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oz

Kusburnu dogal olarak en yiksek miktarda askorbik asit iceren meyvelerden birisidir. Bu nedenle birgok
fonksiyonel 6zellige sahiptir. Ancak kusburnu meyvelerinin gida olarak tiiketimi oldukea kisithidir. Bu nedenle, bu
calismada kusburnunun gida olarak tiketimini arttrmak amaciyla kusburnu pirelerinin - kurutulmasi
amaclanmistir. Bu amagla farkl sartlarda sicak hava akiminda kurutma ve kirinim pencereli kurutma yontemleri
karsilastirilmustir. Calisma sonuglarina gére kirtnim pencereli kurutma yoéntemi ile Giretilen kusburnu tozlarinin tiim
fizikokimyasal 6zellikleri sicak hava akiminda kurutma ile tretilen 6rneklere gore daha iyi olarak belirlenmistir.
Kirnim pencereli kurutma yénteminde farkl sicaklik uygulanmast kusburnu tozlarmin fizikokimyasal 6zellikleri
acisindan Onemli farklihiklara neden olmamustir. Sicak hava akiminda kurutma yénteminde ise hem kurutma
sicakligt hem de hava hizt 6zellikle renkte 6nemli degisimlere neden olmustur. Ayrica kurutma sicakligs HMF
miktart Gizerine de etkili bulunmustur. Sonug olarak kusburnu piiresinin kirmim pencereli kurutma yéntemi ile
90°C sicaklikta kurutulmast 6nerilmektedir.

Anahtar kelimeler: Kusburnu piiresi, kirinim pencereli kurutma, askorbik asit, renk

INFLUENCE OF REFRACTANCE WINDOW DRYING AND HOT AIR DRYING
PROCESS CONDITIONS ON THE PHYSICOCHEMICAL PROPERTIES OF
ROSEHIP POWDER

ABSTRACT

Rosehip is one of the fruits that naturally contains the highest amount of ascorbic acid. For this reason,
it has many functional features. However, consumption of rosehip fruit as food is very limited. For this
reason, in this study, it was aimed to dry the roschip pulp in order to increase the consumption of the
rosehip as food. Therefore, hot air drying (HAD) and refractance window drying (RWD) were compared
under different conditions. According to the results, all physicochemical properties of rosehip powder
produced by RWD were better than those produced by HAD. Drying temperatures in RWD did not cause
significant differences in the physicochemical properties of rosehip powder. In HAD, both the drying
temperature and the air velocity have caused significant changes in color. In addition, the drying
temperature was found to be effective on the HMF content. Overall, drying of roschip pulp by RWD at
90°C is suggested.

Keywords: roschip pulp, refractance window drying, ascorbic acid, color
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I. Tontul, E. Eroglu, A. Topuz

GIRIS
Kusburnu (Rosa  canina), gilgiller (Rosaceae)
familyasina ait ¢ok yilik bir bitkidir. Kusburnu
bitkisi  idlkemizde 2000  metreye  kadar
yuksekliklerdeki dag yamaclarinda, fundaliklarda,
yol kenatlarinda, bol glnesli veya yari golge
yetlerde ve kuru-humuslu topraklarda dogal
olarak yetismektedir (Kilicglin ve Altiner, 2010).
Kugburnu haziran ayinda cicek agmakta ve yilda
bir kez (Agustos-Eylil) meyve vermektedir.
Kusgburnu dogadaki diger tim meyvelerden daha
fazla askorbik asit icermektedir. Meyvenin tiir ve
olgunluk durumuna gore degismekle beraber
2122-3158 mg/100 g askorbik asit icerdigi
belirtilmistir (Ozdemir vd., 1998).

Kusburnu icerdigi bilesikler sayesinde bagisiklik
sistemini giiclendirmekte, enfeksiyonlara ve soguk
alginliklarina karst diren¢ saglamaktadir. Kismen
mushil ve idrar sokturtici 6zellikleri ile kabizlik,
bébrek ve mesane rahatsizhiklarinda rahatlama
saglamaktadir. Bunlara ilave olarak bobrekistii
bezlerini olumlu etkileyerek 6nemli hormonlarin
dretimine katkida bulundugu bildirilmektedir
(Karasakal, 2007; Ercisli, 2008; Ilbay, 2013;
Roman vd., 2013). Ayrica kusburnu meyvesinin
yara iyilestirici ve kan temizleyici Ozellikleri
oldugu, vicuttaki tas ve kum kaynakl
rahatsizliklar ~ gibi  pek  ¢ok  rahatsizhigin
giderilmesine katki sagladigr yoniinde bilgiler
derlenmistir (Karasakal, 2007; Ercisli, 2008; Ilbay,
2013; Roman vd., 2013).

Geleneksel olarak kusburnu piire ve marmelata
islenmekte ayrica butiin meyveler kurutulduktan
sonra demlenerek ¢ay olarak tiketilmektedir.
Butiin meyvenin kurutulmas: sirasinda kugburnu
meyvesinin askorbik asit iceriginde %070-75
oraninda kayip meydana geldigi ancak geriye kalan
askorbik asit miktarinin bile beslenme acisindan
son derece O6nemli oldugu bildirilmektedir
(Gonzales vd., 1989). Farklh yo6ntemlerle
kurutulan kusburnu meyveleri askorbik asit kayb1
acisindan karstlastirilmis ve bu karsilastirilmada
glineste kurutmada %40, tiinelde sicak hava ile
kurutmada %50, dondurarak kurutmada ise %10
oraninda askorbik asit kaybt meydana geldigi
bildirilmistir (Kadakal vd., 2007). Askorbik asidin
termal yolla degradasyonunun 6zellikle 60°C’den

sonra bagladigi bilinmektedir (Vieira vd., 2000).
Nitekim kugburnu piiresine uygulanan 50
dakikalik 1s1l islem sonucunda askorbik asitte ise
70°C’de %30, 80°C’de %37 ve 90°C’de %56’lik
bir degradasyon saptanmustir (Aksu, 2002). Bitin
meyvelerin  kurutuldugu bu c¢alismalarda elde
edilen Urunlerin  kullantm  alanlari  oldukca
sinirhidir.

Kurutma islemi geleneksel olarak agik alana
serilen Grtinlerin dogal konveksiyonla ya da riizgar
etkisi ile zorlanmis konveksiyonla kurutulmast ile
gerceklestirilirken, zaman icerisinde teknolojik
gelismeler ile birlikte bu yontemin yerini; daha
hizli, hijyenik ve homojen kurutma saglayan sicak
havada kurutma uygulamast almistir (Tunde vd.,
2005). Geleneksel kurutma, isciligin  yogun,
yatirimin az, Uretim maliyetinin disiik ve driin
kalitesinin zayif oldugu bir uygulamadir. Sicak
havada kurutma ise, Urinleri dis etkilerden
koruyan, daha hizli ve hijyenik bir kurutma
yontemidir. Buna karsin, gida sanayinde yaygin
olarak kullanilan bu yéntemin triinde biizillme,
esmerlesme, renk, besin ve aroma kaybi gibi
dezavantajlart oldugu da bilinmektedir (Voda vd.,
2012).

Tiketiciler acisindan  kurutulmus meyve ve
sebzelerin ekonomik olmasinin yaninda, kaliteli,
lezzetli ve besleyici olmast da 6nem tagimaktadir.
Bu urtnlerin vitaminler, antioksidan maddeler,
lezzet ve aroma maddeleri ile renk bilesenleri
acisindan  zengin olmast arzu edilmektedir.
Endustride kurutma islemi, hammaddeye ve
tretim kapasitesine gbre yaygin olarak; kabin,
tinel, bantll, akigkan yatak ve sandik tipi
kurutucularda gergeklestirilmektedir. Son yillarda
kurutma hizini arttirmak ve enerji verimliligini
yikseltmek amactyla bu sistemler mikrodalga ve
kizilotesi  (infrared) 1sinlarla  desteklenmeye
baslanmustir (Ratti, 2001). Konu ile ilgili ¢alismalar
incelendiginde  firtn,  tlnel,  pulskirtmeli
kurutucularin mikrodalga (MW) ve radyo frekans:
(RF) ile desteklendigi; mikrodalga ile kizilStesi
yontemlerinin bir arada kullanildigr arastirmalarin
sayisinda artts gozlenmektedir (Kayisoglu ve
Ertekin, 2011; Chandrasekaran vd., 2013). Ancak
kurutma isleminin asd amacinin daha hizh
kurutmak degil, daha kaliteli bir Grtin elde etmek



Kusburnu tozlarinin fizikokimyasal 6zellikleri

oldugu dikkate alinmalidir (Esper ve Miihlbauer,
1998). Son yillarda akiskan ve yari akiskan
formdaki meyve sular1 ve piirelerinin kurutulmasi
icin gelistirilmis bir kurutma yontemi olan kirinim
pencereli kurutma hem kurutma siresinin kisa
olmast hem de biyoaktif bilesen kayiplarinin az
olmast nedeniyle 6ne ¢itkmaktadir.

Kirim pencereli kurutma ile meyve, sebze ve
baharat gibi bircok iriin olduke¢a kisa siirede ve
mukemmel renk, vitamin ve antioksidan 6zellik ile
kurutulabilmektedir. Bu yontemde kirict 6zellige
sahip bir plastik membran kullanilmaktadir. Bu
plastik membran ile alttan sitilan su yiizeyi
kaplandiginda 1s1 kayb: engellenmekte ve 1s1
transferi sadece kondiiksiyon ile
gerceklesmektedir. Bu durumda kizilétest enerjisi
suya yansitilmaktadir. Ancak membran Uzerine
nemli bir gida konuldugunda, gidada bulunan nem
plastik membranin radyasyonu gegiren bir
pencere gibi agimasini  saglamaktadir. Bu
durumda 1s1 herhangi bir membran yokmus gibi
sudan gidaya dogru transfer edilmektedir. Kisa
sire icerisinde gidada  bulunan  nemin
buharlasmas:  ile membran pencere  gibi
davranamaz ve radyasyon enetjisini tekrar suya
yansitmaya baslamaktadir.

Kirinim pencereli kurutma basta cesitli meyve ve
sebze urtnleri (Abonyi vd., 2002; Topuz vd,,
2009; Caparino vd., 2012; Baeghbali vd., 2016;

Hernandez-Santos vd., 2016; Jafari vd., 2016;
Azizi vd., 2017) olmak Gzere, et Griinleri (Rostami
vd., 2018), protein izolatlar1 (Tontul vd., 2018) ve
tibbi bitkiler (Aghaei vd., 2018) gibi bir¢ok trtintn
kurutulmasinda denenmistir. Ancak, bu teknik ile
kusburnu piiresinin kurutuldugu herhangi bir
calismaya rastlanilamamustir. Bu nedenle, bu
calismada kusburnu piresi tretiminde kirinim
pencereli kurutma, sicak hava akiminda kurutma
yontemi ile karstlastirilmalt olarak test edilmistir.
Ayrica her iki kurutma yonteminin islem sartlart
da arastirtlmistir.

MATERYAL VE YONTEM
Calisma kapsaminda kullanilan kusburnu ptireleri
Nesil Gida Imalat San. ve Tic. Ltd. Sti (Merzifon,
Amasya)’den temin edilmistir. Temin edilen
purelerin suda ¢6ztnir kuru maddesi 12 g/100g
olarak belirlenmistir.

Konvektif knrutma
Konvektif kurutma icin sicaklik ve hava hizt
ayarlanabilen tepsili kurutucu kullanilmustir.
Ornekler cam plakalar {izerine serme aparatt ile 1
mm kalinlikta serilerek farkli sicaklik (50, 60 ve
70°C) ve hava hizlarinda (1, 2 ve 3 m/s) faktoriyel
deneme desenine gore 8 g/100g nem icerigine
kadar kurutulmustur. Toplam 9 farkli kurutma
denemesinin her birinde yaklasik olarak 200 g
pure kurutulmustur. Kurutma siireleri Cizelge
1’de verilmistir.

Cizelge 1. Kurutma kosullart ve siireleri
Table 1. Drying conditions and durations

Kurutma Teknigi Kurutma sicakligt (°C) Hava hizi (m/s) Kuruma siiresi (dk)
Drying technigne Temperature (°C) Air velocity (m/s) Duration (min)
Sicak hava akiminda 1 70
kurutma 50 2 40
Hot air drying 3 35
1 60
60 2 35
3 30
1 45
70 2 35
3 30
Kirinim pencereli 90 NA* 15
kurutma 95 NA 13
Refractance window drying 98 NA 12
NA: uygulanamaz

NA: not applicable
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Kerenam pencereli knrntma

Kirinim pencereli kurutma Akdeniz Universitesi
Gida Mithendisligi Bolimi tarafindan tasarlanmis
ve imal ettirilmistir. Kurutma 90, 95 ve 98°C’de
bulunan su havuzu tzerinde gergeklestirilmistir.
KPK kurutucuda 0.25 mm kalinlikta Mylar film
kullantlmistir.  Kurutma streleri Cizelge 1°de
verilmistir.

Her iki kurutma ile elde edilen tiriinler bir 6gttict
(Waring, ABD)  yardimuyla toz  forma
dontstirildikten  sonra  disik  yogunluklu
polietilen ambalajlarda ambalajlanarak analizlere
kadar -18°C’de depolanmistir.

Nem miktar: ve su aktivitesi

Kurutulmus meyve tozlarinin nem miktarlart
gravimetrik 70°C’de kurutularak, su aktivitesi ise
su aktivitesi Ol¢me cihazt (Aqualab 4TE)
kullaniarak 25°C°de belitlenmistir.

Renk

Orneklerin renk analizi Konica-Minolta CR-400
(Osaka, Japonya) renk o6lcer cihazi kullanilarak
gerceklestirilmistir. Olctiimler 6ncesinde cihaz
kendi kalibrasyon plakast kullanilarak kalibre
edilmigtir. Daha sonra sivt  &rnekleyiciye
doldurulan OSrneklerin L*  (koyuluk-agiklik), a*
(vesillik-kirmizilik), b* (mavilik-sarilik)
parametreleri 3 farkli noktadan Sl¢iilmis ve bu
degerlerden ton acist (Hue angle) ve doygunluk

(Chroma) asagidaki esitliklere gore
hesaplanmustir.
180 b+
Ton acist = — X arctan— M
T ax*

Doygunluk = (Va =2+ b =2) )

Radikal siipiirme aktivitesi

DPPH radikalinin inhibisyonuna dayalt radikal
stiplrme aktivitesi Fernandez-Leén vd. (2013)
tarafindan uygulanan yénteme gore belirlenmistir.
Bu amagcla ekstraktlar Kamiloglu ve Capanoglu
(2015) tarafindan bildirilen yonteme gore
hazirlanmustir. 50 pul uygun oranda seyreltilmis
ekstrakt tizerine 950 ul. taze hazirlanmis DPPH
coOzeltisi (metanolde hazirlanmis 60 pM) ilave

edilerek karanlikta 30 dk bekletilmistir. DPPH
¢Ozeltisinin absorbanst bekleme stiresinin basinda
saf metanole karst 517 nm dalga boyunda
kaydedilmistir. 30 dk inkibasyon sonrast
absorbans 6l¢imu yapilmis ve DPPH ¢6zeltisine

gbére  absorbans  farklart  hesaplanmustir.
Orneklerin ~ radikal — siipiirme  aktivitesi bu
absorbans farklart kullanilarak, farkls

konsantrasyonlarda hazirlanmis troloks ile elde
edilen egri yardimiyla g troloks esdegeri radikal
supurme aktivitesi (TEAA)/kg kuru 6rnek agitlig
cinsinden hesaplanmistir.

Askorbik asit miktar:

Orneklerin  askorbik asit icerikleri Asami vd.
(2003) tarafindan uygulanan metoda gére HPLC
ile tespit edilmistir. Kurutulmus toz Ornekler
uygun oranda metafosforik asit ¢ozeltisi (%04.5) ile
seyreltildikten sonra 0.45 pym membran filtreden
gecirilmis ve HPLC sistemine enjekte edilmistir.
Orneklerdeki  askorbik — asit miktart  farklt
konsantrasyonlarda hazirlanan  askorbik  asit
¢Ozeltisinden hazirlanan kalibrasyon egrisi yardimi
ile hesaplanmistir. Mobil faz olarak 0.8 mL/dk
akis hizinda pH’s1 stilftrik asit kullanilarak 2.2’ye
ayarlanmis saf su kullanilmistir.  Enjeksiyon
miktart 20 pl. olup, ayirim LiChroSpher (250%4.6
mm, 5um) kolonda gerceklestirilmis ve 245 nm
dalga boyunda ¢alisilmustir. Pikler 245 nm’de dalga
boyunda kaydedilmis ve askorbik asit miktar1 dis
standart yontemi hesaplanmistir.

5-Hidroksimetilfurfural (HMEF) miktar:

HMF miktarinin belirlenmesi amaciyla 2 g kuru
ornek 98 mL su icinde homojenize edilmistir. Bu
homojenat 10000 g’de 10 dk santrifiij edildikten
sonra 10 mL berrak kistmdan alinarak baska bir
santriflyj tiipine aktarilmis ve Uzerine 1’er mL
Carrez I ve Carrez II ¢6zeltileri eklenmistir. Aynt
sartlarda santriftij edilen karisimin berrak kismi
0.45 pum membran filtreden siizlldikten sonra
HPLC sistemiyle analiz edilmistir. HPLC
analizinde 32°C’de tutulan Nucleosil 5 C18
kolonda, 0.6 mI./dk hizla izokratik akan mobil faz
(asetonitril ¢Ozeltisi %05) ile ayirim saglanmustir.
Pikler 280 nm’de dalga boyunda kaydedilmis ve
HMF miktart dis standart yontemi hesaplanmigtir
(Tontul ve Topuz, 2017).
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Istatistifesel analizler

Kurutma islemleri 6n denemelerde belitlenen
kosullarda ti¢ tekerriirlii olarak gerceklestirilmistir.
Meyve pireleriyle bitlikte elde edilen meyve
tozlarinin analizleri paralelli olarak yurttilmustiir.
Sonuglar varyans analizine tabi tutulmus ve
6nemli bulunan farkliliklar Duncan Coklu
Karsilastirma testi ile siniflandirilmistir.

BULGULAR VE TARTISMA

Farklt sartlarda sicak hava akiminda kurutma ve
kirtnim  pencereli  kurutma  yontemleri  ile
kurutulmus kusburnu tozlarnin fizikokimyasal
Ozelliklerine ait sonuglar Cizelge 2 ve Cizelge 3'de
verilmistir.

Cizelge 2. Konvektif kurutma sartlarinin kusburnu tozlarinin fizikokimyasal 6zellikleri tizerine etkisi
Table 2. Efffect of hot air drying conditions on physicochemical properties of rosehip powders

Radikal
Nem miktart Askorblk asit  siipirme o
. . L miktart aktivitesi HMF miktar1
Parametreler Moisture Su aktivitesi L* Ton agist Doygunluk . . X
. L ’ Ascorbic acid  Radical HMF  content
Parameters content Water activity L* Hue angle Chroma . .
(2/1002) > content  (g/kg  scavenging activity  (mg/L)
dm) (¢ TEAA/kg
dm)
Kurutma 50 8.241+0.07a 0.371£0.001b  35.49+0.10a 62.8010.04a 31.48%10.15ab  32.03+0.62a 9.90+0.41a 3.26+0.17b
Sicakligt
Drying 60 8.1610.09a 0.373+0.001b  35.68+0.12a 62.80%0.12a 31.7910.17a 31.281+0.44a 10.5810.64a 5.9740.22a
Temperatire
°C) 70 8.13+0.04a 0.376+0.001a  35.29£0.02b 62.48+0.08b 31.194£0.03b 31.21+0.96a 10.88+0.68a 3.34+0.19b
1 8.1910.07a 0.373+0.001a  35.35£0.05b 62.7510.09a 31.30%0.15b 31.3910.80a 9.80+0.51a 4.3710.40a
Hava hiz
Air velocity 2 8.16+0.05a 0.373+0.002a  35.68+0.14a 62.81+0.11a 31.70£0.20a 32.241+0.62a 10.67£0.43a 4.03+0.60a
(m/s)
8.17£0.09a 0.374+0.001a  35.42+0.08b 62.524+0.08b 31.45+0.10ab  30.89+0.61a 10.88+0.752a 4.16+0.74a

Sonuglar 6 gézlemin ortalamast * standard hata olarak hesaplanmustir. Her bir parameter icin ayni sttundaki farkls
harfler istatistiki acidan 6énemli (P < 0.05) farklihigt ifade etmektedir.
Results are means of 6 observations £ standard error; values within a colummn with different letters are significantly (P < 0.05) different

Jfor each parameter.

Cizelge 3. Kirinim pencereli kurutma sartlarinin kusburnu tozlarinin fizikokimyasal 6zellikleri tizerine
etkisi
Table 3. Effect of RW drying temperature on physicochemical properties of rosebhip powders

Kurutma Askorbik asit ﬁ;iﬁzlc

Sma!dlgl Nem miktart Su aktivitesi L* Ton agist Doygunluk mlkt? o aktivitesi HME m ikiart

Drying . ” - ? Ascorbic acid X . HMEF content
Moisture content (g/100g) — Water activity L* Hue angle Chroma Radical scavenging

temperature - content (g/kg activity (& (mg/T)

= dm) TEAA/kg dm)

90 8.09%0.07a 0.374£0.002a  35.45+0.252 62.90£0.10a 31.25%0.35a  35.50£0.46a 12.551+0.05a 2.05+0.05a

95 8.0810.09a 0.373£0.000a  35.40+0.10a 62.65%0.052 31.45£0.25a  34.79%0.74a 12.55+0.15a 2.05+0.15a

98 8.0420.02a 0.373£0.003a  35.60+0.10a 62.75%0.352 31.75£0.15a  35.29%0.23a 12.45+0.15a 2.0140.00a

Sonuglar 2 g6zlemin ortalamasi £ standard hata olarak hesaplanmistir. Her bir parameter igin aynt stitundaki farkl
hatfler istatistiki agidan 6énemli (P < 0.05) farkliligi ifade etmektedir.
Results are means of 2 observations for RW drying = standard error; values within a column with different letters are significantly (P

<0.05) different for each parameter.

Nem miktar: ve su aktivitesi

Kugburnu tozlarinin kurutma islemleri nem igerigi
yaklastk 8 g/100g olana kadar gerceklestirilmistir.
Bu nedenle urinlerin nem igerikleri kurutma
sicakliklart ve kurutma hava hizina bagh olarak
6nemli degisim gOstermemistir.

Sicak  hava akiminda kurutulmus kusburnu
tozlarinin su aktiviteleri kurutma sicakligina baglt

olarak Onemli degisim gOstermistir. Nitekim
70°C’de  kurutulan kusburnu tozlarinin  su
aktivitesi 50 ve 60°C’de uretilen triinlere gore
daha yiksek olarak belirlenmistir. Nem igerigi
benzer olmasina ragmen su aktivitesinde gorilen
bu farklihgin  70°C’de buyik molekiillerde
gerceklesen  (polisakkaritler,  protein  vs.)
degisimlerden kaynaklandigi degerlendirilmistir.
Kurutma hava hiz1 tirtinlerin su aktivitesi tizerinde
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onemli farkliliklara neden olmamistir. Kirinim
pencereli kurutma teknigi ile farkl sicakliklarda
tretilen kusburnu tozlarinin su aktiviteleri benzer
olarak belitlenmistir.

Renk

Kugburnu tozlarinin renk degetleri L* (aydinlik),
ton acist ve doygunluk olarak degerlendirilmistir.
Sonuglar incelendiginde sicak hava akiminda
kurutma isleminde 70°C kurutma sicakliginda
uretilen Uranun en dusik L*, ton acist ve
doygunluk degerlerine sahip oldugu belirlenmistir.
Bu durumun yiiksek kurutma sicakhiginda daha
hizli gergeklesen enzimatik olmayan esmerlesme
reaksiyonlari ile kusburnu renk maddeleri olan
karotenoidlerin degradasyonundan kaynaklandigi
dustintlmektedir. Kurutma hava hizinin disik ya
da yitksek olmast renk degerlerinde azalmalara
neden olmustur. Diistik hava hizinda gerceklesen
renk kayiplarinin uzayan kuruma siresinden,
yitksek hava hizinda gergeklesen renk kayiplarinin
ise kuru irine temas eden oksijen miktarinin
artmasindan kaynaklandigs degerlendirilmistir.

Kirinim pencereli kurutma ile iretilen kusburnu
tozlarinin renk degerleri sicak hava akiminda
kurutulmus orneklerle benzer olarak
bulunmustur. Ancak kirnim pencereli kurutma
isleminde kurutma sicakligt driin rengi Uzerine
onemli etki gostermemistir.

Askorbik asit miktar:

Kusburnu meyvesinin en Onemli biyoaktif
bileseni askorbik asittir. Bu nedenle kusburnu
tozlarinin askorbik asit miktarlart analiz edilmistir.
Sonuglar  incelendiginde  kirnim  pencereli
kurutma ile tretilen 6rneklerin askorbik asit icerigi
sicak hava akiminda kurutulanlara gore %10 ile 15
daha yiksek olarak belitlenmistir. Literatiirde
kirtnim  pencereli kurutma teknigi ile retilen
cesitli drtinlerin biyoaktif bilesenlerinin alternatif
kurutma  tekniklerine  gbre  daha  fazla
korundugunu bildiren bir¢ok ¢alisma mevcuttur.
Abonyi vd. (2002) dondurarak kurutma ve kirinim
pencereli kurutma ile Uretilen ¢ilek ve havug
tozlarinin toplam karoten, a-karoten, 3-karoten ve
askorbik asit iceriginin puskiirterek kurutma ve
tambur kurutma ile tretilen 6rneklere gore daha
yiksek oldugunu  bildirmigtir.  Piskirterek

kurutma, donuk kurutma ve kirmnim pencereli
kurutma yontemleri ile nar tozu uretildigi bir
calismada toplam antosiyanin miktart acisindan en
iyi  korunumu kirtnim  pencereli  kurutma
saglamistir  (Baeghbali vd., 2016). Kirtnim
pencereli kurutma ile Lonicera caernlea tozu tretilen
bir ¢alisgmada antosiyanin korunumunun %90’1n
tzerinde oldugu bildirilmistir (Celli vd., 2016).
Hem sicak hava akiminda kurutma hem de
kirmim  pencereli kurutma tekniklerinde farkh
islem parametreleri kusburnu tozlarinin askorbik
asit iceriginde istatistiki acidan 6nemli bir farkliliga
neden olmamistir.

Hem kirinim pencereli kurutma hem de sicak hava
akiminda  kurutma  yontemlerinde  islem
parametreleri kusburnu tozlarinin askorbik asit
miktarlart Uzerinde istatistiki acidan Gnemli
farkliliga neden olmamustir.

Radikal siipiirme aktivitesi

Orneklerin radikal siipiirme aktivitesi DPPH
radikali stptirme aktivitesi cinsinden
belitlenmistir. Askorbik asit miktart sonuglarina
benzer sekilde kirtnim pencereli kurutma teknigi
ile tretilen kusburnu tozlarnin radikal stplirme
etkileri sicak hava akiminda kurutulan 6rneklere
gore daha ylksek olarak belirlenmistir. Mevcut
calismaya benzer sekilde t¢ farkli kurutma
yonteminin nar tozu tretiminde kullaniddigi bir
calismada kirinim pencereli kurutma ile Uretilen
orneklerin radikal stiptirme aktivitesi puskirterek
kurutulmus 6rneklerden daha yitksek olarak tespit
edilmistir (Baeghbali vd., 2016).

Kirinim  pencereli  kurutma tekniginde farkl
sicaklik uygulamalari 6rneklerin radikal siipiirme
aktivitesinde farkliliga neden olmamustir. Benzer
sekilde farkli sicaklik ve hava hizlar1 uygulamast
sicak hava akiminda kurutulmus orneklerin
radikal stiptirme aktivitesi istatistiki acidan benzer
olarak bulunmugtur. Nobrega vd. (2015)
tarafindan gerceklestirilen ve barbados kirazi
posast kurutulmasini konu alan bir calismada
farkli sicaklik ve hava hizi uygulamalart radikal
stiplrme aktivitesinde istatistiki agidan farkliliga
neden olmamistir. Dolayistyla mevcut calismada
elde edilen sonuglar literatir ile uyumludur.
Radikal siipiirme aktivitesi olduke¢a yiiksek olan
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bir bilesen olan askorbik asitin tim 6rneklerde
benzer miktarda bulunmasi nedeniyle 6rneklerin
radikal siipiirme etkilerinin  benzer oldugu
degerlendirilmistir.

HMF mifktar:

HMF miktart kurutulmus meyve ve sebze tirtinleri
tretiminde meydana gelen enzimatik olmayan
esmerlesme reaksiyonlarinin indikatérii olarak
degerlendirilmekte ~ ve  dretim  sirasinda
olusumunun mimkin oldugunca engellenmesi
arzu  edilmektedir. Kurutma  teknikleri
karsilastirlldiginda  kirnim pencereli  kurutma
teknigi ile Uretilen 6rneklerin HMFEF miktarinin
sicak hava akiminda kurutulan 6rneklere gore
oldukea dusiik oldugu gérilmektedir. Bu nedenle
kirtnim  pencereli kurutma tekniginde yiksek
sicakliklar uygulanmasmna ragmen enzimatik
olmayan esmerlesme reaksiyonlarinin daha diisitk
seviyede  gerceklesmesinden — kaynaklandig
dusinilmektedir.  Nitekim, bu  kurutma
tekniginde kurutma siresinin kisa olmast ve
stirekli nem buharlasmasi nedeniyle
sicakliginin kurutma sicakligindan daha dusik
olmast nedeniyle HMF miktar1 daha disik
seviyelerde kalmustir. Kirinim pencereli kurutma
yonteminde kurutma sicakligs HMF miktar
Uzerine etkili olmamustir. Ancak sicak hava
akiminda kurutma yénteminde 60°C sicaklikta
kurutulan 6rneklerin  HMF miktart 50 veya
70°C’de uretilen Orneklere gbre daha yiiksek
olarak tespit edilmistir. Bu durumun sicaklik ve
sire kombinasyonunun enzimatik olmayan
esmerlesme reaksiyonlarint tesvik etmesinden
kaynaklandig1 degerlendirilmistir.

urun

SONUC

Kusburnu dogal olarak yiiksek miktarda askorbik
asit icermesi nedeniyle birgok fonksiyonel 6zellige
sahiptir. Bu nedenle kusburnu meyveleri pulp ve
marmelata islenmekte ve ayrica butin meyveler
kurutulduktan sonra cay olarak tiiketilmektedir.
Ancak bu tlr drtnlerin kullanim alanlari olduke¢a
sinirhidir. Bu nedenle bu calisma kapsaminda,
dogrudan kusburnu pulpunun kurutulmasi ve
ogutilerek toz forma donustirilmesi ile
fonksiyonel 6zelliklere sahip bir katki maddesi
dretimi amaclanmistir. Bu amaca erismek icin
sicak hava akiminda kurutma ve kirinim pencereli

kurutma yontemleri karsilastirilmistir. Ayrica her
iki  kurutma  yonteminde  farkli  islem
parametrelerinin de driin 6zellikleri tGizerine etkisi
de arastirilmistir. Calisma sonuclart  kirinim
pencereli kurutma yonteminin kusburnu tozu
tretiminde oldukca etkili bir yontem oldugunu
actkca gOstermistir. Nitekim bu  yontem ile
tretilen tozlarin renk Szellikleri daha iyi, askorbik
asit miktar1 ve radikal siiptirme aktivitesi daha
yiksek ve HMF diizeyi ise daha distk olarak
belirlenmistir. Bu avantajlarin yaninda yéntemin
strekli calismasi, 6lgek biyiitmeye uygun olmasi
ve standart kalitede tirin tiretimine imkan vermesi
nedeniyle de o6ne ¢ikmaktadir. Calismada
uygulanan  kurutma  sicakliklarinin  6nemli
farkliliklara neden olmamast nedeniyle kusburnu
tozu dretimi i¢in 90°C’de kirinim  pencereli
kurutma yOntemi  Onerilmektedir.  Calisma
sonucunda cesitli gidalarda katki maddesi olarak
kullanilabilecek kusburnu tozu tretilmistir.
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Zeytin agacinin meyvesinden hicbir saflastirma (rafinasyon) islemine tabi olmadan sadece mekanik veya diger
fiziksel yontemlerle elde edilen natirel (dogal) zeytinyaginin (Virgin olive oil, VOO) tiretim siireci son yillarda
stabil kalmistir. Giintimiizde ise, kaliteli natiirel zeytinyaglarinin endiistriyel anlamda tretilebilmesi igin
geleneksel kesikli tiretimin, siirekli iretim sistemine doniistiiriilmesi ve tiretim kapasitelerinin iyilestirilmesi
icin gelismis makinelerin tasarlanmast ve olusturulmast amaglanmaktadir. Bu bakimdan, gida triinlerinin
islenmesinde kesfedilen yeni teknolojilerden biri olan vurgulu elektrik alan (Pulsed electric field, PEF)
uygulamast, bircok gidanin islenmesinde bagarili bir sekilde uygulanabildigi gibi natiirel zeytinyaginin
tretiminde de verimi arttirmak ve ayni zamanda yiiksek kalitede son triin elde etmek icin 6nerilmektedir. Bu
derlemede, PEF isleminin temel prensipleri ile bu teknigin zeytinyaginin iiretim verimine etkisi ve son tirtiniin
kalitesi tizerindeki roliintin ortaya konmast amaglanmustur.

Anahtar kelimeler: Natiirel zeytinyagi, vurgulu elektrik alan, yag verimi

EVALUATION OF EFFECT OF PULSED ELECTRIC FIELD TECHNIQUE
ON PRODUCTION YIELD, CHEMICAL AND SENSORY
PROPERTIES OF VIRGIN OLIVE OIL

ABSTRACT

The production process of virgin olive oil (VOO), obtained only by mechanical or other physical
methods without any purification (refining) treatment from the fruit of the olive tree, has not been
changed for a long time. Today, in order to ensure the industrial production of high quality virgin
olive oil, it is aimed to transform the traditional batch production system into a continuous operation
and design advanced machines for the improvement of the production capacities. In this respect,
pulsed electric field (PEF) which is one of the new technologies discovered as novel food processing,
has been successfully applied in the processing of many foodstuffs and is also proposed to increase
production yield and quality of the virgin olive oil. In this review, it is aimed to explain the basic
principles of the PEF and the effect of this technique on the production yield of the olive oil and the
quality of the final product.

Keywords: Virgin olive oil, pulsed electric field, oil yield
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Natlrel zeytinyagi liretiminde vurgulu elektrik alan tekniginin kullanimi

GIRIS
Saglikli ve dogal yiyeceklere yonelik tiiketici
taleplerinde meydana gelen artis, besin degeri
daha yiksek gidalarin ve gida bilegenlerinin
uretilebilmesi icin yeni trln isleme tekniklerinin
gelistirilmesini tetiklemistir (Guderjan vd., 2005;
Bansal vd., 2015). Ayni zamanda, triin islemede
meydana gelen kayiplarin en aza indirilmesi,
hammaddelerin etkili bir sekilde degetlendirilerek
yan uriinlerin azaltilmast ve béylece hem cevresel
strdirilebilirligin hem de ekonomik kazancin
saglanmasi acisindan farkli islem basamaklarinda
yeni teknolojilerin kullanimina yonelik artan bir
ilgi olmustur. Bu bakimdan yeni Uriin isleme
tekniklerinden biri olan vurgulu elektrik alan
(Pulsed electric field, PEF) uygulamasinin,
belirtilen bu amaclara ulasmada umut vaat eden
bir proses olabilecegi, 6zellikle natiirel zeytinyagt
tretiminde bir 6n islem olarak uygulandiginda
verimi ve aynt zamanda son Urinin fitokimyasal
icerigini arttirabilecegi belirtilmistir (Puértolas ve
Martinez de Marafion, 2015).

Diinyadaki zeytin agact varliginin %981 Akdeniz
havzasi olarak adlandirilan bélgede yer almaktadir
ve zeytin agacinin meyvesinden elde edilen
zeytinyagt bu bolgenin 6nemli bir ekonomik
trtinddir (Parvaiz vd., 2013; Aguilera ve Ruiz-
Valenzuela, 2014). Zeytinyagi, duyusal ve besleyici
Ozelliklerinin  benzersizligi nedeniyle Akdeniz
diyetinin temel ve vazgecilmez bir parcasidir (El
Sohaimy vd., 2016). Diger bitkisel yaglardan farklt
olarak, hicbir kimyasal islem gérmeden en dogal
hali ile dretilip tiketilebilmekte ve Tirk Gida
Kodeksi’ne gore iretimdeki farkliliga bagh olarak,
natiirel (dogal), rafine (islenmis), riviera (pagal) ve
cesnili zeytinyaglar1 olmak tzere 4 siufa
ayrilmaktadir (Anonim, 2017).

Zeytinyagt tiketiminin faydalart eski caglardan
itibaren bilinmektedir. Antik ¢aglardan giiniimiize
kadar suregelen zaman zarfinda zeytinyaginin
sadece gida maddesi olarak degil ayni zamanda
kozmetik, merhem, sabun ve aydinlanma gibi ¢cok
cesitli alanlarda  kullanimi  s6z  konusudur
(Clodoveo vd., 2015). Guniimiizde ise, yapilan
bilimsel ¢aligmalarla zeytinyaginin saglik tzerine
olumlu etkilerinin ortaya konmasi, ayni zamanda
Akdeniz diyetine olan ilginin artmast ve

titketicilerin daha az islenmis triinleri tercih etme
egilimleri gibi nedenler zeytinyag: tliketimini
arttirmistir (Amiot, 2014; Rahmani vd., 2014;
Visioli vd., 2018). Bu bakimdan, zeytinyagi
uretiminde verim ve Urltin kalitesini arttirabilmek,
aynt  zamanda farkll tiketici  beklentilerini
karsilayabilmek icin en eski sistemler dahil revize
edilmekte ve  Uretim  prosesinin  gesitli
asamalarinda yeni teknolojiler denenmektedir
(Abenoza vd., 2013; Puértolas ve Martinez de
Marafién, 2015).

Natiirel ~ zeytinyagt  Uretiminde  kullanilan
yontemler; geleneksel presleme prosesi ve
modern (strekli) Gretim prosesleri (2 ve 3 fazlt
tretim prosesi) olmak tizere sadece mekanik veya
fiziksel islemleri icermektedir (Ogiitcti vd., 2013;
Khdair vd., 2015). Uretimin temel bir asamast
olan yogurma (malaksasyon) islemi, zeytin
hamurunu (ezmesini) homojen bir karisim haline
getirip yag globiillerini birlestirmekte ve b&ylece
bir sonraki kati-stvi faz ayrimi isleminde triinden
elde edilen yag miktarint arttirmaktadir. Yapilan
aragtirmalarda, yogurma isleminin siiresi ve/ veya
sicakhgr arttrildiginda, yag veriminin yani sira
nihai Grintn kalitesini belirgin sekilde etkileyen
kimyasal ve enzimatik reaksiyonlarin hizinin da
artudr rapor edilmistir (Jiménez vd., 2014;
Reboredo-Rodriguez vd., 2014). Zeytinlerin cesit
ve olgunlugu ve aymi zamanda 6gitme (kirma),
yogurma gibi islem basamaklarinin etkinligi, verim
uzerinde son derece etkili olmakla birlikte, fiziksel
yontemler ile zeytin meyvesindeki yagin sadece
%801 kazanilmaktadir. Geti kalan %20’lik kisim,
islem sonunda aciga ctkan sivi (karasu) ve katt
(pitina) zeytin atiklariyla birlikte kaybolmakta ve
bu atiklar polifenoller gibi biyoaktif bilesiklerin
o6nemli bir kismint da icermektedir. Bu nedenle
tretimde maksimum yag kazanim saglamak icin
en yaygin ¢6zum olarak, yogurma stresi ve/veya
sicakhigt arturilmakta ya da yiksek yogurma
sicakhiginda ikinci bir ekstraksiyon doénglsi
uygulanmaktadir (Puértolas vd., 2016a, 2016b).
Ancak, bu tlr uygulamalarin kimyasal ve duyusal
parametreler Uzerinde olumsuz etkisi olup,
uretilen zeytinyaglart da désik kaliteli olarak
siniflandirilmaktadir.  Dolayisiyla  Grtin -+ isleme
prosesine uygulanacak teknolojik yeniliklerde yag
verimi ile UrGin kalitesi arasinda mutlak bir
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dengenin saglanmasi gerekmektedir. Bu bakimdan
arastirmalarda cesiti mekanik ve enzimatik
uygulamalarin yant sira, PEF tekniginin, musir,
soya veya kolzadan elde edilen yag veriminin ve
driin kalitesinin iyilestirilmesinde uygun bir 6n
islem oldugu tespit edilmis ve bu nedenle
zeytinyagt  Uretiminde de  kullanulabilecegi
belirtilmistir (Guderjan vd., 2005, 2007; Clodoveo
vd., 2015). Ureticiler de, elde edilen iiriiniin iiretim
maliyetini  diistirerek verimliligi  arttirabilmek,
isletmenin calisma kapasitesini optimize edip
calisma  siresini  azaltmak icin  alternatif
ekstraksiyon  prosesleri —aramaktadirlar. Bu
hedeflere ulasmak icin PEF teknigi 6ne ¢tkan
teknolojiler arasinda yer almaktadir (Clodoveo,
2013). Nitekim bu detlemede de, PEF isleminin
temel prensipleri ile bu teknigin zeytinyaginin
dretim verimine etkisi ve son urinin kalitesi
tzerindeki roliiniin ortaya konmasi amaglanmustir.

Vurgulu elektrik alan (pulsed electric field,
PEF)

PEF, iki elektrot arasina yerlestirilen bir
malzemenin, mikrosaniye ile milisaniye arasinda
cok kisa bir siire zarfinda yiiksek gerilim darbeleri
ile muamele edildigi, bitkisel ve hayvansal
dokulardaki htcrelerin = yapisin1  bozan  1sisal
olmayan bir islemdir. Yaklasik olarak 50 yil 6nce
gelistirilen bu teknoloji, yakin zamanda ytritilen
farkli endistriyel uygulamalarin yani sira, biyik
Olcekli  ticari  Uretimlerde  farkli  amaclar
dogrultusunda test edilmis ve gida sektdriine
basarili bir sekilde adaptasyonu
gerceklestirilmistir. S6z konusu bu teknolojinin,
geleneksel kurutma yontemlerine gére 6nemli bir
sicaklik artist olmaksizin bitkisel ve hayvansal
dokulardaki hiicre zarmin gegirgenligini  geri
donisimli  veya geri doniisiimstz  olarak
cetkiledigi  bildirilmistit ~ (Cholet vd., 2014;
Sampedro vd., 2014; Kumar vd., 2015). Meyve ve
sebzelerde kurutma stresinin azaltilmasi, meyve
suyu ekstraksiyon veriminin arttirilmast veya
renklendiriciler, stikroz ve polifenoller gibi degerli
hiicre  i¢i  bilesiklerin  ekstraksiyonunun
iyilestirilmesi,  cesitli ~ gidalarda  mikrobiyal
inaktivasyonun saglanmasi, enzimatik aktivitenin
degisimi, stv1 atiklarin dezenfekte edilmesi ve gida
bilesenlerinin fonksiyonel ozelliklerinin
iyilestirilmesi i¢in PEF tekniginin  kullanimt

laboratuvarlarda veya pilot Olcekli tesislerde
yapilan cesitli arastirmalar ile test edilmis ve
sonuglarin  umut verici oldugu belirtilmistir
(Agcam vd., 2014; Bobinaité vd., 2015; Ricci vd.,
2018).

Hicre zari, kati-stvi ekstraksiyonu isleminde
hiicre i¢i maddelerin (su, yag ve antioksidanlar
gibi) kazaniminda fiziksel bir bariyer gbrevi
gormektedir (Lamanauskas vd., 2015). Biyolojik
materyallerde hiicre zarinin parcalanmast veya
hiicre zart gecirgenliginin  arttiridmastyla  bu
maddelerin hiicre disina gecisi saglanabilmektedir
(Yang ve Hinner, 2015). PEF isleminin
yogunluguna (elektrik alan siddeti, vurgu say1si ve
siiresi) ve hutcrenin O6zelligine (boyut, sekil,
iletkenlik) gore, hiicre zarinda mekaniksel olarak
geri doniigimlii veya geri doniistimsiiz porlar
olugabilmektedir. Diger bir ifadeyle elektriksel
alan siddeti, hiicre zarinin fonksiyonunu yitirmesi
veya par¢alanmast i¢in 6nkosul olarak kabul edilen

krittk ~ bir  transmembran  potansiyelinin
olusumuna  yol  agmaktadir. Bu  olaya
elektroporasyon (elektriksel bozunma,
clektropermabilizasyon)  denmektedir.  Geri

dontstimli elektroporasyonda hiicre zart boyunca
iletken kanallarin olusumu s6z konusudur, ancak
bu durum birkag saniye icinde diizelir. Bitki
dokularinda  hiicre zannin geri  déntsimli
elektroporasyonu igin uygulanmasi gereken kritik
elektrik alan siddeti 0.1-1 kV/cm  olarak
belitlenmistir. Diger yandan, geri doniisimsiz
elektroporasyon ise hiicre i¢i ozmotik dengenin
bozulmasina, sitoplazmik icerigin hiicre disina
stizmasina ve boylece hiicrenin dagilmasina neden
olmaktadir. Bitki ve hayvan dokularinda hiicre
zarun geri déntstimsiiz elektroporasyonu igin
0.5-3 kV/cm, mikrobiyal inaktivasyon icinse 5-50
kV/cm degetleri arasinda elektriksel alana ihtiyag
oldugu bildirilmektedir (Clodoveo, 2013; Mahnic-
Kalamiza vd., 2014). Dolayisiyla bu islem
sayesinde meyve ve sebze dokularindaki hiicre
zar1 geri donlisimsiiz bir sekilde yapisal degisime
ugratilarak fonksiyonunu yitirmekte, bé&ylece
presleme veya ekstraksiyon gibi kiitle transferi
islemlerinin etkinligi artmaktadir (Bobinaité vd.,
2015). Bu bakimdan PEF tekniginin, daha fazla
enetji ve zaman gerektiren geleneksel termal veya
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mekanik  islemler
belirtilmektedir.

yerine  kullaniabilecegi

Tim bu mekaniksel etkilerin yant sira, 1sisal
olmayan bir islem olarak tanimlanan PEF
tekniginde, uygulama siddetine baglt olarak
belirgin bir sicaklik artist da olmaktadir (Buckow
vd., 2013). Bircok arastirmact, PEF’in uygulama
odalarinda meydana gelen bu sicaklik artisint
incelemis ve bu durumun disik urin akis
hizindan ve gidanin elektrigi iyi iletememesinden
dolay1 olusan direng nedeniyle elektrik enetjisinin
buyik  bir ¢ogunlugunun 1s1  enetjisine
doéniigsmesinden  kaynaklandigini  bildirmigtir
(Getlach vd., 2008; Clodoveo, 2013; Agcam vd.,
2014). Ancak, gelencksel 1sil islemler uygulama
ylzeyinin asiri 1sinarak sertlesmesine neden olup
1s1 ve kiitle gecisini yavaslatirken, PEF tekniginde
uygulanan enerji, tim Urlne hizli ve homojen
olarak aktarilip volumetrik bir sicaklik artisina
neden olmaktadir (Clodoveo, 2013). Ayrica PEF
teknolojisi,  geleneksel — 1s1  islemler  ile
karsilastirildiginda enerji girdisine bagli olarak
trtin sicakliginda meydana gelen artisin oldukea
disik oldugu ve genel olarak geleneksel
yontemlerin  aksine gidanin  fonksiyonel ve
besleyici degerini etkilemedigi ifade edilmektedir
(Olsen vd., 2010; Clodoveo, 2013).

Proses etkinligi acisitndan bakiddiginda ise PEF
uygulamasinda, kullanim amacina baglt olarak
belirlenmesi gereken bir takim parametreler
bulunmaktadir. PEF  sistemine ait teknik
parametreler arasinda elektrik alan siddetinin yant
sira vurgu sekli, vurgu genisligi, vurgu sayist ve
stresi, toplam islem siiresi ve uygulama sicaklig
yer almaktadir (Puértolas vd., 2016b). PEF
tekniginde, elektrik alan siddeti, vurgu sayist ve
islem sicaklhigt hiicrenin dagilma indeksini 6nemli
Olciide etkilemektedir (Chauhan vd., 2018).
Uygulamada en ¢ok kullanilan vurgu sekli ise tistel
(eksponansiyel) ve kare dalga olup, vurgu sekline
bagli olarak hcre polarizasyonunda
farkliliklar meydana gelmektedir. Ustel dalgaya
sahip vurgularin dretilmesi kare vurgulara kiyasla
daha kolaydir ancak kare vurgu formlar Ustel
vurgulara gbre daha etkilidir. PEF tekniginde
vurgu genisligi belirli bir seviyeye ulastiginda
hiicre zarinda elektroporasyon gorillmektedir ve

zari

vurgu siiresi ile birlikte etkin proses siiresini
olusturmaktadir (Rocha vd., 2018). Diger yandan,
sisteme ait uygulama odalarinda bulunan hava
kabarciklarinin, bu odalarin  sahip  oldugu
geometrik seklin, urtin akig hizinin ve gida
triinlerine ait fiziksel ve kimyasal 6zelliklerin de
PEF uygulamasinda elektroporasyonu etkiledigi
bilinmektedir (Joannes vd., 2015; Raso vd., 2016).
Bu bakimdan, hedeflenen amaca yonelik olarak
yapilacak optimizasyon c¢alismalarinda proses
parametreleri ile hiicrenin dagilma seviyesi g6z
ontinde bulundurularak, bunlar arasinda tespit
edilebilir  korelasyonlarin  bulunmast  oldukca
Onem tagimaktadir.

Vurgulu elektrik alan tekniginin natiirel
zeytinyagi tiretiminde kullanimi

Geleneksel  ckstraksiyon  islemi  6ncesinde
numunenin PEF teknigi ile 6n-muamelesinin,
gidanin genel yapisina zarar vermeyip, thmli bir
sicaklik artist ile degerli hiicre ici bilesiklerin
kazanimini arttirdit tespit edilmistir (Vorobiev ve
Lebovka, 2011). Son yillarda, ekstraksiyon
islemlerinde 6n-muamele basamagini optimize
etmek, ckstraksiyon verimini arttirmak ve son
Urtintin ~ kimyasal ~karakteristigini iyilestirmek
amactyla mikrodalga, disik frekansh ultrases,
basinglt sok dalgast gibi ¢esitli teknolojiler
aragtirma konusu olmustur (Juliano vd., 2015;
Kittiphoom ve Sutasinee, 2015; Marousek, 2015).
Bunlar arasinda PEF teknigi, ekstrakte edilmek
istenen bilesiklerin daha dogal, hizli ve ekonomik
bir sekilde kazanimini saglamasi bakimindan
arastirmactlarin ve gida endistrisinin  olduke¢a
dikkatini cekmistir. Dolayisiyla yapilan cesitli
arastirmalarda;  farkli  hammaddelerden  (ay
cekirdegi, musir, soya, palm, kolza gibi) yag
ekstraksiyonunda bir 6n-muamele olarak PEF
teknigi kullanilmis olup, sonuglarin verim ve trtin
kalitesi tzerine etkisi incelenmistir (Gudetjan vd.,
2005, 2007; Paoplook ve Eshtiaghi, 2013;
Shorstkii vd., 2015). Yakin zamanda ise bu
teknigin natiirel zeytinyagt tretiminde kullanimi
da arastirilmaya baslanmis ve sonuglarin dikkat
cekici oldugu vurgulanmistir (Abenoza vd., 2013;
Puértolas ve Martinez de Maranén, 2015).

Yapilan cesitli arastirmalarda PEF  teknigi,
zeytinyagt Uretiminin farkli proses basamaklarinda
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uygulama alant bulmusgtur. Sekil 1, zeytinyaginin

endistriyel ~ dretim  basamaklarini  ve PEF
tekniginin  Uretimde uygulanmast  Onerilen
noktalarint  géstermektedir.  Bu  uygulama

noktalarinin yitkama, kirma ve yogurma islemleri
sonrasinda  yer aldigi gérilmektedir. Kirma
sonrast uygulanan PEF, hiicre membranlarinin

elektroporasyonuna  bagli  olarak  yogurma
esnasinda  yag  salimimini  arttirmak  igin
uygulanmaktadir. Yogurma sonrast uygulanan
PEFte ise  yagin  demilsifikasyonunun
kolaylastirilmast ve sonraki santrifilj esnasinda
kiitle transferinin iyilestirilmesi amaclanmaktadir
(Abenoza vd., 2013; Puértolas vd., 2016a).

(—{PEF Uwgulamasa

‘ Zevtin J—D-| Yikama H Kirma |‘*[Ymg'urmaHDEkﬁntﬁrHSeparatﬁr‘

Sekil 1. Natiirel zeytinyagt Gretim hattinin basitlestirilmis semast ve vurgulu elektrik alanin tiretime
entegre edilebilecegi farkli islem basamaklart
Figure 1. The simplified schematic line of the natural olive oil production and the different process steps in which the
pulsed electric field can be integrated into the production

Guderjan vd. (2005) yaptiklart arastirmada, PEF
isleminin farkl bitkisel yaglarin (musir, soya ve
zeytin) Uretim verimi ve kalitesi Gizerine etkisini
incelemislerdir. Zeytinlere orta (0.7 kV/cm, 30
vurgu) ve yogun (1.3 kV/cm, 100 vurgu) siddette
PEF, 50°Cde 30 dak klasik 1sil islem ve
dondurma-¢éziindiirme kombinasyonundan
olugan farkli 6n-islem teknikleri uygulanmustir.
Ardindan numuneler mekanik olarak ezildikten
sonra 2500 g’de 10 dak boyunca santriftyj edilerek
yag eldesi gerceklestirilmis ve 6n-iglem teknigine
gbre yag verimleri karsilastirilmistir. Aragtirma
sonuglar, referans metoda kiyasla her teknigin yag
verimini arttirdigini gostermistir. Ozellikle PEF
tekniginde, elektrik alan siddetine bagl olarak
verimin sirastyla %06.5 ve %7.4 oraninda artis
gosterdigi; bu degetlerin 50°C’de 30 dak 1sil
islemde elde edilen verimden (%5.3) daha ytiksek
oldugu tespit edilmistir. Dondurma-¢éziindirme
kombinasyonundan olusan 6n-islem tekniginde
ise %7.9 ile maksimum oranda yag verimi elde
edilmis ancak daha fazla enerji girdisine ihtiya¢
oldugu belirtilmistir.

Abenoza vd. (2013) PEF tekniginin zeytinyaginin
verim ve kalitesi tzerine etkisini inceledikleri
calismada, zeytin hamurunu 1 kV/cmve 2kV/cm
elektrik alan siddetinde ve 125 Hz frekansta 3
mikrosaniyelik 50 monopolar vurguya maruz
birakmuslardir. Yogurma islemi ise 0, 15 ve 30 dak
boyunca 1510.2°C ve 26£0.2°C’de
gerceklestirilmistir. Ardindan zeytin ezmesi, 1370
g’de 2 dak santrifiije tabi tutulup yag kazanimi
yapilmistir. Bu kosullar altinda, yogurma islemi
yaptlmayan zeytin ezmelerine sadece 0, 1 ve 2
kV/ecm PEF iglemi uygulandiginda ekstraksiyon
veriminin sirastyla  %4.75, %5.84 ve %7.34
oldugu; diger yandan farklt siddette PEF ve farklt
sicakliklarda ~ yogurma  isleminin  beraber
uygulandig ezmelerde ise %11.50-14.10 arasinda
degisen oranlarda verim elde edildigi tespit
edilmistir. Bu bakimdan, zeytin ezmesi sirastyla 1
ve 2 kV/ecm PEF ile islendiginde ekstraksiyon
veriminin kontrol grubuna gére sirastyla %23 ve
%54 oraninda artis g6sterdigi belirlenmistir. Elde
edilen sonuglara gore, yogurma islemi 26°C’de
yapildiginda PEF uygulamasinin, ayni sicakliktaki
kontrol grubuna goére ekstraksiyon verimini
arturmadig gézlenmistir (Cizelge 1). Bu nedenle
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PEF isleminin, ekstraksiyon veriminde bir
azalmaya neden olmadan yogurma sicakligint
azaltabilecegi (26°C’den 15°C’ye) rapor edilmistir.
Yogurma sicakligindaki bu azalmanin 6zellikle
yagin organoleptik kalitesi tizerinde 6nemli olmast
bakimindan bir avantaj oldugu ve tretimde enerji
tasarrufu saglayabilecegi belirtilmistir. Ayrica
yapilan arastirmada 15°C gibi diisiik bir sicaklikta

uygulanan PEF ile elde edilen verimin, zeytinyagt
Uretiminde verimi arttirmak icin kullanilan cesitli
enzim, NaCl veya talk (hidrath dogal magnezyum
silikat) ilavesi (Ranalli vd., 2003; Cruz vd., 2007;
Caponio vd., 2014) gibi farkli stratejiler
sonucunda elde edilen verim degetleri ile
benzerlik gosterdigi vurgulanmugtir.

Cizelge 1. Vurgulu elektrik alan tekniginin zeytinyaginin tiretim verimine etkisi (Abenoza vd., 2013)
Table 1. The effect of the pulsed electric field technique on the oil yield of the olive oil (Abenoza et al., 2013)

Yogurma stiresi (dak.)  Yogurma sicakligs (°C)

Elektrik alan siddeti

NI
Mﬂ/ﬂXﬂz.‘Z.ﬂﬂ time Malaxation temperature E /””(7.1;};//;;;;@}‘ ” Yaogz.;;;?/;n;,yg)/o)
(min.) °C) (Vo)

0 4.75%0.30¢

0 1 5.84£0.50%¢

2 7.34%0.30¢

0 11.24£0.42»

15 15°C 1 11.50£0.462

2 12.15£0.47b

0 11.36+0.332

15 26°C 1 11.90£1.107

2 11.90£0.362

0 12.37£0.47»

30 15°C 1 13.80£0.19b

2 14.10£0.10b

0 13.30£0.40»

30 26°C 1 13.60£0.502

2 13.77£0.39»

Her bir deger ortalama * standart sapmay1 temsil etmektedir. ANOVA analizi ile; yogurma zamani, sicaklik ve
farkls elektrik alan siddetine gore elde edilen yag verimleri kargilagtirilmistir. Ayni siitunda farkli harfle gosterilen
degerler arasindaki fark istatistiksel agidan 6nemli bulunmustur (p<<0.05).

Each value represents the mean * standard deviation. By ANOVA analysis; the oil yields obtained for a given malaxation tine,
temperature and different electric field strengths were compared. The difference between the values indicated by different letters in the same

column was found statistically significant (p<0.05)

Ayni arastirmada, PEF islemi ekstraksiyon
veriminde bir azalmaya neden olmadan yogurma
sicakligini  azaltu@r icin, zeytin hamuruna
uygulanan bu teknigin, elde edilen yagin
fizikokimyasal ve duyusal O6zellikleri Uzerine
etkisinin ~ belirlenebilmesi  ag¢isindan  yapilan
analizlerde, kontrol grubu icin 10 kg zeytin
hamuru 26°C’de 30 dak, diger grup icin aymt
miktardaki zeytin hamuruna 2 kV/cm elektrik
alan siddetinde PEF uygulanip 15°C’de 30 dak
sireyle yogurma islemine tabi tutulmus ve
yaglarda yapilan analizlerde elde edilen sonuglar

karsilastirdmistr.  Bu  sonuglara  gére, PEF
uygulamast ile elde edilen zeytinyaglarinin; asitlik,
peroksit, Koz ve Kao gibi kaliteyi 6l¢mede
kanunen belitlenmis olan parametrelerin kritik
limitlerini agmadig1 ve bu islemin triinde duyusal
olarak herhangi bir kéti tat veya kokuya neden
olmadig1 ortaya konmustur. Diger yandan yapilan
pigment analizinde, 26°C’de 30 dak yogurma
islemine tabi tutulmus kontrol grubunun klorofil
ve karotenoid igerigi diger gruba gore biraz daha
yiksek bulunmus ve bu durumun kontrol
grubunda yogurma esnasinda uygulanan sicakligin
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daha  yiksek  olmasindan  kaynaklandigt
belirtilmistir. Pigment icerigindeki bu kiiciik
farklilik, PEF ile islenen zeytin hamurundan elde
edilen yagin aciklik degerinin (1.¥=94.24) kontrol
grubundan (L*=92.24) biraz daha yiksek
olmasina neden olmustur. Arastirmacilara gore,
yagin aciklik degeri (L*), pigment icerigindeki
azalma ile birlikte genellikle artmaktadir c¢iinkii
pigmentler 1s18in bir kismini iletmek yerine
absorbe etmektedir (Criado vd., 2008). Bununla
birlikte, kontrol grubunda yogurma esnasinda
uygulanan sicakligin daha yiiksek olmasindan
dolayt fenolik icerigi daha yiksek, a-tokoferol
miktar1 ise PEF ile muamele edilen yaglarda
kismen daha yiksek bulunmustur. PEF’in yag
asidi bilesimi tzerindeki etkisine bakildiginda;
doymus, doymamis ve c¢oklu doymamis yag
asitlerinde 6nemli bir farklilik olusturmadig: tespit
edilmistir (Abenoza vd., 2013).

Konuya paralel olarak Puértolas ve Martinez de
Marafién (2015), PEF teknolojisi ile entegre
edilmis pilot zeytinyagi tretim tesisi kurarak,
uygulamanin ekstraksiyon verimine ve yagin
kimyasal ve duyusal 6zellikleri Gzerine etkisini
incelemiglerdir. Arastirmada zeytinler mekanik
olarak ezilip 24°C’de 60 dak boyunca yogurma
islemine tabi tutulmus, ardindan PEF islemi
uygulanarak (2 kV/cm, 25 Hz frekans, 520 kg/h
olacak sekilde) santrifiij vasitastyla yag eldesi
gerceklestirilmistir. S6z konusu calismada PEF
uygulamasindan kaynaklanan sicaklik artisinin
3°C’yi ge¢medigi belirtilmistir. Bu kosullar altinda
kontrol grubunda yag verimi 20 kg/100 kg olarak
belirlenirken; PEF islemi uygulanmis grupta verim
22.66 kg/100 kg olarak tespit edilmistir. Buna
gore PEF teknigi, tretimde islenen her 100 kg
zeytinden ilave olarak 2.66 kg zeytinyagi kazanimi
saglayip, kontrol grubuna gore yag verimini %13.3
oraninda arttrmustir. Ayrica, PEF teknigi ile elde
edilen zeytinyaglarinin toplam fenolik madde,
toplam fitosterol ve toplam tokoferol icerigi de
kontrol grubundan 6nemli derecede yuksek
(strastyla %11.5; 9%9.9 ve %15.0) bulunmustur.
Gizelge 2 incelendiginde, zeytin hamuruna PEF
uygulamasi, elde edilen yagin serbest asitligini
oleik asit cinsinden %0.19dan  %0.22’ye
yukseltmistir (p<0.05). Ancak, gézlenen bu artis,
yasal olarak belirtilen maksimum sinirin altinda

kaldigindan, yontemin yagin kalitesi tizerinde
olumsuz bir etkiye neden olmadigi belirtilmistir.
Nitekim benzer bir durum, PEF ile elde edilen
kolza yaginda da goézlenmistir (Guderjan vd.,
2007). Ayrica, PEF tekniginin zeytinyaginin genel
kimyasal (K32, K27, peroksit degeri) ve duyusal
Ozellikleri Uzerinde olumsuz bir etki yaratmadigt
ve analiz sonuclarinin yasal standartlarda belirtilen
limitlere uygun oldugu rapor edilmistir. Aynt
zamanda bu sonuglarin enzim uygulamasi,
ultrases veya mikrodalga gibi diger islemlerde elde
edilen verilere de benzerlik gdsterdigi ifade
edilmistir.

Natiirel zeytinyagi tretiminde bir yan driin olan
prinada yaklagtk olarak %020-25 civarinda yag
kalmaktadir. Fiziksel islemlerle kazanilamayan bu
yag (~5-8 kg yag/100 kg zeytin) sektor icin buyuk
bir maddi kayip anlamima gelmekte olup, geri
kalan bu yag sanayide organik ¢6ziciler
kullamilarak ekstrakte edilmektedir (Abenoza vd.,
2013; Dammak vd., 2015). Bu parametreler goz
onunde bulundurularak, Puértolas ve Martinez de
Marafién (2015’1n = arastirma sonuglart
incelendiginde, PEF uygulamasi ile prinada kalan
yagin  ~%>50’sinin  Uretime kazandirilabilecegi
gorilmektedir. Bu durum, natirel zeytinyagt
tretiminde yag kazaniminin %80’lerden %90’lara
ctkarilabilecegini, boylece yan tiriin miktarinin ve
buna paralel olarak sektériin olusturdugu cevresel
problemlerin  azaltilabilecegini  g6stermektedir.
Ayni zamanda tretimde saglanan verim artistyla
birlikte isletmelerin kar marjlar1 da artacagindan
bu durumun ckipmana yapidan  yatirim
maliyetlerini stibvanse edeceg belirtilmektedir
(Puértolas ve Martinez de Marafidn, 2015).

Yapilan bu ¢alismalar dogrultusunda; ultrases veya
mikrodalga teknolojisi gibi zeytinyag1 tretiminde
Onerilen  diger yeni fiziksel yOntemlerle
karsilastirldiginda, PEF uygulamasinin verimin
arttrilmasinda daha etkili oldugu goriilmektedir.
Laboratuvar  calismalarina  gére,  ultrases
muamelesinin = (35 kHz, 150 W, 8 dak)
ekstraksiyon verimini yaklagik olarak %6 oraninda
arturdigt tespit edilmistir (Clodoveo vd., 2013).
Bununla birlikte, ultrases isleminde yogunlugun
artturilmasinin (2450 MHz, 800 W, 3 dak) ve ayni
zamanda mikrodalga uygulamasina



Natlrel zeytinyagi liretiminde vurgulu elektrik alan tekniginin kullanimi

basvurulmasinin da verim tizerinde etkili olmadig
belirtilmistir (Clodoveo ve Hbaieb, 2013). Diger
yandan Puértolas ve Martinez de Marafién

(2015)in  yaptiklart  aragtirmaya gbre, PEF
uygulamasinin yagin fenolik  iceriginin
zenginlestirilmesinde  alternatif ~ bir  yontem
olabilecegi  gorulmektedir.  Yapilan  farkls
calismalarda, ekstraksiyon veriminin
arttirtlmasinda kullanilan kalsiyum karbonat ve
talk gibi kimyasal yardimct maddelerin

zeytinyaginin fenolik igerigine katkt saglamadigi,
hatta azalttug1 ortaya konmustur (Moya vd., 2010;
Tamborrino vd., 2017). Benzer sekilde, zeytin
direkt  olarak  ultrases ile
muamelesinin de fenoliklerin zenginlestirilmesine
yonelik etkili bir yéntem olmadigi, hatta yagin
toplam fenolik icerigini azalttg1 tespit edilmistir
(Clodoveo  vd., 2013). Literatirde, PEF
uygulamasinin fenolikler tizerine sagladigi bu
katkinin; enzim formilasyonu, zeytin ¢esidi ve
ckstraksiyon kosullart gibi ¢esitli faktérlere bagh
olarak %4 ile %48 gibi artislarin saglandigt enzim
uygulamasi ile karsilastirilabilir nitelikte oldugu

hamurunun

belirtilmektedir (De Faveri vd., 2008; Hadj-Taieb
vd., 2012). Aymt sekilde, PEF isleminin
zeytinyaginin  tokoferol igerigine etkisinin de
enzim uygulamast ile esdeger nitelikte oldugu
vurgulanmugtir. Ultrases isleminin ise
konvansiyonel —prosediirlere  kiyasla toplam
tokoferol icerigini degistirmedigi ve hatta az
miktarda distirdigi tespit edilmistir (Jiménez vd.,
2007). Ancak Clodoveo vd. (2013) yakin zamanda
yaptiklart arastirmada, ultrases uygulamasi ile
zeytinyaginin tokoferol iceriginde %60’dan fazla
bir artts oldugunu kaydetmislerdir. Toplam
fitosterol miktar1 agisindan bakildiginda ise, ortaya
ctkan yeni ekstraksiyon tekniklerinin bu bilesikler
lzerindeki etkilerine yonelik veriler yetersizdir.
Puértolas ve Martinez de Marafién (2015)’1in
yaptiklart  calismada, PEF  uygulamasinin
zeytinyagindaki toplam fitosterol miktarina etkisi,
aynt teknikle elde edilen kolza yaginda da
gozlenmistir  (Guderjan  vd., 2007). Enzim
uygulamast ile elde edilen zeytinyaglarinin
fitosterol seviyelerinde ise herhangi bir degisiklik
tespit edilmemistir (Ranalli vd., 2003).

Cizelge 2. Vurgulu elektrik alan isleminin zeytinyaginin verim ve kimyasal 6zellikleri Gizerine etkisi
(Puértolas ve Martinez de Marafién, 2015)
Table 2. Effects of pulsed electric field processing on yield and chemical properties of olive oil (Puértolas and Martinez de
Marajion, 2015)

Serbest  Peroksit Toplam Toplam Toplam
Zeytinyagt Verim*  asitlik*  Degeri* K K fenolik*  tokoferol*  fitosterol*
Oliveoil ~ Yield*  Free  Peroxide 27 72" Total Total Total
acidity* valne® phenolic* — tocopherol *  phytosterol*
Kontrol
Ornegi 08 0.19% 10.85+ 1.71£ 0.11% 404 19.2+ 1380+
Control 0.01» 0.43» 0.092  0.022 1.612 82.3
sample
PEF
ornegi 99 66b 0.22+ 10.58 1.68+ O0.11% 451b 22.0% 1520+
PEF 0.01b 0.252 0.02=  0.01= 0.64b 42.4b
sanmple

*Yapilan aragtrmada verim %, serbest asitlik degeri % oleik asit cinsinden, peroksit degeri meq Oz/kg, toplam
fenolik madde miktart mg kafeik asit/kg yag, toplam tokoferol miktatrt mg/100 g yag, toplam fitosterol miktari ise
mg/kg yag olarak hesaplanmustir. Ayni stitunda farklt harfle gostetilen degetler arasindaki fark istatistiksel acidan

6nemli bulunmustur (p<0.05).

*In the research, the oil yield was calcnlated as %, total amount of phenolic substances was caleulated as mg caffeic acid/ kg oil, free
acidity value was calenlated as % oleic acid, peroxide value was calenlated as meq O»/ kg, total tocopherol amount was calenlated as
mg/ 100 g 0il and total phytosterol amount was calenlated as mg/ kg oil. The difference between the values indicated by different letters

in the same column was found statistically significant (p<<0.05).
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SONUC

Yapilan arastirmalara gore, PEF uygulamasinin
natiirel zeytinyag tretiminde kullanimi bir takim
avantajlar sunmaktadir. Mevcut teknolojilerin
aksine PEF, hicre zarinin geri doniigimsiiz bir
sekilde yapisint bozarak, bitkisel dokuda yer alan
yag  ve  diger  bilesiklerin  kazanimim
kolaylagtirmaktadir. Bu bakimdan bu teknigin,
mevcut zeytinyagi tiretim tesislerine entegrasyonu
yapilarak tesisler modernize edilebilir ve bu sayede
tesisin hem Uretim kapasitesinin artmast, hem de
Uretim siiresinin azalmasi saglanabilir. Diger
yandan dusiik enerji gereksinimine ek olarak, bu
teknoloji  zeytinyagt iretiminde  kullaniddigt
takdirde yogurma sicakhigini azaltabilmekte ve
aynt zamanda verimi de arttirmaktadir. Kimyasal
ve duyusal agidan degerlendirildiginde ise, PEF
isleminin elde edilen irin Uzerinde olumsuz bir
etki yaratmadigi, buna ek olarak yagdaki
polifenoller, fitosteroller ve tokoferoller gibi insan
saghgina iligkin bilesiklerin igerigini arttirdig
gorilmektedir. Ayni zamanda natiirel zeytinyagt
tretiminde verimi arttirmak icin Onerilen diger
kimyasal, biyokimyasal ve fiziksel tekniklerde elde
edilen verilerle karsilastirildiginda, PEF teknigi;
etkinlik, kullandlabilitlik ve Griin kalitesi acisindan
bircok yontemi geride birakmaktadir. Bu
bakimdan s6z konusu alanda yapilacak yeni
calismalarla; zeytinin ¢esidi, olgunluk durumu,
yogurma sicakligt ve stresi gibi verim tzerinde
biiyik 6neme sahip dis faktdrler géz 6ntinde
bulundurularak, PEF tekniginin yag eldesi ve yag
verimi Uzerine etkilerinin ortaya konmasi,
tretimde kullanilabilecek en uygun parametrelerin
belirlenmesi ve bunlarin literattire kazandirilmast
gerekmektedir.
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ABSTRACT

In present study, fourteen compoundsin  _Alium sativum (garlic, harvested from Kastamonu province)
essential oil which was obtained by using a microwave-assisted clevenger system with a solvent-free option in a
shorter time than traditional methods were identified by gas chromatography/mass spectrometry (GC/MS). Allyl
trisulfide (27.09%), allyl methyl trisulfide (21.26%), allyl disulfide (20.02%), allyl trans-1-propenyl disulfide
(7.48%), allyl methyl disulfide (6.08%), 2-vinyl-4H-1,3-dithiine (4.32%) were the most abundant sulphur
compounds in oil. Also, total phenolic content was calculated as 2.84 mg gallic acid equivalent (GAE)/g and ICso
value which defined the required amount to reduce the 50% of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) solution
and an indicator for antioxidant activity was 63.58 g/L. Butylated hydroxyanisole (BHA) and 6-Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox) were accepted as reference synthetic antioxidants and their ICso
values wete recorded as 0.09 and 0.08 g/L respectively.

Keywords: .Alium sativim, gatlic, volatile compound, phenolics, antioxidant activity

KASTAMONU SARIMSAGINDAN MiKRODALGA DESTEKLI CLEVENGER
SISTEMIYLE ELDE EDILEN YAGIN UCUCU BILESENLERININ VE
ANTIOKSIDAN AKTIVITESININ BELIRLENMESI

oz

Bu calisgmada, mikrodalga destekli clevenger sistemiyle, gelencksel yontemlere kiyasla daha kisa stirede
¢ozlictisiz olarak elde edilmis, Alium sativum (sarimsak, Kastamonu bélgesinden toplanmis) ucucu yaginda
gaz kromatografisi/kitle spektroskopisi (GC/MS) yardimiyla on dért bilesen tespit edilmistir. Ugucu yag
orneginde; alil tristlfit (27.09%), allil metil tristlfit (21.26%), alil distlfit (20.02%), allil trans-1-propenil
distlfit (7.48%), allil metil distlfit (6.08%) ve 2-vinil-4H-1,3-dithiin (4.32%) en fazla bulunan stlftr
bilesikleridir. Ayrica, ucucu yagin toplam fenolik madde icerigi 2.84 mg gallik asit esdegeri/g ve 2,2-difenil-
1-pikrilhydrazil (DPPH) c¢6zeltisinin %50’sini indirgemek igin gerekli olan miktarin bir ifadesi ve
antioksidan aktivitenin bir indikatorii olan ICso degeti ise 63.58 g/L olarak hesaplanmistir. Bitillendirilmis
hidroksianisol (BHA) ve 6-Hidroksi-2,5,7,8-tetrametilkroman-2-karbosilik asit (troloks) c¢alismada
referans olarak kabul edilmis sentetik antioksidanlardir ve ICso degerleri sirastyla 0.09 ve 0.08 mg/L olarak
bulunmustur.

Anahtar kelimeler: A/ium sativum, sarimsak, ucucu bilesen, fenolikler, antioksidan aktivite
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Kastamonu garlic essential oil extracted by microwave

INTRODUCTION

Allinm sativum (garlic) which is native to Asia
belongs to the family of Alliaceae and some
species of the genus Alium such as Allium nrsinum,
A porum, A.  ascalonicum, A. fistulosum have
significant economic value in Asia, America and
Europe (Fenwick and Hanley, 1985). Most of
these species are often consumed as food because
of their unique aromas (Avato et al., 1998). Total
garlic production of Turkey was 121805 tons in
2017 and 21.3% of this amount procured from
Taskopri district in Kastamonu (TUIK, 2018).
Dry matter content of Kastamonu garlic makes it
suitable for storing long times without
deterioration and processing simply (Tagkin et al.,
2013). Allinm sativum have been used for medical
purposes in various diseases such as headache,
asthma, rheumatism, intestinal worms and tumorts
since ancient times (Rivlin, 2001; Corzo-Martinez
et al, 2007) and recent biological and
pharmacological studies have confirmed that
these medical features of gatlic are arising from its
antioxidant, anti-inflammatory, antibacterial,
antifungal,  anticarcinogenic,  antimutagenic,
hypocholesterolemic, hypolipidemic,
antihypertensive, antithrombotic,
immunomodulatory and prebiotic  activities
(Lanzotti, 2006; Asdaq and Inamdar, 2010).

Essential oils of plant origin are one of the
important products of industry based on
agriculture and these oils are used as flavoring
substances in beverages, perfumes, cosmetics and
nutritional products (Hussain et al., 2008; Teixeira
et al., 2013). Essential oils could be acquired by
various techniques such as steam distillation,
solvent extraction and novel methods like
supercritical fluid extraction (Schaneberg and
Khan, 2002), microwaves, ultrasound (Périno-
Issartier et al., 2013) and green extraction by solar
energy (Yen and Lin, 2017). Solvent-free
microwave extraction is accepted as a green and
simple technology for the removal of essential oils
from aromatic plants which do not require lots of
water or an organic solvent (Filly et al., 2014).

The antimicrobial activity of garlic essential oil has
been recently studied by Razani Rohani et al.
(2011) and Casella et al. (2013). Also, the

differential effects of allyl sulfides of _Alium
sativum essential oil in human liver tumor cells
were investigated by Wu et al. (2004). To the best
of our knowledge, solvent-free microwave
extraction of Kastamonu garlic essential oil and
its chemical compounds, polyphenol content and
antioxidant activity in a comparison with
synthetic antioxidants like butylated
hydroxyanisole (BHA) and 6-Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox)
have not been reported to date. This paper will
provide valuable information on the suitability of
a faster, environment friendly and easier essential
oil extraction technique of this aromatic
vegetable.

MATERIALS AND METHODS

Extraction and chemical composition of
garlic essential oil

Garlic samples (with a moisture content of nearly
69%) were procured from Cetmi Village in
Tagkoprt, Kastamonu, Turkey and bulbs were
extracted in a microwave assisted clevenger
system (Fig. 1) without water or an organic
solvent. The power was set to the highest level
(340 W) in microwave oven (Argelik, MD 565,
Turkey) to reduce processing time and each trial
proceeded during 30 minutes. The oil was kept in
glass vials and stored at -18°C until analysis. Each
extraction was made in triplicate. The yield of
essential oil was calculated from the following
formula;

Volume of essential oil (ml)
Weight of sample (g)

Yield (%) = X 100

(Equation 1)

Chemical composition of oil was determined by
gas  chromatography  coupled to  mass
spectrometry (Agilent 7000 Series Triple Quad
GC/MS). A column in the dimensions of 30 m
length X 0.25 mm diameter X 0.25 um film
thickness containing 5% phenyl methyl poly
siloxane was used. Helium was the carrier gas
having a flow rate of 1.0 mL/min; the detector
was flame ionization, split mode (1:20), split flow
(40 1/min) and the injector at 250°C was
employed. Initial column temperatute was 50°C
followed by increasing to 240°C at 3°C/min. The
sample was diluted in dichloromethane (1:100,
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v/v). Retention indices were specified according
to the Kovats method (Rao et al., 2007) using #-
alkanes as reference. Kovats indices reported in
literature ~ were compared to identified

compounds in mass spectra (Adams, 2001).

[ . d
Figure 1. Microwave-assisted clevenger setup (1-
Microwave oven, 2-Clevenger unit, 3-Tap, 4-
Cooling water inlet, 5-Cooling water outlet, 6-
Sample flask

Total phenolic content

The method stated by Li et al. (2015) was used
with minor modifications in determining the
amounts of polyphenols. 0.5 ml methanolic
solution of gatlic essential oil (80 g/1) was reacted

with 0.5 ml Folin—Ciocalteu’s reagent. Then, 3 ml
of 10% NaxCOs3 solution was added to mixture
and the tubes were vortexed. After 30 min
incubation in dark place, the absorbances were
read at 760 nm by a spectrophotometer
(Shimadzu, UV 1800, Japan) and compared to a
gallic acid curve (R?=0.9937; y=0.0111x+0.1105).
Methanol was used to zero the device. The results
were given as mg gallic acid equivalents (GAE)/g
oil. The test was carried out in triplicate.

Antioxidant activity (DPPH assay)

Radical scavenging ability of _Allium sativum
essential oil was measured using the stable radical
2,2-Diphenyl-1-picrylhydrazyl (DPPH). 0.1 ml
methanolic solution of essential oil of five
different concentrations (8, 16, 32, 40, 80 g/1) was
mixed with 2 ml DPPH solution (0.025 g/I)
prepared in methanol. Butylated hydroxyanisole
(BHA) and 6-Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox)
were used as reference synthetic antioxidants and
their concentrations were 0.025, 0.050, 0.075,
0.100 g/L. The absorbances were tead at 517 nm
by a spectrophotometer (Shimadzu, UV 1800,
Japan) after 30 min keeping in dark. The amount
of sample require to scavenge the 50% of DPPH
(ICs0) was determined graphically. Inhibition (%)
of samples was identified by equation 2 (Viuda-
Martos et al., 2010).

Appry — Asample

Inhibition (%) =
(Equation 2)

x 100

Apppry

whete Apppr and Aample wete the absorbances of
DPPH solution and sample respectively.
Methanol was used as blank. The test was catried
out in triplicate.

Statistical analysis

Means and standard deviations were estimated
using classical statistical methods by Microsoft
Office 2010, Excel software. Total phenolic and
antioxidant activity data were analyzed using
Student’s ~test and Duncan test (one way analysis
of variance, ANOVA) at 95% confidence interval
respectively. SPSS version 18 (IBM, USA) was the
statistical software.
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RESULTS AND DISCUSSION

Extraction and chemical composition of
garlic essential oil

The colour of Allium sativum essential oil was
dark-yellow and it had a characteristic and
influential garlic odour. The averaged yield by
microwave-assisted solvent free extraction was
0.30% % 0.00 (0.97% % 0.00 on dry basis). Rao et
al. (2007) determined the essential oil yield of
fresh Indian garlic cloves as 0.58% by
conventional hydrodistillation on dry matter. This
difference may sign that Kastamonu garlic is
richer with respect to essential oil. Moreover, the
essential oil collection concluded in only 30
minutes at 340 W in this study. But longer
extraction times were implied for conventional
hydrodistillation (Kimbaris et al., 2009; Romeilah
et al, 2010). The reason behind this difference
that microwaves make membranes and cell walls
of vegetable penetrable because of their high
energy and effective heating (Manouchehri et al.,
2018). Also, lack of organic solvents and water in
microwave assisted extraction step prevented
human/environmental toxicity and huge energy
consumption respectively (Pavli¢ et al., 2015).
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A total of 14 compounds, covering more than
96% of entire chemical composition of sample,
were identified successfully with the aid of
GC/MS (Figure 2) and allyl trisulfide (synonyms
di-2-propenyl trisulfide and diallyl trisulfide)
(27.09%), methyl allyl trisulfide (21.26%), allyl
disulfide (synonym diallyl disulfide) (20.02%), allyl
trans-1-propenyl disulfide (7.48%), allyl methyl
disulfide (6.08%) and 2-vinyl-4H-1,3-dithiine
(4.32%) were found to be the main components
(Table 1). All compounds reported in this paper
could be categorized in the group of sulphur
components and most of them have already been
declared as the dominant volatiles of _Alium
sativum essential oil (Abu-Lafi et al., 2004). On the
contrary, allyl trisulfide which was known as its
anti-cancer effect (Seki et al., 2008) was not the
key constituent in Kastamonu garlic bulb and
detected only at the rate of 0.99% by Keles et al.
(2014). Due to applying heat during extraction
process, other molecules may transform into allyl
trisulfide, thus the amount of related compound
may be higher in essential oil than fresh sample.

14
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Figure 2. GC/MS chromatogram of gatlic essential oil
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Table 1. Volatile organic compounds of Aium sativum essential oil

No RI Compounds % 1D
1 908 Thiophene, 3,4-dimethyl- 0.08 GC/MS, K1
2 913 Methyl allyl disulfide 6.08 GC/MS, KI
3 931 Methyl cis-propenyl disulfide 0.57 GC/MS, KI
4 940 Methyl trans-propenyl disulfide 0.86 GC/MS, K1
5 945 3H-1,2-Dithiole 0.08 GC/MS, K1
6 972 Dimethyl trisulfide 2.78 GC/MS, K1
7 1071 Allyl disulfide 20.02 GC/MS, KI
8 1097 Allyl cis-1-propenyl disulfide 3.19 GC/MS, KI
9 1103 Allyl trans-1-propenyl disulfide 7.48 GC/MS, K1
10 1130 Methyl allyl trisulfide 21.26 GC/MS, KI
11 1190 3-Vinyl-1,2-dithiacyclohex-4-ene 1.59 GC/MS, KI
12 1195 2-Vinyl-4H-1,3-dithiine 4.32 GC/MS, KI
13 1289 Allyl trisulfide 27.09 GC/MS, K1
14 1555 Diallyl tetrasulfide 1.03 GC/MS, KI
Sulphur compounds 96.43
Total identified 96.43

RI: Retention indices in the present study, ID: Identification, KI. Kovats index.

Kozan (2012) obtained the essentiol oils from
both Kastamonu and Denizli garlics by steam
distillation and stated that allyl trisulfide (42.52%
and 45.22%, respectively), allyl disulfide (24.48%
and 32.60%, respectively) and methyl allyl
trisulfide (18.21% and 11.63% respectively) had
the highest portions in samples. According to
study carried out by Drziri et al. (2014), the
predominant volatiles in essential oil of Tunisian
garlic which was dried with different methods
before hydrodistillation were indicated as allyl
trisulfide (37.30, 42.30 and 45.90%), allyl disulfide
(29.10, 35.60 and 17.50%), methyl allyl trisulfide
(10.40, 8.30 and 7.70%) (for the air, oven and
freeze-dried bulbs respectively). In a recent study,
the major volatiles of essential oils from two
different garlic cultivars (white-skin and purple-
skin) were found as allyl trisulfide and allyl
disulfide (45.76 and 22.38%) in white-skin
cultivar, allyl trisulfide and allyl methyl trisulfide
(58.53 and 21.94%) in purple-skin cultivar (El-
Sayed et al.,, 2017). Considering these results, it
can be said that microwave-assisted extraction
presented in this paper may be destructive on
aroma constituents (except methyl allyl trisulfide)
of garlic essential oil than conventional
procedure, however same compounds were
detected dominantly in all mentioned researches.
The amount of methyl allyl trisulfide in essential

oil extracted by microwaves is higher than
previous reports. It may probably be more stable
compound than both allyl trisulfide and allyl
disulfide and needs more processing time for
degradation. Kimbaris et al. (2009) prepared two
different semi-synthetic garlic essential oils by
mixing oil sample with either standard diallyl
sulfide (DS) or standard diallyl disulfide (DDS) in
a ratio of 1:1 (w/w) after simultaneous
hydrodistillation solvent extraction in order to
investigate larvicidal activity against mosquitoes.
They emphasized that the major constituents
were methyl allyl trisulfide (9.40 and 10.00%),
diallyl trisulfide (5.10 and 10.90%), 2-vinyl-4H-
1,3-dithiin (9.30 and 11.50%) and 3-vinyl-4H-1,2-
dithiin (7.40 and 10.20%) (for DS and DDS
respectively). The differences in quantitative
results of chemical composition may be also
arised from various factors like genetic variation,
geographical location, climatic conditions and
pretreatments (drying etc.) as well as extraction
techniques.

Total phenolic content and antioxidant
activity

Polyphenols are accepted as strong antioxidants
found in several foods throughout the world and
the preventive effects of serious diseases such as
cancer and neurodegenerative disorders come
from adequate intake of phenolics (Arts and
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Hollman, 2005; Szychowski et al.,, 2018). Total
phenolic content of Allium sativum essential oil
was determined as 2.84 + 0.18 mg GAE/g oil
(P<0.05) by Folin—Ciocalteu method. Mnayer et
al. (2014) declared the total phenolic content of
garlic oil extracted by turbo hydrodistillation as
5.61 mg GAE/g which was higher than onion and
Chinese chive. Variation between two results can
be expressed by both growing condition and
genetic factors (Petropoulos et al., 2018) such in
chemical composition. On the other hand,
microwaves may possibly influence bioactives
because of supplying rapid heating inside material
eliminating other genetic or geographical factors.
Indeed, Albi et al. (1997) studied the microwave
and conventional heating of edible fats and their
effects on phenolic compounds and stated that
microwave heating of olive oil and virgin olive oil
caused 85% and 96% loss of initial polyphenols
respectively. However these losses were in level of
64% and 10% in heating in a conventional electric
oven. Also, Nieto et al. (2013) attributed the low
phenolic content of essential oils when compared
to plant extracts to hydrophilicity and poor
solubility of bioactives in oil medium.

DPPH radical scavenging activity is a common 7
vitro method to determine antioxidative property
(Xiong et al.,, 2018). Table 2 demonstrated the
DPPH inhibition levels (%) by the different
concentrations of both essential oil and reference
antioxidant materials. Because the radical
scavenging abilities of natural and synthetic
specimens were not inequal, the sample solutions
prepared in  different ratios. A
concentration-dependent antioxidant activity was
observed for all samples. When essential
oil/synthetic antioxidant amount was increased in
medium, DPPH inhibition (%) was also enhanced
(P<0.05). Discolouration from purple to yellow in

were

a great way signed a higher antioxidant behavior
and hence a lower ICso value (Mnayer et al., 2014).
Trolox was the strongest antioxidant (ICs0=0.08
g/L) and BHA (IC5=0.09 g/1) and essential oil
sample (IC5=63.58 g/I) followed trolox
respectively. S-ally-(L)-cysteine (SAC) is a sulphur
compound which has high radical scavenging
activity (Jang et al., 2018) and it is thought that
one of the antioxidant source of gatlic essential oil
comes from SAC. Significant statistical
differences were specified in all concentrations of
BHA and trolox (P<0.05). A higher result was
indicated for gatlic essential oil (ICs5=88.91
pg/ml) obtained by conventional clevenger
mechanism by Romeilah et al. (2010) in Egypt and
this might prove that Kastamonu garlic showed
more antioxidant activity and/or microwave
assisted extraction of gatlic essential oil was a
succesfull technique for procuring antioxidant
molecules. Zotr (2000) determined the DPPH
radical scavenging activity of methanolic extract
(40 g/L) of Kastamonu gatlic as 65%. This may
prove that fresh garlic samples possess more
antioxidant ability than its essential oil. Because
garlic essential oil in this paper had 31.94% DPPH
inhibition at 40 g/L concentration. Furthermore,
Kastamonu garlic essential oil obtained by
microwave assisted extraction has higher
antioxidant activity despite of lower polyphenol
level when regarding previous studies in literature.
There may not be a relation between phenolic
compounds and antioxidant capacity or non-
phenolic compounds of essential oil may
probably show antioxidant behaviour. Baschieri
et al. (2017) emphasized that essential oils which
did not have phenolics at an important level

possessed  significant  antioxidant  activity,
however their mechanism was not cleatly
understood.

Table 2. Antioxidant activity of garlic essential oil and selected synthetic antioxidants

Sample DPPH Inhibition (%)
84/L 16 4/L 324/L 40 g/L 80 4/L ICy (¢/1)
Allinm satioum | 8.899 £ 0.86 | 16.92> = 4.07 | 25.87> + 0.86 | 31.94> + 1.72 | 60.61* £ 1522] 63.58
0.025 g/ L. 0.050 ¢/ L. 0.075 ¢/ L. 0.100 ¢/ L.
BHA 22.899 % 1.55 | 34.17° % 0.00 | 41.81° £ 1.22 | 5444 £ 471 0.09
Trolox 13.449 £ 354 | 2738 £0.76 | 49.27°+3.18 | 63.31* & 1.46 0.08

Same small letters in each line show insignificant differences (P>0.05).
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CONCLUSION

A promising solvent-free extraction with the aid
of microwaves in less time was investigated in
order to recover the essential oil of .Alium sativum
(garlic) regarding chemical composition, total
polyphenol level and antioxidative activity.
Findings indicated that, Kastamonu garlic had a
great potential of essential oil and gave higher oil
yield with new method, however microwave-
assisted extraction caused the loss of some
volatile compounds like allyl trisulfide and allyl
disulfide when compared to steam distillation
studies in literature. Methyl allyl trisulfide was one
of the major constituents and microwaves did not
show an harmful effect on this molecule as such
in allyl trisulfide and allyl disulfide. Although, total
polyphenols were lower, the antioxidant activity
of essential oil was improved by microwaves.
Bioactive molecules might be destroyed by
processing, since microwaves caused a quick
temperature rise in sample. Hence, lower power
levels (<340 W) are ought to be recommended for
extraction.
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oz

Diinya genelinde taze meyve ve sebzelerde meydana gelen ve %50 oranina kadar ulagabilen 6nemli kayiplar
cogunlukla hasat sonrasi hastaliklardan kaynaklanmaktadir. Giintimiizde, hasat sonrasi hastaliklara neden
olan patojenlerin kontrolinde sentetik fungusit kullanimi 6n plana ¢tkmaktadir. Ancak, toplumun gida
zincirinde kimyasal kalintiyr azaltma istegi ve fungusit direncli patojenlerin gelismesi hasat sonrast
hastaliklarin kontroliinde etkili ve giivenilir yeni kontrol stratejilerinin arastirtlmasina yol agmistir. Hasat
edilen meyve ve sebzelerde meydana gelen kayiplarin azaltilmast amaciyla sentetik fungusit kullanimina
alternatif olarak biyokontrol ajanlarin kullanimi umut verici bir yontem olarak ortaya ¢ikmugstir. Biyokontrol
amaciyla kullantlan gesitli mikrobiyel ajanlar arasindan 6zellikle mayalarin 6nemi genellikle antibiyotik
tretmemeleri, ¢ok sayida patojene karsi etkili olmalart vs. gibi bircok olumlu 6zelliginden dolay:
vurgulanmistir. Bu derlemede; meyve-sebzelerde meydana gelen hasat sonrast hastaliklar, biyokontrol,
antagonist ve fungal patojenler hakkinda bilgi verilmis, antagonizm mekanizmalari, mikrobiyel
antagonistlerin biyoetkinliklerini arttirma yontemleri ve mikrobiyel antagonistlerin ticari uygulamalart detaylt
bir sekilde ele alinmus ve literatiirde yapilan son ¢alismalar 6zetlenmistir.

Anahtar kelimeler: Biyokontrol, antagonist, fungal patojen, meyve-sebze, maya

BIOCONTROL OF POSTHARVEST FUNGAL DISEASES IN FRUITS AND
VEGETABLES BY ANTAGONISTIC YEASTS

ABSTRACT

Postharvest diseases account for significant amount of postharvest losses of fruit and vegetables
wotldwide. Today, use of synthetic chemical fungicides is principal method of controlling postharvest
pathogens. However, increasing concerns regarding residues of fungicides in food supply and
development of fungicide resistant pathogens have prompted the search for safer alternative disease
management strategies. Usage of biocontrol agents (BCAs) has emerged as one of the most promising
methods to decrease postharvest losses. Among various microbial agents, use of antagonistic yeasts
has been especially emphasized due to production of antibiotics is not involved in their inhibitory
activities and they are effective against a wide range of pathogens. Current review provides a brief
overview on postharvest diseases of fruit and vegetables, biocontrol, antagonist and fungal
pathogens. Additionally, mode of action of yeasts, enhancing the bioefficacy of antagonists and
commercial applications of BCAs have been discussed and recent studies in literature have been
summarized.

Keywords: Biocontrol, antagonist, fungal pathogen, fruits, vegetables, yeast
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GIRIS
Meyve ve sebzeler; vitaminler, mineraller gibi
gerekli besin 6gelerini icermelerinden dolayt insan
beslenmesinin 6nemli bir parcasini olusturutlar.

Ayrica, meyve ve sebzeler besinsel lif]
antioksidanlar gibi diger gerekli bilesenleri
bulundurduklarindan  dolayt  insan  saghgi

actsindan 6nemli rol oynamaktadir (Hossain vd.,
2017). Beslenme ve saghgin bagintli olmast
konusunda artan tiiketici bilinci daha fazla meyve
- sebze tliketimine yol agmustir. Birlesmis Milletler
Guida ve Tarim Orgiitii (FAO) 2013 verilerine gore
dinyada yaklastk 995 milyon ton yas sebze ve 841
milyon ton yas meyve uretilmektedir. Ancak,
dinya genelinde iretilen meyve ve sebze
miktatinin yaklastk Gcte biri titketiciye ulagsmadan
bozuldugundan atilmaktadir (Anonim, 2017).

Hasat 6ncesi ve sonrasinda taze meyve sebzelerde
gesiti ~ bozulmalar  meydana  gelmektedir.
Ekonomik olarak énemli kayiplara yol acan bu
bozulmalarin buytk cogunlugu fungal
hastaliklardan kaynaklanmaktadur. Fungal
hastaliklar nedeniyle meyve ve sebzeler 6nemli
Olgiide zarar gormekte, kaliteleri azalmakta ve
genellikle raf émurleri kisalmaktadir. Meyve ve
sebzelerde tasima, isleme ve depolamanin uygun
kosullarda yapilmamast nedeniyle hasat sonrast
kayiplarin orani artmaktadir. Bu kayiplar gelismis
tlkelerde toplam meyve-sebze Uretiminin %25’ine
karsilik gelirken, gelismekte olan iilkelerde ise bu
oranin %50’nin Gzerinde oldugu bildirilmistir
(Nunes, 2012). FAO tarafindan 2011 yilinda
yayinlanan raporda hasat sonrast meyve ve
sebzelerde meydana gelen kayiplarin Avrupa,
Giiney Amerika ve Okyanusya ‘da ortalama %029,
sanayilesmis Asya, Giiney Dogu Asya, Afrika ve
Latin Amerika tlkelerinde ise yaklastk %38
oldugu bildirilmistir (FAO, 2011).

Meyve ve sebzelerin fungal patojenler tarafindan
kaynaklanan bozulmalara maruz kalmalari; meyve
ve sebzelerin yliksek oranda besin ve su igerigine,
dustik pH seviyesine sahip olmalart ve hasat
sonrasinda meyve ve sebzelerin i¢c bozulmaya
karst gostermis olduklart direncte meydana gelen
azalma gibi sebeplere dayandirilabilir. Hasat
sonrast olusan hastaliklarin 6nemli bir kismi
meyve ve sebzelerde hasat esnasinda veya hasat

sonrast tasima ve paketleme sirasinda meydana
gelen hasarlardan kaynaklanmaktadir (Cao vd.,
2013). Gudalarda hasat sonrast bozulmalarin
6nemli bir cogunlugunu temsil eden fungal
patojenler Penicillium, Botrytis, Aspergilius, Monilinia,
Rbizopus, — Alternaria, — Fusarium, — Geotrichum,
Gloesporium ve Mucor cinsleri olarak sayilabilir
(Salas vd., 2017).

Ekonomik acidan kayiplara ek olarak, insan saglhgt
icin tehlike olusturan mikotoksinleri ureten
Penicillinm, Alternaria, Aspergillus ve Fusarinm gibi
bazi fungal cinsler toplum sagligt acisindan da risk
teskil etmektedir. Ornegin, hasat sonrast bircok
meyvede goérilen mavi kif (blue mold)
hastahiginin  nedeni olarak bilinen  Penicillinm
expansum;, patulin, sitrinin ve chaetoglobosin’ler
gibi kanserojen ikincil toksik metabolitleri
tretmektedir (Liu vd., 2013). _Aspergillus niger,
Aspergillus - tubingensis, Aspergillus carbonarins gibi
fungal tirler ise gelisim asamalarinda okratoksin
A (OTA) ve fumonisin B2 (FB2) gibi
mikotoksinleri tiretme potansiyeline sahiptir. Bu
mikotoksinlerden OTA tzim ve tzim kaynaklt
triinlerde (sarap, tziim suyu, kuru dziim vs.) en
yaygin bulunan toksin olarak tespit edilmistir
(Pantelides vd., 2015).

Ginimiizde diinya genelinde meyve ve sebzelerin
hasat sonrast hastaliklarint kontrol etmek amaciyla
temel olarak sentetik fungisitler kullanilmaktadir.
Fakat, fungisit direnci kazanan patojenlerin
gelismesi, zararll kimyasallarin gida zincirinde
azaltilmasina yonelik diinya genelinde giderek
artan tlketici egilimi acil bir sekilde verimliligi
yitksek, kalinti orant diisiik, toksik olmayan ¢evre
ve ckonomi dostu alternatif biyokontrol
metotlarinin bulunmasina yol agmistir (Droby vd.,
2009). Hasat sonrast meyve ve sebzelerdeki
ciriimeyi  ybnetmek ve sentetik fungisit
kullanimini azaltmak amaciyla ortaya ctkan farklt
yaklasimlar arasindan antagonistik mayalar ile
biyokontrol yontemi umut verici bir gelisme
olarak ortaya cikmis ve 6nem kazanmistir.

Bu derlemede meyve ve sebzelerde hasat sonrast
hastaliklarin kontroliinde uygulanan yaklasimlar
ve kimyasal fungusitlerin etkileri, biyokontrol
ajant  olarak mayalarin  6nemi, ideal bir
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antagonistin sahip olmast gereken Ozellikler,
biyokontrol ajanlarinin  etki mekanizmalari,
mikrobiyel antagonistlerin biyoetkinligini arttirma
yontemleri ve biyokontrol urlinlerinin ticari
uygulamalari ele alinmistir. Ayrica, giincel literatir
taranarak cesitli meyve ve sebzelerde hasat sonrast
meydana gelen hastaliklar, bu hastaliklara yol agan
fungal  patojenler ve bu  patojenlerin
biyokontroliinde etkili olan antagonistik mayalar
hakkinda bilgi verilmistir.

BIYOKONTROL VE ANTAGONIST
NEDIR?

“Biyokontrol” yada “biyolojik kontrol” veya
“biyo-koruma” terimleri dogal olarak ortamda var
olan veya sonradan eklenen mikroorganizmalari,
bu mikroorganizmalar tarafindan fermantasyon
sirasinda  Uretilen  ¢esitli  bilesenleri  veya
metabolitleri kullanarak bir gidanin raf émrind
uzatmak veya patojen ve
mikroorganizmalari yok ederek gida giivenligini
arttirmak olarak aciklanabilir (Salas vd., 2017).
Biyokontrol sistemi konukcu hammadde (irin),
patojen ve antagonistik mikroorganizma arasinda
meydana gelen ve ¢evresel faktorlere bagl olan t¢
yonli bir etkilesimden olusmaktadir (Liu vd.,
2013). Biyokontrol stratejisi ile bozucu tirlerin
yayllmalart ve c¢ogalmalarini bu tirlerin dogal
dismanlarint kullanarak sinitlandirmak ve kontrol
altinda tutmak amaglanir (Kang vd., 2017). Burada
kullanilan dogal disman terimi ile aslinda

bozucu

kastedilen  antagonist —mikroorganizmalardir.
Antagonist terimi ‘anti (muhalif)’ ve ‘against
(karsisinda)’ kelimelerinden tiretilmistir.

Antagonist mikroorganizmalar zit olan, karsit
disman olarak tanimlanabilir ve ana karakteri
engellemekle yukiimlidurler.

Antagonizm dogada  mikroorganizmalarin
biyolojik denge kurma yaklasimlarindan birisidir.
Bu yasam biciminde bir arada bulunan iki
mikroorganizmadan biri digerine dogrudan ya da
dolayli olarak verir ve gelismesini,
¢ogalmasint olumsuz olarak etkiler ve yasamini
sinirlandirir ya da ortadan kaldirir. Sharma vd.
(2009) tarafindan meyve ve sebzelerde meydana
gelen hasat sonrast hastaliklarin - mikrobiyel
antagonistler ile kontroliinde iki temel yaklagim
oldugu bildirilmistir. Tlk yaklasim olarak iiriiniin

zarar

tizerinde dogal olarak zaten var olan epifitik
mikroorganizmalarin gerektiginde desteklenerek
yonetilmesi ve patojenlere karst kullandmasi,
ikinci yontem ise hasat sonrast patojene karst
rekabet etme yetenegine sahip olan ancak
disardan getirilip ortam igerisine yerlestirme
yoluyla mikrobiyel ajanlarin yapay bir sekilde
patojenlere kars1 tanistirilmasi olarak bildirilmistir.

Hasat sonrast meyve ve sebze clirimelerini
Onlemek amact ile biyokontrol ajan (BYA) olarak
basta mayalar olmak Uzere kiifler, laktik asit
bakterileri, Gram pozitif ve Gram negatif
bakteriler ~ mikrobiyel — antagonist  olarak
kullanilmaktadir (Cizelge 1) (Sharma vd., 2009;
Lamont vd., 2017). Literatiirde kullanilan bircok
farkli mikroorganizma tiirti arasinda 6zellikle
mayalarin biyokontrol ajant olarak kullanimlari 6n
plana ¢tkmustir.  Bunun sebepleri arasinda
mayalarin  biydk Olcekli ticari Gretimleri,
fermantasyon, depolama ve kullanimlarina dair
6nemli 6lctide bilgt birikiminin bulunmasinin yant
sira mayalarin inhibisyon aktivitileri igerisinde
Ozellikle antibiyotikler gibi ikincil metabolit
madde dUretiminin bulunmamasidir  (Liu  vd.,
2013). Gudalarda antibiyotik tretici
mikroorganizma kullanilmast sonucu meyvelerde
bulunan ve aynt zamanlarda insanlara karst
patojen olan mikroorganizmalarda antibiyotik
direnci gelisimine neden olabilecegi endiseleri
antibiyotik Uireticisi olmayan maya tiirlerinin hasat
sonrast  hastaliklarda  kullanimi  stratejisini
yayginlastirmaktadir (Spadaro ve Droby, 2016).

MAYALARIN BIiYOKONTROLDEKI
ONEMI VE IDEAL BiR

ANTAGONISTTE ARANAN
OZELLIKLER
Hasat  sonrast meyve-sebze patojenlerinin

kontrolii meyve-sebze sanayisinin karsilastigi en
onemli zorluklardan birisidir. Kduflerin Urtn
tzerinde ¢cogalmast 6nemli miktarlarda ekonomik
kayiplara yol acarken diger taraftan meyve-
sebzelerin ~ mikotoksin ~ kontaminasyonuna
ugramasindan dolay1 ciddi saglik problemlerini de
beraberinde getirmektedir. Sentetik fungusit
kullantimi meyve-sebzelerde fungal hastaliklart
kontrol etmede en vyaygin yontem olarak
kullanilmaktadir. Ote yandan, sentetik fungusit
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kullaniminin yol actig1 akut ve sinerjik etkilerden
dolayt fungusit kullanimi ciddi yasal kontroller
altinda yuritilmektedir (de Paiva vd., 2017).
Avrupa Gida Givenligi Otoritesi (EFSA) 2014
yilinda  yaptugt calismada incelenen gida
orneklerinin yaklastk %45’inde sentetik bilesen

kalintisina rastlandigini ve Srneklerin %1.9’unun
izin verilen sinirlarin tizerinde kalinti igerdigini
belirtmistir. Ayrica, teste tabii tutulan gidalarda
Avrupa  Bitligi  tarafindan  onaylanmayan
pestisitlerin de kullanildigr bildirilmistir (EFSA,
2014).

Cizelge 1. Meyve ve sebzelerin hasat sonrast hastaliklarinin kontrolinde etkili olan mikrobiyel

antagonistler
Antagonist Parazit Uriin Hastalik Referans
Acetobacter nigricans Fusarium poae Misir Fﬂmm{m Nagaraja vd., 2016
enfeksiyonu
Penicillinm expansum Armut Mavi kaf ;gigaro ve Droby,
.y o Di Francesco vd.,
Aureobasidinm pullulans Borytis cinerea Filma Gri kit 2015
Penicillinm digitatum Mandalina Yesil kaf Parafati vd., 2017
. . . _ Aspergillus Pantelides vd.,
Aspergillus tubingensis Uzim enfeksiyonu 2015
Alternaria alterna Hunnap  _Alternaria ¢irimesi  Zhang vd., 2015
. . . Monilinia fructicola Portakal K”ak.l.verengl Calvo vd., 2017
Bacillus amyloliquefaciens curime
Monilinia fructicola Kiraz K”ak.l.verengl Gotor-Vila  vd,
curime 2017
Botrytis cinerea Domates  Curtime Kilani-Feki ~ vd,,
2016
Bacillus subtilis Aspergillus flavs Nar Aspergilins Gajbhiye vd., 2013
enfeksiyonu
Colletotrichum capsici Biber Antraknoz ggigaro ve Droby,
Candida diversa Botrytis cinerea Kivi Gri Kiuf Tang vd., 2015
Candida intermedia CO/MOM.U /mm Avokado  Antraknoz Campos-Martinez
gloeosporioides vd., 2016
Candida membranifaciens  Penicillinm digitatnm Portakal ~ Yesil kiif Terao vd., 2017
Candida tropicalis Colletotrichum musae Muz Antraknoz Zhimo vd., 2017
Clonostachys rosea Botrytis cinerea Domates  Gri kiif Gong vd., 2017
Cryptococens lanrontii Pﬁﬂlﬁ/./ﬂti.ﬂ expansum Se-ftah Ma-v1 kif th-mg vd., 2017
Botrytis cinerea Cilek Gri kif Wei vd., 2014
% . Botrytis cinerea Uziim Gri kif Qin vd., 2015
AHSCHIApOra WA T il digitatum Portakal ~ Yesil kiif Livd., 2016
Lactobacillus paracasei ~ Alternaria brassicicola Visne Alternaria ¢irimesi  Lipinska vd., 2016
Lencosporidinm scottii Penicillinm expansum Elma Mavi kif Vero vd., 2013
Motschmitoms Botrytis cinerea Uziim Gri kiif Parafiti vd., 2015
%ZZWZ;ZZW‘Z Alternaria alternata Uziim Alternaria Cirimesi Prendes vd., 2018
’ Penicillinm digitatum Portakal ~ Yesil Kif Liu vd., 2017




Hasat sonrasi bozulmalarda antagonistik mayalarin 6nemi

Cizelge 1. Devam

Antagonist Parazit Uriin Hastalik Referans
Paenibacillus pasadenensis  Botrytis cinerea Uziim Gri kif Passera vd., 2017
Paenibacillus polymyxa — Botryosphaeria dothidea Elma Beyaz curiklik Kim vd., 2016
Dichia caribbica Penicillinm expansum Elma Mavi kaf Cao vd., 2013
Penicillinm expansum Elma Mavi kif Mahunu vd., 2016
Pichia guilliermondii Botrytis cinerea Kivi Gri kif Sui ve Liu., 2014
Pichia membranaefaciens Co//ez‘omc./y;./m Turuncgil Antraknoz Zhou vd., 2016
gloerosporivides
Rbodg&borzdmm Penicillinm expansum Armut Mavi Kaf Sun vd., 2018
paludigenum
Rbodotorula minuta Geotrichum citri-aurantii ~ Portakal  Eksi (act) ¢liriklik  Ferraz vd., 2016
S accharomces cerevisine Botrytis cinerea Uziim Gri kif Parafati vd., 2015
Y Penicillinm digitatum Limon Yesil kaf Perez vd., 2016
Starmerella bacillaris Botrytis cinerea Uziim Gri kaf 12"8 ?;OS Junior vd,
Wickerhamomyces Penicillinm italicum Cilek Mavi kaf Parafati vd., 2017
anomalus Botrytis cinerea Uziim Gri kaf Parafati vd., 2015
Yarrowia lipolytica Talaromyces rugulosus Uziim Ciriime Yang vd., 2017
Ttuketicilerin pestisit kalintist, zararl Ideal bir antagonistte  bulunmasi  gereken

mikroorganizma ve toksin icermeyen gidalar
tiketmeye yonelik arzusu, sentetik kimyasallarin
gevre uzerine olumsuz etkileri, fungusitlerin
kullanimina devam edilmesi sonucu direncli
patojen cinslerinin  ¢ogalmast endiseleri ve
sentetik kullanimina dair kati yasal diizenlemelerin

bulunmasi kimyasal olmayan kontrol
yontemlerinin  aragtirilmasina yol — agmigtir
(Romanazzi vd., 2017; Terao vd., 2017).

Genellikle bakteri ve mayalari kullanmayi esas alan
biyolojik kontrol yéntemleri Grtnleri korurken,
aynt zamanda net verimi de arttirmaktadir. Ancak,
antagonistik  bakterilerin  ana  inhibisyon
mekanizmasinin  antibiyotik  Gretimi  olmast
nedeniyle, biyokontrol ajani olarak mayalarin
kullanimina ilgi artmaktadir (Liu vd., 2017).

Biyokontrol ajant olarak kullanilan mayalarin etki
mekanizmalart arasinda, ¢ogu kiif ve bakteriyel
antagonistin sahip oldugu antibiyotik, toksin ve
alerjen spor iretme mekanizmalari
bulunmamaktadir.  Ayrica mayalar  bitkide
patojenlere karst verilen olumlu tepkileri tesvik
ederken, ortamda bulunan bozucu ve diger
mikroorganizmalarin  olumsuz  etkilerini  de
azaltmaktadir (Aloui vd., 2015; Parafiti vd., 2015).

Ozellikler s6ylece Ozetlenebilir; genetik olarak
stabil olmali, disiik konsantrasyonlarda etkili
olabilmeli, besin gereksinimi bakimindan c¢ok
secici olmamali, olumsuz cevresel kosullarda dahi
canliigini devam ettirebilme yetenegine sahip
olmals, cesitli gidalarda bir¢ok farkli patojene karst
etkili ~olabilmeli, ucuz gelisme ortaminda
cogalmaya yatkin olmali, uzun raf 6mriine sahip
formiilasyon saglayabilmeli, dagitimi kolay olmals,
hasat sonrast kullanilan kimyasallara direncli
olmall, insan sagligina zarart olmamali ve dayaniklt
olmalidir (Droby vd., 2009; de Paiva vd., 2017).

Mayalarin  ideal bir antagonistte arzulanan
Ozelliklerin coguna sahip olmasi antagonist se¢imi
ve uygulamasinda 6ncelikle tercih edilmelerine
neden olmustur. Mayalarin kuru yizeylerde uzun
sire boyunca kolonize olabilmesi, basit besin
gereksinimlerine  ihtiyag¢  duymasi, meyve-
sebzelerin yarali bélgelerinde hizlt bir sekilde
cogalabilmeleri ve patojenlerin genis spektrumuna
karst etkili olabilmeleri 6ne ¢ikan 6zelliklerdendir
(Pantelides vd., 2015). Ayrica mayalar, hasat
Oncesi ve sonrast uriiniin bulundugu ortamda
olugabilecek agirt yliksek veya dusiik sicakliklar,
distik oksijen seviyeleri, pH dalgalanmalari, UV
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15101 ve genis bagil nem araligr gibi kosullart tolere
edebilme yetenegindedir. Bu 6zelliklerinin diginda
mayalar1 6n plana c¢ikaran bir diger 6zellik ise,
mayalarin meyve-sebzelerin dokusu icerisindeki
ortamin ylksek seker konsantrasyonu, yiksek
osmotik basing ve diisiik pH gibi kosullarina hizh
bir sekilde adapte olabilmeleridir (Spadaro vd.,
2010; Spadaro ve Droby, 2016). Mayalarin en
onemli 6zelliklerinden bir digeri ise meyve-sebze
yuzeyleri, toprak, deniz suyu, bitkilerin kékleri ve
yapraklari gibi pek cok ortamda yaygin bir sekilde
bulunmalaridir  (Liu  vd., 2013). Ornegin;
Kalogiannis vd. (2006) domates yapraklarindan
Rhbodotorula glutinis izole ederken, Tang vd. (2015)
kivi meyvesinden Candida diversa susunu, Campos-
Martinez vd. (2016) ise avokado meyvesinden
Candida intermedia mayasint  izole etmislerdir.
Tlaveten, mango meyvesinden  Saccharomyces
cerevisiae, mandalina ve kabak’tan ise Candida
tropicalis suglarimin  izole edildigi bildirilmigtir
(Zhimo vd., 2017).

Yukarida belirtilen olumlu 6&zelliklerden dolayt
farkli kaynaklardan izole edilen mayalarin
biyokontrol ajani olarak kullanim potansiyelleri
son 30 yil icerisinde bircok arastirmaci tarafindan
incelenmistir (Liu vd., 2014; Perez vd., 2017; Sun
vd.,, 2018). Son yillarda ise yapilan aragtirma
sayisitnda 6nemli bir artig s6z konusudur.

ANTAGONIZM MEKANIZMALARI

Antifungal mikroorganizmalar kullanarak fungal
bozulmalart kontrol etmek olduk¢a karmastk bir
durumdur. Cinkt biyokontrol isleminin bagarist
gidanin kendisi (ierisinde dogal mikroflorasint
barindiran),  fungal = bozucular, antifungal
mikroorganizmalar ve bulunduklart ¢evre olmak
tzere dort ana aktor arasindaki etkilesim agina
baglidir (Sekil 1). Gidanin tipine ve antifungal
mikroorganizmaya baglt olarak tek mekanizma
veya birkac mekanizma birlikte olacak sekilde
farkli etki mekanizmalart devreye girerek bozucu
funguslarin inhibisyonunda rol alir (Liu vd., 2013;
Salas vd., 2017). Guntmizde halen biyokontrol
ajanlart  olarak kullanilan mikroorganizmalarin
patojen inhibisyon mekanizmalart tam olarak
aciklanamamaktadir. Ancak, patojen ve antagonist
arasinda gerceklesen besin ve yer rekabeti hasat
sonrast hastaliklart kontrolde en o6nemli etki

mekanizmasi olarak literatiirde acik bir sekilde
ifade edilmistir (Spadaro ve Droby, 2016; Mahunu
vd., 2016; Oregel-Zamudio vd., 2017; Pesce vd.,
2018).  Biyokontrolde etkili olan  diger
mekanizmalardan bazilari ise; antibiyozis, direng
indtksiyonu, htcreler arast temas,
mikoparazitizm, litik enzimlerin tretimi, oksidatif
stres, demir kullanimi, ucucu organik bilesiklerin
Uretimi, biyofilm olusturma ve cevreyi algilama
sistemi (quorum sensing) olarak siralanabilir
(Sharma vd., 2009; Liu vd., 2013; Ruiz-Moyano
vd., 2016; Gonzalez-Estrada vd., 2017).

Karbonhidrat, azot ve oksijen gibi besin
elementleri ve alan icin rekabet antagonist
mayalarin ~ fungal  patojenleri  kontrolde
kullandiklart ana etki mekanizmalarinin basinda
gelmektedir. Antagonist dogru zamanda, dogru
yerde, yeterli konsantrasyonda bulunuyorsa ve
ortamda bulunan besin kaynaklarini patojenlerden
daha etkili ve hizlt bir sekilde kullanabiliyorsa bu
mekanizma biyokontrolde basarili sonuglara yol
acmaktadir (Spadaro ve Droby., 2016).

En 6nemli antagonizm mekanizmasi olarak kabul
edilen alan ve besin i¢in yarisma mekanizmast
alan-yer i¢in yarisma, besin i¢in yarisma ve patojen
hiflere baglanma olarak 3 ana baslhk icermektedir.
Alan i¢in yarisma mikrobiyel antagonistin
patojene gére meyve ve sebzede ¢ok daha hizlt
gelisme prensibine dayanmaktadir. Meyve ve
sebzelerde meydana gelen kesik ve hasatrh
alanlarda antagonistin hizli bir sekilde ¢ogalip
kolonize olmast clrimeyi Onlemekte oldukea
onemlidir. Mikrobiyel antagonistin  patojen
hiflerine baglanmasi besin i¢in yarisma agisindan
onemli bir faktér olarak gorilmektedir ve Pichia
guillermondi e  Penicillinm  italicnm  arasindaki
etkilesimler ile bu durum gésterilmistir (Arras vd.,
1998). In vitro calisgmalarda bakteri veya mayalarin
direk olarak patojen hiflerine baglanmasi sonucu
antagonistlerin besinleri patojenden daha hizlt
aldiklar1 ve bunun sonucu olarak da patojenlerin
gelismesinin ve spor cimlenmesinin 6nlendigi
bildirilmigtir (Sharma vd., 2009).

Mikrobiyel antagonistlerin patojenlerle besin icin
yarismast hipotezinin antagonistlerin temel etki
mekanizmalarindan biri oldugu ¢esitli calismalarla
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aciga  kavusturulmustur. Turuncgillerde Pichia karst (Xu vd., 2013), elmada Pichia anomala Botrytis
guillermondii Penicillium digitatumr’a karst (Arras vd., cnerea’ya karst (Kwasiborski vd., 2014) besin igin
1998), seftalide Pichia caribbica Rbizopus stolonifer'e yartsma mekanizmast ile basarilt bulunmustur.

*Kolonizasyon *Antifungal Bilegenler
*Yer ve Besin Rekabeti *Direng Baglatma *Oksidatif Patlama
P | O BM | O KU | )| BP
*ROT ve Fitoaleksin KU Sistemik Direnci
[ndiklenmesi R-Proteinler

CEVRE
atogener S Verimlilik
PATOJEN MAYA
#(Uriinde pH degisimi
*Protein Karbonilasyonu *Litik enzimler
*ROT Azaltilmasi
KU |¢ | PP |¢ | BM | | KU
‘*Fifotoksin #Yer ve Besin Rekabeti *Oksidatif Stres
*Oksidatif Patlamanin Hiperparazitizm *Protein ve Lipit
Onlenmesi Oksidasyonu

Sekil 1. Konukgu tiriin, antagonist maya, fungal patojen ve ¢evre arasinda olabilecek muhtemel
etkilesimler (KU: Konukeu iiriin, FP: Fungal patojen, BM: Biyokontrol maya, ROT: Reaktif oksijen
tiirevleri)
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Patojen ve antagonist mikroorganizmanin besin
icin yartsma mekanizmalari igerisinde Ozellikle
demir elementi icin rekabet ayri bir mekanizma
olarak ele alinmaktadir. Demirin (Fe*3) biyolojik
olarak onemli bir element olmasi; demirin hemen
hemen bitin mikroorganizmalarin gelismesi icin
gerekli bir bilesen olmast, hiicre igerisinde bircok
o6nemli proseste rol alan ¢ok sayida fungal enzim
icin kofaktér olmasi, katalaz ve sitokrom gibi
hemoproteinlerin ve elektron tastyict proteinlerin
yapisinda  bulunmasindan  kaynaklanmaktadir
(Nally vd., 2015; Spadaro ve Droby., 2010).
Mayalar biyofilm olusturarak meyvelerin veya
patojenlerin hiicre dokularina baglanmakta, hiicre
dist enzimler dUreterek ve ortamdaki demiri
tiketerek patojenin gelismesini engellemektedir.
Demir rekabeti ile biyokontroli saglamada
ozellikle Metschnikowia spp. cinsi mayalar 6n plana
ctkmistir. Bu cins mayalar demir selasyonu yapan
ligandlar veya siderofor treterek cesitli bakteri,
maya ve kiflerin gelisimini kuvvetli bir sekilde
antagonize edebilmektedir (Liu vd., 2017).
Metschnikowia cinsine bagh farkli tirler cesitli
meyve ve sebzelerde farkli kiflerin gelisimini
durdurmada basarih  olmustur.  Metschnikowia
Sfructicola Gztmlerde Botrytis cinerea (Parafiti vd.,
2015), elma ve kirazda Penicillinm —expansum
(Spadaro vd., 2013; de Paiva vd., 2017) ve
nektarinlerde Monilinia laxa'nin  (Ruiz-Moyano
vd., 2016) biyokontroliinde basarili bulunurken
Metschnikowia pulcherrima elmada Botyrytis cinerea ve
Penicillinm expansunr’a karst demir titketimi yoluyla
yarigsarak patojenlerin biyokontroliini saglamistir
(Saravanakumar vd., 2008).

Parazitizm,  antagonist  patojen  Uzerinde
beslendiginde ortaya ¢tkar ve fungal hicre
yapilarinin - dogrudan yok edilmesine veya
tahribine (liziz) yol acar (Spadaro ve Droby.,,
2016). Parazitizm sistemi; fungal hifler ile
antagonist mikroorganizmanin dogrudan fiziksel
etkilesimi ve bu arada antagonist tarafindan litik
enzimlerin Uretimi vasitasiyla aktivite gOsterir
(Gonzalez-Estrada vd., 2017). Fungal hicre
duvarlarinin yapisal omurgast kitinden olusan
dtizenli sekilde siralanmis tabakalardan olusurken
dolgu malzemesi olarak ise amorf halde bulunan
B-1-3 glukan bulunmaktadir. Glukan, fungal hiicre
duvarlarinin kuru madde agithiginin yaklasik %50-

60’101 olusturan en 6nemli polisakkarittir. Kitin ise
dogrusal ve homopolimer yapida, asetillenmis
amino seker N-asetilglukozaminin beta-1,4-
baglantili  alt  birimlerinden  olusur.  Ipliksi
fungilerin hiicre duvarmin %20 veya daha
tazlasini kitin olusturur (Spadaro ve Droby, 2010).
Dolayistyla, fungal hiicre duvarlarini parcalamak
icin B-1-3 glukanaz ve kitinaz basta olmak tizere
proteazlar ve cesitli enzimlerin aktivitelerine
ihtiya¢ duyulur. Antagonistik mayalarin litik enzim
tretme yetenekleri biyokontrol aktivitelerinde
6nemli bir rol oynar. Bu mekanizma
antagonistlerin fungal patojen hiflerine yapisarak
litkk enzimler salgllanmasi ile baglarken, fungal
hiflerin  yapisinda bozulma ve stoplazmik
bilesenlerin disari sizmast ile devam etmekte ve
hiicrenin  lize olmast ile sonuglanmaktadir
(Bautista-Rosales vd., 2013). Pichia gnillermondirnin
domates tizerindeki peroksidaz, polifenol oksidaz,
superoksit dismutaz, katalaz, fenilalanin amanyum
liyaz,  kitinaz ve  B-1,3-glukanaz  enzim
aktivitelerini arttirdigt Zhao vd. (2008) tarafindan
belirlenmistir. Béylelikle P. guillermondiinin meyve
tizerinde bulunan savunmact enzimler vasitasiyla
patojenlere karst meyvenin diren¢ mekanizmasint
baslattigint ve bunun da P. guillermondii? nin
antagonizm mekanizmalarindan  biri  oldugu
bildirilmistir.  Benzer  sekilde  _Awrebasidinm
pullulansin  elmalarin  kesik bélgelerinde  1,3-
glukonaz, peroksidaz ve kitinaz  enzim
aktivitelerini arttrdigt ve bunun
elmalarin hasarh bélgelerinde iyilesme oldugu ve
Penicillinm  expansunr’a karst elmalarda savunma
mekanizmasinin uyarildigt bildirilmistir (Ippolito
vd., 2000).

sonucunda

Antagonistik  mayalarin  sergilemis  oldugu
biyokontrol mekanizmalarindan birisi de reaktif
oksijen  tlrevlerini (ROT) tolere etme
yetenekleridir. Ciinkli antagonistik mayalar meyve
ve sebzelerin yarali bolgelerine uygulandiklarinda
reaktif oksijen tiirevleri ile karsi karstya kalirlar ve
bu oksidatif strese neden olur. Oksidatif stres
mayalarin canliligt ve performansint
etkilemektedir (Macarisin vd., 2010). Bu nedenle
mayalarin hasat sonrast hastaliklarda biyokontrol
ajant  olarak kullanilabilme potansiyelleri ile
oksidatif stres arasindaki iliski incelenmis ve
mayalarin yliksek oranlardaki oksijenin tstesinden
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gelebilecek kapasiteye sahip olmasinin ideal bir
biyokontrol ajant icin 6nemli Ozelliklerden biri
oldugu belirtilmistir (Castoria vd., 2003).

Uriinlerde reaktif oksijen tiirevlerinin tretilmesi
patojenik olan ve olmayan mikroorganizmalara
karst gosterilen ilk tepkidir. Antagonistik mayalar
meyve dokularinda reaktif oksijen tiirevlerinin
dretilmesini ve bunun meyvelerde bir savunma
sinyali olarak kullanilmasini etkilemistir. Uyumlu
olmayan konak-parazit etkilesimlerinde Urtin
dokusunda yiksek miktarda TUretilen reaktif
oksijen sonucunda patojen saldirilari esnasinda
oksidatif patlamalar meydana gelmekte ve bu
patlamalar meyve-sebzeler icin patojenlere karst
ev sahibi UrGn tarafindan gosterilen reaksiyon
olarak tanimlanmaktadir (Liu vd., 2013). Diger
taraftan uyumlu konak-parazit etkilesiminde trtiin
dokusunda reaktif oksijen miktarinda herhangi bir
artts  gbzlenmemektedir (Spadaro ve Droby.,,
2016).

Yiksek miktarda reaktif oksijen tirevlerini tolere
etme yeteneginin biyokontrol ile iliskili oldugunu
gosteren ik calisma Cryptococcus  lanrentii ve
Rhodotornla glutinis mayalarint kullanarak Castoria
vd. (2003) tarafindan yapilmustir. Bu calismadan
elde edilen bulgularla oksidatif stresin biyokontrol
sistemindeki rolii ayrica hiicreler arast veya hiicre
ici seviyelerde antagonistik hiicre veya meyve
dokusu tzerine dogrudan veya dolaylt olarak
etkisinin oldugu ileri siriilmistir.

Antagonistik hiicrelerin kolonizasyonunu takiben
meyvelerin yarali bélgelerinde oksidatif patlamalar
meydana gelmesi, meyve direng sisteminin
aktiflesmesini saglamakta ve bu durum antagonist
mayalarin 6nemli etki mekanizmalarindan biri
olarak kabul edilmektedir (Macarisin vd., 2010).
Antagonistik hiicrelerin bu yolu kullanabilmeleri
icin yuksek miktarda oksidatif stresi tolere
edebilmeleri gerekir. Bu amagla Liu vd. (2012)
Candida  oleophila  mayasimn1  Slim  seviyesinde
oksidatif strese maruz birakmis ve bunun sonucu
olarak mayanin Slim seviyesi tizerindeki oksidatif
strese ve ayrica sicakliga kars1 toleransinin arttigint
belitlemislerdir. Bunun sonucu olarak strese
adapte olan mayalarin strese adapte edilmeyen
mayalara kiyasla oldukca yiksek seviyede

biyokontrol  etkinligine olduklart

bildirilmistir (Liu vd., 2012).

sahip

MIKROBIYEL ANTAGONISTLERIN
BIYOYARARLILIGININ ARTTIRILMASI
Antifungal kiltiirlerin secimi ve aktivitelerinde
etkili olan molekiillerin belitlenmesinden sonraki
asama bu kulturlerin verimliliklerinin veya etki
spektrumlarinin (inhibe edilen tir / sus sayisi)
arturilmasidir.  Bunun  disinda  antagonistin
kullanilabilecegi tirtin tiplerinin belirlenmesi ve bu
triinlere antagonist kiiltiirlerin hangi yéntemlerle
uygulanacaginin  bulunmast  6ncelikle cevap
verilmesi gereken sorulardandir (Salas vd., 2017).
Ginumizde meyve ve sebzelerde hasat sonrast
hastaliklarin kontrolii antagonist kilttrlerin tek
baslarina kullanimt ile %100 saglanamamaktadir.
Mayalar; ticari Uriin formilasyonlart ve buyik
Olgekli fermantasyonlar sirasinda yitksek sicaklik,
dondurarak/putskurterek kurutma (kuruma) ve
oksidatif stres gibi ¢esitli olumsuz ¢evresel
kosullara maruz kalmaktadir. Bu nedenlerden
dolayt mayalarin ticari Gretimleri sirasinda stres
toleranslarinin, canliilk  ve performanslarinin
gelistirilmesi sonucu biyoyararliliklarint arttirmak
amact ile c¢esitli yaklagimlar kullanilmaktadir
(Sharma vd., 2009; Liu vd., 2013). Depolama
sirasinda fiziksel ve kimyasal ¢evrede degisiklik
yapilmasi, karisik kiltir kullanimi, mikrobiyel
kultdr icerisine dusiik dozlarda fungusit ilaves,
mikrobiyel kiltiitlere tuz katkilarinin eklenmesi,
mikrobiyel kiiltiirlere besin maddesi veya bitkisel
uriin ilavesi, mikrobiyel kiltiirlerin cesitli fiziksel
uygulamalarla, diger yaklasimlar ve katkilarla
birlikte  kullanilmasi  antagonistlerin  biyo-
yararhhklarimin arttirlmasinda kullanilan baglica
stratejilerdir (Sharma vd., 2009; Salas vd., 2017).
Belirtilen yaklagimlarin kullanilmast ile olumlu
sonuclar  alinan  bazt  caligmalar  agagida
Ozetlenmistir.

Candida sake gelisme ortamina gliserol, glikoz ve
trehaloz eklenerek mayanin hiicre i¢i poliol ve
seker icerigi arttirlmis ve bu sekilde C. sake
mayasinin elmalarda P. expansunr’a karst gésterdigi
su stres toleransinin ve biyokontrol etkinliginin
arttugl belirlenmistir (Teixido vd., 1998). Benzer
bir ¢alismada C. Jaurentiinin gelisme ortami icin
trehaloz iceren besiyeri kullanilmis ve bdylece
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hiicre ici trehaloz miktar arttirilan C. Jaurentiinin
kontrolli atmosfer sartlart altinda ve dusuk
sicakliklarda kurutulmasina ragmen canlilik ve
biyokontrol etkinliginin arttig1 belirlenmistir (Li ve
Tian, 20006).

Meyve ve sebzelerdeki bozulmalarin mikrobiyel
antagonistler  tarafindan  kontroliinde  tuz
katkilarinin biyoetkinligi gelistirdigi belirlenmistir.
Bu amacla kullantlan farklt tuz katkilari arasindan
kalsiyum kloriir, kalsiyum propiyonat, sodyum
karbonat, sodyum bikarbonat ve potasyum
metabisiilfit, etanol ve amonyum molibdatin
mikrobiyel antagonistlerle birlikte kullaniminin
meyve ve sebzelerde olusan hasat sonrast
hastaliklarin kontrolunde oldukea etkili ve basarili
oldugu bildirilmistir (Sharma vd., 2009).

Tuza adapte edilen Rbodosporidium  paludigenum
mayastnun digik su aktivitesi ve donma stresi
kogullari altinda tuza adapte edilmeyen hiicrelere
kiyasla daha yiksek seviyede canlilik sergiledigi
bildirilmistir (Wang vd., 2010). Bir baska
calismada ise 6n 1sitma isleminin (40°C’de 30
dakika) M. fructicoldnin yiksek sicakhiklara ve
oksidatif strese karst gésterdigi toleranst arttirdigt
belitlenmistir  (Liu  vd., 2011). Yukaridaki
calismalar da stres 6n adaptasyon uygulamasinin
antagonist mayalarda ylksek seviyelere karst
gosterilen stres toleranst ve biyokontrol etkinligini
gelistirdigi gérilmustiir. Bu nedenle farkli cevresel
kogullar altinda meyvelerde gorilen hasat sonrast
bozulmalar1 6nleyebilmek amaciyla biyokontrol
urinlerinin -~ giivenilirligini  ve  etkinligini
arttirabilmek icin mayalara abiyotik strese karst
On-adaptasyon  uygulanmast  ticari  olarak
uygulanabilir gérilmektedir.

Imazalil ve thiobendazole gibi bazi fungisitler
hasat sonrast hastaliklart kontrolde son derece
etkilidir. Bu fungusitlerle ayn1 seviyede etkili olan
bir mikrobiyel antagonist bulmak oldukga zordur.
Bu nedenle mikrobiyel antagonist ve fungisitleri
kombine ederek etkili biyokontrolii saglayan bir
yaklasim bulunmaktadir. Mikrobiyel antagonist ve
fungusitin  birlikte uygunluk icinde aktivite
gOsterdigi yontem fungusit seviyesi azaltilmis
gliclii biyokontrol avantaji sunmaktadir. Meyve ve
sebzelerde hasat sonrast hastaliklarin  bu

yaklasimla etkili bir sekilde kontrol edilebilecegi
kabul edilmektedir. Ornegin; bazi mikrobiyel
antagonistlerin disiik miktarda fungusit eklenerek
bazi ticari formilasyonlart gelistirilmis ve bu
sekilde hasat sonrast hastaliklarin kontrolinde
%100’e yaklasan oranlarda bagsari saglanmustir.
Elma ve armutlarda depolama esnasinda olusan P.
expansumm  kaynaklt  hastaliklar  Psexdomonas
syringa¢nin dustik dozlarda cypronidil ile birlikte
kullanilmast sonucu etkili bir sekilde kontrol
edilmistir. Yapilan ¢alismalarda genellikle maya ve
distik dozda fungusit kullanimi sonucu olusan
sinerjik etkinin mayanin ve fungusitin tek basina
kullamildiklart zaman sergiledikleri etkiden daha
yitksek oldugu gériilmistiir (Sharma vd., 2009).

Karabulut vd. (2010) tarafindan yapilan ¢alismada
seftali, nektarin ve erik meyvelerinde bozulmaya
neden olan Monilinia fructicola biyokontrolinde 24,
50, 55, 60, 65 veya 70°C sicaklikta bulunan sulara
kisa siireli (30 veya 60 saniye) daldirma islemi

gerceklestirilerek islemin etkinligi
degerlendirilmistir. Market sartlarina  benzer
kosullar ~ saglamak amaciyla inokiile edilen

meyveler 20°C* de 5 giin veya 20°C’ de 5 giin
depolama ile takip edilen 0°C ve %95 relatif
nemde 30 gin bekletilmistir. Sicakligs 55°C olan
suya 60 saniye veya 60°C’de bulunan suya 30 veya
60 saniye daldirma isleminin meyvelerde ¢liriime
orani ve siddetini 6nemli miktarda azalttg
belitlenmistir. Ayrica sicakhigt 65°C veya daha
fazla olan sulara meyveleri daldirma isleminin
meyve ylzeylerinde siddetli yaralanmalara neden
oldugu bildirilmistir. Sicakhigt 60°C olan suya
eriklerin 60  saniye  daldirilmasi
bozulmalarin  %80’nin  tizerinde azaldigt ve
nektarinler de ise aym sicaklik ve sire
uygulamasinin ¢lirime oranint %5  seviyesinin
altina indirdigi gérilmiistir. Dolayisiyla sicak suya
kisa stireli daldirma yaklasiminin sert c¢ekirdekli
meyvelerde  Monilinia  fructicola  patojeni
kontroliinde etkili olabilecegi vurgulanmustir.

sonucu

Mikrobiyel antagonistlerin etkinligini arttirmak
amaciyla farkli caligmalar yiritilmastir. Hasat
sonrast Uriinlerin korunmasinda kitozan gibi
molekiller  araciligiyla  biyoaktif — kaplama
tekniginin kullandmasi ginimiizde biyokoruyucu
kiltirler ile diger molekillerin  iligkisini
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tanimlamaktadir. Kitozan meyve ve sebzeleri
fungal c¢lrimelerden korumakta, cevre ile driin
arasinda  bariyer olusturmakta ve Urlinin
olgunlasmasini geciktirmektedir. Zhou vd. (2016)
Pichia membranifaciens ve kitozan iceren bir karisim
ile kaplanmus turuncgil meyvelerinin Colletotrichum
gloeosporioides  fungal enfeksiyonunu engelleme

yetenegi Uzerine calismuglardir ve kaplama
materyalinin - maya kiltirinin tek basina

kullanildiginda gosterdigi etkiden daha etkili
oldugunu belirlemislerdir. Benzer sekilde 2-
hidroksibenzoik asit kullaniminin  Rhbodotorula
Zlntunis mayasinin kiraz meyvelerinde P. expansum

ve A alternata kiflerine karst biyokontrol
etkinligini arttirdigt bildirilmistir (Qin vd., 2003).

TICARI UYGULAMALAR
Koruyucu icermeyen gidalara artan toplumsal ilgi
bilim insanlarint antifungal kiltirlerin

biyokoruyucu olarak kullanilmasi yéniinde gticli
bir sekilde tesvik etmistir. Hasat sonrast
hastaliklarin kontroli amaciyla son 30 yilda ¢ok
sayida ¢alisma yapidarak buyik bir ¢aba
harcanmasina ragmen c¢ok az sayida biyokontrol
drind markette bulunmaktadir (Usall vd., 2016).
Aday antifungal kiltiirlerin  ticarilesmesini
engelleyen  cesith  engeller  bulunmaktadir.
Bunlardan en 6nemlisi; mikroorganizmanin kiilttr
ortaminda (7 vitro etki) gbsterdigi aktivite ile gida
matriksinde gosterdigi (i sitn  etki) aktivite
arasinda Onemli fark olmasidir. Cok sayida
mikroorganizma ile #n wvitro kosullarda basarili
sonugclar elde edilitken bu mikroorganizmalarin
sayist hedef gidada test edilmeleri ile bitlikte
onemli bir sekilde diisiis gostermektedir (Salas
vd.,, 2017). Antagonistlerin kimyasal kontrol
prosediitlerine kiyasla biyokontrol aktivitelerinin
etkisizligi ve eckonomik tesvik  yetersizligi
antagonist maya adaylarinun ticarilesmesinde
karsilasilan diger zorluklardan bazilaridir (Droby
vd., 2009). Bu zorluklarin disinda kullanilacak
mikroorganizmalarin belitli bir gida matriksine
dogrudan eklenmesi mikroorganizmanin
metabolizmasina bagli olarak gidanin
organoleptik kalitesi tizerinde pozitif, notral veya
negatif etki olusturabilir. Ornegin, CO; iireten
suslar Urtin agisindan  (kabarctk veya hava
bosluklarinin olusmast) veya paketleme acisindan
(sismis paket) cesitli etkilere yol acarken, diger

mikrobiyel adaylar kuvvetli enzimatik aktivite
(proteolitik, amilolitik veya lipolitik) sergileyerek
uriin tekstiir ve genel Ozelliklerini dogrudan
etkileyebilir (Salas vd., 2017). Bu baglamda,
antifungal kultiir seciminde kullanilacak kiltirin

trinin  abgilagelmis  tadin1  degistirmemesi
amaglanmali ve kiltiiriin son tGriiniin organoleptik
kalitesi tizerine muhtemel etkisi duyusal

degerlendirme yapilarak belirlenmelidir. Yukarida
belirtilen engellerin Gtesinde segilen kultiirlerin
givenli olmast diger belitleyici 6zelliklerden
birisidir. Sus seciminde glivenlik degerlendirmesi
ve yasal diizenlemelerin yerine getirilmesi susun
biyoteknolojik kullanimt icin kilit agamalardan biri
haline gelmistir. Bu amacla, Avrupa Birligi

biyolojik  ajanlarin  genis  bir  yelpazede
guvenilirliginin ~ degerlendirilebilmesi  amaciyla
Nitelikli ~ Guvenilirlik ~ Varsayimt  (Qualified

Presumption of Safety - QPS) yaklasimint
gelistirmistir (EFSA, 2016). Bu yaklasim ile
biyolojik ajanlarin gida ve yem katkilari, enzimler,
bitki koruma triinleri amaciyla kaynak olarak
kullanilmas: ~ ve mikroorganizmalarin  besin
tretiminde  kullaniminin =~ market  dncesi
degerlendirilmesi yapilarak biyolojik ajanlarin
givenli bir sekilde kullanimi amaglanmistir.
Benzer sekilde Amerika Bitlesik Devletlerinde
gida ve gidalarda kullanilan maddeler icin
genellikle gtivenilir olarak kabul edilen (Generally
Recognized as Safe - GRAS) statii bulunmaktadir
(FDA, 2018).

Laboratuvar, yart ticari ve ticari ¢alismalarla hasat
sonrast patojenlere karst ¢ok sayida mikrobiyel
antagonist (maya, bakteri) tanimlanmustir. Ancak
yukarida  belirtilen engellerden  dolayt  bu
antagonistlerin kiigiik bir kismu dist diizey gelisim
seviyelerine ulasmis ve ticarilesmistir. Candida
oleophila (Aspire, Ecogen, ABD), Candida sake
(Candifruit, IRTA, Ispanya), Cryptococeus albidus
(YieldPlus, Lallemand, Kanada), Pseudomonas
syringae (BioSave, JET Hatvest, ABD) onaylanip
satisa sunulan birinci nesil biyokontrol trinleridir
(Droby vd., 2016; Usall vd., 2016). Ancak bu
triinlerden Aspire ve Yieldplus yalnizca birkag yil
satisa sunulabilmis daha sonra ticari sartlar altinda
distik ve tutarsiz verimlilik, distk kar payt ve
pazara girmede yaganan zorluklar, miisterilerin ve
endustrinin  bakis acis1, Uriinleri gelistirmek ve
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ticarilestirmeyi stirdiirmek i¢in az kaynaga sahip
kiicik  Olcekli  sirketlerin  bulunmasi  gibi
nedenlerden dolayt bu iriinler marketten geri
cekilmistir. Diger taraftan bazi bagarill ticari
uygulama 6rnekleri de bulunmaktadir (Cizelge 2).
Ornegin; Shemer ticari adit ile Dbilinen
Metschnikowia fructicola baslangicta Israil'de kayit
altina alinmis ve kayisi, turuncgiller, tiziim, seftali,
biber, cilek gibi bir¢ok meyve-sebzede hasat
Oncesi ve sonrast uygulamalarda bagaril sekilde
kullantlmigtir.  Shemer™ daha sonra Bayer
(Almanya) sirketi tarafindan satin alinmis su anda
ise Koppert (Hollanda) sirketi alt lisanst olarak

piyasada bulunmaya devam etmektedir (Spadaro
ve Droby, 2016). Almanya’da gelistirilen ve
BoniProtect™ adt altunda bilinen _Awreobasidinm
pullulans mayast yumugak cekirdekli meyve ve
sebzelerde  depolama  swrasinda  Penicillium
expansum, Botrytis cinerea ve Monilinia fructigena gibi
cesitli patojenler tzerine etkili olan bagarili ve
genis spektrumlu bir biyokontrol triiniidir (Salas
vd., 2017). Yakin zamanda Candida oleophila susu
iceren Nexy ticari ismi ile bilinen biyokontrol
triind tim Avrupa Birligi tlkeleri tarafindan kayit
onayint almistir (Massart ve Jijakli, 2014).

Cizelge 2. Meyve-sebzelerde hasat sonrast hastaliklart kontrol etmek amaciyla gelistirilen ve ticari olarak

temin edilebilen biyokoruyucu triinler (Spadaro ve Droby, 2016; Salas vd., 2017)

Uriin Adt  Mikroorganizma Hedef Patojenler Uygulandigi Uriin Utetici Ulke
Aspire Candida oleophila  Penicillinm expansum — Turuncgiller ABD
Botrytis cinerea Yumusak cekirdekli
Rhbizopus stolonifer meyveler
Elma
Seftali
Candifruit  Candida sake Penicillinm expansum  Yumusak ¢ekirdekli Ispanya
Botrytis cinerea meyveler
Rhbizopus stolonifer
YieldPlus Cryptococens Botrytis spp. Yumusak ¢ekirdekli Kanada
albidus Penicillinm spp. meyveler Turuncgiller
Mucor spp. Elma
Armut
BioSave Pseudomonas Penicillinm expansum Yumusak ¢ekirdekli ABD
Syringae Botrytis cinerea meyveler
Mucor piriformis Turuncgiller
Fusarium sambucinum — Patates
Geotrichum candidum Kiraz
Elma
Armut
BoniProtect _Aureobasidium Botrytis cinerea Yumusak cekirdekli Almanya
pullulans Penicillinm expansum ~ meyveler
Monilinia fructigena
Shemer Metschnikowia Aspergillus niger Uziim, Cilek Hollanda
Sructicola Botrytis cinerea Yer elmast, Turuncgiller
Penicillium digitatum Kayist, Seftali
Penicillinm italicnm Biber
Rhbizopus stolonifer Havuc
Nexy Candida oleophila  Botrytis cinerea Yumusak ¢ekirdeli meyveler  Fransa
Penicillinm expansum ~ Turuncgiller, Muz
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Cizelge 2. Devam

Uriin Adt ~ Mikroorganizma Hedef Patojenler Uygulandigt Uriin Uretici Ulke
Pantovital ~ Pantoea Botrytis cinerea Turunggil Ispanya
aglomerans Penicillinm digitatnm Yumusak ¢ekirdekli
Penicillinm expansum ~ meyveler
Rbizopus stolonifer
Monilinia spp.
Serenade Bacillus subtilus Monilinia fructicola Uziim, Elma ABD
Erwinia amylovora Armut
Phytophthora infestans  Yerfisugi
Avogreen Bacillus subtilus Cercospora spp. Avokado Giiney
Colletotrichum spp. Afrika
Ticarilesen antagonistik mikroorganizmalarin genomik, proteomik, metagenomik,
trtine uygulanma seklide Urtn  verimliligi transkriptomik ve metabolomik gibi yenilik¢i ve
acisindan  6nem arz etmektedir. Gunimuzde gicli  molekiler teknikler araciigiyla Griin,
antagonistik  mikroorganizmalart meyve ve patojen ve antagonist arasindaki karmasik
sebzelere uygularken genellikle puskiirtme, etkilesimlerin acikliga kavusturulacagt
daldirma, 1slatma veya kaplama yontemleri  distniilmektedir.
kullandmaktadir. Nebitlizasyon yontemi ticari
antagonist driinlerin uygulanmasinda ortaya ¢tkan Antagonist  olarak  kullamlan  ¢ok  sayida

yeni  yaklastm  yOntemlerindendir.  Ticari
antagonistlerin  uygulanacagr Urtnlerin  sahip
olduklart pH, oksidatif stres, sicaklik ve su
aktivitesi gibi Ozelliklerini belitleyen ¢evresel
faktorler antagonist mikroorganizmalarin canliligy
ve verimlilifi Gzerine etkili olmaktadir. Dolayistyla
antagonist Urlnleri ticarilestiren sirketler Urlin
formiilasyonu diizenlerken uygulanma yontemini
de dikkate almali ve tiriin kullanicilarini uygulama
metodu hakkinda bilgilendirmelidir (Liu vd.,
2013; Droby vd., 2016).

SONUC

Meyve ve sebzelerde hasat sonrast meydana gelen
kayiplar gelismekte olan veya gelismis olan
tlkelerde dahi 6nemli oranlardadir. Son yillarda
yapilan bilimsel arastirmalar ile kayip miktarlarinin
azaltilmast konusunda ¢aba harcanmaktadir.
Hasat sonrasit hastaliklarin  kimyasal kontrold
halen diinya genelinde en yaygin kullanilan
yontemdir.  Glnimiizde kimyasal —kontrol
yontemine alternatif olarak antagonist mayalarin
kullanimi umut verici bir strateji olarak 6n plana
ctkmistir.  Mikrobiyel — ajanlarin aktivite
mekanizmalart tam olarak anlagilamamis olsa da
besin ve alan rekabeti ana mekanizma olarak
dustintilmektedir. Ancak, glnimizde gelisen

mikroorganizma olmasina ragmen farkli meyve ve
sebzelerde  ¢esitli  patojenleri  biyokontrolde
basarili olduklart belitlenen ve bu nedenle ilk
olarak ticarilestitilen maya tlrlerinden basta
Candida  oleophila  olmak Uzere _Aureobasidium
pullulans,  Metschnikowia — pulcherrima  ve  Pichia
gutllermondii tirleri 6n plana ¢ikmaktadir. Candida
oleophila tirt hizli kolonizasyon, oksidatif strese
karst yiksek tolerans ve savuma
mekanizmasini indtklemesi ile etki gdsterirken
Aunreobasidinm pullulans patojen hiflerine yapisarak
litik enzim tretme mekanizmast ile patojenleri
biyokontrolde etkili bulunmaktadir. Metschnikowia
pulcherrima tiri mikroorganizmalar icin 6nemli bir
bilesen olan ve hiicre i¢i bircok proseste 6nemli
rol oynayan demir emilimi mekanizmasi ile 6n
plana cikarken, Pichia guillermondii patojen hiflerine
yapisma, besin rekabeti ve triinlerde bulunan
patojenlere  karst  savunmact  enzimlerin
aktivitesini arttirma yoluyla etki gostermektedir.

urunun

Antagonist olarak kullandan mayalarin halen hasat
sonrast hastaliklart kontrolde pestisitler kadar
etkili olmamast 6nemli bir sorun olarak ortaya
ctkmaktadir. Ticari agidan uygun uygulama
metotlarinin belirlenmesi icin mikrobiyel ajanlarin
etki mekanizmalarinin  detayll  bir  sekilde
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anlasilmast zorunludur. Belirli iriin ve patojene
Ozgi, kimyasal yontemler ile rekabet edebilecek ve
uygulama metodu optimize edilerek buna gore
formilasyonu  dlzenlenmis  olan  bagarili
antagonist  Urlinlerin ~ bulunmasi  yontemin
gelistirilmesi gereken noktalaridr.
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Bu calismada tilkemizde tiketilen kiiltiire alinmus olan ve ticari 6neme sahip; Muskar (Argyrosomus regins),
Cipura (Sparus anrata), Levrek (Dicentrarchus labrax) ve Alabalik (Oncorbynchus mykiss) baliklarinin et verimi, %o
yag miktar1 ve yag asitleri kompozisyonlart arastirilmustir. Baliklarin Slctilen yag seviyeleri arasindaki iligki
Muskar<Levrek<Cipura<Alabalik seklinde ve et verimleri ise %55-66 araliginda bulunmustur. Calismada
kullantlan kiltir baliklarinin doymus yag asitleri diizeyi (SFA) %29.10-40.40, tekli doymamis yag asitleri
dizeyi (MUFA) 9%21.15-36.62, c¢oklu doymamis yag asitleri diizeyi (PUFA) %11.95-21.44 arasinda
belitlenmistir. Calismada kullanilan Muskar, Cipura ve alabaligin temel yag asitleri palmitik asit (C16:0),
stearik asit (C18:0), linoleik asit (LA C18:2n6), dokosaheksaenoik asit (DHA, C22:6n-3) olarak belirlenmistir.
Levrek baliginin temel yag asitleri icin ise bu stralama C16:0, C18:0, DHA ve eikosapentaenoik asit (EPA,
C20:5n-3) seklinde tespit edilmistit. Calismada kullantlan kilttr baliklarinin DHA ve EPA dizeyleri
birbirlerinden farklilik géstermistir. Bu farkhilik Muskar ve Levrek baliklarinin DHA seviyeleri haric tim
baliklarda istatistiksel agidan 6nemli bulunmustur (P <0.05).

Anahtar kelimeler: Balik yagi, yag asitleri, Argyrosomus regius, Sparus aurata, Dicentrarchus labrax, Oncorbynchus
mykiss

DIFFERENCES IN NUTRITION VALUE AND FATTY ACID PROFILES OF
CULTURED FISH CONSUMED IN TURKEY

ABSTRACT

Meat yields, lipid levels and fatty acid compositions of four commercially important reared fish
species (meagre, sea bream, sea bass, and rainbow trout) were investigated in this study. The lipid
levels were measured in the following order; meagre <sea bass<sea bream<rainbow trout. The meat
yields of the fish were between 55% and 66%. Additionally, the levels of SFA in reared fish used in
the study were found to be 29.10-40.40%, the levels of MUFA 21.15-36.62%, and PUFA 11.95-
21.44%. The predominant fatty acids of meagre, sea bream and rainbow trout were C16:0, C18:0,
C18:2n06, and C22:6n-3. The major fatty acids of the sea bass were identified as C16:0, C18:0, C22:6n-
3 and C20:5n-3. Moreover, the DHA and EPA levels of reared fish differ from each other. This
difference was statistically significant in all measurements except for DHA levels of meagre and sea
bass (P <0.05).

Keywords: Fish lipid, fatty acid, .Argyrosomus regins, Sparus aurata, Dicentrarchus labrax, Oncorhynchus
mykiss
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Yetistiricilik baliklari; yag miktari ve yag asidi bilegimi

GIRIS
Kiltiir baliklart gida ihtiyacimizt karsilamak icin
o6nemli bir yere sahiptir. Tuketici tercihlerinde
dogal baliklar ilk sirayr alsa da kdltir baliklart da
tiketim zincirindeki degeri azimsanmayacak
kadar buyiiktiir. Bunun en 6nemli sebeplerinden
biri dogal baliklarin avlanmalarinin dogaya bagl,
killtiir baliklarinin - hasadmin  ise iste§e bagh
olusudur. Buna ek olarak, dogal baliklar, kilttr
baliklarina  oranla  daha  yiksek {cretlere
satilmaktadir. Bu sebeplerden 6tiirti de kiltir
baliklart piyasada ticari 6neme sahiptir. Bu 6nem
kaltir baligr  yetistiriciligini  tesvik — etmistir.
Turkiye’nin balik yetistiriciligi alaninda ¢cok 6nemli
bir mesafe kat etmesinde bu olgunun 6nemli bir
payt vardir. Ornegin, Avrupa’da tiiketilen
baliklarin  ¢ok Onemli bir kismu Tirkiye’de
yetistirilen kiltir baliklaridir (Anonim 2014,
2015). Kultir balig yetistiriciliginde alaninda tlke
olarak ¢ok Onemli bir mesafe kat etmesinden
gorilmektedir. Bu basar1 Gzellikle Alabalik,
Levrek ve Cipura baliklarinda gérilmektedir
(TUIK, 2016).

Yaygin olarak yetistirilen kaltir balik tirlerine
yenilerinin eklenmesi icin deneme c¢alismalart
yapimaktadir. Muskar (halk arasinda sariagiz,
halili, grenyliz olarak da isimlendirilir) denemeye
alintp basarili sonu¢ alinan balik tiirlerinden
biridir. Muskar baligin kiiltiir baliklart igerisinde iyi
bir gelecek vaat eden balik tiirii oldugu pek ¢ok
calismada vurgulanmistr (Giogios vd., 2013;
Grigorakis vd., 2011; Monfort, 2010; Saavedra
vd., 2015; Sinanoglu vd., 2014; Toksen vd., 2007).
Arastirma sonuglart gostermektedir ki Muskar
tretimi hem Tirkiye’de hem de diinyada bagarilt
kiltir baliklart arasinda yer almaktadir (FAO,
2014; TUIK, 2016). Kiltir Muskar baligi
yetistiriciligi, Akdeniz’de Fransa ve Italya’da 90’lt
yillarin sonunda baglamistir (Monfort, 2010).
Turkiye’de Muskar baliginin kiltiire alinmast ise
2005 yilinda baglamistir (Toksen vd., 2007).
Zaman i¢inde bu baligin kiiltiire alinmast Akdeniz
tlkelerinden 1spanya, Misir, Portekiz, Yunanistan
ve Kibris’ta yayginlasmistir (Monfort, 2010). Hali
hazirda kultiire alinmis Muskar baligi Fransa icin
onemli kiltlir baligt tiirlerinden biridir (Mufioz-
Lechuga vd., 2018).

Genel anlamda baligin  saghk icin faydalt
oldugunun bilimsel olarak kabul gbrmesi pek ¢ok
calisma ile desteklenmistir. Bu konuda oldukca
cok yayin mevcuttur. Baligin faydali oldugu
gerceginin tilketiciler bakimindan onay gérmeye
baslamistir. Bu olumlu gelismeye ilaveten,
tlkemizde balik tiketimi istenilen dlzeyde
degildir. Ancak, balik tiketimi yontinde ge¢mise
nazaran 6nemli bir artts mevcuttur. Gunimuzde
balik marketlerde pek ¢ok farkls kiiltiir baligr tiirii
ile karsilasilmaktadir. Bu baliklar arasindaki bazt
biyokimyasal farkliliklar merak edilmekte ve bu
farkliligin bilinmesi tercih yapabilmek adina énem
tasimaktadir.

Bu calismanin amact balik marketlerden alinan
kiltir baliklarindan en ¢ok tercih edilen Alabalik,
Cipura, Levrek ve ek olarak Muskar baliklarinin;
et verimliliklerini, yag miktarlarini ve yag asitleri
kompozisyonlarini belitlemektir. Calisma kiltire
alinan ve c¢ok buyik bir ticari potansiyele sahip
oldugu distiniilen Muskar baligi hakkinda yeni
bilgiler sunarken hali hazirda uzun yillardir
piyasada var olan tg¢ kiltiir balik tiri hakkinda
bazi bilgiler vermektir.

Elde edilen veriler piyasadan temin edilen kilttr
baliklarinin ~ yag miktar1  ve yag asitleri
kompozisyonlart hakkinda tiiketici, tretici ve bu
konuda calismayr duistinen bilim insanlarina
kaynak olusturacaktir. Kisacasy, bu calisma
tikettigimiz kiltir baliklarinin et verimlilikleri,
yag miktart ve yag asitleri kompozisyonlar
hakkinda 6nemli bilgiler icermektedir.

MATERYAL VE YONTEM
Bu calismada kullandan Muskar (Argyrosomus
regins, Asso, 1801), Cipura [Sparus aurata

(Linnaeus,1758)], Levtek [Dicentrarchus labrax
(Linnaeus, 1758)] ve Alabalik (Oncorbynchus my#kiss)
Iskenderun’da bulunan balik marketlerden 2016
yilt Subat ayinda temin edilmistir. Satin alinan
baliklar soguk zincirde laboratuvara ulagtirilmistir.

Baliklarin et verimlerini belitlemek icin baliklar
fileto edilmistir. Elde edilen filetolardan deri
kistmlart  aynlmamustir.  Baliklarin  fileto
agithiklarinin - toplam agirhiklarina
oranlanmasi ile et verimi hesaplanmigtir.

viucut
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A. Ozyilmaz

Et verimi (%)= (fileto agirligt/tim viicut agithigy)
x100

Baliklarin yag igeriklerini belirlemede Hanson ve
Olley (1963) tarafindan modifiye edilen, Bligh ve
Dyer metodu (Hanson ve Olley, 1963)
kullanilmustir. Baligin dorsal bélgesinden 10 g
numune kloroform metanol (1:1, v/v) muamele
edilmis 10 dakika ve 3000 rpm'de santriftj
edilmistir. Elde edilen kloroform ve yag katmani
pipetlenerek agzi rodajli balonlara aktarilmis ve bu
karigimda bulunan kloroform rotary evaporator
buharlastirilmistir. Daha sonra numuneler 105
°C'de etiivde 30 dakika siire ile kurutularak yag
icerisinde kalmast muhtemel eser miktarda
kloroform ortamdan uzaklastirilmistir. Bu sekilde
elde edilen yaglardan yag asitleri metil esterleri
hazirlanmugtir.  Yag  asitleri metil esterleri
hazirlanmasinda  Ozyilmaz ve Palali (2014)
calismasinda tarif edildigi gibi yapilmistir.

Gaz kromatografisi sartlart: Yag asitleri HP 6890
GC cihaz1 ile HP- Innowax Polietilen Glycol
kolonu (60 m) kullanilarak belirlenmistir.
Enjektor ve dedektdr sicakliklari sirast ile 6nce
250 °Cfye sonra 270 °Cfye ayarlanmistir. Bu
esnada kolon sicakhigt 120 °C'de 3 dakika tutulup
dakikada 10 °C artss ile 180 °Cye ¢tkarilmis ve bu
sicaklikta 10 dakika tutulmustut.

Calisma sonucunda elde edilen veriler arasindaki
farkliliklarin degerlendirilmesinde varyans analizi
(ANOVA)  uygulanarak  Duncan  ¢oklu
karsilastirma testi uygulanmustir (SPSS, 22).

BULGULAR VE TARTISMA

Bu arastirmada kullanilan kultiir baliklarina ait
ortalama boy, agirlik, et verimi ve yag seviyeleri
Cizelge 1’de verilmistir. Calismada kullanidan
baliklardan et verimliligi en yliksek balik Alabalik
olarak beliflenmistir. Bunu Levrek ve Muskar
baliklar1 takip etmistir.

Gizelge 1. Kiiltiir baliklara ait ortalama boy (cm), agirlik (g), et verimi (%) ve yag miktart (%0)
Table 1. Average length (cm), weight (g), meat yield (%o) and fat content (%o) of cultured fish

Muskar Cipura Levrek Alabalik

Meagre Sea bream Sea bass Rainbow trout
Boy, Length 38.75%+1.322 28.14%+1.31> 32.7512.63be 36.6715.86¢
Agirlik, Weight 705.00£104.72¢  368.30£44.77°  367.62143.40<  1006.67%£146.40P
Et Verimi, Mear Yield 58.15%0.844 55.15%0.20b 63.8610.22¢ 66.23%0.714
Yag miktar1, Far Content 1.71£0.202 5.13£0.03> 3.21£0.69¢ 10.61%0.054

Ayt satirdaki farkli harfler istatistiksel olarak 6nemliligi belirtmektedir (P <0.05)
Different letters on the same row indicate statistical significance (P <0.05)

Calismada kullanilan kiltir baliklar;; Muskar,
Cipura, Levrek ve alabaliga ait ortalama yiizde yag
seviyeleri daha iyi bir karsilastirma yapabilmek
amact ile Sekil 1’de verilmistir. Baliklarin yag
seviyelerinin birbitlerinden olduke¢a farkli oldugu
ve bu farkliligin istatistiksel agcidan anlamlt oldugu
tespit edilmistir (P <0.05). Kultir baliklarinin yag
icerigini etkileyen pek ¢ok faktér mevcuttur.
Bunlardan bazilar1 baligin tird, cinsiyeti, yast,
Sekil 1 buraya yetlestirilebilir.

olusturulan ortam ve kullanilan ticari yem seklinde
siralanabilir. Kiltir baliklarinin sahip olduklart
yuzme alanlari dogal ortam ile karsilastirildiginda
oldukca sinirhdir. Kaltir baliklarin besin
teminleri ise dogal baliklardan daha fazladir. Bu
faktorler kultir baliklarinin  daha fazla yag
igerigine sahip olmalarina vesile olmaktadir.
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Sekil 1. Calismada kullanilan kiiltiir baliklar: yag miktart (%)
Figure 1. The amounts of fat level in cultured fish used in this study

Ackman’in  (1989) bildirdigine goére baliklar,
icerdikleri yag seviyeleri dikkate alindiginda yagsiz
(<%?2), az yagh (%2-4), orta yagl (%4-8) ve yagl
(>%8) olarak siniflandirilabilir. Bu ¢alismada
icerdikleri yag seviyeleri bakimindan Ackman’in
(1989)  simflandirilmast  dikkate  alinarak
degerlendirilirse; Muskar balig1 %2’den az, Levrek
balig1 %2-4 arahginda, Cipura %4-8 araliginda ve
Alabalik %8’den fazla yag icermektedir. Dolayist
ile baliklar sirasi ile yagsiz, az yagl, orta yagh ve
yagh olarak smiflandmilabilir.  Bu  sonuglar
gOsteriyor ki piyasada mevcut satisa sunulan
kiltir baliklari icerisinde yagsizdan yagliya kadar
genis bir yelpazede farklt yag icerigine sahip balik
bulmak mumkiindir. Pek ¢ok saglik kurulusu
haftada en az iki kez balik tiketiminin miimkinse
de yaglt balik tiiketiminin saglik acisindan faydah
oldugunu tavsiye etmektedir. Cesitli saghk
sebepleri ve farkli begeni kriterleri dikkate
alindiginda insanlarin bu konuda tercih yapabilme
sanslarinin olmasi tiketiciler acisindan oldukeca
olumlu bir durum olarak degerlendirilebilir.

Arastirmada kullanilan Muskar balig1 yag icerigi
Yunanistan'in =~ Kuzey  Evian  Kérfezi'nde
yetistiriciligi yapilan Muskar baliklar ile benzerlik

gostermektedir (Sinanoglu vd., 2014). Yapilan bu
calisma dahil olmak tizere daha 6nce rapor edilen
calismalarda kiltiire alinmis Muskar baligt % yag
miktart %0.73-%2.9 araliginda tespit edilmistir
(Giogios vd., 2013; Grigorakis vd., 2011;
Hernandez vd., 2009; Saavedra vd., 2015;
Sinanoglu vd., 2014). Kiltir baliklarinin sahip
olduklart yizme alanlari dogal ortam ile
karsilastirildiginda  oldukca  sturhidir.  Benzer
sekilde kiltiir baliklarinin besin teminleri de dogal
baliklardan daha fazladir. Bu faktorler kalttr
baliklarinin  daha fazla yag icerigine sahip
olmalarina vesile olmaktadir. Fakat bu sartlarda
bile Muskar baliginin yag iceriginde ¢ok fazla bir
artisa sebep olamamistir.

[laveten, FAO (2014) ve TUIK (2016) raporlarina
gore kiltiir baliklarinda Gretim miktarlart Sekil 2
ve 3’de verilmistit. Bu baliklardan Muskar
baligiin yillik dretimi diinyada ve Turkiye’de
strast ile 17770 (FAO, 2014) ve 2463 (TUIK,
2016) ton olarak hesaplanmistir. Bu veriler
Muskar baliginin  ticari degere sahip kiltar
baliklarr arasina girdigini géstermektedir.
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Sekil 2. FAO (2014) raporlarina gore kiilttr baliklarinda tGretim miktarlart
Figure 2. EAO (2014) reports that shows amount of cultured fish production
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Sekil 3. TUIK (2016) raporlarina gore kiiltiir baliklarinda iiretim miktarlart
Figure 3. TUIK (2016) reports that shows amonnt of cultured fish production

Diger taraftan, bu calismada kullamilan Cipura ve
Levrek baliklarinin yag icerikleri Ege Denizi’nde
yetistiriciligi ~ yaptlan  ve  Haziran-Temmuz
aylarinda hasat edilen (Erkan ve Ozden, 2007) ve
Eyliil ayinda hasat edilen (Ozden ve Erkan, 2008)
Cipura ve Levrek baliklarindan daha distk
bulunmustur. Bunun sebebi baliklar icin
kullanilan farkli ticari yem igerigi ve cevresel
kosullar olabilir.

Bu calismada kullanilan dort farklt kiltir baligt
icerisinde en ylksek yag icerigine sahip balik
gbkkusagt alabaligidir. Calismada elde edilen
gokkusagr alabaliginin % yag miktart ile ilgili
sonuglar dogal ve kiiltiir Alabaliklarindan (Oz ve
Dikel 2015), iki farklt biylime evrelerindeki kltir
Alabaliklarindan (Dobreva vd., 2017) ve dort
farkhh ortamda biyiyen (dogaya kacip orada
yetisen, golet, deniz ve baraj gélinde) kultir
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Alabaliklarindan  (Tasbozan vd., 2016) daha
yliksek bulunmustut.

Bu calisgma kapsaminda calisilan baliklarin yag
seviyeleri, baliklarin ayni bdlgede ve benzer
sartlarda yasamlarint  strdirmelerine ve aynt
zamanda hasat edilmelerine ragmen farkli yag
asidi  kompozisyonuna  sahip  olduklar
saptanmistir. Bu farkliigin sebebi farklt tarz
beslenme aliskanliklarina, ireme periyoduna ve
fizyolojik  Ozelliklerine  sahip  olmalarindan
kaynaklandig1 diistiniilmektedir.

Bu ¢alismada kullanilan kiltir baliklarinin toplam
doymus yag asitleri (SFA) degerleri Cizelge 2’de
verilmistir. En yitksek SFA degeri Levrekte en
dustiik SFA degeri ise Alabalikta tespit edilmistir.
Calisilan baliklarda SFA’den en ¢ok bulunan yag
asidi palmitik (C16:0) asit olmus bunu stearik asit
(C18:0) ve miristik asit (C14:0) takip etmistir.
Calismada kullanilan baliklarin C18:0 ve C14:0
degetlerinin kendi aralarindaki farklilik istatistiksel
olarak 6énemli bulunmustur. Ayrica C15:0°da aym
durum gézlemlenmistir.

Ayrica, incelenen baliklardan Muskar baligt yag
asitlerinde toplam doymus yag asitlerinden
palmitik asit, tekli doymamus yag asitlerinden oleik
asit ve ¢oklu doymamis yag asitlerinden linoleik
asit en yitksek yag asidi olmak tizere kendine 6zgii
tipik bir yag asidi modeli sergilemistir. Bu
calismada elde edilen bu bulgular daha 6nce rapor
edilen c¢alismalarla paralellik arz etmektedir
(Grigorakis  vd., 2011; Giogios vd., 2013;
Hernandez vd., 2009; Saavedra vd., 2015).

Calismada arastirilan baliklardan Cipura ve Levrek
baliklarinin toplam doymus yag asitleri Ege
Denizi’nde yetistiriciligi yapilan ve Eyldl ayinda
hasat edilen Cipura ve Levrek baliklarinin toplam
doymus yag asitleri (Ozden ve Erkan 2008) daha
yiksek bulunmustur. Bunun nedeni kiltir
baliklarina sunulan cevresel kosullarin (kullanilan
kafes alani, bu alana stoklanan balitk miktari,
yemleme teknikleri, vs,) ve kullanilan ticari yem
igeriginden kaynaklanmus olabilir.

Bu calismada incelenen Alabalik doymus yag
asitleri (%29.10) Varna’da (Bulgaristan) bir balik

marketten 2015 yii Mart ayinda satin alinan ve
agirhigr 300-400gr (%32) ve 700-900 gr (%27)
arasinda degisen iki farkli grup alabaligin kas
etlerine ait toplam doymus yag asitleri ile uyumlu
bulunmustur (Dobreva vd., 2017). Ayni calismada
elde edilen bu farkll iki grup bahgmn kaslarinda
bulunan palmitik asit, stearik asit ve miristik asit
degerleri bu ¢alismada incelenen Alabalik kasinda
bulunanlardan daha disuk bulunmustut.

Tekli doymamis yag asitlerinden (MUFA) oleik
asit (C18:1n9) en yiksek Alabalikta izlenmistir.
Arastirmada  kullandlan  kaltir  baliklarindan
Muskar, Cipura, Levrek ve Alabaliklarin ortalama
MUFA degerleri strast ile %21, %31, %26 ve%306
olarak belirlenmistir. Baliklarin hepsinde oleik asit
miktart temel yag asidi olarak belirlenmistir.
Baliklarin  oleik asit miktarlar1 birbirlerinden
farkliliklar g6stermistir. Bu farkliliklar Muskar ve
Levrek (P >0.05) baliklarinda istatistiksel olarak
6nemsiz bulunurken, ¢ipura ve alabalik baliklart
arasinda istatistiksel olarak 6nemli bulunmustur

(P <0.05).

Muskar baligint MUFA’den ortalama oleik asit
miktari, yetistiriciligi yapilan ortalama 830 gr ve
1600 gr agihigindaki Muskar baliklarindan
(Giogios vd., 2013), ortalama 1278 gr agirligindaki
Muskar baliklarindan  (Grigorakis vd., 2011),
ortalama 800 gr agithgindaki Muskar baliklarindan
(Saavedra vd., 2015), dogal ortamdan yakalanmis
ve kaltire alnmig  Muskar baliklarindan
(Sinanoglu vd., 2014) daha distik bulunmustur.
Bunun sebebi baliklarin cografik olarak farkl
sartlara sahip olmasi, kullanilan balik yeminin
farkli olmasi ve kafeslerde balik yogunluk miktari
ve balik agirhiklarinin farkli olmasindan kaynakls
sebeplerden olabilir.

Uzerinde calistlan  baliklardan ~ Alabalik  tekli
doymamis yag asitlerinden oleik asit %024.90
olarak tespit edilmistir. Bu calisgmada bulunan bu
bulgu 700-900 gr arasinda degisen Alabalik kas
etlerine ait ortalama oleik asit miktarindan
(%14.54) daha yiuksek bulunmustur (Dobreva
vd., 2017). Aynt sekilde bu calismada elde edilen
Alabalik ortalama toplam MUFA igerigi de bahsi
gecen ¢alismadan yuksek bulunmustur (Dobreva
vd., 2017).
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Cizelge 2. Bu calismada kullanilan kiltiir baliklarinin yag asitleri kompozisyonu (%)
Table 2. Fatty acid composition of cultured fish used in this study (%)

Balik ttrleri

Yag Asitleri Fish Species
Fatty acids Muskar Cipura Levrek Alabalik

Meagre Sea bream Sea bass Rainbow trout
C14:0 2.00£0.002 4.7710.200 5.30£0.05¢ 3.63%0.184
C15:0 0.5720.01a 0.2240.01> 1.26£0.01¢ 0.3910.014
C16:0 25.1010.322 20.45+1.11> 23.4010.312 18.58£0.30¢
C17:0 0.60£0.01a 0.6210.022 0.5810.002 0.3710.01>
C18:0 7.8020.082 4.7010.03b 8.61%0.11¢ 5.61£0.084
C20:0 0.36£0.03# 0.40£0.01= 0.84+0.01> 0.35£0.05#
> SFA 36.42 31.38 40.40 29.10
C15:1 0.57£0.01» 0.79+0.01>
C16:1n9 0.41£0.01» 0.72+0.03> 0.75+0.01> 0.55£0.01¢
C16:1n7 2.29+0.109 5.79%0.15b 7.2410.08¢ 4.93£0.094
C17:1 0.39£0.01» 0.43%0.01> 0.40%0.02be 0.24£0.00¢
C18:1n9 14.39£0.012 19.02£1.05b 15.15£0.02» 24.90%0.08¢
C18:1n7 1.8210.052 2.3510.06> 2.8110.08¢ 2.78%0.01¢
C20:1n9 0.84%0.022 1.30£0.12b 0.2310.01¢ 2.50%0.004
C22:1n9 0.46%0.06 0.8710.05 0.73+0.06
>MUFA 21.15 31.25 26.56 36.62
C16:2n4 0.39£0.01» 0.19£0.01> 0.2410.01¢ 0.26£0.01¢
C18:2n6 18.49£0.062 15.61£0.75b 1.68£0.04¢ 13.41£0.184
C18:3n6 0.47£0.13« 0.10£0.12b 0.30£0.06+> 0.1910.04>
C20:2n6 0.26+0.0120 0.1620.02> 0.34%0.11> 0.2010.004
C20:4n6 1.09£0.07» 0.70£0.04> 1.28£0.02¢ 1.48£0.014
C22:4n6 0.3420.00 0.27£0.04 0.2240.00
C22:5n6 0.69%0.03# 0.37£0.03> 0.87%0.01¢ 0.21£0.044
n6 21.34 17.19 4.46 15.71
C18:3n3 1.74%0.082 2.4410.04> 0.95%0.03¢ 3.29£0.024
C20:5n3 2.50%0.022 2.87+0.11> 5.34%0.06¢ 1.93+0.114
C22:5n3 0.88%0.072 1.48%0.07b 1.88£0.03¢ 1.03£0.062
C22:6n3 13.9610.082 8.27£0.64b 13.27£0.08» 5.69£0.21¢
n3 19.07 15.05 21.44 11.94
> PUFA 40.79 32.43 26.13 27.90
EPA/DHA 0.18 0.35 0.41 0.34
DHA/EPA 5.59 2.89 2.49 2.95
n3/n6 0.90 0.88 4.81 0.76
n6/n3 1.12 1.15 0.21 1.32
PUFA/SFA 1.12 1.04 0.65 0.96

Ayni satirdaki farkli harfler istatistiksel olarak 6nemliligi belirtmektedir (P <0.05)

Different letters on the same row indicate statistical significance (P <0.05)
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Calisilan  baliklarin - hepsi  dikkate alindiginda,
¢oklu doymamis yag asitlerinden (PUFA) linoleik
asit (LA, C18:2n6) ve dokosaheksaenoik asidin
(DHA, C22:6 n-3) yiiksek seviyelerde oldugu bu
iki yag asidini de genelde, eikosapentaenoik asit
(EPA, C20:5 n-3) ve arasidonik asit (ARA,
C20:4n6), a-linolenik asit (ALA, 18:3n-3) ve
dokozapentanoik asidin (DPA, 22:5 n-3) daha
dustik seviyelerde takip ettigi gorillmektedir. Bahsi
gecen bu yag asitlerinden dikkati ¢eken LA’in
yiksek seviyelerde olmasidir. Tlaveten bu yag
asitlerinin dagilimt her balik i¢cin farkli olmustur.
Genel olarak Levrek baligi hari¢ en yiksek
PUFA’nin LA oldugu bunu DHA’nin takip ettigi
belirlenmistir. Bu dagilim yiiksekten diistige dogru
Muskar  balginda ~ LA>DHA>EPA>ARA,
Cipura  baliginda LA>DAHA>EPA>ALA,
Levrek baliginda DHA>EPA>DPA>ARA ve
son olarak Alabalikta ise LA>DHA>ALA>EPA
seklinde siralanmustir.

Daha o6nce rapor edilen bazi ¢alismalar
[Akdeniz’de bulunan bako baligi (Ozyilmaz vd.,
2017) pasa ve nil barbunu (Oksiiz vd., 2011),
tavsan ve carpan baliklart  (Oksiiz vd., 2010 ),
Karadeniz ve Akdeniz hamsisi, (Oksiiz vd., 2009),
Munzur Cay’inda bulunan kahverengi Alabalik
(Kayim vd., 2011), Atatirk barajinda yasayan
havuz balig1, ot sazant ve karaca baligt (Ozyilmaz
ve Palali, 2004)] dogal ortamdan elde edilen
baliklarin PUFA degetleri icerisinde en yiiksek yag
asidinin DHA oldugu gorilmektedir. Bu
calismada ise Levrek baligi hari¢ tim baliklarin
PUFA miktarlarinin temel yag asidi LA olmustur.
Bu deger kiiltiir baliklarini dogal baliklardan ayiran
bir fark olabilit.

Kiltiir baliklarinda LA’in  ylksek seviyelerde
olmast yem maddelerine katilan bitkisel kaynakli
yaglardan ileri geliyor olabilir. Ciinkii LA genelde
bitkisel kaynaklt yaglarda cok¢a bulundugu daha
onceki ¢alismalarda rapor edilmistit (Chu ve
Hwang, 2002). Bu calismada Levrek baligr hari¢
tim baliklarin LA seviyeleri yiiksek bulunmustur.
Bu calismada elde edilen bu LA seviyesi ile ilgili
elde edilen bu bulgular daha énce rapor edilen
kiltir baliklariin LA seviyeleri ile uyumluluk
gostermektedir (Dobreva vd., 2017; Giogios vd.,
2013; Grigorakis vd., 2011; Hatlioglu vd., 2016;

Hernandez vd., 2009; Ozden ve Erkan 2008;
Saavedra vd., 2015; Sinanoglu vd., 2014).

Bu calismada kullanilan Alabalik icin elde edilen
otalama toplam PUFA degeri (%27.90) ve
PUFA’larin genel dagilimi daha 6nce rapor edilen
300-400 gr arasinda degisen Alabalik kas etleri ve
aynt calismada kullamilan 700-900 gr arasinda
degisen Alabalik kas etlerine ait degerlerden
farklilik géstermistir (Dobreva vd., 2017).

Calismada kullanian kultir baliklarinin ortalama
coklu doymamis yag asitleri %711.94-21.44
araliginda degisim gostermistir. Muskar, Cipura ve
Alabalik icin temel yag asidi LA iken Levrek
baliginda bu DHA olmustur. Ilaveten Levrek
baligt hari¢ baliklarin omega 6 degerleri omega 3
degerlerinden  daha  yuksek  bulunmustur.
Baliklarin  omega 6 serisinden LA degerleri
birbirlerinden farklilik géstermistir ve bu farklidik
istatistiksel olarak anlamli bulunmustur (P <0.05).
Diger taraftan baliklarin icerdigi toplam omega 3
degerleri icerisinde en yliksek yag asidi Levrek
baligindaki DHA igerigi olmustur.

Bu calismada incelenen baliklarin toplam omega
6’nin omega3’e (n6/n3) orant 0.21-1.32 araliginda
hesaplanmustir. 1ngiltere Saghk Departmant’nin
bildirdigine gbre balik yaglarinda tavsiye edilen
maksimum n6/n3 orant en fazla 4.0 olmalidir
(HMSO, 1994 atif edildigi yer Ozogul vd., 2008).
Tavsiye edilen bu degerlerden daha yiiksek
degerlerin saglik icin bazi olumsuz durumlara
neden olabilecegi vurgulanmaktadir. Bu calismada
arastirilan tim baliklarin n6/n3 oranlart bahsi
gecen 4 degerinden ¢ok daha distiik bulunmustur.
Dolayist ile caligilan tiim baliklar tavsiye edilen
degerler araliginda tespit edilmistir.

Incelenen baliklarin PUFA/SFA oranlart 0.65-
1.12 arahginda degisim g0Ostermistir. Ozogul
vd.’nin (2008) belirttiklerine gére, balik yag
asitlerinin minimum PUFA/SFA oraninin degeri
0.45 (HMSO, 1994) olmas: tavsiye edilmektedir
(Ozogul vd., 2008). Bu calismada incelenen tim
baliklatin  PUFA/SFA  oranlari tavsiye edilen
minimum degerin tizerinde tespit edilmistir.
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SONUC

Sonug olarak, arastirmada kullanilan yetistiriciligi
yapilan baliklarin farkli yag miktarina, et verimi ve
yag asitlerine sahip olduklart bulunmustur. Bu
makalede bahsi gegen bilgiler bizlere Tirkiye’de
satin almak istedigimiz yetistiriciligi yapilan balik
cesitliligi ve besin icerigi hakkinda detayl bilgi
saglamaktadir. Bahsi gecen bu bilgiler, ilk olarak,
tiketicilere tiiketmek istedikleri baliklar hakkinda
segim imkan1 saglamaktadir. Tlaveten, balik isleme
alaninda faaliyet gbsteren firmalara nasil bir isleme
secmeleri konusunda fikir sunarken bu konuda
calismak isteyen bilim insanlarina literatlr
olusturabilecek bilgi saglamaktadir.
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ABSTRACT

This study aimed to investigate the changes of some physicochemical and sensory quality of ready-to-eat
Amasya apples coated with chitosan and stevia combinations. Cube-shaped apples divided into three sample
groups: i- Control (C, without coating); ii- Chitosan (CH, dipped into film mixture consisting of 0.75%
chitosan, 1.5% glycerol, 2% ascorbic acid); iii- Chitosan-stevia (CHS, same CH film additionally contains
2.5% stevia extract). Some physicochemical and sensory analyzes were performed. Film coatings decreased
respiration rate, increased titration acidity but no weight loss was observed in all samples. CH and CHS
increased fruit hardness value at the beginning of storage, but in other days, statistically difference wasn’t
observed between samples (P >0.05). At the end of storage, a decrease was seen in L* values; but an increase
was seen in a* and b* values of samples (P <0.05). In addition, CHS samples wasn’t approved due to

herbaceous smell and taste of stevia.
Keywords: Apple, chitosan, edible film, shelf life, stevia.

BAZI YENILEBILIR KAPLAMA UYGULAMALARININ YEMEYE HAZIR
AMASYA ELMASININ KALITESINE ETKILERI

oz

Bu calismada, kitosan ve kitosanin stevia iceren kombinasyonlart ile kaplanmis yemeye hazir Amasya
elmalarinda olusan bazi fizikokimyasal ve duyusal degisimlerin incelenmesi amaclanmistir. Kip
dogranan elma Srnekleri Gi¢ gruba ayrilmistir: i- Kontrol (C, kaplanmamius); ii- Kitosan (CH, %0.75
kitosan, %1.5 gliserol, %2 askorbik asit iceren filme daldirilmistir); iii- Kitosan-stevia (CHS, %2.5
stevia ekstrakti iceren aynt CH filmi kullanilmistir). Bazi fizikokimyasal ve duyusal analizler
yuriitilmustir. Film kaplamalar solunum hizint azaltmus, titrasyon asitligini arttirmis, ancak
orneklerde agirlik kaybi gézlenmemistir. CH ve CHS, depolama baslangicinda meyve sertlik degerini
arttirmis, ancak diger giinlerde 6rnekler arasinda istatistiksel olarak anlamli bir fark bulunmamistir (P
>0.05). Depolama sonunda, L* degerlerinde bir azalma gorilmis; ancak 6rneklerin a* ve b*
degerlerinde bir artis gérilmistiir (P =0.05). Ayrica, otsu kokusu ve stevia tad1 nedeniyle CHS 6rnegi
kabul g6rmemistir.

Anahtar kelimeler: Elma, kitosan, yenilebilir film raf 6mri, stevia.

* Corresponding author / Yazismalardan sorumlu yazar;
D4 seyda.karagoz@gop.edu.tr, © (+90) 356 317 5078-6257, = (+90) 356 317 5079
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INTRODUCTION

As it stated in the report of the World Health
Organization and specific dietary guidelines of
Turkey; it is recommended to consume at least
five portions of fruit and vegetables per day for
control of body weight and adequate and
balanced  nutrition.  According to  this
recommendation, consumption of fruits and
vegetables in country is inadequate
(Anonymous, 2015). For this reason, it has been
observed that edible films and coatings have been
studied especially for slicing and selling fruits and
vegetables in recent years. Edible coatings are
packages that surround food externally and can be
consumed with food. They can be obtained from
proteins, lipids and polysaccharides (Chiabrando
et al, 2016). One of the polysaccharide based
edible film/coating is chitosan. It is obtained by
deacetylation of chitin (Tastan and Baysal, 2013).
This biopolymer can also be the carrier of many
materials such as antioxidants, antimicrobials, etc.
Thus, the efficiency of chitosan can be increased.
The use of edible films with modified atmosphere
packaging (MAP) is indicated in studies. By MAP
application, the O concentration in the package
is limited and the respiration rate of the product
is controlled and accordingly the shelf life of the
product can be extended (Farber et al., 2003;
Miiftioglu, 2010).

our

Stevia  rebaudiana plant originating in South
America, which is known for its sweetening
properties and also has antioxidant and
antimicrobial properties, has recently been on the
agenda (Gantait et al., 2015; Barba et al., 2015).
The dry extract of Stevia rebandiana leaves contains
phenolic compounds, flavonoids and other
antioxidant compounds. However, there are few
studies on the antioxidant activity of stevia
extracts (Criado et al., 2015).

In this study, it was aimed to investigate the
changes of some physicochemical and sensory
quality of ready-to-eat Amasya apples coated with
chitosan and stevia combinations under passive-
MAP (polypropylene-PP, 30um) storage at +1 °C
for 3 days.

MATERIALS AND METHODS

Materials

‘Amasya’ variety apples were purchased from a
local wholesale distributor (Tokat, Turkey) in
October (2017) and stored at +112 °C untl
processing. For film formulations, high density
chitosan (>400 m Pa.s, 1% acetic acid (AS),
Sigma) and dried stevia leaves (from a local
herbalist) were used. In addition, glycerol (Sigma-
Aldrich, Germany) was added as plasticizer and
ascorbic acid (1.65 g / em?, E300, Tito, China)
was added as an antioxidant agent. In the MAP
phase, polypropylene (PP-30 um) packaging
materials (20x30 cm?, by Packtech, impulse sealer
FS 400 for PP/PE) were brought to the
appropriate sizes with a heat sealer.

Chitosan film formulation: For chitosan film
production, 0.75% (w/v) chitosan was dissolved
in 1% (v/v) acetic acid (Sigma-Aldrich,
Germany). Then 1.5% (v/v) glycerol was added
to the film as the plasticizer. In addition, 2%
ascorbic acid was added to enrich antioxidant
properties. The film formulation was
homogenized at 40 °C for one hour and then
subjected to degassing for 30 min (Duran, 2013)
by an ultrasonic bath (Elmasonic S 100 (H), Elma,
Germany). Dried Stevia rebandiana leaves were
added to pure water at 100 °C and left for 30 min
(8.33 g stevia/100 ml). This extract was added to
the chitosan film formulation as it will be a final
concentration of 2.5%. This ratio showed the
best antimicrobial activity in previous studies
(Carbonell-Capella et al., 2015).

Application of Edible Films to Apple Slices:
The apples were washed with tap water, dried, the
core houses removed and cut shelly into cube-
shape (1.8x1.8x1.8 cm3, with laboratory knife).
The sliced apples were dipped in the edible films
for 30 min by dipping method. The coated apples
with film was filtered for 20 min and then dried
for 60 min in drying oven (Memmert 100-800,
Schwabach, Germany, at room temperature).
Coated and uncoated samples were stored in PP
packaging  materials under  passive-MAP
conditions at +1£2 °C (at the beginning gas
composition: 21% Oz, 0.03% CO: and other
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gases) for 3 days (Capri, CSS 501, 1.38 m3 *2,
Turkey, 80-90% relative humidity).

Respiration rate: All samples were stored in jars
at +1£2 °C and gas measurements were made by
using Gaspace2 (England) gas analyzer. For each
measurement 1 kg sample was used, and at the
end of 24 h, the O2% and CO>% concentrations
were determined and this concentrations were
used for calculation of respiration rates. Detailed
information is provided by Demirdéven (2003).

Titration acidity: 15 g apple sample pulped with
Ultraturax and placed in a 150 ml erlenmeyer and
topped with hot water and kept for 2 hours,
filtered. The titration acidity of prepared sample
was calculated as “%” malic acid (g/100 fruit)
considering the dilution factor (Stevens et al.,
1979).

Weight loss: It was expressed as “%” by
weighing at the beginning and at the end of shelf
life of the apples (Tokatli, 2016).

Texture value: The maximum force required to
drill 10 mm of the apples from the vertical
dimension was determined by measuring in
Newtons. In the measurement, Zwick Z 0.5
Tester (USA) with 10 mm diameter stainless steel
head was used (Anonymous, 2002).

Color: Color of the apples were measured on the
fruit skin free surface with Minolta color meter
(Chroma meter, CR-300, Japan). First it was
calibrated on a standard plate of white and black;
L* (brightness), a* (red, green), b* (yellow, blue),
then values were determined at three different
points on the apple using Hunter color
measurement parameters (Anonymous, 1991).
AE, AC and Hue angle values were calculated
using L*, a* and b* values, as follows (calculations
were made with reference of the L* a* and b*
values of Ot day of the control sample):

AE= [(LALaf*P + (a*an*P +(b* by P2 (1)
AC= [t af P + (b1 2

Hue angle= tan" (b*/ a*) 3)

Sensory analysis: The samples were evaluated in
terms of sweetness, sourness, apple flavor,
brittleness, hardness and general acceptability.
Sensory analysis was performed by 9 panelists
using a graph scale of 0-5 points for each feature.
The sections marked by the panelist are based on
their average values in the scale (Altug and
Elmaci, 2005).

Statistical analysis: Statistical evaluations were
carried out using the SPSS 16 packet program.
Differences in practice were assessed according to
the "One-Way Anova for Repeated Measures"
analysis for the related samples. The mean values
were compared with the "Tukey" multiple
comparison test at 95% confidence level (Tokatl,
2016).

RESULTS AND DISCUSSION

Respiration rate: O, consumption was highest
in the CH coated samples (P <0.05) among the C
and CHS coatings and CO, production was
highest in C samples (P < 0.05). According to the
interaction between respiration rates and shelf
life of fruits and vegetables, the storage life is
shortened when the respiration rate of a product
increases (Cemeroglu et al., 2001). However,
edible coatings reduce the respiration rate by
providing a semi-permeable structure against the
motion of oxygen, carbondioxyde, moisture and
solid materials (Baldwin et al., 1995; Perez-Gago
et al., 2010; Oz and Siifer, 2012).

As seen in Figure 1, the film coating slowed down
the respiration rate. In a related study, the
respiration rate of sponge pumpkin samples
treated with 0.5% and 1% chitosan stored at 25
°C for 10 days were detected as 65.43 mg COz kg
s in the control samples, 48.66 mg CO2 kg s
in coated with 0.5% chitosan and 41.37 mg CO,
kg s in 1% chitosan-coated samples (Han et al.,
2014; Tokatli, 2016). Petriccione et al., (2015)
found that the respiration rate of cherries coated
with chitosan (0.5% chitosan) at 24 °C is lower
than the control sample. In this study the
minimum Oz consumption value of C, CH and
CHS samples was seen in the sample of CHS with
19.75 ml/kg.s (24 h).
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Figure 1. O,-COx respiration rates (ml/kg.s(24h)) of C (Control), CH (Chitosan), CHS (Chitosan-
Stevia) samples in MAP

Titration acidity: The titration acidity values of
all samples were decreased at the end of storage.
This was not significant in the control sample (P
>0.05) but it was significant in the CH and CHS
samples (P =0.05) (Figure 2). Saracoglu (2007)
also stated that during the storage of apples,
titratable acidity is decreased in contrast to pH
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=CH 0,295
CHS 0,291
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value. Sumnu and Bayindirh (1995) stated that the
malic acid value of Amasya apple in postharvest
was determined as 3.24 g / kg, and showed a
significant decrease after one week of harvest.
This is expressed by the consumption of organic
acids as a substrate during respiration.

Figure 2. Titration acidity (%) values of C (Control), CH (Chitosan) and CHS (Chitosan-Stevia)
samples
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Titration acidity values from day 0 to day 1
showed a higher decrease compared to other days.
However, the titration acidity of the CH and CHS
samples showed a decrease at the end of storage.
This is thought to be due to the degradation of
ascorbic acid that available in edible film
formulations. For this reason, the titratable acidity
of the film-coated samples decreased more than
the C samples. It is supported by the fact that
despite the respiration of the C sample is rapid,
the decrease in titratable acidity at the end of
storage is not significant. Gardesh et al. (2016)
reported that the titration acidity of nanochitosan-
coated samples was slightly slower than control
fruits during storage period, and this was due to
the slow respiration of the coated samples. They
also indicated that the titration acidity values of
the coated samples were significantly higher than
the values of the control samples.

The difference between the titration acidity values
of the CH and CHS samples and the control
samples was found to be statistically significant (P
<0.05). It is thought that dissolution of CH in 1%
acetic acid and the addition of ascorbic acid into
the film formulations composed this difference.
However, there is no statistical difference
between CH and CHS samples (P >0.05). El
Ghaouth et al., (1991) was determined that the
titration acidity of strawberries coated with 1%
and 1.5% chitosan and stored at 4 °C was higher
during the storage period.

Weight loss: The weight of fruits and vegetables
was reduced due to the on-going respiration after
harvest and the water loss. These reductions in
the weight of the products cause huge damages to
the economy during the shelf life. For this reason,
the shelf life determined for fruits and vegetables
is important. Since the storage time is as short as
3 days, the weights of the apple slices coated with
CH and CHS film were not changed. In other
wotds, it was determined under the critical limit
of 4-6% (Kays, 1991).

Hardness value: In CH coated samples, a
decrease in the fruit hardness value was detected
at the end of storage (P =0.05) (Figure 3). In
addition, at the end of storage, the values of fruit
hardness of the CHS and C samples did not show
any statistically significant differences (P >0.05).
The respiration increased the softening. Even
though the CH sample has lower respiration rate
than C sample, it was determined that of the CH
sample showed more softening. Ponting et al.
(1971) reported that the softening observed in
fresh apples may result from pectic acid passing
through the acid hydrolysis process. In addition,
the respiration rate also reduces the hardness
(Kartal, 2010). However, the oxygen in the
ambiance increases the activities of pectolytic
enzymes and causes softening in hardness
(Cemeroglu et al., 2001).

CH and CHS coating increased fruit hardness in
comparison with control samples after coating (P
<0.05). Xiao et al., (2011) have stated that the
hardnesses formed may be affected by other
factors, and that, when evaluating the results, it is
not true to say that the application of chitosan
coating protects the fresh-cut fruit hardness.
Thus; the obtained data showed that the fruit
hardness value of 3.08 on the chitosan decreased
to 2.13 on the next day and gave almost the same
value as the control sample. It is thought that this
increase in the beginning of storage may be due to
the resistance developed after the drying of the
chitosan. In a study on papaya, it was detected
that the hardness loss of chitosan coating was
decreased and the hardness value increased due to
the increase of chitosan concentration (Ali et al.,
2011). Qi et al., (2011) reported that softening of
chitosan coating was retarded and hardness loss
was minimized. As seen in this study, chitosan
increased the hardness value of fruit at the
beginning of storage but on other days there was
no statistically difference among the control

sample (P>0.05).
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Figure 3. Hardness values of C (Control), CH (Chitosan) and CHS (Chitosan-Stevia) samples

Color values: Browning of fresh cut apples are
mainly indicated by a decrease in the brightness of
the fruit hardness (L* value) and an increase in the
a* (redness) value which means a dectrease in the
hue angle value (Soliva-Fortuny et al., 2001). In
this direction, according to the results, a decrease
in L* value of fruit and an increase in fruit a* and
b* value of C, CH and CHS samples were seen at
the end of storage period (P <0.05) (Figure 4). In
addition, the most significant decrease in fruit L*
values and the most significant increase in fruit a*
and b* values in all samples were seen between 0t
and 15t day. However, it is clear that L*, a* and b*
values of the CHS coated samples were different
from the other samples. It is thought that this
difference due to the fact that the film
formulation has different L*, a* and b* values.

At the beginning of storage, the lowest fruit a*
and L* values and the highest fruit b* values were
observed in the CHS coated samples, and the

difference between C sample was statistically
significant (P <0.05). At the end of the storage,
the L* value of C sample is higher than other
samples.

On the other hand, it was stated that in rose
apples the chitosan coating decreased the L* value
and caused the fruit to become a little darker.
However, because of chitosan application can
reduce the respiration rate and ethylene
production, a decrease in color change may
occured (Ali et al., 2011). Qi et al. (2011) reported
that a decrease in L* and an increase in the value
of a* occurred due to the enzymatic browning
during storage of the apple slices. Compared to
the control samples, the apples coated with
chitosan were discovered to exhibit almost stable
L* and a* values at 20 °C for 24 houts, and they
indicated that chitosan inhibited browning in
apple pieces, and that ascorbic acid and citric acid
effectively increased anti-browning activity.
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Table 1. AE, AC and Huee values of C (Control), CH (Chitosan) and CHS (Chitosan- Stevia) samples

Storage time (day)

Samples 0 1
AE AC Huee AE AC Huee

C 0.00+0a4 0.00£02A 8296124 21.6413bA 19.7+1bA 83.821 124
CH 1.394028 1.21+028 85.56%2:A  3552+4bB 28101108 75.23+4b8
CHS 8.48+0aC 5.67£0aC 82.62+0:A  41.0842bB  30.14+3bB  (69.93+10bB

2 3
C 21.64+64  19.91£564  83.30+7124  25.66E5bA  21.67+2bA 83.30%34
CH 38.82%4bB  27.92+1bB  70.92+6B  41.63+£1PB 28.27+1bB 70.32£3bB
CHS 42.4542b8 25431458 56.79+0C  41.3642PB  26.7115bB 67.101658

n = 4, (+ standard deviation), » >~ <0.05 represent the differences in the same column, 4B ¢ <0.05, respectively,

on the same line.
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Findings of changes in fruit AE, AC, hue angle
values were seen in Table 1. When the fruit AE
and AC values of C, CH and CHS samples were
examined, an increase was observed in all samples
(P =0.05). At the storage end AE and AC values
of all samples, it was seen that the film-coated
samples show higher values than the C sample (P
=0.05). In addition, during the storage period the
largest color change was seen between the O and
1st days. During the storage period of the CH and
CHS coated samples, the fruit hue angle values
decreased per day (P <0.05). However, in the C
sample, the difference is not statistically
significant (P >0.05). At the beginning of storage
there was no statistically significant difference
between the hue angle values of the film-coated
and control samples (P >0.05), but there was a
statistically significant difference between the
storage end values (P <0.05). The storage end hue
angle values of film coated samples were lower

than control sample. There is no statistical
difference between storage end values of CH and
CHS coated samples (P >0.05). Sanchez et al.
(2015) reported that the decrease in hue angle
showed a similar tendency in all treatments, and
after 10 days, they observed only a slight
difference between control and chitosan coated
pear slices. In addition, similar effects of chitosan
were observed in color preservation of fresh cut
fruits such as strawberry, papaya, peach, pear, kiwi
and mango (Du et al., 1997; Chien et al., 2007;
Campaniello et al., 2008; Gonzalez-Aguilar et al.,
2008).

Sensory analysis results: Sensory evaluation
results of film-coated and uncoated samples at the
beginning of storage are given in Table 2. Sensory
analysis was not performed on the other days of
storage due to deterioration of sensory quality.

Table 2. Sensory analysis values of C (Control), CH (Chitosan), and CHS (Chitosan-Stevia) samples
starting from storage (0-5p)

Samples Sweetness  Sourness =~ Aroma  Brittleness  Hardness  Acceptability
C 4.8%0.45  04x0.74 47205¢  4.1%0.38 3.31£0.84 4.8%0.48
CH 3.4£0.54 2.3%1B 3.8+1B 4£0.74 3.4£0.74 3.8+1B
CHS 3.0£0.74  2.6£0.98  22+0.5%  3.6+0.74 3.1£0.74 1.9£0.84

*n =9, (£ standard deviation), A, B, C <0.05 represent the differences in the same column respectively.

In general, CH and CHS coated apples tasted by
the panelists are found to be sour due to acetic
acid and ascorbic acid that present in the film. So,
the degree of sweetness is thought to be lower
than the control sample. The sourish taste is more
significant. For this reason, although it is not look
like the control samples taste, it is accepted and
liked by the sour apple lovers. However, panelists
stated that samples are similar with the control
samples in terms of hardness and brittleness. CHS
coated apples have not much acceptable by the
panelists. This is because of herbaceous smell and
harsh taste of stevia. Stevia suppressed the flavor
of the apple and affected its flavor. However, in
terms of other characteristics, they stated that
they are similar to chitosan coated sample.

South American origin stevia plant extracts have
been used for years in many countries including
Japan, China, Korea and Brazil as a calorie-free,
natural ~ sweetener  (especially  sweetening
traditional drinks) (Inan¢ and Cinar, 2009).
However, evaluations of the sweetness ratio were
differing by the idea that stevia-containing
coatings were sweeter. Because of the harsh and
sour taste of stevia negative evaluation were made
by the panelists in terms of sweetness. However,
the control sample was selected as the sweetest
sample with 4.8p. The smell of stevia and harsh
taste also affected the aroma of apples.

CONCLUSION

Film coating slowed down the respiration rate and
stevia was effective on respiration rate. It is
effective in prolonging the shelf life of a product.
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So, this effect of film coating should be
considered. However, the acetic acid and ascorbic
acid in the film coating increased the titration
acidity. This acidity has also been shown in
sensory analysis and perceived as sour by
panelists. This may seem negative for Amasya
apple, but acceptable for sour apple varieties.
There is no weight loss was observed in all
samples is one of the important result. Because
weight loss is associated with respiration and
moisture loss and it will reduce economic losses
to minimum. This is an indication that the storage
period has been correctly selected. However, fruit
hardness is important for consumer to prefer the
fruits, especially as apple. CH and CHS increased
fruit hardness value at the beginning of storage
but in other days, no statistically difference was
observed between coated and control samples (P
>(.05). But chitosan did not increase the fruit
hardness in other days and it protected the
hardness. Fruit color changed with enzymatic
browning in a very short time in the control
samples. However, enzymatic browning occurred
in film-coated products after 6-9 hours. This
period can be extended by complementary
studies. At the end of storage period, a decrease
was observed in the fruit L* value of C, CH and
CHS samples; and an increase in a* and b* values
(P =0.05). The fruit L*, a* and b* values of the
CHS coated samples were different from the
other samples (P <0.05). This is due to specific
color of stevia. In addition, this property has
negative effect on sensorial quality. Other
negative effect is herbaceous taste and smell of
stevia. For this reason, these negative features of
stevia can be eliminated with further studies. And
in order to extend the shelf life of the film coating,
auxiliary agents can be added or the active-MAP
can be applied on the coated apples.
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ABSTRACT

This study was conducted with 310 students of a university, to determine the approach of new generations
to the plant-based diet and/or animal-based diet, and to examine the contribution of this approach to
sustainable food. The data were evaluated using descriptive statistics in the computer. In the study, 97.7%
of the participants had a mixed diet, 63.5% preferred to consume animal products for a healthy eating
pattern. 79.7% stated that animal-based products cause more harm to nature. 66.5% of the participants
stated that they could change their diet to protect nature. While it is not possible to transition wholly to
plant-based nutrition culturally and geographically, as a result of this research, it can be said that nutrition
and environmental education needs to be enriched through state and international organizations in order to
achieve sustainability at every stage of the line from production to consumption.

Keywords: Animal based nutrition, plant based nutrition, sustainability, environment.

BIR VAKIF UNIVERSITESI OGRENCILERININ BITKISEL VE HAYVANSAL
BESLENME ILE ILGILI GORUSLERININ BELIRLENMESi VE SONUCLARIN
SURDURULEBILIR GIDA ACISINDAN DEGERLENDIRILMESI

oz

Bu calisma, yeni kusaklarin bitkisel ve/veya hayvansal beslenme konusundaki yaklagimlarini tespit
etmek ve bu yaklagimin siirdirilebilir gidaya katkisini degerlendirmek igin bir dniversitenin 310
Ogrencisiyle yapilmistir. Veriler bilgisayar ortaminda tanimlayict istatistikler kullanilarak
degerlendirilmistir. Calismada, katilimcilarin % 97.7'si karisik bir diyete sahip oldugu, % 63.5' saglikls
bir beslenme modeli i¢in hayvansal triinleri tiketmeyi tercih ettigi belitlenmistir. %79.7'si hayvansal
driinlerin dogaya daha fazla zarar verdigini belirtmistir. % 66.5'i, dogayr korumak i¢in diyetlerini
degistirebileceklerini belirtmistir. Tamamen bitkisel temelli beslenme, kiltiirel ve cografi olarak
mimkin olmamakla birlikte, bu arastirmanin sonucunda, iretimden tiketime her asamada
strdurilebilirligi saglamak i¢in, devlet ve uluslararast 6rgiitler araciligiyla beslenme ve ¢evre egitiminin
zenginlestirilmesi gerekmektedir denilebilir.

Anahtar kelimeler: Hayvansal beslenme, bitkisel beslenme, stirdiiriilebilirlik, cevre.
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INTRODUCTION

World population is increasing day by day
(Ulaszewska et al., 2017). World population is
expected to reach 9 billion from 7 billion from the
year 2010 to 2050 (Smith et al., 2013). Along with
the increasing population, per capita food
consumption is also increasing. From 2000 to
2050 it is predicted that the consumption of meat
in the world will be 2 times higher and cereal
consumption will increase by 60% (Smith et al.,
2013). According to Food and Agriculture
Organization (FAO), global food demand is
expected to increase by 60% from 2007 to 2050
(Meybeck et al, 2017). However, humankind
needs to cope with global challenges that play
significant roles on shaping food habits. Problems
such as power supply and increases in long term
energy prices, climate change, poverty and world
hunger, water scarcity, the reduction of
biodiversity can be given as examples of global
difficulties (Von Koerber et al., 2017). As natural
resources are limited and obesity increases with
the population, future generations may face the
problem of rapid depletion of natural resources
(Seves et al., 2017). Moreover, The influence of
food, along with sourcing, on both the local and
global environment is great (Davis et al., 2010).
The production, processing, preservation and
distribution of food constitutes 20-60% of
environmental impacts such as greenhouse effect,
eutrophication and acidification (Hallstrém et al.,
2014). The greenhouse effect caused by human
activities has increased by 70% in the last 40 years.
The increase in global average temperature, will
cause adverse effects, including serious
environmental impacts and future food and water
availability (Solomon et al., 20017).

The impact of agriculture and food production,
along with human activities, on the issues of the
use of natural resources and environmental
sustainability is rather high (Ulaszewska et al.,
2017; Foley et al, 2011). Factors such as
greenhouse gases generated during the food
production, land wuse, water pollution have
adverse effects on the environment. The adverse
effects of food production on the environment is
increased by consumers’ demands and
consumers' eating habits (Ulaszewska et al., 2017).
However, differences in agricultural production,

transport distances and transport methods, can
change the overall picture of environmental
impact for plant and animal-based products per
kilograms (Davis et al., 2010). For example, Life
Cycle Assessment (LCA) studies indicate that
plant based products have less negative impact on
environment when compared to animal-based
products. Even though the environmental impact
of fruits and vegetables is less, the damage to the
environment can be made even less by using
wheat instead of products like potato as a
carbohydrate source. In general, the reason for
this is the greenhouse gas produced by fruits and
vegetables and the amount of soil they use is
much higher than cereals and less than meat and
dairy products (Westhoek et al., 2014).

The impact of food on both the local and global
environment is major (Davis et al, 2010).
Changes in land cover and land use, have
increased carbon emissions by 12.5%. This
qualifies land use as the second most important
source in carbon emissions after burning fossil
fuels (Houghthon et al., 2012; Weindl et al., 2017).
The livestock sector is an important indicator of
human intervention in land use. The total land use
in livestock production constitutes 80% of the
agricultural area (Weindl et al, 2017).
Deforestation is one of the critical points in land
use issue. Factors such as establishment of new
pastures for animal grazing or expansion of arable
land to increase animal feed, such as soy, atre
greatly responsible for deforestation (Herrero et
al., 2009; Naylor et al., 2005). Decreasing animal
based calorie intake by 15%, by the year 2050, is
expected to decrease the carbon emissions
resulting from land use by 78% (Weind! et al.,
2017).

The other environmental impact of food
production is water use. Water footprint
calculation is a tool that calculates water
consumption of products. Water footprint

measures freshwater consumption and pollution
throughout product supply chains (Aldaya et al.,
2012). Nowadays, the global water footprint of
animal production is almost one third of the water
footprint of total agricultural production, and this
rate is likely to increase (Hoekstra et al., 2012; Liu
et al, 2008). Animal based products have a
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particularly larger water requirement compared to
plant based products. For example, the total water
footprint of pigs is two times larger than the water
footprint of legumes, four times larger than the
water footprint of grains (Mekonnen et al., 2012).

Climate change is the most alarming problem for
our species and our planet. The greenhouse gases
in the earth's atmosphere constitute greenhouse
gas effect by absorbing infrared radiation which is
meant to be radiated into space (Cleveland et al.,
2017). Greenhouse gas effect, increases global
average temperature and excessive rainfall by
altering the radiation balance of the Earth's
climate system and increasing the amount of
retained heat (Cleveland et al, 2017). If
temperatures continue to rise, climate change will
cause decrease in food productivity by affecting
food production negatively (Meyer et al., 2017). In
order to reduce climate change, is a way to reduce
meat consumption (De Boer et al, 2013). The
concept of Sustainable Diet takes these factors
into account and aims reduction of greenhouse
gas emissions by influencing consumer behaviors
(Cleveland et al., 2017).

The sustainable food system is a food system that
provides people with food safety and nutrition on
an economic, social and environmental basis, and
does not jeopardize the feeding of future
generations. Sustainable diet is a diet that
contributes to sustainable food systems that
contribute to good nutrition and long-term good
health for the individual and the community,
thereby is a diet that contributes to the long-term
food safety and nutrition of food (Meybeck et al.,
2017). Although the concept of sustainable food
systems is not new, interest in how food and
dietary patterns are linked to ecosystems and how
natural resources are used in environmental,
economic, social and culturally in sustainable ways
has recently been increasing (Ulaszewska et al.,
2017). The combination of problems of
sustainability = and  nutritional  imbalance
constituted by population growth and changing
climate and environmental conditions that will
make food production in the coming years
increasingly difficult and unpredictable (Davis et
al., 2010). Long-term food safety can only be
achieved if we consider the sustainability of our

food supply (Netlson et al., 2016). Sustainable
diets are defined by FAO as “protective and
respectful of biodiversity and ecosystems,
culturally acceptable, accessible, economically fair
and affordable; nutritionally adequate, safe and
healthy; while optimizing natural and human
resources” (Food-based dietary guidelines, 2018).
According to Meyer etal, sustainability is
important as to meet the needs and aspirations of
the present generation without compromising the
ability of the future generations to meet their
needs and aspirations (Meyer et al, 2017).
Sustainable diets are diets that have low
environmental impact and contribute to food and
nutritional safety and that are a healthy life for the
present and future generations (Netlson et al.,
2016). In this study, it is aimed to determine the
approach of new generations to plant-based
nutrition and to examine the contribution of this
to sustainable food. For this purpose, a research
based on the attached informative data form has
been conducted on the sample of students of
Faculty of Health Sciences at a foundation
university.

MATERIAL AND METHOD

The research was conducted at Yeditepe
University Faculty of Health Sciences between
March 2018 and April 2018. 310 students of
Faculty of Health Sciences from Yeditepe
University constitute the universe of the study. In
the study, the stratified random sampling method
was used. The overall sample consists of some
members from different departments of the
faculty and they were chosen randomly. With this
method, members from each group represented
in the study. Participants are between the ages of
18-25. Approval of the Ethics Committee of the
study was taken from Yeditepe University
Hospital on 15.02.2018. Data Form was prepared
after searching with related keywords of this
research. Science Direct, PubMed databases and
the Turkish and international journals were used
as sources. That form including information on
“Animal and Plant Based Diets” was used to
collect the data of the study. The informed
Volunteer Consent Form has been read and
signed before filling out. A statistical data analysis
program called IBM SPSS Statistics 24 is used.
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Frequency tables and descriptive statistics were
also used in the interpretation of findings. In the
analysis of the relations between two qualitative
variables, "y2-cross tables" were used according
to the expected value levels (Pearson, Yates-
continuity correction). Significance in the study
was accepted as p <0.05.

RESULTS

The research was conducted on 310 students
studying at Yeditepe University Faculty of Health
Science. 276 participants (89.0%) were females
and 34 participants (11.0%) were males. It was
stated in the Table 1. It was determined that, the
mean age of the participants was 21.16 = 1.22

(years).

Table 1. General Distribution of Participants

Variable (n=310) n %

Age [iiS.S. - 21,16 +1,22 (y;i)]

20 years and below 92 29.7
21-22 years 182 58.7
23 years and over 36 11.6
Department

Dietetics 116 37.4
Physiotherapy and Rehabilitation 119 38.4
Nursing 75 24.2
Grade

Freshmen 41 13.2
Sophpmores 104 33.5
3rd Graders 164 52.9
Final Year 1 0.3

Gender

Female 276 89.0
Male 34 11.0
Marital Status

Married 1 0.3

Single 309 99.7
Place of Residence

Family 193 44.8
Students house 116 37.4
Dormitory 55 17.8

As seen in Table 2, 303 people (97.7%) who
participated in the study had a mixed eating
pattern. 197 (63.5%) of the participants
responded the question of healthy eating pattern
as animal-based. In terms of protein quality, 291
(93.9%) of the participants believed that animal-
based products are richest. A statistically
significant relationship was found between the
healthy eating pattern and the choice of the
richest food group in terms of protein quality
(x2 = 50064, P = 0.024).

As it can be seen in the Table 3, in terms of
protein contents; 57 of the participants (18.4%)

said soybeans are the richest plant-based products
in protein. 181 participants (61.0%) supported the
idea that the foods they consumed were not
harmful to nature, and 121 people (39%)
supported the idea that the foods they consumed
harmed nature. It was determined that 242
participants  (79.7%) preferred animal-based
products that cause more harm to the
environment. 168 participants (55.3%) claimed
cattle to be animals with the largest environmental
impact of the animal-based products. In terms of
protein sources, 177 participants (58.2%) stated
animal milk stated eggs to be environmentally
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harmful products. It was determined that 206 that 128 participants (71.2%) believed that the
participants (66.5%) could change the way of  eating pattern to be preferred for less harm to the
feeding for less harm to nature. It was determined ~ nature was plant-based.

Table 2. Distribution of Eating Patterns

Variable (n=310) n %

Diet Pattern

Mixed Feeding 303 97.7
Vegetarian 7 2.3
Vegeterian subclass

Lakto 2 28.6
Ova 1 14.3
Lakto — Ova 4 57.1
Healthy eating Pattern

Animal-based 197 63.5
Plant-based 113 36.5
Reason for preferring animal-based products

Considering as healhy 197 63.5
Like the taste 63 20.3
Not feeling sense of satiety 34 11.0
Family factors 16 5.2
Reason for preferring plant-based products

Being popular 7 2.3
Weight control 112 36.1
Like the taste 156 50.3
Family habit 35 11.3
Most frequently consumed meat group

Red meat 118 38.9
Chicken 170 56.1
Fish 15 5.0

Frequency of the most consumed meat products

Every day 57 18.8
Several times a week 223 73.6
Several times 2 month 23 7.6

Preference of diary products consumption

Animal milk 300 96.8
Plant milk 10 3.2

Consumption of meat substitutes like soybean

Yes 55 17.7
No 255 82.3
Consumption of food items like Legumes, cereals

Every day 43 13.9
Several times a week 222 71.6
Several times 2 month 45 14.5
The richest food in protein

Animal-based 291 93.9
Plant-based 19 6.1

Animal-based food that is richer in protein

Meat products 206 66.5
Dairy 37 11.9

Eeo 67 21.6
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Table 3. Distribution of findings related to research

Variable (n=310) n %

Plant-based product richer in protein

Soybeans 57 18.4

Legumes 200 64.5

Bulghur 10 3.2

Kinoa 21 6.8

Chia 22 7.1

Consumed foods’ damage to the nature of

Yes 121 39.0

No 189 61.0

Products that cause more damage to nature

Animal-based 242 79.3

Plant-based 63 20.7

Environmentally more harmful meat group products

Cattle 168 55.3

Sheep 31 10.2

Chicken 45 14.8

Fish 60 19.7

Environmentally harmful protein sources

Cheese 73 24.0

Animal milk 177 58.2

Egge 54 17.8

Environmentally more harmful plant-based product

Rice

Bulghur 202 67.3

Legumes 22 7.4
76 253

Change of diet for less harm to nature

Yes 206 66.5

No 104 33.5

Eating pattern that should be preferred for less harm to the

nature

Animal-based 63 29.2

Only herbal 25 11.5

Plant based 128 59.3

As shown in Table 4, a statistically significant
relationship was detected between the healthy
eating pattern and the choice of food group that
causes more harm to the nature (y2 = 112806;
P =0.001). It has been found that 142 participants
(73.2%), whose choice of healthy eating pattern
was animal-based, selected food product that
harms the nature more as animal-based products.
A statistically significant relationship was found
between the healthy eating pattern and
environmentally more harmful meat group
products. . (2 = 12757; P = 0.005). It was found

that 95 participants (49.0%) who chose animal-
based products as the healthy eating pattern,
regard cattle products more harmful. A
statistically significant relationship was found
between the healthy eating pattern and the
selection of the food group to be preferred for
less harm to the nature (y2 = 25490; P = 0.000). It
has been determined that 57 paticipants (29.2%)
who chose animal-based products to be preferred
for less harm to the nature, chose animal-based
diet as the healthy eating pattern.
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Table 4. Investigation of some findings related to research

Variable (n=310)

Healthy Eating Pattern

Animal-based

Plant-based

Total

Statistical
analysis *

Probability

The richest in terms of
protein quality
Animal-based

Plant-based

Animal-based
richer in protein
Meat products
Milk

Fgg
Plant-based products richer
in protein

Soybean

Legume

Bulghur

Kinoa

Chia

The kind of food that gives
mortre harm to the nature
Animal-based

Plant-based

products

Environmentally more
harmful of the meat group
products

Cattle

Sheep

Chicken

Fish

More harmful to nature in
terms of protein

Cheese

Animal milk

Egg

Plant-based product more
harmful to the nature

Rice

Bulghur

Legume

The product that should be
preferred for less harm to
the environment
Animal-based

Only Herbal

Plant based

190 (%96.4)
7 (%3.6)

137 (%69.5)
23 (%11.7)
37 (%18.8)

31 (%15.7)
125 (%63.5)
7 (%3.6)
17 (%8.6)
17 (%8.6)

142 (%73.2)
52 (%26.8)

95 (%49.0)
25 (%12.9)
36 (%18.6)
38 (%19.5)

53 (%27.5)
103 (%53.4)
37 (%19.1)

127 (%66.5)
15 (%7.9)
49 (%25.6)

57 (%29.2)
12 (%6.2)
126 (%64.6)

101 (%89.4)
12 (%10.6)

69 (%61.1)
14 (%12.4)
30 (%26.5)

26 (%23.0)
75 (%66.4)
3 (%2.7)
4 (%3.5)
5 (Y4 4)

100 (%90.1)
11 (%9.9)

73 (%66.4)
6 (%5.4)
9 (%8.2)

22 (%20.0)

20 (%18.0)
74 (%66.7)
17 (%15.3)

75 (%68.8)
7 (%6.4)
27 (%24.8)

6 (%5.4)
13 (%11.7)
92 (%82.9)

291 (%93.9)
19 (%6.1)

206 (%66.5)
37 (%11.9)
67 (%21.6)

57 (%18.4)
200 (%64.5)
10 (%3.2)
21 (%6.8)
22 (%7.1)

242 (%79.3)
63 (%20.7)

168 (%55.3)
31 (%10.2)
45 (%14.8)
60 (%19.7)

73 (%24.0)
177 (%58.2)
54 (%17.8)

202 (%67.3)
22 (%7.3)
76 (%25.4)

63 (%20.6)
25 (%8.2)
218 (%71.2)

¥2=5.064
P=0.024

¥2=2.812
P=0.245

¥2=6.875

P=0.143

y2=11.286

P=0.001

¥2=12.756
P=0.005

y2=5.347
P=0.069

x?=0.271
P=0.873

¥2=25.490
P=0.000
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As shown in Table 5, there is a statistically
significant relationship between the eating pattern
that causes more harm to the nature and the
environmentally more harmful meat group
products (2 = 26332; P = 0.000). It was
determined that 151 participants (62.7%) who
think that cattle products are the meat group
products that have the greatest harm to the
nature, indicated that the most harmful eating
pattern is animal-based diet. There is a statistically

significant relationship between the eating pattern
that is more harmful to nature and the eating
pattern that should be preferred for less harm to
nature (n = 28760; P = 0.000). The participants
who think that the product that should be
preferred for less harm to the environment is only
herbal, or plant based, at a very high rate state that
the most harmful eating pattern to the nature is
animal-based diet.

Table 5. Investigation of some findings related to research

Eating Pattern that causes more harm to the nature Statistical

Variable (n=310) Animal-based Plant-based Total analysl§ .*
Probability

Environmentally more
harmful  meat  group
products
Cattle 151 (%62.7) 17 (%27.0) 168 (%55.3) x>=26.332
Sheep 19 (%7.9) 12 (%19.0) 31 (%10.2) P=0.000
Chicken 30 (%012.4) 15 (%23.8) 45 (%14.8)
Fish 41 (%17.0) 19 (%30.2) 60 (%19.7)
More harmful to nature in
terms of protein sources
Cheese 54 (%22.5) 19 (%30.2) 73 (%024.1) ¥?=3.579
Animal milk 146 (%60.8) 30 (%047.6) 176 (%58.1) P=0.167
Egg 40 (%16.7) 14 (%022.2) 54 (%17.8)
Plant-based product more
harmful to the nature
Rice 162 (%68.3) 40 (%63.5) 202 (%76.3) yx?=1.013
Bulghur 18 (%7.06) 4 (%06.3) 22 (%7.3) P=0.603
Legume 57 (%24.1) 19 (%30.2) 76 (%025.4)
The product to prefer for
less harm to the nature
Animal-based 35 (%14.5) 28 (%045.2) 63 (%20.8) x>=28.760
Only Herbal 23 (%9.06) 2 (%3.2) 25 (%8.2) P=0.000
Plant based 183 (%75.9) 32 (%51.6) 215 (%71.0)

As it can be seen in Table 6, a statistically
significant relationship was found between gender
and the type of food that is more harmful to the
nature (y2 = 8699; P = 0.003). It was determined
that 223 women (81.7%) and 19 men (59.4%)
participating in the survey thought that animal-
based products cause more harm to the nature. A
statistically significant relationship was detected
between gender and environmentally more
harmful meat group product (2 = 19906; P =
0.000). It was determined that 158 women

(58.1%) participating in the survey think products
of cattle meat, and 10 men (31.3%) think products
of both cattle and sheep are more harmful to the
nature. A statistically significant relationship was
found between gender and change of eating
pattern status for less harm to nature
(x2 = 13396; P = 0.000). It was determined that
191 women participating in the survey (69.7%)
could support this change and 21 men (61.8%)
would not.
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Table 6. Investigation of some findings related to research

Gender Statistical
Variable (n=310) Female Male Total analysis *
Probability
Foods that cause more
harm to the nature
Animal-based 223 (%81.7) 19 (%59.4) 242 (%79.3) x2=8.699
Plant-based 50 (%18.3) 13 (%40.06) 63 (%20.7) P=0.003
Environmentally more
harmful  meat  group
product
Cattle 158 (%58.1) 10 (%31.3) 168 (%55.3) x2=19.906
Sheep 21 (%7.7) 10 (%31.3) 31 (%10.2) P=0.000
Chicken 41 (%15.1) 4 (%12.4) 45 (%14.8)
Fish 52 (%19.1) 8 (%25.0) 60 (%19.7)
More harmful to nature in
terms of protein sources
Cheese
Animal milk 64 (%23.4) 9 (%29.0) 73 (%24.0) x2=0.482
Egg 160 (%58.7) 17 (%54.8) 177 (%58.2) P=0.786
49 (%17.9) 5 (%16.2) 54 (%17.8)
Plant-based product more
harmful to the nature
Rice
Bulghur 184(%68.4) 18 (%58.1) 202 (%67.3) y?=1.884
Legume 20 (%7.4) 2 (%6.4) 22 (%7.3) P=0.390
65 (%24.2) 11 (%35.5) 76 (%25.4)
Change of eating pattern
for less harm to the nature
Yes 191 (%069.7) 13 (%38.2) 204 (%606.2) x?=13.396
No 83 (%30.3) 21 (%61.8) 104 (%33.8) P=0.000

As shown in Table 7, there is a statistically
significant relationship between the departments
and environmentally more harmful nutritions
(2 = 6648; P = 0.030). It was found that 100
participants (87.0%) who think that animal-based
products are more harmful to the nature are in
Dietetics Department.

DISCUSSION

Animal-based products contain high levels of
protein in high biological value and high amounts
of saturated fatty acids, as well as significant
amounts of micronutrients. As noted in
Schonfeldt et al.'s work, the dietaty contribution

of products obtained from animals can be
beneficial or harmful (Schonfeldt et al., 2013). In
this study, it was stated that 303 of the participants
(97.7%) had mixed nutrition style. As a reason for
this, western diet can be addressed as it is
widespread in our country. The role of meat in
healthy diet is not clear. In many healthy nutrition
perception, meat consumption is required to be
limited. In a study conducted in Canada,
participants were reported to try to limit the
intake of meat, particularly red meat, to redirect
healthy eating by replacing red meat with chicken
or fish (Paquette et al., 2005).
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Table 7. Investigation of some findings related to research

Department Statistical

Variable (n=310) Physiotherapy analvsis *

Dietetics and Nursing Total Probyability

Rehabilitation

Nutrition that is
more harmful to the
nature
Animal-based 100 (%87.0) 85 (%73.9) 57 (%76.0) 242 (%79.3) ¥2=0.648
Plant-based 15 (%13.0) 30 (%26.1) 18 (%24.0) 63 (%20.7) P=0.036
Environmentally
more harmful meat
group product
Cattle 67 (%58.3) 58 %50.9) 43 (%57.3) 168 (%55.3) y2=11.811
Sheep 5 (%4.3) 20 (%17.5) 6 (%8.0) 31 (%10.2) P=0.066
Chicken 19 (%16.5) 14 (%12.3) 12 (%16.0) 45 (%14.8)
Fish 24 (%20.9) 22 (%19.3) 14 (%18.7) 60 (%19.7)
Product more
harmful to  the
nature in terms of
protein sources
Cheese 23 (%20.2) 33 (%28.7) 17 (%22.7) 73 (%24.0) y2=4.351
Animal milk 74 (%064.9) 61 (%53.0) 42 (%56.0) 177 (%58.2) P=0.361
Egg 17 (%14.9) 21 (%18.3) 16 (%21.3) 54 (%17.8)
Plant-based product
more harmful to the
nature
Rice 77 (%67.5) 76 (%68.5) 49 (%065.3) 202 (%67.3) ¥2=1.358
Bulghur 7 (%6.2) 10 (%9.0) 5 (%6.7) 22 (%7.3) P=0.851
Legume 30 (%26.3) 25 (%22.5) 21 (%28.0) 76 (%25.4)
Change of eating
pattern for less harm
to the nature
Yes 81 (%70.4) 73 (%061.9) 50 (%066.7) 204 (%066.2) ¥2=1.921
No 34 (%29.6) 45 (%38.1) 25 (%33.3) 104 (%33.8) P=0.383

It was determined that dairy product preference
of 300 participants (96.8%) was animal milk. As
stated by Giiler in her study of Culinary Culture
and Eating and Drinking Habits the formation of
Turkish food culture dates back to the Central
Asian Turks. Sheep and dairy products are among
the basic nutrients of ancient Turks. Sheep, goat
and cattle are used for milk production (Giiler,
2010). Preference of animal milk which is an
ancestral habit, is related to Turkish eating and
drinking taste and culture.

It was determined that 291 of the participants
(93.9%) thought that the richest nutritional

product in terms of protein quality was animal-
based products, and 206 of them (66.5%)
preferred meat products as richer protein sources.
In a conference about "excessive and inadequate
nutrition: challenges and approaches"it was
directly related to the amount of protein intake
and protein quality of animal-based products.
However, it has been reported that meat products
contain all the amino acids such as lysine,
isoleucine, wvaline, threonine; and amino acid
scores of animal-based proteins are very high
(Millward et al., 2010). According to De Boer,
Helms and Aiking, the premier protein source of
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Europe is meat (De Boer et al, 20006). Also,
Protein digestibility-corrected amino acid score is
0.92 for beef and 1.00 for eggs and milk (Hoffman
et al, 2004). According to the Protein
digestibility-corrected amino acid score value,
black bean is 0.75 while soy is 1.00 (Hoffman et
al., 2004). Among the plant-based proteins, soy is
the richest in terms of protein quality. In addition,
animal metabolism uses an average of 6 kg of
plant-based protein to produce 1 kg of meat
protein; which means that only 15% of the
protein in the feed crops is converted to food for
human consumption, and 85% is spent in this
process (De Boer et al,, 2011).

It was shown in the survey that 189 participants
(61.0%) suggested the notion that the products
they consume did not harm the nature, 242
participants (79.7%) stated that animal-based
products are more harmful to the nature. Recent
reports by the Pew Commission for the United
Nations and Industrial Livestock Production have
shown that livestock cause more global warming,
by 40%, than all transport combined (Rothgerber
et al, 2013). The United Nations report has
described the livestock industry as one of the
most important causes of various environmental
problems such as biodiversity loss, water shortage
and pollution (Rothgerber et al, 2013).
Ulaszewska et al. reported in their study that
factors such as greenhouse gas, land use, water
pollution during food production adversely affect
the environment (Ulaszewska et al., 2017). In
addition, according to LCA studies, the
greenhouse effect of grains, legumes, soy, fruit
and vegetables is lower than that of red meat,
chicken, fish and dairy products ( Tilman et al.,
2014).

It was determined that 168 of the participants
(55.3%) stated that animals who have the greatest
harm to the environment are cattle, 177
participants (58.2%) stated animal milk as the
most harmful animal-based protein source for the
nature. Cattle beef is the product with the highest
greenhouse effect among all the animal-based
products, (Cleveland et al., 2017). De Vries and
De Boer reported in their studies that higher use
of soil and energy is required for the production

of 1 kg of beef, than for production of 1 kg of
pork, eggs and milk ( De Vries et al, 2010).
Schiessl and Schwagerl have shown in their study
that those who eat meat contribute 7 times more
to greenhouse gas emissions than vegans (Schiessl
et al., 2008). In Carlsson-Kanyama et al.'s study of
catbon dioxide, methane and nitrogen oxide
emissions from farm to table for 22 commonly
consumed products in Sweden, the total CO2,
NO2 and CH4 equivalents of cheese were found
to be 11 and 1.00 for milk (Carlsson Kanyama et
al., 2009). It was determined that 202 participants
(67.3%) chose rice to be the plant-based product
which causes more harm to the nature. The CH4
gas is released when it is resolved from the rice
grown under water conditions (Gonzalez et al.,
2011). CH4 emissions of most of the plant-based
products are very low, except for rice (Turner
McGrtievy et al,, 2016).

A statistically significant relationship was detected
between the healthy eating pattern and the choice
of the richest food group in terms of protein
quality (2 = 5064, P = 0.024). It has been
determined that 190 of the participants (96.4%)
who think that animal-based diet is the healthy
cating pattern, also think that animal-based
products are the richest in terms of protein
quality. The Pew Commission for Industrial
Livestock Production has announced the issue of
a number of public health problems caused by
meat production and consumption. Meat
production exposes us to a number of adverse
health conditions such as increasing the potential
for pathogenic and transmissible disease
transmission, increasing the risk of foodborne
infections, non-therapeutic antimicrobial use and
increasing resistance (Rothgerber et al., 2013).
Foodborne epidemics and exposure of humans to
dioxins and exogenous hormones are often
associated with intensive meat production (Graga
et al., 2016).

It has also been stated in a conference on
Sustainable Food Consumption that excessive
meat consumption can lead to obesity, diabetes,
cardiovascular diseases and cancer (Salter, 2017).
As mentioned in the conference on "sustainable
food consumption", plant-based products have a
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much more positive contribution to health than
animal-based products, due to the high levels of
complex carbohydrates, and low levels of
saturated fat, cholesterol and purine content (Von
Koerber et al., 2017). As stated by Rogerson in his
study, cardiovascular disease, hypertension, type 2
diabetes, cholesterol and cancer are less common
in vegans (Rogerson, 2017).

A statistically significant relationship was found
between the healthy eating style and preference
for food group that is harmful to the nature.
(x2 = 11286; P = 0.001). It has been determined
that 142 participants (73.2%), whose healthy
eating pattern is animal-based, chose animal
based-products as harmful to nature, and 52
participants (26.8%) stated the notion that plant-
based products cause more harm to the nature.

A statistically significant relationship was detected
between healthy eating pattern and choice of food
group for less harm to the nature (y2 = 25490;
P = 0.000). It has been determined that 126
participants (64.6%) who responded the products
to be preferred for less harm to the nature as
plant-based products, chose the healthy eating
pattern as animal-based.

There is a statistically significant relationship
between the eating pattern that causes more harm
to the nature and products to be preferred for less
harm to the nature, (2 = 28760; P = 0.000).
Those who think that the products to be preferred
for less harm to the nature are only herbal
products or plant-based products, in grate rate,
have marked animal-based products to be more
harmful to the nature. The questions assessed in
this section used positive and negative statements
of similar questions to determine whether the
participants would respond consistently. As a
result of the evaluation, the participants gave
consistent responses that gave statistically
significant results. Westhoek et al. in their study
of switching 25-50% of animal-based products
with plant-based products in European Union to
examine effects on the basis of dietary energy,
have found that reducing the consumption of
meat, dairy products and eggs by half, provides
significant benefits both in terms of environment

and health. As a result of the work, it is expected
that such a dietary change will have a substantial
improvement in both air and water quality in the
European Union (Westhoek et al., 2011).

A statistically significant relationship was found
between the healthy eating pattern and the
environmentally more harmful meat group
product (y2 = 12757; P = 0.005). It was found
that 95 participants (49.0%) whose healthy eating
pattern is animal-based, cattle is more harmful to
the nature. Beef production has impacts such as
climate change, acidifying and consumption of
natural resources (Berton et al., 2017). Reducing
beef consumption and preferring plant-based
products instead of beef could reduce the
greenhouse effect by 35% (Meyer et al., 2017).

There is a statistically significant relationship
between environmentally more harmful eating
pattern and environmentally more harmful meat
group product (x2 = 26332; P = 0.000). Hallstr6m
et al. found that the most effective way to reduce
greenhouse gas effect was the vegan diet. In the
study, it was stated that vegan diets reduced the
greenhouse effect by 50%. In the same study, it
was stated that lacto-ova is second in reducing
greenhouse effect among vegetarian diets
(Hallstrom et al., 2015) In addition, other studies
have also indicated that more global-based
transition towards plant-based dieting is vital for
reducing the ecological footprint of food systems,
and for meeting the regulatory capacity of the
carth (Graga et al., 2010).

A statistically significant relationship was found
between gender and the type of food that is more
harmful to nature (¥2 = 8699; P = 0.003). A
statistically significant relationship was found
between gender and meat group products that are
more harmful to the nature (2 = 19906; P =
0.000). A statistically significant relationship was
found between gender and Change of eating
pattern status for less harm to the nature
(x2 = 13396; P = 0.000). It was determined that
191 female (69.7%) participants could support
this change and 21 male participants (61.8%)
would not support this change. In a survey of
1046 UK citizens, more than 25% of respondents



Plant and animal based nutrition and food sustainability

said that they were thinking of reducing meat
consumption. However, less than 25% of those
claiming to reduce meat consumption actually do
so (Richardson et al., 1993). Likewise in Denmark,
negative attitudes towards meat are increasing,
but no changes in the behaviour has been
reported. (Holm et al.,, 2000). Chin, Fisak, and
Sims found low-level anti-vegetarian feelings in
the study with American university students (
Chin et al., 2002). Gender is an outstanding factor
in attitudes towards vegetarianism. Compared to
males, females have stronger negative attitudes
towards animal use (Knight et al., 2004). Although
the link between meat and the environmental
impact is lacking as a result of the study of the
perceptions of the environmental impact of the
food system and the willingness to reduce
environmental meat consumption with young
people at five different schools in Scotland during
the 2013-2014 period in which a total of 103
participants attended, when provided with this
information, participants were still reluctant to
consider reducing meat consumption. If the diet
needs to be changed to improve health and reduce
environmental impacts, cultural, social and
personal values around the meat should be
accepted and integrated into the scientific debate
on sustainable diets (Campbeel et al., 2016).
Gender is generally regarded as a strong indicator
of meat consumption and shows that men
generally have a higher consumption level than
women (Graga, 2016). Many men in North
America do not think that a meal without meat is
a "real" meal [51] (Sobal, 2005). In the world, men
consume more meat than women (Rothgerber et
al., 2013). Several studies have also shown that
consumption of meat is related to male gender.
For example, those who comsume meat are
perceived as more masculine than those who
don’t (Graga, 2016). Stibbe's review of six issues
related to Men's Health between June and
December 2000 has linked the fact that meat,
especially red meat, is associated with positive
images of masculinity, as one of the characteristics
of ideal man, especially with increasing muscle
strength ( Rothgerber et al., 2013).

A statistically significant relationship was found
between the Nutrition and Dietetics, Physical
Therapy and Rehabilitation and Nursing

Departments in terms of food products causing
more harm to the nature (¥2 = 6648; P = 0.030).
This result may stem from the fact that
information about animal and plant-based eating
patterns are referred during the training of the
students of the Department of Nutrition and
Dietetics.

CONCLUSION

It is concluded that most people think that
animal-based products are healthy but these
products harm the nature. They are of the same
opinion particularly on the notion that cattle harm
the nature more. Many of the participants say that
they can change their eating habits to protect
nature and lessen the harm to the environment. It
is seen that men are more abstaining in this
regard. In short, it is obvious that the plant-based
diet is more climate-friendly compared to the
omnivorous diet. In order to achieve more
sustainable consumption patterns, commitment
and action are required throughout the entire
food system from producers and retailers to
government. It should be known that the concept
of "Foodways" being used in the world is
important here, and that every stage of food
delivery to the consumer is important for
sustainability.
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ABSTRACT

In this study, the antioxidant activity and HMF levels of 20 honey samples directly taken from hives and 20
of those offered for sale in the stores in the province of Aydin, which were total of 40 honey samples. The
antioxidant activity in the honey samples directly taken from hives was found as 16.54+1.52, HMF content
was found as 26.94£2.07 mg/kg. The antioxidant activity was found as 22.0410.59, HMF content was found
as 56.70+3.83 mg/kg. The difference between the antioxidant activity (P <0.01) and the HMF values (P
<0.001) of the honey samples was found statistically significant. The HMF level in the honey collected from
the hives were found to comply with the specifications set by the Turkish Food Codex Communique on
Honey, whereas the HMF level of the market honey was higher than the level specified in the communiqué.
Keywords: Antioxidant activity, Aydin province, diastase number, honey, hydroxymethylfurfural (HMF).

KOVANLARDAN VE MARKETLERDEN ALINAN BALLARDAKI
ANTIOKSIDAN AKTIVITE VE HIDROKSIMETILFURFURAL (HMF)
DUZEYLERININ KARSILASTIRILMASI

oz

Bu calismada; Aydin linde iiretilen, dogrudan kovandan alinmis 20 adet gicek bali 6rnegi ile
marketlerde satilan 20 adet cicek balt 6rnegi olmak tizere toplam 40 adet bal érneginde antioksidan
aktivite ve HMF duzeyleri belirlenmistir. Kovanlardan dogrudan alinan bal 6rneklerinde antioksidan
aktivite 16.54+1.52, HMF diizeyi 26.94£2.07 mg/kg olarak, market ballarinda ise antioksidan aktivite
22.041+0.59, HMF duzeyi 56.701£3.83 mg/kg olarak tespit edilmistir. Ballarin antioksidan aktivitesi
(P <0.01) ve HMF diizeyi igin (P <0.001) gruplar arasindaki fark istatistiksel olarak Onemli
bulunmustur. Kovan ballarinin HMF diizeyinin Tirk Gida Kodeksi Bal Tebligine uygun oldugu,
market ballarin HMF diizeyinin ise tebligde belirtilen diizeyden yitkksek oldugu gérilmustir.
Anahtar kelimeler: Aydin 1li, antioksidan aktivite, bal, diastaz say1st, hidroksimetilfurfural (HMF).
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INTRODUCTION

Honey is a highly viscous product produced by
honey bees (Apis mellifera). This production of
honey involves, in brief, the bees collecting nectar
from flowering plants, from the sugary substances
secreted by the living parts of plants or from the
bugs of the Homoptera genus and then modifying
the composition of the substances in their bodies
before depositing the honey into hive cells
(Anon., 2002). The chemical composition of
honey includes a number of compounds, such as
sugar (70-80 %), water (10- 20 %), organic acid,
minerals, vitamins, protein, phenolic compounds,
and free amino acids (Aydin et al, 2008). The
well-known antioxidant, antimicrobial, anti-
inflaimmatory, antitumoral, and antimutagenic
properties of honey stem from these compounds.
Honey bee breeding, which is quite prevalent in
Turkey, results in the production of physically and
chemically different honeys, depending on the
flora constituting the honey bees surrounding
environment. In addition, various other factors,
such as the processing, heating, and storage
applied during harvest also affect the quality of
honey (Karkacier et al., 2000). The substances that
give honey its antioxidant properties are
flavonoids, polyphenols, vitamins, salicylic acid,
sulthydryl — groups, carotenoid  derivatives,
enzymes, organic acids, amino acids, proteins, and
end products of the Maillard reaction (Gheldof et
al., 2002; Mandal and Mandal, 2011). Among the
end products of the Maillard reaction,
melanoidins have radical scavenging properties.
The antioxidant property of honey depends on
the vegetable origin of the nectar, as well as
seasonal and environmental factors. Most of the
molecules that give honey its antioxidant
properties may be lost during the processing,
transport, and storage of honey (Wang et al,
2004; Tturkmen et al., 2006; Bertoncelj et al., 2007;
Khalil et al., 2011).

Hydroxymethylfurfural (HMF) is a cytotoxic,
genotoxic and organotoxic compound (Shapla et
al., 2018). Furthermore, HMF is a byproduct
formed during hexose decomposition in an acidic
environment or during the Maillard reaction (Batu
et al., 2013). HMF formation is used as a chemical
index to determine the storage time of honey and

to confirm whether the appropriate heat
treatment method was employed (Kiplili and
Kahraman, 2011).

The primary enzymes in honey are diastase,
invertase, and beta-glucosidase. Fresh honey
contains diastase, which is an enzyme responsible
for starch decomposition and is degraded due to
heating and storage. Diastase number is defined
as the starch amount hydrolyzed by amylase in
100 g of honey under test conditions at 38-40°C
until reaching a prespecified finishing point in an
hour. Diastase number measurements are used to
evaluate honey freshness. The optimum pH of
diastase is accepted to be 5.3 (Aydin et al., 2008).

Heat treatment is a mandatory process that
should be applied prior to putting the honey onto
the market. Through heat treatment, the growth
of spoilage microorganisms, especially sugar-
resistant osmophilic yeast, is prevented, and the
water in honey is reduced to levels that can delay
fermentation. In addition, heat treatment enables
the viscosity of honey to be reduced and prevents
crystallization.  However,  the  improper
application of heat treatment can negatively affect
the quality of honey. The storage time and storage
conditions of honey are also of great importance
in terms of maintaining the quality of the honey.
Honey that is stored for an extended period of
time and exposed to heat and light, results in an
increase of the HMF level and a decrease in the
diastase number (Aydin et al., 2008; Silva et al.,
2009; Karadal and Yildirim, 2012)

Honey has acidic properties derived from the
gluconic, butyric, acetic, formic, lactic, succinic,
malic, citric, and oxalic acids of the vegetable and
animal components it contains. The most
common organic acid in honey is gluconic acid,
and organic acids are partially responsible for the
characteristic taste of honey (D’arcy, 2007). The
pH value of honey is within the range of 3.5-5.5.
The acetic acid formed through the fermentation
activated by microorganisms during storage
results in a decrease in the pH of honey (Aydin et
al., 2008; Kahraman et al., 2010).
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The aim of this study is to compare directly taken
hive honey and market honey in Aydin province,
in terms of antioxidant activity, HMF levels,
diastase number and pH values and to evaluate it
in terms of compliance with The Turkish Food
Codex Honey Comminiqué (Resmi Gazete,

2012).

MATERIALS AND METHODS

Materials

In the study, the antioxidant activity, HMF levels,
diastase number, and pH of a total of 40 honey
samples, which included 20 blossom honey
samples that were produced in Aydin and directly
collected from the hives, and 20 blossom honey
samples collected from the honeys sold on the
market, were determined, and the results from the
samples were compared. HMF levels and diastase
number were evaluated for their compliance to
the specifications set by the Turkish Food Codex
Communique on Honey.

Methods

Antioxidant activity measurement
Antioxidant activity was measured by applying the
DPPH method (1,1-diphenyl-2- picrylhydrazyl
radical scavenging capacity method). DPPH is
stable organic nitrogen radical. Proton transfer by
the antioxidant to the DPPH free radical results
in decreased absorbance at 517 nm (Okan et al,,
2013). A honey sample of 2 gram was diluted to
10 mL with distilled water. To the 0.1 mL honey
solution, 1.9 mL of DPPH (1,1-diphenyl-2-
picrylhydrazyl) and 1 mL of sodium acetate buffer
solution were added, and the mixture was kept in
darkness for 90 minutes at room temperature.
Measurements were made with a
spectrophotometer at 517 nm. The standard
curve for antioxidant activity was prepared using
Trolox (Ferreira et al., 2009).

HMEF analysis

HMF analysis was performed using the White
method approved by the International Honey
Commission ~ (White,  1979).  Following
completion of the White method, 5 grams of
honey were dissolved in 25 ml of pure water,
adding 0.5 mL Carrez - I and 0.5 mL Carrez - 11
solutions before being diluted to 50 mL with pure

water. After filtration with a filter paper, 5 mL of
the filtrate was put in two separate tubes. The
sample in one of the tubes was mixed with 5 mL
of pure water, while the sample in the other tube
was mixed with 5 mL of % 0.2 sodium bisulfite;
the absorbances of the samples were measured at
284 nm and 336 nm with a spectrophotometer.
HMF was calculated using the following formula:
HMF (mg/kg) - A284— A33(, x 149.7

Asgq: Absorbance at 284 nm

Asse: Absorbance at 336 nm

Diastase measurement

The diastase measurement was carried out
according to the writing by Bogdanov (2009). A
honey solution of 10 mL was prepared with the
acetate buffer, mixed with a 5 ml. starch solution,
and kept for 15 minutes at 40°C. The diastase
number was measured by adding 1 drop of 0.1 N
iodine solution every 5 minutes to the solution
and calculated by the absorbance at 600 nm at
the 5t 10th, 15t and 20t minute.

pH measurement

A honey sample of 10 grams was dissolved in 100
mL of CO; free distilled water, and the pH of the
sample was measured with a pH meter.

RESULTS AND DISCUSSION

Statistical calculations for the antioxidant activity,
HMEF level, diastase number, and pH values of the
honey samples were performed with the SPSS
22.0 package program. In the statistical
evaluation, to reveal the differences among the
groups with respect to the investigated properties,
the significance test (t-test) for the difference
between two averages was applied. The
significance levels for the antioxidant activity,
HMF levels, diastase number, and pH of the
honey samples were P <0.01, P <0.001, P <0.01,
and P <0.01, respectively, and the differences
among the groups were found to be statistically
significant.

The antioxidant activity of the fresh honey
samples collected from districts in Aydin was
16.54 + 1.52 mg/kg, while the antioxidant activity
of the honey samples from the market was 22.04
+ 0.59 mg/kg. In the relevant scientific literature,
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although there are a great number of studies on
determining the antioxidant content of honeys of
different origin (Bertoncelj et al., 2007; Ferreira et
al., 2009; Korkmaz and Kiplild, 2017; Meda et
al., 2005; Lachman et al., 2010; Kishorea et al.,
2011; Flores et al., 2015; Dzugan et al., 2017), no
studies for which honey from hives were
compared with honey from the market were
found. Tirkmen et al. (2006) reported increased
antioxidant activity in honey samples on which
heat treatments at 50°C, 60°C, and 70°C were
applied. Brudzynski and Miotto (2011) applied a
30-minute heat treatment at 121°C to honey
samples and reported that the melanoidin content
and antioxidant activity in dark-colored honey
samples increased 2 fold. Wang et al. (2004), who
applied heat treatment to honey samples at 60°C
for 12-16 hours and at 82°C for 10-12 minutes,
which are the optimum temperatures for the heat
treatment of honey, reported that the antioxidant
activity of the honeys decreased after removing
the foam of the samples, re-heating, filtering, and

storing for 6 months. Kowalski (2013) found in
his study that heat treatment to honey samples of
different origins increased the antioxidant activity
in lemon honey and buckwheat honey, did not
affect the activity in acacia honey, and reduced the
activity in secreted honey. The antioxidant levels,
both in the honey samples from the hives and in
the honey samples from the market, were higher
than those reported by Meda et al. (2005),
Bertoncelj et al. (2007), and Kishore et al. (2011),
while they were lower than those reported by
Ferreira et al. (2009), Lachman et al. (2010), Flores
et al. (2015), and Dzugan et al. (2017). The results
obtained in the study were similar to those
obtained by Jimenez et al. (2016). The higher level
of antioxidant activity in the market honeys
compared to that in fresh honeys was attributed
to the end products of the Maillard reaction,
which occurred as a result of subjecting the
honeys to improper heat treatment; but HMF,
which is a byproduct of this reaction, is
considerably harmful to human health.

Table 1. Antioxidant activitiy, HMF, diastase number and pH values in honey samples from hives and
markets

Groups of honey samples

Hive honey Market honey
n Y + S; n Y + S; t
Antioxidant activity (mg/kg) 20 16.64 + 1.52 20 22.05 % 0.59 3.371a
HMF (mg/kg) 20 26.94 + 2.07 20  56.70 + 3.83 6.836 b
Diastase number 20 9.68 + 0.71 20 7.43+024 3.003 a
pH 20 3.85 +0.07 20 422+0.12 27230

a: P<0.01, &: P<0.001

HMF levels and the presence of the diastase
enzyme are among the chemical quality criteria
which have been used for honey for 75 years.
Given that long-term storage of honey and
exposure to extreme temperatures change the
HMF and diastase amounts, HMF analysis and
determination of the diastase number are
recognized as being the most practical ways to
determine the freshness of honey. There are a
large number of studies focusing on this subject,
both from Turkey and from other regions of the

world. Table 2 presents a summary of some of
these studies.

The results obtained in the study revealed that the
fresh blossom honey samples directly collected
from the hives were in compliance with the
specifications of the Turkish Food Codex
Communique on Honey. However, the HMF
levels of the market honeys were higher than the
standard level of 40 mg/kg specified in the
standards put forth by the Turkish Food Codex
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Communique on Honey. The diastase number of
the fresh honey samples was higher than the
diastase number specified by the standards in the
Turkish Food Codex Communique on Honey,
which states that the minimum diastase number
for honey should be 8. The diastase numbers of
the fresh honey were therefore in compliance
with the communique. The diastase number in
market honeys was; however, lower than the

communique-specified levels. The results suggest
that the honey samples sold in the market were
subjected to improper heat treatment during
packaging after harvest or were stored for a
prolonged period. Although the acceptable pH
range for honey has not yet been specified by the
Turkish Food Codex, the results obtained in the
study are within the range (3.2-4.5) determined by
the International Honey Commission.

Table 2. Literature summary

Literature HMF (mg/kg) Diastase number pH
Pasias et al. (2017) » 2.4-51 7-22 -
Abdulkhaliq and Swaileh (2017) @ 2.1-34.2 - 3.03-5.98
Boussaid et al. (2014) » 12.07-27.43 - -
Manzanares et al. (2014) 2 5.36-15.00 11.50—45.80 -
Juan-Borris et al. (2014) = 3.30-23.40 8.70-19.10 -
Tornuk et al. (2013)+/b 0.09-3.012 3.68 -4.65¢
0.05-4.12> ] 3.90-6.42>
Batu et al. (2013) = 0.15-24.39 8.3-17.9 3.76-4.90
Yiicel and Sultanoglu (2013) » 5.22-7.49 5.33-13.77 3.37-3.89
Chakir et al. (2011) = 7.16-30.43 6.05-19.10 -
Aydin et al. (2008) b 2.496-205.152 0-13.9 2.21- 3.54
Kayacier and Karaman (2008) b - - 3.67- 4.57
Moreira et al.(2007) @ 2.80-7.40 10.55-12.40 -

a: Hive honey, b: Market honey

To analyze the HMF levels of the honeys in the
market, increasing the number of the samples
collected by the Republic of Turkey Ministry of
Food, Agriculture and Livestock will prove
beneficial. Raising awareness among the
commercial enterprises that are responsible for
the sale and distribution of honey will increase the
quality of honey and thus, improve its compliance
with the international standards and contribute to
the export potential of Turkey. To raise their
awareness of this issue, beekeepers and honey
suppliers should receive education on honey
quality. Furthermore, as alternatives to heat
treatment, high-pressure and ultrasonic processes
should be promoted, and their applications
should be initiated.
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ABSTRACT

Production of bioethanol is one of the important bioprocesses for the energy industry to provide
inexpensive renewable resources all over the world. In this context, this research was organized for
continuous ethanol fermentation from carob pod extract which is an inexpensive carbon source by free or
immobilized . cerevisiae cells. Continuous ethanol fermentations were performed with different HRT (from
4 to 20 h) and optimal HRT were 8 h for the free cell, and 6.67 h for immobilized cell, respectively. The
highest volumetric ethanol productivities for free cell and immobilized cell fermentations were 3.12 g/L/h
and 3.37 g/L/h at HRT of 5.71 h, respectively. All kinetic parameters cleatly showed that both cell types
can be used for ethanol fermentation, and immobilized S. cerevisiae ethanol fermentation can be operated at
higher dilution rates independent of biomass than a free cell.

Keywords: Continuous fermentation, free and immobilized cells, stirred tank bioreactor

FARKLI HIDROLIK ALIKONMA SURELERINDE KECIBOYNUZU
EKSTRAKTI BESIYERINDE SUREKLI ETANOL FERMANTASYONU

oz

Enerji endiistrisinin tim diinyada ucuz yenilenebilir kaynaklar saglamasi i¢in 6nemli biyoproseslerden
birisi biyoetanol tretimidir. Bu ¢alismada serbest veya immobilize edilmis S. cerevisiae hiicreleri ile
ucuz bir karbon kaynagi olan keciboynuzu eckstraktindan siirekli etanol fermantasyonlart
amaclanmugtir. Sirekli etanol fermantasyonlar: farkli hidrolik altkonma sirelerinde (4-20 saat)
gerceklestirilmistit. Optimum  hidrolik alikonma sireleri, serbest haldeki hicreler icin 8 sa ve
immobilize edilmis hicreler icin 6.67 sa olarak belirlenmistit. Serbest ve immobilize hicre
fermantasyonlati icin en ylksek etanol tretim oranlart sirastyla 3.12 g/1/sa ve 3.37 g/L/sa olarak
hidrolik alikonma stiresi 5.71 saatte elde edilmistir. Tim kinetik parametreler, her iki hiicre tipinin
etanol fermantasyonu ic¢in kullanilabilecegini ve immobilize edilmis . cerevisiae hiicreleri ile
gerceklestirilen etanol fermantasyonunun, siispansiyon haldeki hiicrelere kiyasla biyokiitleden
bagimsiz olarak daha yliksek seyreltme oranlarinda gerceklestirilebilecegini actkca gdstermistir.
Anahtar kelimeler: Strekli fermantasyon, serbest ve immobilize hiicreler, karistirmali tank tipi
biyoreaktor
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INTRODUCTION

The carob tree (Ceratonia siligna L.), which is
mostly grown in Mediterranean countries (Yousif
and Alghzawi, 2000), could be grown in mild and
dry places with poor soils. It could be used as an
alternative  tree  for  diversification and
revitalization in dryland areas of forests in
Mediterranean-climate countries (Sanchez et al.,
2010). Although the tree is grown in poor land
areas, the carob pods have enough amount and
type of sugar for biotechnological applications
with its high total soluble content (62—67%) (Ayaz
et al., 2007). These soluble solids consist of macro
elements such as sucrose, glucose, and fructose;
and microelements such as amino acids, minerals,
and phenolic compounds (Ayaz et al., 2007).
Higher carbohydrate contents make the carob
pod and its extract valuable for fermentation
processes. So, carob pod extract was used to
produce lots of microbial value-added products
such as citric acid (Roukas, 1998; Alani et al.,
2007), succinic acid (Catrvalho et al., 2014), lactic
acid (Turhan et al., 2010a), B-mannanase (Yatmaz
et al., 2016a; Yatmaz et al.,, 2016b), and ethanol
(Roukas, 1993; Turhan et al., 2010b; Yatmaz et al.,
2013; Germec et al., 2015) etc.

Renewable energy sources such as wind turbine,
solar  panels, bioethanol, biodiesel, their
combinations etc. have been started to use in the
last decade because of the high carbon emissions
and ever decreasing fossil fuels. As a result of the
decisions taken by some developed countries, the
use of vehicles that work with petroleum products
will be limited in the future. Using renewable
sources to produce bioethanol, that is an
environmental and simple bioprocess, is one of
the most important process for the energy
industry in the last 30 years (Yatmaz et al., 2013).
Pichia stipitis, Zymomonas mobilis, and Saccharomyces
cerevisiae  are  the most commonly used
microorganisms  for industrial  bioethanol
production from starch, sugar or cellulose
(Brethauer and Wyman, 2010). Using industrial
crops and food wastes or cheap materials for
fermentation is very important to decrease cost
values of the products. Worldwide, corn and
sugar cane extracts are generally used as carbon
sources for bioethanol production because of

high sugar content and availability of these
industrial crops (Cardona and Sanchez, 2007).
Wortld total fuel ethanol production in 2009, 2012,
and 2015 were 20303, 21812, and 25682 million
gallons, respectively (AFDC, 2017). And also,
85.27% of the total fuel ethanol production was
done by the two major bioethanol producers;
USA and Brazil in 2015 (AFDC, 2017). These
statistical values clearly showed that the
bioethanol production increases every year.
Additionally, it is cleatly seen that the bioethanol
is one of the most important resources for fossil
fuel substitution.

Previous fermentation studies about carob pod
extract showed that different microorganisms
could be used as free or immobilized for
bioethanol production. Some of the wused
microorganisms by researchers are Saccharomyces
cerevisiae (Roukas, 1994; 1996; Sanchez et al., 2010;
Sanchez-Segado et al., 2012; Saharkhiz et al,
2013) , Saccharomyces cerevisiae (ATCC 36858)
(Turhan et al., 2010b; Yatmaz et al., 2013; Germec
et al., 2015; Germec et al., 2016) , Saccharomyces
cerevisiae (F13A) (Lima-Costa et al., 2012; Raposo
et al., 2017) , Saccharomyces cerevisiae (ATCC 7754)
(Bahry et al., 2017) , and Zymomonas mobilis PTCC
1718) (Vaheed et al., 2011; Mazaheri et al., 2012;
Saharkhiz et al., 2013) .

The first work is about the global process of
ethanol production from carob pod. They used
different stages to produce ethanol such as
aqueous extraction of sugars, acid or alkaline
hydrolysis and fermentation of the hydrolysate.
The results showed that 95 g/L of ethanol was
acquired after 24h at 30 °C, 125 rpm, 200 g/L of
initial sugar concentration by Saccharomycess
cerevisiae (Sanchez et al., 2010).

Different microorganisms were used for batch
and fed-batch ethanol fermentation from carob
pod extract. Saccharomycess cerevisiae (F13A) was
used for ethanol fermentation; final ethanol
concentrations were 100-110 g/L in all the batch
runs and 130 g/L for fed-batch strategy (Lima-
Costa et al., 2012). Researchers used Saccharomycess
cerevisiae (F13A) for evaluating a cost-effective
ethanol production with different organic and
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inorganic nitrogen sources in a stirred tank
bioreactor system by batch fermentation strategy.
They carried out that urea can be used as a
nitrogen source for ethanol fermentation with
44% ethanol yield and 115 g/L  ethanol
concentration (Raposo et al, 2017). Ethanol
fermentation from carob pod extract by
Zymomonas mobilis was performed to optimize
medium  composition and  fermentation
conditions, and maximum ethanol production
was obtained to be 0.34 g ethanol/g initial sugar
(Vaheed et al., 2011).

Saccharomyces cerevisiae (ATCC 36858) was also
studied for ethanol fermentation with different
fermentation techniques. Firstly, free cells were
used for ethanol fermentation in a stirred tank
bioreactor system. Maximum production rate was
3.48 g/L/h with a meat-bone meal (Turhan et al.,
2010b). Immobilized cells in Ca-alginate beads
were used for batch ethanol fermentation in a
stitred tank bioreactor and the validation results
for ethanol concentration, yield, production rate
and sugar utilization rate were 40.10 g/L, 46.32%,
3.19 g/L/h and 90.66%, respectively (Yatmaz et
al., 2013).

Biofilm reactor was performed for ethanol
fermentation.  Ethanol  concentration  and
production rate were found to be 24.51 g/L, and
2.14 g/L/h (Germec et al., 2015). Packed bed
reactor system had been also investigated for
continuous ethanol fermentation by immobilized
Saccharomyces  cerevisiae.  Maximum  ethanol
productivity was obtained at 0.4 h-! dilution rate
with 150 g/L substrate concentration (Roukas,
1994). The continuous ethanol fermentation from
non-sterilized carob pod extract by immobilized
Saccharomyces cerevisiae was studied by one and two
reactor systems. A maximum volumetric ethanol
productivities were 9.6 g/L/h for one-reactor
system, and 11.4 g/L/h for two-reactor system at
0.4 h! dilution rate and 200 g/L initial sugar
concentration (Roukas, 1990).

These studies have been carried out under
different fermentation conditions and strategies
with different strains. Batch, fed-batch, and
continuous fermentations were performed with

free or immobilized cells. The aims of this
research are to study the continuous ethanol
producing capability of free and immobilized .
cerevisiae (ATCC 36858) cells in carob pod extract
medium in a modified stirred tank bioreactor
system and to determine the best dilution rates (or
hydraulic residence time: HRT) for free and
immobilized cells.

MATERIALS AND METHODS
Microorganism

S. cerevisiae (ATCC 36858) was grown in glucose
medium at 30°C for 24 h (Turhan et al., 2010b;
Yatmaz et al., 2013). 50 g of glucose, 6 g of yeast
extract, 0.3 g of CaCl2.2H20, 4 g of (NH4)2SO4,
1 g of MgSO4.7H-0, and 1.5 g of KH,PO4 were
added per liter of deionized water to form glucose
medium. Stock culture was stored at 4°C for
short-term storage, and -80°C in 20% glycerol for
long-term storage, respectively. The culture was
renewed monthly to provide high cell viability.

Carob pod extraction and fermentation
medium

The chopped carob pods (without seed) were
supplied from a local manufacturer (Yenigun
Food Inc., Antalya, Turkey). Carob pods were
mixed with water (1:4 ratio), incubated for 2 h at
80°C, and filtrated to obtain particle-free carob
pod extract (Turhan et al., 2010b). Then, carob
pod extract entiched with 6 g/L of yeast extract,
0.3 g/L of CaCl2.2H>O, 4 g/L of (NH4)>SOs, 1
g/L of MgSO4.7TH20, and 1.5 g/L of KH2POy4 to
obtain Carob Pod Extract Fermentation Medium
(CPEM).

Immobilization

Immobilized beads were prepared with 2%
alginate solution by mixing 5% pre-culture of total
working volume (Yatmaz et al., 2013). For this
purpose, pre-culture (12.51+0.13 g dry
biomass/L) was centrifuged in 50 ml sterile
centrifuge tubes at 1582 g and 4°C for 20 min.
The supernatant was removed. The cells were
mixed with 20 ml 2% alginate solution and mixed
carefully (Yatmaz et al., 2013). The mixture was
dropped into a sterile 0.1 M CaCl; solution with a
syringe (3P21G 0.80%38 mm) while the solution
was stirred continuously. After beads formation,
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the solution was replaced with 0.05 M sterile
CaCl; solution to harden the beads for overnight.
Finally, the beads were washed with 0.85% NaCl
sterile solution to remove CaCl; ions and non-
adherent cells used for inoculation (Lee et al.,
2011; Razmovski and Vucurovié, 2011).

water inlet

Continuous ethanol fermentation in a 2L
fermenter

CPEM was used for the initial batch phase and
the continuous phase of the ethanol fermentation.
All  fermentations were performed in a
reorganized continuous stirred tank bioreactor
system (Sartorius Biostat A, Germany) with a 2L
vessel (working volume of 1.5L) (Fig 1).

Agitation
pH Control
Temp unit

baffle Feeding tank

Fig 1. Continuous ethanol fermentation system for free or immobilized cells

The temperature, pH, and agitation were adjusted
to 30°C, 5.5, and 150 rpm, respectively (Turhan et
al., 2010b; Yatmaz et al., 2013). pH was controlled
using fermenter automatic control unit by
addition of 2N NaOH. Inoculum size was chosen
to be 3% for submerged free cell fermentation
(Turhan et al, 2010b) and 5% for preparing
immobilized beads with 2% alginate solution
(Yatmaz et al., 2013). Fermentations were started
as a batch for fermentation till late log phase by
sugar  utilization  for immobilized  cell
fermentation and biomass concentration for free

cell fermentation. Then, the systems were
switched to continuous fermentation by switching
on inlet and outlet pumps at the different HRT
values for each dilution rate were 20 h, 13.33 h, 10
h, 8 h, 6.67 h, 5.71 h, 5 h, 4.44 h, and 4h which
calculated from specified dilution rates (D) (0.05
h-1, 0.075 h-1, 0.10 h-, 0.125 h-!, 0.15 h-1, 0.175 h-
1,0.20 h1, 0.225 h', and 0.25 h') respectively
(D=1/HRT).5 L autoclavable bottles were used
to feed the sterile fresh medium to the fermenter
and the fermented broth was collected into 5 L
bottles.
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Analysis
All samples for continuous fermentation were
taken at steady-state conditions and analyzed in
duplicate.

Biomass

Biomass analyses were done by measuring optical
cell density at 620 nm (Thermo Scientific
Evolution 201, Waltham, MA, USA). Samples
were diluted with deionized water. Absorbance
values were converted to biomass concentration
(g dry biomass/L) by a standard curve (Tutrhan et
al., 2010b; Yatmaz et al., 2013).

Residual sugar and ethanol

Residual sugar and ethanol concentrations were
determined by using a Dionex Ultimate 3000
Ultra High-Pressure Liquid Chromatography
(Thermo Scientific Corp., Germering, Germany)
equipped with a RefractoMax520 refractive index
detector (ERC, Germering, Germany). An ICSep
ICE-ORH-801 column (300 X 6.5 mm)
(Transgenomic Inc., Omaha, Nebraska, USA) was
used to analyze sugars and ethanol from samples
by using 0.01 N H>SOy4 as the mobile phase. The
flow rate was adjusted as 0.5 ml/min with a 20 pLL
injection volume at 70°C column oven
temperature. The samples were diluted with
HPLC grade water and filtered through 0.20 pm
filters to remove all solid particles.

Kinetic parameters
The kinetic parameters were calculated by the
following equations:
AS =S5,- 5. (1.1
Where; AS is the total amount of the sugar
utilized (g/L), S, is the feed sugar concentration
(g/L), S.is the effluent sugar concentration (g/L).
AP=P,—-P, (1.2)
Where; AP is the total amount of the ethanol
produced (g/L), P, is the feed ethanol
concentration (g/L), P. is the effluent ethanol
concentration (g/L).
AX =X - X, (1.3)
Where; AX is the total amount of the biomass
(g/L), X, is the feed biomass concentration (g/L),
X is the effluent biomass concentration (g/L).
AP
Vo= —

s A4S (1.4)

Yp
Where; 5 (g ethanol/g sugar) is the yield
coefficient.
HRT=1/D (1.5)

Where; HRT is hydraulic residence time (h), and
D is dilution rate (h).
Productivity (g / L./ h) = DX (1.6)

Ethanol productivity (g / 1./ h) = DP (1.7)
Statistical analysis

Statistical Analyses System (SAS University
Edition, Online Version) was used for analysis of
variance using the General Linear Models. All
analyses and fermentations were performed in
duplicate. The significance was given at p<0.05
(Data was given as mean T std deviation).

RESULTS AND DISCUSSION

This study was designed with two goals in mind.
First, effects of free or immobilized cells on the
continuous ethanol fermentation from CPEM. In
addition, fermentations were performed at nine
different HRT levels between 4 and 20 h at 1.5 L
constant vessel volume to evaluate the effects of
HRT on ethanol production from CPEM.

Sugar consumption, ethanol production and
ethanol productivity for free cells

Free cell continuous ethanol fermentation from
CPEM were performed at seven different HRT
(from 5 h to 20 h). Figure 2 shows the percent
sugar utilization, effluent sugar concentration and
biomass content with the HRT for a constant feed
sugar content (Sgea=069.7512.42 g/L). Percent
sugar utilization increased from 61.24% to
87.23% and the effluent sugar decreased from
27.39 g/L to 9.18 g/L when the HRT increased
from 5 to 20 h. The highest percent sugar
utilization and the lowest effluent sugar content
were calculated to be 87.70% and 8.99 g/L
respectively at HRT of 13.33 h. Biomass content
increased from 6.46 to 12.39 g/L. when the HRT
increased from 5 to 20 h. Effluent sugar
concentration was dramatically increased in lower
HRT because of the reduction of biomass
concentration (Fig 2). And also, HRT of 8 h or
over was not statistically important for effluent
sugar content, percent sugar utilization and
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biomass concentration for free cell fermentation
(p<0.05). Effluent sugar concentration increases

concentration, but also (and more importantly)
due to the low retention time of substrate in the

not only because of the reduction of biomass bioreactor.
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Fig 2. Variation of percent sugar utilization, biomass and effluent sugar concentration for free cell
fermentations

Productivity, ethanol productivity and ethanol
concentration versus HRT is given in Fig 3.
Although ethanol concentration increased at
higher HRT levels due to higher sugar
consumption values, ethanol productivity values
decreased. The highest ethanol productivity value
was calculated to be 3.12 g/L/h at HRT of 5.71
h. HRT was statistically important for ethanol
productivity, but there was no significant
difference in ethanol productivity lower than
HRT of 8 h (p<0.05). HRT was also not
statistically important for ethanol concentration at
higher than HRT of 8 h (»p<0.05). Ethanol
concentration remained in the same range from
19.31 g/L to 22.60 g/L, respectively, when HRT
changed from 8 to 20 h in free cell submerged
continuous fermentation (Fig 3). For a free cell
continuous ethanol fermentation from CPEM,
the highest feasible or applicable ethanol
productivity was 2.41 g/L/h at HRT of 8 h,
because the wash out started to appear in lower
HRT (DX values are nearly same between HRT

of 5 to 10 h because biomass values also
decreased from 10.82 to 6.46 g/L. when HRT
changed from 8 to 5 h).

Sugar consumption, ethanol production and
ethanol productivity for immobilized cells

Nine different HRT (from 4 to 20 h) were used
for immobilized cell continuous ethanol
fermentation from CPEM. Effluent sugar
concentration and percent sugar utilization are
given in Fig 4. Percent sugar utilization and
effluent sugar varied in inverse proportion with
increased HRT (constant feed sugar content,
Steed=64.6913.17 g/1). Lower values than HRT of
571 h was statistically important for effluent
sugar and percent sugar utilization (p<0.05).
Percent sugar utilization increased from 41.15%
to 83.71% and the effluent sugar decreased from
37.92 g/L to 10.18 g/L when the HRT increased
from 4 to 20 h. The highest feasible dilution rate
or lower HRT value for immobilized cell ethanol
fermentation from CPEM was 0.175 h'' or 5.71 h.
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Because over values than HRT of 5.71 h caused =~ which mean that the productivity or sugar
the effluent sugar concentration increased rapidly ~ consumption rate started to dectrease.
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Fig 3. Variation of ethanol productivity (DP), productivity (DX) and ethanol concentration for free cell
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Fig 4. Variation of percent sugar utilization and effluent sugar concentration for immobilized cell

fermentations

Ethanol productivity and ethanol concentration
are given in Fig 5 to evaluate the effect of HRT.
HRT was not statistically important for ethanol
concentration which varied from 21.69 to 22.29

g/L, when HRT changed from 6.67 to 20 h
(»<0.05). But lower HRT values had a significant
effect on ethanol concentration because of high
dilution rate (p<<0.05). The highest ethanol
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productivity was calculated as 3.37 g/L/h at HRT
of 5.71 with 19.27 g/L ethanol concentration.
6.67 h was the lowest feasible HRT wvalue for
continuous ethanol fermentation from CPEM
with ethanol productivity of 3.25 g/L/h and
ethanol concentration of 21.69 g/L (It could be

seen from the effluent sugar concentration in Fig
4 as well). It meant that immobilized cell could be
used lower HRT than free cell for continuous
ethanol fermentation from CPEM in a modified
stirred tank bioreactor.
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Fig 5. Variation of ethanol productivity (DP) and ethanol concentration for immobilized cell
fermentation

Continuous ethanol fermentation from
CPEM
Both free and immobilized cell ethanol

fermentations were accomplished successfully.
Kinetic parameters of percent sugar utilization
and ethanol productivity results are given in Fig 6,
and ethanol productivity values of immobilized
cell fermentation were higher than free cell
fermentation for all HRT levels. It meant that
immobilized cells could be used more effectively
for continuous ethanol production than free cells.
Immobilized cell continuous ethanol
fermentation could be operated until HRT of 6.67
h which was lower than the free cell (HRT of 8 h).
The highest ethanol productivity values were 3.12
g/L/h for the free cell and 3.37 g/L/h for the
immobilized cell at HRT of 5.71 h.

The researches about ethanol production from
CPEM by using free S. cerevisiae cells showed that
maximum production rates were 3.70 g/L/h for
batch fermentation in a stirred tank bioreactor
(STB) (Turhan et al., 2010b) , 2.04 g/L/h for
batch fermentation in a STB (Lima-Costa et al.,
2012) , 3.64 g/L/h for fed-batch fermentation in
a STB (Lima-Costa et al., 2012), 1.604 g/L/h for
batch fermentation (Raposo et al.,, 2017) when it
was 3.12 ¢g/L/h in this research. Some of the
results obtained by the researchers were lower
than ours, though this outcome is expected as
continuous fermentation with free cells are used
for carob pod extract ethanol fermentation.
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Fig 6. Comparison of immobilized and free cell continuous ethanol fermentations from carob pod
extract

Roukas (1994) used immobilized S. cerevisiae in a
packed bed reactor and the maximum ethanol
productivity was 24.5 g¢/L/h at HRT of 20 h and
200 g/L initial sugar concentration. They also
used immobilized yeast in a two-reactor system,
and maximum ethanol productivity of 11.4 g/L/h
was obtained at HRT of 2.5 h and 200 g/L initial
sugar concentration (Roukas, 1996). Yatmaz et al.
(2013) also conducted a study with immobilized
cells in a STB, and maximum ethanol productivity
was determined to be 3.19 g/L/h for batch
fermentation. STB biofilm system was used by S.
cerevisiae, and maximum ethanol productivity of
2.14 g/L/h obtained at 7.71 °Bx, pH 5.18, and
120 rpm (Germec et al.,, 2015). The maximum
production rate of immobilized cells in this
research was higher than what was obtained by
Yatmaz et al. (2013), and Germec et al. (2015). So,
these results also show that immobilized cell
continuous ethanol fermentation from CPEM is
compatible for ethanol production.

CONCLUSION

The results showed that CPEM could be used
successfully for continuous ethanol fermentation
with free or immobilized S. cerevisiae cells. The
lowest non-wash out HRT (6.67 h) and maximum
volumetric ethanol productivity (3.37 g/L/h)
were  obtained from  immobilized  cell
fermentation. 6.67 h was the feasible HRT value
for continuous ethanol fermentation from CPEM
with ethanol productivity of 3.25 g/L/h. As a
result, all kinetic parameters clearly showed that
immobilized S. cerevisiae cell could be operated at
lower HRT independent of biomass than a free
cell ethanol fermentation from CPEM in a
modified stirred tank bioreactor system.
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Bu ¢alismada ¢6rek otu balt ilavesiz (kontrol, K) ve farkli oranlarda (%62.5,%05%10,%15) ¢6rek otu balt ilaveli
set tipi yogurtlarin depolamanin 1, 7, 14 ve 28. giinlerinde analizleri gerceklestirilmistir. Bu ¢alismanim amaci;
fonksiyonel bir tiriin elde edebilmek icin karakteristik 6zellikleri olan ¢brek otu balinin yogurdun duyusal,
baz1 fizikokimyasal ve mikrobiyolojik 6zellikleri tizerine etkisini incelemektir. Yogurt tiretiminde ¢orek otu
bali kullaniminin pH ve serum ayrilmas: degerleri tizerindeki etkisi istatistiki olarak énemli saptanmustir.
CGorek otu balt ilavest Streptococcus thermophilus (Str. thermophilus) sayisinu etkilerken, Lactobacillus delbrueckii subsp.
bulgaricus (Lb. del. subsp. bulgaricns) sayisii 6nemli dizeyde etkilememistit.  Hedonik degerlendirme
sonuglarina gére depolamanin 1, 7. ve 14. glinlerinde en yiiksek begeni alan yogurt 6rnekleri %10 ve %15

bal igeren set tipi yogurt 6rnekleri olmustur.
Anahtar Kelimeler: Corek otu bali, Yogurt, Fonksiyonel

PRODUCTION OF FUNCTIONAL SET TYPE YOGURT
WITH THE USE OF BLACK CUMIN HONEY

ABSTRACT

This study analyses yogurt with varying degrees of black cumin honey (Nige/la sativa-honey) addition
(0, 2.5%, 5%, 10%, 15%). The mixtures were analyzed on days 1, 7, 14 and 28. This study aims to
investigate the effects of Nigella sativa-honey on the texture, some physicochemical and
microbiological properties of yogurt. The obtained data can be used for the development of a
functional product. It was found that the administration of Nigella sativa-honey to yogurt caused
statistically significant changes in the pH and syneresis values of yogurt. The addition of the Nige/la
sativa-honey affected the St thermophilus count. However, the numbers of Lb. del. subsp. bulgaricus
remained unaffected. The hedonic evaluation results were as follows: the favorite samples on days 1,
7 and 14 were the samples with 10% and 15% Nige/la sativa-honey content.

Keywords: Black Cumin Honey, Yogurt, Functional
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Gorek otu balli yogurt Gretimi

GIRIS
Corek otu (Nigella sativa 1..), Ranunculaceae (dugin
cicegigiller) familyasina dahil olan glntmizde
basta Dogu Akdeniz tlkeleri olmak tizere bir¢ok
tilkede yaygin olarak tarimi yapilan, tek yillik, otsu,
20-50 cm boyunda bir bitkidir (Ilisulu, 1992).
Ulkemizde c¢oérek otunun 12 farkll  tird
yetistirilmektedir. Bunlardan Nigella sativa, Nigella
damascena ve Nigella arvensi'sin tohumlari alternatif
tipta ve baharat olarak daha yaygin bir sekilde
kullanilmaktadir (Kar vd., 2007). Tohumlarinin
yapisinda, ugucu yaglar (% 0.4-0.45), sabit yaglar
(% 32-40), proteinler (% 16-19.9), aminoasitler,
alkoloidler, tanenler, saponinler, lifler (% 5.5),
karbonhidratlar (% 33.9), mineraller (% 1.79-
3.44), askorbik asit, tiamin, niasin, pridoksin ve
folik asit bulunmaktadir (Baytop, 1984; Randhawa
ve Al-Ghamdi, 2002). Coérek otu tohumlart
potansiyel yag ve protein kaynag olarak
kullandmaktadir. Son yillarda ¢6rek otu yagt
Ozellikle saglik alaninda ve gida teknolojisinde stk
kullanilan maddelerden biridir (Rooney ve Ryan
2005; Bourgou vd., 2012). Baharat olarak
kullanddmalarinin yant sira gida sanayinde unlu
mamulleri  sislemek ve iriinlere  lezzet
kazandirmak icin de ¢Orek otu tohumlarindan
yararlanildigi da bilinmektedir (Ozel vd., 2009).
Corek otu tohumlart macun, pasta, peynir, tursu
ve firincilik Griinleri gibi bazi gidalarin Gretiminde
aroma verici olarak kullanilmaktadir (D'Antuono
vd., 2002; Cheikh-Rouhou vd., 2007). Gliniimiize
kadar ¢orek otu ile ilgili yapilan arastirmalar
sonucunda; ¢érek otu yaginin besleyici ve aroma
yontnden zengin 6zelligi yaninda antibakteriyel,
antifungal koruyucu 6zellikleri nedeniyle gida
sanayinde kullanilabilecek ¢ok 6nemli bir gida
oldugu bildirilmistir (Salemai, 2005). Corek
otunun cesitli kanser hiicrelerine karst sitotoksik
etkili oldugu (Swamy ve Tan, 2000), hicresel
aktivasyonu ve timore 6zel antikor Uretimini
artirdi@y bildirilmistir (Medenica vd., 1993). Coérek
otu tohumlarinin, serum ve yumurta satist toplam
kolesteroluni, = LDL  (disik  yogunluklu
lipoproteinler) kolesterol ve trigliserit igerigini
azaltig;, HDL (ylksek yogunluklu lipoprotein)
kolesterolii arttirdigr belirtilmistir (Akhtar vd.,
2003).

Ulkemiz nektarl bitkilerce zengin bir floraya sahip
olmast nedeniyle ariciliga ¢ok uygun bir ilkedir
(Ozmen ve Alkin, 2006). Bal, TS 3036 Bal
Standardi’na gore; “Bitkilerin ciceklerinde ya da

diger canli kistmlarinda  bulunan  nektar
bezlerinden salgilanan nektarin ve bitki tizerinde
yasayan bazt  boceklerin, bitkilerin  canlt
kisitmlarindan  yararlanarak  salgiladigr  tali

maddelerin, bal atilart (Apis mellifera) tarafindan
toplanmasi, viicutlarinda bilesimlerinin degistirilip
petek gozlerine depo edilmesi ve buralarda
olgunlasmast sonucunda meydana gelen tatlt bir
Urtin” olarak tanimlanmaktadir (Anonim, 2010).
Bal; bilesiminde bulunan cesitli vitaminler,
mineraller, organik asitler ve enzimler sebebiyle
sindirimi kolay, besleyici ve bir¢ok hastaliga karsi
koruyucu ve ayni zamanda tedavi edici 6zellik
gosteren fonksiyonel bir gidadir (Strali, 2002).
Balin bilesimi armnin nektarint aldigi ciceklerin
tirane, iklim kosullarina, arinin cinsi ve yasina
baglt olarak degisim gostermektedir (Hisd ve
Borekgioglu, 1986; Giines, 2001). Bu noktada
ozellikle ¢orek otu bitkisi nektarlarindan dretilen
¢corek otu bali bitkinin temel yararhiliklaring
bunyesinde bulundurmakta ve fonksiyonelligini
arttirmaktadir. Bal, flavonoidler, fenolik asitler ve
bu maddelerin tiirevlerini icermektedir. Balin
yapisinda bulunan bu tir polifenoller balin
goriinisti ve fonksiyonel 6zellikleri tizerine de
etkili olmaktadir (Karadal ve Yildiim, 2012;
Escuredo vd., 2012). Balin kimyasal bilesimi ise
cografi konumu ve botanik kaynagina gore
degisiklik g6stermektedir. Fakat temel olarak bal;
yaklastk %82 karbonhidrat, %17 su, %00.7 mineral
madde, 9%0.3 protein, vitamin, organik asit,
fenolik bilesikler ve serbest aminoasit gibi makro
ve mikro bilesenlerden meydana gelmektedir
(Ozmen ve Alkin, 2006; Islam vd., 2012;
Karabagias vd., 2014; Moniruzzaman vd., 2014).
Bal, dogal olarak antioksidan 6zelligi olan bir
gidadir. Balin bu Ozelligi; uretildigi nektarin
toplandigt bitkisel kaynaga, mevsimsel ve ¢evresel
faktorlere baglt olarak degismektedir (Spilioti vd.,
2014). Balin antioksidan 6zelligi yapisinda
bulunan glikoz oksidaz, katalaz, peroksidaz gibi
enzimlerin yant stra flavonoidler, fenolik asitler
karotenoidler, tokoferoller ve tiamin, riboflavin ve
askorbik asit gibi vitaminlerden
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kaynaklanmaktadir (Khalil vd., 2012; Alzahrani
vd., 2012).

Bal son derece 6zel, besleyici ve saglikli bir gida
maddesidir. Balin yararlart nedeniyle her gin
duzenli olarak tlketilmesi, yalniz alerji, diyabet,
obezite gibi 6zel durumlarda balin titketiminin
dikkatli ve kontrollii yapilmas: 6nerilmektedir
(Ozmen ve Alkin, 2006). Tim bu yararh
Ozelliklerine ragmen bal, yalnizca kahvaltilik gida
olarak  c¢ogunlukla  yetiskinler  tarafindan
tiketilmektedir. Bu nedenle bal kaynakli yeni
trtinlerin  gelistirilmesiyle toplum sagligina ve
Ozellikle cocuklarin beslenmesine daha fazla
katkida bulunulabilecegi distintlmektedir (Mutlu
vd., 2017).

Tirk Gida Kodeksi Fermente Siit Uriinleri
Tebligi meyveli yogurdu; “Cesnili fermente siit
trinleri: Agirlikca en fazla % 50’si kadar seker
ve/veya tatlandirici, meyve ve sebzeler ve
bunlarin sulari, pireleri, pulplart ve bunlardan
tretilen preparatlar ve konserveler, tahillar, bal,
cikolata, sert kabuklu yemisler, kahve, baharat ve
diger taklit ve tagsise neden olmayan lezzet verici
gidalar gibi stit bazli olmayan bilesenler iceren
kompozit stit tring” seklinde tanimlamaktadir
(Anonim, 2009). Yapimi sirasinda ilave edilen
bilesenler  yogurdun  besleyici  6zelligini
arturmaktadir  (Sireli  ve  Onaran, 2012).
Giuntmiizde tiketiciler diizenli, saglikli ve dengeli
beslenme amactyla diyetlerinde  kullandiklar
Urtinlere daha cok dikkat etmekteditler. Bu
nedenle disiik kalorili gidalarin  yaninda
fonksiyonel —irtnlere de diyetlerinde  yer
vermekteditler. Saghk tzerine yapilan pek ok
arastirma yogurdun mitkemmel bir gida oldugunu
ortaya koymaktadir. Tercih edilen bir fermente siit
trind olmasinin sebebi, yitksek kalitede besin
degerine sahip olmasidir. Dogal kaynaklardan elde
edilen bilesenlerce zenginlestirilen yogurt, saglik
acisindan tiiketiciler icin uygun bir gida formatt
olusturmaktadir. Tim arastirmalar yogurdu daha
besleyici ve daha fazla tiketilebilecek bir trtin
haline getirmek icin yapilmaktadir (Oztiirk ve
Akytiz 1995; Taraket ve Kicitkoner, 2003; Salwa
vd., 2004; Bartoo ve Badrie, 2005; Celik vd., 20006;
Celik vd., 2009; Sert vd., 2011; Arslan ve Ozel,
2012).

Bu calismada, farklt oranlarda ¢6rek otu balr ilave
edilmis set tipi yogurt tretim yontemi ve olusan
urintn  karakteristik 6zellikleri  belirlenmistir.
Elde edilen sonuclar dahilinde, ¢érek otu balt
ilavesiyle zenginlestirilen set tipi yogurdun,
tiiketicilere hitap edecek yeni bir fonksiyonel tirtin
olma niteliginde oldugu gézlenmistir.

MATERYAL VE YONTEM

Materyal

Organik ¢Orek otu bali piyasadan (Destek
Tarimsal Uretim Isletmeleri San. Ve Tic. A.S.),
tam yaglt UHT kutu siit ve yagsiz sit tozu yerel
marketlerden temin edilmistir. Yogurt tretiminde
starter kiltir olarak DVS YC-180 (Termofilik
kiltar: Lb. del. sabsp. bulgaricus, Lb. del. subsp.
lactis, Str. thermophilus) (Peyma-Chr. Hansen,
Istanbul) yogurt kiltiiri kullanimistir. Yogurt
tiretimleri Zonguldak Biilent Ecevit Universitesi
Mihendislik Fakiltesi Gida Mithendisligi Bolimii
Laboratuvarlarinda gergeklestirilmistir.

Yoéntem

Yogurt Uretimi

Siitlerde kurumadde standardizasyonunu (%15)
takiben ¢brek otu bali, %2.5, %5, %10, %15
oranlarinda  ayrlmustir.  Gerekli  ayarlamalar
yapildiktan sonra homojenizasyon islemi IKA T
65 D Ultra-Turrax Package) gerceklestirilmistir.
Homojenize edilen siitler 85 °C’de 20 dakika 1s1l
isleme tabi tutulmustur. Stre bitiminde 42-45
°Cye digirilen yogurt sitd yogurt kaplarina
aktarilmistir.  Onceden hazirlanan  rekonstitiie
kiltir %2 oraninda kaplara ilave edilerek
karistirilmistir. Kaltir ilavesinden sonra 6rnekler
42 °Cde inktbasyona birakdmistir. Yogurt
orneklerinin  pH degerleri 4.6’ya distiginde
inkiibasyon islemi sonlandirilmustir. Inkiibasyonu
tamamlanan yogurtlar 4 °C’de depolanmis,
depolamanin 1, 7, 14 ve 28. giinlerinde depolama
analizleri yapdmistr (Tamime ve Robinson,
2007).

Fizikokimyasal Analizler

Hazirlanan ¢6rek  otu  balt ilaveli set tipi
yogurtlarda pH, serum ayrilmasi, mikrobiyolojik
ve duyusal analizler depolamanin 1, 7, 14 ve 28.
ginlerinde yapidmustir. Yogurt 6rneklerinin pH
degerleri, dijital pH metre (Milwauke, MI151)
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kullanimi ile saptanmustir. Serum ayrilmast tayini
4+1°C deki 25 g yogurt 6rneginin 120 dakikada
kaba filtre kagidindan stizilen serum miktarinin
tartilmast ile g cinsinden belirlenmistir (Atamer ve
Sezgin, 1986; Tamime vd., 1996).

Mikrobiyolojik Analizler

Yogurt 6rneklerinde toplam koliform, toplam
maya-kif, toplam aerobik mezofilik bakteri,
Lactobacillus  ve  Lactococens  bakteri  sayimlart
gerceklestirilmistir. Toplam koliform bakteri VRB
(Violet Red Bile Agar), toplam maya-kiif PDA
(Potato Dextrose Agar), toplam aerobik mezofilik
bakteri PCA (Plate Count Agar), Lactobacillus ve
Lactococens bakteri sayimlart ise sirast ile MRS ve
M17 Agar besiyetleri kullanidarak dékme yéntemi
ile yaptlmis ve sonuclar kob/g olarak verilmistir
(Anonim, 1990).

Duyusal Analiz

Yogurt 6rneklerinin duyusal analizi icin egitim
gormis 10 kisilik panelist grubu olusturularak
tranlerdeki tamamlayict kelimelerin ne ifade ettigi
konusu birebir duyusal analiz dizeni kurularak
aciklanmistir. Analizde kullanilan skala 0-10 cm
uzunlugunda olup, bu skala tzerinde farkli
Ozellikler icin panelistlerin isaretledikleri degerler
Olctlerek skala degerleri kaydedilmistir. Renk,

normal gbriniim, normal yogurt kokusu, bal
(¢orek otu) kokusu, yabanct koku, homojen yapi,
ag1z kaplama, viskozite, normal yogurt tadi, tatlt
tat, bitkisel tat, yabanci tat gibi tamamlayici
ifadeler tzerinden degerlendirme
gerceklestirilmistir (Lawless ve Heymann, 1999;
Ozer, 2006; Altug Onogur ve Elmact, 2011).

Istatistiksel Analiz

Elde edilen veriler SPSS 16.0 istatistik programi
kullanilarak ANOVA  varyans analizine tabi
tutulmustur ve 6nemli ¢tkan farkldiklara Tukey
coklu karsilagtirma testi uygulanmistir. Calisma iki
tekerriirli  olarak yuritilmis ve analizler iki
paralelli olarak gerceklestirilmistir.

SONUC VE TARTISMA

Fizikokimyasal Analiz Sonuglar:

pH Degerleri

Genel olarak yogurt dretiminde inkibasyon
isleminin tamamlanmasina pH kontroli yapilarak
karar verilmektedir. Depolama kosullarindaki
asitlik gelisimi hizina, baslangic pH degerinin
o6nemli 6lctide etki ettigi bildirilmektedir (Atamer
ve Sezgin, 1987). Corek otu bali kullanimi ile
fonksiyonel set tipi yogurtlarda pH degerleri Sekil
1°de verilmistir.
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15%

Sekil 1. Corek otu balt kullanimi ile fonksiyonel set tipi yogurtlarda pH analizi sonuglart
Figure 1. The results of pH analysis in functional set type yogurt with the use of black cumin honey

pH degerleri bakimindan analiz  sonuglart
incelendiginde K, %25 ve %151k 6rnek
gruplarinda depolamaya gbre pH degisimleri
6nemli bulunmustur (p<<0.05). Farklt gruplardaki

pH degerleri karsilastirildiginda 6rnekler arasinda
gozlemlenen pH degerleri farkliligy, inkiibasyon
strasinda etliv ici yerlesim ve sicaklik dalgalanmasi
ile  aciklanabilmektedir.  Depolamanin  ilk
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ginlerinde Orneklerin pH degerlerindeki disme
hizinin depolamanin son giinlere gbre daha az
oldugu gézlenmistir. Hashim (2001), hurmalt
yogurtlarla ilgili calismasinda, hurma piresi
artttkca  yogurtlarin  pH  degerlerinin  arttigint
bildirmistir. Kailasapathy ve Harmstorf (2008),
cesitli meyveler (cilek, kiraz, carkifelek ve mango)
ilave ederek urettikleri probiyotik yogurtlarin pH
degerlerinde depolama siiresince en fazla diigisin
carkifelek meyvesinin ilave edildigi yogurtlarda
gerceklestigini bildirmislerdir. Kullanilan meyve
pulplarinin  yogurtlarin - pH  degerlerini  ve
probiyotik bakterilerin  canliligini  etkiledigini
belirtmislerdir. Kamruzzaman vd., (2002), muzlu
yogurtla ilgili yaptiklart ¢alismada, depolama
boyunca yogurtlarin timiinin pH degerinin
azaldigini, yalmz bu azalmanin muzlu yogurtlarda
daha belirgin oldugunu belirtmislerdir. Yogurdun
olusumu strasinda yogurt bakterileri ¢ok yitksek
metabolik aktiviteye sahip olmakla birlikte,
sogutma ile bu aktivite azalmakta; enzimatik
faaliyet devam  etmektedir. Bu nedenle
inkiibasyon tamamlandiktan sonra, depolama
boyunca yogurtta laktik asit miktarinda artma yani
pH degerlerinde azalma goriilmektedir (Yaygin,
1999). Calismada bal ilave edilmis yogurtlarin

degisirken, kontrol 6rneginin  pH1  4.54
bulunmustur. Sert vd., (2011) tarafindan bildirilen
sonuglarda kontrol grubu yogurdun baslangic
pH’1t 4.43 ve farklt oranlarda aygigegi balt ilave
edilen yogurtlarda pH 4.45-454 arasinda
bulunmugtur. Tespit edilen pH degerleri bu
sonuglarla uyumluluk géstermektedir.

Serum Ayrilmasi Degerleri

Sat  drdnlerinin - tekstirel  Ozelliklerinin
belirlenmesinde 6nemli bir parametre olan serum
ayrilmasi, yogurttaki pthti stabilitesinin 6zelligini
belirlemektedir.  Serum  ayrimast  set  tipi
yogurtlarin  distan gelen herhangi bir etki
olmaksizin jel yapisinda belirlenen su ya da serum
olarak tanimlanmaktadir (Lucey, 2002). Serum
ayrilmasi, tUrindeki protein aginda tutulan sivi
fazin jel yapisindan kendiliginden ayrilmasi
seklinde olusan yapisal kusurdur. Ureticiler,
yogurt sitiiniin  kuru maddesini arttirarak,
stabilizatdr ckleyerek veya siitd siddetli bir 1si
isleme maruz birakarak su baglama kapasitesini
artirmaya calismaktadirlar (Lucey, 2002; Ozcan ve
Yildiz, 2016). Coérek otu bali kullanimi ile
fonksiyonel set tipi yogurtlarda serum ayrilmasi
degerleri Sekil 2’de verilmistir.
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Sekil 2. Corek otu balt kullanimt ile fonksiyonel set tipi yogurtlarda serum ayrilmasi analizi sonuglart
Figure 2. The results of syneresis analysis in functional set type yogurt with the use of black cumin honey

1. glin analizlerinde K grubuna gére %2.5, %5 ve
%10luk gruplarda serum ayrimasinda artis
goriiliirken %15lik grupta azalma
gbzlemlenmistir. Depolama analizlerinde 1.glin

%2.5’luk 6rnek ile 7. ve 14. giin %2.5’luk 6rnekler
arasinda 6nemli degisim vardir (p<0.05). En fazla
¢orek otu balt lavesi iceren %715’lik grubun serum
ayrilmast degerlerinin birbirine ¢ok yakin oldugu



Corek otu balli yogurt tretimi

ve hatta 14. ve 28. giin degerlerinin esit oldugu
gozlemlenmistir. Siitiin protein icerigi basta olmak
tizere, kuru madde igerigi, homojenizasyon islemi,
isil islem  uygulamasi, serum proteinlerinin
denatiirasyonu, sitin mineral madde igerigi,
yogurdun asitligi ve sogutma sicakliginin serum
ayrimast  tzerine etkili oldugu bilinmektedir
(Kogak ve Aydemir, 1994). Yogurtlarda yiiksek
asitlik, serum ayrilmasini arttiran Snemli  bir
etmendir. Laktik asit fermentasyonu asitligin
devamlt olarak artist ve kazeinin kiimelesmesi ile
sonuglanmaktadir. Bu sirada olusan biiyiik
partikiiller su kaldirma kapasitesinin azalmasina ve
belirgin bir serum ayrilmasina neden olmaktadir
(Zhang vd., 2012). Bazt arastirmactlar farkl
meyvelerle tatlandirdmus  yogurtlarla  yaptiklar
calismada, depolama siiresince serum ayrilmast
degerinin arttigini saptamuglardir (Celik vd., 2000;
Tarakgt ve Kigtukoner, 2003). Tamucay vd.,
(2002) yagsiz yogurt tiretiminde protein kaynakl

etkilerini arastirmiglardir. Dort farkll deneme
yogurtlart (K kontrol, A; %1, B; %2.5, C; %4)
fiziksel, kimyasal ve duyusal analizlere tabi
tutulmus ve sonuglar incelendiginde, C érneginde
(%04 Simplesse®100) butin depolama siirelerinde
en az serum ayrilmast degerleri Sl¢tlmiistur.

Mikrobiyolojik Analiz Sonuglar:

Toplam Mezofilik Aerobik Bakteri Sayim
Sonuglari

Toplam mezofilik aerobik bakteri sayimi gida
giivenliginin belirlenmesinde kullanilan en basit ve
yaygin analiz metotlarindan biri olup, fermente
gidalar gibi dogal niteligi yéntinden yitksek sayida
mikroorganizma icerenler disinda, bircok gidada
kalite kriteri olarak kullanilmaktadir. Bununla
birlikte toplam aerobik mezofilik bakteri olarak
degerlendirilen sayin icinde patojenlerin de
bulunabilecegi belirtilmektedir (Halkman, 2007).
Corek otu balt kullanimi ile fonksiyonel set tipi

yag ikame maddesi olan Simplesse®100  yogurtlarda toplam mezofilik aerobik bakteri
kullaniminin duyusal ve fiziksel 6zellikler tzerine degerleri Sekil 3’de verilmistir.
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Sekil 3. Corek otu balt kullanimi ile fonksiyonel set tipi yogurtlarda Toplam mezofilik aerobik bakteri
sayimi1 sonuglart
Figure 3. The results of Total mesophilic aerobic bacteria connts in functional set type yogurt with the use of black cumin
honey

%10 bal iceren 6rneklerin 7. giin analiz degerleri
1, 14 ve 28. giinleri arasinda toplam mezofilik
aerobik bakteri sayisi agisindan istatistiksel olarak
onemli dizeyde farklilik géstermistir (p<<0.05).
Istatistik sonuglarina gére 7. giin %10 ¢orek otu
balt iceren grup ile aynt depolama giiniinde diger
gruplar (K, %2.5, %5 ve %15) arasindaki
farkliligin 6nemli oldugu saptanmistir (p<<0.05).

Calismada elde edilen degerler Saccaro vd., (2009)
ile Sert vd., (2011)’nin yapmus oldugu calismada
elde edilen sonuclarla benzer bulunmustur.

Lb. del. subsp. bulgaricus Sayim Sonuglari

Sit trtnlerinde laktik asit bakterilerinin canliligy;
pH, asitlik, tretim parametreleri, yogurdun
bilesimi ve katkilar, depolama sicakligi, oksijen
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icerigi, kullamlan bakterinin tird, kiltiirde
bulunan diger mikroorganizmalarin varlig, kiiltir
hazirlama ve gelistirme kosullart ve ayrica ortamda
bulunan inhibitérlerin etkisi ile degisebilmektedir

(Shah, 2000). Coérek otu bali kullanimi ile
fonksiyonel set tipi yogurtlarda Lb. del. subsp.
bulgaricus degerleri Sekil 4°de verilmistir.
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Sekil 4. Corek otu balt kullamimi ile fonksiyonel set tipi yogurtlarda Lb. del. subsp. bulgaricus sayimi
sonuclart
Figure 4. The results of Lb. del. sabsp. bulgaricus connts in functional set type yogurt with the use of black cumin honey

Istatistik sonuglarina gére Lb. del. subsp. bulgaricus
sayistnin depolamanin 1, 7, 14 ve 28. giin analiz
degerlerinde tim gruplarda birbiri arasindaki
farklilik 6nemsiz olarak saptanmistir (p>0.05).
Sireli ve Ozdemir (1998), Ankara’da tiiketime
sunulan meyveli yogurtlar tizerine bir arastirma
yapmis ve kayist katkili yogurtlarin 2.00x108

kob/mL Lb. del. subsp. bulgaricus icerdigini tespit
etmislerdir.

Str. thermophilus Sayim Sonuglari

(Corek otu bali kullanimi ile fonksiyonel set tipi
yogurtlarda Sz thermophilus degetleri Sekil 5’de
verilmistir.
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Sekil 5. Corek otu balt kullamimi ile fonksiyonel set tipi yogurtlarda S#. thermophilus sayim sonuglart
Figure 5. The results of Str. thermophilus connts in functional set type yogurt with the use of black cumin honey

gruplar  arasindaki degisim 6nemli olarak
saptanmistir  (p<0.05). Yapilan bir c¢alisgmada
cesitli meyve marmelatlariyla hazirlanan meyveli

Str. thermophilus sayilar1 bakimindan depolamanin
14. giindi %10’luk grup ile ¢orek otu balt ilavesiz
(K grubu) ve farkli oranlarda ¢6rek otu balt ilaveli
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yogurtlarin mikrobiyolojik sonuglari incelenmistir.
Cilek, visne ve seftali marmelatlariyla ayri ayri
hazirlanan yogurtlarin depolamanin 1. glintiinde
strastyla;  2.23x108,  2.48x108 ve 1.89x108
(adet/mL) St thermophilus  igerdigi  tespit
edilmistir. Depolama stiresi sonunda ise (14. giin)
strastyla;  1.01x108,  1.16x108 ve 1.20x108
(adet/mL) oldugu belitlenmistir. Depolama
periyodunda  Orneklerin - tamaminin S
thermophilus  sayllarinda  azalma — gbrilmistir
(Karagozli 1997).

Toplam Maya-Kiif Sayim Sonuglari
Toplam maya-kiif sonuclart degerlendirildiginde
trtin gruplart icerisinde sadece K Orneginde

depolamanin 28. giiniinde sayllamayacak diizeyde
maya-kif gelisimi gbzlenmistir. Diger 6rnek
gruplarinda gelisme gézlenmemistir.

Koliform Bakteri Sayim Sonuglar:

Uriin gruplart igerisinde ve depolamaya baglt
olarak herhangi bir koliform bakteri gelisimi
gbzlenmemistir.

Duyusal Analiz Sonuglar1

Corek otu balt kullanimi ile fonksiyonel set tipi
yogurtlarda 1. giin duyusal analiz sonuglart Sekil 6
’da verilmistir.

Genel
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Yabanci Tat/Foreign
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earance .
PP Normal Yogurt

Kokusu/Normal Yogurt
Odor

Bal (Corek Otu Bali)
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texture
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Sekil 6. Corek otu bali kullanimt ile fonksiyonel set tipi yogurtlarda depolamanin 1.giinii duyusal analizi
sonuclari
Figure 6. The results of Sensorial analysis in_functional set type yogurt with the use of black cumin honey on days 1

Corek otu balt ilaveli set tipi yogurt iiretiminde
1.gtin duyusal analiz sonuclarinda en yiiksek puant
agz1 kaplama ve homojen yap: bakimindan
kontrol grubunun aldigi gériilmiistir. Ornek
gruplari arasinda ilave edilen ¢6rek otu balt miktart

artkca kontrol grubuna gére daha az puan
alindigr gériilmiistiir. Viskozite agisindan %10 luk
grubun 1. ve 14. glinleri arasindaki degisim 6nemli
bulunmustur  (p<0.05). %5 Lk grupta
depolamanin 1. ve 14. glinleri arasindaki farkhilik
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o6nemli olarak saptanmistir  (p<0.05). Agz
kaplama tanumlayici kriterinde 1. giin %15’lik grup
e 1.gin K (kontrol) ve %2.5 luk gruplar
arasindaki farkliligin 6nemli oldugu gdzlenmistir
(p<0.05). Homojen yap1 acisindan 1.giin K grubu

ile 1. gtin %15 ve %5 ¢orek otu bali iceren gruplar
arasindaki degisim 6nemli olarak bulunmustur
(p<0.05). Corek otu balt kullanimit ile fonksiyonel
set tipi yogurtlarda 7. giin duyusal analiz sonuglar
Sekil 7’ de verilmistit.
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e

Viskozite/Viscosity — ey

Agzi Kaplama/Mouth
Coating

7 day

Renk/Color

Normal Gériinim/Normal

. Appearance
Normal Yogurt
Kokusu/Normal Yogurt
\

Odor

Bal (Corek Otu Bali)
Kokusu/Honey Odor
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Sekil 7. Corek otu balt kullamimi ile fonksiyonel set tipi yogurtlarda depolamanin 7.giinti duyusal analizi
sonuclart
Figure 7. The results of Sensorial analysis in_functional set type yogurt with the use of black cumin honey on days

Homojen yap: tanimlayict kriterinde 7. gin %15
lik grup ile 7. glin %2.5” luk grup arasindaki fark
onemli olarak saptanmistir  (p<0.05). Agz
kaplama ve viskozite tanimlayict kriterinde 7. glin
%15’ lik grup ile 7. giin %5 ve %15’ lik gruplar
arasindaki degisim 6nemli bulunmustur (p<<0.05).
(Corek otu balt kullanimi ile fonksiyonel set tipi
yogurtlarda 14. giin duyusal analiz sonuglart Sekil
8’de verilmistit.

Agz1 kaplama tanimlayict kriterine gére 14. giin
%151k grup ve K, %25 ve %15lik gruplar

arasindaki degisim Onemli olarak saptanmistir
(p<0.05). Homojen yapt tanimlayict kriteri
incelendiginde 14. giin %15’lik grup ile 14. giin K
grubu  arasindaki  farklidik  6nemli  olarak
bulunmustur (p<<0.05). Diger bir tanimlayict kriter
olan viskozite degerleri incelendiginde 14. giin
%10’ luk grup ile 14. gin K, %2.5 ve %51k
gruplart arasindaki degisimin 6nemli oldugu
gbzlenmistir (p<0.05). Cérek otu bali kullanimu ile
fonksiyonel =~ set tipi  yogurtlarda  genel
degerlendirme sonuglart Sekil 9°da verilmistir.
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14 day

Genel Renk/Color Normal
Degerlendirme/Gener \ Gorinim/Normal
al Evaluation —— pearance .
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Sekil 8. Corek otu balt kullamimi ile fonksiyonel set tipi yogurtlarda depolamanin 14.giinti duyusal
analizi sonuclart
Figure 8. The results of Sensorial analysis in_functional set type yogurt with the use of black cumin honey on days 14

Hedonik Evaluation

=@=1 day
=@=7 day
@14 day

Sekil 9. Corek otu balt kullanimi ile fonksiyonel set tipi yogurtlarda duyusal analiz kapsaminda hedonik
degerlendirme sonuglart
Figure 9. The results of Hedonic evaluation in functional set type yogurt with the use of black cumin honey
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Istatistik  sonuglart  incelendiginde  genel
degerlendirme kapsaminda 1. gin duyusal
analizinde en fazla begeni alan %10 ¢6rek otu balt
iceren grup olmugtur. Depolama siitesi iletledikce
%10 ve %1571k gruplar farkli oranlarda fakat
birbirine yakin degerlerde begeni almistr.
Depolamanin 14. giiniinde %5’lik grup en az
begeni alan grup olmustur. Ilerleyen depolama
ginlerinde tim gruplarda genel begeni degetleri,

baslangic depolama giinlerine gbre azalma
gbstermistir.
Duyusal analiz  kapsamunda degerlendirilen

tamimlayict analizin yani sira genel begeninin
ortaya konulmast amactyla 6rneklere hedonik
skala analizi de uygulanmustir. Duyusal analiz
degerlendirmesi  kapsaminda hedonik  skala
degerlendirme sonuglarina goére depolamanin 1, 7.
ve 14. ginlerinde en yiiksek begeni alan yogurt
ornekleri %10 ve %15 bal igeren set tipi yogurt
ornekleri olmustur.

Calisma kapsaminda duyusal analiz
degerlendirmeleri depolamanin 1, 7 ve 14.
glinlerinde gergeklestirilmistir. Depolamanin 28.
giniinde  yogurtlarin  kriterleri  duyusal
degerlendirmeye uygun olmadig icin panelistlere
ornek sunumlari gerceklestirilmemistir.

SONUC
Bu arastirmada ¢orek otu bali ilavesi ile hazirlanan
yogurtlarin  depolama  stresince  duyusal,

mikrobiyolojik ve bazt fizikokimyasal Szellikleri
belirlenmistir. Calismada ¢6rek otu bali ilavesinin
duyusal anlamda trinin kabul edilebilirligini
arttirdig  goriilmistiir. Saghga verilen degerin
artugt giniimiizde besinsel ve fonksiyonel
Ozellikleri yliksek katkilarin ilavesi ile alternatif siit
triinlerinin  gelistirilmesinin  fonksiyonel gida
pazarina  yenilikgi  bir  anlayls  getirecegi
dustintlmektedir. Corek otu bali kullanimi ile
fonksiyonel set tipi yogurt Uretiminin saglk
tzerine olumlu etkileri olabilecegi
ongorilmektedir. Bu konu ile ilgili daha fazla
calisma yapilmast ve toplumumuzun fonksiyonel
gidalar acisindan bilgilendirilmesi gerekmektedir.
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Bu arastirma, tniversite Sgrencilerinin probiyotik bilgi dizeyi ve titketim durumlarint belitlemek amaciyla
Giimiishane Universitesi Saglik Bilimleri Fakiiltesinde gerceklestirilmistir. Calisma Subat-Mayis 2018 tarihleri
arasinda 1287 6grenci ile yuritilmustir. Arastirma verileri anket yontemiyle ve yiiz yiize goriisilerek toplanmustir.
SPSS paket programi ile sayr-yiizdelik dagilimi hesaplanmis, tek yonlii varyans analizi (ANOVA) ve t-testi
uygulanmistir. Ogrencilerin 896’st (%069.6) kiz, 3911 (%30.4) erkek ve yas ortalamalart 20.76+2.35 yildir.
Probiyotik terimini bildigi ifade eden 6grenci yiizdesi %55.6 olarak ve probiyotik tiiketen 6grenci yiizdesi ise %046.1
olarak bulunmustur. Kiz 6grencilerin probiyotik bilgi diizeyinin daha yiiksek oldugu ve erkek 6grencilerin ise
probiyotik tiketme durumumun daha yiiksek oldugu bulunmustur (P <0.05). Probiyotik bilgi diizeyi en yiksek
bélimiin Beslenme ve Diyetetik Bolimii oldugu ve probiyotik tiketim durumu en yitksek olan bélimun ise
Hemgirelik Bolimii oldugu belitlenmistir (P <0.05). Gelecegin saglik personeli olacak bu 6grencilere probiyotikler
hakkinda yeterli bilgi verilmeli, probiyotik tiketimin 6nemi vurgulanmali ve Ogrencilerin  farkindaligs
gelistiriimelidir.

Anabhtar kelimeler: Probiyotik, Gniversite 6grencileri, bilgt diizeyi

PROBIOTIC KNOWLEDGE LEVEL AND CONSUMPTION STATUS OF
UNIVERSITY STUDENTS

ABSTRACT

This research was conducted at Giimiigshane University, Faculty of Health Sciences to determine the
probiotic level and consumption status of university students. It was carried out with 1287 students
between February and May 2018. Research data were collected by survey method. The number-percentage
distribution was calculated and ANOVA and t-test analyses were applied using SPSS package program.
Out of the students, 896 (69.6%) were female and 391 (30.4%) were male and the average age was 20.76
T 2.35 years. The percentage of students who expressed that they knew the probiotic term was found as
56% and the percentage of students who consumed probiotic was 46%. It was found that the level of
probiotic knowledge was higher in female students and probiotic consumption was higher in male
students (P <0.05). It was determined that the level of probiotic knowledge was highest in the department
of nutrition and dietetics and the probiotic consumption status was highest in the department of the
nursing student (P <0.05). Sufficient information about probiotic should be given to the students who
will be future health personnel, the importance of probiotic consumption should be emphasized, and the
awareness of students should be improved.

Keywords: Probiotic, university students, knowledge level
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Ogrencilerin probiyotik bilgi diizeyi ve tiiketimlerinin tespiti

GIRIS

Diinya Saglk Orgiiti (WHO); sagligi, sadece
hastalik ve sakatligin olmamas: degil; bedensel,
ruhsal ve sosyal bakimdan tam bir iyilik hali olarak
tanimlamistir. Glntimiuzde saghgin tim yonleriyle
gelistirilmesi konusunda cok sayida calisma
yapilmaktadir. Saglik ve beslenme arasindaki iliski
ginden gine 6nem kazanmaktadir. Yaslanan
niifusla bitlikte ortaya ¢tkan antibiyotik direncinin
artmasi, kanser ve alerjik  hastaliklarin
yayginlasmasi sebebiyle beslenmeyle ilgili olarak
alternatif  tedavi ve korunma  yollarinin
aragtirilmast zorunlu hale gelmis ve fonksiyonel
besinlere olan ilgi artmustir. Fonksiyonel besinler
vicudumuzun temel besin = gereksinimlerini
karsilamakla  birlikte sagligin  korunmast ve
sirdirilmesinde 6nemli etkilere sahiptirler.
Fonksiyonel besinlerin en ¢ok bilinen ve tiiketilen
grubunu probiyotikler olusturmaktadir
(Anonymous, 2002; Hactoglu vd., 2012; Kéroglu
vd., 2015).

Probiyotik terimi Yunancada "pro bios" kelime
koklerinden olusup, '"yasam icin" anlamina
gelmektedir. Buglne kadar probiyotiklerin ¢ok
farkli tanimlart yapidmistir ancak kabul edilen
tamimina gore; “yeterli miktarda alindigi zaman
konakgt tzerinde sagliga yararl etkiler saglayan
canlt mikroorganizmalardir”(Anonymous, 2002).
Probiyotik besinler, viicut icin faydali canl
mikroorganizma ilave edilmis gidalar olarak
tamimlanabilir (Roberfroid, 2000). Bu triinlere;
fermente stt trinleri, kefir, kimiz gibi icerisinde
faydali canli mikroorganizma iceren triinler Srnek
verilebilir (Yagct, 2002). Yizyillardir tiketilen
yogurt ancak icerisinde Lactobacillus acidophilus ve
Bifidobacterium  bifidum tirt bakteriler igeriyorsa
probiyotik {iriin olarak kabul edilirken, starter
kiltir eklenerek elde edilen yogurtlar icerisinde
probiyotik 6zellik tasimayan Lactobacillus delbrueckii
spp. bulgaris ve Streptococcus thermophilus bakterileri
kullanilarak elde edilmektedir. Bu nedenle
igerisinde her canli mikroorganizma igeren
gidanin probiyotik olarak degerlendirilmesi yanlis
olacaktir. Bir gidanin probiyotik olarak kabul
edilmesi icin icermis oldugu mikroorganizmalarin
probiyotik  mikroorganizmalardan  olusmast
gerekmektedir (Viana vd., 2008).

Probiyotik olarak en fazla bilinen
mikroorganizmalar Bifidobacterium, Lactobacillus ve
Streptococcus  cinsi  bakteriler ile  Saccharomyces
boulardii maya tirleridir (Raghuwanshi vd., 2015;
Alkan, 2012). Probiyotik olarak kullanilabilecek
mikroorganizmalarin  tasimast  gercken bazt
o6nemli Gzellikler bulunmaktadir. Bu 6zellikler
sOyle siralanabilir; probiyotik olarak kullanidan
mikroorganizmalar patojen olmamali, toksik yan
driinler dretmemeli, genetik olarak degisime
ugramamis olmal, islem yapilan trtinde canliligini
koruyabilmeli, bagirsak mikroflorasindaki sartlara
dayanikli  olmali, depolama sirasinda canlt
kalabilmelidir (Klaenhammer vd., 1999).

Saglikli bir insanin bagirsak florasinda ki
mikroorganizmalarin biyltk cogunlugu birbiriyle
denge halindedir. Bu mikroorganizmalarin yararh
olanlart insanlarin bagisiklik sistemini destekler.
Probiyotik bakteriler hastalik yapici etkenlere karst
bariyer gorevi gorip bu mikroorganizmalarin
viicuda yerlesmesine engel olurlar. Probiyotik
bakteriler gastrointestinal sistemde kolonileserek
istenemeyen  mikroorganizmalarin  Urettikleri
toksik bilesiklerin elimine edilmesine katkida
bulunurlar. Dengesiz beslenme, stres,
enfeksiyonel hastaliklar, antibiyotik kullanimi,
ameliyat, kemoterapi ve yashlk gibi faktorler,
yararli bakterilerin zarar gOrmesine ve zararlt
bakterilerin  bagirsak  yiizeyinde ¢ogalmasina

neden olur. Probiyotik mikroorganizmalar
bagirsaklardaki ~ koruyucu mukoza  yiizeyini
giclendirir ve gecirgenligi azaltarak alerjik

maddelerin kana ge¢cmesini 6nlerler (Balkss, 2011).

Son yillarda yapilan calismalar probiyotiklerin
basta enflamatuar bagirsak hastaliklari olmak
tizere birgok gastrointestinal sistem hastaliginin
tedavisi ve korunmasinda etkili oldugunu
gostermistir (Harish vd., 2008; Narayan vd., 2010;
Andrews vd., 2012; Inang vd., 2005). Probiyotik
besin tiketimi ile; enfeksiyonlarin 6nlemesi ve
tedavisi, sistemin  uyartlmast  ve
regiilasyonu, enflamatuar barsak hastaliklarinin
tedavisi, kan kolesteroliniin dustriilmesi, laktoz
intoleransinin  6nlenmesi, kanser olusumunun
azaltilmasi, kadinlarda iriner ve vajinal sistem
enfeksiyonlarinin tedavisi ve Onlenmesi,
cocuklarda alerjik reaksiyonlarin — azaltilmast

immun
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mimkin olmaktadir (Hasler, 2002; Sagdi¢ vd.,
2004).

Toplumda probiyotikler ile ilgili bilgi konusunda
karmasa bulunmaktadir. Probiyotik kavrami
bilinmemekte ya da yanls bilinmektedir. Cesitli
sebeplerden dolayt gelencksel beslenme yerine
Ozellikle hazir yiyeceklerle beslenmeye yonelimin
arttifl bir ¢agda, besinlerin titketimi konusunda
basta saglik personellerinin dikkat etmesi ve
toplumdaki diger bireylere iyi model olmalari,
rehberlik etmeleri son derece 6nemlidir (Karadag
vd., 2012).

Bu arastirma ile saglik bilimleri fakiltesinde
Ogrenim  gOren  Universite  Ogrencilerinin
probiyotik bilgi dizeyi ve probiyotik tiketme
durumunun degerlendirilmesi amaglanmistr.

MATERYAL VE YONTEM

Aragtirma Yontemi ve Orneklemi

Arastirma; Subat-Mayis 2018 tarihleri arasinda
Gilimiishane ~ Universitesi ~ Saghk  Bilimleri
Fakiltesinde ki altt boélimde (Beslenme ve
Diyetetik, Hemsirelik, Saglik Yonetimi, Sosyal
Hizmet ve Acil Afet ve Yardim Yoénetimi, Is
Sagligy ve Giivenligi) okuyan (n=1600) lisans
Ogrencilerinin, probiyotik besinler hakkindaki
bilgi diizeyleri ve titketim durumlarini saptamak
amact ile yapilmistir. Arastirmanin evrenini Saglik

Bilimleri ~ Fakiltesinde = okuyan  (n=1600)
ogrenciler olusturmustur. Arastirmada 6rneklem
secimine gidilmemistir. Caligmaya katihimda

gonullilik esas alindigy icin 1287 anket ile ¢alisma
tamamlanmustir.

Arastirmanin  Etik  Boyutu: Arastirmanin
gerceklestirilecegi Glimiishane Universitesi Saglik
Bilimleri Fakiltesi Dekanhgindan arastirmanin
yapilmasi icin gerekli yazili izin ve Universitenin
etik kurulundan 19 Mart 2018 tarihinde etik onay
alinmistir.  Arastirmaya  baglamadan  6nce
Ogrencilere arastirma ve uygulama hakkinda
gerekli aciklamalar yapildiktan sonra Sgrenciler
tarafindan  s6zel onam alinmis ve anket
uygulanmistir.  Calismaya katdma konusunda
gbnullilik esas alinmistir.

Aragtirma Verilerinin Elde Edilmesi

Veriler, arastirmacilar tarafindan ilgili literatiirden
yararlanilarak hazirlanmis anket formuyla ve yiz
ylize gorisme teknigiyle toplanmustir. Anket
formu 3 bélimden olugsmakta olup, 1. bolim
ogrencilere ve ailelerine iliskin sosyo-demografik
Ozellikleri iceren sorulardan, 2. bélim probiyotik
besin tiketimi ve bilgi durumlarini igeren
sorulardan, 3. bolim ise 6grencilerin probiyotik
besinletle ilgili bilgi diizeylerini 6l¢mek amaci ile
hazirlanan ve 22 madde iceren likert tipi tutum
Olgeginden olugmaktadir. Cizelgelerdeki bilgiler
“katillyorum”,  kararsizim”,  “katilmiryorum”
seklinde  belirtilen 3l dereceleme  6lgegi
kullanilarak olusturulmustur (Balkis, 2011).

Verilerin Degerlendirilmesi

Arastirmada elde edilen verilerin
degerlendirilmesi; Statistical Package for The
Social Sciences (SPSS) 22.0 paket programi
kullamilarak ~yapilmistir. Bulgular, c¢izelgelerde
bolim bazinda siniflandirlmus, veriler sayr ve
yuzde oranlart igerecek sekilde verilmistir.
Cizelgelerde verilen bazi ylizdelik oranlar o soruya
cevap veren katilimer sayist toplamina gore
hesaplanmistir. Bazi sorular ise bir 6nceki soruya
verilen “evet” ya da “hayir” cevabina istinaden
farkli sayida kisi tarafindan cevaplanmugtir.
Arastirmanin diger boliimlerinde, degiskenlerin
Ozelliklerine baglt olarak t testi ve tek yonli
varyans analizi (ANOVA) yapidmustir. Tek yonli
varyans analizinde (ANOVA) anlamhhk i¢in tukey
analizinden faydalanilmistir.  Cizelgelerde ise
aritmetik ortalama (x), standart sapma (ss) ve p
degeri verilmistir. Farkliliklarin test edilmesi igin p
degeri 0.05’ten kiigiik ise istatistiksel olarak
anlamlt kabul edilmistit.

SONUC VE TARTISMA

Ogrencilere ait Sosyo-Demografik Ozellikler
Arastirmaya katilan 6grencilerin % 69.6’s1 kiz, %
30.4%G erkektir. Ogrencilerin  yas  ortalamast
20.76+2.35 yildir. Ogrencilerin %25.8’ saglik
yonetimi, %19’u hemsirelik, %17.7’si beslenme ve
diyetetik, %17.5 is saghigr ve glvenligi, %13.6’st
sosyal hizmet ve %06.4’4 acil yardim ve afet
yonetimi  bolimiinden oldugu belitlenmistir.
Ogrencﬂerin %30.5’1 l.siif, %30.370  2.sinif,
%19.6 3.siif ve %19.6’st 4.sinif Ogrencisidir
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(Cizelge 1). Ogrencilere yoneltilen “Ailenizin
maddi durumunu nasil degetlendiriyorsunuz”
sorusuna %13.8’inin  disik, %~83.8’inin orta,
%4.0’1inin  yitksek cevabi verdigi belirlenmistir.

Probiyotik  bilgi  dizeyi ve maddi durum
karsilastirildiginda orta gelirli aileye sahip olan
Ogrencilerin  probiyotik bilgi diizeylerinin daha
yiksek oldugu saptanmistir (P <0.05).

Cizelge 1. Ogrenciler Hakkinda Genel Bilgiler (n=1287)
Table 1. General information abont the students (n=1287)

Sayt Toplam%

Number Total%
Cinsiyet Gender
Erkek / Male 391 30.4
Kadin / Female 896 69.6
Bolumler Departments
Saglik Yonetimi Bolimit Department of Healthy Management 332 25.8
Hemsirelik BOlim Department of Nursing 245 19.0
Beslenme ve Diyetetik BOlumis Department of Nutrition and Dietetics 228 17.7
Is Saghgt ve Guvenligi Bolimii Department of Ocoupational Health and Safety 225 17.5
Sosyal Hizmet Bolimu Department of Social Work 175 13.6
Acil Yardim ve Afet Yonetimi Bolimu 82 6.4
Department of Emergency and Disaster Management
Stnuf Class
1.S1uf First Class 393 30.5
2.8t Second Class 390 30.3
3.Sunif Third Class 252 19.6
4.8t Fourth Class 252 19.6
Ailenin Maddi Durumu Fawily Financial Status
Distk Low 178 13.8
Orta Medium 1078 83.8
Yiksek High 31 2.4

Ogrencilerin Probiyotik Uriinler Hakkinda
Bilgi Diizeyi, Bu Uriinleri Tiiketme
Durumlar1 ve Tiiketmelerinde Etkili Olan
Faktorler

Aragtirmaya katilan 6grencilerin “probiyotik nedir
biliyor musunuz?” sorusuna %55.6’st  “evet
biliyorum” ve %44.4’4G  “hayir bilmiyorum”
cevabini vermisgtit. Bu soruya verilen cevaplar
bolim bazinda karsdasturildiginda  %096.5°lik
oranla Beslenme ve Diyetetik Bélimi (BDB) en
cok bilen, %75.4’lik oranla en az bilen Sosyal
Hizmet Bolimii (SHB) olmustur. “Cevabiniz evet
ise; probiyotikler ile ilgi bilgi dizeyiniz hangi

seviyededir?” sorusuna cevap veren Ogrencilerin
%068.6’s1 orta ve %25.4’0 disik bilgi dizeyine
sahip  olduklarini  belirtmislerdir. ~ Bolum
karsilastirmasinda %37.4’liik oranla bilgi seviyesi
en diisiik Ts Saglig1 ve Givenligi Bélimi (ISGB)
olmustur.  Ogrencilerin ~ %50’sinden  fazlast
probiyotiklerle ilgili olarak orta diizeyde bilgi
seviyesine sahiptir. Probiyotik tiiketimi ile
bagisikhik  sisteminin  desteklenmesi, laktoz
intoleransinin  Onlenmesi, kan kolesteroliniin
dustrilmesi, kadinlarda vajinal ve Uriner sistem
enfeksiyonlarinin  tedavisi  ve  Onlenmesi,
enflamatuvar bagirsak hastaliklarinin tedavisi ve
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6nlenmesi mimkiin olabilmektedir (Hasler, 2002;
Sagdic vd., 2004). Ogrencilerin (cevap veren 720
kisi) %82.40  “probiyotik besin  tlketiyor
musunuzr” sorusuna evet, “cevabiniz evet ise
tiketimde neyin etkisi var?” sorusuna %51.6’st
tavsiye tzerine, %24.6’st saglik sorunlart ve
%11.8’1 reklamlarin etkisi oldugunu ve yine
cevabiniz  “evet ise fayda gordinlz mir”
sorusuna ise Ogrencilerin %84.3’4 evet cevabin
vermistir. Ayrica “probiyotik tiketimini ¢evrenize
onerir misiniz?” sorusuna Ogrencilerin %82.4’u
evet, “cevabiniz evet ise ne icin Onerirsiniz?”
sorusuna ise 6grencilerin %49.0’1 sindirim sistemi

sorunlar,  %38.6’st  bagistkhk  sisteminin
giclenmesine katki saglamast ve %8.3’0 ise
dolagim sistemi sorunlari icin Onerecegini

belirtmistir. “Probiyotik besinlerin saglik tizerine
etkisi oldugunu distiiniyor musunuz?”’ sorusuna
cevap veren 6grencilerin %91.3’4 evet cevabint
vermis, aldiginiz probiyotik triinlerin ambalajint
okur musunuz? sorusuna ise %66.8’1 okudugunu
belirtmis ve “probiyotik ilave edilmesini
istediginiz  besinler nelerdir?” ise
Ogrencilerin  %36.6’st  biskiivi, seker, cikolata,
%35.90 icecekler ve %17.5’1 makarna, simit
cevabini  vermistir  (Cizelge  2).  Veriler
degerlendirildiginde  Ogrencilerin = en  fazla
titkettikleri besinler arasinda olan biskivi, seker ve

sorusuna

cikolata gibi besinlere eklenmesini istedikleri
gorilmektedir, fakat probiyotik mikroorganiz-
malar yiiksek 1sil islemlere dayanikli olmadiklart
icin bu tip uriinlere katlmalari yapilacak 6n
denemelerle belirlenebilir. Probiyotik titketen
ogrencilerin  bu besin grubunu  titketmesini
etkileyen en o6nemli faktoriin tavsiye oldugu
gorilmektedir, saglik icin tiiketimi ise dusiik bir
yuzdeye sahiptir, oysaki probiyotikler fonksiyonel
bir besin grubu olarak degerlendirilip sagliga
faydali etkileri dolayisiyla tiiketilmelidir. Bu
sonuglara  bakilarak  &grencilerin - probiyotik
besinlerin icerigiyle ilgili olarak kesin bir bilgiye
sahip olmadiklart gorillmektedir. Bu sorulara
verilen cevaplarin  bolim  karsilastirmasinda
probiyotik besin tiketmeyen bélimin %27.9’la
Sosyal Hizmeti Bolimi (SHB) oldugu, tiketimde
neyin etkisi var sorusuna Hemsirelik Bolimuntn
(HB) %40.0’la tavsiye cevabini verdigi, %21.5’le
Acil Yardim ve Afet Yoénetimi Bolimi’nin
(AYAYB) en az fayda gbrdiigii, ambalaj paketini
en fazla okumayan bélimiin %43.8 ile HB oldugu
belirlenmistir. Probiyotik besinleri ne igin
Onerirsiniz  sorusuna verilen cevaplar bolim
bazinda karsilastirildiginda; BDB ve HB %54.1°lik
oranla sindirim sistemi sorunlart icin, ISGB %46.7
ile bagisiklik sistemi igin Onerebileceklerini
belirtmislerdir.

Cizelge 2. Ogrencilerin probiyotik iiriinler hakkinda bilgi diizeyi, bu iiriinleri titketme durumlari ve
tiiketmelerinde etkili olan faktorler
Table 2. The level of knowledge of students about probiotic products, the consumption of these products and the factors
that affect their consumption

Sayt  Toplam% BDB HB SHB SYB AYAYB ISGB
o % % % )
Number  Total%  DND DN DSW DHM DEDM DOHS
Probiyotik nedir biliyor musunuz?
Do you know what probiotic is?
Bilen Knowing 716 55.6 96.5 60.1 2406 443 67.1 46.7
Bilmeyen Unknowing 571 44.4 35 399 754 557 32.9 53.3
Evet ise; probiyotik bilgi diizeyinizin seviyesi?
If yes; the level of your probiotic knowledge?
Diistik Low 182 25.4 15 247 326 286 30.9 37.4
Orta Medium 491 68.6 73.6 712 605 673 65.5 61.7
Yiiksek High 43 6.0 114 41 6.9 4.1 3.6 0.9
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Cizelge 2. devam
Table 2. continued

Sayi  Toplam% BDB HB SHB SYB AYAYB ISGB
) % ) )
Number  Total%  DND DN DSW DHM DEDM DOHS

Probiyotik besin tiiketiyor musunuz?
Do you consume probiotic food?
Evet Yes 593 82.4 89.1 753 721 865 76.4 79.6
Hayir No 127 17.6 109 247 279 135 23.6 20.4
Evet ise tliketimde neyin etkisi var?
If yes. what is the effect of consumption?
Reklamlar Advertising 70 11.8 14 152 186 9.5 14.5 13.9
Saglk sorunlart Health problems 146 24.6 164 262 232 223 18.2 17.6
Tavsiye Advice 306 51.6 522 40.0 256 365 40.0 42.6
Diger Other 71 12.0 30,0 186 326 317 273 25.9
Evet ise fayda gérduniz mii?
If yes. wonld yon benefit?
Evet Yes 500 84.3 91.8 822 833 845 87.3 78.5
Hayir No 93 15.7 82 178 167 155 12.7 215
Evet ise. ambalaj paketini okurmusunuz?
If yes. you are read the package?
Evet Yes 396 66.8 723 562 651  59.2 60.0 62.6
Hayir No 197 332 27.7 438 349 40.8 40.0 37.4
Probiyotik titketimini énerir misiniz?
Wonld you recommend probiotic consumption?
Evet Yes 588 82.4 93.6 80.1 605 789 80.0 74.8
Hayir No 126 17.6 64 199 395 211 20.0 25.2
Cevabiniz evet ise ne icin 6nerir misiniz?
If yes. what wonld you suggest for it?
Dolasim sistemi sorunlati 49 8.3 4.1 34 70 6.8 14.5 13.1
Circulatory system problems
Bagisiklik sistemine destek 227 38.6 322 384 419 500 34.5 46.7
Support to the immune system
Sindirim sitemi sorunlar 288 49.0 541 541 511 392 45.5 36.4
Digestive system problems
Diger Other 24 4.1 96 41 00 4.0 5.5 3.8
Probiyotiklerin saglik tizerine etkisi var midur?
Do probiotics have an impact on health?
Evet Yes 654 91.3 96.8 883 902 899 90.4 86.4
Hayir No 62 8.7 32 117 98 101 9.6 13.6
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Cizelge 2. devam
Table 2. continued

Sayi  Toplam % BDB HB SHB SYB AYAYB ISGB
W )
Number  Total%  DND DN DSW DHM DEDM DOHS
Probiyotik ilave edilmesini istediginiz besinler
Foods you want to add probiotic
Biskiivi. seketleme. ¢ikolata 316 36.6 360 368 338 36.6 444 349
Biscuits. confectionery. chocolate
Igecekler Drinks 310 359 449 328 282 317 34.9 349
Makarna. simit Pasta. bage/ 151 17.5 133 184 212 208 9.5 20.1
Diger Other 87 10.0 58 120 168 109 11.2 10.1

BDB: Beslenme ve Diyetetik Bolimu - DND: Department of Nutrition and Dietetics, HB: Hemsirelik Bélumu -
DN: Department of Nursing, SHB: Sosyal Hizmet Bélimii - DSW: Department of Social Work, SYB: Saglik
Yoénetimi Bolimi - DHM: Department of Healthy Management, AYAYB: Acil Yardim ve Afet Yonetimi Bélumi
- DEDM: Department of Emergency and Disaster Management, ISGB: Ts Saghgt ve Giivenligi Bélimii - DOHS:

Department of Occupational Health and Safety.

Nijeryali 62 klinisyen tzerinde probiyotik bilgi
duizeyi ile ilgili yapilan bir ¢calismada katilimcilarin
%95.2’si  probiyotik terimini bilmedigini ifade
etmistit (Anukam vd., 2006). Yunanistan’da
probiyotik bilgi diizeyi ile ilgili yapilan bir
calismada tlketicilerin = %76’sinin  probiyotik
terimini bilmedigi belirtilmistir (Payahoo vd.,
2012). Yabanct ve Simsek (2007) yapmus olduklart
calismada probiyotik Urlinler hakkinda bilgi
diizeyinin  kiz = 6grencilerde  (%69.2)  erkek
ogrencilere (%040) gore daha yiiksek bulmuslardur.
Ayni ¢alismada kiz 6grencilerin erkek 6grencilere
kiyasla daha fazla probiyotik triin tiikettiklerini
saptamuglardir.  Yurttas ve Yimazin (2017)
calismasinda ise ebelik ve hemsirelik bolimi
arasinda anlaml farklilik olmakla birlikte bolime
gore (x*=6.413 p=0.011, P <0.05) ebelik bélumu
Ogrencilerinin =~ %73.1’i, hemsirelik  bolumi
6grencilerinin  %56.2’si  probiyotik  kavramint
bildigini ifade etmistir. Ogrencilerin %53.5%nin
(n=0688) probiyotik uriin tikettigi saptanmistir.
Probiyotik trin tiiketen &grencilerin  %23’u
tavsiye lzerine kullandigini ifade etmistir. Ayni
calismada 6grencilerin %37.2’s1 (n=92) probiyotik
Griin  tikettigini  belirtmistir. Uriinii  titketen
grubun %78.3’4 hastaliklardan korunmak amact
ile probiyotik kullandigini ifade etmistir. Zeren
(2015), calismasinda kattlimcdarin %066.47iniin
probiyotik besin tikettigi ve %61.7’sinin sindirim
sistemine katkilarindan dolayt kullandigt ortaya
ctkmustir.

Son yillardaki gelismelere baglt olarak televizyon,
internet ve sosyal medya kullanimdaki artis geng
nifusun herhangi bir iriind tercih etmesinde etkili
rol oynamaktadir. Bu etki icerisinde en
o6nemlilerden biri reklamlardir denilebilir. Sevilmis
(2008), yapmus oldugu calismada tiketicilerin
%32.0’tun  televizyon reklamlari, %28.0’1nin
alisveris  yaptiklart  markette  gormeleri  ile
%16.0’1n1n ise gazete dergi vb. de yer alan yazili
reklamlar vasitastyla bu driinlerden haberdar
olduklarini belirtmislerdir.

Calismamizda, cinsiyet ile probiyotik iriin bilgi
dizeyi karsilastirildiginda  istatistiksel ~ olarak
anlamlt bir fark olup kiz 6grencilerde daha yitksek
bulunmustur (P >0.012). Bélim ile probiyotik
tran bilgi diizeyi karsilastirldiginda ise gruplar
arasinda anlamlit bir fark olup (P >0.000),
beslenme ve diyetetik bélimi &grencilerinin
probiyotik bilgi diizeylerinin daha yiksek oldugu
saptanmistir.  Karsilastirilan 6 bolim  igerinde
beslenme dersi alan iki béluim (BDB-HB)
bulunmaktadir. Arastirmamizda cinsiyet ile
probiyotik tiketme durumu karsilastirildiginda
istatistiksel olarak anlamli bir fark olup erkek
ogrencilerde daha yiksek bulunmustur (P
>0.000). Bu sonug¢ erkek 6grencilerin de en az kiz
Ogrenciler kadar saghkli beslenme konusunda
bilin¢lendigi seklinde yorumlanabilir.
Literatiirdeki benzer calismalarda kiz 6grencilerin
erkek Ogrencilere kiyasla daha fazla probiyotik
besin tikettikleri g6rilmistir.
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Cizelge 3. Bilgi ortalamasi ve gelir ortalamalarina yonelik ANOVA analizi
Table 3. ANOVA analysis for average information and income

Gelir duzeyi Income rate N X Sd f p
Bilgi ortalamast Disiik Low 175 22166 0349  3.862
Information average Orta Medium 1078 2.2797  0.299 0.021*
Yiksek High 30 2.203  0.348
*P <0.05
Cizelge 4. Cinsiyet ve bilgi ortalama puanlarina yonelik iliskisiz t-testi
Table 4.Unrelated t-test for gender and knowledge average scores
Cinsiyet Gender N X S Sd t p
Kiz Female 896 2.3024 379
Erkek Male 391 2.1923 426 1285 0.950 0.000%*
*P <0.05
Gizelge 5. Bilgi ortalamasit ve boliime yonelik ANOVA analizi
Table 5. ANOVA analysis for average information and departments

Bolim Departments N X Sd f p
Bilgi ortalamast BDB DND 228 24011 0216  20.274  0.000*
Information average HB DN 245 23501  0.337

SHB DSW 175 21712 0.317

SYB DHM 332 22256  0.289

AYAYB DEDM 82 22156 0.325

ISGB DOHS 225 22050 0312

*P <0.05. BDB: Beslenme ve Diyetetik Bélimii - DND: Department of Nutrition and Dietetics, HB: Hemsirelik
Bolimii - DN: Department of Nursing, SHB: Sosyal Hizmet Bélimi - DSW: Department of Social Work, SYB:
Saglik Yonetimi Bolumi - DHM: Department of Healthy Management, AYAYB: Acil Yardim ve Afet Yénetimi
Béliimii - DEDM: Department of Emergency and Disaster Management, ISGB: Ts Saghgt ve Giivenligi Bolimii -
DOHS: Department of Occupational Health and Safety.

Balkis (2011), yapmis oldugu calismada kiz

drini hangi durumlarda Onerirsiniz sorusuna

ogrencilerin %31.9’unun, erkek Ogrencilerin ise %49.0’1  sindirim sistemi sorunlart cevabini
%29.9’unun  probiyotik  besinleri  tiikettigini, vermistir.

titkettikleri probiyotik besinlerden %70.2’sinin

fayda gordigi ve %29.8’inin fayda gérmedigini, Bolim  ile  probiyotik  tiiketme  durumu

fayda gorenler 6grenciler arasinda kiz 6grencilerin
%71.2, erkek 6grencilerin ise %68.8’inin fayda
gordigini bulmuglardir. Aydin ve arkadaglart
(2010), probiyotiklerle ilgili yapmis olduklar
calismada 6grencilerin %51.2’sinin bu drinlerden
fayda gordigini ve %47.6’siin  probiyotik
drinlerin  mide ve  bagirsak  sisteminin
dizenlenmesinde fayda sagladigini belirtmislerdir.
Yapmis oldugumuz calismada da 6grencilerin bu

karsilastirildiginda ise gruplar arasinda anlamli bir
fark olup (P >0.000), hemsirelik bolimi
Ogrencilerinin probiyotik besin titketme oraninin
daha yiksek oldugu saptanmustir. Ailenin maddi
durumu ve probiyotik tiketme durumu
karsilastirildiginda  gruplar arasinda anlamh bir
fark bulunmamustir (P <0.529). Ailenin maddi
durumu ve probiyotik Urin bilgi  dizeyi
karsilastirlldiginda gruplar arasinda anlamh bir
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fark olup (P >0.021) orta gelirli ailelerin

birbirleriyle kiyaslandiginda probiyotik tiiketimi

cocuklarinda daha yiiksek oldugu saptanmustir. ile reklamlar arasinda anlamh bir fark
Probiyotik besin tiketimi etkileyen faktérler bulunmustur (P >0.000).
Cizelge 6. Tiketim durumu ve bolimlere yonelik ANOVA analizi
Table 6. ANOV'A analysis for consumption and departments
Bolim Departments N X Sd f p
Probiyotik tiiketme BDB DND 225 1.1200  0.332
Probiotic consumption HB DN 210 1.3905  0.489
SHB DSW 88  1.5455 0.500  15.05  0.000*
SYB DHM 231 1.2900  0.454
AYAYB DEDM 73 1.3562  0.482
ISGB DOHS 175  1.3657  0.483

*P <0.05. BDB: Beslenme ve Diyetetik Bélimii - DND: Department of Nutrition and Dietetics, HB: Hemsirelik
Bolimi - DN: Department of Nursing, SHB: Sosyal Hizmet Bélimii - DSW: Department of Social Work, SYB:
Saglik Yonetimi Bolumi - DHM: Department of Healthy Management, AYAYB: Acil Yardim ve Afet Yoénetimi
Bélimii - DEDM: Department of Emergency and Disaster Management, ISGB: Ts Sagligi ve Giivenligi Bolimii -

DOHS: Department of Occupational Health and Safety.

Cizelge 7. Cinsiyet ve probiyotik tiiketimine yonelik iliskisiz t-testi
Table 7.Unrelated t-test for gender and probiotics consumption

Cinsiyet Gender N X S Sd t p

Kiz Female 698 1.2474 0.432

Erkek Male 304 1.4638 0.499 1000 -0.929 0.000*

*P <0.05

Ogrencilerin Probiyotik Besinleri saptanmustir. Tiketmeme nedenlerinin
Tiikketmeme Nedenleri arastirildigt bagka ¢alismalarda da oldukea benzer
Gizelge 8 incelendiginde “probiyotik besin sonugclar ortaya ¢ikmustir, caligmalarin tamaminda

titketmiyorsaniz nedenleri nelerdir?” sorusuna
ogrencilerin %75.7’si bilmedigini ve %11.2’sinin
ihtiya¢ duymadig1 cevabint verdigi goriilmektedir.
“Probiyotiklerle ilgili endiseniz var m1?”” sorusuna
katilimeilarin %73.3’4 hayir cevabint vermis ve
“cevabiniz evet ise nedenleri nelerdir?” sorusuna
ise katilimeilarin %52.2’si hazir paketli probiyotik
triinlerin  iceriginden emin degilim cevabint
vermistit. Derin ve Keskin (2013) yapmus
olduklart benzer c¢alismada probiyotik Urin
tiketmeyen 305 &grencinin @ bu  drinleri
tilketmeme nedeni olarak; bilmeyenlerin %049.2,
ihtiyag duymayanlarin %38.7, dogal
bulmayanlarinin ise %5.9 oldugunu
bildirmislerdir.

Calismamiza benzer olarak Zeren’in (2015)
calismasinda  %51.1'inin  probiyotiklerin  ne
oldugunu bilmediginden dolayt tiiketmedigi

titketmeme nedenlerinin ilk sirasinda
probiyotiklerin ne oldugunu bilmeme sonucu
bulunmugtur (Zeren, 2015). Thtiyag duymama,
dogal bulmama, pahali ve lezzetsiz bulma
nedenleri ise diger tiketmeme nedenleridir
(Yabanct vd., 2007; Aydin vd., 2010; Balkss, 2011,
Derin vd., 2013). Aydin vd., (2010)’nin yaptiklars
arastirmada  probiyotik titketmeyen
Ogrencilerin %54.7’si bu trinleri bilmediklerini,
%24.7’si ihtiya¢ duymadigini, %10.40  dogal
bulmadiklarini, %5.8’1 lezzetsiz buldugunu ve
%4.4untn de pahall buldugu belirlenmistir.
Calismaya  katlan  &grencilerin %53.2%si
probiyotiklerle ilgili endise yasamadigini ifade
etmistir. Probiyotiklerle ilgili endise yasadigini
ifade eden Ogrencilerin %11.5’1 hazir paketli
probiyotik iriinlerin iceriginden emin degilim
cevabi vermistir.

urun
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Cizelge 8. Ogrencilerin probiyotik iiriinleri tiiketmeme nedenleri

Table 8. The reasons of student nonconsumption of probiotic products

Sayt  Toplam% BDB HB SHB SYB AYAYB ISGB
) ) )
Number  Totals  DND DN DSW DHM DEDM DOHS

Nedenler Reasons?
Bilmiyotrum [ don't know 417 75.7 750 69.1 885 89.9 38.5 523
Dogal bulmuyorum [ don't find natural 23 4.1 00 062 31 2.8 7.7 5.4
Thtiyagc duymuyorum [ don't need 62 11.2 125 144 3.1 5.1 30.8 23.4
Pahali buluyorum I find expensive 26 4.7 00 72 23 0.6 23.0 8.1
Lezzetsiz buluyorum I find tasteless 18 33 125 21 23 0.6 0.0 9.9
Diger Others 5 1.0 00 1.0 07 1.0 0.0 1.2
Probiyotiklerle ilgili endiseniz var mi1?
Are you worried about probiotics?
Evet Yes 249 26.7 229 26 288 278 30.8 28.6
Hayir No 685 73.3 771 74 712 722 69.2 71.4
Evet ise nedenleri nelerdir?
If yes what are the reasons?
Probiyotik Grtanlere giivenmiyorum 48 19.3 16.3 153 363 16.7 27.8 19.7
I don't trust probiotic products
Igeriginden emin degilim 130 52.2 50.9 57.6 455 0633 27.8 54.1
I don't sure abont its content
Yan etkisi olabilit May have effect harmfiul 52 20.9 255 186 9.1 13.3 38.9 21.3
Diger Others 19 7.6 73 85 91 6.7 5.5 4.9

BDB: Beslenme ve Diyetetik Bolimt - DND: Department of Nutrition and Dietetics, HB: Hemsirelik Bolumu -
DN: Department of Nursing, SHB: Sosyal Hizmet Bélumi - DSW: Department of Social Work, SYB: Saglik
Yoénetimi Bolimi - DHM: Department of Healthy Management, AYAYB: Acil Yardim ve Afet Yonetimi Bélumi
- DEDM: Department of Emergency and Disaster Management, ISGB: s Saghgt ve Giivenligi Bélimii - DOHS:

Department of Occupational Health and Safety.

Ogrencilerin Probiyotik Besin Olarak Kefir ve
Boza Tiketim Sikliklar:

Gizelge 9 incelendiginde 6grencilerin kefiri %7.8”1
haftada  bir kez tiketitken, %73.1’inin
titketmedigini ve bozayt %86.4’tntn tiiketmedigi
belirlenmistir.

Yabanct ve Simsek’in (2007), ¢alismasinda ise
probiyotik iriin tiketen 6grencilerin %95.0
probiyotik trlin olarak yogurt, digerleri ise siit
tikettikleri ifade etmistir. Zeren (2015), yapmus
oldugu calismada probiyotik Urlin tiketenlerin
%71.4%iniin yogurt, %28.6’s1nin siit, %25.37niin
peynir, %44%Gntn kefir ve 9%06.6’stun  kimiz
tikettigini  belirtmistir. Bu trtnleri tiketen
kisilerin probiyotik besin titketim sikligi ise
%24.4unin ginde 1 kez, %15.1’inin ginde 2-3

kez, %19.8’Inin haftada 1 kez, %17.4’iniin ayda 1
kez ve %23.3 nadiren tiikettigini ifade etmistir.
Saglik icin bir¢ok faydast bulunan bu gidalarin
ginlik beslenmemizde dengeli bir sekilde
bulunmasi gerekmektedir. Yaptigimiz calismada
en 6nemli probiyotik kaynaklarindan biri olan

kefir Ogrencilerin %73.1’1 tarafindan
tiketilmemektedir. Kefir ile ilgili literatiire
bakidiginda,  kefirin  bagistklik  sistemini
destekleyici, antikarsinojenik, antialerjik,

kolesterol diizenleyici, antimikrobiyal, sindirim
sistemi rahatsizliklart Gizerinde diizenleyici etkileri
oldugunu kanitlayan calismalar bulunmaktadir
(Maalouf vd., 2011; Adiloglu vd., 2013; Giizel-
Seydim vd., 2011; Ahmed vd., 2013; De Oliveria
Leite vd., 2013; De Angelis Pereira vd., 2013).
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Cizelge 9 Ogrencilerin Probiyotik Besinleri Titketme Aliskanligina ait Bulgular
Table 9. The findings on habits of students consumption of probiotic foods

Say1 Toplam % BDB HB SHB SYB AYAYB ISGB
) ) ) ) ) %

Number Total % DND DN DSW DHM DEDM DOHS
Kefir siklik Kefir frequency
Giinde 1 kez Onee a day 17 1.3 3.9 1.2 11 0.9 0.0 0.0
Ginde 2-3 kez Two and three times a day 26 2.0 3.9 08 23 1.8 0.0 22
Haftada 1 kez Once a week 101 7.8 114 9.0 46 6.0 6.1 8.9
15 giinde bir Two times a month 89 6.9 7.9 57 6.9 3.9 14.6 8.9
Ayda bir Once a month 113 8.8 132 10.6 5.7 7.2 9.8 6.7
Tuketmem I'm not consuming 941 73.1 59.6 727 794 80.1  69.5 73.3
Boza siklik Boza frequency
Ginde 1 kez Once a day 8 0.5 0.9 1.2 06 03 0.0 0.0
Gunde 2-3 kez Two and three times a day 14 1.1 0.4 1.2 17 0.6 0.0 22
Haftada 1 kez Once a week 28 2.2 1.3 37 0.6 2.7 3.7 1.3
15 gtinde bir Two times a month 41 3.2 1.8 29 46 24 6.1 4.0
Ayda bir Once a month 84 6.5 8.3 45 51 6.6 7.3 7.6
Tuketmem I'w not consuming 1112 86.4 873 86,5 874 873 829 84.9

BDB: Beslenme ve Diyetetik Bolumu - DND: Department of Nutrition and Dietetics, HB: Hemsirelik Bolumu -
DN: Department of Nursing, SHB: Sosyal Hizmet Bélimii - DSW: Department of Social Work, SYB: Saglik
Yo6netimi Bélimii - DHM: Department of Healthy Management, AYAYB: Acil Yardim ve Afet Yénetimi Bolumi
- DEDM: Department of Emergency and Disaster Management, ISGB: Ts Saghgt ve Giivenligi Bélimii - DOHS:

Department of Occupational Health and Safety.

ONERILER

Probiyotiklerin ~ sagltk tzerine olan olumlu
etkilerini gdsteren c¢alismalar son dénemlerde
artmasina ragmen saglik bilimleri fakiltesinde
okuyan ve farkindaliklarinin daha yitksek olmast
beklenen Ggrencilerin  %55.6’stin probiyotik
terimini bildigi ve terimi bilenlerin ise bilgi
diizeyinin orta seviyede oldugu goralmistir.
Probiyotikler hakkinda bilgi seviyesinin orta
olmast dgrencilerin triin hakkinda yeterli bilgiye
sahip olmamasina, hangi saglk probleminin
¢6ziimunde kullanilacagini bilmemesine ve bu tir
trtinlerden tereddiit duymasina neden olmaktadir.
Bu durum probiyotik besinler hakkinda daha fazla
bilgilendirme ¢alismast yapilarak ve bu konu
hakkinda  6grencilerin  bilinglendirilmesi  ile
giderilebilir. Gelecegin saglik personeli olacak bu
kisilerin =~ sagligin  korunmasinda ve tedavi
edilmesinde olumlu etkileri oldugu kabul edilen
bu drlnler hakkinda bilgi sahibi olmalari, bu
bilgileri aktarabilmeleri ve bu triinlerin tiiketimini
once kendi beslenme diizenlerine dahil ederek
diger insanlara Snerebilmeleri gerekmektedir.
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oz

Akl ambalajlama, gida ambalajlama teknolojisinde 6ne ¢tkan en yeni paketleme sistemidir. Ureticiler,
perakendeciler ve tiketiciler tarafindan gida giivenligi ve kalitesinin izlenebilirligi icin yenilik¢i ambalajlara
artan talep, akillli ambalajlama teknolojisinin ortaya ¢tkmasina neden olmustur. “Akdl’” terimi, ambalajin
icinde veya disinda meydana gelen degisikliklere yanit verebilmesini ve driiniin durumunu tiiketicilere
aktarabilmesini ifade etmektedir. Akilli ambalajlama, birincil ambalaj fonksiyonlarinin yam sira, gida
atiklarinin 6nlenmesi veya azaltilmasi, gida giivenliginin saglanmasi, tirtin kalitesinin ve besleyici degerinin
izlenebilmesini saglamaktadir. Son yillarda yapilan c¢alismalar, sicaklia ve bozulmaya baglt olarak renk
degistiren barkodlar ve etiketler, modifiye atmosferde paketlenmis triinlerde sizinti kontrolinii saglayan
kolorimetrik indikatérler, taze iriinlerin olgunluk derecesine baglt olarak renk degistiren filmler ve
biyosensétler gibi akilli ambalajlama araglarinin gelistirilmest tizerine yogunlagmistir. Bu derlemede, gidalarda
kullanilan akilli ambalajlama sistemleri, bu sistemlerin ¢alisma prensipleri, gelistirilen akillt ambalajlar ve gida
uygulamalart hakkinda glincel bilgilere yer verilmistir.

Anahtar kelimeler: gida ambalajlama, akilli ambalaj, akilli etiket, ambalaj indikat6rleri, sensorler

INTELLIGENT PACKAGING TECHNOLOGY IN FOODS AND CURRENT
APPLICATIONS

ABSTRACT

Intelligent packaging is the newest packaging system in food packaging technology. Increasing
demand for innovative packagings by producers, retailers, and consumers to monitor quality and
safety of food has led to arise intelligent packaging. The term “intelligent” refers to the response to
changes occurring inside or outside packaging and transferring status of the product to consumers.
Intelligent packaging, besides the primary functions of packaging, provides preventing or reducing
food waste, ensuring food safety, monitoring quality and nutritional value of product. Recent studies
have focused on the development of intelligent packaging devices such as color-changing barcodes
and labels based on temperature and deterioration, colorimetric indicators providing leakage control
of products packaged in a modified atmosphere, color-changing films depending on the degree of
maturity of fresh products, and biosensors. In this review, intelligent packaging systems, the working
principles of these systems, and recent information about intelligent packaging and food applications
are presented.

Keywords: food packaging, intelligent packaging, intelligent label, packing indicators, sensors
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GIRIS
Gida endistrisinde ambalaj, gidalarin kalitesinin
korunmasi,  kontaminasyonlarin  6nlenmesi,

tasinmasi ve depolanmasi i¢in kullanilan bir gesit
koruma sistemidir (Otles ve Sahyar, 2016). Genel
hatlariyla ambalajin  fonksiyonlart muhafaza,
koruma, iletisim ve kolaylik olmak tzere 4 baglik
altinda toplanabilir. Ambalaj; gidanin {retim
hattint terk etmesinden itibaren gidayr icinde
bulundurarak  tiketiciye  ulasincaya  kadar
muhafaza islemini gerceklestirmektedir. Ambalaj
trind fiziksel ve mekanik etkilere karst korudugu
gibi, aroma kaybint Onleme, 15tk gecirmezligi
saglama ve  mikrobiyolojik  koruma da
saglamaktadir. Muhafaza ve koruma fonksiyonlari
disinda ambalaj tiketici ile riin arasindaki
iletisimi de saglamaktadir. Ambalajin  kolaylik
fonksiyonu ise uriinii kolay a¢ma, kapama,
bosaltma, tastma, depolama, rafa yerlestirme gibi
kolayliklart kapsamaktadir (Singh ve Heldman,
2014).

Ttketici talepleri, teknolojinin ilerlemesi ve gida
endistrisinin  egilimleri  dogrultusunda  gida
ambalajlama teknolojileri siirekli olarak gelisme
gostermektedir. Son yillarda ambalaj materyaline
fonksiyonel — Ozelliklerin  kazandirddigi  yeni
ambalajlama teknolojileri ortaya ¢ctkmistir. Bunlar
aktif ve akilli ambalajlama teknolojileri olarak iki
grupta stniflandirlimaktadir (Realini ve Marcos,
2014). Aktif ambalajlama teknolojisinde, gidadaki
bozulma reaksiyonlarinin hizinin azaltilmasi ve
gidanin raf émrinin daha da uzatilabilmesi icin
oksijen tutucular, nem emiciler, antimikrobiyal
ajan salicilary, etilen tutucular ve koku emiciler gibi
cesitli aktif bilesenlerin ambalaj malzemesine veya
ambalaj icine eklenmesinden yararlanilir (Shin ve
Selke, 2014; Fang vd., 2017). Akilli ambalajlama
teknolojisi ise gidanin givenligi ve Kkalitesi
hakkinda dretici ve tiiketiciye bilgi verebilen ve
uriin kalite ve giivenligi hakkinda erken uyarilarda
bulunan ambalaj sistemleridir (Ugiinci, 2011).
Gida drinlerinin ve urtinlerin lojistiginin giderek
daha kapsamli ve karmagik bir hale gelmesi
sonucu belirtilen raf Oomrinl, Urun kalitesini,
besleyici degerini ve gida giivenligini saglamak igin

yeni  gereksinimlere ihtiya¢  duyulmaktadir.
Ozellikle gida giivenligiyle ilgili olarak, kiiresel
gida glvenligi otoritelerinin = son  yillarda

calistiklari, gidalarda izlenebilirlik sistemlerinin
uygulamast Uzerine konularin desteklendigi actk
bir sekilde gorilmektedir (Kerry, 2014). Bu
derlemede son yillarda hizla gelisme g6steren akillt
ambalajlama teknolojisi ve gidalarda glincel
uygulamalarina iliskin bilgiler 6zetlenmistir.

AKILLI AMBALAJLAMA KAVRAMI

Akilli gida ambalaji, gidanin ve etrafindaki
cevrenin  sartlarini  izleyebilen madde ve
materyaller olarak ifade edilmektedir. Bu
ambalajlar; tasima ve depolama boyunca giday1
veya gidanin cevresini izleyerek meydana gelen
bazi degisimler sonucu Urintn tazeligi ve
giivenligi hakkinda Uretici, satici ve titketiciye bilgi
saglamaktadir (Majid vd., 2016; de Kruijf vd.,
2002). Akilli ambalajlama sistemleri iki grupta
siniflandirilmaktadir. Bunlar; akilli etiketler ve
ambalaj indikatorleridir. Akill etiketler; barkodlart
ve radyo frekansli tanimlama etiketlerini (RFID)
kapsamaktadir. Ambalaj indikatorleri; sicaklik-
sire indikatotleri, swzintt  (O2  ve COq
indikatérleri), tazelik indikatérleri ve
biyosensorleri icermektedir (Taoukis ve Tsironi,
2016). Akili ambalajlama sistemleri, ambalajlanan
trtin  hakkindaki verilerin, ambalaja  akdlilik
6zelligi kazandiran bu etiketler ve indikatorler
araciligiyla islenmesi ve elde edilen bilgilerin
tiiketiciye aktarilmasi seklinde calisir. Tiketiciye
uriiniin - kalitesi, tazeligi, raf Omri, kullanim
kosullart hakkinda bilgi verir. Akilli ambalajlama
sistemlerinin ¢alisma prensipleri; sicaklik-siire
Ol¢imii, kimyasal veya mikrobiyolojik kalite
degisimlerinin 6l¢timune dayanir (Yam vd., 2005).
Akilli paketleme sisteminde kullanilan gbstergeler,
ambalaj tizerine yapistirilabilir veya paket icerisine
entegre edilebilir. Gida ambalaj malzemesine dahil
edilen veya tizerine etiketlenen akilli ambalajlama
sistemleri, tedarik zinciri boyunca iriin kalitesini
izlemek, kritik noktalart kontrol etmek ve daha
ayrintilt bilgi vermek i¢in olanaklar sunmaktadir
(Dobrucka, 2013). Akallt ambalajlarin
gelistirilmesinde, gida  kalitesinin =~ veya raf
Omrinin tahmininde sensor sinyalini saglamak
icin matematiksel modelleme oldukc¢a 6nemlidir.
Sensor verileri ve gida kalitesi arasindaki iliskiyi

modellemek icin  gida  kalitesini  etkileyen
reaksiyonlarin  kinetiginin  bilgisi  gereklidir
(Heising vd., 2014).



Akill gida ambalajlama sistemleri

Akills Etiketler

Ambalaj tizerinde yer alan ve driiniin 6zelliklerini
tanimlamak amactyla kullanilan bir isaretleme
yontemi  olan  barkodlara  akilli  Szellik
kazandirilarak, gidadaki bozulmalara paralel
olarak degisimleri saglanmaktadir. Termokromik
pigmentler  iceren  miurekkep  kullaniarak
gelistirilen barkodlar, belli sicakliklarda renk
degisimi gOstererek gidalarda sicaklik
degisimlerini  gézlemleyebilmektedir. Ozellikle
sogukta muhafaza edilen gida Grtnlerinde
kullanilmak tizere gelistirilen bu akilli barkodlar,
sicaklik degisimi gerceklestiginde mor renge
donmekte ve barkod tarandiginda veri aktarimi
yapamaz hale gelmektedir. Bu sayede riskli
gidalarda  bozulma  durumunda  driinin
barkodunun  okunmamast satisinin
gerceklesmemesi ve otomatik olarak elenmesi
saglanir (Lee ve Rahman, 2014). Sekil 1.2’ da
TRACEO firmast tarafindan tazelik indikatorii
olarak gelistirilen ticari barkodlar goriilmektedir.
Radyo frekanslt tanima sistemi (Radio frequency
information device (RFID)), radyo dalgalarini

sonucu

kullanarak  etiket —okumayr  saglayan  bir
teknolojidir. Bu sistemin c¢alisma prensibi,
mikrogiplerin ~ driine  yerlestirilerek,  fiziksel

etkilesim yerine, drtinlerin kimliklerini radyo
dalgalariyla okuyabilmesine dayanir (Lee ve
Rahman, 2014). RFID etiketler, gida ile hareket
ederek triin ve drinin geemisi hakkindaki tim
bilgileri tagir. RFID etiketleri gidanin sicaklik,
bagil nem ve tiketim talimatlari gibi bilgilerini
tagimakla birlikte, radyo dalgalart araciligiyla
trind uzaktan takip edebilmektedir (Karagéz ve
Demirdéven, 2017). Bu sistem ile tiriin verilerinin
uzaktan eriserek okunabilmesi depolama ve stok
takibinde kolaylik saglamaktadir. Disk, cam
kapsiil, etiket gibi farkli bicimlerde bulunabilen bu
etiketlerin diger indikatotlerle de bitlestirilebildigi
belirtilmistir  (Yuksel ve Zaim, 2009). RFID
uygulamalari, son on yida Uretim ve dagitim
zincirinin tim asamalarinda iyi izlenebilitlik ile
ilgili olarak agamali olarak gelistirilmistir. Gida
trtinlerinin mensei, kalitesi, lojistik asamalari,
muhafaza  sicakliklart  hakkinda  Greticiden
tilketiciye bilgi aktarimini saglayabilmektedirler
(Costa vd., 2013).

Ambalaj indikatorleri

Ambalaj indikatotleri, bir maddenin vatligina veya
yokluguna, iki veya daha fazla madde arasindaki
bir reaksiyonun derecesine veya belirli bir madde
veya madde sinifinin konsantrasyonuna bagl
olarak renk yogunluklari veya gésterge boyunca
bir boyanin difizyonu gibi gorsel efektler ile
tiketiciye  bilgi  vermektedir. Bu  bilgiler
dogrultusunda gidanin kalitesi, tazeligi, veya
olugabilecek mikrobiyal bozulmalarin varlhig
anlagtlmaktadir  (Ghaani vd., 2016). Ambalaj
indikatorleri, Ozellikle kisa stirede tiiketilen et,
tavuk ve balik gibi gida Urtnlerinde mikrobiyal
kontaminasyon veya uygunsuz kosullarda
muhafaza sonucu  mikrobiyal  gelismelerin
olusumunun gostergesi olarak 6nemli rol oynar ve
gida kaynaklt hastaliklart azaltir (Kerry, 2014).

Gidalarin bozulmasindaki temel nedenlerden biri
sticakliktir.  Gidalarin  tasima  ve depolama
strasindaki sicaklik kontroli, mikroorganizmalarin
gelismesi, metabolik aktiviteler ve diger kimyasal,
duyusal ve besinsel reaksiyonlar tzerine olan
etkisinden dolay1 6nemlidir (Karel ve Lund, 2003).
Zaman-sicaklik indikatdtleri; gidanin  sicakhk
gecmisinin,  kimyasal,  elektrokimyasal  ve
enzimatik reaksiyonlar sonucu geri dénistimsiiz
olarak bildirilmesini saglayan araglardir (Shimoni
vd., 2001). Ozellikle dondurulmus gidalar, et ve et
urinleri, dondurulmus meyve ve sebzeler, siit ve
sit  Uriinlerinde sicakligin artmasindan
kaynaklanan mikrobiyal, enzimatik  ve
biyokimyasal bozulmalara karst son derece duyarls
indikatorlerdir. Zaman sicaklik indikatorleri
sayesinde soguk zincir Urlinlerin denetimi etkili bir
sckilde yapilabilmektedir (Taoukis ve Tsironi,
2016). Sekil 1.0’ de Fresh-Check® firmast
tarafindan  gelistirilen  tazelik  indikatori
gorilmektedir.

Tazelik  indikatorlerinin = ¢alisma  prensibi,
mikrobiyal bozulma sonucu olusan organik
asitler,  etanol, ucucu azot  bilesikleri,
karbondioksit ve kukirtli bilesikler  gibi
metabolitlerin  varhiginda ambalaj tzerindeki
etiketin renk degistirmesine dayanmaktadur.
Amonyak, dimetilamin ve trimetilamin gibi ugucu
azot Dbilesenleri baliklarda bozulmanin  bir
gOstergesi olarak kabul edilmektedir. Bu tip
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etiketler 6zellikle modifiye atmosfer paketleme
(MAP) teknigi ile paketlenen et drinlerinde

kullanilmaktadir  (Smolander, 2008). Tazelik
indikatérleri, pH  degisimine, ugucu azot
bilesiklerine, hidrojen siilfire (H.S), veya

mikrobiyal metabolitlere duyarli olmak tzere
calisma prensiplerine gére 4 gruba ayrilmaktadir.
Ambalajin tepe boslugunda toplanan ucucu azot

l«zsu'«r;v:s

Uriin tazeligini gésteren seffaf,
okunabilir barkod

I)

bilesiklerinin ~ veya stlfitlerin  etkisiyle pH
degismekte ve bu durum pH indikat6rlerinde renk
degisiminin olmastyla anlagtlmaktadir (Oksiiztepe
ve Beyazgil, 2015). Hidrojen siilfiire (H2S) duyarh
tazelik indikatdrleri genellikle et ve et tirtinlerinin
kalitesini belitrlemek i¢in kullanilmaktadir (Ghaani
vd., 2010).

Tiketime uygun olmayan triinii
Vg Yy
gosteren mat, okunamayan barkod

@ @
v v X

USE

DO NOT USE

Sekil 1. TRACEO firmast tarafindan tazelik indikatri olarak gelistirilen barkodlar (a) (Kokangil ve
Fenercioglu, 2012) , Fresh-Check® (2018) firmast tarafindan gelistirilen tazelik indikat6rii (b)

Oksijen bir¢ok gidanin bozulmasindan sorumlu
ana faktorlerden biridir. Gidalarda oksijen
varliginda gerceklesen oksidatif reaksiyonlar,
triinlerin besin degeri, aroma ve renk gibi kalite
Ozelliklerini olumsuz yonde etkilerken, aerobik
mikroorganizmalarin biliyiimesine ortam
saglayarak bozulmaya katkida bulunur (Dalmoro
vd., 2017). Ozellikle MAP ambalajli gidalarda
uzaklastirilan havanin yerine formiile edilmis bir
gaz karigimi ile paketlenmesi ve triiniin herhangi
bir sizint1 olmadan tiiketiciye ulasmasi 6nemlidir.
Sizintt  indikatSrleri  modifiye  atmosferde
ambalajlanan gidalarda gazlarin varligint ya da
yoklugunu gdOsteren, ambalaj bitinlighi ve
sizintlart hakkinda bilgi verebilen indikatorlerdir
(Heising vd., 2014). Bu indikatérler kimyasal ve
enzimatik reaksiyonlarin bir sonucu olarak renk
degistirirler. Indikatotler; tablet, etiket, baski

seklinde olabildigi gibi, polimer film kaplanarak da
formiile edilebilmektedir (Uciincii, 2011). Bu
indikatorlerin - dezavantaji  yitksek hassasiyete
sahip olmasidir. Cok disik (~0.1 %) oksijen
konsantrasyonunda indikatérde degisim
olabilecegi ifade edilmistir. Bu durum dikkate
alinarak gelistirilen oksijen indikatérleri, ticari
olarak bir dizi sirket tarafindan uretilmektedir

(Kerry vd., 2006).

Sensorler

Sensorler, fiziksel veya kimyasal bir &zelligin
tespiti veya 6l¢iimii sonucu bir sinyal vererek, bir
maddenin  varhginin  tespit  edilmesi  i¢in
kullanilmaktadir (Ghaani vd., 2016). Sensoérler
zaman alici ve maliyetli analizlere bir alternatif
sunmasina ragmen, ticari olarak kullanimlarindaki
bazi engellerin asilmast gerekmektedir. Bunlar;
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boyutunun kiigiiltiilmesi, esnekligin arttirilmast,
dretim  maliyetinin  azaltulmasi,  saglamligin
arttrilmasi, mevzuata uygun olmasi ve gida
givenligini g6z Oninde  bulundurmasidir
(Vanderroost  vd., 2014). Akilli ambalaj
gelistirmek icin Ozellikle gida bozulmasi veya
paket stzintilari ile ilgili ucucu organik bilesikleri
ve gaz molekillerini (Ha, CO», Oz, HoS, NH3, vd.)
izleyebilen kiicik ve esnek sensotler son
zamanlarda oldukea ilgi ¢ekmektedir (Tang vd.,
2010). Akdli ambalajda kullanilan bazt sensor
tipleri, kimyasal sensérler, biyosensérler ve gaz
sensorleridir. Kimyasal sensorler, gida kalitesinin
ve ambalaj butinliginin izlenmesinde daha
yaygin goriilmektedir. Bu sensotler, sivi veya gaz
fazinda olan ortamun kimyasal bilesimi hakkinda
bilgi saglayabilmektedir. Gaz sensotleri, gaz
formundaki bakteri metabolitlerinin
konsantrasyonlarinda olusan bir degisiklige baglh
olarak, karbondioksit tiretimi gibi, gida triniinde
bakteri dremesi gerceklestigini gdstermektedir
(Dalmoro vd., 2017). Ozellikle et iirinlerinde
mikrobiyal ~ biyime ile ilgili  kimyasal
degisikliklerin ~ tespiti  amactyla  aminlerin
belitlenmesi i¢in amperometrik biyosensérler,
hidrojen peroksiti tespit etmek icin platin
elektrotlart, ve enzimlere dayali sistemler gibi bir
takim enstrimental teknikler ile sensérlerin
gelistirilmesi hedeflenmistir (Huang vd., 2011).
Sensorler, gelecegin akilli paketleme sistemleri icin
en umut verici ve yenilikei teknoloji olarak kabul
edilmektedir.

GUNCEL UYGULAMALAR
Akillt gida ambalajlama uygulamalart ve yeni akill
indikatér  araclariun  gelistirilmesi  y6niinde

yapilan calismalar giderek artmaktadir. Ozellikle,
kullaniminin kolay ve dusiik maliyetli olmast
nedeniyle, gidalarin akallt ambalajinda
kolorimetrik pH indikatorleri yaygin bir sekilde
uygulanmaktadir. Genellikle tazelik indikatori
olarak kullanllan bu indikatérler, gidalarda
mikrobiyal bozulma veya metabolizmanin bir
sonucu olarak retilen metabolitlerin varhiginda
renk  degisimi  prensibine  dayanmaktadir.
Metabolitler gidanin  ¢esidine gore farklilik
gostermekle  birlikte, organik asitler, etanol,
karbondioksit, azot bilesikleri veya ucucu diger
bilesikleri icermektedir. Indikatér madde duyarls

oldugu metabolit konsantrasyonunda artis sonucu
renk degistirmektedir. Saliu ve Della Pergola
(2018)  tarafindan  gelistitilen  lisin/poli-
lisin/antosiyaninler iceren kolorimetrik indikator
karbondioksit varliginda mavi renkten pembe
renge doniiserek gida tazeligindeki azalmay:
gostermektedir.  Tavuk  eti  ambalajlarina
yerlestirilen bu indikatdr, mikrobiyal gelisme ile
uyumlu olarak renk degisimi gOstermistir. Ma vd.
(2018) tarafindan dut ekstrakti, polivinilalkol ve
kitosan nanopartikiillerine enkapsiile edilerek
gelistirilen akilli filmler balik bozulmalarinin
izlenmesinde test edilmistir. Depolama stiresince
baliklardaki bozulmaya paralel olarak indikat6riin
rengi kirmizidan yesile doénmistiir. Ambalaj
icerisinde biriken azotlu bilesikler ortam pH’sini
arttirarak  indikatérde renk degisimine neden
olmustur. Zhang vd. (2018) tarafindan domuz
etlerinde  tazeligi izlemek amaciyla roselle
antosiyaninleri iceren ve biyobozunur polimer
olarak nisasta, polivinil alkol ve kitosanin ikili
kombinasyonlarinin ~ kullanddigr  akdli  filmler
gelistirilmistir. Filmlerin 6zellikleri incelendiginde,
nisasta/polivinil alkol/roselle antosiyaninleri ile
olusturulan film en yiliksek antioksidan aktiviteye
sahip iken, polivinil alkol/ kitosan/roselle
antosiyaninleri ile olusturulan film en yiksek
¢cekme mukavemetine sahip oldugu bulunmustur.
Yitksek antioksidan aktivitesi antosiyaninlerin
film yapisina immobilize edildiginin goéstergesi
olup, bu filmler ayni zamanda en iyi renk
stabilitesi gostermistir. Gelistirilen filmlerde elde
edilen yitksek ¢ekme mukavemeti ile kitosan bazlt
filmlerin zayif mekanik O6zellikleri astlmustir.
Nisasta/polivinil alkol/roselle antosiyaninleri ile
olugturulan film, 25°C'de muhafaza edilen domuz
etinin tazeligini izlemek icin kullanildiginda filmin
kirmizidan yesile dogru renk degisimi gosterdigi
gorilmistiir. Bagka bir ¢calismada ise domuz etinin
depolanmasi siiresince olusan aminlerin hassas
tespiti icin 1spanak, kirmizi turp, kis yasemini ve
siyah pirincten elde edilen dort farkll dogal renk
pigmentine  dayali  kolorimetrik  sensotler
gelistirilmistir. Bozulma boyunca ortamda olusan
amin bilesiklerine kars1 siyah piring ekstraktinin en

hassas oldugunu belirlenmistir. Farklt
pigmentlerin  ucucu maddelere karst farklt

hassasiyet gostermesi bilesimlerinde bulunan renk
pigmentlerine baglt olup, 1spanakta klorofil, kis
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yasemininde karotenoidler, kirmizi turp ve siyah
piringte ise antosiyaninler rol oynamaktadit.

gruplarinin amin bilesiklerini baglamast nedeniyle
antosiyaninlerin daha etkili oldugu

Yapilarinda yer alan karbonil

ve hidroksil

belirtilmektedir (Xiao-wei vd., 2014).

Cizelge 1. Indikatér 6zelligi gosteren akillt filmlerin bilesimi, kullanim amaglart ve gida uygulamalart
lizerine yapilan giincel calismalar

Indikator Ozelligi Gésteren

Alallt Filmlein Bilesimi Kullanim Amact  Gida Uygulamasi Referans
Mikrobiyolojik .
Lisin/Poli-lisin/ Antosiyaninler yonden kalitenin Tavuk eti Saliu ve (Iz)(;? lﬂ g) Pergola
degerlendirilmesi
Polivinil alkol/Kitosan/Dut U1:un taze.h.gmm. Balik Ma vd. (2018)
ekstraktt degerlendirilmesi
N1§as.ta / I?ohv{ml alkol/Roselle Urvun taze.l{gmm. Domuy eti Zhang vd. (2018)
antosiyaninleri degerlendirilmesi
Mikrobiyolojik
Nisasta/Polivinil alkol/Limonen  yonden kalitenin Pastorize stt Liu vd. (2017)
degerlendirilmesi

Nigasta/Polivinil alkol/

Uriin tazeliginin

Antosiyaninler degerlendirilmesi Balik Zhai vd. (2017)
Tara gum/Polivinil Uriin tazeliginin .
alkol/Zerdecal degerlendirilmesi Karides Ma vd. (2017)
Mikrobiyolojik
Patates Nisastast/ Antosiyaninler  y6nden kalitenin Domuz eti Choi vd. (2017)
degerlendirilmesi

Kitosan/ Cicek Ekstraktlari

Uriin tazeliginin
degerlendirilmesi

Domuz eti, Balik

Zhang vd. (2014)

Indikatér 6zelligi gosteren akillt filmlerin bilesimi,
kullanim amaglar1 ve gida uygulamalart Gzerine
yapilan  giincel  calismalar  Cizelge  1°de
Ozetlenmistir. Liu vd. (2017) tarafindan gelistirilen
limonen ile zenginlestirilmis filmler pastorize
stutlerde 48 saat sonunda pembe renkten kirmizi
renge gecisi gorilmistir. Zhai vd. (2017)
tarafindan  gelistirilen  antosiyaninler iceren
kolorimetrik  filmler  kullanidarak  baliklarda
bozulma ile olusan aminlerin birikimi sonucu
antosiyaninlerin pembe-mor rengi mavi renge
dontserek  Urtin  tazeligi  hakkinda  bilg
vermektedir. Tatli mor patatesten ekstrakte edilen
antosiyanin ekstraktinin ilave edildigi patates
nisastasindan elde edilen filmler domuz etletinde
bozulmayla beraber pembeden yesile dogru renk

degisimi gdstermistir (Choi vd., 2017). Bir diger
calismada, amonyak indikat6éri olarak kullanilmak
lzere tara gum/polivinil alkol bazli ve zerdecal
iceren kolorimetrik filmler gelistirilmistir (Ma vd.,
2017). Gelistirilen filmler karideslerde tazelik
gostergesi  olarak  kullanddiginda, mikrobiyal
bozulma sonucu olusan amonyak varliginda gézle
gorilir bir bicimde saridan kahverengiye dogru
renk degisimi gostermistit. Musso vd. (2010)
jelatin bazli filmlere zerdecal ilave ederek, pH’ya
bagli renk degisimi gosteren akill film materyalleri
gelistirmislerdir. pH=6’da sart renk gosteren
filmler, pH=11’de kirmizt renk gostermistir.
Baubhinia blakeana Dunn gigeginden ekstrakte edilen
dogal boyalar  kullanilarak  kitosan  bazli
kolorimetrik pH degisimine duyarht filmler
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gelistirilmistir. Film rengi, 25 ° C'de muhafaza
edilen domuz eti ve balik 6rneklerinde yaklastk 12
saat sonra mordan kahverengiye, 24 saat sonra
kahverengiden yesile dogru degismistir (Zhang
vd., 2014).

Literatiirde gida uygulamalarinin gerceklestirilme-
digi fakat indikator Ozelligi gosteren potansiyel
akillt filmlerin gelistirildigi calismalar da yer
almaktadir. Luchese vd. (2017) tarafindan yaban
mersini meyve suyu Uretiminden aciga ¢ikan
atiklar kullanilarak, musir nisastast bazli pH duyarlt
indikator filmler gelistirilmistir. Antosiyaninler ve
mustir nigastasinin olusturdugu kompleksin pH’ya
bagli renk déntisimi agiga cikarilmistir. Mor tatlt
patates antosiyaninleri kullanilarak gellan gum
bazli pH indikatérleri gelistirilmis ve proteince
zengin gidalarda kullanmilabilecegi  6nerilmigtir
(Wei vd., 2017). Benzer sekilde kirmizi lahana
antosiyaninleri kullanilarak kitosan ve
polivinilalkol ~ bazli pH indikatérii  filmler
gelistirilmis ve taze gidalarda kullanilabilecegi
onerilmistir  (Pereira vd., 2015). Bir baska
calismada ise indikatdr boyalar kullanilarak
kitosan, sitrik asit, karboksi-metilseliloz bazli
sulfir ve etil alkole duyarli ucucu bilesik
indikatoéra  gelistirilmistir. Bu  indikat6tlerin
Ozellikle taze meyvelerin olgunlasma derecesinin
gOstergesi  olarak kullanilabilecegi Onerilmistir
(Niponsak vd., 2016). Akilli ambalajlama
uygulamast icin kirmizi lahana ve gil agaci
ckstrelerinden elde edilen dogal renk pigmentleri
kullanilarak kolotimetrik bir sensor tasarlanmistir.
Kirmizi  lahana ve gil dzerinde bulunan
antosiyaninler, pH arttiginda kirmizidan yesile
dogru degiserek pH sensérleri olarak davranmistir
(Shukla vd., 2016). Yoshida vd. (2014) dogal
antosiyaninletle (1% w/w) zenginlestitilmis
kolorimetrik pH indikat6rii olarak kullamlmak
uzere kitosan (2% w/w) bazli akilli filmler
gelistirilmistir. ~ Farkh  pH’lardaki  tampon
¢ozeltilerde incelenen filmler asidik kosullarda
(pH = 2.0) pembe, nétral kosullarda (pH = 7.0-
8.0) mavimsi-yesil ve bazik kosullarda (pH = 13.0)
sar1 renk gOstermistir.

Akillt filmlerin disinda indikat6r 6zelligi gésteren
boyalarin farkli materyallere immobilizasyonu ile
kullanildigt ~ sensbrler de  gelistirilmektedir.

Kuswandi ve Nurfawaidi (2017) et tazeliginin
degerlendirilmesi amactyla metil kirmizist ve
bromkrezol pembesi boyalarinin
immobilizasyonu ile ciftli sensér gelistirilmistir.
Etin bozulmastyla beraber bromkrezol pembesi
mora donusiitken, metil kirmizisi  sartya
dontsmustiir. Gelistirilen ¢iftli sensotlerin yaniti;
toplam canli sayist ve olusan ucucu amin
bilesikleri ile de uyumlu bulunmustur. Morsy vd.
(2016)  tarafindan  baliklardaki ~ bozulmay:
izleyebilecek ¢oklu bir indikatér arastirmast
yapilmustir. Secilen 16 renk maddesi silika jele esit
miktarda uygulanarak, 6rneklerin depolanacag:
cam ambalajlarin kapak kismina yerlestirilmistir ve
4°Cde 9giin  depolanan balik  6rneklerinde
bozulma sonucu olusan ucucu bilesiklerin
sensOrlerde meydana getirdigi renk degisimleri
incelenmigtir. Ayt zamanda Orneklerde pH,
tiyobarbitiirik asit, toplam ugucu bazik azot tayini
ve toplam canlt sayisi analizleri ile indikator
uyumu  dogrulanmistir.  Chen vd. (2017)
tarafindan akilli barkod gelistirmeye odaklanan bir
calismada ise diigik maliyetli, kagit bazlt ve akill

telefonlara  uyumlu  bir  barkod  modeli
hedeflenmistir. Capraz-reaktif buhar duyarlt
boyalarin  recine  mikroboncuklar  igerisine

enkapstle edilerek ve diigiik maliyetli bir kagit alt-
tabakast lizerine emdirilerek elde edilen bir barkod
modeline dayanan sensOr gelistirilmistir. Tavuk
ctinden ¢tkan gazlarin  algilanmasinda  “nil
kirmizist”, “cinko tetrafenilporfirin (Zn-TPP)” ve
“metil kirmizist” boyalart kullanilmustir. BSylece
sensOriin bir fotografi ¢ekilerek et driininin
durumu akillt telefonda izlenebilmistir. Bu sekilde

renk bilgisi fotograftan cikarilarak, et kalitesine

karar vermek igin  standart grafik ile
karsilastirilabilmesi saglanmistir. Orta nemli hazir
tatlilarda akdli ambalajlama uygulamast ile
mikrobiyal  bozulmanin  izlenebilirligi  igin,
bromtimol mavisi ve metil kirmizisi boyalart
kullantarak kolorimetrik indikatSrler
gelistirilmistir. Indikator, mikrobiyal

metabolitlerden CO; olusumuna bagl olarak
kademeli renk degisimi gOstermistir. Birinci
asamada yesilden sariya, ikinci asamada saridan
turuncuya renk degisimi gostererek, raf dmrii sona
eren Urlinlerde turuncu-kirmizi renk belirlenmistir
(Nopwinyuwong vd., 2010).
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Salinas vd. (2014) tarafindan 13 renk indikatSriine
(dimetil satis1, malakit yesili, metanil sar1, karminik
asit, parlak sari, m-krezol moru, bromkrezol
moru, timol mavisi, fenolftalein ve digerleri) dayali
bir kromojenik dizi kullanarak, MAP ile
paketlenmis haslanmis marine edilmis hindi eti
icin akillt araglar gelistirilmistir. Kromojenik dizi,
renk degisimlerini ¢tkarmak ve analiz etmek icin
dijital kamera ve Photoshop gibi araclarla
kombine edilmistir. Elde edilen veriler, Griniin
“taze”, “taze degil” veya “tlketilemez” olarak
siniflandirilmasint saglamistir (Salinas vd., 2014).
Hidroksipropil seliloz (HPC) i¢inde kapsiillenmis
tiyazin = boyalarinin  (metilen mavisi, MB)
kiimelenmesine dayanan bir renk degisimi ile
neme duyarh kolorimetrik indikat6r
gelistirilmistir. Baglangicta mor renkli olan
MB/HPC film, sl islemle aktive edilerek mavi
renk almaktadir. Isil islem gérmis MB/HPC film
(mavi), 21°C’de ortamdaki nem degeri %70'
astiginda neme baglt olarak mor rengine geri
donerek yanit vermektedir (Mills vd., 2017). Bir
diger calismada, sogukta depolanan kalamarin raf
omrinin degerlendirilmesi icin hizli, kullanimi
kolay bir optoelektronik sistem gelistirilmistir. Bu
amagla, farklt boyalarin (timol mavisi, bromtimol
mavisi, bromkrezol pembesi, dintkleer rodyum
kompleksi, bromfenol mavisi) aliminyum oksit ve
silika jel ile birlestirilmesiyle hazirlanan alti
algtlama materyali iceren bir kolorimetrik diziden
olusan optoelektronik sensor tasarlanmistir ve
kolorimetrik diziyle kalamar tazeligi arasinda
uyum bulunmustur (Zaragoza vd., 2015).

Pek c¢ok ticari akilli ambalajlama, gelistirilen
sensOtlerin ~ ve  indikatotlerin - kullanimina
dayanmaktadir. Et endistrisinde sensétlerin
yaygin kullanimina yonelik 6nemli adimlar
atilmustir. Ticari bir 6rnek olan UPM Raf Omrii
(UPM, Helsinki, Finlandiya) gosterge etiket,
modifiye atmosfer paketlerinin  bitinligina
izleyebilmektedir. Ambalajin i¢ kismina eklenen
etiket, seffaf dis paketten goriilebilmektedir ve
lamine tabakalar arasinda tutulan oksijenle
reaksiyona girebilen bir redoks boya icermektedir.
Renksiz etiketin maviye dogru bir renk degisimi,
paket icinde oksijen varligim gostererek ambalajt
hasar géren veya sizintt meydana gelen uriinleri
belitlemektedir. Bagka bir ticari 6rnek olan

SensorQ™ yapiskan sensor etiketi, tiketiciye
uriin tazeligini acik bir sekilde gostermek icin, et
ve tavuk ambalaj paketlerinin i¢ ambalajina
uygulanmaktadir. Etiketteki "Q" hatfi i¢ kismut
portakal rengi oldugunda triin taze iken,
kahverengiye dogru déniiserek bozulmaya isaret
etmektedir (O’Grady ve Kerry, 2008). Smolander
vd. (2002) tarafindan MAP ile paketlenmis tavuk
eti Grtinleri icin hidrojen stlfiire duyarli agaroza
immobilize edilmis miyoglobin bazli sensorler
gelistirilmistir. Ambalaj materyaline floresan veya
fosforan boyalar yerlestirilmesiyle floresans bazl
sensOrler de  gelistirilmektedir. Bu  sensérler
ortamda bulunan gazin difiize olarak floresan
boyaya ulagsmasi sonucu ambalajin 1sildamasint
saglamaktadir (Karagbz ve Demirdéven, 2017).
Bunlara ek olarak, Toxin Guard™, Toxin Alert
(Ontario, Kanada) ve Food Sentinel Systems
(SIRA Technologies, Pasadena, CA) tarafindan
antibody-antijen reaksiyonlarina dayanan gorsel
bir sensér gelistirilmistir. Sensér, polimer ambalaj
filmlerine entegre olarak patojenik bakterilerin
varligini  gbstermektedir (Mohebi ve Marquez,
2015).

SONUC

Gida ambalajlama, nakliye, depolama ve tiiketime
kadar gidalarin kalitesini korumak i¢in uygulanan
ana islemlerden biridir. Akilli ambalajlama, gida
ambalaji alanindaki yeni teknolojilerden biridir.
Hizla gelismekte olan bu teknoloji ticari olarak
yaygin olmamasina ragmen, gida driinlerinin
givenliginin ve kalitesinin izlenebilirligi icin
buyitk bir potansiyele sahiptir. Akilli ambalaj
etiketlerindeki gorsel degisim, tiketicinin kendi
isteklerine  dayanarak  Grinin  kisisel  bir
degerlendirmesini yapmasina ve urind en iyi
sekilde tiketmesine olanak saglamaktadir. Akill
ambalajlama  teknolojisinin ~ gida  endustrisi
tarafindan  benimsenmesi tlketicilere bircok
kolaylik sunacak ve kuskusuz gida gtvenliginde
iyilestirme saglayacaktir. Ozellikle kolay bozulma
Ozelligi tastyan gidalar, akilli ambalajlama i¢in en
o6nemli hedef gruptur. Depolama sirasinda gida
bozulma mekanizmasina bagl olarak ortaya ctkan

asitler, aminler, karbondioksit ve aldehitler
sonucu degisen pH'nin gida ambalajinda
izlenmesi, gida maddesinin raf Omrind
gosterebilmektedir.  Gelistirilen akili  ambalaj
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materyallerinde, — Ozellikle  paket  icerisine
yetlestirilenler icin, gidalarin bilesimi ve duyusal
Ozellikleri tizerine etkisi, insan sagligi tzerindeki
potansiyel etkileri ve aynt zamanda yasal

dizenlemelerdeki yeri gibi faktorler mutlaka
dikkate alinmahdur.
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ABSTRACT

This study aimed to investigate thermal properties and estimated glycemic index of vatious gluten-free flours
(tice, chestnut, chickpea and bean). Gluten-free bread was prepared by mixing chestnut, chickpea and bean
flours with rice flour at different ratio (0:100, 25:75, 50:50) using straight dough bread making process. Bean
flour reflected the lower estimated glycemic index as compared to the other gluten-free flours. The chestnut-
rice flour (50:50) bread exhibited the highest texture firmness after 8 days of storage, followed by the rice
flour bread. Chestnut-rice flour (25:75) bread was the swellest comparatively. Future studies may be focused
on developing the sensorial characteristics of gluten-free breads prepated from chickpea and bean flours.
Keywords: Bean flour, chestnut flour, chickpea flour, gluten-free, estimated glycemic index

FARKLI UN BILESIMLERININ TERMAL OZELLIKLERI iLE GLISEMIK
INDEKS DEGERLERININ BELIRLENMESI VE GLUTENSIiZ EKMEK
YAPIMINDAKI PERFORMANSLARI

oz

Calismanin amact glutensiz piring, kestane, nohut ve fasulye unlarinin termal 6zellikleri ile tahmini
glisemik indeks degerlerinin belirlenmesidir. Bu kapsamda kestane, nohut ve fasulye unlar piring unu
ile farklt oranlarda (0/100, 25/75, 50/50) katistirilarak glutensiz ekmekler tretilmistir. Calismada
direkt hamur metodu kullanilmistir. Calisma sonuglari, fasulye ununun glisemik indeks degerinin diger
unlara gére daha distik oldugunu géstermistir. Glutensiz ekmeklerin tekstiir analizi sonuglari, 8
giinlik depolamanin sonunda en sert ekmeklerin sirasiyla kestane-piring unundan (50:50) elde edilmis
ekmekler ve piring unundan elde edilmis ekmekler oldugunu gostermistir. Kestane-piring unundan
(25:75) elde edilmis ekmeklerin hacmi diger glutensiz ekmeklerden daha yiiksek bulunmustur.
Yapilacak yeni ¢alismalarda, 6zellikle glutensiz nohut ve fasulye unlarindan elde edilen ekmeklerin
duyusal 6zelliklerinin gelistirilmesi Gizerine odaklanilmast uygun olacaktir.

Anahtar kelimeler: Fasulye unu, glisemik indeks, glutensiz, kestane unu, nohut unu
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INTRODUCTION

Celiac disease (CD) is known as a chronic
enteropathy that is caused by the consumption of
gluten protein; originated mostly from batley, rye,
wheat, etc. Moore et al., 2006). CD is described
as an intolerance to the gliadin fraction of wheat
and the prolamins of batley (hordeins), possibly
oats (avidins) and rye (secalins) (Murray 1999;
Fasano and Catassi 2001; Farrell and Kelly 2002;
Fasano, 2005; Moore et al, 2007). Gluten
consumption produces an inflammatory response
to the CD patients that damages the villous
structure of the small intestine (Shan et al., 2002;
Moore et al., 2007).

Today, the only known remedy against CD is to
take gluten-free diet throughout the lifespan
(Gallagher et al., 2004; Lazaridou et al., 2007).
Studies show that 11% of the consumers buy
gluten-free products for health, 27 % for weight
loss while 65 % consumers think that gluten-free
products are healthy (Witczak et al., 2016). The
number of CD patients are increasing day by day
(Houben et al,, 2012), therefore, gluten-free diet
is necessary to prevent severe intestinal damage
(Sciarini et al., 2008; Torbica et al., 2010). There
are different reports of gluten-free formulations
prepared from various flours including rice, corn,
soybean, chestnut, cassava, and chickpea, starches
together  with  enzymes, proteins, and
hydrocolloids to mimic the viscoelastic structure
of gluten (Gujral and Rosell 2004; Sanchez et al.,
2004; Toufeili et al., 1994; Anton and Artfield,
2008; Demirkesen et al., 2010a; Torbica et al.,
2010).

Chestnut flour is used in gluten-free bread
formulations due to its functional benefits
(Demirkesen et al., 2010a). Additionally, chestnut
flour is a source of dietary fiber, starch, sugar, fat,
high quality proteins with essential amino acids,
vitamin B groups, vitamin E, magnesium,
potassium and phosphorus (Sacchetti et al., 2004;
Chenlo et al., 2007; Demirkesen et al., 2010a). As
most of the gluten-free bread formulations lacks
these constituents, chestnut flour is a beneficial
alternative (Moroni et al., 2009; Demirkesen et al.,
20104a).

Chickpea flour may also be used in gluten-free
formulations; thanks to its functional properties.
Mifarro et al.  (2012)  found  better
physicochemical characteristics among the
gluten-free bread formulations tested. They also
stated that chickpea flour could be used as soya
protein  substitute in  gluten-free  bread
formulations. Giuberti et al. (2015) successtully
introduced bean flour into gluten-free spaghetti
formulation. Kohajdova et al. (2013) investigated
the influence of bean flour on specific properties
and rheological characteristics of wheat dough.
They reported that the addition of legume flours
to bread formulation provides high levels of
bioactive compounds; thus nutritional and
functional properties to the final product
(Angioloni et al., 2012; Rizzello et al., 2014).

A fundamental insight for the development of
novel gluten-free functional formulations lies in
the effects of individual ingredients on internal
bread characteristics. Therefore, the present study
was designed to use different flours such as
chestnut, chickpea, bean and rice flours in the
gluten-free  bread making. The chemical
characterizations of gluten-free flours were also
carried out. Moreover, the estimated glycemic
index of both the gluten-free breads and flours
were determined during this study.

MATERIALS AND METHODS

Materials

Bean (pre-cooked, dried, white), chestnut,
chickpea and rice flours were purchased from
Naturelka (Aydin, Turkey). The instant (Dr.
Octker, Turkey) natural dough yeast (S. cerevisiae),
sugar, margarine, salt and baking powder were
bought from local markets. Xanthan gum and
emulsifier DATEM (diacetyl tartaric acid esters of
monoglycerides) were purchased from Tito

(Istanbul/Turkey).

Hexane, sulphuric acid, boric acid, hydrochloric
acid, methylene blue, methylene red, sodium
hydroxide, potassium sulfate and copper sulfate
were purchased from Sigma (St-Louis, USA). All
the chemicals used were of analytical grade.
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Methods

Chemical analyses

Moisture and ash content of gluten-free flours
were determined according to the methods
(925.10 and 923.3) of AOAC (1990). The total fat
content was determined using Soxhlet method
(AOAC, 1990). Nitrogen content was determined
according to the Kjeldahl method and converted
to protein with a factor of 6.25. All experiments
in the study were carried out in duplicate.

Determination of thermal properties

The gelatinization properties of gluten-free flours
were determined wusing differential scanning
calorimetry (Perkin-Elmer DSC 6000) according
to the method of Chung et al. (2008a). The
samples were kept at -20 °C for 1 min, then heated
to 250 °C (with 20 °C/min). Thermograms were
analysed in terms of glass transition temperatures
and enthalpy values.

Determination of the estimated glycemic
index

Estimated glycemic index of gluten-free flours
and breads were determined according to the
method of Chung et al. (20082). 0.1 g of gluten-
free flour was incubated with porcine pancreatic
a-amylase (10 mg) and amyloglucosidase in 4 mL
of 0.1 mol L' sodium maleate buffer (pH 6.0) in
a shaking water bath that was adjusted at 37 °C
(0.5-16 h). After incubation, ethanol (95 %) was
added and the sample was centrifuged at 2000
rpm for 10 min. Glucose content of supernatant
was measured using glucose oxidase—peroxidase

(GOPOD) kit.

Hydrolysis index (HI) was determined by dividing
the area under the curve of the samples by the
area obtained for white bread. The estimated
glycemic index (eGI) was calculated using the
equation described by Goxi et al. (1997) as given
in equation 1:

eGI = 39.71 + 0.549 (HI) (eq. 1)
Gluten-free bread making

In the first step, chestnut, chickpea and bean
flours were mixed with rice flour at different ratio
(0:100, 25:75, 50:50, respectively). The remaining
dry ingredients (instant yeast, salt, sugar, xanthan

gum, and emulsifier) were added to the
formulation. After the addition of melted
margarine, water was added, and mixed for 2
minutes using a hand mixer (Fakir,
Stuttgart/ Germany). The water content of gluten-
free formulations was determined according to
the results of preliminary experiments for each
formulation. The dough was fermented at 30 °C
for 40 min. After fermentation, the dough
samples were baked at 220 °C for 30 minutes in a
domestic oven (Arcelik, Turkey). Dough samples
containing only rice flour were used as controls.
The produced gluten-free pan breads were stored
in a refrigerator at 4 °C totally for 8 days. The
breads were produced in duplicate.

Determination of specific volume of gluten-
free breads

The specific volume of gluten-free breads was
determined using the rapeseed
displacement method (AACC, 1995).

Texture analysis

The firmness of gluten-free breads during storage
period (at 4 °C for 8 days) was tested according to
the standard method (AACC, 2000, 74-09.01)
using Stable Micro Systems Texture Analyzer,
equipped with a 25 kg load cell and a 3.5 cm
aluminium cylindrical probe. Freshly prepared
gluten-free breads (day 0) and stored gluten-free
breads (day 4 and 8) were placed on the texture
analyzer’s platform. The breads were compressed
with a round compression probe. The peak force
of the first penetration was termed as firmness.

Sensory evaluation

The produced gluten-free breads were evaluated
by 8 panellists for flavor, odor, color, texture and
general acceptability. A 9-point hedonic scale
quality analysis was used (Annett et al., 2008).

Statistical analysis

Statistical evaluation was performed using SPSS
15 statistical software (SPSS Inc., Chicago, USA).
The results were evaluated by one-way ANOVA
using Duncan’s multiple range test to check the
significant  difference among the analyzed
parameters. The level of significance was set at

$<0.05.
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RESULTS AND DISCUSSION

The chemical compositions of the gluten-free
flours are presented in Table 1. The moisture
contents of the flours were found in the range of
7.95 and 9.67%. Protein contents of the bean and
chickpea flours were similar and higher than the
others as expected. The chemical compositions of
gluten-free flours were found as similar to
previous reports. Chestnut flour has 3.80 % fat,
4.61 % protein, 1.99 % ash and 10.79 % moisture

content (Demirkesen et al., 2010), whereas the
rice flour has 1.26 % fat, 7.27 % protein and 0.63
% ash content (Ji et al., 2007). Additionally,
Debnath et al. (2003) has reported that chickpea
flour contains 4.7 % fat, 26.7 % protein, 9.9 %
moisture and 3.3% ash contents, whereas Dzuide
and Hardy (1996) found 2.2 % fat, 21.2 % protein,
2.1 % ash and 4.7 % moisture contents in bean
flour.

Table 1. Chemical composition of gluten-free flours

Fat content (%)

Protein content

Ash content Moisture content

(%) (%) (%)
Chestnut flour 2.83%0.02b 7.44%0.31» 2.87%0.05¢ 7.95+0.07»
Chickpea flour 5.021+0.07¢ 22.09£0.15¢ 2.05+0.00> 9.67+1.14»
Bean flour 2.07£0.022 22.75%0.00¢ 3.9240.004 8.95+0.38#
Rice flour 2.2240.062 8.97£0.15b 0.94%0.01» 9.37+0.05#

+ Standard error of the mean. Lowercase superscript letters in the same column indicate the significant differences

among gluten-free flours (P <0.05).

Thermal properties of gluten-free flours are
presented in Table 2. Glass transition temperature
was the highest in rice flour (52.84 °C) while the
least was found in bean flour (47.93 °C). Singh et
al. (2000) has found the glass transition
temperature of different rice flours ranged from
209.3 to 221.8 °C. However, Cham and
Suwannaporn (2010) reported that the glass
transition temperature of heat-moisture treated
tice flour was 58 °C. According to Khamthong
and Lumdubwong (2012), heat-moisture

treatment led to a decrease in glass transition
temperature. This situation was attributed to an
increase in the free volume of polymers that
caused a decrease in the glass transition
temperature of the samples (Chung et al., 2004).
The gluten-free flours analysed throughout the
current study were moisture-treated before DSC
analysis. Therefore, the low glass transition
temperatures can be attributed to the observed
condition.

Table 2. Thermal properties of gluten-free flours

Tg O AH (/g
Chestnut flour 51.16%+0.94> 166.61+2.23a
Chickpea flour 48.21+0.01a 206.85%1.57¢
Bean flour 47.931+0.152 190.93%+0.37b
Rice flour 52.84+0.77> 225.09%£1.774

+ Standard error of the mean. Lowercase superscript letters in the same column indicate the significant differences

among gluten-free flours (P <0.05).

The enthalpy values of gluten-free flours ranged
from 166.61 (chestnut) to 225.09 J/g (rice).
Correia and Beirdo-da-Costa (2012) stated that
the enthalpy values of chestnut flours belonging
to two different cultivars were 24.8 and 27.6 J/g.
However higher AH wvalues were reported by
Attanasio et al. (2004) for chestnut flour, where

they connected the high enthalpy values to the
low water content of flours. Singh et al. (2000)
found the AH wvalue of different rice flours
between 178.1 and 320.8 mj/mg. Kaur and Singh
(2005) stated that gelatinization enthalpy of
chickpea flours from different cultivars was

between 3.5 and 4.9 (J/g). Chung et al. (2008a)
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reported that gelatinization enthalpy of pea, lentil
and chickpea flouts were around 3.0-5.1 (J/g).

Table 3 summarizes the existing research about
the estimated glycemic index value of gluten-free
flours and breads. The estimated glycemic index
value of gluten-free flours ranged from 47.26
(bean flour) to 52.08 (rice flour), while the
glycemic index value of gluten-free breads was
between 56.67 (50:50 CPF/RF) and 70.42 (25:75
BF/RF). Higher estimated glycemic index values

of gluten-free breads, when compared to gluten-
free flours, may be attributed to the incorporation
of sugar into gluten-free bread formulations.
Considering gluten-free flours, lower glycemic
index values were reported by Chung et al
(20082) for pea (44.4-48.9), lentil (41.4-41.5) and
chickpea (48.9-56.1) flours. Kim and White (2012)
reported the glycemic index values of different oat
flours between 61.1-66.7.

Table 3. Estimated glycemic index of gluten-free flours and breads

Gluten free flours

Estimated glycemic index

Chestnut flour

49.55+1.120

Chickpea flour 49.06%0.90ab
Bean flour 47.2610.42a
Rice flour 52.08%0.25P
Gluten free breads

50:50 CF/RF 56.84%+0.19c¢
25:75 CF/RF 58.35+0.43¢
50:50 CPF/RF 56.6710.21¢
25:75 CPF/RF 56.90%0.21¢
50:50 BF/RF 64.90%1.904d
25:75 BF/RF 70.42+1.27¢
100 RF 58.42+1.10¢

+ Standard error of the mean. Lowercase superscript letters in the same column indicate the significant differences
among gluten-free flours and breads (P <0.05). CF: Chestnut flour, RF: Rice flour, CPF: Chickpea flour, BF: Bean

flour.

The results demonstrated that bean flour showed
lower estimated glycemic index when compared
to other gluten-free flours. Similatly, different
studies highlighted that the beans can reduce
glycemic and insulinemic responses and thus they
have been considered as low glycemic index foods
(Reyes-Moreno and Paredes-Lopez, 1993; Foster-
Powell and Brand Miller, 1995; Chung et al,
2008b). Different studies shows that the
incorporation of different legume flours to
gluten-free cake formulation based on rice flour,
reduces both the hydrolysis index and predicted
glycemic index (Arocha Gularte et al., 2012).
According to Osorio-Diaz et al. (2008), hydrolysis
index and predicted glycemic index can be
decreased by the addition of legume flour to pasta
formulation. However, considering the gluten-
free formulations tested, a general trend regarding
the estimated glycemic index by the addition of
different gluten-free flours could not be observed.

The specific volumes of gluten-free breads were
between 1.43 (50:50 CF/RF) and 2.12 (25:75
CF/RF) mL/g (Figure 1). The specific volume of
the breads increased as rice flour content was
increased from 50 to 75 %. Higher loaf specific
volume may be due to the massive holes in
breadcrumb as an eatlier report shows (Sanchez
et al,, 2002). McCarthy et al. (2005) reported the
specific volume of gluten-free bread based on rice
flour and potato starch as 3.03 mL/g. Gallagher
et al. (2003) reported the specific volume of
wheat-starch-based gluten-free bread as 2.57
mL/g. Demirkesen et al. (2010b) stated that the
specific volume of different gluten-free breads
based on rice flour was lower than 2.5 g/cm’.
Lower bread specific volume was reported by
Hager and Arendt (2013) for rice (1.93 mL/g),
teff (1.47 mL/g) and buckwheat (1.77 mlL/g)
containing gluten-free breads. Additionally,
Schober et al. (2005) reported the specific volume
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of gluten-free sorghum breads between 1.77-1.84
ml/g, whereas Lopez et al. (2004) reported
specific volumes of breads prepared with corn

2,50
~ 2,00
2
g
g 1,50
S
°
p
© 1,00
=
[&]
<3
9 0,50
0,00
50:50 CF/RF25:75 CF/RF  50:50
CPF/RF

and cassava starch and rice flour as 2.53, 2.04 and
1.92 cm3/g, respectively.

25:75  50:50 BF/RF25:75 BF/RF 100 RF
CPF/RF

Figure 1. Specific volume (mL/g) of gluten-free breads
CF: Chestnut flour, RF: Rice flour, CPF: Chickpea flour, BF: Bean flour.

Crumb firmness is defined as the peak force of
the first compression of the product (Moore et al.,
2007). The crumb firmness of all-gluten-free
breads increased upon storage (Table 4). Breads
supplemented with chestnut-rice flour (50:50)
exhibited the highest firmness at the end of 8

days, which was followed by rice flour bread.
Additionally, crumb firmness increased as the
amount of rice flour increased considering day 0
and day 4. At the end of the storage period, the
significant softer crumb was found for chickpea-
rice flour (50:50) bread when compared to the
other formulations.

Table 4. Firmness of gluten-free breads during storage period

Firmness (N)

Gluten-free bread

Day 0 Day 4 Day 8
50:50 CF/RF 5.18x 11.022x 31.82¢y
25:75 CF/RF 6.832x 16.28%- 20.062bex
50:50 CPF/RF 5.44ax 12.250% 14.302x
25:75 CPF/RF 7.882x 21.53bx 22.94abex
50:50 BF/RF 7.592x 13.062xy 19.542by
25:75 BF/RF 7.73%x 16.16%0x 29.81bey
100 RF 7.732x 16.924bxy 30.66bey

Uppercase letters indicate the differences in the same column, while “x-y” indicate the differences between storage
periods (P <0.05). CF: Chestnut flour, RF: Rice flour, CPF: Chickpea flour, BF: Bean flour.

Sensory analyses of gluten-free breads were
carried out by 8 panellists. All gluten-free
formulations received scores higher than 5
regarding overall acceptability. However, the

panellists gave the highest score for overall
acceptability to the gluten-free formulation based
on chestnut-rice flour (25:75) formulation (Table
5).
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Table 5. Sensory analysis of gluten-free breads

Flavour Odour Colour Texture  Overall acceptability
50:50 CF/RF 6.19£0.51¢  6.94£0.35> 6.63+0.29* 6.63£0.37b¢ 6.25£0.494b
25:75 CF/RF 0.44%0.26°  6.88%£0.23> 7.1310.26= 7.06%0.24¢ 6.75£0.30>
50:50 CPF/RF 5.19+0.46%>c  5.8110.39> 6.94+0.312 5.94£0.322 5.81£0.40
25:75 CPF/RF 4.88£0.34%>  5.81+0.46> 6.50+0.34= 5.50+0.39: 5.50+0.322
50:50 BF/RF 4.44%0.35+  525%1.25¢ 6.75%£0.36* 5.25%0.372 5.19+0.28¢
25:75 BF/RF 5.6310.29%b¢  6.061+0.32:>  7.00+0.36* 6.63£0.28b¢ 5.88+0.304
100 RF 6.06£0.48>  6.00£0.44%> 7.56£0.322  7.06+0.38¢ 6.3820.43¢

Hedonic scale ratings: 9 = extremely like and 1 = extremely dislike
+ Standard error of the mean. Lowercase superscript letters in the same column indicate the significant differences
among gluten-free bread samples (P <0.05). CF: Chestnut flour, RF: Rice flour, CPF: Chickpea flour, BF: Bean

flour.

It must also be highlighted that the gluten-free
breads based on chestnut, chickpea, bean and rice
flours were unfamiliar for nonceliac panellists,
since the bread characteristics related with their
expectations were mainly based on products
made from wheat flour (Haque and Morris 1994).
The low sensory scores may comparatively be
attributed to this phenomenon (McCarthy et al.,
2005), since people with no CD are usually
unfamiliar with the organoleptic properties of
gluten-free products.

CONCLUSION

The formulation and production of gluten-free
bread with a high quality presents a challenge
since gluten is responsible for basic crucial dough-
forming properties of the flour. Different flours
including chestnut, chickpea, bean and rice flours
were used within the present study to produce
gluten-free-breads. ~ Additionally,  estimated
glycemic index and thermal properties of the
flours were also analyzed. Rice flour provided the
highest enthalpy (AH: 225.09 J/g) while chestnut
flour (166.61 J/g) showed the least. Glass
transition temperature of gluten-free flours was
observed between 47.93 and 52.84 °C. The
gluten-free breads showed significant differences
in estimated glycemic indices ranged from 56.67
(50:50 CPF/RF) to 70.42 (25:75 BF/RF). The
crumb firmness of all-gluten free breads increased
in general when stored, however, it was higher in
chestnut and rice flour (50:50). The specific
volume of gluten-free breads increased with the
increase in rice flour content (50 to 75 %) around
1.43 mL/g. In terms of overall acceptability,

gluten-free breads based on chestnut-rice flour
(25:75) formulation were mostly accepted by the
panellists.
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Teknolojinin gelismesi, sanayilesme, egitim dizeyinin, ekonomik ve sosyal refahin artmast insanlarin gidalara
ve saglikli beslenmeye olan ilgisini arttirmistir. Ancak dogru ve yeterli bilgi sahibi olmayan kisilerce yapilan
yanlis aciklamalar tiketicide kafa karigikligina neden olabilmektedir. Bu ¢alisma, beslenme ile ilgili halkin
biling diizeyini Slgmek, giintimiziin en biyilk sorunlarindan biri haline gelen bilgi kirliginin ortadan
kaldirilmast  ve dogru bilginin dogru uzman kaynagindan elde edilebilmesi konusunda halkin
bilin¢lendirilmesi amaciyla yapilmustir. Bu amagla, sosyal medya tizerinden toplumun farkli kesimlerinden,
farkli bolge ve egitim diizeyinden toplam 616 kisi ile anket yapilmis ve sonuglar SPSS.20 programu ile
degerlendirilmistir. Arastirma sonuglarina gore, tiketici dogru bilgi kaynagini bilemediginden 6zellikle
medyadaki bilgi kirliliginin, onlarin beslenme konusunda ¢ok daha biiytik yanlslar yapmasina yol actig1 tespit
edilmistir. Yazil, gorsel ve sosyal medyada gida ile ilgili yorumlarin alaninda uzman olan kisiler tarafindan
yapilmasi dolayistyla halkin dogru bilgi kaynaklarina yonlendirilmesi cok 6nemlidir.

Anahtar kelimeler: Gida Bilinci, Bilgi Kirliligi, Sosyal Medya

THE EFFECTS OF FOOD-RELATED MISCONCEPTION IN PRINTED,
VISUAL AND SOCIAL MEDIA ON THE CONSUMER

ABSTRACT

The development of technology, industrialization, the increase of economic and social prosperity and
the level of education, have increased the interest of people in food and healthy nutrition. However,
misrepresentations made by the people who do not eligible and have sufficient information on the
subject can cause more confusion in the consumer. This study was conducted in order to measure
people's level of consciousness about the food and nutrition, to remove the misinformation that has
become one of the biggest problems in nowadays and to make the public aware of the correct
information from the right experts or the source. For this purpose, a total of 616 people from
different parts of the society, different regions and education levels were surveyed via social media,
and the results were evaluated with the SPSS.20 program. According to the results of the research, it
has been determined that the misinformation in the media caused more confusion among the
consumers who does not know the correct source of information. Therefore, it is important that the
information about the food and nutrition in written, visual and social media should be given by the
experts in the field, so that people may acquire correct information from those platforms.
Keywords: Food Consciousness, Information Pollution, Social Media
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GIRIS
Medya, kiltirin ulusal ve uluslararast dizeyde
bireylere ulastirilmasi noktasinda 6nemli bir gérev
tstlenmektedir.  Ozellikle toplumsal hayatta
bireylerin ¢esitli sosyal ihtiyaclarint gidermek icin
siklikla ~ bagvurduklart  6nemli  bir kaynaktir
(Kocadasg, 20006). Sosyal medya ise; yeni nesil web
teknolojilerinin  kullanictya getirdigi kolaylik ve
iletisim  hizt  sayesinde es zamanli bilgi
paylasimimnin bireylerce takip edildigi dijital bir
platformdur (Tezgiler, 2016). Sosyal medyanin
gida ile ilgili olarak gida kaynakli hastalik gbzetimi
icin potansiyel olarak zengin bir veri kaynag
oldugu ve sosyal medyanin kasitlt ve kasitsiz gida
kirliliginin tespitini kolaylastirabilecedi yeni yollart
olusturabildigi bildirilmistir (Newkirk ve ark.
2012).

Teknolojinin  gelismesi, sanayilesme, egitim
diizeyinin, ekonomik ve sosyal refahin artmasi
insanlarin gidalara ve saglikli beslenmeye olan
ilgisini artturmug, bilingli beslenme glntmizde
toplumun ilgisini ¢eker hale gelmistir. Bu durum
sosyal medyada gida ile ilgili aciklama ve haber
sayisint da arttirmistir. Ancak dogru ve yeterli bilgi
sahibi olmayan kisilerce yapilan yanls actklamalar
tiketicide kafa karisikhigina neden olabilmektedir.
Tiketici dogru bilgi kaynagini  bilememekte
dolayistyla bilgi kirliligi orant beraberinde artarak,
tiketicinin  beslenme konusunda daha biyik
yanlislar yapmasina yol agmaktadir.

Bilgi kirliligi, genelde, gidada var olan etkinin
abartilarak yansitilmasi, gidada var olmayan
fonksiyonlarin varmis gibi ifade edilmesi, gidanin
sagliksiz veya tehlikeli oldugunun bilimsel
olmayan bir ¢ercevede ifadesi olarak gelismektedir
ve bu gelisimler, titketicilerin kamu otoritelerine
olan guvenlerinin sarsimast ve mevzubahis
gidalart tiiketmekten bir siireligine veya tamamen
vazgeemeleri ile neticelenmektedir. (Sungur,
2014).

Gida ve beslenme konusunda tam anlami ile
ginimiizde gerek sosyal medyada gerek basilt
yayinlarda buyik bir bilgi kirliligi mevcuttur.
Insanlar ne yiyip ne yemeyecegi konusunda endise
etmesinin nedeni, konu tizerinde bilgisi olmayan
ve medya tarafindan buyitilen kisilerin yanls

yonlendirmesinden kaynaklanmaktadir. Yapilan
algt aragtirmalarina gére bu verilere inanigin temel
nedenleri arasinda yonlendirmeyi yapanlarin bir
kisminin toplum tarafindan gtvenilir kabul edilen
mesleklere (tip doktoru vb.) sahip olmasindan ileri
gelmektedir. TV programlarinda bu kisilerin artik
aileden biri gibi kabul edilmesi de etkendir. Her
insan kendi beslenme inanislarina/ aliskanliklarina
devam  etmekte Ozgirdir. Ancak kimse
baskalarinin ~ beslenme  tarzina  bilimselligi
kanitlanmamis  yonlendirmelerde  bulunma
hakkina sahip degildir. Bilgi farkli bir seydir,
bilimsel  temellerle  uyusmak  zorundadir.
(Halkman, 2015).

Gudalarin dretim teknolojileri ve tiriin 6zellikleri
hakkinda  bilimsel-mesleki  yetkinlige  sahip
olmayan kisiler tarafindan popiler olmak,
kitaplarinin reklamini yapmak, satistni arttirmak
ve muayenelerine gelen hasta sayisinin arttirmak
amactyla bilgi sahibi olmadigi halde herhangi bir
bilimsel temele dayanmadan agiklama yaptiklar
gorilmektedir. Bu asisiz, hicbir bilimsel temeli
olmayan ve etik kurallara uymayan aciklamalar,
stit, ekmek, yumurta gibi temel gidalarla ilgili
olarak bile yapilmakta, titketicilerin kayg1 dizeyini
yitkselterek, beslenmeleri konusunda hatalar
yapmalarina yol agmaktadir. Beslenmede yapilan
hatalar, saghkla ilgili geri d6nussiiz bir¢ok tehlikeyi
ortaya ¢ikarmaktadir. Tim bu rahatsiz edici
durumlarin  yaninda bu kisilerin  bazi  gida
gruplarina karst kuskularin olusmasina sebep olan
yanlis ve gerceklikten wuzak actklamalarinin
sorgulanmadan, isin  gercek  uzmanlarina
damigilmadan medya tarafindan yiiksek reyting
beklentisiyle kamuoyuna aktarilmasidir (Songiil,
2015).

Medyada gida konusundaki bilgi kirliligi; gereksiz
ve yanlis bilgilerle “bilgi obezitesi” olan toplumun,
bilimi temel alan “bilgi diyetine” ihtiyact vardir.
Ginumizde medya aracilligr ile istenilen bilgiye
istenilen zamanda ulasabilmekte “Kuskusuz
bilgiye bu kadar kolay ve hizlt bir sekilde ulasmak
zamanin verimli kullanidmast acisindan  ¢ok
o6nemli bir rahatliktir. Besleyici degeri ylzyillardir
bilinen gidalar hakkindaki yanlis
bilgilendirmelerin, ilkemizde zaten yetersiz ve
dengesiz beslenme aliskanligl olan halkimizin
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daha fazla beslenme sorunlariyla karsi karsiya
kalmasina zemin hazirlamaktadir (Artik, 2014).

Kitleler, gida glvenligi ve halk saghgin
ilgilendiren konular1 ¢ogunlukla yazili ve gbrsel
basin aracihigr ile takip ederler (Avsar ve ark.
2000). Sosyal medya da gida ile ilgili yogunlasan
bilgi kirliligi sebebiyle glivenilir bilgi icin daha
secici yaklagimlarda bulunmak gerekmektedir.
Sosyal medyada gida alaninda yetkinligi olmayan
bazi kisilerce yapilan bilimsel olmayan actklamalar
neticesinde  toplum arastrma  yOntemlerini
kullanmamakta ve toplumun ¢ogu sosyal medyada
yaptlan her beslenme tavsiyesine uyar hale
gelmistit. Bu durum halkin saghgini tehlikeye
atmakta ve yuzlerce ‘Dogru Bilinen Yanlslar’
kavramint karstmiza ¢tkarmistir.

Karaali’nin (2012) gida riskleri konusunda yapilan
bilgilendirmelere duyulan given hususuna dair
yapmis oldugu anket calismasina gére; Tiirkiye’de
bilim insanlarmna duyulan giivenin % 53,
hekimlere % 41, gida Ureticilerine % 20, tiiketici
Orgiitlerine % 16, yazili veya gorsel bilgi veren
medyaya giivenin % 14, sivil toplum kuruluslarina
% 13, yasal otoritelere % 13 oldugu saptanmustir.

Sosyal medyada yer alan beslenme aliskanliklart ve
gida maddeleri ile ilgili haberlerin bireylerin
beslenme aliskanliklarinda degisiklik yapmalari ile
iligkisini saptamaktir. Giintimiizde her yag, her
sosyokiiltiirel ve her egitim diizeyinden ¢ok sayida
insanin  sosyal medya kullanicisidir.  Sosyal
medyanin  pazarlamadaki  roli  yadsinamaz
oldugundan, calismanin sosyal medya tizerindeki
beslenme aligkanliklar ile ilgili haberlere ilgisi, bu
haberlere karst duydugu gliven/gtivensizlik, bu
haberler neticesinde beslenme aliskanliklarinda
degisiklik yapma istegi gibi konularin galigiimast
insan sagligt acisindan da 6nem arz etmektedir. Bu
calisma beslenme ile ilgili halkin biling oranin
Olemek, ginimizin en biytk sorunlarindan biri
haline gelen bilgi kirliginin ortadan kaldirilmasi ve
dogru bilginin dogru uzman kaynagindan elde
edilebilmesi konusunda tiketicileti bilin¢lendirme
amactyla yapilmustir. Sosyal medya kullaniciart
arasindan degisik yasam standartlarina sahip olan
616 kisilik tesadiifi olarak segilen grubun,
beslenme, cesitli besin maddeleri ve 6nemi

konularinda ne kadar bilgi sahibi olduklarinin
anlagilmast  ve medyanin  gida  tiketim
tercihlerinde ne kadar etkili oldugu belirlenmeye
calistlmustir.

MATERYAL VE YONTEM

Arastirmada  Olcegi  gelistirilitken  yapilan
hesaplamalar sonucunda anketin sosyal medya
kullanicilart arasindan farkli yas gruplarindaki 600
kisiye uygulanmasi hedeflenmistir. Turkiye’de
“Internet World State” verilerine gére; 2015 niifus
sayist  77.695.904 kisi, 2014 Aralk tarihinde
internet kullanicist  sayist  46.282.850  kisidir.
Internet kullananlar nifusun %601 kadardir.
Facebook kullanan kisi sayist ise ortalama 32
milyon dolayindadir (Anonim 2015).
Arastirmanin evreni Turkiye’deki 18-24, 25-24 ve
55+ yas araliginda ki sosyal medya kullanicilari
olarak tespit edilmistir. Orneklem biiyiikliigiiniin
hesaplanmasina dair ¢esitli formuller verilmekle

birlikte bu arastrmada 6rneklem  sayisinin
belitlenmesinde  Yamane (2001) tarafindan
belirtilen  Orneklem  formild  kullanilmistr.
Orneklem formiilii asagidaki gibidir.
N.z°.p.q
n= - .
N.d*+z%.p.g
n=  Ornek capt (Arastirma icin uygulama

yapilacak kisi say1s1)

N= Evren (yigindaki birim sayist)

z= Standart normal dagilim tablo degeri
(Arastirmada istenilen glvenilirlik dizeyi %95
oibi)

d= Duyarlilik (Arastirma icin kabul edilebilir hata
payt — 0,05)

p = Aragtirmaya konu olan Ozellikleri tagiyan
bireylerin orant

q= Arastirmaya konu olan 6zellikleri tagimayan
bireylerin orani(p+q=1)

Aragtirmaya 616 kisi katilmis ve kitlesel hedefe
ulagtlmistir. Kisiler Tesadift 6rnekleme yontemi
ile secilmistir.

Calismada bireylerin  beslenme  aliskanliklarin
degistirme ve sosyal medyadaki ilgili haberlerin
iliskisini saptayabilmek amaciyla anket yontemi
kullantlmigtir.  Bu  arastirmada genel tarama
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modeli kullanilmis olup, genel tarama modelleri
¢ok sayida elemandan olusan bir evrende, evren
hakkinda genel bir yargiya varmak amaciyla
evrenin timi ya da ondan alinacak bir grup
tzerinde yapilan tarama  dizenlemeleridir.
(Karasar, 2000). Arastirma materyalini toplama
online anket formlart kullandmistir.  Anket
formunda tiiketicilere gida bilinci ile ilgili bilgileri
bes  degiskenle  (Kesinlikle — Katiliyorum,
Katiliyorum, Kararsizim, Katilmiyorum,
Kesinlikle  Katilmiyorum)  degerlendirmeleri
istenmistir. Yapilan anket uygulamast
cercevesinde elde edilen veriler; faktor analizi,
Varyans Analizi (ANOVA) ve T Testine tabi
tutulmustur. Analizler SPSS Statistics 20.0 paket
programinda gerceklestirilmistir. Ayrica verilerin
faktorlesmeleri faktor analizi ile incelenmistir.

BULGULAR VE TARTISMA

Ankete katdan titketici profili ¢izelge 1’de
verilmistir. Field (2009)’in yaptig1 yeterlilik Sl¢titi
degerlendirmesine gére sonug¢ 0.8-0.9 arasinda
tespit edilmis olup istatistiki olarak giivenilirlik
anlaminda ‘cok iyi” grubunda kabul edilmektedir.
Yapmis oldugumuz anket ¢alismasinda ise KMO
ve Bartlett’s Test tablosu incelendiginde KMO
orneklem vyeterliliginin  0.8-0.9 arasinda tespit
edildiginden (0.847) uygun oldugu belirlenmis ve
béylelikle ilk olarak faktér analizinin anketimize
uygunlugu tespit edilip ispatlanmigtir. Uygun olan
anket calismast icin faktr analizi yapilarak 13
faktor belirlenmistir. Bu faktorler; (Ambalaj),
Gida Katki Maddesi (Katkt), Gidanin Tavsiye
edilmesinden Etkilenme (Tavsiye), Saglik ve Gida
(Saglk), Organik Pazarlara Giiven (Organik
Pazarlar), Medyada Agiklama Yapan Kisilerin
Meslegi  (Kimlik, meslek), Medyada Agiklama
Yapan Kisilerin Unlii Olmast (Un), Gidalari Satin
Alirken Dikkat Edilmesi Gerekenler (Satin Alma),
Dogal Gidalar (Dogal), Yasak Olan Gidalar

(Yasak), Hayvansal Gidalar  (Hayvansal),
Gudalarin Tazeliginin Belitlenmesi (Tazelik) ve
Gudalarin Tercthinde Reklamin Etkisi

(Reklam)’dir. (Cizelge 1)

Gida ambalajlarinin kalitesini gosteren ¢ 6nemli
unsur ambalajin koruyuculugu, pazarlama unsuru
ve tiketiciyi bilgilendirmektir. Ttiketicilerin
cogunlugunun gida ambalajlarinda son kullanma

tarihini kontrol etme noktasinda daha bilingli
oldugu gorilmektedir. Gidalara katki maddeleri
katilmasinin  dogrulugu iretici ve &zellikle
tiketicileri ikiye bolen konulardan biri olmaktadir.

Sosyal medyada her meslek grubunun yaptigt
aciklamalarin  ve yayinlarin  kafa karigikligt
yaratabildigi bilinmektedir. Sonuglar genel olarak
tiketicinin katki maddelerine ve hazir driinlere
kesinlikle gtivenmedigini ve 6zellikle son yillarda
tartisma konusu olan sutlerde katki maddesi
oldugunu dustinenlerin  sayisinin  hi¢  de
azimsanmayacak oranda oldugu belirlenmigtir. Bu
sonuglar katki maddeleri ile ilgili bilgi kirliliginin
varhgit gostermektedir. Sosyal medyada bazt
meslek gruplarinca gida ile ilgili yapilan
agiklamalar dogrultusunda tiiketicinin tutumunun
incelendigi 3. Faktor olan tavsiye faktorii altt soru

ile Dbelitlenmistir. 3. Faktér olan tavsiye
faktoruinde  tuketicinin  uzmanlik  alanint
sorgulamaksizin, beslenme noktasinda belirli

mesleklerden toplumun etkilendigi ya da bazt
actklamalar sonucunda kararsiz kalarak kafa
karisikligr yasadigi tespit edilmistir. En 6nemlisi
sosyal medyanin beslenme tercihleri tizerinde
buytk rol oynadigi yon verebilen bir unsur oldugu
gorilmustir.

Sosyal medya da bilimsel bir veriye dayanmayan
bazi beslenme tutumlarinin saglik Gzerine etkisi ile

ilgili yapilan aciklamalarin  tiketiciye —etkisi
dogrultusunda 4. faktérde, Besin grubu olarak bile
aynt  kategoride olmayan gidalar hakkinda

kiyaslama yapilmasi dogru bir yaklasim olmadigt
distntlmektedir. Stt teknolojisi ve bitkisel yag
teknolojisi birbirinden farkli alanlar olmakla
birlikte gida kimyasi bakimindan incelendiginde
de zaten benzerlik gdéstermemektedir. Organik
pazarlar ile ilgili yapilan haber ve reklamlarin
etkisinin Slctldigi 5. faktérde verilen cevaplar
incelendiginde ve 6zellikle kararsiz kitlenin fazla
olmasint da g6z 6niinde bulundurdugumuzda
organik pazar kavrami hakkinda tiiketici de kafa
karisiklig1 oldugu tespit edilmistir.
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Cizelge 1: Demografik veriler

CINSIYET Kisi Sayist [EGITIM Kisi Sayist
Bayan 355 Tlkokul/ortaokul 4
Bay 261 Lise 20
Toplam 616 On Lisans 47
YAS Lisans 285
13-17 1 Yuksek Lisans 204
18-24 272 Doktora 56
25-54 333 Toplam 616
55+ 10 BOLGE
Toplam 616 Marmara 279
MESILEK Akdeniz 32
Akademisyen 129 Karadeniz 57
Doktor 6 Ege 76
Ev Hanimt 8 I¢ Anadolu 126
Memur 23 Dogu Anadolu 28
. . Gtiney Dogu
Miihendis 104 Anadolu 18
Ogrenci 176 Toplam 616
Ogretmen > AYLIK GELIR
Serbest Meslek 6 300-999 TL 169
Tekniker 15 1000-1499 TL 58
Diger 96 1500-2499 TL 144
Toplam 616 2500-3499 TL 121
MEDENI DURUM 3500 ve Uzeri 124
Evli 131 Toplam 616
Bekar 485
Toplam 616
Meslek durumunun irdelendigi 6. faktérin medyada paylasan kisilerden etkilenme

sonuclarina goére 3 degiskene de verilen %80
civarinda ki olumlu cevaplar gostermektedir ki
titketici gerek TV, gerek internet tizerinden besin
ve beslenme ile ilgili aciklamalart dinlerken,
okurken bilgilendirme yapan kisinin meslegine ve
kimligine dikkat etmekte ve Gida Mithendislerini
daha ¢ok sosyal medyada gérmek istemektedir.
Sosyal medyada toplumda gerek meslegi gerekse
ginlik yasamt ile in kazanmis, son yillarda kisa
stirede ciddi kilo verip ilging diyet listelerini sosyal

durumunun incelendigi 7. Faktorde Diyet kitab:
olarak piyasaya strilen kisiye Ozel bir liste
olusturmadan tiim insanlar1 aynt kefeye koyup
besin tavsiyeleri veren kitaplara karst titketicinin
ilgisi  olmadi® ve daha  bilingi oldugu
gorilmektedir. Bunlara ilave olarak, promosyon
urlnler tuketici icin sadece bir tercih meselesi
oldugu gorilmekte, alisveriste ciddi anlamda satin
almayt etkilememektedir. Dogallik kavrami ile
ilgili son soruda ise maden suyu ve soda
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karsilastirmast  yapilmis, c¢ogu tiketici aynt
olmadiginin  bilincindeyken, beste bitlik bu
kitlenin kararsiz olmasi az da olsa bu konuda da
kafa karisikligi oldugunu gostermektedir. Sosyal
medya da bazt meslek gruplarinca bilimsel bir
veriye dayandirilmadan gida hakkinda yapilan
actklamalarin  tiketici  Uzerindeki  etkisinin
incelendigi 10.faktorde tiiketicinin en yiiksek
paydalarina kesinlikle ile baslayan yargilarda
rastlanmasi da tiketicinin bu konuda keskin
degerler ile birbirinden ayrildigint gbstermektedir.
Hayvansal gidalar ile ilgili sosyal medyada yapilan

cesitli tiketim tavsiyelerinin tiiketici tizerine etkisi
incelendiginde tiiketicinin ¢ig yumurtaya karst
daha duyarli oldugu gorilmektedir. Tazelik
faktoriiniin tiketici Uzerine olan etkisi iki degisken
ile incelenmistir. En ¢ok yapilan hatalardan bir
tanesi olan kifli gidalarin kifli kismint atip
gerisini tiketme durumu ile ilgili soruya ise
tiiketicilerin %36. 9u kesinlikle katilmamaktadir.
Bu konuda tiiketicinin giiniimiizde daha bilingli
oldugu séylenebilir. Reklamlarin tiketicinin gida
tercihi tzerinde ki etkisinin olmadigt tespit
edilmistir (Cizelge 2).

Cizelge 2: 616 kiginin faktorlere gére X2 sonuglart

g g

FAKTORLER o 2 Z g g o E

= = S S S =3

T% —5 [ _SS (o g [ % [ '—g % [

VRV Y N O L VAV R
FAKTOR 1 (Ambalaj)
Guda aligverisinde ilk olarak etiket bilgilerini
kontrol ederim. 31 5 45 7.3 52 8.4 276 44.8 212 34.4
Satin aldigim gidanin son kullanma tarihini
okurum. 22 3.6 16 2.6 27 44 166 26.9 385 062.5
Satin aldigim gidamin igindekiler kismint
okurum. 36 5.8 54 88 103 16.7 247 40.1 176 28.6
Gida aligverisi yaparken saglikli(besin degeri
yuksek) olanlari tercih ederim. 28 4.5 68 11 129 20.9 240 39 151 2.5
Gida saun alirken, gida Grindnin
tzerindeki kalite giivence isaretine dikkat
ediyorum. 42 6.8 93 15.1 123 20 213 34.6 145 23.5
Gida aligverisinde etikette gida  katks
maddelerini kontrol ederim. 44 7.1 93 15.1 115 18.7 195 31.7 169 27.4
FAKTOR 2 (Katki)
Sokakta satilan siitler, UHT sttlere gore
daha sagliklidir. 150 24.4 162 26.3 175 28.4 92 14.9 37 6
Dogal trtnler daha saglikhdir teknolojik
yolla tretilmis gidalar yeterince saglikli
degil. 51 83 77 12.5 87 14.1 236 38.3 165 26.8
Kutu sitlerin icine bozulmalarint énlemek
icin zarath katki maddeleri koyuyorlar. 103 16.7 75 12.2 151 24.5 162 26.3 125 20.3
Pakette satilan Toz baharatlara
giivenmiyorum, boya maddeleri katilmis
olabilir. 45 7.3 91 14.8 158 25.6 203 33 119 19.3
Yogurdumu evde yaparim, ambalajli
trinlere givenmem. 70 11.4 141 22.9 130 21.1 147 23.9 128 20.8
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Cizelge 2 devam

FAKTOR 3 (Tavsiye)

Diyet kitaplart olan bir doktor ¢ikolata
kanserojendir diye agtklama yapti, doktor
sonucta bir bildigi  vardir, ¢ikolata
tiketmem artik.

Son zamanlarda belirli gidalarin insan sagligt
tzerindeki etkileri konusunda yapilan
actklamalara gére tiketim aliskanliklarim
degisti.

Gazete veya dergilerde yeterli ve dengeli
beslenmek tizerine yazilan yazilart 6zellikle
okurum.

Tv de ki saglikli beslenme ile ilgili
programlart kagirmam

Doktotlar bir seyi yiyin ya da yemeyin derse
dinlerim mutlaka.

Salam, sucuk gibi gidalari tiiketmem.

FAKTOR 4 (Saglik)
Bir doktor istediginiz kadar kebap
yiyebilirsiniz diyor, ne distintrstiniiz?

Cikolata kanser yapar.
Anne sttiyle zeytinyagi aynt seydir.
Her gtin 40 zeytin ye hastaneyi unut.

FAKTOR 5 (Organik Pazarlar)

Organik Pazarlardan aligveris yaparim.

Organik pazarlarda satilan gidalar daha
sagliklhidir.

Televizyon veya internette organik pazar
yeri séylenirse 6zellikle organik pazarti tercih
eder oradan alisveris yaparim.

Organik pazatlar para tuzagidir.

FAKTOR 6 (Kimlik- Meslek)

Tv’de beslenme ile ilgili haberlerde agiklama
yapan kisilerin meslegine dikkat ederim.
Gida muhendislerinin - Tv’de aciklama
yaptigint gérmek istiyorum.

Beslenme ile ilgili bir agiklama izlerken
actklamay1 yapan kisinin kimligi 6nemlidir.

FAKTOR 7 (Un)

Televizyonda  bir  bitkinin  zayiflattig
hakkinda haber izleyince ismini not eder ve
alir denerim.

Tv’de reklamlari yapilan zayiflama haplarina
glivenir satin alirim.

Unliilerin nasil zayifladigini merak eder
6grenince uygularim.

Unlii yazarlarin diyet kitaplarint satin alirim.
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Cizelge 2 devam
FAKTOR 8 (Satin Alma)
Gida aligverisi yaparken lezzetli olan
gidalara yonelirim. 30 49 53 86 104 16.9 320 51.9 109 17.7
Guda aligverisi yaparken fiyat 6nemlidir. 35 5.7 62 10.1 105 17 304 49.4 110 17.9
Promosyon triinler marka tercihimi etkiler. 86 14 159 25.8 156 25.3 166 26.9 49 8
FAKTOR 9 (Dogal Gida)
Margarin dogal bir gidadur. 365 59.3 166 26.9 61 9.9 17 2.8 1.1
Margarin tereyagi kadar besleyicidir. 380 61.7 152 24.7 65 10.6 11 1.8 8 1.3
Gudalarin 1sinlanmast giivenlidir. 162 26.3 127 20.6 244 39.6 57 9.3 26 4.2
Soda ile Maden suyu aymnt seydir, tatlart da
etkileri de ayn1 sonugta. 263 42.7 176 28.6 123 20 34 55 20 3.2
FAKTOR 10 (Yasak)
Saglikli yasamak icin 3 beyaz olan tuz, seker
ve undan uzak durmaliyrz. 55 8.9 97 15.7 112 18.2 212 34.4 140 22.7
Seker zehirdir. 101 16.4 163 26.5 163 26.5 119 19.3 70 11.4
Ekmek yememeliyiz. 143 23.2 216 35.1 131 21.3 89 14.4 37 6
Givendiginiz ~ din  alimleri ~ Midye
tiketilmesinin  haram oldugunu acikladi.
Artik tiiketmem o zaman. 188 30.5 111 18 82 13.3 106 17.2 129 20.9
FAKTOR 11 (Hayvansal Gidalar)
Sttt hayvandan geldigi gibi, kaynatmadan
icmek en saglikli olandir. 354 57.5 150 24.4 68 11 26 4.2 18 2.9
Yumurtay1 hayvandan alir almaz ¢ig olarak
icmek ¢ok faydalidir. Onemli olan
yumurtanin  ¢atlamamis  yani  saglam
olmasidir. 280 45.5 168 27.3 125 20.3 33 54 10 1.6
FAKTOR 12 (Tazelik)
Yemegin tadt ve kokusu bozulmamigsa
zehitlemez, rahatlikla tiiketebilir. 201 32.6 165 26.8 129 20.9 98 159 23 3.7
Kiflenmis gidalarin - kifld  kismi  kesip
atilarak gerisi tiiketilebilir. 227 36.9 160 26 131 21.3 83 13.5 15 2.4
FAKTOR 13 (Reklam)
Televizyonda reklamt yapilan markalar
benim se¢cimimde 6nemlidir. 122 19.8 199 32.3 147 23.9 137 22.2 11 1.8
Reklamlarda  oynayan  kisiler — marka
tercihimi etkiler. 317 51.5 155 25.2 77 12.5 52 8.4 15 2.4

SONUC VE ONERILER

Bilingli tiiketici; 6rgiitlii olan, bir mal ya da hizmeti
satin alirken, ondan azami derecede yarar
saglamayt amaclayan, gercek gereksinimlerini goz
oniinde tutan, planli ve belgeli alisveris yapan,
aligverisin nesnesi degil 6znesi oldugunun
bilincinde olan kigidir. Agyrica kalitesi, standardt

yiuksek, saglikli, glvenli, cevreci urini se¢me
olgunlugunu tastyan, tim bunlarla birlikte
blitcesine en uygun uriind segip tasarrufa 6nem
veren kisidir. Ayni zamanda kaliteyi denetleyen,
dolayisiyla,  giderek  ekonomiyi  verimlilige
yoneltecek olan yadsinmaz bir sosyoekonomik
unsurdur (Topuzoglu ve ark., 2007). Gelismekte
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olan tlkelerde, medyanin siyasi, ckonomik,
teknolojik, mesleki unsurlardan bagimsiz ve
tarafsiz olarak toplumun dogru ve anlagilir bilgiye
erisimi, toplumun bu yOndeki bilincinin
arttirtlmasinda daha etkin rol oynamast gerektigi
bilinen bir gercektir. Risk iletisim kanallari web
siteleri, bastli ve dijital yayinlar, toplantilar ve
calistaylar, halk ile istisareler, ortak/paydas aglari,
sosyal aglar, blog’lar vb. medya tirtleri olarak
degerlendirilmektedir (Aytekin, 2015). Insanlarin
bircok konuda faydalandigi bu basin araclarinin,
beslenmenin 6nemi ve gida maddelerinin
tamtimlart konularinda dogru ve siirekli bilgi
vermeleri gerekmektedir (Yilmaz ve ark. 2007).

Yazili, gbrsel ve sosyal medyanin tiiketicinin gida
bilincini olumlu ve olumsuz etkilerinin bulundugu
gerek 6nceki yapilan ¢aligmalarda gerekse yapmus
oldugumuz anket calismasinda ortaya
ctkmaktadir. Bilimsel verilere dayanmadan bazi
sahsi yorumlamalardan tiiketici  etkilenerek
beslenme konusunda endigeye kapilmakta, ‘kanser
yapar’, ‘zehirdir’ gibi keskin ctimlelerin tiketiciler
tzerinde kafa karistkligr yasattigr goriilmektedir.
Ancak medya reyting gibi endiselerle bu can alict
aciklamalart  ekranlara ve sosyal medyaya
tagtmaktadir. Bilimsel verilere bagh olmadan bir
gidanin  tek bagina kanser yapmast yerine,
hastaliklarin  bircok etkene baglt oldugu, bir
gidanin tam olarak etkisinin anlasilabilmesi icin
belirli sayida gruplara homojen olarak testlerinin
yapimast ve sonuglarinin benzerligi baz alinarak
ancak Dbilimsel olarak yorumlanabilmektedir.
Besin  etkileri  insanlarin  metabolizmasina,
cinsiyetine, yasina, boyuna, kilosuna, genetik
yapisina, glnliik harcadigi kalori miktarina
dolayisiyla ~ meslegine,  yasadigt  bolgedeki
cografyada yetisen bitki Ortlsiine ve yapilan
hayvanciliga gibi daha uzatabilecek bir¢ok etkene

baglhdir. Dolayistyla her gida her insanin
metabolizmasi gidalara tam olarak ayni biyolojik
tepkiyi veremeyecektir. Diyet listeleri

olusturulurken diyetisyenler kisiye 6zel besin
tavsiyeleri listeleri olusturmaktadir. Toplu ortak
beslenme ancak yeterli ve dengeli beslenme
tavsiyeleri ile her metabolizma icin aynt olan besin
Ogeleri (Karbonhidrat, yag, protein, vitamin,
mineral, su) ile ortalama degerlere bagli olarak
yapilabilir.

Giiniimiizde yasanilan gida ile ilgili bilgi
kirliliginden = dolayt  tliketicinin ~ kafasinin
karisikliginin bir nedeni de tiiketiciye tavsiyede
bulunan kisilerin tnlii olmasi, meslegi, kimligi gibi
sebeplerden dolayt etkilenmektedir. Bazt meslek
gruplarindan kisilerin 6zellikle medya tarafindan
“dogru soyleyen insan”, “yalanlarla micadele
eden bilim insan’” olarak tanitilmasi tlketici
tarafindan her sOylenenin kanun olarak kabul
edilmektedir. Dogru bilgi ancak dogru uzman
kaynagt araciligryla bilimsel verilere dayalt olarak
verilebilir. Yazili, gbrsel ve sosyal medya da bu
sebepten dolayt gida ile ilgili yorumlarda mutlaka
alaninda uzman olan kisilere yer verilmelidir.

Gida ile ilgili TV yayinlari, internet kaynaklari
Gida Tarim ve Hayvancilik bakanligi tarafindan
denetlenmelidir. Yine bakanliga bagl olan Alo174
Gida hattinda calisanlarin  halkin - sorunlarina
bilimsel ve giivenilir yanitlar verebilmesi i¢in Gida
Muhendisleti olmalidir. Alaninda uzmanlasmis
olan Gida Mithendislerinin Gida tretimi yapilan
her alanda aktif bir sekilde calistirilmasi zorunlu
bir hale getirilmeli ve denetlenmelerin daha stk
yaptlmast saglanmahdir. Halki Gida ve beslenme
konusunda  bilinclendirecek  gercek TV
programlart yapilmali ve halkin gida konusunda
oldugunda dogru kaynaklara
yonlenebilmesi  saglanmalidir.  Halk  Gida
Mithendisligi meslegini daha iyi tanimalt ve Gida
Tarim bakanligindan onayli olmayan hi¢bir gidayt
satin almamasi noktasinda bilin¢lendirilmelidir.
2015 vyilindan itibaren sosyal medyada bilgi
kirliliginin fazlalasmast ile 6nii alinamayan yanls
bilgilendirmelere karst diizenlenmeye baslayan
kongre ve sempozyumlarin sayist arttirlarak
oturumlar halka acik yapilmali ve hatta canlt TV
yayini ya da online internet vyaymnlart ile
desteklenmeli, halkin anlayabilecegi sade bir dil ile
dogru bilinen yanlislara karst bilinclendirme
calismalart siklikla yapilmalidir. Beslenme ile ilgili
yaptlan TV yayinlart RTUK  tarafindan
incelenmeli halk sagligini tehlikeye atacak yanlis
bilgilendirmeler yapan bireyler, yayinlar veya
kanallar caydirict cezalar ile cezalandirilmali ve
gerekirse yayindan men edilmelidir.

sorusu

“Gida  bilinci”  ilkokul,
universitelere  zorunlu secmeli

lise ve
olarak

ortaokul,
ders
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okutulmalidir. Her ilde bu egitimi verecek gida
mithendisleri gorevlendirilmeli halkin
kiictikliikten itibaren okul 6grenimi siiresince
dogru dengeli ve yeterli beslenme konusunda
bilin¢lendirilmelidir.
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Bu arastirmada, 2016-2017 egitim-6gretim yilinda Erzincan Universitesi’nin Egitim Fakiiltesi, Fen Edebiyat
Fakiiltesi, Tktisadi ve Idari Bilimler Fakiiltesi, Mithendislik Fakiiltesi ve Saglik Bilimleri Fakiiltesinde 6grenim
goren 400 6grenciye anket uygulanarak elde edilen verilerin kullanilmastyla 6grencilerin st tiiketim
aligkanliklart ve davransglart incelenmistir. Arastirmaya katdan Ogrenciler ana kitle oranlarina dayalt
kiimelendirilmemis tek agsamal tesadiifi olasilik 6rnekleme yontemi ile belirlenmistir. Anket sonucunda elde
edilen veriler tablolar halinde verilmistir. Arastirmada 6grencilerin %67 sinin siitii sevdigi, haftalik kisi basina
yaklagtk 1.3 litre siit tiikettigi, bunun gelismis tilkelere oranla yeterli olmadig1 belirlenmistir. Ogrencilerin siit
satin alirken bakkal ve pazarlarin yerine genellikle marketleri tercih ettigi ve markaya, fiyata, Giretim ve son
kullanma tarihine dikkat ettigi g6riilmiistiir. Saglk Bilimleri Fakiiltesi 6grencileri haricinde diger 6grencilerin
genellikle siit ile bulasan hastaliklar konusunda yeterli bilgiye sahip olmadigt belirlenmistir. Ogrencilerin siit
tiketmede ilk sebep olarak siitiin besleyici 6zelligini 6n plana ¢ikardigi, genel olarak siit titketiminde herhangi
bir sorunla karsilasmadigt géritlmiistiir.

Anahtar kelimeler: Siit, stit tiketim aligkanliklari, lisans 6grencileri

DETERMINATION OF MILK CONSUMPTION HABITS AND BEHAVIORS OF
UNDERGRADUATE STUDENTS

ABSTRACT

In this study, a questionnaire to 400 students studying at Faculty of Education, Faculty of Arts and
Sciences, Faculty of Economics and Administrative Sciences, Faculty of Engineering and faculty of
Health Sciences in Erzincan University in 2016-2017 academic year was applied and the students'
milk consumption habits and behaviors were investigated through the obtained data. Students
participating in the study were identified by a single, unclustered random probability sampling
method based on population ratios. The data obtained through the questionnaire are given in tables.
It was determined that 67% of the students in the survey liked milk, consumed about 1.3 liters of
milk per week, which is not enough compared to developed countries. It has been seen that students
prefer to supermarkets instead of groceries and shops when buying milk and pay attention to brand,
price, production and expiry date. It has been determined that other students, except for the students
of the Faculty of Health Sciences, generally do not have enough knowledge about milk-borne
diseases. We determined that the first reason of milk consumption is the students were aware of milk
having nutritional function and did not encounter any problems in milk consumption in general.
Keywords: Milk, milk consumption habits, undergraduate students
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GIRIS
Bu calisma, Erzincan Universitesi'ndeki cesitli
fakiiltelerde G6grenim géren Ogrencilerin, cesitli
parametreler g6z 6nlinde bulundurularak sit
titketim aligkanliklarini, bu aliskanliklart etkileyen
faktorleri ve siit tiketimi hakkindaki bilgi
dizeylerini belirlemek amaciyla yapilmistir. Bu
kapsamda tniversite Ogrencilerinin siit tiketim
aligkanliklarinin ve bu konudaki bilgi diizeylerinin
ortaya konmast ve elde edilen bu veriler
dogrultusunda tniversite Ggrencilerinin - st
titketimi konusunda bilin¢lendirilmesi,
karsilastiklart sorunlarin belirlenmesi, sorunlara
dair gerekli 6nlemlerin alinmast, siit titketimini
arttirict ¢6zim  Onerilerinin - sunulmast ve bu
sayede daha sagliklt bireyler icin atilacak adimlara
zemin  olusturulmast  bakimindan  6nem
tastmaktadir.

Beslenmede temel gida maddesi olarak kabul
edilen sit; yasamin her evresinde gerekli olup,
yeterli ve dengeli beslenmenin saglanmasinda,
enerji alimiminda, kemik saghginin korunmasinda,
obezite, kanser ve hipertansiyon gibi kronik
hastaliklarin 6nlenmesinde 6nemli bir faktordir
(Tonik vd., 1984; Arabacioglu Ozbilen, 1993;
Christopher ve Nordin, 1997; Jain, 1998; Heaney
vd., 1999; Miller vd., 2000; Black vd., 2002;
Weinberg vd., 2004; Unal ve Besler, 2008). Siit,
zengin besin igerigi (protein, kalsiyum, fosfor, A,
B ve Biz vitamini) yoniiyle 6n plana c¢tkmakta
(Unal ve Besler, 2008; Biyikli, 2011) ve dogada
kazein, laktoz, st yagi, o-laktalbumin ve B-
laktoglobulin sadece siitte bulunmaktadir (Metin,
2014). Binyesinde yer alan esansiyel aminoasitler
vasitasiyla  bilhassa ¢ocuklarda buyime ve
gelismeyi arttirmakta, galaktoz vasitastyla beyin
hticrelerinin gelisimini saglamakta ve kalsiyum
vasitasiyla kemik sagliginin korunmasinda énemli
bir rol oynamaktadir (Capraz ve Yimaz, 2005;
Buyikly, 2011).

Siit, beslenmede bu denli 6nemli bir gida olmasina
ragmen Ulkemizdeki tiketim oranlart gelismis
tlkelere oranla dustik seviyelerde bulunmakta, kisi
basina yillik stit tiiketim miktart AB tlkelerinde 89
kg, ABD’de 83 kg ve Avustralya’da 107 kg iken,
Turkiye’de 26 kg oldugu bildirilmektedir (Astd,
2010).

Ogrencilere erken yaslardan itibaren siit titketim
aliskanligi kazandirmak amaciyla ilk olarak 2011-
2012 egitim 6gretim yilinda uygulanmaya baglayan
Okul Sutid Programi kapsaminda 1. yil Turkiye
genelinde 136 milyondan fazla kutu siit, 2. yil tilke
genelindeki butiin ilkokullara yayilarak yaklasik
296 milyondan fazla kutu siit dagitimi yapimistir.
9 Subat 2015ten itibaren ise yaklastk 34 bin
okulda haftada 3 gin (Pazartesi, Carsamba,
Cuma) olmak tzere gtvenilir ve saghkl
ambalajlarda stit dagitimi gerceklesmektedir. Okul
St Programi, AB iyesi 26 tilkede (Yunanistan
ve Hirvatistan hari¢) 2011-2012 yillart arasinda,
Rusya’da 2005te, Cin’de ise 2000 yilinda
uygulanmaya baslamistir (Anonymous, 2018).

MATERYAL VE YONTEM

Bu arastirmada 2016-2017 egitim-6gretim yilinda
Erzincan Universitesi Egitim Fakdltesi, Fen
Edebiyat Fakiiltesi, Tktisadi ve Idari Bilimler
Fakiltesi, Miuhendislik Fakdltesi ve Saghk
Bilimleri Fakdultesinde Ogrenim goren
ogrencilerden Grnekleme yontemiyle 400 kisi
secilmistir. Ornek hacmi, ana kitle oranlarina
dayalt kiimelendirilmemis tek asamali tesadiifi
olasilik Ornekleme yontemi ile belirlenmistir
(Collins, 1986). Segilen bu 6grencilere anket
formu dagitilarak ve gerekli actklamalar yapilarak
anketi doldurmalar1 istenmigtir. Anket caligmast
ile elde edilen veriler bilgisayar ortaminda SPSS 20
paket programi (IBM SPSS Statistics for
Windows, Version 20.0, USA) ve istatistiksel
analiz olarak Ki-Kare testi (Sahinéz ve Ozdemir,
2017) ile analiz edilmistir. Elde edilen bulgular
tablolar haline getirilerek yorumlanmustir.

BULGULAR VE TARTISMA

Erzincan Universitesi lisans 6grencilerinin  siit
tiketim  aligkanliklarinin = ve  davranislarinin
belitlenmesi konulu anket ¢alismast icin tesadiifi
ornekleme yontemi ile secilen 400 Ogrencinin
anket sorularina verdigi cevaplarin ylizde ve
frekans dagilimlart  Cizelge 1-Cizelge 7’de
gosterilmektedir.

Ogrencilere “‘siit i¢meyi seviyor musunuz?”
sorusu yoneltilmistir. Ogrencilerin  %67’si  stit
icmeyi sevdigini belirtmistir. Ayar ve Demirulus
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(2000) egitim cagindaki genclerin sit ve siit
urunleri  tiketim aliskanliklarini  arastirdiklart
calismada, Ogrencilerin  %80’inin  stit i¢cmeyi
sevdigini belitlemislerdir. Durmaz vd. (2002)
Yuzinci Yil Universitesi  Yiiksekokul
Ogrencilerinin i¢me siti tiketim aliskanliklar
tzerine  yaptiklart  calismada,  Ggrencilerin
%77.41inin st igmeyl sevdigini  ortaya
koymuslardir. Tarak¢t vd. (2003) Yizinci Yil
Universitesi lisans 6grencilerinin  igme  siitii

tiketim aligkanliklarini inceledikleri calismada,
ogrencilerin %78.90’sin1n siit igmeyi sevdigini
saptamuglardir.  Simsek ve Acikgdz (2011)
Siilleyman Demirel Universitesi &grencilerinin
icme sttd tiketim aligkanliklart Gzerine yaptiklart
calismada, Ogrencilerin %69.7’sinin  siit icmeyi
sevdigini belirtmislerdir. Yapilan calismalarla bu
anket calismast sonuclarinin benzerlik gbsterdigi
tespit edilmistir.

Cizelge 1. Katilimecilarin “Fakilteniz” sorusuna vermis oldugu cevaplarin yiizde ve frekans dagilimlari
Table 1. Percentages and frequency distributions of participants' responses to the question of ""What is your Faculty?"

Frekans / Freguency Yizde / Percent
Egitim Fakdltesi /
Faculty of Edncation 81 20.3
Fen Edebiyat Fakdultesi
Faculty of Arts and Sciences 80 200
[ktisadi ve 1dari Bilimler Fakiiltesi / 79 198
Faculty of Econonies and Administrative Sciences )
Muhendislik Fakiltesi / Faculty of Engineering 80 20.0
Saglik Bilimleri Fakultesi / Faculty of Health Sciences 80 20.0
Toplam / Total 400 100.0

Gizelge 2. Fakiilteye gore katthmeilarin “Stt icmeyi seviyor musunuz?” sorusuna verdikleri cevaplarin
frekans ve ylzde dagilimlart
Table 2. Frequency and percentage distributions of respondents, according to the faculty, to the question of "Do you like
to drink milk?"

Evet / Yes| Hayir / No | Toplam / Total

Egitim Fakdltesi / Fakilte icinde | o 0
Faculty of Edncation / In faculty %o 70765 /0235 /01000
Fen Edebiyat Fakultesi / Fakilte icinde| o o
Faculty of Arts and Sciences / In faculty %o /066.2 /0338 /1000
Iktisadi ve Idari Bilimler Fakiiltesi / Fakilte icinde | 0 o
Faculty of Economics and Administrative Sciences | | In faculty %o /0557 /o443 /1000
Muhendislik ~ Fakultesi /  Faculty —of| Fakilte icinde | /068.8 0/,31.2 9100.0
Engineering / In faculty % oo e o
Saglik Bilimleri Fakiltesi / Faculty of Health | Fakiilte icinde | 0 o
Coonces / In facnlty % /067.5 /032.5 70100.0

Fakulte icinde | 0 0
Toplam / Total / In facnlty % /067.0 7033.0 70100.0
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Cizelge 3. Fakiilteye gore katthmeilarin “Haftalik ortalama ne kadar siit titketiyorsunuz?” sorusuna
verdikleri cevaplarin frekans ve yizde dagilimlart
Table 3. Frequency and percentage distributions of respondents, according to the faculty, to the question of "How mnch
milk do you consume in average weekly?"

} . 12LT | 24 LT ATT ve

LT’nin | arast/ | arasi/ izeti / | Toplam /

alt1 / between | between 2| 4 IT)’ il

under 1 | 1112 | L.T4 oz’T o

LT LT LT
Egitim Fakdltesi / Fakiilte icinde | o o o o
Foomly of Edseton VIt | 24T | 6420 | %296 | 9637 | 41000
Fen Edebiyat Fakiltesi / Fakiilte icinde | o o o o
Faculty of Arts and Sciences / Tn faculty % %22.5 %52.5 %018.8 06.2 %100.0
Iktisadi ve Idari Bilimler Fakiiltesi Fakiilte icind
/Faculty — of  Economics — and| ", "1 0] 00418 | %443 | %89 | %51 | %100.0
/ In faculty %

Administrative Sciences
Miihendislik Fakultesi / Fakdlte icinde | o o o o
Pty of Engimerie S ntotty v | 7350 | 300 | %300 | %50 | %1000
Saglik Bilimleri Fakultesi / Fakilte icinde| | 0 0 0 0
Fryly of Henlth Seimas Vvt v | TS | 412 | %188 | %25 | %1000
Toplam / Total 1/: a;‘jg;};ﬁ}fe %322 | %420 | %21.2 | %45 | %100.0

Ogrencilere “haftalik ortalama ne kadar siit
titketiyorsunuz?” sorusu yoneltilmistir.
Ogrencilerin %74.2’sinin haftalik 2 litreden daha
az sut tikettigi gorilmustir. Tum fakiltelerde 4
litrenin Gstiinde siit titketen 6grencilerin oraninin
%4.5 gibi dustik seviyelerde oldugu saptanmistir.
Karagézli vd. (2005) Celal Bayar Universitesi
Mihendislik  Fakdiltesi 6grencilerinde siit ve
uriinleri  tiketim  aligkanliklart  ve  beslenme
bilingleri ~ {izerine  yaptiklar1  aragtirmada,
ogrencilerin %53.09’unun haftada 1-3 litre siit
ictigini  belirtmislerdir. Bu anket c¢alismast,
Karagozli  vd.  (2005)in  bulgulariyla  aymu
dogrultuda sonuglanmistir. Cevger vd. (2008)
Ankara Universitesi Veteriner Fakiiltesi intern
ogrencilerinde  hayvansal riinlerin  tiketim
durumunu inceledikleri aragtirmada, 6grencilerin
kisi basina aylik ortalama 4 litre sit tiikettigini
belirlemislerdir.  Cetinkaya  (2010)  Kafkas
Universitesi 6grencilerinin igme  siitii ve  siit
trtinlerini tiketim aliskanliklart Gzerine yapmis
oldugu calismasinda, Ogrencilerin = %25’nin
ginlik 1 bardak, %5inin ginlik 2 bardak,
%3 untn 3 bardak ictigini, %067’sinin hi¢ stt
tilketmedigini ortaya koymustur. Uzunéz ve

Giilsen (2007)nin Gaziosmanpasa Universitesi
Ogrencilerinin st ve sit dUrlGnleri titketim
aliskanliklarinin  belitlenmesi tizerine yaptiklar
calismada, 6grencilerden %28.67’sinin, Simsek ve
Actkgéz  (2011)’in yapug  calisgmada  ise
ogrencilerden %34.2’sinin  sttii dizenli olarak
tikettigini saptamuslardir. Stefanikova vd. (20006)
tip fakiltesi &grencilerine uyguladigt anket
calismasinda Ogrencilerin giinlik ortalama 230
gram sit tikettigini saptamugslardir. Manaf vd.
(2012) ise calismasinda st  tiketiminin
Ogrencilerin %87.3’tinde disik seviyelerde (siit
tiketiminin haftada 1-3 kere veya daha az)
oldugunu belitrlemislerdir. Bu anket ¢alismasinda,
tniversite Ogrencilerinin tlke geneline kiyasla
daha fazla sit tikettigi gorilmektedir. Bunun
baslica nedenleri arasinda egitim dizeyi ve
ogrenciye 6zgl ginlik yasam kosullarinin etkileri
oldugu  sOylenebilir.  Gelismis  ilkelerle
kiyaslandiginda ise Ogrencilerin  siit  tiketim
oranlarinin istenilen seviyelerde olmadigi tespit
edilmistir. Yapilan calismalarla anket calismamuz
arasindaki farklilik ise sorularda kullanilan farkl
parametrelerden kaynaklanmaktadir.
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Cizelge 4. Fakilteye gore katilimcilarin “Siiti nereden aliyorsunuzr” sorusuna verdikleri cevaplarin

frekans ve yuzde dagilimlart
Table 4. Frequency and percentage distributions of respondents, according to the faculty, to the question of ""Where do you

get milk?"
Market / | Bakkal / | Pazar / | Kantin / | Diger / | Toplam /
Marfet Shop Bazaar | Canteen Other Total
o . Fakdlte
?f;;;; ;ﬁ;ﬁ;ﬂi icinde / In| %67.9 | %25 | %00 | %49 | %247 | %100.0
- Saculty %o
Fen Edebiyat Fakdlte
Faktltesi / Faculty of  |icinde / In| %47.5 %7.5 %2.5 %12.5 | %30.0 | %100.0
Abrts and Sciences faculty %o
Iktisadi ve Idari .
Bilimler Fakiltesi / | L 0.t
. icinde / In| %49.4 %6.3 %1.3 %114 | %31.6 | %100.0
Faculty of Econonsies and Facnlty %o
Administrative Sciences
. - ., . | Fakilte
y;he‘}dlsthFa.kuk?“ icinde / In| %512 | %150 | %38 | %112 | %188 | %100.0
aculty of Engineering Faculty %o
Saglik Bilimleri Fakiilte
Faktltesi / Faculty of |icinde / In| %63.8 %1.2 %2.5 %18.8 | %13.8 | 9%100.0
Health Sciences faculty %o
Fakiilte
Toplam / Total icinde / In| 9%56.0 %6.5 %2.0 %11.8 | %23.8 | %100.0
Saculty %o

Ogrencilere “siitii nerden aliyorsunuz?” sorusu
yoneltilmistir.  Ogrencilerin =~ %56’sinin— siti
marketten  aldigt  belitlenmigtir.  Ayrica,
Mihendislik Fakiiltesinde okuyan &grencilerin
diger fakiltelerde okuyan 6grencilere oranla siit
alirken bakkali daha cok tercih ettigi ve Saghk
Bilimleri Fakiltesinde okuyan &grencilerin diger
fakiltelerde okuyan Ogrencilere oranla “diger”
secenegini daha az tercih ettigi gorilmistir
(x2=36.805, sd=16, P =0.002). Durmaz vd.
(2002)  yaptiklart  calismada  Sgrencilerin
%57.00’s1n1n, Taraker vd. (2003) Sgrencilerin
%060.64’tntin sttt marketten aldigint  ortaya
koymuslardir. Durmaz vd. (2002) ve Taraker vd.
(2003ytn  yaptiklart  calismalarla  bu  anket
calismast sonuclart benzerlik géstermektedir.
Uzundéz ve Gilsen (2007) yaptiklart calismada siit
ve st triinleri alirken 6grencilerin %93.33’lntin
marketi, Cevger vd. (2008) ise siit alirken
ogrencilerin %95.1’inin siipermarketi tercih etigini
belirtmislerdir. Seker vd. (2012) Elazig ili merkez
ilcede yapmis olduklari calismada, universite
mezunlarinin %76.2’sinin siit satin alirken marketi

tercih ettigini saptamislardir. Uzundz ve Giilsen
(2007), Cevger vd. (2008) ve Seker vd. (2012)’nin
bulgular1  bu anket calismasi sonuglariyla
kiyaslandiginda marketi tercih eden Sgrencilerin
oraninin ¢ok daha yiksek oldugu gorilmektedir.
Hasipek vd. (1988) Konya Selcuk Universitesi
Ziraat Fakiltesi 6grencilerinin sit ve siit Griinler
tiiketim siklig1 ve bunu etkileyen faktorler tizerine
yapmis  olduklari  calismada,  Ggrencilerin
%50’sinin stti sokak siitciilerinden temin ettigini
belirtmislerdir. Yapmis oldugumuz bu ¢alisma ve
yakin dénemde literatirde yer alan diger
calismalar, Hasipek vd. (1988)’in yapmis oldugu
anket calismastyla kiyaslandiginda zamana bagl
olarak 6grencilerin siit sattn alma konusunda
bilinglendigi, marketlerde eskiye oranla i¢cme
sttiinin daha fazla yer aldig1 ve glinimtizde sokak
sutglileri yerine marketlerin daha fazla tercih

edildigi gorilmektedir.

Ogrencilere “siit alirken markaya dikkat eder
misiniz?” sorusu yoneltilmistir. Ogrencilerin
%79.2’s1 evet, %20.81 hayir yanitini vermistir.
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Topcu (2006) Erzurum ilinde stt triinlerindeki
marka rekabeti ve titketici davranislarini arastirdigt
calismasinda, siit satin alirken %35.64’lik oranla
en ¢ok markaya dikkat edildigini saptamustir.
Ogrencilerin =~ Uzunéz  ve  Giilsen  (2007)
%70.33"tntn, Cetinkaya (2010) %74.5’inin ve
Seker vd. (2012) %83.6’stun siit satin alirken
markaya dikkat ettigini ortaya koymuslardir. Yine
Yabanct  Ayhan  vd.  (2018)  Universite
Ogrencilerinin siit ve siit Urlinleri tiiketimi Gzerine
yaptiklart aragtirmada siit satin alirken 6grencilerin
%75.9’unun markaya dikkat ettigini
belirtmislerdir. Yapilan c¢alismalarla aragtirma
bulgularimizin uyumlu oldugu gérilmektedir.

Ogrencilere “siit tiiketiminizi fiyatlar etkiler mi?”
sorusu yoneltilmistir. Ogrencilerin %55.871 evet,
%44.2’si hayr yanitini vermistir. Literatiirdeki
anket calismalarinda, Durmaz vd. (2002)
ogrencilerin  %51.42’sinin siit fiyatlarini pahali
buldugunu belirtirken, 6grencilerin Uzundz ve
Gilsen (2007) %80’inin, Simsek ve Acikgdz
(2011) %068.3’tntin, Seker vd. (2012) %52.4’inin,

Sahin6z ve Ozdemir (2017) ise %061.8%nin siit
fiyatlarini uygun buldugunu saptamiglardir. Bu
anket calismasi ve literatiirde yer alan diger
calismalar,  Ggrenciler icin  fiyatlarin st
tiketiminde 6nemli bir etken oldugunu ortaya
koymakta, farkliik ise sorularda kullanilan
parametrelerden kaynaklanmaktadir.

Ogrencilere “siit satin alirken {retim ve son
kullanma tarihine dikkat eder misiniz?” sorusu
yoneltilmistir. Ogrencilerin %89.2’si evet, %10.8’
hayir yanitint vermistir. Ogrencilerin Uzunéz ve
Giulsen (2007) %85%nin, Seker vd. (2012)
%90.3"tniin ve Para vd. (2018) %93.5’inin son
kullanma  tarihine  dikkat ettigini  ortaya
koymuslardir. Aynt zamanda 6grencilerin Simsek
ve Actkgdz (2011) %39.4%ntn, Sahindz ve
Ozdemir (2017) %49.5’inin siit satin alirken
dikkat ettigi en 6nemli unsurun son kullanma
tarihi oldugunu belitlemislerdir. Bu anket
calismasi, yapilan calismalarla ayni dogrultuda
oldugu gorilmektedir.

Cizelge 5. Fakilteye gore katthimcilarin “Siit ile bulasan hastaliklar hakkinda bilginiz var m1?” sorusuna
verdikleri cevaplarin frekans ve ylizde dagilimlart

Table 5. Frequency and percentage distributions of respondents, according to the faculty, to the question of ""Do you know
about milke-borne diseases?”

Evet / Yes | Hayir / No | Toplam / Total
Ef;;g ;ﬁiﬁflzﬂé %i‘jg;};ﬁfe %148 | %852 %100.0
?Z;Zd;ljiﬁ fﬂa j; 1;1;;2; I/:aljjg;};lﬂfe %188 | %81.2 %100.0
%;Z?; io;Z ;Eij;or;zil;r;j ejli;;jgj:zl‘w/e Sciences I;il;iifl;feﬂ/ig/i?/fe %19.0 81.0 90100.0
%izgl gi}h,z;jf;;;w / I/:ali‘jgfﬂ /i;f;‘je %150 | %85.0 %100.0
sl of Fst s o fyon | 650 | 380 | w1000
Toplam / Total fi‘;‘jgfﬂ};“;de %26.5 | %735 %100.0

Ogrencilere “siit ile bulasan hastaliklar hakkinda
bilginiz var mi?” sorusu yoneltilmistir. Saglik
Bilimleri Fakdltesinde okuyan 6grencilerin Egitim

Fakiltesi, Fen Edebiyat Fakdltesi, Tktisadi ve Idari
Bilimler Fakiltesi ve Muhendislik Fakiltesinde

okuyan Ogrencilere oranla sit ile bulasan
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hastaliklar hakkinda beklendigi gibi daha bilgili ve
bilingli oldugu gérilmustir (y2=76.747, sd=4, P
=0.000). Bu durum, Saglk Bilimleri Fakiltesi
miifredatinda gida hijyeni ve sanitasyonu ile ilgili
derslerin  bulunmasindan  kaynaklanmaktadir.
Genel olarak ise ankete katilan Ogrencilerin
%73.5’inin sut ile bulasan hastaliklar hakkinda
bilgisinin olmadigt saptanmistir. Cetinkaya (2010)

yaptigt calismada, Ogrencilerin %57’sinin stt ve
stt Urtnleriyle bulasan hastaliklar konusunda bilgi
sahibi oldugunu belirtmistir. Cetinkaya (2010)’un
stt ile bulagan hastaliklar konusundaki bulgulari
ile calismamiza ait sonuclar 6nemli 6lctide farklilik
arz etmektedir.

Cizelge 6. Fakilteye gore katiimeilarin “Siit tiiketmede ilk sebebiniz nedir?” sorusuna verdikleri
cevaplarin frekans ve ylizde dagilimlar

Table 6. Frequency and percentage distributions of respondents, according to the faculty, to the question of ""What is your
first reason for consuming milk?"

Hastalik
duru-
Besleyici | Alis- L Biiyiiklerin mundg .
ezzet/ | zotlamast | tedavi | Diger | Toplam/
olmast kanlik Delici / Forved b 1 | /O Total
/ Nutricions | | Habit elicionsy orced by | amag er ota
parents /For
healing
purpose
. . Fakulte
1%2/2 ;QEI‘ZZZO; icinde / Y%odd.d | %TA | %210 | %49 %6.2 | %16.0 | %100.0
In faculty %o
Fen Edebiyat Fakiilte
Fakiltesi / Faculty |icinde / %46.2 | %10.0 | %20.0 %06.2 %3.8 | %13.8| %100.0
of Arts and Sciences | In faculty %o
Tktisadi ve Idari
Bilimler Fakiiltesi / | Faktilte
Faculty of Economics | iginde / %36.7 %8.9 | %17.7 %10.1 %6.3 | %20.3 | %100.0
and Administrative In faculty %
Sciences
Mihendislik Faklte
Fakltesi / Faculty |icinde / %475 | %10.0| %16.2 %7.5 %2.5 |%16.2| %100.0
of Engineering In faculty %
Saglik Bilimleri Fakiilte
Fakiltesi / Faculty |icinde / %36.2 | %13.8 | %18.8 %8.8 %5.0 |%17.5| %100.0
of Health Sciences In faculty %o
Fakiilte
Toplam / Total icinde / %42.2 | %10.0 | %18.8 %7.5 %4.8 |%16.8| %100.0
In faculty %o

Ogrencilere “siit tilketmede ilk sebebiniz nedir?”
sorusu yoneltilmistir. Ogrencilerin %42.2’si siitiin
besleyici Ozellikte olmasint ilk sebep olarak
gOstermistir. Literatirdeki anket calismalarinda
stit tiketiminde ilk sebebiniz nedir sorusu tizerine
ogrencilerin  Durmaz vd. (2002) %62.981nin,
Taraket vd. (2003) %60.16’s1n1n, Cetinkaya (2010)

%46’s1n1n, Simsek ve Actkgdz (2011) %59.7’sinin
ve Yabanct Ayhan vd. (2018) %55.2°sinin siitl
besleyici 6zellikte oldugu icin tikettigini rapor
etmislerdir. Yapilan c¢alismalar ve bu anket
calismast sonucunda siitlin besleyici 6zelliginin

diger parametrelere gbére 6n plana ¢kug
gorilmektedir.
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Cizelge 7. Fakilteye gbre katitimetlarin “Sit tiiketiminde karsilastiginiz baslica problem nedir?”
sorusuna verdikleri cevaplarin frekans ve yiizde dagilimlar
Table 7. Frequency and percentage distributions of respondents, according to the faculty, to the question of ""What is the
main problen you face in milk consumption?"”

Sinditim Herhangi
o Mide | Tiksinme | bir sorunla
sorunu / Toplam
o bulantisi | sorunu / | karstlasmi-
Digestive : / Total
/ Nausea | Loathing | yorum / No
problem
problem
Egitim Fakdltesi / Fakilte icinde| o o o o
Faculty of Education / In faculty % /02.5 706.2 /08.6 /082.7 7100.0
Fen Edebiyat Fakiltesi / | Fakulte icinde| 0 0 o o
Faculty of Arts and Sciences | | In faculty % 7.5 /012.5 /10.0 /70.0 7100.0
Iktisadi ve Idari Bilimler
Fakiltesi / Faculty of|Fakilte i¢inde| | o o 0 o
Economics and Administrative | | In faculty %o /089 o127 olld /0671 /1000
Stciences
Muhendislik Fakiltesi / | Fakilte icinde| | 0 o o o
Faculty of Engineering / In faculty % 7.5 /016.2 /05.0 /071.2 /100.0
Saglik Bilimleri Fakdltesi / | Faktlte icinde| 0 0 o o
Faculty of Health Scionces / Tn faculty % /012.5 /07.5 /06.2 /073.8 70100.0
Fakilte icinde| 0 0 0 0
Toplam / Total / In faculty % /07.8 /11.0 /08.2 /073.0 70100.0
Ogrencilere  “siit  tiiketiminde karsilastiginiz ~ rahatsizliklardan  dolayt  siit  titketmedigini,
baslica problem nedir?” sorusu yoneltilmistir. Yabanct Ayhan vd. (2018) siit tiketmeyen
Ogrencilerin %73’ iniin siit titkketiminde herhangi Ogrencilerin =~ %54.1'inin  siitd  sevmemesi,

bit  sorunla  karsilagmadigi  belirlenmistir.
Cetinkaya (2010) yaptigt calismada, siit tiketimi
esnasinda Ogrencilerin %74.5’inin herhangi bir
sorun yasamadigini rapor etmistit. Bu yoniyle
anket calismamiz, Cetinkaya (2010)’un bulgulart
ile benzerlik géstermektedir. Durmaz vd. (2002)
yaptiklart calismada siiti sevmeyen Ggrencilerin
%32.98’1  kokusu, 9%34.044 tadt nedeniyle
sevmedigini, Taraket vd. (2003) sttii sevmeyen
ogrencilerin = %23.60t  kokusu, %33.71°1 tady,
%13.481 alerjik rahatsizligt nedeniyle i¢medigini

belirtmislerdir. Simsek ve Agtkgbéz (2011)
ogrencilerin =~ %38.6’st  tadindan,  %37.0’st
kokusundan,  %10.1’t  ise  alerjik  vb.

%24.3’une sutin dokunmast, %21.6’sinin sttiin
kokusundan tiksinmesi nedeniyle i¢medigini
tespit etmislerdir. Anket bulgularimiz ile diger
calismalar arasinda oranlar farkli olmasiyla birlikte
genel bir benzerlik oldugu anlagilmaktadir.

SONUC

Erzincan Universitesinde, 5 ayr1 fakiiltede lisans
egitimi  géren  Ogrencilerin  siit  titketim
aliskanliklarinin ve davranislarinin belirlenmesine
yonelik yapilmis olan bu arastirmada 6grencilerin
%067’sinin stti sevdigi ve haftalik kisi bagina 1.3
litre stit tiikettigi tespit edilmis olup bu miktarin
kisi basina yillik 66 litreye tekabll ettigi
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belirlenmistir. Gelismis tlkelerle kiyaslandiginda,
anket sonucu elde ettigimiz verilerin ciddi oranda
disiik  oldugu  goriilmektedir.  Ogrencilerin
cogunlukla stutli marketlerden aldigi, genellikle
temizlik ve hijyen kosullarinin yetersiz oldugu
bakkal ~ve  pazarlann  tercih  edilmedigi
belirlenmistir. Anket verilerine gbre Ggrencilerin
sut satin alirken markaya, fiyata, iretim ve son
kullanma tarihine dikkat ettigi ve bu etkenlerin siit
tiiketimini etkiledigi saptanmustir. Saglik Bilimleri
Fakdltesi 6grencileri haricinde diger 6grencilerin
genellikle siit ile bulasan hastaliklar konusunda
yeterli bilgiye sahip olmadigi, &grencilerin siit
tiketmede ik sebep olarak siitiin besleyici
Ozelligini 6n plana ¢ikardigi ve 6nemli Slciide siit
tiketiminde herhangi bir sorunla karsilasmadigt
tespit edilmistir. Ogrencilerin genel olarak siitii
sevmesine ragmen cesitli nedenlere bagl olarak
yeterli miktarda siit tiketmedigi gériilmektedir.
Ogrencilerin ~ siit  tilketme  aliskanliklarinin
arttirilmast  icin, saglikll  ve dengeli
beslenmedeki 6nemi ve giinlik tiketilmesi
gereken miktart konusunda bilinglendirilmeleri
gerekmektedir. Cocukluk déneminden itibaren
6grencilere stt titketimi aliskanhg kazandirilmal,
bu amag dogrultusunda 2011-2012 egitim 6gretim
yiindan itibaren ilkokul égrencilerine uygulanan
Okul Sitd Programi desteklenmelidir. Yine
toplum sagligi icin siit ile bulasan hastaliklar ve bu
hastaliklarin 6niine gecilmesinde etkili olan 1sil
islemler konusunda Ogrenciler cesitli egitimlere
tabi tutulmahdir. Toplumu siit i¢meye tesvik
etmek icin gazetelerde, dergilerde, seminerlerde
ve diger bircok alanda st tiketiminin Snemi
reklam ve bilgilendirme yéntemiyle daha ¢ok yer
almahdir. Sit Gretimi desteklenmeli, soguk zinciri
kirmadan gereken mevzuata uygun siit satiglart
marketlerle stnirli kalmamali, stit satislart uygun
fiyatlarda ve uygun ambalaj materyalleri
kullanilarak yayginlastirilmalidir.

sutun
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ABSTRACT

The effects of different cooking methods (boiling, frying, oven-roasting and grilling) on certain properties
of beef longissinus dorsi were studied. Cooking loss, moisture content, color, TBARS and the composition of
fatty acids were determined. The highest cooking loss was observed with regards to boiling (P < 0.05).
TBARS increased with boiling and oven- roasting (P < 0.05), whereas frying and grilling had no significant
effect on TBARS (P > 0.05). Color indices were significantly changed through cooking (P < 0.05).
Polyunsaturated fatty acid (PUFA) content increased in all cooking methods, while saturated fatty acids
(SFA) content decreased in all treatments. The trans fatty acid (TFA) content increased after frying and
oven-roasting, whereas boiling and grilling decreased the trans fatty acid content (P < 0.05). Grilling provided
minimum cookingloss (P < 0.05) as well as the lowest TBARS value (P < 0.05), probably due to the structure
of fire brick barbeque inhibiting the intense heat.

Keywords: Beef, cooking, grilling, fatty acids, ngissimus dorsi

PiSIRME METODLARININ SIGIR LONGISSIMUS DORSI KASININ
OZELLIKLERI UZERINE ETKILERI

oz

Dért farkh pisirme metodunun (haslama, kizartma, firinda pisirme ve 1zgara) sigir longissimus dorsi
kasinin besinsel ve kalite kriterleri tizerine etkisi arastirilmistir. En fazla pisirme kaybi haslama
isleminde meydana gelmistir (P < 0.05). TBARS degerleri haglama ve firinda pisirme islemlerinde
artarken (P < 0.05), kizartma ve 1zgara islemlerinin TBARS tzerine 6nemli etkisi olmamistir (P >
0.05). Renk degerleri pisirme islemi sonrasi 6nemli derecede degisiklik géstermistir (P < 0.05). Coklu
doymamis yag asitleri (PUFA) miktart tim pisirme sekillerinde artarken, doymus yag asitleri (SFA)
miktar1 tim uygulamalarda azalmistir. Trans yag asitleri kizartma ve firinda pisirme islemleri ile
artarken, haslama ve 1zgarada pisirme islemleri sonucu azalmistir (P < 0.05). Izgarada pisirme islemi
ile en distk pisirme kaybt ve TBA degerleri tespit edilmis (P < 0.05), bunun ates tuglali 1zgaranin
siddetli 1s1y1 bir miktar sogurmasi sonucu meydana gelmis olabilecegi sonucuna varilmistir.

Anahtar kelimeler: Sig1r, pisirme, 1zgara, yag asitleri, longissimus dorsi

* Corresponding author / Yazismalardan sorumlu yazar;
D4 cozgunlu@aku.edu.tr, © (+90) 535 958 3442, = (+90) 272 228 1422

173



174

C. Ascioglu, R. Sevik

INTRODUCTION

Meat contains high bioavailable protein and
micronutrients that provide essential
requirements of human nutrition (FAO, 1992). It
is a major source of minerals especially iron and
zinc with high bioavailability (Cabrera et al.,
2010). The cooking of meat is a compulsory
process for the destruction of spoilage and and
pathogenic organisms. It is also essential in order
to improve palatability and to modify the texture
and tenderness of meat (Bejerholm et al., 2014).

Many biochemical and physical changes occur
during cooking. Protein denaturation, color
change, formation of new odors and flavors, lipid
oxidation and texture modifications are all the
results of the heating process (Boles, 2010). Water
loss is also another critical result that is closely
related to the cooking yield (Scussat et al., 2017).

Meat is a contradictive foodstuff with its variable
fatty acid composition, which is correlated with
the risk of coronary heart diseases, but also which
has unique beneficial effects on biological
functions (Vannice & Rasmussen, 2014). The
ratio of polyunsatured fatty acids to saturated fatty
acids is important. There is an increase observed
in this ratio during cooking, which has been
proven through with several studies (Ono et al.,
1985; Gerber et al, 2009). The fatty acid
composition of different lipid fractions may also
be different. The storage component of the lipid
is defined as being a neutral lipid fraction, and the
membrane component of the cell is defined as
being a polar lipid fraction. The presence of
polyunsaturated fatty acids mainly in the
membrane fraction causes various differences in
fatty acid compositions. (Duckett & Wagner,
1998; Sweeten et al., 1990; Duckett et al., 1993).
Proportional changes in the composition of fatty
acids during cooking maybe explained with the
lipid loss from the adipose tissue, which is mainly
composed of triglycerides. Triglycerides consist
of saturated fatty acids more than unsaturated
fatty acids.

The main purpose of this study was to evaluate
the impact of most common cooking methods on
beet longissinus dorsi. Many studies concerning the

effects of cooking on certain properties of
different muscles of lamb (Bravo- Lamas et al.,
2018), buffalo (Juarez et al., 2010) and pork (Li et
al., 2016) have been done. However, presently,
literature on the effects of cooking on the fatty
acids in beef /ongissimus dorsi is scarce. Another aim
was to determine the effects of an unusual grilling
method, fire brick barbecue on beef /longissimus
dorsi, and to figure out the best cooking method
for it.

MATERIAL AND METHOD

Meat Samples

24 Beef (M. longissimus dorsiy muscles were
purchased from a national commercial meat
processing plant in the region of Afyonkarahisar.
Beef muscles were dissected from carcasses 48 h
post-slaughter. Each muscle was cut into 2,5 cm
slices as steaks and randomly divided into 5
groups. One group was used as raw (control), and
the other 4 groups were subjected to the cooking
methods immediately: boiling, pan frying, oven-
roasting and grilling. No additional oil or other
additives were used for any cooking method so
that only the changes in the fatty acid profile
could be analysed.

Cooking Treatments

All of the samples were cooked to a core
temperature of 71 °C immediately upon the arrival
at the food analysis laboratory. The slices were
weighed both before and after cooking. Boiling
was performed in a water bath with samples
completely immersed until they reached the core
temperature of 71 °C. Meat slices were fried for 4
minutes on each side in a Teflon pan preheated to
180 °C. Oven- roasting was conducted at 180°C in
a commercial electric oven commonly used in
private houscholds. Grilling was done in a fire
brick batrbecue, fired with oak charcoal. The
internal  temperatures  were viewed by
thermocouples inserted into the approximate
geometric centre of each cut. After the meat was
cooked and left to rest, cooking losses were
calculated, whereupon the steaks were minced,
put into polyethylene bags, and stored at -18 °C
until further analysis.
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Cooking Loss and Color Measurements

All sampling was performed in triplicate and
averaged. Moisture content of the samples was
determined using the oven drying (Anonymous,
1995). After cooking, the meat samples were
cooled at room temperature for 20 min, and the
percentage of cooking loss was calculated as
following the instructions outlined by Becker et
al. (2016). Cooking loss was calculated as the
percent weight difference between the raw and
cooked samples. Color coordinates were
determined using a Hunterlab model Minolta CR-
400 (Osaka, Japan) chromometer. The color
results were stated in terms of lightness (L¥),
redness (a*) and yellowness (b*) according to the
standard conditions of the Commission
International d'Eclairage (CIE). The values were
measured in five locations within each slice, and
the average values were calculated.

Lipid Oxidation Measurement

Lipid oxidation was assessed by measuring 2-
thiobarbituric acid reactive substances (TBARS)
according to the spectrophotometric method
described by Byun et. al. (2001), with some
modifications. The meat samples were extracted
with perchloric acid. The absorbance of each
sample was read at 538 nm by using Shimadzu
UV-1800 Spectrophotometer (Shimadzu UV-
1800  Spectrophotometer, —Kyoto, Japan)
differently. Results were expressed in terms of mg
of malonaldehyde (MDA)/ kg of meat.

Fatty acid profile
The content of fatty acid methyl esters (FAMEs)
was determined using gas chromatography (GC).

,_C12:0+ (4= C140) + (1610
(Z[PUFA) + (EIMUFA)]]

Fatty acid methyl esters were obtained using the
AOAC Official Method (1992). Ten grams of
each sample were homogenized, and the lipid was
extracted using 100 ml of chloroform:methanol
(2:1, v/v). The solvent was temoved by
evaporation under vacuum. The residual
chloroform was then removed using nitrogen.
Extracted fat was saponified with 0,5 mol /L
methanolic  sodium  hydroxide and then
methylated with 12 % (v/v) boron trifluoride
(BFs;) in methanol according to the method
outlined by Morrison & Smith (1964). The
obtained fatty acid methyl esters were then
seperated and analyzed by gas chromatography
(Agilent 7890A GC) equipped with an automatic
liquid sampler, a split injector, a flame ionization
detector (GC- FID) and a fused silica capillary
column (100 m x 0,25 mm 1i.d.) with a 0,20 pm
film thickness. 1 pL aliquot of the sample was
injected into a split at a division ratio of 1/50. The
GC was operated under with the
temperature being at 90 °C / 7 min and injector
being at 250 °C, detector at 250 °C. The
identification and quantification of the methyl
esters of the fatty acids were achieved by
comparing them with both the retention times
and concentrations of methyl esters of standard
fatty acids. The results were reported as % of each
cooking sample.

oven

Based on the FAME results, the atherogenic (Al)
and thrombogenic indexes (TI) were also
calculated according to Ulbricht & Southgate
(1991) as shown in following equations: (1) and

-

@
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TI =
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Statistical Analysis

One way analysis of variance (ANOVA) was
performed using IBM SPSS Statistics 19.0
programme (IBM Corporation, Somers, NY,
USA) in order to determine significant differences
between groups. Duncan’s multiply range test was
applied when a significant effect (P <0.05 ) was
detected. Analytical values were realized in
triplicate. The data is presented as meant
standard deviation. The effect of cooking on the
changes within a meat cut was evaluated using the
paired T-test; differences were considered
significant at a value of P < 0.05.

RESULTS

Thermal treatments induced the water loss
observed in all of the treated steaks. The highest
lost was obtained in boiled steaks, whereas the
lowest was obtained in oven-cooking samples.
The results for cooking loss, moisture and color
indices are displayed in table 1. The boiled steaks
had more cooking loss compared to steaks
cooked using the other 3 methods. This might be
attributed to the slower cooking rate of boiling.
Similar results were found by Obuz et al. (2004)
who reported highest cooking loss for steaks
cooked in water bath. Slight but not significant
differences obtained between other methods.

Cooking loss was lowest in grilled meat, probably
crust formation prevented the water from
escaping (Aaslyng, 2003). The cooking losses
obtained here are in agreement with those
reported in similar studies (Alfaia et al., 2010;
Jensen et al., 2014; Oz et al.,2017). Aaslyng et al.
(2003) stated that cooking loss is not only
composed of liquid but also soluble matters such
as myofibrillar and sarcoplasmic proteins,
collagen, lipids, salt, polyphosphates and flavour
compounds get lost from meat with water during
thermal treatment (Gerber et al., 2009). The basic
moisture transport hypothesis by Godsalve et al.
(1977) is still effectual, which indicates that
protein denaturation occurs as a result of thermal
treatment. Denaturation decreases the capacity of
the proteins to hold water, and protein network
shrinks. The shrinking network forms a
mechanical force on the interstitial water, and the
excess water is expelled to the surface of the meat.
Cooking methods had a significant effect on the
water content of samples. The moisture contents
of the cooked samples ranged between 59.0 and
60.6 %. Obtained results basically agree with
similar previous studies, even in both the same
and different kind of meats for both raw and
cooked samples (Jensen et al., 2014; Lorenzo et
al., 2015; Roseland et al., 2015; Yildiz-Turp, 2016).

Table 1. Cooking loss (%), moisture content (g/100 g meat) and color values of raw and cooked beef
longissimus dorsi

Raw Boiling Frying Oven-Roasting Grilling
Cooking Loss - 42,76 37,81 35,8 35,69
Moisture 75.27¢ £0.3 59.354b%0.79 59.82b+0.68 60.6>% 1.07 59.0:% 0.55
L 40.91<+ 1.95 54.062% 1.50 53.372% 2.16 54.45:+ 1.46 49.24v+ 1.61
a’ 10.332+ 0.17 2.09¢x 0.15 5.04b% 2.16 2.46% 0.15 6.247+ 0.51
b 6.0b+ 1.91 15.6:%+ 0.47 14.042% 0.19 14.042% 0.23 13.612% 1.46

a,b,c ; different superscript letters in the same trait indicate significant statistical differences (P <0.05)

Color is an important property of meat and meat
products especially for consumer acceptability
(Tian et al.,, 2016). The heat process causes the
denaturation of globin, which then precipitates
with other meat proteins. Between 55 °C and 65
°C denaturation of myoglobin and other proteins
begin in meat, after then most denaturation has
occured by 75 °C or 80 °C (King & Whyte, 20006).

Maillard molecules begin to form along with the
melanoid pigments, which are associated with the
grilled-meat color above the 85 °C threshold
(Kondjoyan et al.,, 2014). L* a* and b* mean
values of both the raw and cooked samples are
shown in Table 1. L* and b* values of samples
increased with cooking, while a* values decreased.
Decrease in a* values could be explained with the
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denaturation of myoglobin as a result of
temperature increase. Grilled samples displayed a
morte intense reddish color as well as a less intense
lightness. The formation of dark color due to the
browning reaction caused lower lightness value
for grilling. Significantly higher a* value in grilling
had indicated that more myoglobin degradation
occurred during boiling, frying and roasting,
Significant increase in L* values of cooked meat
possibly occured because of less myoglobin in the
surface and also increased light scattering due to
protein denaturation (Warner, 2014). Higher L*
and b* values and lower a* values observed in
previous similar studies (Lorenzo et al., 2015; Oz
et al., 2017; Becker et al., 2016). Becker et al.
(2016) has attributed higher b* wvalues to the

formation of metmyoglobin, and following the
heat denaturation of globin in metmyoglobin.
This denatured globin hemichrome is the pigment
responsible for the dull-brown color of cooked
meat (Suman & Joseph, 2014). Potentially
increased b* values and decreased a* value might
be due to denatured globin hemichrome. All
cooking methods had led to similar effects on L*
and b* values, that there were no significant
differences between cooking methods. These
findings are in aggrement with a similar study in
beef longissimus dorsi (Tian et al., 2016), whereby
increased L* and b* values were attributed to the
migration of water from the center to the meat
surface during cooking,

o
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o
o -
{ {

Raw Boiling

Frying Roasting Grilling

Figure 1. Thiobarbituric acid substances (TBARS) content (mg malonaldehyde/ kg meat) of beef
longissimus dorsi.
a,b ; different superscript letters indicate significant statistical differences (P <0.05)

TBARS content is an important parameter to
determine lipid oxidation. The oxidation of meat
lipids may cause the development of off-flavours
besides carcinogenic malondialdehyde. Boiling
and roasting increased the TBARS significantly,
however frying and grilling had no significant
effect on lipid oxidation. Several authors found
similar results, for beef /longissinius  lumborum

(Temgilimoglu-Metin & Kizil, 2017), for pork
(Broncano et al., 2009), for buffalo (Juarez et al.,
2010) and for foal meat (Lorenzo et al., 2015) with
similar cooking procedures.
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Table 2. Mean fatty acid composition (expressed as g/100 g of fatty acids) with standard etror of the
mean of raw and cooked beef longissinus dorsi

Fatty

acids(%%) Raw Boiling Frying Oven-Roasting Grilling
C14:0 3.379220.20 2.603*£0.20  2.867+P* 0.12 3.3832%0.19 3.356:£0.52
Cl14:1 0.443220.030  0.319°+0.06 0.496:>%0.04 0.5912%0.11 0.5862%0.25
C15:0 0.2312%0.087 0.448:%0.30 0.3662£0.20 0.8102%0.63 1.139:£1.07
C16:0 30.7642£0.19  28.182v+0.15  28.443v+1.17  28.518*1.13  28.384>%0.28
Cl6:1 3.4042»%£0.32  3.0142>%£0.26  3.15520%0.35 2.406b* 1.18 3.5842£0.22
C17:0 0.183>£0.04 0.34320%£0.22  0.31920%0.22 1.043:£0.31 0.73420%0.43
C17:1 0.5672%0.01 0.5692%0.07 0.5602%0.08 0.568:%0.21 0.6572£0.13
C18:0 19.618+b£0.05  21.1622+1.87  21.650:%+2.11 17.426°+0.77  18.1652b£2.77
C18:1n-9t 1.29020.06 1.146+0.03 1.5082+0.48 1.685:+0.24 1.187%0.05
C18:1n-9¢ 35.278:£0.05  36.6802£0.99  34.5842+1.88  35.575:%+1.01 34.907212.59
C18:2n-6t 0.129>£0.08 0.1472£0.05  0.1522»%£0.025  0.1742%0.02 0.132b£0.05
C18:2n-6¢ 2.934<%0.05 3.734><£0.87  4.106><%0.91 5.715:£0.45 4.8262b%1.16
C20:0 0.1512%£0.05 0.1642%0.01 0.1862%£0.03 0.1362%0.02 0.1402£0.03
C18:3n-6 0.282b<%0.007  0.1644£0.006  0.219¢4£0.07  0.3522>%0.06 0.398:%0.05
C20:1 0.3202%0.01 0.2442%0.04 0.3112£0.14 0.3562%0.02 0.3312£0.06
C18:3n-3 0.119220.03 0.1322%0.06 0.1142%0.02 0.186220.005 0.170220.06
C22:0 0.173220.01 0.1252%0.01 0.173220.04 0.187220.04 0.2232%20.13
C20:3n-3 0.148:20.01 0.1532£0.03 0.249220.19 0.2592%0.11 0.3802%0.030
C24:0 0.132b<%0.01 0.097¢%0.03 0.1892b%£0.06  0.1962b£0.008  0.2612£0.05
C22:5n-3 0.2422b%0.01 0.122b%0.04 0.1922%0.05  0.233~%0.01 0.293220.16
C22:6n-3 0.201220.03 0.1032%0.04 0.2032%0.16 0.247220.07 0.128220.05
> SFA 54.631~ 53.124¢ 54.193b 51.699¢ 52.4024

> MUFA 41.302> 41.972» 40.614¢ 41.1814 41.252¢

> PUFA 4.055¢ 4.5554 5.235¢ 7.1662 6.327>
PUFA/

SFA 0.074¢ 0.0854 0.096¢ 0.1382 0.120b
n-6 / n-3 4.71¢ 7.932 5.90¢ 7.31b 5.154

> Trans FA. 1.419¢ 1.293¢ 1.66> 1.8592 1.3194
Al 0,976 0,829 0,87 0,87 0,87

TI 2,18 2,10 2,12 1,85 1,89

a, b, ¢, d, e ; different superscript letters in the same row indicate significant statistical differences (P <0.05)

The mean values of fatty acid composition are
presented in Table 2. In decreasing order of
percentage, the major FAs of both raw and
cooked meat were oleic (18:1c9, 34-36 %),
palmitic (16:0, 28-30 %), stearic (18:0, 17-21 %)
and linoleic (18:2¢6, 2-5 %) acids. As a SFA, only
16:0 was significantly higher in raw meat control.
All of the cooking methods had exhibited a

significant decrease in the SFA level. The MUFA
level had also decreased significantly, except for
in boiling, in the cooked beef compared to raw
meat. Previous studies also reported reduction of
MUFA in cooked samples which was explained
by the oxidative degradation of unsaturated fatty
acids during heat treatment (Selani et al., 2010).
Cooked beef had higher concentrations of PUFA
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compared to raw meat, mainly due to the
significant increase of some n-6 fatty acids, of
which linoleic acid is the major fatty acid. In this
study, the percentages of individual trans fatty
acids almost remained unaffected by the cooking
treatments, whereas in the group of all trans fatty
acids significant differences had arisen among the
treatments. Trans fatty acids were decreased by
boiling and grilling, and they were increased by
frying and roasting. Trans-9 octadecenoic acid,
also known as elaidic acid, was the most abundant
trans fatty acid, and is known as the primary
industrial trans fatty acid, whereas its presence in
this study is probably due to the rumen
biohydrogenation of C18 PUFA according to
Bessa et al. (2000). The dietaty ratio of n-6 / n-3
fatty acids is more important than the dietary
intake of these PUFAs alone. It is essential to
provide a balance between n-6 and n-3 fatty acids
to maintain homeostasis, normal development,
and mental health over the course of healthy life
cycle (Simopoulos, 2011). n-3 fatty acids were less
affected by cooking than n-6 fatty acids. This
result endorses the hypothesis by Kouba et al.
(2008) which claims that n-3 fatty acids are less
susceptible to changes by cooking as a result of
being structural lipids. Similar results were found
by Campo et al. (2013) for lamb. From a
nutritional ~ perspective, some  nutritional
authorities suggest that the PUFA/ SFA ratio in
human diets should be 0,40 or higher and the n-6
/ n-3 ratio should not exceed 4,0 (BHD, 1994).
The latter ratio was also considered as a risk factor
in different cancers and coronory heart disease
(Enser, 2001) . Neither PUFA/ SFA nor n-6/ n-
3 ratios ate in agreement with the recommended
ratios. These results can mainly be attributed to
the higher content of SFA. Both of these ratios
are in agreement with some findings previously
reported by other researchers also for lamb and
beef (Campo et al,,2013; Badiani et al., 2002).
Alongside the composition of fatty acids, the
related health lipid indices, atherogenic index and
thrombogenic index, are also noteworthy. The
atherogenic index is defined as the ratio between
the fatty acids which favour the adhesion of lipids
to cells of the immunological and circulatory
system and the fatty acids which inhibit the
aggregation of plaque and lower the levels of

esterified  fatty  acid,  cholesterol  and
phospholipids, thereby preventing the appearance
of micro- and macro-coronary diseases.
Thrombogenic index shows the tendency to form
clots in the blood vessels and is determined with
the ratio between pro-thrombogenic (saturated)
and the anti-thrombogenic fatty acids (MUFAs,
PUFAs — n6 and PUFAs —n3) (Garaffo et al,
2011). It was specified that these cardiovascular
indexes should be low in a healthy diet (Attia et
al., 2015). It was stated that higher saturated fatty
acids concentrations may cause more atherogenic
and thrombogenic effects on health (Hu, 2001;
Henderson et al. 2008; Attia et al., 2017). No
significant differences observed between cooking
methods with regards to atherogenic indexes, our
results are rather higher than the results that
McDaniel et al. (2013) reported and both
atherogenic and thrombogenic indexes are higher
in comparison with Badiani et al. (2002). These
differences might be related to the higher
saturated fatty acid content of our cuts. About
these indixes, currently available literature data
provides little information about beef. Many
studies about other species were previously
reported, for lamb and sheep (Yakan & Unal,
2010; Sinanoglou et al., 2013; Flakemore et al.,
2017), for pork (Li et al., 2016; Fiedorowicz et al.,
2016) and for fish and seafood (Garaffo et al.,
2011; Chakraborty et al., 2017). Rather than steaks
or fresh cuts, atherogenicity and thrombogenicity
studies about beef and pork burgers and patties
(Selani et al,, 2016; Rodriguez-Carpena et al.,
2012; Romero et al., 2013; Afshari et al., 2017,
Mancini et al., 2017) are available for products
with new and healthier formulations. Present
study is the first report on the effects of different
cooking methods on the health lipid indices,
atherogenic and thrombogenic indexes of beef
steak.

CONCLUSION

We analyzed the effects of four cooking methods
on certain characteristics of /longissimus  dorsi
muscles of beef. The present study demonstrates
that boiling process is not suitable for longissimus
dorsi because of highest losses in cooking yield.
Favorable effects, nutritional and quality
characteristics, of boiling are less than those
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yielded by other cooking methods. Frying and
oven-roasting did not constitute remarkable
consequences. Phenomenally, grilled samples
showed the lowest cooking losses and minimum
TBARS which seems to be related to the fire brick
barbecue. This kind of barbecue is differentiated
from other barbecues with its better insulation
capacity due to stone wool coating. Stone wool
provides absorption of the excess heat, preserving
meat from severe heating. Eventually, grilling in
fire brick barbecue has been shown as preferable
culinary process for cooking beef longissimus dorsi
with slightly better changes in nutritional
composition, relatively higher PUFA and lower
SFA and trans fatty acids. Present study is one of
the rare reports on the effects of cooking methods
on nutritional composition and also fatty acids of
beef longissimus dorsi. Further research is required
in order to investigate the effects of different
cooking methods on different types of muscles.
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