini 0.69 g/100 g olarak
tespit etmistir. Yemis [10] ise, pH degerini 4.82 olarak,
toplam asitlik miktarini 0.51 g/100 g olarak belirlemigtir.
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Analiz sonuglarinin literattrdeki calismalarla benzerlik
gOsterdigi tespit edilmis olup, farklliklarin iklim ve
yetisme kosullarindan ileri geldigi disunilmektedir.

Antioksidan Kapasite ve Toplam Fenolik Bilegen
Tayini

Kapari tomurcugunda toplam fenolik bilesen ve
antioksidan kapasite tayini ABTS, CUPRAC, DPPH
metotlarina goére ekstrakte edilebilir, hidrolize edilebilir

ve biyoerisilebilir fenolikler olmak Uzere 3 farkl
ektraksiyon ile belirlenmigtir (Tablo 3).

Ekstrakte edilebilir, hidrolize edilebilir ve biyoerigilebilir
fenolik bilegsenlerin antioksidan kapasitesi
degerlendirildiginde TEACagsts'ye gbre sirasi ile
23.5310.06 umol Trolox/g; 31.59+0.27 pmol Trolox/g;
18.55+0.5 umol Trolox/g olarak belirlenmis, TEACopppH
ve TEACcurrac Verilerine gore daha ylksek bulunmustur
(p<0.01).

Tablo 2. Kapari tomurcugunun antioksidan kapasite ve toplam fenolik bilesen igerigi*

Ekstrakte

Hidrolize

Edilebilir Edilebilir B"F";ﬁgﬁ'l'(fg"r %Biyoerigilebilirlik
Fenolikler Fenolikler
Toplam Fenolik Bilesen /5 16,6 472 43.73+0.302 21.27+0.062 11.95+0.05¢
(mg GAE/Q)
ABTS 23.53+1.06  31.50+1.27° 18.55+0.15b 16.86+0.85
(umol Trolox /g)
CUPRAC . . . .
Gl Tralox ) 7.89+0.33 18.46+0.15 8.38+0.50 29.50+1.16
DPPH 21.03:042°  11.51+0.29¢ 8.38+0.50¢ 12.9240.79°

(umol Trolox /g)

*Ayni sutunda farkli harflerle gosterilen ortalamalar arasinda p<0.01 oraninda istatistiksel olarak énemli fark

bulunmaktadir.

Biyoerisilebilirlik (%) degerlerine goére ise, CUPRAC
metoduna %29.50+£0.16 olarak belirlenmis (p<0.01),
biyoerigilebilir ~ fenoliklerin daha fazla ekstrakte
edilebildigi bir metot olmustur. Abdul Ameer [54], yaptigi
galismada Bahreyn'de yetisen kapari tomurcugunun
ekstrakte edilebilir fenolik bilesiklerinin ABTS metoduna
gore 8.13 mmol Trolox/kg taze meyve agirligi, DPPH
metoduna gore 6.13 mmol Trolox/kg taze meyve agirhig
olarak bildirilmistir. Khanavi ve ark [55] tarafindan ise,
DPPH metoduna goére ICso degeri 556.66+26.73 ug/ml
olarak belirlenmigtir. Yabani olarak yetisen kapari
tomurcuklari literature goére nispeten daha ylksek
antioksidan  potansiyel  g0Ostermistir; literatlrdeki
farkliliklarin ayrica iklim ve yetisme kosullarina bagl
olarak da degiskenlik gosterdigi distnulmektedir.

Folin Ciocalteu metoduna gore uygulanan toplam fenolik
bilesen analizine gore ise ekstrakte edilebilir, hidrolize
edilebilir ve biyoerisilebilir fenolikler olmak Uzere sirasi
ile 45.40+0.47 mg GAE/g; 43.73t0.30 mg GAE/qg;
21.27+0.06 mg GAE/g olarak saptanmistir. Ardag’in [56]
C. spinosa tomurcugunda yaptidi g¢alismada ekstrakte
edilebilir toplam fenolik madde miktari 1.83 uyg GAE/mg
taze meyve agirigi, Tlili ve ark.’nin [8] vyaptiklari
calismada ise kaparinin tomucugunda ekstrakte
edilebilir toplam fenolik igerigin 2621 mg GAE/100 g
taze meyve agirhigr oldugu tespit edilmistir. C. spinosa
rutin ve kuersertin gibi flavonoid bilesiklerce zengin
icerigi ile bilinmekte olup, antioksidan potansiyelinin
icerdigi  kaemferol, alkaloid, glucosino-late, lipid
flavonoids, 5-hydroxymethylfurfural, 5-
hydroxymethylfuroic asit, 2-furoic asit, protocolatechic
asit, vanilik asit, siuksinik asit ve 4-hidroksibenzoik asit
gibi bilesiklere dayanmaktadir [8,57-58].
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Kombu Cayi
Fiziko-Kimyasal Ozellikler

KC,, KCz, KC3 Kombu gayi 6rneklerinin fiziko-kimyasal
Ozellikleri Tablo 3'te verilmigtir. 25.99 g/100 ¢
kurumadde icerigine sahip kapari tomurcugu ve yesil
cay fermentasyonu ile elde edilen KC; 6rnegi, 1.14+0.0
g/100 mL ile en ylksek kurumadde degerine sahip 6rnek
olarak belirlenmis, suda ¢6ziunur kurumadde miktari ise
1.83+0.06 g/100 mL olarak tespit edilmistir (p<0.01).
Sadece yesil cay fermentasyonu ile Uretilen KC; érnegine
kiyasla, kapari ilavesi, KC3 6rneginde kurumadde ve suda
¢ozunur kurumadde degerlerinin  artisinda  etkili
olmustur.

Kombu ¢ayi érneklerinin % kal miktarlari KC1, KC, KCs
orneklerinde sirasi ile 0.06£0.06 g/100 mL, 0.19+0.10
g/100 mL, 0.20+0.01 g/100 mL olarak tespit edilmistir
(p<0.01) (Tablo 3). Kapari ilavesinin Kombu cayi
orneklerinin  kal  miktarini  sadece  yesil cay
fermentasyonu ile elde edilen 6rnege (KC;) gore U¢ kat
arttirdigi gérdlmdstir ve ayni zamanda mineral madde
icerigini de zenginlestirdigi disunulmektedir.

Asitlik-pH degerleri incelendiginde, her ¢ Kombu
cayi 6rneginin de 16 giinlik fermentasyon sonucunda
pH degerinin yaklasik olarak 3.19+0.01 dulzeyine
ulastigi belirlenmistir (Sekil 3). Baslangi¢ pH’lari farkli
olan Kombu caylarinda en yiksek pH degisimi KCs
orneginde (pH: 4.57°'den 3.18’e), en dusuk pH degisimi
ise KC; 6rneginde (pH: 4.28’den 3.19’a) gorilmustur. pH
degerlerindeki disls oranlarina bakildiginda kapari
tomurcugu iceren Kombu gaylarindaki (KC, ve KC3) pH
disltsunan, yesil gayll Kombu cayindan (KC,) fazla
olmasi; kapari tomurcugundaki bilesenlerin, Kombu gayi
kultirinde bulunan bakteri ve mayalarin aktivitesini
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arttiric etki gbstermesinden kaynaklandigini
distntlmektedir. Elde edilen sonuglar Glldane ve
ark.’nin  [59], 11 gunlik fermentasyon sonucu

belirledikleri yesil cay (pH: 3.16), siyah gay (pH: 3.22) ve
beyaz gay (pH: 3.11) iceren Kombu ¢ay! pH degerleriyle
benzerlik gostermektedir. Ayrica, Tarhan’in [60] yesil

cay ile yaptigi Kombu g¢ayinda pH degerinin 10 gunluk
fermentasyon sonunda 5.65'den 3.52'ye dustugu
belirlenmigtir. Degersel farkhliklarin, kullanilan yesil
yapragin turune, buyudkligine, islenisine, Kombu cayi
fermentasyon parametreleri ve kiltir kompozisyonuna

gore degistigi distnilmektedir.

Tablo 3. Kombu gayi érneklerine ait fizikokimyasal 6zellikler*

Toplam Suda . Toplam Renk Parametreleri
Ornek Kurumadde Cdzinen Kl Antqswamn
(9/100 mL) Kurumadde (9/100 mL) Miktari L a" b
(9/100 mL) (mg/L)
KC: 0.88+0.13° 1.73+0.06° 0.06+0.06° 2.30+£0.02>  25.36+0.922 0.61+0.042 4.29+0.322
KCz 1.11+0.182 1.83+0.06° 0.19+0.102 TE” 22.88+0.09° -0.04+0.01¢ 2.74+0.05°
KCs 1.14+0.022 2.17+0.062 0.20+0.012 3.50+0.072  20.94+0.08° 0.19+0.02° 3.45+0.07°

KCi: Yesil Caylh Kombu Cayi, KC,: Kapari Tomurcuklu Kombu Cayi, KCs: Yesil Cay + Kapari Tomurcuklu Kombu Cayi. Ayni
sutunda farkli harflerle gosterilen ortalamalar arasinda p<0.01 oraninda istatistiksel olarak 6nemli fark bulunmaktadir.

K: Kapari tomurcugu; TE: Tespit edilemedi.
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Sekil 3. Kombu gayi érneklerinin pH ve % toplam asitlik grafigi
KC1: Yesil Caylil Kombu Cayl, KC2: Kapari Tomurcuklu Kombu Cayi, KCs: Yesil Cay + Kapari Tomurcuklu Kombu Cayi

Kombu gayi drneklerinin, asetik asit cinsinden belirlenen
toplam asitlik miktar1 artisi en fazla KC; (%0.84’den
%2.58’e) Orneginde, en dusik artis ise KC1 (%0.59'den
%1.74’e) Orneginde goOrllmistir. Sadece kapari
tomurcugu kullanilarak fermentasyonu gergeklestirilen
KC, 6rneginde, toplam asitlik miktari ise 0.69'den 2.30'a
yukselmistir. Elde edilen verilere incelendiginde, kapari
iceren Kombu caylarinda (KC. ve KCj;) asitlik artisi
yuksek, yalnizca yesil cay iceren Kombu cayinda ise
nispeten daha dusiuk gerceklestigi tespit edilmistir.
Fermentasyonun 4. gininde KC; KC,; ve KCs
orneklerinde 6nemli dizeyde farklilik tespit edilmistir
(p<0.01). Kombu cay! fermentasyonunda, 3. gunden
itibaren gézlemlenen dnemli artis, seker igeriginin blyik
bir kisminin mayalar tarafindan hidrolize edilmesine,
sakkarozun da invertaz enzimi tarafindan glikoza ve
fruktoza donisturilmesine baglanmistir [61-62]. Asitligin
yukselmesinin bir diger nedeni olarak da fermantasyon
sirasinda asetik asit, glukuronik asit ve glukonik asit gibi
organik asitlerin meydana gelmesi gosterilmektedir [63].
Cardoso ve ark. [63] tarafindan Kombu cayi
orneklerindeki majoér asit, asetik asit (3 g/L) olarak
belirlenmis olup, fermentasyon sirasinda asetik asit
bakterilerinin  etanolin oksidasyonu ile meydana
gelmektedir [33]. Jayabalan ve ark. [64] tarafindan yesil
cayin Kombu cayina fermentasyonu sonunda asetik
asit, glukuronik asit ve laktik asit Gretiminin 6ne ¢iktigi ve
miktarlarinin sirasi ile 3.0, 1.39 ve 0.13 g/L olarak
belirlendigi bildiriimistir. KC3 6rnegi, 2.58 g/100mL ile
daha yuksek asitlik degerleri gosterdigi ve pH gelisiminin
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daha dogrusal bir grafik izlendidi, kapari igeriginin
bakteri ve mayalarin aktivitesini arttirdigi, artan
simbiyotik kdltlr aktivitesi ile daha ylksek miktarda
organik asit meydana geldigi belirlenmisgtir.

Kombu cayi orneklerinde Lee ve ark. [44] tarafindan
belirlenen pH-diferansiyel metoduna goére yapilan
antosiyanin tayini sonucunda kapari tomurcugu ve
sadece kapari tomurcugu fermentasyonu ile elde edile
KC, 6rneginde antosiyanin igerigi tespit edilememistir.
Fakat yesil cayin fermentasyonu ile elde edilen KC;
orneginin antosiyanin miktari 2.30 mg/L (S3G esdegeri)
olarak belirlenirken, yesil cayin ve kapari tomurcugunun
fermentasyonu ile bu deger, KC; &rneginde, kapari
tomurcugunun da destedi ile artarak 3.5 mg/L (S3G
esdegeri) olarak belirlenmistir. Kapari tomurcugu
antosiyanin icermemesine ragmen, yesil cay ile birlikte
kullanilarak Kombu c¢ayl elde edildiginde, kaparinin
antosiyanin miktarint %52 oraninda arttirici  etki
gOsterdigi belirlenmigstir. Yildiz ve ark. [65] tarafindan
siyah havug ile Uretilen Kombu c¢aylarinda antosiyanin
icerigi ayni metoda goére incelenmis olup, yesil cayin
fermentasyonu ile elde edilen kontrol 6rneginde igerik
3.4 mg/L (S3G esdegeri) olarak belirlenmistir.

Renk degerleri incelendiginde yesil gayin fermentasyonu
ile elde edilen KC; 6rneginin en yiksek parlaklik
(L":25.36) degerine sahip oldugu goériilmektedir (Tablo 4)
(p<0.01). Kapari tomurcuklarinin taneli yapida olmasi ve
posa birakmasinin (Demlemeden isleminden sonra
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stzilmesine ragmen) parlakligi etkiledigi, bu nedenle
kapari tomurcugu icermeyen KC; Orneginin kapari
tomucugu iceren orneklere gore parlaklik degerinin daha
ylksek oldugu belirlenmistir. KC; 6rneginde a" ve b’
degerleri ise sirasi ile 0.61 ve 4.29 olarak, KC, ve KCs
orneklerinden ylksek oldugu tespit edilmistir (p<0.01).
Antosiyaninler asidik ortamda kirmizi-turuncu renk veren
bilesiklerdir olup [66], yesil cay iceren KC; ve KCs
orneklerinde antosiyanin igerigi (Minor seviyede olsa da)

iceren yesil cay érneklerinin (KC1, KC3) daha ylksek a*
degerine sahip oldugu belirlenmisgtir.

Antioksidan Kapasite ve Toplam Fenolik Bilesen
Tayini

Kapari tomurcugu kullanilarak tretilen Kombu gaylarinin
ekstrakte edilebilir, hidrolize edilebilir ve biyoerisilebilir
fenolik igeriginin antioksidan kapasite ve toplam fenolik

tespit edilmistir. Kombu gayi asidik yapisi ile antosiyanin bilesen analiz sonuglari ile fenolik bilesiklerin %
biyoerisilebilirlikleri Tablo 5’de verilmistir (p<0.01).
Tablo 4. Kombu gay! érneklerinin antioksidan kapasite ve toplam fenolik bilesen igerigi*
Ekstrakte Edilebilir Fenolikler Hidrolize Edilebilir Fenolikler
Srnek :gr'::ﬁir: Antioksidan Kapasite :;‘:E;?; Antioksidan Kapasite
Bilesen (mg (umol troloks /g) Bilesen (mg (1mol troloks /q)
GAE/g) ABTS CUPRAC DPPH GAE/g) ABTS CUPRAC DPPH
KC,4 9.09£0.12° 6.29+0.23> 4.32:0.02* 6.91£0.06° 4.59+0.13° 7.01£0.11° 3.59£0.10° 2.94+0.05°
KC, 7.19+0.06° 4.46+0° 2.30+£0.04> 6.43:+0.08°  4.26+0.04° 3.85+0.23¢ 3.35:£0.03°  2.9010.01°
KC; 9.69+0.06@  7.06+0.08® 4.03+0.038 7.12+0.06°  6.3040.30° 7.569+0.152 4.28+0.012 3.03+0.202
Biyoerigilebilir Fenolikler %Biyoerigilebilirlik
Toplam Lo - Toplam _— .
= - Antioksidan Kapasite - Antioksidan Kapasite
Ornek Fenolik Fenolik
Bilesen (mg (umol troloks /g) Bilesen (mg (umol troloks /g)
GAE/g) ABTS CUPRAC DPPH GAE/g) ABTS CUPRAC DPPH
KC,4 523+0.017 553+0.02* 3.96+0.01° 2.08£0.117 19.03+0.40° 20.67+0.25*° 24.87+0.24°® 10.50+0.407
KC, 494£0.01°  4.14:0.08° 1.24:0.01° 1.28:0.01° 21.55:£0.067 2523+0.22% 10.89+0.28° 6.88+0.06°
KC, 5.26+£0.057 570+0.02% 4.47+0.01% 2.36+0.20° 16.41+0.40° 19.48+0.04* 26.90+0.24% 11.62+0.1173

*KCi: Yesil Cayll Kombu Cayi, KCz2: Kapari Tomurcuklu Kombu Cayi, KCs: Yesil Cay + Kapari Tomurcuklu Kombu Cayi. Ayni situnda farkli
harflerle gosterilen ortalamalar arasinda p<0.01 oraninda istatistiksel olarak dnemli fark bulunmaktadir.

Kombu caylarina ait antioksidan kapasite verilerine
gore, ekstrakte edilebilir fenolik bilesenlerden en yiiksek
degerler KC; oOrneginde (TEACagrs :7.06£0.08 umol
Trolox/mL, TEACopppr: 7.12£0.06 umol Trolox/mL)
belirlenmistir (p<0.01). Yapilan analizler sonucunda
ABTS ve DPPH yontemlerinin Kombu ¢ayi 6rneklerinin
ekstrakte edilebilir fenolik igerikleri i¢in paralel sonuglar
gosterdigi, CUPRAC metoduna gore ise en yiksek
ekstrakte edilebilir fenolik igeren 6rnegdin KC; (4.32+0.02
pmol Trolox/mL) oldugu belirlenmistir. Kapari ve yesil
gay iceren KC; drneginin, sadece yesil gay iceren KC;
ornegine gore ekstrakte edilebilir fenolikleri ABTS
metoduna gére %12.24; DPPH metoduna gore ise
%3.03 arttirdigr  belirlenmigtir.  Hidrolize edilebilir
fenolikler agisindan KC3 drnegdi KC; ve KC; drneklerine
gbre Onemli diuzeyde yuksek degerler gdstermistir
(p<0.01). Biyoerigilebilir fenolikler agisidan ise, KCs;
ornegi KC; ornegi ile kiyaslandiginda ABTS metoduna
gore %3.07; CUPRAC metoduna gore %12.88; DPPH
metoduna gore ise %13.46 oraninda artis saglandigi
tespit edilmistir. Biyoerigilebilirligi ylUksek olan KCj;
orneginin, mide-bagirsak  sisteminde  antioksidan
aktivitesini en fazla koruyabilen Kombu c¢ayi o6rnegi
oldugu ve biyoerisilebilir fenolik igerigin TEACagrs: 5.70
umol Trolox/mL; TEACcuprac: 4.47 umol Trolox/mL;
TEACpppn: 2.36 umol Trolox/mL deg@erlerine sahip
oldugu da belirlenmistir. Toplam fenolik bilesen analizi
sonucuna goére de, KC; 0Ornegi ektrakte edilebilir
fenoliklerinin  toplam fenolik bilesen analiz degeri

(9.6910.06 mg GAE/mL), sadece yesil c¢ayin
fermentasyonu ile elde edilen KC; (9.09+£0.12 mg
GAE/mL) 0rnegi ile karsilastinildiginda, kaparinin
kullanimi ile, %6.60 oraninda zenginlestigi
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go6zlemlenmistir. Kapari ve yesil gay birlesiminin (KCs)
Kombu cayinda olumlu etki gosterdigi belirlenmis ve
yesil gayll Kombu gayina (KC;) gbre daha yiiksek fenolik
madde igerdigi ve in vitro biyoerisilebilirligi daha yiksek
olan bir drin elde edildigi saptanmistir. Analizler
sonucunda kapari ve yesil gayin birlikte kullanilarak
fermente edilmesinin ABTS, DPPH, ydntemine gobre
antioksidan aktiviteyi arttirici etki gosterdigi, bdylelikle
fenolik igerik ve antioksidan kapasitenin daha ylksek
oldugu KC; 6rneginin elde edildigi belirlenmisgtir.

Literatir incelendidinde Kombu c¢ayl antioksidan
kapasite analizleri genellikle tek ekstraksiyon yapilarak,
ekstrakte edilebilir fenolikler Gzerinden degerlendirildigi
belirlenmigtir. In-vitro biyoerigilebilirlik ¢alismalardaki
eksiklik diger bilim insanlarinin da dikkatini gekmesi ile
bu konudaki galismalar artmaktadir. Cardoso ve ark.
[63], yesil cay ve siyah cay Kombu 6rnekleri ile yaptiklari
calismada, fenolik asitlerin ve flavonoidlerin igerikteki
One cikan biyoaktif bilesikler oldugunu, fenolik bilesen
icerigin %70,2’sini flavonoidlerin olusturdugunu, miktar
ve aktivitelerinin fermantasyon kosullarina bagh olarak
degistigini belirtmistir. Ayni ¢calismada yesil gcay iceren
Kombu c¢ayi oOrneklerinin TEACagts degeri 8.22 umol
Trolox/mL, toplam fenolik bilesen igerigini 0.70mg
GAE/mL olarak belirlemistir.

Pereira ve ark. [67]'na ait galismada yesil ¢cay ve siyah
¢ay ile hazirlanan Kombu caylarinda toplam fenolik
bilesen miktari sirasi ile 1080 mg GAE/L ve 1120 mg
GAE/L olarak belirlenirken; Khokhar ve Magnusdottir
[68] c¢alismalarinda yesil gay-Kombu c¢ayinin toplam
fenol igerigi 86.3 mg GAE/g olarak saptamistir. Toplam
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fenolik bilesen analiz sonuglarimiz, literatir ile
uyumluluk gostermektedir. Jakubczyk ve ark. [69] beyaz,
yesil, siyah ve kirmizi Kombu ¢ay Orneklerinde, 14 glin
sure ile fermentasyonu g6zlemlemis ve yesil cay-Kombu
cay! 6rneginin gay tlrl agisindan en yiksek antioksidan
potansiyel ile karakterize edildigini ve fermantasyonun
ilk gununden itibaren en ylksek degerleri verdigini
belirtmistir. Ornedi 14 glnliik fermentasyon sirasinda;
DPPH inhibisyonunun %80.33'den %88.23’e, toplam
fenolik bilesen igeriginin de 269.0+0.9 mg/L’'den
320.1+£3.5 mg/L’ye yukseldigi ifade edilmistir.

Kombu cayindaki fenoliklerin bilesimi ve
konsantrasyonunun yanisira, fermantasyon sirasinda
uretilen askorbik asit ve diger organik asitler gibi
metabolitler de Kombu ¢ayinin antioksidan kapasitesini
degistirebilmektedir [70]. Kombu c¢ayl antioksidan
kapasitesi fermentasyon sicakhdi [71] ve slresinden de
[72] etkilenmektedir. Ayrica toplam fenolik bilesikler
fermantasyon slresi boyunca kademeli olarak
artmaktadir. Yesil ve siyah gaydaki kompleks fenolik
bilesikler, Kombu c¢ayinin asidik ortaminda SCOBY
mikrobiyotasindaki bakteri ve mayalara ait enzimler
tarafindan pargalanmaya ugrayabilmektedir. Kompleks
polifenollerin  kiigik molekillere degradasyonu da
toplam fenolik bilesiklerin artmasina neden olmaktadir
[33]. Bu durum ayni zamanda fenolik bilesenlerin
biyoerigebilirliginin  artmasint  da  saglamaktadir.
Calismada elde edilen veriler sonucunda, sadece yesil

KC1

KC2

cay fermentasyonu ile elde edilen KC,; o6rnegi ile
kiyaslandiginda, kapari tomurcugu ile yesil cayin birlikte
fermentasyonu ile elde edilen KC3; 6rneklerinin fenolik
bilesen igeriginin, Dbiyoerigilebilirliginin  yani vicut
tarafindan kullanilabilirliginin arttigr dustniimektedir.

Duyusal Analiz

Kombu ¢ayi ornekleri duyusal degerlendirmesi, 22-43
yas arahdindaki 18 Kkisilik panelist grubu tarafindan
belirlenmigtir (Sekil 4). Renk, berraklik ve koku
kriterlerinde en yuksek puani alan érnek KC; (7.08; 6.93;
5.91); tat ve eksilik kriterlerinden sirasi ile en yiksek
puan alan ornekler ise KC; (4.92; 4.87) ve KC; (4.92;
4.66) olmustur (p<0.01). Genel begeni durumu
incelendiginde ise, en ylUksek puanlari alan 6rnek kapari
tomurcugu ve yesil cay fermentasyonu ile elde edilen
KC; (5.61) 6rnegi olmustur. KC, Ornegi eksilik, tat ve
genel begeni kriterlerinden nispeten distk puanlar alsa
da, yesil cayin kapari ile zenginlestiriimesi ile elde edilen
KCs;, yesil cayll KC; 0Ornedinden de daha fazla
begenilmistir. Panelistlerin %27’sinin ilk kez Kombu gayi
denemesine ragmen, 3 formilasyon da 5 puan ve
Uzerinde genel begeni puani alarak, panelistler
tarafindan kabul gérmustir. Ayrica panelistler, gidalarin
saglik Uzerindeki etkilerinin  bilinmesinin, onlarin
tiketilebilirligini arttirdiqini, farkh tatlara bu nedenle
daha olumlu bakildigini belirtmistir.

KC3

Renk

N oo

Genel Begeni

Eksilik

Berraklik

Tat

Koku

Sekil 4. Kombu gayi 6rneklerinin duyusal analiz sonuglari
KC1: Yesil Gayll Kombu Gayi, KC2: Kapari Tomurcuklu Kombu Cayi, KCa: Yesil Cay + Kapari Tomurcuklu Kombu Cayi

SONUG

Bu calisma kapsaminda; kapari tomurcugunun, Kombu
cay! Uretiminde kullanimi, simbiyotik Kombu ¢ayi kiltirt
(SCOBY) ile sadece yesil gayin fermente edilmesi (KC,),
sadece kapari tomurcugunun fermente edilmesi (KC,)
ve yesil gay ile kapari tomurcugunun beraber fermente
edilmesi (KCs;) ile incelenmistir. Kombu gayi Uretiminde
kullanilan kapari tomurcugunun ekstrakte edilebilir,
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hidrolize edilebilir ve biyoerigilebilir fenolik bilesenlerin
antioksidan kapasitesi degerlendirildiginde TEACagts ‘ye
gore sirasi ile 23.53+0.06 umol Trolox/g; 31.59+0.27
umol  Trolox/g; 18.55+0.5 pumol Trolox/g olarak
belirlenmis, TEACpppy Ve TEACcuprac Verilerine gore
daha yiiksek bulunmustur (p<0.01). Uretilen Kombu
¢aylarindan KC; 6rneginin ise, sadece yesil ¢ay iceren
KC;, 6rnegine gore ekstrakte edilebilir fenolikleri ABTS
metoduna gére %12.24; DPPH metoduna goére ise



N. Giritlioglu, E. Yildiz, O. Guirbiuiz Akademik Gida 18(4) (2020) 390-401

%3.03 arttirdigi belirlenmistir. Biyoerisilebilir fenolikler
acisidan ise, KCs 6rnegi KC; drnegi ile kiyaslandiginda
ABTS metoduna gére %3.07; CUPRAC metoduna gbre
%12.88; DPPH metoduna gore ise %13.46 oraninda
artis saglandigi tespit edilmistir. Ayrica KC; érneginin
antosiyanin miktari 2.30 mg/L (S3G esdegeri) olarak
belirlenirken, yesil ¢ayin ve kapari tomurcugunun
fermentasyonu ile bu deger, KCs d6rneginde, kapari
tomurcugunun etkisi ile artarak 3.5 mg/L (S3G esdegeri)
olarak belirlenmistir. %27’si ilk kez Kombu c¢ayi tadan
paneslit grubundan en vyiksek genel begdeni puani
alarak (5.61), duyusal 6zellikler ile de tiketime uygun bir
urdn gelistiriimistir. Kapari ve yesil cay birlegiminin (KCs)
Kombu cayinda olumlu etki gdsterdigi belirlenmis ve
yesil ¢ayli Kombu cayina (KC,) gbére daha ylksek
yuksek miktarda biyoaktif bilesen iceren ve in vitro
biyoerisilebilirligi daha yiksek olan bir trlin elde edildigi
saptanmistir. Saglik tzerinde etkili bilesenleri agisindan
zenginlestirilmis, fonksiyonel bir Grin elde edildigi
belirlenmigtir.
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Yumurta, binlerce yildir bilinen, ucuz, insan beslenmesinde dnemli yer alan, islevsel 6zellikleri ile besin o6geleri
bakimindan mikemmel nitelikleriyle llke ekonomisinde 6nemli bir yere sahip olan bir gida maddesidir. Calisma
kapsamda; ultrases uygulamasinin sivi yumurta sarisinin (SYS) farkh (100 W ve 250 W) gliglerde 30 saniye sure ile
muamelesi ve mikro yapisi taramali elektron mikroskobuyla incelenerek yapisal karakterizasyonu amaglanmistir.
Ayrica ultrases uygulamasinin SYS’nin reolojik davranisina etkileri depolama boyunca (0. ve 17. guin) belirlenmistir.
Calisma sonucunda, ultrases muamelesinin SYS’nin viskozitesini istatistiki agidan 6nemli (p<0.05) diizeyde azalttidi
(kontrol; 2.67+0.03'den 100 W igin; 1.09+0.02’a) ancak artan sonikasyon uygulama gucu ile viskozitenin arttigi,
jellesmenin gozlendigi ve SEM gorintilerinde deformasyonlarin olustugu belirlenmistir. Depolama ile birlikte ultrases
uygulanan orneklerin viskozite degerlerindeki kayip kontrol grubuna gére daha ylksek bulunmustur.

Anahtar Kellimeler: Yumurta, Ultrases, Kalite kriterleri, Reolojik davranis, Yapisal morfoloji

Rheological Behavior and Structural Characterization of Liquid Egg Yolk Treated with
Ultrasound Processing Technique

ABSTRACT

Eggs are inexpensive food products with excellent nutritional value for thousands of years in human history. The goal
of this study was to observe the effect of ultrasound treatment on physicochemical properties and rheological
behaviors of liquid egg yolk (LEY). LEY samples were ultrasound treated with 100 W and 250 W for 30s of exposure
time. The scanning electron microscope (SEM) and rheological behaviors of LEY samples were determined during
storage (day 0 and day 17). The effect of ultrasound treatment on the rheological behavior of SYS was determined
throughout storage. As a result of the study, ultrasound treatment reduced the viscosity significantly (control;
2.67+0.03, 100 W; 1.09+0.02) of LWY (p<0.05). However, with increased sonication power, the viscosity increased,
gelling was also observed in the LEY structure, and deformations occurred in SEM images. The loss in viscosity
values of the ultrasound treated samples found higher than control group during storage.

Keywords: Egg, ultrasound, Quality criteria, Rheological behavior, Structural morphology

GIiRIS onemli bir besin maddesi olan yumurta, tiiketici

tarafindan kolay temin edilebilen besin degeri ylksek bir
Temel hayvansal gida kaynaklarindan biri olan yumurta, gida maddesi olup, cesitli alternatiflerle kolaylikla
insan sagligi ve Ulke ekonomisinde 6nemli bir yeri hazirlanip  tuketilebilmektedir [38]. Yumurta sarisi

vardir. insan beslenmesi ve iilke ekonomisi acisindan mineral baglama 6zelligi, antioksidant gibi fonksiyonel
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Ozellikleriyle bircok  gida ardndn imalatinda
kullaniimaktadir [19]. Yumurta g¢ogunlukla kabuklu
yumurta olarak tiketilmektedir. Taze yumurta kullanan
gida imalathanelerinde, Uretim sirasinda
yuzlerce/binlerce yumurtanin kirilmasi igin harcanan
zaman, bu yumurtalarin kabuklarinin olusturdugu atiklar
ve kabuklu yumurtanin depolanmasina i¢in ayrilmasi
zorunlu olan genis alan gereksinimi, igletme agisindan
onemli problemler olusturmaktadir. Birgok Ulkede taze
yumurta gerek gida sanayiinde gerekse evlerde
kullaniimak Uzere pastérizasyon teknigiyle
islenmektedir. GuUnimizde plakali veya borulu s
esanjorleri ile pastérizasyon teknidi sivi yumurtalarin

muhafazasinda kullanilan  tek yontem olup
alternatiflerinin gelistiriimesi yonunde cabalar
bulunmaktadir.  Pastdrizasyonun  sivi  yumurtanin

fonksiyonel 6zellikleri, besinsel bilesimi, aroma ve yapisi
Uzerindeki olumsuz etkileri nedeniyle alternatif
metotlarin gelistirimesi ve uygulanmasi ginimizde
giderek hiz kazanmistir [36].

Ultrases; 1sil olmayan alternatif gida isleme tekniklerden
olup, yuksek enerjili ultrases dalgalar kullaniimaktadir.
Ultrases uygulamasinin avantajlari arasinda; yuksek
homojenite ve kavitasyon etkisi yer almaktadir.
Ultrases, mekaniksel nitelikte olup ¢ok ylksek frekansta
(18 kHz-500 MHz) duyulabilecek tonda sese sahiptir.
Ultrases uygulamalari esnasinda hiicre iginde vakumlu
bosluklarin (kativasyonlar) olugsmasi, hiicre g¢eperinin
incelmesi, noktasal sicaklik ylkselisi, mikro buharlagsma
ve sok dalgalari gibi etkiler, geleneksel 1sil iglem
uygulamalarinda olusan besin kaybi ve olumsuz
duyusal degisimlere neden olmazken
mikroorganizmalarin daha dusuk sicakliklarda ve kisa
slirelerde inaktivasyonunu saglamaktadir. Ultrases
uygulamasinda kullanilan dalganin baydklugu, sicaklik,
basing, frekans gibi faktdrlere bagli olarak fiziksel ve
kimyasal degisimler gozlenmektedir [9]. Ultrases
uygulamasinin yuksek molekuler agirlikh proteinlerin
parcalanmasinda da kullanilabilirligi ifade edilmistir [28].
Ultrases uygulamalarinin etkinligi Uzerine, kullanilan
ultrasonik  dalganin  genligi, uygulama  suresi,
uygulamanin yapildigr hacim, gidanin bilesimi ve
sicaklik etkili olmaktadir. Bir ultrason dalgasi, herhangi
bir materyale dikey dogrultuda ydnlendirilirse,
parcaciklar kuvvet ile ayni yonde titresmektedir (basing
dalgasi), eger paralel yonlendirilirse, parcaciklar
kuvwwete dikey dogrultuda (shear) olusmaktadir.
Ultrason frekansi dnemli bir parametredir ve maksimum
kabarcik boyutunu belirlemektedir. Dislk frekanslarda
(6rnegin 20 kHz) Uretilen kabarciklarin boyutu biyuktir
ve ¢oktiglnde ylksek enerjiler Uretmektedir [7, 8, 34]
Ultrases dalgalan kati, sivi ve gaz gibi ortamlarda
sikisma ve genlesme ile yayilabilme 6zelligine sahip
olup, kavitasyon olusturma Ozellikleri bulunmaktadir.
Gida sanayiinde kullanilan ultrases uygulamasi disik
enerji yogunluklu (<1 W/cm?; >100 kHz) ve yiiksek
enerji yogunluklu (10-1000 W/cm?; 20-100 kHz) olarak

degerlendiriimektedir. Duslk  yogunluklu ultrases
uygulamalari agirlikli  olarak gidalarin tahribatsiz
muayenesinde  kullaniimakta  olup,  yumurtanin

kalitesinin tayini amaciyla uygulanan tasnif sistemleri
buna 6rnektir. Yiksek yogunluklu ultrases uygulamalari
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ise gida sanayiinde proses isleme sirecinde

degerlendiriimektedir [21, 22, 25, 29, 34].

Yumurta proteinlerinin ultrases ile muamele sonrasi
jellesme ve viskoelastik &zelliklerinin incelendigi bir
c¢alismada 20 dakika sire ile 20 kHz ve %20 Amp’de isi
ile kombine edilerek yapilan uygulama neticesinde
yumurtanin  fonksiyonel  &zelliklerinin iyilestirildigi
bildirilmistir [3]. Cabeza, ve ark. [5] Ultrasesin 1si ile
kombine edildigi  termoultrases uygulamasinin
yumurtanin fonksiyonel &zelliklerini istatistiksel acidan
onemli dizeyde degistirmedidi ifade edilmistir. Ayrica
termoultrases ile kontrol grubu yumurta &rnekleri
arasinda istatistiki agidan raf édmru, emulsiyon ve koépuk
kapasitesi, tekstir, duyusal nitelik gibi fonksiyonel
Ozelliklerde farkhlik bulunmadigi bildirilmistir. Calisma
kapsaminda 24 kHz, 400 W ultrases ile 54°C’de 5 dk.
1sil iglemin kombine edildigi gorUlmustir. Ultrases
uygulamasinin yumurta proteinleri Gzerinde ¢6zunUrlik
artisi ve protein partikil blyikliginde azalma olarak
etkileri yapilan ¢alismalarda kaydedilmistir [10, 27]. Xie,
ve ark. [31] yumurta sarisinda yapmis oldugu yiksek

enerjili ultrases uygulamasinda emidilsifikasyon, gel
olusturma, kopuk kapasitesi ve kopuk stabilitesi
degerlerini incelemistir. Uygulama sonrasi yumurta

sarisinin emdlsifiye, kopurme ve jel 6zellikleri gelisirken
ve Kkopuk stabilitesi degerlerinde kayip meydana
gelmistir. Ultrases isleminin zeta-potansiyeli ve serbest
sulfhidril  igerigini iyilestirirken, ortalama  partikdil
boyutunu dusurmis ve yumurta sarisi LDL ve yumurta
sarisi granlllerinde degisim meydana getirmistir. Ylceer
[34] sivi bitin yumurtada yapmis oldugu ¢alismada 150
W ve 375 W uygulamalarint 3 ile 6 dk suresince
calismis ve 150 W uygulamasinin yumurtanin kopuk
olusturma degerlerini arttirdigi artan ultrases uygulama
sliresi ve guclu ile kalite kriterlerinin ve raf émriinde artis
saglamistir.  Literatirde vyapilan calismalarin  sivi
yumurtanin  ultrases ile islenmesinde c¢ogunlukla
mikrobiyal parametrelerin ¢ahsildigi gozlenmigstir. Farkli
ultrases gu¢ parametre uygulamalarina bagh olarak
yumurta sarisinin fiziksel, kimyasal ve fonksiyonel
kalitesindeki degisikligin tespiti; hem yumurtanin
muhafazasi esnasindaki ekonomik kaybin &nlenmesi
hem de fonksiyonel niteliklerinin korunmasi endustriyel
acisindan Onem tasimaktadir. Arastirici tarafindan
onceki calismada ultrasesin sivi yumurta sarisinin fiziko-
kimyasal ozellikleri Gzerine olan etkileri belirlenmistir
[35].

Calisma kapsaminda farkli ultrases gu¢ uygulamasinin
(100 ve 250 W- 30 saniye sure) yumurta sarisi 6rnekleri
Uzerindeki taramali elektron mikroskobu ve reolojik
davranisi Uzerine etkileri incelenmistir. Boylece sivi ¢ig
yumurta sarisinin  yapisal ozellikleri SEM ile
gOzlemlenerek ve depolama boyunca (0. ve 17. gln)
reolojik davraniglar incelenerek ultrasesin kullanilabilir
glgc degerinin belirlenmesi amaglanmistir.

MATERYAL VE METOT
Materyal

Calismada hammadde olarak kullanilan isisal islem
gOérmemis ¢ig sivi yumurta sarisi (SYS) yerel olgekli sivi
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yumurta Ureticisinden tedarik edilmistir. Numuneler 10
kg'hlk PE/EVOH plastik ambalajlarda (bag in box)
laboratuvara soguk zincirde (+4°C) temin edilmis, analiz
islemi ve depolama slresince (0. ve 17. gun) sicaklik
arin mikrobiyal stabilitesinin  korunmasi agisindan
muhafaza edilmigtir.

Metot

Calismada SYS o&rneklerinin ultrases ile muamelesinde
kavitasyon olusturmak icin 20kHzt1kHz frekans
degerinde c¢alisan Ultraschall processor UIP1000hd

ultrases cihazi (Hielscher Ultrasonics GmbH, Teltow,
Almanya) kullaniimistir. Uygulamada BS2d18
(1,5%4,5x13,5 cm) paslanmaz c¢elik metalik prob
(sonotrode ylizey alani 2,5 cm?) ultrases uygulamasi
gercgeklestirimistir [6]. Proses islem parametrelerinin
seciminde Wen-jing ve ark. [30] tarafindan yapilan
calismanin sonuglari  dikkate alinarak deneysel
calismada yapilan 6n ¢alismalar neticesinde Yuceer [35]
fonksiyonel karakterizasyon ve renk parametrelerindeki
renk degisimleri dikkate alinarak farkl glic parametresi
(100 W ve 250 W) 30 saniye silreyle sonikasyon
uygulamasi gergeklestirilmistir. Uygulama esnasinda
yumurta sarisinin SEM goériintilerinde sonikasyon siire
parametresi sabit tutularak gli¢ degerlerinde farklilik
olusturuimasiyla en az deformasyon hedeflenmistir.
Ayrica etkin ultrases glicl etkisiyle SYS 0Orneklerindeki
sicaklik artisini 6nlemek igin Uretici firma tarafindan 6zel
olarak imal edilen gift cidarli paslanmaz Unitede (riin
sicakligi +4°C’de sabit tutulacak sekilde sogutma suyu
sirkllasyonu yapilarak 300 mL’lik SYS numuneleri
partiler halinde sonikasyon uygulamasi
gerceklestirilmistir [34]. Ultrases uygulanan ornekler 1
kg’'llk PE/EVOH plastik ambalajlarda ve soguk zincirde
(+4°C) 17 gun silresince depolanmigtir. Calismada
kontrol numunesi olarak ¢ig sivi yumurta sarisi
kullaniimis olup ultrases uygulamasinda da yine sinirli
raf dmrine sahip olan islenmemis (gig) sivi yumurta
sarisi kullaniimistir.

Taramali Elektron Mikroskobu (SEM) Olgiimleri

Ultrases ile muamele edilen SYS drneklerinin ylizeyinde
(dokusunda) kavitasyonun neden oldugu degisikliklerin,
deformasyonlari izlenmesi ve karakterize edilmesi
amaciyla taramali elektron mikroskobu (Scanning
electron microscope-SEM) kullaniimistir [17] SEM cihazi
JSM 6480 LV-JEOL-SEM (Tokyo, Japonya) ile 5.0 kV
ve x 150 blyuteci altinda ve gorintileme tablalarinin
Uzerine daha o©Onceden vyapistinimis olan karbon
bantlarina  yerlestirilerek iletkenlik  kazandiriimasi
amaciyla altin-paladyum tabakasi ile kaplama iglemi
gerceklestirilmistir [20].

Reolojik Olgiimler

Ultrases ile muamele edilmis ve edilmemis SYS
numunelerinde reolojik dlglimler HR-2 (Discovery Series
Hybrid HR-2, TA Instruments, New Castle, DE, ABD)
reometre 40 mm paslanmaz celik plate/plate geometrili
Olgim sensorl ile 1 mm aralikta ve Olgim probu ile
zemin arasi numunenin kurumamasi igin parafin yag
(Mineral vaseline oil, PanReac AppliChem GmbH,
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Darmstadt, Almanya) ile kaplanarak gerceklestirilmistir.
Genlik tarama testi dinamik testler 6ncesinde (frekans
taramasi, sicaklik taramasi) 6ncesinde dogrusal bdlge
icinde kalan uygun gerilim degerinin saptanmasi,
gerilim/gerilim oranin (modulus) sabit kaldidi lineer
viskoelastik dogrusal boélgenin (LVEB) belirlenmesi ve
her veri noktasi lineer viskoelastik dagilimin
dogrulanmasinda osilasyon verilerinin sints egrileri
lineer analiz yazihm programi yardimiyla yapilmistir.
Kayma hizi taramasi (flow ramp) testi 25°C’de; dusuk
kayma hizindan (0.01 s?) yiiksek kayma hizina (100 s?)
dogru 60 saniye boyunca gergeklestiriimisti. Daha
sonraki analizlerde kullanmak Uzere lineer viskoelastik
bolgedeki en uygun % strain degerini bulmak igin
deformasyon taramasi (oscillation amplitude) testi
yapiimistir. Test parametreleri olarak agisal frekans 20
rad/s ve sicaklik 25°C olarak belirlenmis ve % strain
%0.01’"den  %100’e  degisen degerlerde analiz
gerceklestiriimistir [32]. Bu test sonucunda elde edilen
lineer bolgedeki en uygun % strain daha sonraki
analizlerde kullaniimis ve bu islem her 6rnek icin
yeniden vyapilmistir. Frekans taramasi (oscillation
frequency) testi, frekans ise 0.01 ile 10 Hz. araliginda
25°C’de ve bir dnceki analiz sonucu bulunan en uygun
% strain degeri kullanilarak gergeklestiriimistir [1, 26].
Olgim esnasinda her bir SYS &rnegi yenilenerek 3
Olgim gergeklestiriimistir. Sicaklik taramasi (oscillation
temperature ramp) testi 40°C’den 80°C’ye isitma hiz
5°C/dakika nispetine arttirilarak, deformasyon taramasi
(oscillation amplitude) sonucu elde edilen %-strain
degerinde ve acgisal frekans 20 rad/s'de
gergeklestiriimistir. Calismada G’ (elastik veya stok
modil-Pa), G” (viskoz veya kayip modil-Pa), faz agisi
(), kompleks viskozite (n*), kivam katsayisi ve akis
davranis indeksi belirlenmistir [2, 12, 16, 23, 33, 37].

istatistiksel Analizler

Calismada farkl ultrases giciin kullanilarak muamele
edilen SYS oOrneklerinde belirlenen reolojik Kkalite
kriterleri Uzerine etkileri varyans analizinden (ANOVA)
yararlaniimistir. Istatistiksel analizlerde SAS istatistik
programi  kullamlmistir [24]. Istatistiksel farklilik p
degerinin  0.05 veya daha kuguk olmasina goére
belirlenmistir. Calisma 2 paralel ve 2 tekerrir olacak
sekilde gergeklestirilmigtir.

BULGULAR ve TARTISMA
SEM Analizi Sonuglar

Calisma kapsaminda Sekil 1(a)da ultrases
uygulanmayan kontrol grubu drneklerde lezyon olusumu
g6zlenmemistir. Ayrica kontrol grubu SYS o6rneklerinde
dizenli yapi ve olugumlar tespit edilmistir. Yumurta
kabugunda ultrases uygulamasinda hicre yapilarinda
belirgin degisikliklerin goézlendigi ve hicre boyutlarinin
kisaldigi ifade edilmis ve ultrases uygulanmayan
orneklerin ylzeyinin da diz oldugu belirtilmistir [20].
Calisma ile Sekil 1(byde 100 W ultrases uygulanan
orneklerde lezyon olusumu goézlenmistir. Ayrica 100 W
ultrases uygulanan SYS Orneklerinde dizensiz yapi ve
olusumlar belirlenmistir. Bu durumun sonikasyon
esnasinda olusan basing ve meydana gelen kavitasyon
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etkisinden ileri gelebilecedi degerlendirimektedir [13].
Ozbakir [20] tarafindan yapilan g¢alismada kabuklu
yumurtanin 3 dakika ultrases uygulama siresinde hiicre
yapilarinda belirgin degisikliklerin gézlendigi ve hucre
boyutlarinin kisaldigi ifade edilmis ve ¢calismada yapilan
on denemelerde yumurta kabugunda c¢atlak olusumu
go6zlenmistir. Ozellikle 6 dk. uygulamasindan sonra
kabuktaki catlak dizeyinin yogunlastigi ve kilcal-gizli
catlaklarin varhdi belirlenmigtir. Jia, ve ark. [13]
tarafindan yapilan galismada yumurta sarisi fosfolipidleri
200 W, 5s.,400 W, 10 s ve 600 W, 15 s slreyle 20 kHz
ultrases tabii tutulmustur. Ultrasesin yiksek molekdl
agirhikl  proteinlerin degradasyonu agisindan 0Onemli
oldugu tespit edilerek yumurta sarisindan kolesteroliin
degradasyonu ile fosfolipidlerin ayriminda ve
izolasyonunda teknigin uygulama potansiyeli
saptanmistir. Ultrasesin toplam protein icerigi Uzerinde
onemli bir etkisi olmamakla birlikte ultrasonik islem
sUresini artirarak granil igin daha ylksek protein
konsantrasyon degerleri 6lgiimustiur. Ayrica ultrases
uygulamasinda SYS numunelerinde granil-plazma
fraksiyon bantlarinin yogunlugu ile grandl
fraksiyonlarinin degismedigi, ancak granullerden ayrilan
plazma bantlarinda ayrim gd6zlenmistir. Bunlarin
yogunlugu 110 kDa'lk bantlardan olustugu ve
sonikasyon iglem suresinin artigi ile molekiler agirigin
artis kaydettigi belirtilmistir. Grandller ultrases ile
muamele edildiginde, mikro yapi daha ince hale gelerek
granuller arasindaki bad derecesinde artis meydana
gelmistir [13]. Bu agidan degerlendirildiginde ultrases

isleminin  grandllerin  bozulmasini  etkilemek i¢in
kullanilabilecedi, ancak granulin folat
konsantrasyonunda igerijinde daha fazla degisiklik

mumkin olmadigi gértlmuistir. Calismada elde edilen
bulgular literatir ile uyumlu oldugu tespit edilmis,
ozellikle kavitasyon etkisine bagli etkilerin c¢alismada
dogrudan gozlendigi gorulmustur.

Calisma kapsaminda Sekil 1(cyde 250 W ultrases
uygulanan 6rneklerde yogun lezyon olusumu ve kismi
kristallenme  baslangici  gozlenmistir.  Sonikasyon
esnasinda olusan basing ve kavitasyon etkisinin lezyon

olusumlari ile ilgili oldugu belirtimektedir. Ozellikle
denatirasyon ve yumurta sarisi serum proteininin
degradasyonunun sonikasyon dalgalari ile

iliskilendirilmektedir. Ayrica ultrasonik titresimin neden

oldugu mekanik etkiler ile asili partikillerin sivi
ortamdaki farkli hiz ve yonlerde hareket etmesini
saglamasi da meydana gelen lezyon olugsumunu

aciklamaktadir. Sonikasyon gucunin yukselmesi ile,
mikro-gaz igeren SYS ultrasonik dalgasi ile ultrasonik
aglomerasyonun etkileri arttinlmaktadir [13]. Yumurtada
3 dakika ultrases uygulamasinda hicre yapilarinda
belirgin degisikliklerin gbzlendigi ve hicre boyutlarinin
kisaldigi ifade edilmistir [20]. SYS’nin fraksiyonlar
Uzerinde Marcet ve ark. [15] tarafindan vyapilan
calismada, artan sonikasyon slresi ile hazirlanan
yumurta sarisi granil filmlerinin yapisal duizeninde
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homojenlik  gbézlenmis, bu durumun lipoprotein
agregatlarinin bozulmasindan kaynaklanan,
muhtemelen daha siki bir agin olusmasina ve

dolayisiyla filmin mekanik &zelliklerinde iyilesmeye
etkisinin oldugu dusinulmektedir. Bu durum artan
sonikasyon watt-gti¢ degerinin sabit muamele stresinde
yapisal dizensizliklere yol agmada daha etkili oldugu
anlasiimaktadir.

Sivi Yumurta Sarisi Reolojik Davranigi

Reolojik davraniglar degerlendirilerek sivi yumurtanin
Isisal isleme prosesinde kullanilan plakali 1sI
esanjorlerinin mihendislik hesaplamalari
gerceklestirimektedir [11]. Bu amagla kayma hizina
kars! kayma gerilme egrisinin matematiksel modellemesi
hesaplanarak reolojik davranis karakterize edilmektedir
[4]. Calismada SYS orneklerinin viskoelastik ozellikleri
lineer viskoelastik bolgede (LVEB) dinamik suplrme
testi  reometrede  gerceklestirilerek  belirlenmisgtir.
Sonrasinda ise elastik ve viskoz modulusin frekans
(Sekil 4) ve sicaklik (Sekil 5) ile degisimi gbzlenmistir.

Ultrases ile muamele edilen ve edimeyen SYS
numunelerinin viskoelastik 6zelliklerini tanimlayan veriler
Tablo 1'de verilmigtir. Calismada SYS’nin reolojik
davranisi incelenmis ve farkll reolojik modeller
uygulanarak testleri gergeklestiriimistir. Buna gore tim
numunelerin akis davranigi acgisindan korelasyon

katsayilarinin ~ (R?)  Herschel-Bulkley (T:T0+K(Y)n)
modeline uygunluk sagladiklari belirlenmistir (1: kayma
gerilimi, Ty yikilma-akma gerilimi-Pa, K: kivam katsayisi-
Pa.s, y: kayma orani ve n akis davranis indeksini ifade
etmektedir.). Tablo 1'de goére ultrases uygulamasi
SYS'nin n degerlerini arttirmistir. Calisma sonucunda,
ultrases muamelesinin SYS’nin viskozitesini azalttig
(kontrol; 2.67+0.03’'den 100 W igin; 1.09+0.02’a) ancak
artan sonikasyon glici (250 W) ile viskozitenin 100 W
uygulamasina gore arttigi (1.36£0.02) saptanmigtir.
Sonikasyon uygulamasinin SYS’nin akis davranigini
istatistiksel agidan 6nemli duzeyde azalttigi tespit
edilmistir (p<0.05). Ultrases uygulamasinin yol agtidi
viskozite degisiminin makro molekillerin yapisinda
degisikliklere iliskili olabilecegi ifade edilmektedir [18].
Sekil 2'de ultrases ile muamele edilen ve edilmeyen tim
SYS orneklerinin viskozite degerlerinin kayma hizi ile
degisimi ifade edilmistir. Buna gore, kayma hizi ile
viskozite degisiminin orantili oldugu, ultrases gi¢
degerinin 100 W’den 250 W degerine yukseltiimesi ile
viskozitenin azaldidi, yapinin yine Newton olmayan bir
akis davranigl sergiledigi goézlenmistir. Depolama ile
birlikte ultrases uygulanan drneklerin  viskozite
degerlerindeki kayip kontrol grubuna gére daha ylksek
bulunmustur. Bu durum literatire ile benzerlik
gOstermistir [14].
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100pm COMU
SEM WD 10mm

)

L 4
—-_— 10pm COMU 19/2/2019
X500 5.0kV LED SEM WD 10mm  09:38:44

Sekil 1. Ultrases ile; (a) muamele edilmeyen, (b) 100 W giigte muamele edilen ve (c) 250 W

100pm COMU 19/2/2019
WD 10mm

b .
100pm COMU 19
X150 5.0kV LED SEM WD 10mm

glicinde muamele edilen sivi yumurta sarisinin SEM goriintisi

Tablo 1. Farkh uygulamalarin sivi yumurta sarisi viskozite

degerleri Uzerine etkisi

Uygulamalar Viskozite (Pa.s) n R?

Kontrol 2.67+0.032 0.54 0.99
100w 1.09+0.02°¢ 0.97 0.99
250 W 1.36+0.02° 0.94 0.99

¢ Ayni situnda farkh harflerle gosterilen degerler istatistiksel olarak

farklidir (p<0.05)

Sekil 3'te ultrases ile muamele edilen/edilmeyen SYS
Orneklerinin viskoelastik davraniglarinin degisimine yer
verilmigtir. Buna goére calismada derinimin artigi ile
elastik modiliisin (G) ve viskoz modliistin (G") arttigi
belirlenmigtir. Ultrases uygulan ve uygulanmayan tim
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SYS o6rneklerinde elastik modulusin viskoz modulusten
daha yuksek oldugu belirlenmistir (Sekil 3a ve 3b). Bu
durum Ozellikle viskoelastik davranig gdsteren sivi
yumurta &rneklerinin sivi-benzeri bir yapi sergiledigi
g6zlenmistir. Ancak en ylksek viskoz modulis degeri
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250 W uygulamasinda tespit edilmistir.

Bu durum

ultrases sonrasi yumurta sarisi granullerinde ve LDL’de

140
KNT
100W

120 250w

100

Stress o (Pa)

Shear rate y (1/s)

(@)

meydana gelen degisim ile izah edilebilmektedir [31].

120

100W
250W

100 -

60 -

Stress o (Pa)

40

50 60 70 100

Shear rate j (1/s)

(b)

Sekil 2. Ultrases ile muamele edilen/edilmeyen sivi yumurta sarisi drneklerinin viskozite degerlerinin
a) 0. glinde, b) depolamanin 17. gliniinde viskozite degerlerinin kayma hizi ile degisimi

250W
100W

KNT
10°

Storage modulus G' (Pa)

Oscillation strain 7 (%)

(@)

250W
100W
KNT

Storage modulus G' (Pa)

Oscillation strain ¥ (%)

(b)

Sekil 3. Ultrases ile muamele edilen/edilmeyen sivi yumurta sarisi érneklerinin viskoelastik davraniglarinin
a) 0. glinde ve b) depolamanin 17. giiniinde degisimi (KNT: kontrol)

Sekil 3(b)de ultrases ile uygulanan (kontrol) ve
uygulanmayan  yumurta  Orneklerinin  viskoelastik
ozelliklerinin depolama sonundaki (17. Gun) edgrileri
verilmistir. Buna gore calismada derinimin artisi ile

28740.70

250w
100w
KNT

Storage modulus G’ (Pa)

1065.78
0.240039

101 87.833900

Angular frequency @ (rad/s)

(@)

elastik modiilis (G’) ve viskoz modiilis degerlerinin G”
arttigi belirlenmigtir. Ultrases uygulanmayan tim SYS
orneklerinde elastik modilisin viskoz modulisten daha
yuksek oldugu belirlenmigtir.

44082.800

odulus G

Loss

100W
250W
KNT

Storage modulus G' (Pa)

110.028
0.200825

10° 10° 76.907000

Angular frequency © (rad/s)

(b)

Sekil 4. Ultrases ile muamele edilen/edilmeyen sivi yumurta sarisi érneklerinin
a) 0. glinde ve b) depolamanin 17. glniinde viskoelastik davranislarinin frekansla degisimi

Sekil 4'te ultrases ile muamele edilen/edilmeyen SYS
orneklerinin viskoelastik davraniglarinin degisimine yer
verilmistir. Buna gore galismada frekans artisi ile elastik
modiiliisiin ve viskoz modilisin arttigi belirlenmistir.
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Calismada G ve G"nin 10 rad/s frekans degeri Gzerinde
kesistigi ve bu frekans degerlerinde ise, sistemin yari-
sivi benzeri bir davranis karakteri sergiledigi (G>G")
saptanmigtir.  Ultrases uygulanmayan tim SYS
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Orneklerinde elastik moddlusin  viskoz  modulls
degerinden daha ylksek oldugu belirlenmistir. Bu durum
Ozellikle viskoelastik davranig goésteren sivi yumurta
Orneklerinin sivi-benzeri bir yapi sergiledigi gézlenmistir.
Ayrica 100 W ve 250 W ile muamele edilen SYS
numunelerinin G ve G~ degerlerini diger numunelere

10%

250W
100W
KNT

Storage modulus G’ (Pa)

—r—r . . .
55 80 85

Temperature T (°C)

(@)

gore 6nemli diizeyde degistirdigi gézlenmistir. Ornekler
incelendiginde dusuk agisal frekans degerlerinde sivi
benzeri (G">G) karakterde iken artan frekans degerinde
ise elastik/kati benzeri (G>G") bir yapisal davranig
belirlenmigtir.

23713.10

100W
250w
KNT

Storage modulus G (Pa)

1057.32

M e e A e e S L B
45.0 475 50.0 525 55.0 575 60.0 625 65.0 67.5 70.0

Temperature T (°C)

(b)

Sekil 5. Ultrases ile muamele edilen/edilmeyen sivi yumurta sarisi érneklerinin
a) 0. glinde ve b) depolamanin 17. giiniinde sicaklikla degisimi

Sekil 5'te ultrases ile muamele edilen/ediimeyen SYS
orneklerinin  viskoelastik  davranislarinin  sicaklikla
degisimine yer verilmistir. Buna gbre ¢alismada sicaklik
artisi ile elastik modilisin ve viskoz modulisin
70°C’ye kadar azaldidi sonrasinda ise sivi yumurtanin
katilasmaya ve jellesme sureci ile arttigi belirlenmistir.
Bu durum viskoelastik davranis sergileyen 6rneklerde
ozellikle 75-80°C arasinda SYS’nin kati/jel-benzeri bir
yap! sergiledigi saptanmistir. Ultrases uygulanmayan
tim SYS orneklerinde elastik modiilisin  depolama
sonrasinda (17. gun) en disik dizeyde oldugu ve
viskoz modulUsten daha yutksek oldugu belirlenmistir.

SONUCLAR

Ultrases uygulanan SYS orneklerinde, uygulama
kosullari (Watt glcl), yumurtanin yapisal ve reolojik
Ozellikleri Uzerinde etkisinin incelendigi ¢alismada;
ultrases 100 W uygulanmasi SYS’nin stabilizasyonunda
250 W uygulamasina gore daha etkili oldugu
belirlenmistir. Calisma kapsaminda frekans artigi ile

elastik modulisin ve viskoz modilisin arttigi
belirlenmistir.  Ultrases uygulanmayan tim SYS
Orneklerinde G'nin  G'den daha disik oldugu

belirlenmistir. Sonikasyon uygulamasi ile viskoelastik
davranis goOsteren sivi yumurta &rneklerinin  sivi-jel
benzeri bir yapi sergiledigi gézlenmis olup, 100 W ve
250 W ile muamele edilen SYS numunelerinin G ve G’
degerlerini diger numunelere goére 6nemli dizeyde
degistirdigi g6zlenmisgtir. Yapilan calisma
degerlendirildiginde disuk acgisal frekans degerlerinde
SYS sivi benzeri (G'<G) karakterde iken artan frekans
degerinde de elastik/kati benzeri (G>G') bir yapisal
davranis sergilemistir. Bu acgidan Ozellikle proses
tasariminda 100 W uygulamasinin akis davranisi
agisindan, sistemdeki akustik kavitasyon etkisinin
minimize edilerek SYS drind Uzerindeki deformasyon
etkisinin azaltilmasi agisindan dnerilmektedir.
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Calisma sonucunda ultrases uygulamasinin yumurtanin
yapisal ve reolojik 6zellikleri izerindeki hedeflenen etkisi
karakterize edilirken uygulamanin SEM degerleri ile
SYS lzerindeki lezyon ve deformasyon etkisi ile reolojik
davranis  Uzerindeki  viskoziteyi azaltma etkisi
belirlenmisgtir.
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ABSTRACT

Polycarbonate (PC) materials are widely used for the packaging of drinkable water. The use of PC materials as food
packaging raises some concerns for the migration of Bisphenol A (BPA), which is the monomer of PC. Therefore, in
this research, it was aimed to determine the quality of new and old (life time ended) PC water carboys in terms of
residual BPA and BPA migration levels with respect to storage conditions. For this purpose, BPA migration was
determined by storing at three different temperatures (5, 20 and 40°C) for seven different storage times (1., 5., 10., 20.,
30., 45. and 60 days.) Residual and migrated BPA levels were determined by High Performance Liquid Chromatography
with Fluorescence Detector. As a result, PC water carboys contained low levels of residual of BPA, and lower or higher
residual BPA levels were detected in old materials compared to new materials. The BPA migration level increased by
temperature and time, and storage under sunlight increased the level of BPA migration. BPA migration levels under all
storage conditions were below the specific migration limit for BPA. In order to reach the tolerable daily intake of BPA
even under the worst storage condition of PC water carboys, daily water consumption was calculated as 16 liters for a
person with a body weight of 60 kg. On the other hand, this daily water consumption might not be rational for a person.
Therefore, it was concluded that PC water carboys possessed no risk in terms of BPA migration levels under the
conditions studied.

Kewwords: Bisphenol A (BPA), PC water carboys, migration of BPA, residual BPA

Bisfenol-A Kalinti ve Migrasyon Seviyeleri icin Polikarbonat Su Damacanalarinin Giivenligi
0z

Polikarbonat (PC) malzemeler, sahip oldugu oOzellikleri itibariyle icme sularinin ambalajlanmasinda oldukga yaygin
olarak kullanilan malzemelerdir. PC malzeme; monomeri olan Bisfenol-A (BPA)dan dolayr gida ambalaji olarak
kullanimina dair BPA migrasyonu agisindan bazi endiseler yaratmaktadir. Bu nedenle bu arastirmada yeni (hig
kullaniimamig) ve eski (kullanim émrinid tamamlamis) PC su damacanalarinin kalinti BPA miktarlari agisindan
kalitelerinin degerlendiriimesi; depolama sicaklidi ve depolama suresinin BPA migrasyonu tzerine etkisinin belirlenmesi
amaglanmigtir. BPA kalinti analizi ve BPA migrasyon analizi Floresans Dedektorll Yiksek Basing Sivi Kromatografisi
kullanilarak gercgeklestirilmistir. Bu amagila, tg farkli temas sicakligi (5, 20 ve 40°C) ve yedi farkli depolama slresinde
(1., 5., 10., 20., 30., 45. ve 60. gun) depolama yapilarak BPA migrasyon miktarlari belirlenmistir. Calisma sonucunda
PC damacana o6rneklerinin BPA kalinti miktarlarinin disik oldugu ve damacanalarin eski olmasi durumunda yeni
damacanalara gore daha disuk ya da daha ylksek kalintt BPA miktarlarina sahip olabilecegi tespit edilmistir. BPA
migrasyon miktarlarinin ise sicakliga ve slreye bagli olarak artis gosterdigi ve damacanalari gines 1511 altinda
depolamanin BPA migrasyon miktarlarini artirdigi tespit edilmistir. Tim depolama kosullarinda tespit edilen BPA
migrasyon miktarlarinin, BPA igin belirtilen spesifik migrasyon limitinin oldukga altinda oldugu belirlenmistir. 60 kilogram
agirhgindaki bir kisinin BPA'nin tolere edilebilir glinlik alim miktarina (4 mikrogram/ 60kg vicut agirhgi-gin) ulagsmak
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icin, en kotl depolama kosulunda (40°C/60 gtin) bir glinde 16 litre su tiketmesi gerektigi hesaplanmistir. Ancak guinlik
kosullar dikkate alindiginda bu miktarda su igilmesi olasi degildir. Bu nedenlerle, gerceklestirilen bu ¢alisma sonucunda,
belirtilen kosullar altinda kullanildidinda polikarbonat su damacanalarinin BPA migrasyonu agisindan bir risk teskil

etmedigi belirlenmistir.

Anahtar Kelimeler: Bisfenol A (BPA), Polikarbonat sudamanalari, BPA migrasyonu, kalinti BPA

INTRODUCTION

Polycarbonate (PC) has an important place among
plastcs due to its numerous advantageous
characteristics such as excellent transparency,

impermeability, high thermal stability, and mechanical
strength and, therefore, it has a rather broad usage area.
PC, which is used commonly in the production of
materials contacting foods, especially 5-gallon water
bottles and tableware. The key building block of PC is
bisphenol A (BPA; 2,2'-bis(4-hydroxyphenyl)propane [1]
and BPA may be found as a residue in the materials.
Recent studies have brought up that BPA threatens
public health by migrating from polycarbonate materials
to food products. It is known that BPA migration occurs
from PC materials and consumers may be exposed to
BPA significantly in their daily diets [1; 2; 3; 4; 5]. Although
there are many studies about the negative effects of BPA
on health and some concerns expressed in this regard,
EFSA CEF Panel concluded that there is no health
concern for any age group from dietary exposure and low
health concern from aggregated exposure [6]. Indeed,
due to the possible negative effects of BPA on health, the
use of this monomer in the production of PC materials
used for infants and its use as an additive in the plastic
materials coming into contact with foodstuffs have been
prohibited with the Commission Regulation No 10/2011

[7].

The amount of migrated BPA from PC materials may
increase due to PC degradation especially at high
temperatures and in contact with water [8; 9; 10; 11; 12;
13 14; 15; 16; 17; 18; 19] or owing to the impact of
environmental conditions or the repetitive processes such
as washing, sterilization in the PC materials reused for a
long time [1; 10; 20; 21; 22; 23]. As a result, a higher
amount of BPA migration may occur compared to the
initial amount of residual BPA [12; 20] . In 5-gallon PC
water bottles used to store potable water, water can be
kept under ambient conditions for a long time and at high
temperatures depending on the seasonal conditions.
Also, as 5-gallon PC water bottles are reusable materials,
they are exposed to the washing process many times.
The number of the studies in relation to the BPA
migration from the reused food packaging materials is
quite limited and no study focusing on the amount of
residual BPA in the 5-gallon PC water bottles have been
found so far.

This study aimed to determine (i) the amounts of the
residual BPA in the 5-gallon PC water bottles provided by
several companies in Turkey, (i) whether the usage
period for the end of life samples affected the amount of
residual BPA, (i) whether there was a statistically
significant difference between the BPA levels of the
upper, the main body, and the bottom parts of the 5-
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gallon PC water bottles, and (iv) the effect of the storage
temperature, storage period and storage under sunlight
on the level of BPA migration.

MATERIALS AND METHODS
Materials

The samples for analysis were provided by five different
5-gallon PC water bottle production companies. The
samples for residual analysis coded with N and O
meaning new (not used before) and old (life time ended)
respectively. The sample having the highest residual
BPA concentration was used for the migration analysis.

BPA (Pubchem CID:6623) standard (99% purity) was
purchased from Aldrich Chemical Co. (St.Louis, MO).
Water, used as a chromatographic solvent, was used for
the preparation of the simulant for the migration tests, and
additionally for the preparation of BPA standard solutions.
It was purified by using a Zeneer Power 1 (Human
Corporation, Seoul-Korea) before the analysis.

The PC water bottle samples were contacted with natural
spring water supplied in glass jars from a natural spring
water company for the migration.

Methods

Identification of the Material of Water Bottle with
FT-IR

The 5-gallon water bottle samples were subjected to
infrared analysis to confirm that the material was
polycarbonate. Fourier Transform Infrared
Spectrophotometer (FT-IR) measurements were carried
out by using a Perkin-Elmer Spectrum 100 FT-IR
spectrometer (Bucks, UK).

Residual BPA Analysis Method

The residual BPA analysis was conducted according to
the procedure performed by Kizilirmak Esmer et al. [20]
to determine the total amount of BPA residue in 5-gallon
PC water bottles. One gram of polymer taken from the PC
water carboy sample by cutting was immersed to 20 mL
of dichloromethane in a beaker and placed in an
ultrasonic water bath at 20 °C until completely dissolved.
The dissolved polymer was titrated with 50 mL of
methanol and the precipitate was allowed to rest for 10
min. The supernatant was removed and filtered via 0.22
Mm polytetrafluoroethylene (PTFE) filter and the residual
BPA was determined using the High-Performance Liquid
Chromatography with Fluorescence Detection (HPLC-
FLD) procedure described below. All the experiments
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were conducted runs each with two

repetitions.

in triplicate

The validation of the BPA analysis method was carried
out in terms of, the limit of detection (LOD), the limit of
quantitation (LOQ), the linearity and the repeatability
(Rec).

BPA Migration Analysis Method

The migration analysis was performed according to the
method of Kizilirmak Esmer et al. [20], after the 5 - gallon
PC water bottles were subjected to the migration test
conditions given in the experimental design. The 5 -
gallon PC water bottle parts were taken as each part will
be as 24 cm? of surface area and each part was
immersed in 100 ml of natural spring water in a glass jar
in order to ensure the ratio of the surface area to the
volume of the water bottle as in the real-use conditions.
The surfaces of the samples were carefully cleaned with
the paper towels before the analysis. At the end of the
contact period, the samples were carefully removed so
that the solution on their surface was completely
transferred into the jar, and the simulant was filtered
through the 0.22 um PTFE filter, transferred into the vial
and the BPA level was determined. Since there is two-
sided contact in the immersion method, and the surface
area of the sample in contact with the simulant during the
migration test was increased by twofold, the migration
results were divided by two. However, in real contact-
conditions the migration occurs in one-way. Therefore,
the calculated migration results for some contact
conditions were below the LOD value of the method. All
the experiments were conducted in triplicate runs each
with two repetitions.

Experimental Design for Migration Analysis

Migration of BPA from the 5-gallon PC water bottles was
investigated at three contact temperatures of 5£1°C (D5),
20 £1°C (D20) and 40+1°C (D40) at dark conditions and
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one contact temperature of 201 °C (L20) under sunlight
filtered through the window for eight storage periods of
1t 50 10%, 30™ , 45" and 60" days. The samples under
sunlight were put near the window at which room
temperature was kept steadily at 20+1°C by the air
conditioner. The experimental design for migration
analysis was set in triplicate runs with two repetitions for
each period.

Chromatographic Parameters

The quantitative determination of BPA in the samples
was achieved by using Agilent 1200 Series HPLC system
(Santa Clara, United States) with fluorescent detection at
Ex: 285 nm and at Em:315 nm and autosampler system.
A 5 pmZorbax Eclipse XDB C18 (150mm x4.6mm i.d.)
was used. Mobile phase was methanol/water (70:30, v/v)
in isocratic elution at 0.4 mL/min at 25°C, and the injection
volume was 10 pL for all the solutions.

Statistical Analysis

The data of residual content of BPA were statistically
analyzed and presented as the mean * standard
deviation (SD). The coefficient of determination (R?) was
determined by regression/ correlation analysis in the
SPSS software [24]. Statistical significance was
performed using one-way ANOVA and Duncan’s multiple
range tests (p<0.05).

RESULTS and DISCUSSION

Identification of the Material of Water Bottle with
FT-IR

The FTIR spectrum of PC water carboys was shown in
Figure 1. The characteristic absorption peaks of
Bisphenol-A based Polycarbonate are suitable with the
results of Hacioglu [40] and Parshin et al., [41] which
shows the material is PC.
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Figure 1. FTIR spectrum of a PC water carboy sample
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Method Validation Results
Residual BPA Analysis

It was determined that the limit of detection (LOD), and
limit of quantification (LOQ) were 6.39 ppb and 9.30 ppb
respectively and the recovery was 84.2%. Calibration
curves were obtained by measuring the standard
solutions at five levels in the range of 200-2000 ppb with
three replicates per concentration. It was found that the
coefficient of determination (R?) is greater than 0.99 in
linear regression analysis performed by using the analyte
peak area vs. analyte concentration.

BPA Migration Analysis

It was determined that the LOD and the LOQ were 1.14
ppb, and 1.48 ppb respectively and the recovery was
%103. The recovery analysis was carried out by
contacting the PC water bottle samples with both solution
A and solution B for 40°C/10 days and then the migration
amounts were calculated. In this analysis, solution A was
composed of natural spring water spiked with BPA
standard to attain 20 ppb of BPA concentration, whereas

solution B was just natural spring water. The % recovery
was calculated by using the equation of;

% Recovery: (Ma-Mg)/20*100
Ma: BPA amount in solution A (ppb)
Mg: BPA amount in solution B (ppb)

Calibration curves were obtained by measuring standard
solutions at five levels in the range of 0-30 ppb with three
replicates per concentration. It was found that the
coefficient of determination (R?) is greater than 0.99 in
linear regression analysis performed by using the analyte
peak area vs. analyte concentration.

Residual BPA Amount

As depicted in Table 1, it was found that the highest
amount of residual BPA in the samples was 3.50 + 0.14
ppm, the lowest amount of residual BPA was 0.71£0.13
ppm. The amounts of residual BPA in total 30 water
carboys samples including 5 new ones and 5 old ones
from three different parts were over 2 ppm only in 8
samples and between 1-2 ppm in 18 samples, below 1
ppm in 4 samples. The amount of residual BPA was over
2 ppm in all of the samples of the trademark no 2.

Table 1. Residual BPA amounts in the PC water carboys

Residual BPA amounts for different parts of

ngple Age water bottles (ppm)* Average BPA amounts (ppm)
ode .
Upper part Medium part Lower part
1 New  1.66+0.00Aa 1.86+0.03Ba 1.45+0.09Ca 1.66+0.04a
1 ol 1.12+0.17Aa  0.95+0.008Ab  1.00+0.20Aa 1.02+0.13b
2 New  2.50+0.05Aa 3.02+0.30Aa 2.55+0.25Aa 2.69+0.20a
2 ol 3.50+0.14Ab 3.29+0.16Aa 2.23+0.31Ba 3.00+0.20a
3 New  2.03+0.06Aa 1.77+0.05Ba 1.72+0.04Ba 1.8410.05a
3 ol 0.96+0.10Ab 1.21+£0.20Aa 1.18+£0.00Ab 1.12+0.10b
4 New  1.72+0.05Aa 1.37£0.11Aa 1.4410.13Aa 1.511£0.10a
4 ol 2.57+0.14Ab 1.73+0.13Ba 1.03+£0.20Ba 1.7840.16a
5 New  1.58+0.13Aa 0.71+0.13Ba 0.99+0.04Ba 1.0910.10a
5 ol 1.26+0.00Ba 1.771£0.14Ab 1.131£0.12Ba 1.3940.09a

*. Means with different capital letters show significant differences in the same line (p<0.05). Means with different
lowercase letters show significant differences between new and old samples of the same coded samples (p<0.05).

In order to determine whether several parts of PC water
carboys were statistically different in terms of the
amounts of residual BPA, the amounts of the residual
BPA between the same samples were assessed by
applying one-way analysis of variance and Duncan’s test.
The difference was statistically significant in 6 samples
(p=<0.05) whereas the difference was not statistically
important for the other 4 samples as shown in Table
1.Several studies have indicated that PC materials may
be degraded especially due to the effect of different
ambient conditions such as high temperature, alkaline
environment, sunlight or different repeating processes
such as washing with detergent solution, sterilization, and
there may be an increase in the amounts of residual BPA
in the material or amounts of BPA migration to the food
[1; 10; 12; 20; 21; 22; 23; 25]. In our study, as shown in
Table 1, the residual BPA amounts of old (life time ended)
PC water carboys were higher than that of the new (not
used before) samples in three of the five samples and one
of these differences was statistically important (p<0.05).
For the other two samples the residual BPA amount of old
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samples were lower than that of the new samples and
both of these differences were significantly important
(p=<0.05). Although the higher BPA residual amounts
were expected in all of the old samples since exposure to
the environmental and usage conditions, the residual
BPA amounts of old samples may be lower than the new
ones. This may be due to that, even if the material
degrades depending on the conditions of use, the
increase in residual BPA amount can not be detected
since it may migrate to the water contacted during the
next usage period since these materials are reusable.
Indeed, in a study, it was determined that there was no
significant difference between the brand-new PC water
bottles and the PC water bottles used (1-9 year) by
consumers at home under ordinary usage conditions in
terms of BPA migration and they stated that consumers
washed PC water bottles with hot water at 50°C at home
and, therefore, this process did not affect PC material in
terms of the amount of residual BPA [3]. As a result of the
literature review about the residual BPA amounts of PC
materials, the amounts of residual BPA in the PC
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materials used for the different purposes may vary from
5-10 ppb to 599 ppm as seen in Table 2 and it was
remarkable that the results were generally at ppm-level

For this reason, it is considered that the amounts of
residual BPA of the samples of PC water carboys
produced in Turkey were at a low level.

Table 2. Residual BPA amounts of different PC materials in previous studies

PC material Residual BPA amounts  Reference
Baby bottle 0.60-6.23 ppm [20]
Plate 8-13 ppm
Glass 7-10 ppm
DvD 80 ppm [12]
Baby bottle 5-40 ppm
Bowl 15 ppm
Baby bottle 16.2-17.6 ppb [13]
Water galloy 2.5-70 ppm
Bottle 2.1-25 ppm
Film 4-5 ppm
Plate 2.5-9.0 ppm (271
Bar 9.0-9.3 ppm
Disc 10-15 ppm
Baby bottle 1.4-35.3 ppm [36]
Baby bottle 6-25 ppb [22]
Baby bottle <1 ppm-500 ppm [28]
Baby bottle 4.01-141 ppm [37]
Food stock box from PC waste 347 ppm [38]
Ricebowl 379 ppm
Mug 599 ppm
Soup cup 596 [8]
Dish 431
Baby bottle <1 ppm-20 ppm
Baby bottle 7-58 ppm [11]
Baby bottle 4-139 ppm [39]

BPA Migration Analysis Results

A typical BPA chromatogram is shown in Figure 2. BPA
migration results for different contact conditions are
demonstrated in Figure 3. Also, Table 3 shows the
statistical comparison of the results. According to these
results, the BPA migration increased with the contact
period and the contact temperature and these increases
were statistically important (p<0.05). Based on the
migration theory, the concentration of the migrating
compound is directly proportional to the square root of the
contact time [18; 19; 26]. As the contact period increases
the migration amount of a substance will increase, too.
Moreover the migration of substances is accelerated by
heat. So the migration will occur faster if the temperature
is raised. Our results were in accordance with this
correlation. As depicted in Figure 4, it was observed that
the increase of BPA migration with square root of time
was exponential based on D20, D40, and L20 contact
conditions. The findings of this research are in agreement
with the literature. In a study conducted to determine the
BPA migration from PC materials contact with water at
40°C, 60°C and 80°C in different periods up to 360 hours,
it was determined that with increasing the contact
temperature, the migrated amount of BPA and the rate of
the migration increased with contact period[27].

When we examined the BPA migration values, there was
no BPA migration at a detectable level at 5°C of contact
temperature during the entire storage period. At 40°C of
contact conditions, the maximum BPA migration was
14.91+£0.58 ppb at the end of the storage period of 60
days. To determine the effect of sunlight, the samples
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were stored under dark and sunlight conditions at 20°C
of contact conditions. The BPA migration statistically
changed according to the availability of sunlight (p<0.05).
It increased the BPA migration to exposure to sunlight
and at the end of storage period of 60 days at 20°C under
sunlight, the maximum BPA migration was 12.91+£0.55
ppb whereas the maximum BPA migration was 9.93+0.65
ppb for the same contact conditions in dark. And these
differences were statistically important (p<0.05). As
stated by some researchers, this situation might have
occurred due to the fact that polymeric material may be
degraded when PC materials were exposed to the
external environmental conditions such as sunlight [12;
28-30]. As a result of the degradation of the material,
there was an increase in the amount of the residual BPA,
and this situation may lead to a rise in the amount of the
BPA migration level. Ina study, the researchers analyzed
the BPA migration from new PC water bottles to water at
room temperature (22°C) under the 1, 3, 5 and 7 days
contact conditions. They found that the BPA migration
values were 0.08-0.36 ppb at the end of the 1st day and
0.73-1.33 ppb at the end of the 7™ day [3]. Similar results
were obtained in the present study as a result of the
storage at room temperature. Indeed, in the study
conducted by [31], to determine the migration of BPA
under severe conditions of contact temperature of 70°C,
they found that the amount of BPA migration was in the
range of 32-54.7 ppb at the end of the first day in PC baby
bottle of three trademarks and the reusable PC water
bottle of two trademarks in contact with water at 70°C and
the amount of BPA migration increased in time and it
reached to 228-528 ppb range on the 6t" day.
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Table 3. BPA migration amounts from water galloy samples into the water

under different contact conditions

Amount of BPA migration (ppb)

Contact period D5 D20 D40 L20
1%t day Nd Nd Nd nd
5" day Nd 1.09+0.54Aa  3.14+0.47Ac 2.38+0.38Ab
10" day Nd 2.80+0.34Ba  4.14+0.53Bb 3.33+0.56Ba
20" day Nd 3.22#0.56Ba  7.08+0.48Cb 4.40+0.79BCa
30" day Nd 3.86+0.74Ba  8.43t+0.38Cc  5.57%0.63Cb
45" day Nd 5.67+0.92Ca 10.18t0.74Dc  8.22+0.32Db
60" day Nd 9.93+0.65Da 14.91+0.58Eb  12.91+0.55Eb

*:Means with different capital letters show significant differences in the same column
(p<0.05). Means with different lowercase letters show significant differences in the

same line (p<0.05).
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Figure 4. The change in migration of BPA with square root of time at different temperatures

In general, it was remarkable that the determined BPA
migration amounts were rather lower compared to the
residual amounts of BPA. This was considered to be due
to the fact that the solubility of BPA in water is low [32-
34]. In many situations, the "migration from polymers"
term is defined as a mass transfer related to the diffusion
managed by the predictable physical processes included
in a polymer network [35]. Although it has been stated
that the BPA migration from PC materials to aqueous
foods is also caused by the BPA released as a result of
the hydrolysis occurring at the surface of the material as
well as the residual BPA remained in the material after
production, it is known that PC materials are more
susceptible to hydrolysis in contact with water especially
at the temperatures over 60°C [10, 12-16]. The carbonate
linkages in the PC material are subjected to hydrolytic
attack at high temperatures [13]. As the hydrolysis does
not occur when the water in the PC water bottle is not
stored at high temperatures such as 60°C, it is
considered that the amounts of the BPA migration were
at low concentrations.

Assessment of Amounts of BPA Migration Based on
TDI Value and Specific Migration Amount

The tolerable daily intake (TDI) value for BPA has been
changed by EFSA within years and the value has been
decreased. The last TDI value is 4 ug/kg body weight/day
[6]. The amount of BPA daily tolerable for a human being
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with an average body weight of 60 kg is 240 ug. In this
case, in order to reach this amount based on the amounts
of BPA migration determined according to different
environmental conditions:

The human body will be able to tolerate the amount of
BPA taken;

e When 203 L of water is consumed daily from a
5-gallon PC water bottle stored at the D5 storage
conditions for 60 days. (1.14 ppb of LOD was taken
as the maximum BPA migration amount)

When 24 L of water is consumed daily from a
5-gallon PC water bottle stored at the D20 storage
conditions for 60 days.

When 16 L of water is consumed daily from a
5-gallon PC water bottle stored at the D40 storage
conditions for 60 days.

When 19 L of water is consumed daily from a
5-gallon PC water bottle stored at the L20 storage
conditions for 60 days.

The specific migration limit (SML) for BPA was 0.6 mg/kg
food in 2002, this value was decreased to 0.05 mg/kg
food (50 pg/kg food=50 ppb) in 2018 according to the
Commission Regulation No 2018/213 [42]. In other
words, the amount of BPA to migrate from the 5-gallon
PC water bottles to the water included in them is 50 pg
for 1 L of water. When we compared this value with our
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results even for 60-days storage we concluded that; the
migration amounts are quite lower than the SML value.

CONCLUSION

It was determined that the 5-gallon PC water bottles
produced in Turkey had a standard quality in terms of the
amount of residual BPA and these amounts were lower
compared to the residual BPA values in the literature.
Although it has been stated in the current literature that
there may be an increase in the amount of residual BPA
as a result of the degradation of the PC material due to
the processes applied during the usage periods and the
conditions it was exposed to, the increase in the residual
BPA amounts may not be noticeable by residue analysis,
as the material is a reusable and may migrate into the
water contacted during each usage period. Therefore,
lower or higher residue amounts can be detected in old
materials compared to new materials.

When we evaluate the BPA migration amounts on the
basis of TDI value, the amount of water should be drunk
is 16 L at the worst conditions of 40°C/60 days. It is not
practicable to drink such amounts of water. Overall it is
possible to conclude that PC water carboys are safe for
the BPA migration.

In our daily life we should not use the materials having
any migration risk of especially toxicologically important
substances at high temperature and long contact times.
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Hucreler arasi haberlesme hayati 6neme sahip olup, organizmalarda farkh sekillerde gergeklestiriimektedir.
Ekstraselller vezikiller uzun mesafeli iletisimde gorev alarak DNA, RNA ve proteinler gibi hiicreye 6zgii maddeleri
tasimaktadir. Ekstraselller vezikuller boyutlarina ve olusumlarina goére apoptozom, mikrovezikil ve eksozom olmak
Uzere 3 gruba ayrilmaktadir. Eksozomlarin hastaliklarin teshisinde kullanilan bazi énemli biyobelirtegleri icermesi,
hastaliklarin tanisinda kullaniima fikrini ortaya gikararak eksozomlara olan ilginin artmasina neden olmustur. Ayrica
dendritik hlicre kokenli eksozomlarin bagisiklayici rolleri eksozomlarin tedavi amagh kullanilabilirligini de
goOstermektedir. Eksozomlarin hayvansal ve bitkisel kaynaklardan eldesinde diferansiyel santrif(ij, immiinoaffinite,
ultrafiltrasyon ve polimer bazli ¢okeltme en g¢ok kullanilan ydntemler arasindadir. Eksozomlar genellikle hiicre
biyolojisi, biyomedikal gibi alanlarin konusu olsa da son yapilan ¢alismalar ile eksozomlarin gida ve tarim alanlarinda
da umut vaat eden sonuglar igerdigi belirlenmistir. Ozellikle ¢éziinirligii ve biyoyararlih@i disiik biyoaktif bilesiklerin
tasinmasindaki rolleri dikkat gekmektedir. Eksozomlar biitiin viicut hiicreleri tarafindan olusturuldugu, yapi ve igerik
olarak hiicre zarina benzedigi ve kan-beyin gibi kompleks bariyerleri gegebildiginden viicut tarafindan daha iyi tolere
edilmektedir. Nitekim literatlr verileri biyoaktif bilesiklerin eksozomlar ile taginmasinin immiin reaksiyonlar, toksisite,
modifikasyona ihtiyag duyma ve yapay olarak sentezlenme gibi dezavantajlara sahip nanopartikiillere karsi alternatif
bir ¢6zim olabilecedini dusundirmektedir. Bu derlemenin amaci, son yillarda gida bilimi alaninda da dikkat ¢eken
eksozomlarin ozellikleri, fonksiyonlari ve biyoaktif bilesiklerin tasinmasindaki rollerinin degerlendiriimesidir.

Anahtar Kelimeler: Eksozom, Nanopartikul, Biyoaktif bilesik, Ekstraselller vezikiller, Hicreler arasi iletisim

Exosomes: Their Composition, Biological Functions and Potential for Transport of Bioactive
Compounds

ABSTRACT

Intercellular communication, which is vital in organisms, is carried out in many different ways. Extracellular vesicles
carry cell-specific substances such as DNA, RNA and proteins, taking part in long-distance communication.
Extracellular vesicles are divided into three groups as apoptosis, microvesicle and exosome according to their size
and formation. The fact that exosomes can be obtained from all body fluids and contain some important biomarkers
used in the understanding of diseases has led to an increase in interest in exosomes by revealing the idea of being
used in the diagnosis of diseases. In addition, the immunizing roles of dendritic cell-derived exosomes demonstrate
the therapeutic utility of exosomes. Differential centrifugation, immunoaffinity, ultrafiltration and polymer-based
precipitation are among the most commonly used methods for obtaining exosomes from animal and plant sources.
Although exosomes are generally the subject of cell biology and biomedical, recent studies have shown that
exosomes contain promising results in food and agriculture. Exosomes are better tolerated by the body as it is formed
by all body cells, resembles the cell membrane in structure and content, and can cross complex barriers such as
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blood-brain. Thus, literature data suggest that transport of bioactive compounds by exosomes may be an alternative
solution to nanoparticles having disadvantages such as immune reactions, toxicity, need for modification and
artificially synthesized. The aim of this review is to evaluate the properties, functions and role of bioactive compounds
in exosomes that have attracted attention in the field of food science in recent years.

Keywords: Exosome, Nanoparticle, Bioactive component, Extracellular vesicles, Cellular communication

GIRiS

Cok hicreli organizmalardaki milyarlarca hucrenin
islevlerini eszamanli gerceklestirebilmek icin
haberlesmeleri gerekmektedir. Bu sebeple canlinin
yasami boyunca devam eden hicreler arasi
iletisim hayati 6neme sahiptir. Hucreler bu iletigimi
yakinindaki ya da en uzaktaki hlcreye karsi kimyasal
mesajcilar salgilayarak gergeklegtirirler. Haberlesme,
hiicrelerin aralarindaki mesafeye bagh olarak lokal
(yerel) haberlesme ve uzun mesafeli haberlesme
(hormonal haberlesme) olmak Uzere iki sekilde
gerceklesmektedir. Lokal haberlesmede
norotransmitterler ve yerel regulatérler gibi lokal
dizenleyiciler kisa mesafedeki hicrelere mesaj
iletmektedir. Uzun mesafeli iletisimde ise hormonlar ve
hiicre disi (ekstraselller) vezikuller rol oynamaktadir [1].
Ekstraselller vezikiller (EV), hicre disi ortama
salgilanan mikroRNA (miRNA), mesajci RNA (mMRNA),
DNA ve proteinler gibi hiicreye 6zgi biyomolekdlleri
tasiyan lipit tabakali nano vezikillerdir. EV’ ler serum,
plazma, idrar, amniyotik sivi, sinoviyal sivi, anne sutu ve
tukurdk gibi tim vicut sivilarindan elde edilebilmektedir.
EV’ lerin hicreler arasi haberlesme, genetik materyal
tasima, sinyal iletimi ve bagisikid duzenleme gibi
onemli biyolojik gorevleri oldugu bilinmektedir. EV’ ler
biyolojik olusumlari, boyutlari ve hicresel kokenlerine
goére apoptotik cisimler (apoptozomlar), mikrovezikiller
ve eksozomlar olmak Uzere uU¢ gruba ayriimaktadir
(Sekil 1). Apoptotik cisimler, normal hicrelerin 6lim
mekanizmasi olan apoptozis sonucu ortama birakilan ve
1000 ile 5000 nanometre (nm) arasinda degisen bir
c¢apa sahip olan vezikillerdir. Mikrovezikuller, 200 ile
1000 nm arasinda degisen boyutta olup, plazma
membranindan tomurcuklanma vyoluyla olusmaktadir.
Eksozomlar ise tim hicreler tarafindan ortama salinan,
30 ile 100 nm arasinda g¢apa sahip olan en kiglk
ekstraselller vezikul grubunu olusturmaktadir [2-4].

Apoptozom

Mikrovezikl

Sekil 1. Ekstraselliler vezikillerin biyolojik olarak bilinen
farkli tipleri [5 no’lu kaynaktan modifiye edilmistir]
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Eksozomlarin daire benzeri bir morfoloji sergiledigi ve
cift fosfolipit tabaka ile gevrili oldugu bilinmektedir [6].
Eksozom membraninin lipit igerigi daha fazla
sfingomyelin, seramid, kolesterol ve gliserolfosfolipit
bulundurmasi yéniinden hiicre membranindan farkhdir.
Bu farkh lipit icerigi eksozomlarin stabilitesinin
korunmasinda ve hicre tarafindan ortama salinmasinda
kolaylk saglamaktadir [7]. Lipit iceriginin yani sira kbken
aldigi hicre zarinda bulunan 1si-sok proteinleri,
tetraspanin (kiiglik membran proteinleri) ailesine dahil
olan proteinler ve reseptér molekilleri de membran
kompozisyonuna dahildir. Bu sekilde diger hicreler
tarafindan daha rahat taninarak eksozomlarin hicre
icine alinmalari kolaylagsmaktadir. Ozellkle CD9 ve
CD63 tetraspaninler  ekstraseliler  veziklllerden
eksozomlar ayirmada kullanilan 6nemli hicre zar
proteinleridir. Ayrica, dendritik hlcrelerden kdken alan
eksozomlar 6zgiin proteinler olan CD80, CD86 ylzey
antijenlerini icerirken; kanserli hlcrelerden olusan
eksozomlarda gesitli timor antijenleri bulunmaktadir [7-
9l.

Bu derlemede, eksozomlarin baslica Ozellikleri,
biyogenezi ve fonksiyonlari ele alinmaktadir. Ayrica gida
alaninda da kullanimi dikkat ceken ve islevi bulunan
eksozomlarin biyoaktif bilesiklerin tasinmasindaki rolleri
konusundaki literatar verilerinin derlenmesi
hedeflenmistir.

EKSOZOM BiYOGENEZI

Eksozom biyogenezinde ilk olarak ana hiicre zarinin
iceri dogru kivrilip girinti yapmasiyla birlikte erken
endozom olusmaktadir (Sekil 2). Gergeklesen bu islem
seramid tarafindan kontrol edilmektedir. Ligant-reseptor
kompleksi hicre zar tarafindan alinarak olusan
endozom igerisine aktariimaktadir. Olusan erken
endozom ige dogru tomurcuklanip girintiler yaparak ge¢
endozoma donusurken, birgok intraliminal vezikl
meydana getirmektedir. Bu asamada olusan yapilar
multivezikiler cisimcikler (MVC) adini almaktadir.
Olusan MVC iki farkli yol izleyebilmektedir; bunlardan
ilkinde lizozom ile bir araya gelmesi sonucunda
parcalanmaktadir. Ikincisinde ise plazma membrani ile
kaynasarak  eksozomlar halinde hicre disina
salinmaktadir [2, 10]. Eksozomlar ortama salindiktan
sonra hedef hicre tarafindan baslica 3 farkh sekilde
hiicre icine alinabilmektedir;

1. Ligandlar araciligi ile; reseptor etkilesimi sayesinde
eksozomlar Uzerinde bulunan ligandlar, hedef hiicre
reseptoriine baglanarak hicre igine alinabilmektedir.

2. Flizyon vyolu ile; eksozom membraninin hedef
hicrenin zari ile dogrudan flzyonu sonucunda
eksozomlar tasidiklari kargoyu hedef hicrenin
sitoplazmasina aktarirlar.
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3. Fagositoz ile; hedef hiicre zarinda olugan yalanci
ayaklar eksozomlarin etrafini sararak hicre igine
alinmasini saglayabilmektedir [11].

EKSOZOMLARIN FONKSIYONEL GOREVLERI

Baslangicta, eksozomlarin gereksiz hiicre molekdillerinin
giderilmesinden sorumlu araglar oldugu distnilmuistar.
Fakat yapilan arastirmalar bu fonksiyonlarinin yani sira
hiicreler arasi haberlesme ve tasima ile vicut
dengesinin  korunmasinda &6nemli goérevlere sahip
oldugunu ortaya koymaktadir. Ayrica eksozomlarin
patoloji alaninda da umut vaat eden rolleri oldugu

Endositoz

belirlenmigtir.  Biyolojik slreglerin dizenlenmesindeki
temel rolleri g6z o6nline alindiginda, hicre digl
veziklllerin hastalik patogenezinde &nemli bir rol
oynamasi sagirtici degildir [12, 13]. Eksozomlarin birgok
bakteri, paraziter veya viral enfeksiydz hastaliklarda
Onemli bir rolt oldugu kesfedilmistir [10]. Eksozomlar bu
rollerinin disinda immdin vyanitlarda 6nemli gdrevier
Ustlenmekte ve immin homeostazi saglamaktadir.
Eksozomlarin, bagisiklik sistemi icindeki iletisime dahil
oldugu ve hem bagisikligi uyarici hem de inhibe edici
etkiler ile modilasyona aracilik ettigi bilinmektedir [6,
14].

Eksozomlar

Eksozom ana hicresi

Sekil 2. Eksozom biyogenezi ve ortama salinimi [7 no’lu kaynaktan modifiye edilmistir]

Eksozomlarin kéken aldiklari hicrelerin durumuna goére
(6rnegin kanserli hicrelerden alinmasi halinde timor
belirtegleri icermesi gibi) sahip olduklar igerikler (CD9,
CD63 tetraspaninler ve CD80, CD86 yiizey antijenleri)
bu nano keseciklere hastaliklarin tani ve tedavisinde
kullaniima olanagdi sunmaktadir. Eksozomlarin yeni nesil
hastalik tani yontemi olarak kullaniimalarinda butin
vucut sivilarindan elde edilebilmeleri 6nem arz
etmektedir [15]. Ozellikle kanser hiicrelerinden elde
edilen eksozomlarin normal hucrelerden salinan
eksozomlardan farkli olarak 1si-sok proteinleri ve kdken
aldigi kanser hicresine ait spesifik proteinleri icerdigi
tespit edilmistir [7]. Eksozomlarin kanserde tanisal
amach kullaniimalari ile ilgili calismalarin ve 6nemli
kanitlarin prostat kanseri Uzerine oldugu gdsterilmistir.
Prostat kanseri hiicre hatlarinda yapilan ¢calismada elde
edilen sonuglar ile belirlenen prostat kanseri belirteglerin
vicuttan elde edilen plazma ve serum eksozomlarinda
da bulundugu belirlenmigtir [16]. Meme kanseri ile ilgili
bir calismada ise kanserli hastalardaki eksozom
biyobelirteglerin ifadelerinin saglikli kontrollerden daha
yuksek oldugu ve bu biyobelirtegclerin meme kanseri
teshisinde kullanilabilecegi saptanmistir [17]. Ozellikle
RNA’ nin dogal tasiyicilari oldugunun kesfedilmesi ile
eksojen terapétik kargolarin teslimi igin ara¢ olarak
eksozomlarin kullanilabilecegi hipotezi ortaya ¢ikmistir
[18-20]. Eksozomlarin protein haricinde tasidiklari gesitli
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onkojenik o6zellikte miRNA’ larin kanser hastaliginin
tanisinda 6nemli bir yere sahip oldugu dustunilmektedir
[21-24]. Ornegin, miR200 meme kanser hiicrelerinden
salinan eksozomlarda saptanmisken; miR105’'in meme,
yumurtalik ve prostat kanser hlcrelerinden kéken alan
eksozomlarda var oldugu tespit edilmistir [25]. Kanserin
yani sira yapilan g¢alismalar neticesinde kan ve lenf
damarlarinin igini olusturan endotelyal hicreler, diiz kas
hicreleri ve kalp kasinda kan dolasimini saglayan

kardiyomiyosit  hicrelerden salinan  eksozomlarin
koroner kalp hastaligi gelisiminde ve ilerlemesinde
onemli bir role sahip oldugu belirlenmistir. Bu

hiicrelerden ortama salinan eksozomlarin koroner kalp
hastaliginin tanisi igin degerli biyolojik bilgileri icerdigi
tespit edilmistir [26, 27].

Tasidiklari kargo ve bagisikhdi dizenleyici rolleri
eksozomlarin ayni zamanda tedavi amagl kullanilabilme
potansiyellerini de  ortaya koymaktadir  [28].
Eksozomlarin plazmadaki biyodagiliminin ve
kararliliginin yiksek olmasi tedavi edici uygulamalarda
kullaniimasini  kolaylastirmaktadir. Eksozomlari kendi
basina ya da eksojenik bir moleklle tasiyici olarak
kullanmak tedavi edici uygulamalarin basinda
gelmektedir [15]. Yapilan c¢alismalar ve elde edilen
sonuglar ile dendritik hiicre kokenli eksozomlarin
bagisiklayici 6zellige sahip oldugu tespit edilmistir [29,
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30]. Enfeksiyon hastaliklarin tedavisinde eksozomlarin,
intraselller bakteri gibi mikrobiyel antijenleri hicreye
tanitarak organizmanin immun sistemini kontrol altina
alip enfeksiyonun yayilmasini 6nledigi belirlenmistir.
Toxoplasma gondii  sicakkanli  organizmalardaki
hiicreleri enfekte edebilen 6karyotik bir parazittir [31].
Yapilan calismalar ile patojenlere karsi eksozomlar
aracihgiyla olusturulan koruyucu bir bagisiklik oldugu
g6zlemlenmistir. Boylece Toxoplasma gondii’ ye karsi
dentritik hiicrelerden elde edilen eksozomlar kullanilarak
bir asi gelistirilebilecegi fikri ortaya g¢ikmaktadir [32].
Yapilan galismalar ile eksozomlarin, timérlere karsi da
bir bagisiklik tepkisi olusturdugu tespit edilmistir [33, 34].
Vicut direncini destekleyerek kanser hicrelerini yok
etmeye yardimci olan immiinoterapi, 6zellikle kanser
tedavisinde dikkat ceken bir alandir. immiinomodiilatdr

potansiyelleri nedeniyle eksozomlarin kanser
immunoterapisinde kullanilabilecegi fikri 6nem
kazanmaktadir [35, 36]. Genel olarak, dendritik
hicrelerin  kanser  hucrelerini,  kanser/bagisikiik

doéngusunin ilk asamalarinda T hicresi aktivasyonu
yoluyla ortadan kaldirdigi tespit edilmigtir. Dendritik
hucrelerden turetilen eksozomlarin da T hicrelerini
aktive ederek immuln hlcreye bagh tumoér reddini
kolaylastirma potansiyeline sahip oldugu belirlenmistir.
Bu sonuglar 1siginda eksozomlarin kanser gibi
hastaliklarin tedavisinde kullanimi yeni bir terapotik
yaklasim olarak umut vaat etmektedir [37-39]. Ayrica,
eksozomlarin sinir sisteminde koruyucu bir rol oynadigi
da bilinmektedir. Birgok calisma, eksozomlarin néronal
korunma, sinir rejenerasyonu ve noronal gelisme
lizerindeki roliinii ortaya koymaktadir [40, 41]. Ornegin,
beyin destek hicresi olan oligodendrositlerin néronlarin
beslenmesinde gérev alan miyelin ve stres koruyucu
proteinleri iceren eksozomlari salgilayarak sinir sistemi
Uzerinde olumlu etkilere sahip oldugu tespit edilmistir
[42].

EKSOZOMLARIN ELDE EDILDIGI
VE iZOLASYON TEKNIKLERI

KAYNAKLAR

Hayvan hicrelerinde eksozomlarin kesfedilmesinden

sonra elde edilen sonuclar bitki hicrelerinde de
eksozom benzeri vezikillerin olusumunu
desteklemektedir. Eksozomlar memeli hicrelerinde

daha yaygin bulunmasina ragmen son zamanlarda
yapilan calismalar ile greyfurt, Uzim, havug gibi
meyvelerden de eksozomlar elde edilmistir [43, 44].
Bilim insanlari sigir sttlintin eksozomlar igin daha iyi bir
kaynak oldugunu belirlediginden, bu materyal ile yogun
bir sekilde cgaligiimaktadir. Nitekim sigir sutiinden elde
edilen eksozomlar kullanilarak ilag ve biyoaktif
bilesiklerin tasinmasi ile ilgili galismalarda umut verici
sonuglar elde edilmistir [45-47]. Hlcre kdltir ortami veya
biyolojik sivilar kullanilarak eksozomlarin izolasyonu
amaciyla farkl yontemler gelistiriimistir. Eksozomlarin
eldesi icin diferansiyel santrifij, immunoaffinite,
ultrafiltrasyon ve polimer bazli ¢okeltme dahil olmak
Uzere birgok metot uygulanmaktadir [48-50]. Bu
metotlara ek olarak daha pratik bir yontem olan Kkitler
Uzerinde de galismalar mevcuttur [51, 52]. Genel olarak,
eksozomlarin izolasyonunun izlenmesi boyutlarina,
morfolojilerine, ylzdirme yogunluklarina ve Alix,
TSG101, HSP70 ve CD9 gibi marker proteinlerin
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varligina dayanmaktadir [53]. En yaygin kullanilan
izolasyon teknigi, diferansiyel santrifijleme ydntemidir.
Bu metotta kultir ortamindaki blyuk partikiller ve hiicre
kalintilari, 200-100.000 g arasinda farkli santrifij
kuvvetleri kullanilarak kademeli olarak ayrilmaktadir.
Eksozomlar, 100.000 g'de tortu seklinde ¢oktirilerek
sUpernatanttan ayrilir. Fakat elde edilen ekstraksiyonlar
kiltir ortamindaki hicresel proteinleri ve partiklleri
icerme egiliminde oldugundan eksozomlarin
saflastirimasinda yeterince etkili bir teknik degildir.
Ayrica bu yéntemin zaman alici olmasi ve 6zel ekipman
gerektirmesi diger dezavantajlari arasindadir. Ancak,
yogunluk gradient santrifliji kullanilarak ylksek saflikta
eksozomlar elde edilebilmektedir. Bu teknikte sakkaroz
ve gliserin gibi materyaller ile olusturulan gradientlerde
santrifij yapilmaktadir [54]. Eksozomlarin eldesinde
kullanilan bir diger yaygin teknik ise immunoaffinite
metodudur. Afinite kromatografisi, monoklonal antikor
molekdllerini biyolojik aktivitelerine gbre kimyasal veya
fiziksel Ozelliklerine dayanarak ayirma yetenegine
dayanir. Bu yéntemde matriks adi verilen kati bir destek
materyaline ligant kovalent olarak immobilize
edilmektedir. Saflastinimak istenen molekul affinite
kolonundan gegirildiginde ayriimak istenen molekuller
ligand tarafindan tutulmakta ve istenmeyen safsizliklar
uygun bir tamponla kolondan uzaklastiriimaktadir [55].
Eksozomlarin eldesinde farkli tekniklerin kullanildigi bir
c¢alismada, immiunoaffinite metodu kullanilarak izole
edilen ekstraksiyonun eksozomlar ile iliskili belirteg
proteinleri daha fazla igerdigi tespit edilmistir [53].
Eksozomlarin izolasyonunda kullanilan bir diger metot
olan ultrafiltrasyon, basing  kullanilarak  boyut
farklilklarina gore izolasyonun yapildi§i bir cesit
membran filtrasyonudur. Ultrafiltrasyon teknigi nano
boyutlarda olan membrana yapisan proteinlerin
uzaklastinimasi ve eksozomlarin elisyonunda zorluk
yasanmasi gibi dezavantajlara sahiptir. Eksozomlarin
eldesinde alternatif bir ydntem ise polimerler kullanilarak
¢cokeltme yoluyla eksozom izolasyonudur. Bu metot,
1500g’de calisan basit ve yavas bir santriflijleme ile elde
edilen “polimer aglarin” belirli boyutlardaki eksozomlari
toplamasi prensibi ile calismaktadir [51].

EKSOZOMLARIN  BiYOAKTIF
TASINMASINDAKI ROLLERI

BILESIKLERIN

Eksozomlarla ilgili yapilan calismalar ¢cogunlukla hicre
biyolojisi, biyokimya, onkoloji ve biyomedikal alanlarinda
yogunlasmaktadir. Elde edilen bulgular 6zellikle tarim ve
gida alani icin umut vaat etse de, eksozomlarin bu
alanlarda kullanimlarina dair son derece az sayida
¢alisma bulunmaktadir. Polifenoller, vitaminler ve ¢oklu
doymamis yag asitleri gibi biyoaktif bilesiklerin gidalarin
besin degerini artirmak veya gidaya fonksiyonel
Ozellikler kazandirmak amaciyla farkh formuilasyonlara
ilave edilmesi mumkunddr. Fakat bu tir biyoaktiflerin
zayif biyoyararlanima sahip olmalar terapdétik gelisme
icin elverissiz bir 6zellik olarak kabul edilmektedir. Bu
nedenle, biyoaktif bilesiklerin verimli sekilde dagitimi ve
biyoyararlanimini  arttirmak igin  uygun sistemler
gelistiriimeye calisiimaktadir. Bu amagla son yillarda bu
bilesiklerin etkili bir sekilde tasinmasini amaglayan ¢ok
sayida nanometre boyutlu malzeme onerilmistir [56, 57].
Biyoaktif bilesiklerin biyoyararlanimini ve etkinligini
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arttirmak, icerdigi etken maddeyi hedef boélgeye
ulastiran ilag tasima sistemleri sayesinde mumkin
olabilmektedir. Polimer yapili sistemler kullanilarak
etken maddelerin spesifik olarak organ ya da dokulara
ulasmasi saglanabilmektedir [58, 59]. Nanopartikillerin
kullanimi, gidalarda bulunan biyoaktif bilesiklerin
biyoyararlanimini arttirmis olsa da bu nanopartikller
immun reaksiyonlara neden olabilmekte ve sitotoksik
etkiler gOsterebilmektedir. Ayrica nanopartikillerin
klirensi de (birim zamanda bd&breklerden temizlenen
plazma miktari) kullanimlari  konusunda endise
yaratmaktadir.  Biyoaktif  bilesiklerin  tasinmasinda
kullanilan bazi nanopartikiillerin  bagirsak htcreleri
tarafindan emildigi belirlense de, henlz vicuttan atilim
mekanizmalari hala tam olarak aydinlatilamamistir.
Polimer yapili birgok nanopartikiil var olmasina karsin
yap! ve icerik olarak eksozomlara en benzer temsilci
lipozomlar olarak sayillmaktadir. Bu sebepten dolayi
eksozomlarla karsilastirma icin bu nanopartikillerden
yalnizca lipozomlar kullanilabilmektedir [3]. Lipozomlar
katmanlh fosfolipit yapisinda bir membrana sahip olan
nanometre  boyutundaki  vezikullerdir.  Lipozomlar
sentetik veya dogal olarak fosfolipitlere kolesterol ilavesi
ile olusturulmaktadir. Lipozomlar hem hidrofilik hem de
hidrofobik bilesikleri kapstile edebilmesi agisindan
onemlidir [60]. Literatlirde bu nanopartikillerin ilag ve
biyoaktif bilesiklerin taginmasinda kullanimiyla ilgili
galismalar mevcuttur [61-63]. Fakat lipozomlarin
enkapsullasyonda kullanimi, Uretilen yapilarin yetersiz
stabilitesi nedeniyle sinirlidir [64, 65]. Her ne kadar bazi
basarili lipozomal ilag formilasyonlari olsa da modifiye
edilmemis lipozomlarin, kisa kan dolasim slresi ve
hedef seciciligi eksikligi ile in vivo olarak kararsiz oldugu
belirlenmistir. Lipozomal sistemin diger bir dezavantaji
da coklu dozajlarda farmokinetiginin degismesidir.
Ayrica sentetik olarak Uretilen lipozomlar kirilgan bir
yapidadir. Bu nedenle sahip olduklari dusuk stabiliteleri
yuzinden kapstle edilen bilesikleri sizdirma veya
kaybetme gibi sorunlar da ortaya cikabilmektedir [66].
Eksozomlar molekiilleri hicre disi ortamdan koruma ve
onlar hedef hiicre veya dokuya tasima islevine dogal
olarak sahipken, lipozomlarin uygulamalarda yararli
olmasi igin tasarlanmasi ve yapay olarak sentezlenmesi
gerekmektedir. Lipozomlarin vicutta kan-beyin gibi
kompleks bariyerleri gegememesi, cogunlukla yapay
malzemelerden elde edilmesi ve yapilan bircok calisma
sonucunda elde edilen riskler dolayisiyla kullanimlarinda
endiseler vardir. Ayrica uzun sureli polimerik
nanopartikillerin kullanimiyla ilgili ciddi toksisite riski de

bulunmaktadir [3]. Literatirde lipozomlarin gida
sistemlerinde kullanimina iliskin ¢ok az c¢alismaya
rastlanmaktadir. Lipozomlarin gida bilesenleri ile

etkilesiminin ¢ok iyi anlagsilamamasina ilaveten lipozom
Uretiminin hammadde maliyetleri ve Uretim sureglerinin
yuksek olmasi gibi etkenler gida alaninda lipozomlarin
kullanimlarini sinirlandirmaktadir [67].

Son yillarda yapilan calismalar, biyoaktif bilesiklerin
verimli bir sekilde tasinmasini saglayan hicresel salgi
artnleri  sinifindaki  eksozomlarin  kullanilabilirligine
dikkat cekmektedir [47, 68]. Eksozomlarin dagitim araci
olarak yapay nanopartiklllere kiyasla énemli avantajlari
oldugu belirlenmigtir. Eksozomlarin  butin  vicut
hicreleri tarafindan olusturulmasinin yani sira serum,

425

plazma ve tukuruk gibi vicut sivilarindan elde
edilebilmesi bunlarin kullanimindaki en énemli faktordur.
Bilesim ve vyapi olarak hicre zarina benzerlikleri
sayesinde eksozomlar vicut tarafindan daha iyi tolere
edilebilmektedir. Yapilan c¢alismalar eksozomlarin,
yuklerini hedef hiicrelere vermek igin plazma zarini
gectiklerini de géstermektedir [3, 55].

Biyoaktif bilesikler fizyolojik ve hicresel aktiviteleri
etkileyen fenilalanin veya tirosinden tiretilen ikincil
metabolitlerdir. Biyoaktif bilesikler meyve ve sebzelerde
az miktarda bulunsa da, saglik tGzerinde 6nemli etkilere
sahiptir. Fitokimyasallar olarak da adlandirilan biyoaktif
bilesikler terpenoidler, fenolik bilesikler (polifenoller) ve
azot-silfir (N-S) iceren bilesikler olmak (zere alt

siniflara  ayrilmaktadir [69]. Polifenoller, bitkilerde
bulunan biyoaktif bilesiklerin en &énemli kismini
olusturmaktadir.  Polifenoller  fenolik  asitler ve
flavanoidler olmak Uzere iki alt grup icermektedir.

Polifenoller, meyve ve sebzelerde kendine has tat ve
rengi saglama, bitkiyi UV radyasyonu, patojen ve fiziksel
hasarlara karsi koruma gibi gorevlere sahiptir [70].
Yapilan arastirmalar ile polifenollerin kanser, kalp-damar
ve norodejeneratif hastaliklarin yanisira bazi metabolik
hastaliklara karsi da koruyucu etkileri oldugu tespit
edilmistir [71-74]. Saglik Uzerine olumlu etkilerine
ragmen polifenollerin  distk ¢ozundrlikleri ve zayif
biyoyararlanimlari yiksek dozlarda dahi potansiyellerini
agiga cikarmalarini engellemektedir. Yapay
nanopargaciklarin kullaniminda karsilasilabilecek
sikintilara karsin; eksozomlarin igerigini hedef dokuya
tasimada sahip oldugu avantajlar gézoniine alindiginda
biyoaktif maddelerin taginiminda eksozomlarin kullanimi
Onem kazanmaktadir.

Antosiyanidinler, birgok meyve, sebze ve ciceklerin
kendilerine 6zgl kirmizi ve mavi-mor renklerinden
sorumlu, polifenollerin flavanoidler alt grubunda yer alan
dogal pigmentlerdir. Renklendirme &zelliklerine ek
olarak, antosiyanidinler, ndronal, kardiyovaskiler
hastaliklar, kanser, diyabet, enflamasyon gibi birgok
hastaligi 6nlemeye yardimci olan gugli antioksidan

aktivite sergileyen biyoaktif bilesenlerdir [75-77].
Antosiyaninler, aglikon kisim olarak da bilinen
antosiyanidinlerin  glikozitleri olarak  olusmaktadir.

Antosiyaninlerin gesitliligi, yapiya baglanan hidroksil
(OH) ve metoksil (OCHz3) gruplari, seker tirl ve sekere
baglanmis alifatik veya aromatik asit tirlerinin sayisi ve
pozisyonundan kaynaklanmaktadir. Dogada yaklasik 17
tane antosiyanidin bulunmasina ragmen, bunlardan
yalnizca 6 tanesi (siyanidin, delfinidin, pelargonidin,
peonidin, malvidin ve petunidin) bitkilerde yaygin olarak
bulunmaktadir. Polifenoller genel olarak suda disik
¢ozunurlige  sahipken,  antosiyaninlerde  yapiya
baglanan seker ile olusan glikosilasyon molekdlin
stabilite ve suda ¢dzinurlik kabiliyetini arttirmaktadir.
Ancak bu 6zellikler pasif difiizyon ile sinirlanan emilim
yuzinden antosiyaninlerin biyolojik olarak
kullanilabilirligini  distrmektedir [78]. Eksozomlarin
antosiyaninlerin  tasiniminda kullanim olanaklarinin
incelendigi bir calismada, ¢ig sigir sutlinden elde edilen
eksozomlar yabanmersini tlrevli antosiyanidinlerin
nanoformilasyonunun hazirlanmasinda kullaniimistir.
Antosiyanidinlerin  eksozomal formuilasyonu serbest
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antosiyanidinler ile kargilastirildiginda cesitli kanser
hiucrelerine karsi antiproliferatif etkisinin daha yulksek
oldugu tespit edilmistir. Bu calismadan elde edilen
veriler eksozomal antosiyanidin formulasyonunun
farelerde akciger kanseri tumor ksenograftina karsi
terapdtik tepkiyi O6nemli Olgide arttirdigini  ortaya
koymaktadir. Antosiyanidinlerin eksozomal
formulasyonunun, ¢oklu kanser tiplerine karsi gelismis
stabilite ve antikanser etki gosterdidi de bulgular
arasinda yer almaktadir. Antosiyanidinlerin sutten elde
edilen eksozom igine kapsullenmesinin, herhangi bir
toksik yan etkiye neden olmadan ilag etkinligini arttirdigi
saptanmistir [47]. Yumurtallk kanseri, kadinlarda en
onemli jinekolojik hastaliklardan biridir. Yumurtalik
kanserini tedavi etmek ve ilag direncini asmak icin
kemoterapdtik ilaglarla kombinasyon halinde bitki
biyoaktiflerinin kullanimi uygulanabilir bir strateji olarak
distnilmektedir. Epidemiyolojik ¢alismalar sonucunda
koyu renkli meyve ve sebzelerin alimi ile ¢esitli kronik
hastaliklarin insidansi arasinda ters iliski oldugu
bilinmektedir. Bu etki 6zellikle koyu renkli meyvelerin
ylksek antosiyanin igeriginden kaynaklanmaktadir [79,
80]. Aqgil ve ark. [68] yaptiklari calismada, yaban mersini
antosiyanidinlerini eksozomlar ile enkapsile ederek
yumurtalik kanseri Uzerindeki etkilerini arastirmiglardir.
Benzer sekilde antosiyanidinlerin eksozomal
formulasyonu serbest antosiyanidinler ile
karsilastirildiginda artan stabilite ve biyoyararlanima
bagli olarak kanser hicreleri Uzerinde daha fazla
antitimor etki gostermistir.  Elde edilen veriler
antosiyanidinin eksozomal formulinin direngli timorleri
duyarlilastirma ve yumurtalik kanseri tedavisinde
kullanilan  ilaglarin  terapétik  etkinligini  arttirma
potansiyeline sahip oldugunu goéstermistir. Yapilan bir
diger calismada ise kemoprenventif ajan olarak kabul
edilen yaban mersini tlrevli antosiyanidin ve kurkumin,
sigir sutiinden elde edilen eksozomlara yuklenmistir.
flac yiikli eksozomlarin insan akciger ve meme kanser
hicre hatlarina  karsi  antiproliferatif ~ aktivitesi
incelenmistir. Eksozomal formilasyonlarin  kanser
hucreleri Uzerinde serbest bilesiklere gére daha yuksek
antiproliferatif aktiviteye sahip oldugu tespit edilmistir
[81].

Bitkilerdeki  biyoaktif bilesiklerin kanserli hucreler
Uzerinde secici sitotoksik aktiviteye sahip umut verici
etkileri oldugu bilinmektedir. Biyoaktif bilesik grubuna ait
flavonoidlerin, serbest radikalleri nétralize ederek
antioksidan aktivite goOsterdigi ve bodylece kanser
hicrelerinin  ¢cogalmasini engelleyebildigi belirlenmistir
[82, 83]. Benzer sekilde Donoso-Quezada ve ark. [84]
tarafindan gergeklestirilen calismada, siyah fasulye
ekstraktinin eksozomal formulasyonunun kanser hicresi
Uzerindeki etkisinin serbest ekstrakta gore daha yiksek
antiproliferatif etkiye sahip oldugunu belirlemiglerdir.
Yapilan calismalar eksozomlarin &nemli biyoaktif
bilesiklerden olan antosiyaninlerin biyoyararlanimini
arttirmak icin etkili bir alternatif olabilecegini ortaya
koymaktadir.

Tripterygium wilfordii bitkisinden izole edilen celastrol,
birgok kanser tlrine kargi antiproliferatif ve antitimor
etkilere sahip oldugu gdsterilen bir terpenoittir [85, 86].
Celastrol ayrica, kanser hiicrelerinin hayatta kalmasi ve
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¢ogalmasinin engellenmesinde ¢oklu sinyal yollarinin
zayiflatiimasi igin gerekli olan 1s1 soku proteininin
(Hsp90) aktivitesinin artmasini saglamaktadir.
Biyofarmasoétik  siniflandirma  sistemi  (BCS) ilag
maddelerinin  suda ¢o6zUnurliklerine ve bagirsak
gecirgenliklerine goére siniflandiriimasinda kullanilan
bilimsel bir sistemdir. Bu sisteme goére ilaglar yag-su
ayrilma katsayisina dayanarak dort sinifa ayrilmaktadir.

Bunlar; BCS Sinif 1-yiksek ¢oézunurlik/yliksek
gegirgenlik, BCS Sinif 2-dUstuk ¢ézunurlik/ylksek
gegirgenlik, BCS Sinif 3-ylksek c¢dzunurlik/disuk
gecirgenlik, BCS Sinif 4-disik ¢ozunUrlik/disuk

gegirgenlik 6zelligi gosteren ilaclar kapsamaktadir [87,
88]. Celastrol, BCS sistemde dusik yag-su ayriima
katsayisina  (LogP 5.63) sahip olup duslk
¢ozunurlik/gegirgenlik ve zayif biyoyararlanimi olan bir
4. sinif ilag olarak siniflandiriimaktadir. Bu elverissiz
fizikokimyasal ve farmakokinetik ézellikler 6nemli etkileri
olan celastroliin terapotik uygulamasini
sinirlandirmaktadir. Celastroliin eksozomal
formilasyonunun arastinididi bir galismada, serbest
celastrole kiyasla eksozomal formun hem in vitro hem
de in vivo akciger kanseri hiicrelerinin proliferasyonunun
inhibe edilmesinde daha fazla etkinlik gosterdigi tespit
edilmistir [46]. Ayrica baska bir galismada, celastroliin
polimerik yapay nano formdilasyonunun, serbest
celastrole  kargi arttinlmis  antiproliferatif  aktivite
gostermedidi belirlenmistir [89]. Celastroliin sigir suti
turevli eksozomlarin igcine kapsullenmesi daha ylksek
ilag etkinligi saglayabilir ve yapay nanopartikillerin
toksik yan etkilerini azaltabilir. Bu nedenle, eksozomlarin
celastrolin etkili bir sekilde tasinmasinda uygun
maliyetli, gtivenli ve etkili bir alternatif tasinim yéntemi
olarak kullanilabilecegdi diistiniimektedir [46].

Curcuma longa (zerdegal) rizomlarinda bulunan dogal
bir  polifenol olan  kurkuminin, antienflamatuvar,
antioksidan ve kemopreventif aktivite gosterdigi
belirlenmistir [90-93]. Hint safrani olarak da bilinen
zerdegala rengini veren major biyoaktif bilesiklerin en
onemlisi olan kurkumin, sulu ¢ozeltide ¢O6zinmeyen
hidrofobik bir bilesiktir. Kurkuminin kararsizligi, sinirh
¢6zunurligu, zayif emilimi ve dislUk biyoyararlanimi
potansiyel terapdtik madde olarak klinik gelisimini
engellemektedir [94, 95]. Kurkuminin ¢6zUnarliguna ve
biyoyararlanimini artirmak ve gelistirmek igin lipozomlar
ve polimerik nanopartikiller gibi birgok ilag dagitim
sistemleri kullanilmistir. Ancak, in vivo olarak modifiye
edilmemis yapay nanopartikillerin kullaniminda kisa
dolasim slresi ve stabilite sorunlari gibi dogal
sinirlamalar ortaya c¢ikmaktadir. Enflamasyon, kanser
dahil olmak Uzere c¢esitli hastaliklarda 6nemli bir rol
oynamaktadir. Kurkumin, 6nemli bir antienflamatuvar
ajan olarak bilinmektedir. Bir ¢alismada, eksozomal
kurkuminin incelenen kanser hicrelerinde TNF-a
kaynakli enflamasyona sebep olan NF-kB seviyelerini
inhibe ederken, serbest kurkuminin etkisiz oldugu tespit
edilmistir. Ayrica ayni galismada, eksozomal kurkuminin
antiproliferatif aktivitesi, birkag insan kanser hicre hatti
kullanilarak belirlenmistir. incelenen akciger, meme ve
rahim agzi kanseri Uzerinde serbest kurkumin ile
karsilastirildiginda, eksozomal kurkuminin antiproliferatif
etkinliginin arttigi tespit edilmistir [96]. Osterman ve ark.
[97] vyaptiklari calismada eksozom ile kapsullenmis
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kurkuminin in vitro ortamda pankreas kanserine karsi
serbest kurkuminlere gore daha fazla antitimor aktivite
gOsterdigini belirlemislerdir. Eksozomlar ile kapsullenmis
kurkuminin ¢ézUnurligl ve kararlihginin aragtinidigi
baska bir galismada ise eksozomal kurkuminin serbest
kurkumine gére daha ¢Ozinur ve stabil oldugu tespit
edilmistir.  Ayrica, eksozomal kurkuminin sindirim
islemlerine karsi daha direngli oldugu ve serbest
kurkuminle karsilastinldiginda intestinal bariyerden kan
dolagimina gegebildigi belirtiimistir. Caco-2 hucre
kiltird, beslenme ve farmakolojik arastirmalari
gerceklestirmek icin insan bagirsagi epiteli boyunca
besinlerin ve ilaglarin emilimini taklit eden in vitro insan
intestinal epitel hiicre modelini temsil etmektedir. Caco-2
hiicreleri ile yapilan transwell deneyleri sonucunda
eksozomlar ile kapsullenmis kurkuminin, bagirsak
tabakasindan gecgebilecegi gosterilmistir. Ayrica, serbest
kurkuminin bozulmaya karsi daha savunmasiz oldugu
ve eksozomlarla birlesmenin fizyolojik olarak stabiliteyi
arttirdigi tespit edilmistir [98]. Monosit kaynakli miyeloid
hiicreler, enflamasyonla iligkili enflamatuvar hastaliklar
ve kanserde hayati rol oynamaktadir. Yapilan bir
calismada, eksozomlarla komplekslenmis kurkuminin,
aktive edilmis monosit turevli miyeloid hicreler
tarafindan alindi§i ve bu monositlerde apoptozu
indikledigi tespit edilmistir. Ek olarak, eksozom-
kurkumin kompleksinin kurkuminin in vitro stabilitesini ve
in vivo biyoyararlanimini arttirdigi  saptanmistir [99].
Vicuda giren patojenler tarafindan olusturulan
endotoksinlerin baglayici proteinlere tutunmasi sonucu
olusan kompleksler vicuttaki savunmadan sorumlu
hicreleri uyarir. Olusturulan bu enflamatuvar yanit
septik sok olarak adlandiriimaktadir. Septik sok
organizmada c¢oklu organ yetmezligi ve Olum gibi
sonuglara sebep olabilmektedir. Deneysel ¢alismalarda

endotoksin olarak cogunlukla lipopolisakarit
kullaniimaktadir [100]. Sun ve ark. [99] yaptiklar
calismada eksozomal kurkuminin in vivo

antienflamatuvar aktivitesini degerlendirilmek icin fareler
Uzerinde lipopolisakarit kaynakh bir septik sok modeli
uyarlamistir. Eksozomlarla enkapsile edilen kurkumin
ile beslenen farelerin, lipopolisakkarit kaynakh septik
soka kargl korundugu gosterilmistir.

Eksozomlarin  antiproliferatif ve  antienflamatuvar
etkilerinin yani sira norolojik hastaliklar Gzerinde de
onemli etkilere sahip oldugu distunulmektedir. Beyindeki
mikroglial hucrelerin sizofreni, menenijit, Parkinson,
Alzheimer ve beyin tumorleri gibi merkezi sinir
sisteminin iltihaplanmasina bagl hastaliklarinin cogunda
onemli bir rol oynadigi bilinmektedir. Yapilan bir
calismada, intranazal olarak verilen eksozomal
kurkuminin, mikroglial htcrelerin sayisinda 6nemli bir
azalmaya ve tUmor apoptozisinde artmaya yol actigi
tespit edilmistir. Eksozomlarin kan-beyin gibi kompleks
bariyerleri gegebilmesi sinir sistemi hastaliklarin
tedavisinde eksozomal komplekslerin kullaniimasini 6n
plana ¢ikarmaktadir [101]. Alzheimer, beyin hicrelerinin
normalden daha erken doénemde kaylp yasamasi
sonucunda meydana gelen o6nemli norodejeneratif
hastaliklardan biridir. Hucrelerin  6lum0i sonucunda
hafiza ve biling kaybi gerceklesmektedir. Alzheimer
hastaliginin patogenezinin belirsizligi ve tedavisinde
kullanilacak ilaglarin kan-beyin bariyerini gegmedeki
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basarisizhdi, Alzheimer tedavisinde kullanilacak
terapdtik yaklasimlari sinirlamaktadir.  Wang ve ark.
[102] yaptiklar caligmada eksozomlarin kurkumin ile
yuklenmesinin serbest kurkumine goére ¢ozunirlagu,
stabiliteyi ve biyoyararlanimi arttirdigini belirlemislerdir.
Ayrica eksozomal kurkuminin kan-beyin bariyerini
gecerek hafizada roli olan hipokampusta biriktigi tespit
edilmigtir. Boylece, eksozomal kurkuminin Alzheimer
farelerde 6grenme ve hafiza eksikliklerinin etkili bir
sekilde iyilestiriimesine katkida bulundugu gdsterilmisgtir.
Calismalardan elde edilen bulgular  kurkuminin
eksozomal formilasyonunun ilerde kanser ve
norodejeneratif hastaliklarin tedavisi igin degerli bir arag
olarak kullanilabilecegini gbstermektedir [103].

Parkinson hastaligi diinyada en ¢ok rastlanan nérolojik
hastaliklardan biridir. Parkinson’'un, beyin iltihabi,
mikroglia aktivasyonu ve reaktif oksijen turleri gibi
norotoksik aktivitelerle iligkili oldugu bilinmektedir [104].
Ayni zamanda Parkinson hastalarinin beyinlerinden elde
edilen numunelerde redoks enzimleri, katalaz,
slperoksit dismutaz ve diger antioksidanlarin
seviyelerinin azaldidi tespit edilmistir. Bunun sonucunda
Parkinson tedavisinde katalaz gibi glgli antioksidan
etkili bilesiklerin kullanimi fikri 6nem kazanmaktadir.
Katalaz sahip oldugu bu antioksidan etkiden dolayi
biyoaktif bilesik sinifina dahil edilebilmektedir. Ne yazik
ki kan-beyin engeli bu blyuk proteinin taginmasini ciddi
sekilde sinirlandirmaktadir [105, 106]. Eksozomlarin
bilesiklerin tasinmasindaki en 6nemli fonksiyonu kan-
beyin gibi kompleks bariyerleri gegebilmesidir [101].
Haney ve ark. [107], katalaz ile yUkli eksozomlarin
beyindeki néronlarda ve mikroglial hiicrelerde etkin bir
sekilde biriktigi ve gugli bir néroprotektif etki gdsterdigini
belirlemiglerdir.

SONUG

Hucreler arasi iletisim gorevinin yani sira hastaliklarin
tani ve tedavisi ile iliskisi oldugunu gosteren veriler
dikkate  alindiginda, eksozomlarin hastaliklarin
tedavisinde kullaniimasi fikri 6ne c¢ikmaktadir. Hucre
biyolojisi, biyokimya, onkoloji ve biyomedikal alanlarinda

eksozomlar ile ilgili calismalar bu yluzden daha
yogundur. Literatlr verileri 1siginda degerlendirme
yapilmasi gerekirse, gunimuize kadar elde edilen

bulgular eksozomlarin tarim ve gida alanlarinda da
uygulama  bulabilecegini  gostermektedir.  Ancak
eksozom konusunda bu alanlarda henlz yeterli sayida
¢alisma bulunmamaktadir. GUnimuizde gida olarak
tiketilen c¢ok sayida bitkinin farkh iglevlere sahip
biyoaktif bilesikler icerdigi bilinmektedir. Yapilan
calismalar biyoaktif bilesiklerin farkli hastaliklarda
terapotik etkilere sahip oldugunu ortaya koysa da dustk
biyoyararlanimlari kullanimlarini sinirlamaktadir.

Nanoteknolojik  uygulamalar  biyoaktif  bilesiklerin
biyoyararlanimini  arttirmasina ragmen bazi toksik
etkileri de beraberinde getirebilmektedir. Oysa

eksozomlar vicuttaki birgcok dokudan elde edilebilen
dogal ve hedef hicrelerin toleransinin yiksek oldugu
vezikillerdir.  Dolayisiyla, eksozomlarin  biyoaktif
bilesiklerin etkili bir sekilde hedef hiicre veya dokulara
tasiniminda rol alabilecegine dair umut vaat eden
g¢alismalar bulunmaktadir. Eksozomlarin farkh saglhk
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etkileri olan biyoaktif bilesiklerin tasiniminda kullanimi
yakin zamanlara rastlamakta olup, giunimizde de
Uzerinde calismalar yapilmaya devam etmektedir.
Eksozomlarin gerek herhangi bir modifikasyona gerek
duymamasi gerekse de dogal kaynaklardan elde
edilebilmesi kullanimlarina olan ilgiyi arttirmaktadir.
Ozetle, eksozomlarin biyoaktif bilesiklerin taginiminda
alternatif bir yontem olarak basari ile kullanilabilecegi 6n
gorilmektedir. Gunlimuzde kullanilan  kapstlasyon
ajanlarindan daha Ustin Ozelliklere sahip olan
eksozomlar ile ilgili gida alaninda daha ¢ok arastirma
yapllmasina ihtiyag oldugu dustnulmektedir.
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Tum dinya ve Ulkemizi de etkisi altina alan pandemi slrecinde guvenilir gida arzi ve faaliyetleri ilk akla gelen
surecglerden biridir. Bu sancili donemde gidalarin ambalajlama, depolama, tagsima asamalarinda Urlnlerin temas ve
hijyen kurallarina uygun olarak tiiketicilere sunulmasi beklenmektedir. Covid-19 salginindan korunmak ve yayilmasini
engellemek igin rutin hijyen uygulamalari yaninda 1593 Sayili Umumi Hifzissihha Kanunun 23. maddesine istinaden
belirlenen ilave tedbirler konulmustur. Simdiye dek Saglk Bakanhgi tarafindan Covid-19 tedbirlerine iliskin toplam 13
rehber yayinlamis olup, isyerlerinde alinmasi gereken énlemler internet sitesi tizerinden agiklanmistir. Yapilan resmi
denetim ve kontrollerde salginla micadelede devletin 6ngordigu kurallara aykirihigin tespiti halinde sugun niteligine
gore idari yaptinmlar uygulanmaktadir. EylUl ayi itibari ile vaka sayilarinin beklenen dizeyde olmayisi ne yazik ki
yasal zorunluluklarin uyulmasinda problemler yasandigini veya yetersiz kalindigini gostermektedir. Diger yandan
Salgin Tedbir Planlarinin hazirlanmasi ve uygulanmasi konularinda, isletme yetkililerinin glincel bilgilere erisimi ve
uygulama konusunda giglik yasadigi da goérilmektedir. Bu galisma ile 5996 sayili Veteriner Hizmetleri, Bitki Saglig,
Gida ve Yem kanunun gerektirdigi hijyen uygulamalari yaninda Covid-19 ile miicadele kapsaminda alinmasi gereken
ek tedbirler birlestirilerek salgin yonetiminde dikkat edilmesi gereken hususlar ortaya konmustur.

Anahtar Kelimeler: Gida isletmesi, Covid-19, Hijyen, Salgin tedbirleri

Good Hygiene Practices to Prevent Covid-19 Outbreak Spreading
ABSTRACT

Reliable food supply and activities are one of the first processes that come to mind during the pandemic process,
which also affects the whole world. In this troublesome period, products are expected to be presented to consumers in
accordance with the products contact and hygiene rules during the packaging, storage and transportation stages. In
addition to routine hygiene practices, additional measures determined in accordance with Article 23 of the Public
Health Law No. 1593 have been put in place to protect from the Covid-19 epidemic and to prevent its spread. A total
of 13 guidelines on Covid-19 measures have been published by the Ministry of Health so far, and the measures to be
taken at workplaces have been announced on its website. Administrative sanctions are imposed according to the
nature of the crime in the event that violations of the rules stipulated by the state in fighting the epidemic are detected
during official inspections and controls. The fact that the reduction in the number of cases was not at the expected
level as of September, unfortunately, shows that there are problems or insufficient obedience to legal restrictions. On
the other hand, it is observed that workplace authorities have difficulties in accessing up-to-date information and
implementing them in the “subject of preparation and implementation of Outbreak Precautionary Plans”. With this
study, besides the hygiene practices required by the Food Law numbered 5996, additional measures to be taken
within the scope of combating Covid-19 are combined and the issues to be considered in epidemic management are
indicated.

Keywords: Food Business, Covid-19, Hygiene, Epidemic precaution
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GIRIS

Yeni Tip Koronaviris Hastaligi (Covid-19), ilk olarak
Cin'in Wuhan Eyaletinde Arallk ayinin sonlarinda
solunum vyolu belirtileri (ates, 6kslrik, nefes darligi)
gelisen bir grup hastada yapilan arastirmalar sonucunda
13 Ocak 2020’de tanimlanmistir. Salgin baslangigta bu
bélgedeki deniz Urlnleri satis yerinde ve hayvan
pazarinda tespit edilmistir. Daha sonra insandan insana
bulasarak Wuhan basta olmak tizere Hubei eyaletindeki
diger sehirlere ve Cin Halk Cumbhuriyetinin diger
eyaletlerine ve tim dunyaya yayilmistir [1]. Ulkemizde
ilk kez Coronavirus pozitif vaka 11 Mart 2020 tarihinde
tespit edilmigtir.

Coronavirinae alt familyasina ait olan Coronavirus'lar,
pozitif polariteli, buylk, zarfli ve tek zincirli RNA virtsleri
olarak tanimlanmaktadir [2]. Coronavirus'larin birgok
hayvanda (kedi, kdpek, at, sigir, domuz, kus, kemiriciler,
kiimes hayvanlari) ayni insanlarda oldugu gibi solunum
yolu enfeksiyonlarina neden olurlar. Yarasalar
Coronavirus'larin rezervuari olarak bilinmektedir. insan
Coronavirus'lari  genetik olarak yarasa viruslerinin
mutasyonlariyla olusmuslardir. Diinya Saghk Orgiti
(DSO), Gin'de nedeni bilinmeyen ve bir ay icinde hizla
yayllan ¢ok sayida pnomoni vakasi igin 30 Ocak
2020'de uluslararasi halk saghgi riski ilan etmis ve 11
Subat 2020'de bu yeni viris SARS-CoV-2 olarak
isimlendirilmistir. Uluslararasi virlis taksonomi komitesi
bu virisi SARS-CoV-2 olarak, viriisiin yol agtidi
hastaligi da “Covid-19” olarak adlandirmistir. Covid-19,
yeni kesfedilen Coronavirus'un neden oldugu enfeksiyon
hastaliginin adidir. Yeni tip viriis ve hastalik, 2019 Aralik
ayinda Cin'in Wuhan bdlgesindeki salgindan 6nce
bilinmiyordu. Dlnya genelindeki bir¢ok kurulustan gelen
verilere goére, kisiye Coronavirus bulastiktan sonra
hastalik belirtilerinin ortaya c¢ikmasi 1 ile 14 gin
arasinda surmektedir. Genellikle ilk belirtilerin 5 giin
civarinda kendini g0sterdigi  belirlenmistir.  Ates,
yorgunluk, kuru Oksurik, koku ve tat kaybi ve agir
vakalarda nefes alma gulgliginin yani sira kas agrisi,
bas agrisi, burun tikanikligi, burun akintisi, bogdaz agrisi,
ishal, sersemlik, istah kaybi gibi orta siddette belirtilere
de rastlanmaktadir. Bazi kisilerde Coronavirus tespiti
yapilmis olsa da kiside herhangi bir hastalik belirtisi
gorilmemekte ve kisi kendini koétd hissetmemektedir.
Yasl bireyler ve tansiyon, kalp hastalidi veya diyabet
gibi baska bir rahatsizligi bulunanlarin hastaligi agir
gecirme ihtimali daha yuiksek gorilmektedir [28]. King’s
College London arastirmacilari tarafindan yapilan Covid
Belirti Calismasi sonucu, 6 farkli Covid-19 tipi oldugu
ortaya koyulmustur. Her tipin ise ayri belirtilerle kendini
gosteriyor oldugu belirtilmistir [3].

Coronavirus, enfekte Kkisilerin Okstrmesi, hapsirmasi
veya konusmasi ile c¢evreye vyayillan solunum
sekresyonlarinin direkt olarak solunmasi yoluyla ya da
yuzeylere bulagsmig olan virsun eller araciligi ile alinip
burun veya agiza temas edilmesiyle indirekt yoldan
bulagabilmektedir. Diger zarfli  virUslerin  aksine
gastrointestinal sistem kosullarina dayaniklidir ve fekal-
oral yolla da bulasabilir [4].
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Tum dinyada alinan énlemler ve kisitlamalara ragmen
virlisuin insidansi artmaya devam etmektedir. Kiresel bir
krize donusen Covid-19 salgin hastaligi ile mucadele
etme ve kamu sagliginin korunmasi amaciyla, tim
diinyada oldugu gibi, tGlkemizde de birtakim &nlemler
alinmistir. 29/05/2020 tarihli ve 31139 sayili Mikerrer
Resmi Gazete’de Cumhurbaskanligi tarafindan “Covid-
19 Kapsaminda Kamu Kurum ve Kuruluglarinda
Normallesme ve Alinacak Tedbirler’ konulu 2020/8
sayili genelge yayinlanarak yururlige girmistir [5].
ilerleyen tarihlerde tiim is yerlerinde alinmasi gereken
Onlemleri kapsayan “Covid-19 Salgin Yoénetimi ve
Calisma Rehberi” [6] yayinlanmig, bu dogrultuda tim
kamu ve oOzel sektdr kuruluslari yeni normallesme
slirecine iligkin tedbirler almaya baglamistir.

Ulkemizde glvenilir gida arzinin kontroliinii saglamada
bilindigi Gzere 5996 sayili Veteriner Hizmetleri, Bitki
Saghgi, Gida ve Yem Kanunu [6] uygulanmaktadir. Gida
isletmelerinin genel ve 6zel hijyen esaslarina yonelik
sartlar 2011 yilinda kanunun ilgili maddeleri ve
852/2004/EC sayili Gidalarin Hijyenine iligkin Avrupa
Parlamentosu ve Konsey Tuzugune paralel olarak
hazirlanan “Gida Hijyen Yobénetmeligi® [7] ve bu
yonetmeligin kurallarina ek olarak uymasi gereken 6zel
hijyen gerekliliklerini belirten Hayvansal Gidalar igin
Ozel Hijyen Kurallari Yénetmeliginde belirtilmistir [8].
Gida guvenilirligi  acgisindan tuketicinin - korunmasini
saglamak amaciyla gida isletmecisi, gidanin birincil
Uretiminden son tuketiciye arzina kadar uymasi gereken
gida hijyenine iligkin genel kurallara yasal olarak uymak
zorundadir. Salgin ydnetimini etkin bir sekilde yuritmek
icin dncelikle temel hijyen gereklilikleri uygulanmaldir.
Bununla birlikte, DSO tarafindan “Pandemi” kapsamina
alinan Covid-19 salgininin yayilmasinin dnlenmesine
yonelik tedbirler yerine getirilmelidir.

Bu calismada, gida Uretim, depolama ve tasima faaliyeti
gOsteren isletmelerde genel ve 06zel hijyen esaslari
temel alinarak, isletme genelinde Covid-19 ve hijyen
kurallari/uygulamalarini  kapsayan tedbirler dikkate
alinarak guincellenen bilgiler sunulmustur.

GIDA iSLETMELERINDE GENEL VE OZEL HiJYEN
ESASLARINA ILISKIN COVID-19 KAPSAMINDA
ALINMAS| GEREKEN ILAVE TEDBIRLER

Son doénemde dinya genelinde yayilan Covid-19
salginin yayilmasinin énlenmesi amaciyla uygulamaya
konulan 6nlemler ve kisitlamalar kapsaminda herhangi
bir sorun yasanmamasi igin, salginla muicadele
surecinde Igisleri Bakanligi, Saglik Bakanhgi, Tarim ve
Orman Bakanh@i ve diger kurum-kuruluslar tarafindan
genelgeler ve uyulmasi gereken tedbirleri iceren genel
esaslar yayinlanmistir. Bu genelge eklerinde zorunlu
hale getirilen ¢ogu kurallar geleneksel hijyen esaslari
temeline dayanmaktadir. Gida isletmeleri yetkilileri ve
calisanlar, faaliyette olduklari sirece Yeni Koronovirlis
salginina karg! igyerlerinde etkin micadele igin, 6zellikle
Saglik Bakanhgi [8,9]. Tarim ve Orman Bakanhgi [10],
Aile Calisma ve Sosyal Hizmetler Bakanlhigi [11], is
Saghgr ve Gilvenligi Kanunu [12] ve diger yetkili
mercilerce bildirilen tedbirlere hassasiyetle uyulmasi
onerilmektedir. Coronavirus tedbirlerine iligkin Saglhk
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Bakanhg: simdiye kadar toplam 13 rehber yayinlamis
olup gida igletmeleri ile ilgili olarak, pazar yerleri, bakkal,
bife, kantin, kasap-manav-kuruyemisci-balik¢i ve diger
gida satis yerlerinde alinmasi gereken énlemler, Saglik
Bakanligr internet sitesi Uzerinden yayinlanmistir.
Bakkal, kasap ve manavlara maskesiz olan ve maskeyi
uygun kullanmayan mdusterilerin alinmamasi,
santiyelerde, kigisel temizlik ve ¢evre temizligine dikkat
edilip, tedbirlere uyulmasi, bife, kantin ve bayilerde
musterilerin  temassiz 0deme yapmasinin tesvik
edilmesi, kasap, manav, kuru yemisgi, balikgi ve diger

satis yerlerinin her giin su ve deterjanla dizenli olarak
temizlenmesi gerektigi belirtilmigtir.

Gida igletmeleri acgisindan temel enfeksiyondan
korunma yollarinin en énemlisi, strdurulebilir iyi hijyen
uygulamalarindan gegmektedir. Yeni Tip Coronovirus
riskine karsi Saglik Bakanligi [8,9] gida isletmeleri icin
Tarim ve Orman Bakanhdi [10] bazi kurallar
yayinlamigtir. Tablo 1’de Saghk Bakanlidi tarafindan
yayinlanan kurallar belirtilmistir.

Tablo 1. Coronaviriis ile micadelede Saglik Bakanliginin yayinladidi tedbirler

Coronaviriis riskine karsi 14 kural

Gida Marketlerinde Alinmasi Gereken Onlemler

Ellerini sik sik su ve sabun ile en az 20
saniye boyunca ovarak yikayin.

2Soguk alginhgi  belirtileri  gosteren
kigilerle araniza en az 3-4 adim mesafe
koyun.

3Oksiirme ve hapsirma sirasinda agiz ve
burunu tek kullanimlhik mendille kapatin.
Mendil yoksa dirsegin i¢ kismini kullanin.

“Tokalasma, sarima  gibi  yakin
temaslardan kaginin.
SEllerinizle  gozlerinize, agziniza ve

burnunuza dokunmayin.
SYurt disi seyahatlerinizi iptal edin veya
erteleyin.

Bulundugunuz  ortamlart stk sik
havalandirin.
8Kiyafetlerinizi 60-90°C’de normal

deterjan ile yikayin.
%Kapi kollari, armaturler, lavabolar gibi sik
kullandiginiz ylzeyleri su ve deterjanla
her giin temizleyin.

0Soguk  alginligi  belirtileriniz  varsa
yaslilar ve kronik hastaligi olanlarla temas
etmeyin, maske takmadan disar
cikmayin.

"Havlu gibi kisisel esyalarinizi ortak
kullanmayin.

12Bol sivi tliketin, dengeli beslenin, uyku
dlzeninize dikkat edin.

BYurt digindan doniste ik 14 ginl
evinizde gegirin.

“Dlismeyen ateg, Okslrik ve nefes
darhiginiz varsa, maske takarak bir saglik
kurulusuna bagvurun.

!Kapali alanlardaki zemin ve diger ylzeylerin rutin temizliginin
su ve deterjanla yapilmasi yeterlidir.

2Ozellikle eller ile sik dokunulan vyiizeyler; kapi kollar,
bataryalar, sik dokunulan digmeler, telefon ahizesi, ortak
kullanim alanlarindaki tuvalet ve lavabo temizligine 0Ozen
gosterilmelidir. Bu alanlarin temizlidi icin su ve deterjan ile
temizlik yapildiktan sonra 1:100 oraninda sulandiriimis
gamasir suyu veya klor tablet (Urin tarifine gore)
kullaniimalidir.

3Mikroorganizmalara (bakteri, virlis, mantar vb.) yonelik daha
etkili oldugu 6ne surulen birtakim 6zel Urdnlerin temizlikte
kullaniimasinin fazladan koruma sagladigina dair bilimsel kanit
yoktur.

4Gida marketi galisanlari, el temizligine dikkat etmelidir. Eller
en az 20 saniye boyunca sabun ve suyla yikanmali, sabun ve
suyun olmadigi durumlarda alkol bazli el antiseptikleri
kullaniimalidir. Antiseptik veya antibakteriyel iceren sabun
kullanmaya gerek yoktur, normal sabun yeterlidir.

SHerhangi bir solunum yolu enfeksiyonu (ates, Oksurlk,
solunum sikintisi vb.) bulgulari olan personel sikayetleri
dizelene kadar calistiriimamalidir.

6Surekli bir sekilde insanlar ile yiz ylize arada 1 metre veya
daha kisa mesafe kalacak sekilde temas eden calisanlar
(kasiyer) tibbi maske takmaldir. Maskenin burun, agiz ve
ceneyi de kapatacak sekilde takilmasi, dis yilzeyine
dokunulmamasi, dokunulur ise alkol igerikli el antiseptikleri ile
el hijyeni saglanmasi gerekmektedir. Maske on ylzine
dokunulmadan yanlarda yer alan lastiklerinden, bagcikli ise
bagciklarindan tutularak gikartiimali ve el hijyeni saglanmalidir
"Gida marketi galisanlarinin eldiven kullanmalari, el temizligine
olanak vermeyip, cevresel bulasi artiracagindan,
onerilmemektedir. El hijyeni saglanmasi icin alkol icerikli el
antiseptiklerinin ulagilabilir noktalarda bulundurulmalidir.

Gida marketi calisanlarina personel hijyen uygulamalari
konusunda egitim saglanmasi istenmisgtir.

Tarim ve Orman Bakanligi, gida isletmelerine ydnelik
olarak Covid-19'a karsi alinmasi gereken tedbirler
konusunda afig/brosur yayinlamis olup belirtilen uyarilar
arasinda; personelin  saghgina dikkat edilmesi,
calisanlarin mutlaka maske kullanmasi, 6ksurigu, atesi,
nefes darligi olan personelin galistirimamasi, isletmeye
girebilecek kisi sayisinin (personel, teslimat isgileri,
mdusteriler) sinirlandiriimasi, isletmenin her bélimuinde
yeterli sayida dezenfektan bulundurulmasi, ekmek
dolaplarinin 6niine tek kullanimlik eldiven konulmasi yer
almistir.  Pandemi baslangicindan itibaren salginla
mucadelede gida Uretim zincirlerinde alinmasi gereken
tedbirler hususunda pek c¢ok ulusal/uluslararasi
derleme/arastirma galismalari yayinlanmig olup [11-18],
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Ulkemizde yetkili otoriteler tarafindan zorunlu kilinan
kosullarin, kuresel olarak 6ngoérilen tedbirlerle uyum
icinde oldugu goérilmektedir. Agikta satisa sunulan gida
maddelerinde virisin elle temasinin engellenmesi
amaciyla Tarim ve Orman Bakanligi tarafindan yeni
dizenlemeler (Ekmek igin Coronavirus Genelgesi)
getiriimistir. Boylece piyasaya arz edilen, ekmek ve

ekmek cgesitlerinin  satisinda  tiketicinin  Grlnlere
dogrudan temasi engellenmistir [19].
Coronavirus salgini ile micadelede, gida islemleri

sirasinda temas noktalarinin periyodik temizlik ve
dezenfeksiyonuna her zamankinden daha fazla dikkat
etmek gerekmektedir [20]. Ekipmanlarin (bigak, tezgah,
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servis materyali vb.) temizligine dikkat edilmesi, ¢oplerin
dizenli araliklarla isletmeden uzaklastiriimasi,
isletmenin temizlik ve hijyenine dikkat edilmesi ve hijyen
egitimlerinin arttirlmasi, en fazla 2 saatte 1 kere tiim
ortak alanlarin temizlik-dezenfeksiyonun saglanmasi,
kullanilmayan bos kasa ve ambalaj materyallerin
isletmeden uzaklastiriimasi, acikta satilan gidalarin
(peynir, zeytin vb.) tiketici ile temasinin engellenmesi,
personelin hijyenine dikkat edilmesi, tim ¢alisanlara
koruyucu kiyafet (maske, eldiven, bone vb.) temini,
isletmenin sik sik havalandiriimasi, ¢alisanlar arasina
mutlaka en az 2 metrelik mesafenin koyulmasi,
soyunma odalarinda, yemekhanede, servislerde, sosyal
mesafenin korunmasi igin gerekli énlemlerin alinmasi
yer almaktadir [10, 11, 16].

CORONAVIRUS SALGIN DONEMINDE iYi HIJYEN
UYGULAMALARI NASIL OLMALIDIR?

GorsellYazili basinda ve farkli yayin organlarinda yeni
uygulamalarmis gibi lanse edilen Covid tedbirleri, 2011
yiindan bu vyana Ulkemizde gida isletmelerinde
uygulanmasi zorunlu olan “Gida Hijyen Ydnetmeligi®
sartlaridir. Coronavirus ile miicadele kapsaminda
getirilen tim zorunluluklar, uygulanmakta olan genel ve
O0zel hijyen esaslan (Gida Hijyen Ydnetmelidi) [7]
temeline dayanmakta olup, bu boélimde ek tedbirlerin
neler olmasi gerekti§i hususunda bilgilendirmeler
yapimistir.

CORO_NAVI'RUS_P_ANDEMiSi ILE MUCADELEDE
GIDA ISLETMECISININ SORUMLULUKLARI

Gida guvenilirliginin -~ saglanmasinda  sorumliuluk,
dncelikle gida isletmecisindedir. isletme igerisinde
surdurdlebilir iyi hijyen uygulamalarinin saglanabilmesi
icin isletmelerin alt yapi1 ve donanimi ¢apraz bulasmalari
onleyecek sekilde olmalidir. Gida igletmecisi yetkilisi,
enfeksiyon bulagsma riskini azaltmaya yonelik onleyici
tedbirler ve uygulamalar (maske, mesafe, hijyen) ile
hijyen gereklilikleri ve kontrolind saglamahdir [11, 13,
20]. Her igletme, Saglk Bakanhginin “Covid-19 Salgin
Yénetimi ve Calisma Rehberi’nde belirtilen kurallara
uygun olarak ‘“isletme I¢ci Salgin Tedbir Plan”
hazirlamakla yikimludidr. Gida isletmelerinde calisan
personelin Covid-19 testinin pozitif ¢ikmasi veya
belirtileri gostermesi halinde “Acil Eylem Plani”’ni hayata
gecirecek bir “Kriz Yoénetim Ekibi” olusturulmali ve
gerekli prosedurler yerine getirilmelidir [9].

BiRINCIL URETIM VE iLGILI FAALIYETLER IiCiN
GENEL HIJYEN KURALLARINA LK KEZ
GETIRILEN SARTLAR

Coronavirus pandemisi ile micadele sirecinde Tarim ve
Orman Bakanh@ tarafindan “Ciftcilere  yonelik
Coronavirus tedbirleri” yayinlanmigtir [24]. Buna gore;
tarimsal faaliyet 6ncesi, el hijyenine dikkat edilmesi,
tarimsal Uretim ve faaliyetler sirasinda sosyal mesafe
kuralina dikkat edilmesi, ¢alisanlar arasina en az 2
metre mesafe koyulmasi  kuralina  uyulmasinin
saglanmasi, Oksurik-yiksek ates-kas agrisi gibi
sikayetleri olan kisilerle yakin temastan kaginiimasi, bu
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kisilerin  hizlica en yakin saghk kurulusuna
bagvurmalarinin  saglanmasi  gerektigi  belirtiimigtir.
Bununla birlikte ¢alisma slresi boyunca ellerin agiz-goz-
burun ile temasinin olmamasi, asla sigara igiimemesi,
sera-agil-ahir gibi kapalli faaliyet alanlarinin sik sik
havalandiriimasi, hayvanlarin  temizligine  6zen
gosterilmesi, Urlnlerin iglenmesi, tasinmasi sirasinda
kullanilan  tim  alet-ekipmanlarin  temizligine  her
zamankinden fazla dikkat edilmesi, alet-ekipmanlarin
her kullanimdan sonra dezenfekte edilmesi, ortak alet ve
makineler kullanilir iken mutlaka koruyucu eldiven ve
maske takilmasi, tek kullanimlik maske-eldiven vb.
esyalarin posete koyularak ¢Ope atilmasi, faaliyetten
sonra is kiyafetlerinin temizlenerek korunakli bir yerde
tutulmasi, disarida giyilen kiyafetlerin degistiriimesi ve
60°C’de normal deterjanla yikanmasi, eve girer girmez
ellerin su ve sabunla en az 20 s ovarak ylkanmasi,
tabak-bardak-havlu vb. esyalarin kesinlikle ortak
kullanilmamasi ve evin mumkin oldugunca sik sik
havalandiriimasi gerektigi belirtiimistir [12, 13, 15, 17,
20, 22].

PAZAR YERLERI iGiN COViD-19 TEDBIRLERI

Coronavirus salginina karsi alinan tedbirler kapsaminda
pazar yerlerinde de dnlemler arttiriimis, pazar yerlerinin
tim giris ve c¢ikiglarinin  kontrol altina alinmasi
saglanmistir. Blyuksehir Belediyeleri tarafindan seyyar
saticilar kayit altina alinarak, tek tip ara¢g ve
kiyafetlerinin  standartlari  belirlenmistir. Coronavirus
Salgini ile Miicadele Kapsaminda Pazar/Satis Yerleri ile
iigili i¢ Isleri Bakanligi tarafindan 27.03.2020 tarihinde
Ek Genelge [25] yayinlanmistir. Buna gore; mevcut
pazar yerlerinde ve yogunlugu dagitmak icin belirlenen
yeni pazar/satis yerlerinde her bir satis yeri
(tezgah/sergi) arasinda en az 3 metre mesafe olacak
sekilde pazar/satis yerlerinin diizenlenmesi, pazar/satis
yerlerinde ambalajsiz satilan yas sebze ve meyvelerin
tlketicilerce temas edilmeden, dogrudan pazarci esnafi
tarafindan  hijyen  kosullarina  dikkat edilerek
posetlenmesi/satisinin yapilmasi, pazar/satis yerlerinde
gorevlendirilecek zabita memurlari tarafindan sirekli
kontrol edilmesi, pazarci esnafi kisisel hijyen kurallarina
uymasl konusunda uyarilarak koruyucu Onlemleri
alinmasi (maske, eldiven, bone vb.), bu hususun
belediye zabitasi ve ilgili esnaf odalari tarafindan
denetlenerek gerekli iglemlerin  yapilmasi, pazar
yerleri/satis yerlerinde pazar esnafi ve vatandaslar igin
belediyelerin el dezenfektani konusunda destek olmasi,
belediyelerce pazar/satis yerlerinde ¢dp toplama, hijyen
ve dezenfeksiyon hususunda gerekli tedbirlerin alinmasi
yonunde gereklilikler bildirilmigtir.

BiRINCIL URETIM VE ILGILi FAALIYETLER HARIG
GENEL HIJYEN KURALLARINA (LK KEZ
GETIRILEN SARTLAR

Gida igletmelerinin genel hijyen sartlari, faaliyet
gOsterdikleri sire boyunca zaten yapilmasi gereken
uygulamalardir. Covid-19 salginin 6nlenebilmesi igin
yayinlanan ek tedbirler dogrultusunda rutin hijyen
sartlar revize edilmelidir. Bu bolim, rutin genel hijyen
kurallari ile birlikte Covid-19 ile miicadelede alinmasi
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gereken tedbirlerle ilgili genel esaslar ve kurallar dikkate
alinarak hazirlanmistir [7, 9, 10, 13, 20, 26, 27].

ISLETME  iGi
ZORUNLULUGU

SALGIN TEDBIR PLANI

Covid-19 salginina yonelik kiresel dlgekte yeni tedbirler
alinmaya baslanmistir [13, 17, 21, 23, 26]. Bu
kapsamda Ulkemizde tim isletmeler igin temizlik/hijyen
uygulamalari ve suregleri ile personel, musteri, misafir
vb giris-gikis yapan kisilerde hasta-belirtili-sipheli
durumlarin varh@r ve acil hallerde ulasacak veya
yonlendirilecek kisi/kurumlari, hastalik belirtileri gésteren
kisilere yaklasim ve alinacak onlemleri kapsayan
“Isletme Igi Salgin Tedbir Plans’ [9, 10] hazirlanmasi
zorunlu kihinmigtir. Gida igletmelerinin genel hijyen
uygulamalari yaninda salgin ile micadelede alinmasi
gereken ek tedbirler olarak; Isletmenin tamami sosyal
mesafe planina uygun olarak duzenlenmeli, sira
olusturulabilecek her yerde en az 1.5 metre ara ile
sosyal mesafe isaretlemeleri yapilmali, isletmede
asansor kullaniliyor ise, asansor igine 1’er metre ara ile
mesafe yer isaretleri yapilarak, toplam kapasitenin lgte
birini  gegcmemek kaydiyla kapasite belirlenerek
yazili/gérsel  bilgilendirme  yapilmasi  zorunlulugu
getirilmigtir. Ortak kullanim alanlarinda temas veya
damlacik  yoluyla bulagsmalarin  6nlenmesi igin
isletmelerin faaliyet Oncesi, mola sonrasi ve faaliyet
bitiminde temizlik ve dezenfeksiyon islemlerinin
uygulamasi, kayit altina alinmasi, ortak alanlarinin sik

sik havalandirilmasi, Urdnlerin islenmesi, tasinmasi
sirasinda  kullanilan  tim  alet-ekipmanlarin  her
kullanimdan sonra mutlaka dezenfekte edilmesi

gerekmektedir. Ayrica isletmede galisan tim personelin
mesai kayitlarinin tutulmasi, girislerde ates dlgimlerinin
yapilarak kaydedilmesi, ortak alet ve makineler kullanilir
iken mutlaka koruyucu eldiven ve maske takilmasi
zorunlu hale getirilmigtir [9, 11, 16, 17].

SALGIN TEDBIR PLANINDA YER ALMASI
GEREKEN GENEL HUSUSLAR

Covid-19 ile Miicadelede 3 Altin Kuraldan Biri:
Maske Kullanimi

Covid-19'un, enfekte bir kisinin sagtigi  solunum
damlaciklari ile temas edildiginde kolayca yayilabilmesi
nedeni ile sosyal mesafe ve hijyen kuralina uymakla
beraber yiz maskesi kullanimi zorunlu hale gelmistir.
Kullanilacak maskenin teknik 6zellikleri “Solunum
Yoluyla Bulasabilecek Mikroorganizmalara (Bakteri,
Maya-Kiif, Virlis) Karsi Korumaya uygun olmalidir. Bu
kriterler arasinda; TS EN 14683standardi, CE
deklarasyon beyani, filtreleme 6zelligi, hijyenik,
antialerjik ve kokusuz ¢zellikte olmasi, hava gegirgen ve
sivi gegirmeyen Ozellikte olmasi, tim agiz ve burnu
kapatacak bigcimde olmasi, elyaf ihtiva etmemesi, ISO
13485 “CE isaretlemesi kapsaminda iretim kalite
guvencesi moduliinin segilmesi halinde firmalarin
kurmasi gerekli olan bir kalite yonetim sistem belgesi”,
maskenin burun Uzerine gelen kenarinda tel destek
bulunmasi, kolay tiylenmemesi, maskede en az 3 adet
pli ve U¢ kath olmasi, tim dikislerin ultrasonik olmasi,
iplik dikisi olmamasi sayilabilir [18, 20, 27].

437

Sosyal Mesafe Kurali

isletme yetkilileri, tiim isletme sahasinda sosyal mesafe
Onlemlerini almakla yikumltdur. Isletmeye girebilecek

kisi sayisini (personel, teslimat iscileri, musteriler)
sinirlandiriimasi  ve kayitlarinin  tutulmasi, soyunma
odalarinda, yemekhanede, servislerde, sosyal

mesafenin korunmasi igin gerekli énlemlerin alinmasi
saglanmalidir. Yemek yenilen alanlara belli sayida
personel alinmali, oturma diizeninin en az 1.5-2 metre
araliklarla olmasina dikkat edilmelidir. Ayni anda yemek
yiyecek calisanlarin mesafeli oturabilecedi sekilde bir
dizen kurulmasi veya caliganin her giin ayni masaya
oturmasini saglayacak numaralandirma sistemi vb
uygulamalara gegcilmelidir. Az sayida insanin mesafe
kuralina uygun yemek yemesi ve blyuk isletmelerde
farkli ekiplerin birbirini gérmemesi icin yemek saatleri
buna gobre gerekirse uzatilmali, ekipler arasi ve yemek
sonrasi masalar ve dokunulan alanlar dezenfekte
edilmelidir [5, 9, 10, 20].

Personel Hijyeni

Coronavirus pandemisi ile micadelede, tiketime
sunulan gida maddelerinin teknigine ve hijyenik
kosullara uygun sekilde dretilmesinde, dagitiminda,
muhafazasinda ve tedarikinde, personel hijyen
uygulamalar hayati 6nem arz etmektedir. Coronavirus,
insandan insana damlacik veya temas yolu ile bulastigi
igin, el hijyeni bir kere daha énem kazanmistir. Calisan
bltdn personelin ellerini sik sik su ve sabunla en az 20
sn ovarak iyice yikamasinin saglanmasi, mutlaka maske
kullaniimasinin  sadlanmasi, c¢alisanlardan herhangi
birinin  Coronavirus belirtilerinden  birini gdstermesi
durumunda calistinimamasi ve filyasyon takibinin
yapilmasi gerekmektedir [6, 12, 13, 16, 20, 21].
Personele yonelik hijyen egitim siklhiginin arttinimasi,
soyunma odalarinda, yemekhanede, servislerde, sosyal
mesafenin korunmasi igin gerekli onlemleri alinmasi
saglanmalidir Gida Igletmelerinde calisan herkes, ilgili
isletme kapisindan igeri giren ¢alisan, taseron, nakliyeci,
servis saglayici, ziyaretci veya herhangi bir nedenle
isletmeye giren devlet gorevlisi dahil herkesin, basit bir
formla saglk/seyahat anket kaydi tutulmal ve dijital
termometre ile atesi Olgiimelidir. Gida isletmelerinde
tedarikgiler dahil tim giren-gikan Kisilerin kontrol ve
gerekli kayitlarin yapilmasi hayati 6nem kazanmaktadir
[9,10,26].

Temizlik-Dezenfeksiyon

El  temasinin  yogun oldugu tum noktalarda
dezenfeksiyon saglanmasi (uygun olan yuzeyler igin
1/100 oraninda c¢amasir suyu ile) isletmedeki her
boliumin temizlik-dezenfeksiyon islemlerinin saatlerinin
kayit altina alinmasi ve goOriunir sekilde asiimasi
gerekmektedir. isletme girisinde dezenfektan
bulundurulacak, isletme giris ve i1slak zemin mekanlara
¢ikan kapilar harig ic mekan kapilari sensorlii degilse
mutlaka acik bulundurulmaldir. isletmenin her tedbir
alani “Isletme lgi Salgin Onleme Tedbir Plani’na uygun
olmali, gunlik/periyodik izleme formlari ve kontrol
listeleri hazirlanmalidir. El temizleme lavabolarinda
yeterli sayida dezenfektan, el yikkama brosir, isletme
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giriglerinde dezenfektanli paspas ve el dezenfektani
bulundurulmalidir [9, 10, 11, 13].

Havalandirma Kosullar

isletme icinde Covid-19 tedbirleri kapsaminda vantilatér

kullanimi yasaklanmigtir. Isletmenin %100 temiz
havanin sirktilasyonunu saglayacak sekilde
havalandirma yapilmalidir. Merkezi havalandirma

sistemleri bulunan is yerlerinin havalandirmasi temiz
hava sirkiilasyonunu saglayacak sekilde dizenlenmeli,
havalandirma sistemlerinin bakimi ve filtre degisimleri
uretici firma onerileri dogrultusunda yapilmahdir. Dis
mekana agilan pencerelerde kolay temizlenebilen
sineklikler kullaniimalidir. Tavanlar kir birikmesine, nem
yogunlagsmasina ve kuflenmeye izin vermeyecek yapida

olmali, periyodik olarak bakimlari yapilmali, tavan
ylksekligi havalandirmaya uygun olmaldir. Bulasik
alanindan temiz alana mekanik hava akiminin

onlenecegi sekilde is akisi saglanmalidir. Havalandirma
sisteminin filtrelerin temizligi, bakim-onarimi periyodik
olarak yapilmaldir [9, 10].

Atik Yonetimi

Gida atiklarinin Gida Hijyen Yoénetmeligi Madde 15'de
belirtildigi sekilde uzaklastiriimasi gerekir [7] Drenaj
sistemi, bulagma riskini énleyecek sekilde olusturulmali,
digki ile cevre kirlenmesinin 6nlenmesi icin standart
onlemler alinmali, yeterli sayl ve boyutta drenaj kanali
bulundurulmali, atik su kanallari zararli girisine, koku
yayllmasina ve atiklarin kanaldan geri donusune karsi
guvenilir, temizlenebilir ve dezenfekte edilebilir olmalidir.
Capraz bulasmalara sebebiyet vermemesi agisindan
atiklarin faaliyet alanindan uzaklastiriimasi 6nemlidir.
Atiklarin gida maddelerinin  bulundugu mekanlardan
yigilma olmaksizin uzaklastiriimasi, Uzerleri drtulebilen
kaplar icinde toplanmasi, agzi aclk sekilde
birakilmamasi vardiya sonlarinda veya isyeri mesaisi
bitiminde atik kaplarin bosaltiimasi ve temizlenmesi,
atiklar uzaklastiriirken, gida maddelerinin sevkiyatinin
yapiimamasi, atik depolari, periyodik olarak temizlik ve

dezenfeksiyona tabii tutulmasi rutin uygulanmasi
gereken islemlerdir. Coronavirus pandemisinde atik
yonetimi  (tibbi, evsel, digerleri) saglk ve cevre

Uzerindeki olasi ikincil etkileri en aza indirgemek igin

onemlidir. Bodyle bir salgin sirasinda, maskeler,
eldivenler, diger koruyucu ekipmanlar tehlikeli atik
olusturabilmektedir. Kontamine maskeler, eldivenler,

kullaniimis veya suresi dolmus ilaglar ve diger maddeler
gibi tibbi atiklar isletmenin ¢oplyle kolayca karisabilir.
Bu nedenle tim bunlar tehlikeli atik gibi islem gérmeli ve
ayri olarak atilmalidir. Bu atiklar, diger atiklardan ayri
olarak ve belediye veya atik ydonetimi uzman operatérleri
tarafindan toplanmasi saglanmalidir. Atik prosedurini
uygulayan personelin kisisel koruyucu ve ekipmanlari
olmali, kaplarla veya torbalarla dogrudan temastan
kaginmali, sik sik ellerin ykanmasi konusunda
uyarilarda bulunulmalidir [9, 29, 30].

Yemek Servisleri

Salata bar varsa iptal edilerek, salata, soslar, yag, sirke,
tuz, karabiber vb ek sunumlar gesit sayisi dustrilerek
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servis tezgdhinda ascilar tarafindan dagitiimasi,
ekmeklerde ve cay kahve servislerinde paketli trlinlere
gecilmesi, yemekhane girislerine dezenfektan aparati
monte edilmesi ve kullanimin saglanmasi, toplu bulunan
kasik, catal ve bicaklarin k&git keselere koyulup, gérevli
servis personeli tarafindan tepsilere yerlestirilip
verilmesi, c¢alisanlarin yakin temasta bulunmalari ve
ekipman, arag, gereglerin ortak kullaniminin énlenmesi
ve ayni anda yemek yiyen caligan sayisinin azaltilmasi
zorunlu hale getirilmistir [9, 10, 11, 31, 32, 33].

SALGIN  HASTALIKLARIN  ONLENMESINDE
GUVENLI SU TEMINi

Coronavirus salgini da dahil olmak Uzere tim bulasici
hastalik salginlari sirasinda insan saghginin korunmasi
icin guvenli su, sanitasyon ve hijyenik kosullarin
saglanmasi esastir. Mevcut kriterlere (su igilebilir
nitelikte olmali, 1sitma, sogutma vb yerlerde, proseste
kullanilan sularin bulasma riski tagimamasi gibi kriterler)
ek olarak, DSO tarafindan 3 Mart 2020’de “Coronavirus
Igin Su, Sanitasyon, Hijyen ve Atik Yénetimi” konusunda
yayinlanan kilavuzda [29] belirtilen hususlarin g6z
onunde bulundurularak isletmede kullanilan suyun
saglikh ve guvenilir olmasi saglanmaldir. Bu kilavuzda
Ozellikle “Wash” (sik el yikama ve uygun el hijyeni)
uygulamalarinin enfeksiyonu énlemede en etkili yontem
oldugu vurgulanmis, su ve sanitasyon hizmetlerinin
salginin  6nlenmesinde faydali olacagi belirtiimigstir.
Covid-19 virstnin digki ile kontamine sularda giinlerce
haftalarca bulagici kalabilecedini gdsteren laboratuar
calismalari nedeni ile su guvenligini saglamaya yoénelik
merkezi su aritma yontemleri Coronavirus’u inaktive
edecek sekilde kurulmahdir. Virlslerin inaktivasyonu
icin, ultraviyole 1s1g1 veya klorlama ve diger
dezenfeksiyon islemlerinden biri uygulanabilir. Klorlama
yolu ile dezenfeksiyon isleminin etkili, olabilmesi igin,
serbest klor konsantrasyonun 20.5 mg/L olarak
uygulanmasi ve bunun da pH< 8.0’da en az 30 dakika
sure ile temas ettirilmesi gerekmektedir [34, 35]. Merkezi
su arntma ve guvenli borulu su kaynaklarinin
bulunmadigi yerlerde, yiksek performansh ultra-
filtrasyon veya nano-membran filtreler, glines isinlari,
suyun kaynatiimasi, bulanik olmayan sularda UV veya
serbest klor dozlamasi uygulamalarinin  virisun
gelisimini dnlemede etkili oldugu belirtiimistir. DSO
kapal hat Gzerinden drenajlarin saglanmasi ve geri akis
vanalari bulunan sistemlerin kullaniimasini
Onermektedir. Sihhi tesisattaki ve havalandirma
sistemindeki zayiflik Hong Kong'ta 2003 yilinda ylksek
katl binadan ARS korona virlisiiniin yayllmasina neden
olmustur. Covid-19 virGstnin yiksek kath binalarda
arizal tuvaletlerden yayilmasi konusunda da benzer
kaygilar dile getirilmistir [36, 37]. Evlerde, okullarda,
pazar yerlerinde ve saglik tesislerinde iyi ve surekli
olarak  uygulanan WASH ve atik ybnetimi
uygulamalarinin  hayata gegirilmesi, Coronavirus’un
insandan insana bulasmasini Onlemeye yardimci
olacaktir.
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COVID-19’UN YAYILIMI, GIDA VEYA GIDA
AMBALAJINDAN INSANA GECMESI

Ulkemizde 21 Aralik 2020 tarihi itibari ile toplam vaka
sayisinin 2.043.704, toplam vefat edenlerin 18.351
kisiye ulastigi Covid-19 pandemisinin hizla yayihminda;
Hasta bireylerin oksurmeleri, aksirmalari ile ortama
sagilan damlaciklarin solunmasi, Sacilan damlaciklarin
ylzeye temasi, Kirlenmis ylzeylere temas edilmesi ve

ellerin ylkanmadan yuz, g6z, burun veya agiza
go6turilmesi etkili olmaktadir.
Hastaligin  seyrinde belirtisiz  olgular olabilecegi

bildiriimekle birlikte, en ¢ok karsilagilan belirtiler ates,
Okslruk, halsizlik, kas ve kemik agrilari ve nefes
darligidir. Siddetli olgularda zatlrre, agir solunum
yetmezlIigi, bobrek yetmezIligi ve 6lim gelisebilmektedir
[3,4, 20, 22, 27]. Covid-19 pozitif kisinin oksurdiginde
veya hapsirdiginda ortaya ¢ikan damlaciklar gida
ambalajina bulasmasi halinde, yuzeyde canl kalma
slresine bagli olarak (3 saatten 72 saate kadar) [1, 11,
15, 17, 21, 30, 34] yayilmayi saglamaktadir. Bu nedenle
gida paketleme materyalleri yolu ile viral dahil tim

mikrobiyal bulagsma riskini azaltmak igin ambalaj
malzemelerinin hijyenik kosullarda muhafaza edilmesi,
personelin  kigisel hijyen kurallarina ve maske

kullanimina azami Olgude dikkat gostermesi buyuk
onem tasimaktadir.

Pandemi siirecinde DSO ve ABD Hastaliklari Kontrol ve
Onleme Merkezi (CDC) tarafindan yapilan
aciklamalarda Covid-19'un gidadan veya gida
ambalajlarindan insana ge¢gmesinin ¢ok dusuk bir ihtimal
oldugu bildiriimistir [27, 35]. Ancak Cin'de bugline kadar
7 bolgede ithal edilen gida diriinlerinin paketlerinde
koronaviris tespit edildigi rapor edilmistir. Bunlardan
birisi de Longgang eyaletine bagh Shenzhen kentine
Brezilya'dan ihrag edilen donmus tavuk kanatlarindan
test icin alinan Orneklerde koronaviris tespitidir. Bu
vakanin ilging baska bir tarafi da Shenzhen saglik
yetkililerinin yaptigi aciklamaya goére virise rastlanan
urtnler ile temas kuran kigilerde yapilan tim testlerin
negatif  ciktigidir.  Coronavirus’a tavuklarin st
yuzeyinden alinan 6rneklerde rastlandigi agiklanirken,
diger kentlerde goriilen Coronavirlis pozitif érneklerin
deniz  UrUnlerini iceren paketlerin dis ylzeyinde
goriildiigl  bildirilmistir [38]. Insanlar ve hayvanlar
Uzerinde etkili olan virtslerle ilgili daha 6nce yapilmis
calismalari inceleyen arastirmacilar, virGsin birgok
yuzeyde 9 gune kadar canl kalabildigini, érnedin cam
ve banknotlarda 4. gine kadar, paslanmaz celik ve
plastikte 7. gine kadar bulundugu ancak bulasici etki
yaratmadigini, %62-71 etanol veya %0.5 hidrojen
peroksit veya %0.1 sodyum hipoklorit ile ylzey
dezenfeksiyon islemi ile 1 dakika i¢inde etkili bir sekilde
inaktive olabildigini belirtmislerdir [26, 35].

GIDALARA UYGULANAN ISIL iSLEMIN VIRUSUN
INAKTIVASYONUNDAKI ETKiSI

Herhangi bir bakteri veya virtisin etkinligi igin sicaklik ve
zaman o6nemli bir faktorddr. Isil iglem, cesitli bulasici
ajanlarin ozellikle virlslerin inaktivasyonu igin yaygin
olarak kullanilmaktadir. Gida ve ilag Dairesi 27.02.2020
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tarihli bildirisinde yeni tip koronavirusun gida ya da gida
ambalaji yoluyla bulagabilecegini gosterir bir bilginin
olmadigini, ancak iyi  hijyen  uygulamalarinin
saglanmasinin butlin hastaliklardan korunmada her
zaman 6nemli oldugunu bildirmigtir [26]. DSO,
21.02.2020 tarihli raporunda Covid-19’un etkeni olan
SARS-CoV-2 virGsunun gida araciligiyla bulastigina dair
bir kanitin olmadigini, fakat benzer viruslerin ve bu
virisiin de hayvansal kaynakli ¢i§ gidalarda
bulunabilecegi konusunda slpheler oldugunu ifade
etmistir [28, 38]. Saglik Bakanhginin Covid-19 Salgin
Yonetimi Rehberinde virlslerin tahrip olmasi icin 65
derecelik sicakligin yeterli olacag: belirtiimigtir. Bu
nedenle gida isleme prosesinde uygulanan isil igslemde
kullanilan pastérizasyon, ultra yiksek sicaklik/lUHT veya
sterilizasyon gibi ydntemlerin teknigine uygun olarak
yapilmasi  durumunda, virlsin  inaktivasyonunu
saglamada yeterli olacagi gorilmektedir [9,18, 39]. Gida
Hijyen Yonetmeliginin [7] 18. maddesinde yer alan
“Gidalara Uygulanabilen Hukimler” bashgr atindaki
tedbirlere uyulmasi ile ¢apraz bulagsmalarin dnlenmesi
saglanmis, dolayisi ile virasun 1sil islem sonrasi Urln
glvenliginde problem yaratmasi énlenmis olacaktir.

SONUG

Covid-19 salginina karsi isyerlerinde etkin miicadele igin
“Isletme i¢i Salgin Tedbir Plani” [9] zorunlu hale
getirilmis olup, salgin ydnetimi cercevesinde yapilan
resmi denetim ve kontrollerde uygunsuzlugun niteligine
gore idari yaptirnmlar uygulanmaktadir. Ancak slrecin
yonetiimesinde igyerlerinin maske, sosyal mesafe,
hijyen kurallari basta olmak Uzere Covid-19 ile
miicadelede henliz yeterince bilgi ve biling diizeyinin
olusmadigi, vaka sayilarinin beklentiler yo6ninde
azalmaya gegemeyisi nedeni ile bu konuda daha fazla
egitim ve denetimlerin yurutiimesi gerektigini ortaya
koymustur. Gida igletmelerinde fiziksel, kimyasal ve
mikrobiyolojik  tehlikeler dikkate alinarak bulasma
kaynaklari kontrol altina alinabilir, hammaddeden gelen
problemler veya genel hijyen kurallarina uyulmamasi
sonucu olusan gida kaynakli enfeksiyonlar énlenebilir”
[40].

Gida sektorinde gida guvenligi ve Covid-19'un
yayllmasini sinirlandirmak igin her adimda ek hijyen
tedbirlerinin alinmasi zorunludur. Gida hizmetleri ve
perakende sektorii resmi otorite onayli dezenfektanlar
kullanmali, el hijyeni ve isletme personelinin ve tim
tedarikgilerin sagligini takip etmelidir [11, 15, 20, 21].
Gida igletmeleri yetkilileri ve galisanlar tarafindan temel
enfeksiyondan korunma ve kontrol ilkelerinin yerine
getirimesi hayati dnem tasimaktadir. Cin’de goérilen
Yeni Coronavirus (Covid-19) hastaligi sebebi ile gida
isletmesinde kapidan giristen itibaren bulasma riskleri
g6z onune alinarak gerekli tim tedbir ve énlem yollari
alinmasi her zamankinden daha g¢ok ©6nem arz
etmektedir [26, 27, 28, 31]. Iis saghgr ve givenligi
kurulunun bulundugu isyerlerinde kurul tarafindan, diger
isyerlerinde ise isveren veya vekili yonetiminde,
bulunmasi halinde isyeri hekimi, is glvenligi uzmani ve
diger saglk personeli ile galisan temsilcisi ve mimkinse
ilk yardim egitimi almis/tecriibesi olan kigilerden olusan
ekip tarafindan “Acil Durum Plani ve Risk
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Degerlendirmesi” yapilirken, saglik hizmeti sunan
isyerlerinde, is Sagligi ve Givenligi Kurulu bulunmasi
halinde “Enfeksiyon Kontrol Komiteleri” ile igbirligi
icerisinde faaliyetlerini yuritmesi gerekmektedir. Gida
isletmelerinde temizlik-hijyen standartlari en yuksek
seviyeye c¢ikartilarak ve Covid-19'a yonelik ek
onlemlerin alinmasi ile pandemi surecinin etkin kontroli
saglanmis olacaktir. Resmi kurumlar tarafindan yapilan
denetim ve kontrollerde tespit edilen eksikliklerin
giderimesi icin Belediye, Tarm ve Orman Iliige
Mudiirliikleri, il/lige Halk Saghgr Midirliikleri, Emniyet
Mudurligd gibi kamu kurum ve kuruluslar ile gerekli
isbirligi saglanmalidir.
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Akademik Gida Dergisi Yazim Kurallari

Akademik Gida dergisi gida bilimi ve teknolojisi
alaninda hazirlanmis 6zgiin arastirma ve derleme
makalelerin  yayinlandigi  hakemli  bir  dergidir.
Arastirma notu, mini derleme, goéris ve editére mektup
gibi yazilar da yayin i¢in degerlendirilir. Dergi 3 ayda bir
basilmakta olup 4 sayida bir cilt tamamlanir. Dergide
Tirkge ve Ingilizce makaleler yayinlanir.

Akademik Gida dergisinde yayinlanmasi istenen
calismalar derginin  www.academicfoodjournal.com
web sayfasinda bulunan elektronik makale gdénderim
sistemi  Uzerinden goénderilmelidir. E-posta ile
gonderilen makaleler degerlendiriimeyecektir.
Elektronik makale génderim sistemi ile ilgili sorulariniz
icin ogursoy@yahoo.com e-posta adresinden editérle
irtibata gecebilirsiniz.

e Gonderilecek galismanin dergide hangi tir makale
olarak (Arastirma Makalesi, Derleme Makale,
Arastirma Notu, Mini Derleme, Gorls ve Editore
Mektup) yayinlanmasi istendigi yazar(lar) tarafindan
mutlaka belirtilmelidir.

e Yazar(lar) tarafindan galismayi degerlendirilebilecegi
disinillen ve yazar(lar)la gikar ¢atismasi/gakismasi
olmayan en az 3 potansiyel hakem iletisim bilgileri de
(yazisma adresi, e-posta ve telefon numarasi)
verilerek énerilmelidir. Onerilecek hakemler yazarin
kendi kurumu disindan olmalidir.

e Gonderilecek cgalismalar yazim ve imla hatalari
icermemelidir. ingilizceden Tirkgeye terciime edilen
teknik terimler “Gida Muhendisligi Teknik Terimler
Rehberi’nde [Gida Mihendisleri Odasi, Kitaplar
Serisi No: 17, Filiz Matbaacilik, Ankara, 232s, ISBN:
978-9944-89-407-4] tavsiye edilen sekliyle
kullaniimaldir.

e GoOnderilen calismalarin daha o6nce hi¢ bir yerde
yayinlanmadigi  yazar(lar) tarafindan  garanti
edilmelidir.

e Yayin Kurulu yayina kabul edilmis calismalarda
gerekli degisiklikleri yapmaya yetkilidir.

Makalelerin Degerlendirilmesi

Yayimlanmak (zere Akademik Gida dergisine
gonderilen  galismalar  Oncelikle  Editorlerin =~ 6n
incelemesinden gegmektedir. Ik incelemeyi gecgen

calismalar, degerlendiriimek Uzere en az iki bagimsiz
hakeme gonderilmektedir. Calismalarin
degerlendiriimesinde hakemlerin makale yazar(lar)ini,
makale yazar(lar)inin hakemleri goérmedigi gift-kor
(double-blind) degerlendirme sistemi kullaniimaktadir.
Editorler (i) dergi kapsami disinda olan, (i) teknik
agidan yetersiz, (i) kendi igerisinde butunlik ve
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tutarlllik arz etmeyen sonuglar iceren veya (iv) kotu
yazilmig calismalarn dogrudan reddetme hakkina
sahiptir.

Yayin Ucreti

Akademik Gida dergisinde makale yayinlanmasi igin
herhangi bir Gcret talep ediimemektedir.

Etik Beyani

Dergi yayin politikasi, makalelerin degerlendirilmesi ve
etik hususlar ile ilgili detayh bilgilere Etik Beyani
kismindan ulasilabilir.

Calismalarin Hazirlanmasi

1. Calismalar A4 boyutunda hazirlanmali, Ustten 2.45
cm, alttan 2.45 cm, sag ve soldan 1.75 cm bosluk
birakilmal ve tek kolon olarak hazirlanmaldir. Metin
cift satir aralikh yazilmali, paragraflar arasinda tek satir
bosluk birakiimalidir. Metinde butin satirlar (surekli)
numaralandiriimalidir.

2. Calisma basli@ 14 punto Arial, koyu, kigtk harflerle
ve ortalanmis olarak yazilmalidir. Bagliktan sonra bir
satir bosluk birakilmal (11 punto); yazar isimleri
(yalnizca ilk harfler bliyiik) 10 punto Arial ve ortalanmis
olarak verilmelidir. Yazarlarin adresleri, telefon ve faks
bilgileri ile yazigsmalardan sorumlu yazarin e-posta
adresi hemen alt satirda 9 punto Arial, ilk harfler buyik
olacak sekilde ve ortalanmis olarak yazilmalidir.
Yazarlarin galistiklari  kuruluglar (ve/veya adresler)
farkli ise her bir yazar isminin sonuna rakamlarla Ust
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3. Metin igindeki kisimlarin bagliklari (0Z, ABSTRACT,
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birakilarak metine gecilmelidir. Alt basliklarda ilk harfler
biyidk, 10 punto Arial ve koyu yazi Kkarakteri
kullaniimalidir.  OZin altina  bir satir  bosluk
birakildiktan sonra en fazla 5 adet Anahtar Kelime
konmalidir. Anahtar Kelimelerden sonra bir satir bogluk
birakilarak Ingilizce baslik ve altina ABSTRACT ve
Keywords yazilmahdir. Bir satir bosluk birakilarak ana
metine gecilmelidir.

4. Ana metin 9.5 punto Arial olarak hazirlanmalidir.
5. Calisma baslica su kisimlardan olugsmalidir: Baslik,

Yazar  Isimleri, ~ Adresleri, lletisim  Bilgileri,
Yazigmalardan Sorumlu Yazarin E-posta adresi, Oz,



Abstract, Ana Metin (Giris, Materyal ve Metot, Bulgular
ve Tartisma, Sonug), Tesekkur (gerekiyorsa),
Kisaltmalar (gerekiyorsa), Kaynaklar.

6. Oz ve Abstract 250 kelimeyi gegmemeli, galismanin
amacini, metodunu ve 6nemli sonuglarini icermelidir.
Oz tek paragraf olarak yazimall ve &z iginde
kaynaklara atif yapiimamalidir.

7. Calisma icerisinde gegen mikroorganizma isimleri ile
Latince ifade ve isimler italik olarak yazilmal ve
kisaltmalarda uluslararasi yazim kurallari géz 6ninde
bulundurulmalidir.

8. Tablo basliklar tablonun Ustline, sekil basliklar ise
seklin altina yazilmali ve numaralandiriimalidir.
Kullanilan tablo ve sekillere metin icinde mutlaka atif
yapiimalidir. Metin i¢inde gegen veriler tablo ve
sekillerin tekrari olmamalidir. Tablo ve sekillerin
basliklar igerikleriyle uyumlu ve anlasilabilir olmaldir.
Sekiller ve resimlerin ylksek ¢ozlnirlikte olmasina
dikkat edilmelidir. Resimler (ve gerekiyorsa Sekiller)
*.jpg formatinda metin igerisinde yer almaldir.

9. Metin icerisinde atiflar koseli parantez igerisinde
rakamlarla yapilmal [1] ve Kaynaklar boluminde bu
numara sirasiyla detaylari yazilmaldir. Kaynaklarin
numaralandiriimasi MS Word Numaralandirma Kitapligi
kullanilarak yapilimalidir.

10. Kullanilan matematiksel denklemler
numaralandirilmali ve metin icerisinde bu denklemlere
atif yapiimalidir.

11. Kaynaklar kismi APA yazim stili kullanilarak
hazirlanmalidir. Kaynaklarin yaziminda asagidaki
ornek yazim bicimleri kullaniimali ve makalelerin
yayinlandigi dergi isimleri kisaltma kullaniimadan ve
italik olarak yazilmaldir. Web adreslerine atif
yapllacaginda (miumkin oldugunca Resmi web
sayfalarina atif yapiimaldir) mutlaka ilgili web adresine
erisim tarihi verilmelidir.
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Guidelines to Authors

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

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

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

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

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

» Authors must guarantee that the submitted manuscript
is not published anywhere previously and will not be
submitted to anywhere before the editorial board
makes a final decision on the manuscript.

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

Peer review policy

Manuscripts pass through initial screening in the
editorial office followed by internal review by Editors.
After the first evaluation, manuscripts are double-blind-
reviewed by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication. The Editors have
the right to decline formal review of a manuscript if it is
() on a topic outside the scope of the Journal, (i) lacking
technical merit, (iii) fragmentary and providing
marginally incremental results or (iv) poorly written.

Publication fee
Akademik Gida® (Academic Food Journal) welcomes

article submissions and does not charge a publication
fee.
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Ethics Statement

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

Preparation of a manuscript

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

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

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

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

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

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

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



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

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

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

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

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

Article
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must be provided by the authors, and it must be sent to
the editorial office.
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Etik Beyani

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

Yayin Politikasi

Akademik Gida dergisine godnderilen tim makaleler
Dergi Editorleri igin Davranig Kurallari ve En lyi
Uygulama Kilavuzlari ve Dergi Yayincilari i¢cin Davranig
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
génderiimeden 6nce derginin  Yazim Kurallarinin
okunmasini 6nemle tavsiye ederiz. Yazarlar ayni
zamanda Avrupa Bilim Editérleri Birligi'nin (EASE)
(European Association of Science Editors) ingilizce
olarak basilacak makaleler icin “Bilimsel Makalelerin
Yazarlari ve Cevirmenleri igin Rehber’e uymalidir.
Yazarlar, insan veya hayvan verilerini igeren
arastirmalari icin Uluslararasi Tip Dergisi Editorleri
Komitesinin (International Committee of Medical Journal
Editors) dnerilerini takip etmelidir.

Makalelerin Degerlendirilmesi

Dergiye goénderilen tim makaleler, bilimsel iceriklerinin
6zgunluga ve kalitesi dlgutlerine gore degerlendirilir.

o Dergiye gonderilen tim vyazilar, ilk olarak yayin
ofisindeki (teknik ve genel kalite degerlendiriimesi
acisindan) eleme isleminden geger ve ardindan
teknik ve bilimsel editorler tarafindan degerlendirilir.

e ik degerlendirmeden sonra, editérler (i) dergi
kapsami disinda kalan bir konu hakkinda
hazirlanmis  makaleleri (i)  teknik  olarak
eksik/yetersiz makaleleri, (iii) kismi ve marjinal artan
sonuglari iceren makaleleri veya ( iv) kéta yazilmis
makaleleri reddetme hakkina sahiptir.

e ik inceleme  sonucunda makalenin ileri
degerlendirme igin uygun olduguna karar verilirse,
dergide yayimlanmak Uzere Kkaliteli makalelerin
secimini yapmak amaciyla, makaleler c¢ift-korli
(hakemin ve yazar/yazarlarin birbirlerini
goérmedikleri) degerlendirme sistemi ile en az iKi
bagimsiz hakemden olugan bir degerlendirme
surecinde bilimsel incelemeye alinir.

e Hakemler tarafindan talep edilirse, makalenin
hakem gorusleri dogrultusunda yazarlar tarafindan
revize edilmis versiyonu orijinal hakemler tarafindan
tekrar degerlendirilir. Degerlendirmelerin ardindan

editérler hakem onerileri dogrultusunda makale
hakkindaki nihai kararlarini  verirler. Gerekirse
editorler, hakemlerin istedikleri tim sartlarin yerine
getirilmesi igin yazarlardan ilave revizyon isteyebilir.

e Kabul edilen makalelerin son versiyonu, yayin
Oncesi taslagin (galley proof) hazirlanmasi igin
teknik editorlere gonderilir. Yazarlardan,
makalelerinin dizgisi hazirlanmig taslaklarini son
kontrol igin yayin éncesinde incelemeleri istenir.

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

Yayin Ucreti

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

Gizlilik

Editorler, Akademik Gida'ya gonderilen tim makaleleri
tam bir gizlilikle ele alir. Editérler, hakemler haricinde,
COPE tavsiyelerine uyulmadidi takdirde, {gilnci
sahislara makale ile ilgili higbir bilgi vermezler.
Yayinlanmak Uzere dergiye gonderilen makaleler
hakemler igin de gizlidir ve bilimsel degerlendirme igin
aldiklar makalelerin herhangi bir bdlimdni Uglncu
sahislarla paylasmalarina veya dagitmalarina izin
verilmez. Suiistimal suphesi oldugunda, hakemlerin
derhal gizli bir sekilde yayin ofisine bagvurmalari onerilir.
Hakemler ayrica, Dergi Editérleri icin Davranis Kurallari
ve En lyi Uygulama Kurallari ile Dergi Yayincilari igin
Davranis Kurallari'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, cift-kér bir hakem inceleme sureci
yuratdr, yani calismanin elestirel degerlendirmesini
saglamak icin hakemlerin isimleri gizlidir. Hakemlerden,
raporlarinda adlarini veya irtibat bilgilerini
aciklamamalari istenir. Hakem raporlar yazarlara
gonderilemeden 6nce bu agidan kontrol edilir.

Yazarhk

Bir yazar, bir arastirmanin fikrine veya tasarimina,
verilerin elde edilmesine, verilerin analizine veya
yorumlanmasina blyluk o6lgide katkida bulunan,
makalenin hazirlanmasinda, yazilmasinda veya gbzden
geciriimesinde entelektiel icerige elestirel katki yapan
bireydir. Katkida bulunanlar diger kisiler makalenin
Tesekkir béliminde belirtiimelidir ve galismanin yazari
olarak kabul edilemez. Tim yazarlarin dogru ve tam
isimleri ile ORCID kimlikleri dergiye gonderilen
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makalenin baglik sayfasinda yer almalidir. Yazarlarin
isimlerinin yaninda calistiklar kurumlar ve
yazismalardan sorumlu yazarin gegerli bir adresi
verilmelidir. Yazismalardan sorumlu yazarin telefon ve

faks numaralari ile e-posta adresi makalenin ilk
sayfasinda belirtimelidir. Tum yazarlar, génderilen
makalenin  daha Once herhangi bir yerde

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

Destekleyen/Finans Saglayan Kuruluglar

Arastirmanin tim finans kaynaklarina iligkin detaylar,
Tesekkir 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. Yazarlktaki degisiklik, hakem
goruslerine 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 Diizeltme

Yayinlanan verilerin dogrulugundan tim yazarlar
sorumlu  olmahdir.  Verilerin  dlzeltiimesi  igin,
yazismalardan sorumlu yazardan yayin o6ncesi taslagi
(galley proof) incelemesi ve makalenin
yayinlanmasindan 4 gun Once dikkatlice dizeltmesi
istenir.

Makalenin Geri Gekilmesi

Bir makalenin geri c¢ekilmesi, gonderim veya yayin
hatalarini duzeltmek icin kullanilir. Yazarlar makaleyi
geri cekebilir ve bu durumda Yayin Etigi Komitesi
(COPE) Geri Cekme Kurallarina [(COPE) retraction
guidelines] uymaldir. 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 ¢cekme bildirimi
eklenecektir.

Etik Hususlar

Cikar gatismasi.
e Yazar/lar bagvuru sirasinda herhangi bir ¢ikar
catismasi varsa beyan etmelidir. Yazar/larin

basvuru sirasinda bilimsel degerlendirme igin en az
ic potansiyel hakem onermeleri istenir. Onerilen
hakemler c¢alisma arkadaslari, ortak c¢alistiklar
kisiler veya calistiklari kurumlarin Gyeleri olamazlar.
e Hakemler makaleyi degerlendirmelerini 6nleyen
herhangi bir ¢ikar c¢atismasi olmasi durumunda
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Editérleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
o Editorler Kurulu Gyeleri veya kurul Uyelerinin ortak

cahstiklar kigiler tarafindan dergiye gdnderilen
makaleler icin, degerlendirme sirasindaki
Onyargilari en aza indirgemek amaciyla,

degerlendirme sureci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

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

insan  denekleri, bitki

arastirmalar

hayvan veya iceren

e Arastirmanin insan denekleri veya hayvanlari
icermesi durumunda, yazarlarin Uluslararasi Tip
Dergisi Editorleri Komitesinin (the International
Committee of Medical Journal Editors) yonergelerini
izlemeleri Onerilir.

e insan denekleri iceren galismalarda, deneklerin
galismaya katilmak igin imzaladiklari onamlar
yazarlar tarafindan saglanmaldir. 18 yasin altindaki
deneklerin galismaya katilmalari icin ebeveyn veya
velileri tarafindan izin verilmelidir.

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

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

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

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

Yayin suistimali

e Akademik Gida dergisi, Dergi Editorleri igin
Davranis Kurallari ile En lyi Uygulama Kilavuzlari ve
Dergi Yayincilan 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
gonderilmesi, intihal, yayinlanmig  makalenin
yeniden vyayinlanmasi, etik kurallarin ihlali vb.

supheli bir suiistimal durumunda, arastirmacilar,

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

e Makaledeki benzerlik orani tek bir kaynaktan

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

Akademik Gida, yayinlanan butin makalelere orijinal
eserin uygun sekilde belirtiimesi ve ticari amagclarla
kullanilmamasi  sartiyla, herhangi bir ortamda
kullaniimasina, dagitilmasina ve c¢ogaltilmasina izin
veren “Creative Commons Attribution 4.0 CC BY-NC”
lisansini  (Creative = Commons  Attribution  Non-
Commercial 4.0 CC BY-NC) tum yayinlanmis
makalelere uygular. Yayimlanmadan 6nce, Telif Hakki
Devir Formu yazismalardan sorumlu yazar tarafindan
imzalanmali ve derginin yayin ofisine gdnderilmelidir.
Yayinlanan yazilarin telif hakki Sidas Medya Limited
Sirketi'ne (Cankaya, Izmir) aittir. Yazarlar, yayinladiklari
makaleleri serbestce ve ticari olmayan amaglarla,
bitinligl korundugu ve yazarlari, alinti detaylarini ve
yayincilari agik¢a belirtildigi stirece kullanma hakkina

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

haklarinin, sayginhdinin ve batunlidgunun tehlikeye
atilmamasi sartiyla, Akademik Gida'da yayinlanan
yazilara erisebilir, indirebilir, kopyalayabilir,

gorintileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahdir. Yayinlanan yazilarin
icerigi, ticari olmayan aragtirma ve egitim amagli
kopyalanir, indirilir veya bagka bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapilmah ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adl,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmaldir. 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, Izmir, 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, (iii) 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.

o 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 |f the research involves humans or animals, the
authors are recommended to follow the guidelines of
the International Committee of Medical Journal
Editors.

e In studies involving human subjects, their informed
consent to participate in the study should be supplied
by the authors. For subjects under the age of 18, their
parents or guardians should give the permission for
their participation in the study. For all tested subjects,
the manuscript must accompany with a statement
detailing compliance with relevant guidelines and/or
appropriate permissions or licenses.

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

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

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

Publication misconduct:

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

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

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

Copyright

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

and disclaimers must not be deleted.
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