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Oz:

Bu calismada Mugla (Tiirkiye) ilindeki endemik agag tiirle-
rinden biri olan giinliik agaci yapraklarindan elde edilen ekst-
raktin, kiiltiir levreginin kalitesi ve raf dmrii lizerine dogal bir
koruyucu olarak etkisinin tespit edilmesi amaglanmistir. Bu
amagla kurutulduktan sonra ekstrakte edilmis olan giinliik
agaci yapraklarindan %0.1, %0.5 ve %1°lik oranlarda hazir-
lanan soliisyonlar igerisine levrek baliklari daldirilmis ve buz-
dolabi sartlarinda (4+2°C) kalite degisimleri ve raf omrii tes-
pit edilmistir. Kalite analizleri sonucunda duyusal olarak
kontrol grubu 6rneklerinin 15. giinde, giinlilk agac1 yaprak
ekstrakti igeren biitiin gruplarm ise 18. giinden sonra bozul-
dugu tespit edilmistir. Ozellikle oksidasyon gdstergesi olan
TBA acisindan ektraksiyon gruplar ile kontrol grubu ara-
sinda 6nemli bir fark bulunurken, mikrobiyolojik agidan
O6nemli bir fark yakalanamasa da %1 giinlik agaci1 yaprak
ekstraktinin 6zellikle toplam Enterobacteriaceae agisindan
diger gruplara oranla daha etkili oldugu goriilmistiir. Calisma
sonunda sigla ekstrakti uygulanan levrek baliklarinin raf 6m-
riindin duyusal olarak kontrol grubuna oranla 3 giin daha fazla
oldugu goriilmiistiir.

Anahtar Kelimeler: Giinfiik Agaci, Liquidambar orientalis,
Antioksidan, Antimikrobiyal, Levrek
baligi, Dicentrarchus labrax

Abstract:

Determination of The Effects of Sweetgum Extract
Obtained from Incense Tree (Liquidambar orientalis) on
The Shelf Life and Quality of Cultured Sea Bass
(Dicentrarchus labrax)

This study aim to establish effect of extract, obtained from
leaves of incense tree, an endemic and relict tree species in
Mugla (Turkey), as natural preservative on quality and shelf
life of the culture sea bass. For this purpose, after a solution
was prepared in a ratio of 0.1%, 0.5% and 1% from the leaves
of incense tree that has been extracted after drying, sea bass
submerged into this solutions and quality changes and shelf
life was determined at refrigerator conditions (4+2°C). Asa
result of the quality analysis, control group samples got spoilt
at 15th day in terms of sensory, whereas all the groups, con-
sisting of leaf extract of incense tree, were found to deterio-
rate after 18 days. While there were significant difference es-
pecially in oxidation index; TBA between control group and
groups with the extraction, not an important difference could
be found in terms of microbiology. Nevertheless 1% extract
solution was more effective over Enterobacteriaceae com-
pared to the other groups. At the end of the study, it was ob-
served that shelf life of sea bass with sweetgum extract was 3
days more than the shelf life of the control group in sensorial
way.

Keywords: Incense Tree, Liquidambar orientalis,
Antioxidant, Antimicrobial, Sea bass,

Dicentrarchus labrax
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Giris

Su iiriinleri ¢abuk bozulan gidalar igerisinde yer
aldigindan, 6zellikle sentetik antioksidan ve anti-
mikrobiyal kullanimi olduk¢a yaygindir. Glinii-
mizde et ve et Uriinlerine yonelik tuketici talebi,
yiiksek besleyici deger, mikrobiyolojik giivenirlik
ve dogal lezzet&goriinim seklinde oldugu igin
sentetik maddelerin yerine dogal maddelerin ara-
yisina girilmistir (Serdaroglu ve Baris, 2012).

Mugla yoresine 6zgli endemik bir tiir olan giinliik
agac1 ve Urlinlerinin (yapraklari, kabugu, sigla
yag1 vb.) dogal koruyucu potansiyeli tasidigi ile il-
gili caligmalar bulunmaktadir (Baytop 1984; Hafi-
zoglu 1982; Hafizoglu vd.1996). Yaklagik 60 mil-
yon yillik bir aga¢ olan giinliikk agacinin gilinii-
muzde geriye kalan 4 ttrinden Turkiye’de bulu-
nan tiril Liquidambar orientalis’tir (Istek ve Hafi-
zoglu, 2005). Mugla ili ve gevresinde yasayan in-
sanlar giinliik agacini nefes darlig1, bronsit vb. so-
lunum sistemi hastaliklarina iyilesme siirecine
yardime1 oldugu ig¢in tiitsii olarak kullanmaktadir.
Ayrica giinliik agacindan elde edilen sigla yagi,
sabun sanayinde, sakiz ve tiitiinlerin kokulandiril-
masinda, elde edilen ugucu yaginin ise bir¢ok do-
gal esansh parfiimiin bilesiminde degerlendirilme-
sinin yani1 sira iyi bir antiseptik ve parazit dldiiriicii
olarak, pomat ve yaki halinde uyuz, mantar gibi
cilt hastaliklarinda, mide ve onikiparmak bagir-
saklarindaki iilsere karst kullanildig1 belirtilmek-
tedir (Baytop 1984; Hafizoglu 1982; Hafizoglu
vd.1996).

Bu c¢alismada, giinliik agacinin yaprak ekstraktla-
rindan elde edilen % 0.1, % 0.5 ve % 1’lik solus-
yonlarin igerisine daldirilan levrek baliklarinin
buzdolab1 sartlarinda depolama esnasindaki raf
Oomri ve et kalitesi incelenmistir.

Materyal ve Metot

Calismada off-shore sistem ile yetistiricilik yapan
HATKO A.S.(Bodrum/Mugla) tarafindan deniz
kafeslerinde tiretilen levrek baliklar1 (Dicentrarc-
hus labrax) kullanilmistir. Baliklar strafor kutu-
larda soguk zincir sartlar1 bozulmadan yaprak buz
ile kaplanarak 2 saat igerisinde Mugla Sitki Kog-
man Universitesi Su Urtnleri Fakltesi Su Uriin-
leri Kalite Kontrol Laboratuvarlarina getirilmistir.

Her grupta 33 adet i¢ organlar1 temizlenmeden bii-
tin (300-350 g) balik olacak sekilde Grnekler 4
gruba ayrilmistr.

Caligmada kullanilacak sigla agaci yapraklari ise
Mart — Agustos 2012 tarihleri arasinda araliklarla
(yaprak doktiigli zamanlar hari¢) Toparlar
(Mugla) mevkiinden toplanmigtir. Caligma bo-
yunca yaklagik olarak 6 kg sigla yapragi toplan-
mistir.

Soliisyonlarin Hazirlanmasi

Oziit elde edilmek iizere toplanan giinliik agaci
yapraklar1 laboratuvar ortaminda serilerek ve za-
man zaman ters yiiz edilerek 7-10 glin sire ile ku-
rutulmustur. Kurutulan yapraklar pargalanarak et-
hanolde (1:1 oraninda) 3 giin siire ile bekletilmis-
tir. Daha sonra evaparator ile ethanol uzaklastiril-
mustir. Kalan 6ziit, yapilan literatiir taramalari, 6n
denemeler ve tek basma sigla yapragi oziitiiniin
ac1 tad1 goz oniinde bulundurularak, oranlar1 %0.1
(A gurubu), %0.5 (B grubu) ve %1 (C grubu) ola-
cak sekilde 30 L su igerisine ilave edilmistir. Ha-
zirlanan soliisyonlarin sicakligi soguk zinciri boz-
mamak i¢in buz kasetleri 4°C (+2)’ye ayarlanmis-
tir.

Hazirlanan Soliisyonun Baliklara Uygulanmasi

Baliklarin ilavesi ile suyun tagsmamasi i¢in 40
L’lik varillerde sogutulan soliisyonlarin igerisine
levrek baliklar1 iki dakika siire ile daldirilmisgtir.
Daha sonra baliklar soliisyondan ¢ikartilarak te-
miz strafor kutulara dizilmis, iizeri buz ile kapla-
narak buzdolabinda 4°C (+2) depolanmaya alin-
mistir.

Calismada giinliik yaprag: oziitiiniin levrek balik-
larinin kalite ve raf dmriine etkisini belirlemek
icin Taze (0.gun), 2, 6, 9, 12, 15, 17, 18, 20 ve
22’inci glinlerde analizler yapilmistir. Calisma 2
tekerriirlii olarak yapilmustir.

Duyusal Analizler: Her analiz giiniinde ¢ig levrek
baliklar1 6 panelist tarafindan Aubourg, (2001)
tablosuna goére duyusal analize alinmigtir. Tazelik
derecisine gore 3-4 puan aras1 “cok iyi kalite”, 2-
2.9 puan aras1 “iyi kalite”, 1-1.9 puan aras1 “kabul
edilebilir kalite”, 1 puanin altinda kalanlar ise
“kabul edilemez” olarak degerlendirilmistir
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Tablo 1. Taze baliklarin duyusal analiz degerlendirme tablosu

Table 1. Sensorial assessment table for fresh fish

Hasanhocaoglu Yapici et al., 1(4): 166 -177 (2015)

Nitelikleri En lyi Kalite Tyi Kalite Orta Kalite Kabul Edilmeyen
(4 puan) (3 puan) (2 puan) (1 puan)
L Onemsiz . . . o
Cok yogun pig- . Pigmentasyon renksiz Onemli pigmentasyon
. pigmentasyon
Deri mentasyon ve bulanik kayiplari
Saydam mukus kayiplar Sat gérandmli mukus Mat mukus
Az bulanik mukus
D1s biikey ama biraz
D1s biikey cokuk , Co
; Saydam kornea  Hafif saydam kornea Dz . }g b?key
Goz . X Az saydam kornea Sutlimsu kornea
Parlak ve siyah Styah fakat Mat goz bebegi Grilesmis g6z bebegi
gbzbebegi bulaniklagsmaya & & mis g &
baslamig g6z bebegi
Parlak kirmizi Gul rengine calan
Koku olusumu kirmiz1 Grimsi-sarimsi1 renk
mevcut degil Koku olusumu mevcut Soluk kirmizi degisimi
Solungag Flamentlerin tek degil Baliks1 koku Keskin amonyak kokusu
tek agilimi ¢ok Flamentler agiliyor Flamentler birlesmis Flamentler tamamen
iyi ama birlesmeye yapismis
baglamis
Keskin yosun ve . .
Et kokusu deniz drini Zayl_f yosunumsu ve Eksi ve acimtirak koku Keskin eksi ve iyice
deniz Urlnd kokusu acilasmis koku
kokusu
e . Sert ve elastik doku El ile dokunuldugunda Onemli sekil
Oliim sertligi . 8 et kivamu eski haline i
T . Elile dokunuldugunda . degisiklikleri mevcut
Et kivamm belirtileri hentiz Lo gelmiyor o
et kivamu eski haline S olup mekanik islemler
baglamamisg elebilivor Esneklik gozle icin UYaUNsSuz
g y goriilebilir azalmig ¢in uyg
Cok sulu ve . Az sulu ve soluk
. Sululugunu ve e
Et pembemsi o goranimla Sarimsi ve kuru
pembeligini koruyor
dokusunun Kas yapisi Kaslar Kaslar tamamen
o Kas yapisi normal . . .
gordnumu normal o yumusamaya/birlesmeye  yumusamis/birlesmis
oo gorinimde
gorinimde baglamis

Kimyasal Analizler: Yapilan ham protein ana-
lizi AOAC (2002), ham yag analizi Bligh ve
Dyer (1959), pH Manthey vd. (1988), Toplam
ucucu bazik azot (TVB-N) Antonocopoulos
(1973), Trimetilamin (TMA-N) Schormiller
(1968) ve Tiyobarbiturikasit (TBA) Tarladgis
vd. (1960)’ne gore yapilmistir. Kimyasal ana-
lizler 3 paraleli olarak yiirGitiilmiistiir.

Mikrobiyolojik Analizler: Toplam canli ve top-
lam psikrofil bakteri icin FDA / BAM (2001)’a
gore, toplam Enterobacteriaceae ise ICMSF
Microorganisms in Foods (1986)’a gore yapil-
mistir. Analizler 3 paralel seklinde yapilmustir.
Istatistiksel Analizler: Calisma sonunda elde

edilen veriler SPSS 16 paket programi kullani-
larak bilgisayar ortaminda degerlendirilmistir.

Farkl1 konsantrasyonlarda giinliik agacinin yap-
raklarindan elde edilen 6ziit uygulanan levrek
balik gruplar1 arasindaki fark Tek Yonlii Var-
yans analizi ve Coklu Karsilastirma (LSD) test-
leri uygulanarak bulunmustur.

Bulgular ve Tartisma

Duyusal Analiz Sonuclari

Depolama siiresince gergeklestirilen duyu-
sal analiz sonuglar1 Sekil 2.’de verilmistir.
Calismada incelenen gruplar arasindaki
farklilik istatistiksel agidan degerlendirildi-
ginde kontrol grubu ile diger gruplar arasin-
daki farkin anlamli (p<0.05), % 0.1 glnluk
yapragi ekstrakti uygulanan érneklerin tim
gruplarla arasindaki farkin anlamli (p<0.05)
ve %0.5 ve %1 giinliik yapragi ekstrakti
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gruplarinin arasindaki farkin ise anlamsiz
oldugu bulunmustur (p>0.05).

Tablo 2. Farkli oranda gilinlik agac1 yaprak ekstrakti uygulanan levrek baliklarinin duyusal analiz
sonugclari

Table 2. Sensorial results of sea bass, treated with different rates of leaf extract of incense tree

Gruplar
Depolama

Suresi Kontrol A Grubu B Grubu C grubu

(Gun)

Taze 3.84 £0.09° 3.84 £0.092 3.84 £0.092 3.84 +£0.09?
2 3.74 £0.12* 3.73 £0.072 3.68 +0.08° 3.68 +0.072
6 3.38 £0.182 3.36 £0.232 3.29 +0.24* 3.34 £0.29*
9 2.76 £0.24* 2.98 £0.23° 2.85 +0.29° 3.01 +0.41"
12 2.66 £0.242 2.88 £0.24° 2.65 +0.192 2.50 £0.39°
15 1.95 +0.472 2.52 +0.22° 2.19 +0.23° 2.17 +0.55°
17 0.97 £0.262 1.31 +0.29° 1.19 +0.29¢ 1.11 £0.35°
18 0.74 £0.04* 1.21 +0.57° 1.07 £0.21° 1.08 £0.17¢
20 0.61 +£0.05% 0.91 +0.20° 0.81 +£0.13° 0.72 +0.15%
22 0.49 £0.10? 0.74 £0.09° 0.59 +0.08° 0.58 +0.25°

A grubu: %0.1 giinliik yaprag 6ziitii; B grubu: %0.5 giinliik yaprag: 6ziitli; C grubu: %! giinliik yaprag: 6ziitii

X + Sx : Aritmetik ortalama + Standart sapma (n=6)

Her siitunda farkli harflerle gosterilen gruplar arasindaki istatistiki fark anlamlidir, P<0.05

Calismamiz boyunca yapilan duyusal analiz so-
nuglarinda kontrol grubu 15.glinden sonra tiiketi-
lebilir limitlerin altina inerken, yaprak ekstrakti
uygulanan gruplar 18. giine kadar dayanmustir.
Abou-Talev vd. (2007)’nin kefal filetolarin1 %1
corekotu, defne yapragi, kimyon ve yonca ekst-
rakt1 bulunan soliisyonlara daldirip 10 dk beklet-
tikleri ¢alismada kontrol grubu 8. giinden sonra,
yonca ve defne yapragi ekstraktt bulunan gruplar
ise depolamanin son giiniinde (16.giin) duyusal
acgidan bozulmus ancak kimyon ve ¢orekotu ekst-
raktt uygulanan 6rnekler depolama siiresince bo-
zulmamistir. Pezeshk vd. (2012)’nin taze sogan
ekstrakti ile yaptiklart bagka bir ¢alisma sonunda
duyusal agidan kontrol grubu 6rnekler kabul edi-
lemez degerde iken sogan ekstrakti uygulanan or-
nekler orta kalite olarak smiflandirildigr belirtil-
mistir.

Calismamizda giinliik yapragi ekstrakti uygulanan
gruplar kendi arasinda karsilastirildiginda en be-
genilen grup % 0.1 giinliik yapragi ekstrakti uygu-
lanan Ornekler olmustur. Yiiksek konsantrasyon-
larda (% 1 ekstrakt) uygulandiginda, depolamanin
ilerleyen zamanlarinda giinliik yaprag:i ekstrakti-
nin gozlerde opaklagsmaya ve beyazliga, deri ve
solungaclarda yesil renk ve tortuya neden oldugu

gbzlenmistir. Caligmamizda elde edilen sonuglara
benzer bir sonu¢ Sagdi¢ vd. (2008) nin kekik ekst-
raksiyonunu 250, 500 ve 1000 ppm oranlarinda
koftelere ilave ettikleri bir calismada bulunmustur.
Bu ¢alismada duyusal agidan 1000 ppm diizeyinin
panelistlerce begenilmedigi, 250 ve 500 ppm dii-
zeyindeki kekik ekstraklarimin ise tiiketime daha
uygun oldugu belirtilmistir. Ayn1 sekilde uskumru
filetolar1 ile yapilan bagka bir calismada %1 ora-
ninda eklenen yesil cay, iiziim ¢ekirdegi ve nar ka-
bugu ekstraktlarindan koku ve tekstiir olarak yesil
cay yapragi daha begenilse de tat olarak nar ka-
bugu uygulanan 6rneklerin daha fazla tercih edil-
digi belirlenmistir (Yerlikaya ve Gokoglu, 2009).

Kimyasal Analiz Sonuclar:

Calisma ham protein ve ham yag analiz sonuglar
ele alindiginda taze balik Orneklerinde ham
protein %19.75+0.47 ve ham yag degerleri
%8.89+1.10 olarak bulunmustur. Depolama
siiresince tiim gruplarda kalite kayiplarina bagh
olarak ham protein ve ham ya§ miktarinda bir
azalma olmustur. Calismamizda yag ve protein
acisindan en fazla kayip kontrol grubunda olurken
ham protein acisindan en az kayip %]l giinliik
yapragi ekstrakti uygulanan grupta goriilmiistiir ve
bu fark istatisksel olarak da anlamli bulunmustur
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(p<0.05). Ham yag agisindan ise en az kayip %0.5
giinliik agac1 yaprak ekstrakti uygulanan grupta
bulunmustur ancak gruplar arasindaki farklar
O6nemsiz (p>0.05)’dir. Kontrol grubunun duyusal
agidan kabul edilebilir limitlerde oldugu 15. giinde
ham protein ve ham yag oranlar sirasiyla; %19.37
£0.24, % 8.25 £1.07 olarak bulunmustur. Giinliik
yapragi ekstrakti uygulanmig gruplarin ise duyusal
limit degerlerin altina diismedigi 18. glinde ham
protein ve ham yag oranlar1 sirasi ile % 18.97
1£0.13, % 18.38 +0.32, %18.64 +0.25; %7.47
+0.09, %7.73 £0.46, %7.80 +0.37 olarak tespit
edilmistir. Bu sonuglara gore giinliik agac1 yapra-
gindan elde edilen elstraktin levrek baligmin pro-
tein ve yagi iizerinde koruyucu bir etkiye sahip ol-
dugunu soyleyebiliriz. Benzer bir sonu¢ Gallo vd.
(2012)’nin Echinacea angustifolia bitkisinden su-
perkritik akigkan ekstraksiyon yontemi ile elde et-
tikleri ekstrakti tavuk etine karigtirarak pisirdikleri
ve 12 giin boyunca 4°C’de depoladiklar1 galis-
mada da ektraktin tavuklarin protein ve yag oksi-
dasyonunu 6nlemede oldukga etkili oldugu goz-
lenmistir.

Taze baliklarda pH ve TBA degerleri 6.46 £0.04
ve 0.01 +0.00 mg malonaldehit/kg olarak
bulunmustur. Calisma sonunda (22.giinde) hicbir
grubun pH ve TBA degerleri limit degeri
agmamustir. Yalnizca son analiz giiniinde kontrol
grubunun pH degeri 6.90 ile 7 olan limit degere
yakin bir deger saptanmustir. (Grafik 1).
Istatistiksel olarak kontrol grubu ve sigla yaprag
ekstrakti uygulanan gruplar arasindaki fark
anlamli  bulunmustur (p<0.05). Ekstraksiyon
gruplarnt karsilastirildiginda %1 sigla yaprag
ekstrakti uygulanan grubun diger gruplardan farki
anlamli (p<0.05) iken diger kalan iki grup
arasindaki fark anlamsiz olarak tespit edilmistir
(p>0.05). Depolamanin son giinii olan 22. giindeki
TBA degerleri ise kontrol grubu, % 0.1, % 0.5 ve
%1 gunlik yapragi ekstrakti uygulanan grup
olmak iizere sirast ile 0.99 mg malonaldehit/kg;
024 mg malonaldehit/kg; 0,17 mg
malonaldehit/kg ve 0.14 mg malonaldehit/kg
olarak tespit edilmistir (Sekil 2). Tum gruplar
arasindaki farklar anlamli bulunmustur (p<0.05).
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Sekil 1. Farkli oranda giinliikk agac1 yaprak ekstrakti uygulanan levrek baliklarinin pH analiz

sonugclari

Figure 1. pH results of sea bass, treated with different rates of leaf extract of incense tree
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Sekil 2. Farkli oranda giinliik agaci yaprak ekstrakti uygulanan levrek baliklarinin TBA analiz

sonugclari

Figure 2. TBA results of sea bass, treated with different rates of leaf extract of incense tree

Abou-Taleb vd.(2007)’nin kefal baliklarina ¢6re-
kotu, defne yapragi, kimyon ve yonca ekstrakti
uyguladiklar ¢caligmada kontrol grubunun pH de-
gerleri hizla yiikseldigi, en az artisin ise kimyon
ekstrakt1 uygulanan gruplarda gergeklestigi bildi-
rilmistir.. pH’daki bu artig mikrobiyolojik aktivite
sonucu olusan amonyak gibi temel azotlu bilesen-
lere baglanmustir. Bu ¢aligmada “iyi kalite” balik
icin TBA degerini 2 mg malonaldehit/kg (Bonnell,
1994) olarak almislardir. Buna gore kefal balikla-
rmin TBA degerlerinde, bizim ¢alismamiza ben-
zer sekilde, depolamanin ilk zamanlarinda belirgin
bir farklilik tespit edilmezken depolama sonunda
en iyi grubun ¢drekotu grubu oldugu belirlenmis-
tir. ibrahim ve E1-Sherif (2008)’in biberiye, kekik,
corekotu ve ii¢liniin karigimini igeren soliisyon ile
tilapya filetolarina glazing islemi yaptiklar1 arag-
tirmada c¢aligmamiza paralel sonucglar elde edil-
mistir. Bu arastirmada depolamanin sonunda hig-
bir grup pH limit degerlerini gegmemesine ragmen
de bitki ekstrakt1 eklenen gruplardaki bozulmanin
yavagladigi goriilmiistiir. Diger bir ¢aligmada Ke-
nar (2009), biberiye ve adagayini sardalye balikla-
rina uygulamisg; 20 giinde higbir grubun TBA de-
gerlerinin limit degerlerini agmadigini belirlemis-
tir. Calisma sonunda biberiyenin oksidasyonu en-
gelleyici etkisi ortaya konulmustur. Ayni sekilde
Ozyurt vd. (2010) toz biberiye ekstraktini sulandi-
rarak uyguladiklar1 ve -18°C’de depoladiklar ¢i-
puralarda TBA degerleri 4. ayin sonunda limit de-
gerleri agmamig olsa da biberiye soliisyonuna dal-
dirillmis olan &rneklerin daldirilmamis olanlara

oranla daha az oksidasyona ugradigini belirlemis-
lerdir. Cetinkaya (2011)’nin hamsi baliklarina kar-
vakol, timol, a-terpineol ve eugenol bulunan so-
lisyon uyguladigi calismasinda TBA degerleri
kontrol grubu icin 12. ginde 1.51 mg malonalde-
hit/kg; a-terpineol icin 19. glinde 2.72 mg malo-
naldehit/kg ulagsmustir.

Caligmamizda TVB-N degerleri agisindan kontrol
grubu Ornekleri 15. giinden; % 0.1 ve % 0.5
yaprak ekstrakti uygulanan gruplar 20. giinden
sonra limit degeri olan 35 mg/100g’1 (Baygar,
1999; EC 1995) gecmistir. %1 yaprak ekstrakti
uygulanan grup ise depolamanin son giinii olan 22.
giinde 34.38 mg/100g olarak belirlenmis ve limit
degeri asmadigi tespit edilmistir (Grafik 3).
Kontrol grubu ile diger gruplar arasindaki fark
anlamli (p<0.05), % 0.5 ve % 1 yaprak ekstrakti
uygulanan gruplar arasinda fark anlamsiz (p>0.05)
iken bu iki grubun % 0.1 sigla yaprak ekstrakti
uygulanmig grup ile aralarindaki fark anlamli
(p<0.05) bulunmustur.

TMA-N degeri agisindan kontrol grubu 15.
giinden sonra kabul edilebilir limit degerleri olan
8 mg/100g (FAO, 1986) gecmistir. Diger gruplar
22. giine kadar limit degeri agsmamuslardir (Sekil
4). Istatistiksel acidan karsilastirildiginda sigla
yapragi ekstraktinin etkili oldugu ve kontrol grubu
ile arasindaki farkin 6nemli oldugu gozlenmistir
(p<0.05).  Yaprak  ekstraksiyon  oranlar
kiyaslandiginda % 0.1 ile % 0.5 arasinda fark
anlamsiz (p>0.05) iken %1 sigla yaprag: ekstrakti
uygulunan grubun diger gruplarla arasindaki fark
anlamli (p<0.05) olarak tespit edilmistir.
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Sekil 3. Farkli oranda giinliik agac1 yaprak ekstrakti uygulanan levrek baliklarimin TVB-N

analiz sonuglari

Figure 3. TVB-N results of sea bass, treated with different rates of leaf extract of incense tree
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Sekil 4. Farkli oranda giinliik agac1 yaprak ekstrakti uygulanan levrek baliklarinin TMA-N analiz

sonuglari

Figure 4. TMA-N results of sea bass, treated with different rates of leaf extract of incense tree

El-Hanafy vd. (2010) tilapya 6rneklerine farkli
oranlarda(% 2, % 4, % 6) yesil ¢ay yaprag: ekst-
rakt1 uygulayarak yaptiklar1 ¢calismada, protein ve
protein olmayan azotlu bilesiklerin mikrobiyolo-
jik ve enzim aktiviteleri ile bozulmasindan dolay1
kontrol grubu 6. giinde bozulmustur. % 2 yesil cay
yapragi ekstrakti uygulanan grup 10. giinde diger
iki grup ise 14. giinde bozulmustur. Tilapyalar

TMA-N agisindan degerlendirildiginde ise kontrol
grubu 10 giinde, % 2 ekstrakt uygulanan grup 12
giinde, % 4 ve 6 ekstrakt uygulanan gruplar ise 14
giinde bozulmustur. Kenar (2009)’1n biberiye ve
adagay1 ile yapmis oldugu ¢alismasinda elde ettigi
TVB-N degerleri calismamiza benzer sekilde
kontrol grubunda 10 giinde, adagayinda 20 giinde
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limit degeri astig1, biberiyenin ise depolama siire-
since limit degeri asmadig1 gorilmiistir. Bir bagka
caligmada kekik esansiyel yagi ile muamele edil-
mis gokkusagi alabaliklarmin TVB-N degeri 21
gun boyunca 4°C’de modifiye atmosfer pakette
depolandiktan sonra kontrol grubu icin 30.07
mg/100g, % 0.2 kekik esansiyel yag1 igin 25.23
mg/100g ve % 0.4 kekik esansiyel yagi igin 21.20
mg/100g olarak degismistir (Frangos vd., 2010).
ibrahim ve El-Sherif (2008) tilapya filetolarina bi-
beriye, kekik, ¢orekotu ve lciiniin karigimi ile
yaptiklari ¢aligmalarinda da aymi sekilde higbir
grup kontrolde dahil pH, TVB-N ve TMA-N ag¢i-
sindan limit degerleri gegmezken yine de depo-
lama sonunda bitki ekstraktinin bozulmay1 yavas-
ladigin1 belirtmislerdir.

Kimyasal analiz sonuglar biitiin olarak incelendi-
ginde giinliik agaci yapragi ekstrakti diger bitki
ekstraklar1 gibi pH iizerinde etkili olmus ve pH ar-
tisin1 yavaglatmistir. Calismamizda TBA degerleri
limit degerleri agsmasa da giinliikk agaci1 yapragi
ekstraktinin oksidasyonu yavaslattigi net sekilde
ortaya konmustur. Giinliikk yaprag:i ekstraktinin
TVB-N agisindan levrek baliklarinin raf émriinii 7
giin siire ile uzattig1 goriilmektedir. TMA-N ag¢i-

sindan diger ¢aligmalarla benzerlik gostererek li-
mit degerlere ulagmasinin 3 giin ertelendigi belir-
lenmistir. TMA-N agisindan kontrol grubundan
daha iyi olsa da gilinliik yaprag: ekstrakti uygula-
nan gruplar arasinda bir farklilik tespit edilmemis-
tir.

Mikrobiyolojik Analiz Sonuclari

Caligmamizda elde edilen mikrobiyolojik sonug-
lar1 degerlendirdigimizde taze balikta toplam canl
bakteri 2.70 +0.56 log (kob (koloni olusturan
birim) /g), toplam Enterobacteriaceae 2.50 +0.54
log (kob/g) ve toplam psikrofil bakteri yiki ise
5.30 +0.55 log (kob/g) olarak bulunmustur.

Bu analiz sonuglarina gore depolamanin son giinii
kontrol grubu dahil hi¢bir grup toplam bakteri agi-
sindan ICMFS (1986)’nin kabul edilemez deger
olarak belirttigi 107 kob/g’1 gegmemistir. Toplam
bakteri agisindan % 0.5 ve %1 giinliik agac1 yap-
rag1 ekstrakti uygulanan gruplarda depolamanin
ilk zamanlarinda bir diisiis goriilmiistiir. Ozellikle
12. giinden sonra ekstraktin toplam bakteri {ize-
rinde etkili oldugu goériilmiistiir (Sekil 5). Kontrol
grubu ile yalmzca % 1 sigla yapragi ekstrakti
uygulunan grup arasindaki fark istatistiksel olarak
anlamli bulunmustur (p<0.05).
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Sekil 5. Farkli oranda giinlik agaci yaprak ekstrakti uygulanan levrek baliklarinin toplam bakteri

analiz sonuglari

Figure 5. Total mesophilic bacteria results of sea bass, treated with different rates of leaf extract of incense tree
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Calismamiza paralel sonuglar1 Abou-Taleb vd.
(2007) kefal baliklarma ¢orekotu, defne yapragi,
kimyon ve yonca ekstrakt1 uyguladiklar1 ¢alisma-
larinda elde etmislerdir. Depolama siiresi sonunda
toplam bakteri agisindan biiylik farkliliklar ortaya
cikmasa da kimyon ve ¢orekotu igeren gruplarda
toplam bakteri artis1 daha yavas gergeklestigi or-
taya konulmustur. Diger yandan Kenar (2009) bi-
beriye ve adagayindan elde ettigi ekstraktlar1 sar-
dalya baligina uyguladigi calismasinda limit de-
gerler kontrolde 6. giinde, biberiye ve adacayinda
10. giinde asilmistir. Yine ayni sekilde Cetinkaya
(2011)’nin dogal maddelerin direkt bilesenleri
(karvakol, timol, a-terpineol ve eugenol) ile yap-
t1g1 calismada o-terpineol’un hamsi baliklarimin
raf Omriinii kontrole goére 4 giin siire ile uzattigini
belirlemistir.

Giinliik agaci yapraklarindan elde edilen yaprak
ekstraklarmin ~ toplam Enterobacteriaceae
zerindeki etkisi ise 6. glinden sonra tespit
edilmistir. Ancak %1 ekstrak uygulanan grupta
depolanin ilk giinlerinde oldukga biiyiik bir diisiis
gozlenmistir. Depolamanin son giiniinde % 0.1
giinliik agaci1 yaprak ekstraktr uygulanan grup ile
kontrol grubu (4.3 log kob/g) aymidir. Ancak %
0.5 ve % 1 ekstrakt uygulanan gruplarda toplam
Enterobacteriaceae yiikii sirasiyla 4.1 log kob/g

ve 4 log kob/g olarak tespit edilmistir (Sekil 6).
Toplam Enterobacteriaceae agisinda da yalnizca
% 1 oraninda sigla yaprag ekstrakti uygulunan
grup istatistiksel acidan farkli bulunmustur
(p<0.05).

Pezeshk vd. (2012)’nin taze sogan ekstraktini
2 farkli metot (balik canli iken; i¢ organlari
alindiktan sonra) ile gokkusagi alabaligina
uyguladiklari ¢alismada ekstraktin i¢ organlar
cikarildiktan sonra uygulandiginda toplam
Enterobacteriaceae acisinda daha etkili ol-
dugu anlagilmistir.

Psikrofil bakteri acisindan gilinlilk agaci
yapraklarindan elde edilen ekstrakt uygulanan
gruplarda baslangi¢ giinlerinde diisiis soz
konusu olsa da depolama stiresince olumlu bir
farklilik goriilmemistir. Yalnizca 12. giinden
20. gune kadar kontrol grubundaki psikrofil
bakteri artisinin  daha fazla oldugu
gdzlemlenmistir. (Sekil 7). Istatistiksel olarak
%]1 sigla yapragi ekstrakti uygulanan grubun
%0.1 ve 9%0.5 ile arasindaki farki onemli
bulunmustur (p<0.05).
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Sekil 6. Farkli oranda giinliik agac1 yaprak ekstrakti uygulanan levrek baliklarinin toplam

Enterobacteriaceae analiz sonuglari

Figure 6. Enterobactericeae bacteria results of sea bass, treated with different rates of leaf extract of incense tree
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Sekil 7. Farkli oranda giinliik agac1 yaprak ekstrakti uygulanan levrek baliklarinin psikrofil bakteri

analiz sonuclar

Figure 7. Total psychrophilic bacteria results of sea bass, treated with different rates of leaf extract of incense tree

Kefal baliklarina daldirma yontemi ile uygulanan
corekotu, defne yapragi, kimyon ve yonca
ekstrakti ¢alismasinda psikrofil bakteri yiikii ¢alis-
mamiz ile paralellik gostererek ilk 4 giin diisiis
gostermis ve uygulamanin ilk gilinlerinde diger
gruplar ile kontrol grubu arasinda 6nemli bir fark
belirlenmemistir. Ancak 16. giinde kimyon uygu-
lanan gruplarda kontrole oranla psikrofil bakteri
arisinda  1.17 log kob/g’luk bir diisiis
gdzlenmistir. (Abou-Taleb vd., 2007). Ibrahim ve
El-Sherif (2008) tilapyalara 3 farkl1 bitki(biberiye,
kekik, ¢orekotu) ve bunlarin karisimini uyguladik-
lar1 ¢alismada 4 ay sonunda psikrofil bakteri agi-
sindan en az artigin kekik daha sonra biberiye uy-
gulanan grupta oldugunu kayit etmislerdir.

Yaptigimiz ¢alismada giinliik agact yaprak ekst-
raksiyonun toplam canli ve toplam psikrofil bak-
terilere oranla toplam Enterobacteriaceae (ize-
rinde daha etkili oldugu belirlenmistir. Yaprak
ekstraktinin antimikrobiyal etkisinin ise diger
calismalarda kullanilan bitkilere oranla daha az
oldugu gorilmiistiir.

Sonug

Bu calismada dogal bir koruyucu olarak etkisi
arastirilan giinliik agaci yapragi ekstraktinin duyu-
sal olarak 3 giin; kimyasal agidan 5 giin siire ile
levrek baliklarinin raf dmriinii uzattig1 saptanmais-
tir. Ozellikle oksidasyon gostergesi TBA degeri
agisindan sigla yapragi ekstrakti uygulanan grup-

larin kontrol ile arasindaki fark oldukga belirgin-
dir. Mikrobiyolojik olarak istenilen diizeyde bir
farklilik tespit edilememistir. Konsantrasyon mik-
tar1 arttikca koruyucu etkinin arttig1 ve en iyi so-
nuglarim %1 sigla yaprag: ekstrakti uygulanmis
gruplara ait oldugu soylenebilir ancak giinliik
agaci yapraklarindan elde edilen ekstraktin yiiksek
konsantrasyonlarda duyusal agidan gézlerde opak-
lasma, solungag ve deride yesil renk olusumu gibi
olumsuz etkisinin bulunmasindan dolay1 seyreltik
konsantrasyonlarin kullanilmasinin daha dogru
olacagi ortaya konmustur.

Dogal kaynaklarinin kullaniminin daha da arttig
gliniimiizde s1gla etkisinin daha iyi anlagilmasi ve
ozellikle dogal antioksidan ve antimikrobiyal ola-
rak kullanilabilmesi i¢in farkli yontemlerin denen-
mesi yeni arastirmacilar i¢in Onerilmektedir. Bu
caligmalarin sonunda da Mugla yoresine ozgii,
diinyada nadir olarak bulunan sigla agacini, son
yillarda saglikli beslenme ile 6ne ¢ikan su iiriinleri
ile birlestirerek 6onemli gelismeler ortaya konula-
bilir.
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Oz:

Gida 1sinlamast, tim gida gruplarinda
uygulanabilmekte ve dekontaminasyonu saglamada
onemli yontemlerden birisi olarak kabul edilmektedir.
Ozellikle ¢ig gidalarda dekontaminasyon igin termal
islemlerin uygulanamamasi bir kisit olarak goriilmekte,
ayrica bu tip dekontaminasyon uygulamalari
sonucunda iriiniin  kalite Ozelliklerinin  olumsuz
etkilenmesi de s6z konusu olabilmektedir. Bu
baglamda alternatif dekontaminasyon yontemlerine
olan ilgi artmaktadir. Et ve tiriinleri, yapisi geregi pro-
sesin tiim agsamalarinda kontaminasyonlara agik bir ko-
numdadir. Bu sorun iriiniin hizla bozulmasina, halk
sagligimi tehdit etmesine ve raf dmriiniin azalmasina
sebep olabilmektedir. Bu gibi sorunlari 6nlemek igin fi-
ziksel, kimyasal ya da biyolojik temelli birgok dekon-
taminasyon yontemi bulunmaktadir. Ancak uygulana-
cak yontemlerin ucuz, hizli, tekrarlanabilir, ¢evreye
dost, iiretim siirecini ve son {iriin kalitesini olumsuz
yonde etkilemeyecek yapida olmasi biiyiik dnem tagi-
maktadir. Bu ihtiyaglar dogrultusunda gorece olarak
yeni bir yontem olan elektron demeti 1sinlama (EDI)
yontemi biiylik avantajlar saglamaktadir. Et ve riinle-
rinde EDI uygulamalari, etkin mikrobiyal inhibisyon
saglamakta ve buna bagl olarak {irliniin raf 6mriini
uzatmaktadir. Calismamizda, EDI prosesinin prensibi
ve et lirlinlerinde uygulamalarina dair literatiir caligma-
lar1 derlenmistir.

Anahtar Kelimeler: Elektron demeti 1smnlama, Et, Et
tiriinleri, Et dekontmainasyonu

Abstract:

Using Electron Beam Irradiation in Meat
Decontamination
Food irradiation is regarded as one of the important
methods, can be applied in all food groups, to provide
decontamination. Especially decontamination with
thermal process creates a constraint in raw food. In ad-
dition, the quality characteristics of the product are ad-
versely affected as a result of this decontamination app-
lications. In this context, there is increasing interest in
alternative decontamination methods. Meat and meat
products is an open position to contamination due to the
structure in all stages of process. This problem is cause
rapid deterioration of the product, reduction of shelf life
and threats to public health. There are many deconta-
mination methods based on physical, chemical or bio-
logical to avoid problems. However, the applied met-
hod must inexpensive, fast, reproducible, environment
friendly. Also this methods will not affect adversely to
manufacturing process and quality of the final product.
In accordance with these requirements electron beam
irradiation (EBI) method offers great advantages. EDI
applications, ensure effective microbial inhibition and
extends the shelf life of the product in meat and meat
products. In our study, literature of principles of EBI
process and practices in meat products has been compi-
led.
Keywords: Electron beam irradiation, Meat,
products, Meat decontamination

Meat

JOURNAL OF FOOD AND HEALTH SCIENCE
E-ISSN: 2149-0473

Ozbay Dogu and Ozbay, 1(4): 178-184 (2015) doi: 10.3153/JFHS15017

© 2015 ScientificWebJournals (SWJ)



Journal of Food and Health Science

Journal abbreviation:

Giris

Gida maddeleri, tarladan catala gida zincirinin
tiim agamalar1 boyunca kontaminasyonlardan etki-
lenebilmektedir. Bu baglamda farkli dekontami-
nasyon yontemleri hem kalite hem driiniin raf
omrii hem de halk sagligi agisindan biiyiik 6nem
tasimaktadir. Bu amagla bir¢ok dekontaminasyon
yontemi, hem uygulamada hem de literatiirde ge-
nig bir yer kaplamaktadir. Teknolojinin ilerlemesi
ile farkli ve biitiinlesik yontemlerde dekontami-
nasyon literatiiriine katkilar saglamaktadir. Bu
yeni teknolojilerden birisi olan gidalarin 1sinlan-
mast, diger gida koruma yontemleri gibi gidalarin
yapisindaki mikroorganizma ve parazitleri inhibe
ederek gidanin raf omriiniin uzatilmasi temeline
dayanan bir gida koruma yontemidir (De Lara ve
ark., 2002). Bu yontemde dekontaminasyon araci,
diisiik dozlarda iyonize radyasyondur.

Elektron demetiyle 1sinlama (EDI) ise, gida 1sin-
lama yontemleri igerisinde yer alan tiim gida grup-
larinda dekontaminasyon saglamak i¢in kullanila-
bilen en yeni teknolojilerden birini olusturmakta-
dir. EDI sistemi ile mikrobiyal kontaminasyon 6n-
lenebilmekte bazi gidalarin (meyve ve sebze gibi)
olgunlagmas1 kontrol edilebildigi i¢in bu gibi
iiriinlerin raf 6mrii de uzatilabilmektedir (Lung ve
ark., 2015).

Toplumda 1ginlama uygulamalar ile ilgili endige-
ler de bulunmaktadir. Uygun doz ve proses uygu-
lamalari, 1$1nlama ile birlikte farkli dekontaminas-
yon yontemlerinin uygulanmasi, iiriin kalitesi ve
insan sagligina olan etkileri agisindan en 6nemli
noktalar1 olugturmaktadir. Ayrica belirlenen doz-
lar icerisinde uygulanan isinlama proseslerinin
iiriin kalitesi ve raf dmriine olan katkilarmin yani
sira termal yontemlerle kiyaslandiginda cevre
dostu oldugunu da séylemek miimkiindiir.

Gidalarda EDI’nin Dekontaminasyon
Mekanizmasi

Gida iiriinleri, tarladan ¢atala tiim asamalarda kon-
taminasyona agiktir. Hammadde temini, tasima,
isleme, ambalajlama, depolama gibi gida triinii
iretim asamalarinin tamami kontaminasyonlar
acisindan biiyiik 6nem tasimaktadir. Bu gida zin-
ciri agamalarinda kontaminasyonu Onlemek igin
kullanilan pek ¢ok yontem bulunmaktadir. Kimya-
sal kullanimi, yikama, termal iglemler, dekontami-
nasyon yoOntemlerinin temelini olusturmaktadir.
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Iyonize radyasyona maruz birakma yontemi ise
yeni bir yaklagim olarak karsimiza ¢ikmakta ve
konu ile ilgili ¢aligmalar devam etmektedir.

Iyonize radyasyon grubu igerisinde farkli radyas-
yon ¢esitleri bulunmaktadir. Bunlar gama 1sinlari,
elektron demeti ve X-ray’dir. Soguk pastorizasyon
olarak isimlendirilen bu yontemlerle hem patojen
hem de bozulmaya sebep olan mikrobiyal geligim
onlenerek gidanin raf dmrii uzatilmaktadir (Moo-
sekian ve ark., 2012). Bu yontemler icerisinde
EDI’nin temeli, diisiik dozlarda iyonize radyasyon
ile gidanin muamele edilmesine dayanmakta ve
yontemin mikrobiyal dekontaminasyonda etkin
oldugu (Lung ve ark., 2015) ve diger 1sinlama
yontemlerine kiyasla daha kisa siirdiigii (Tahergo-
rabi ve ark., 2012) bilinmektedir.

EDI'nin antimikrobiyal etkisi iki sekilde gercek-
lesmektedir (Tahergorabi ve ark., 2012). Biri dog-
rudan mikroorganizmalarin fizyolojik aktivitele-
rine, digeri ise su molekiiliine etki etmesi ile ol-
maktadir. Birinci etkiyle EDI, dogrudan ya da do-
layli olarak mikroorganizmalarin ger¢eklestirdigi
kimyasal reaksiyonlara ya da onlarin fizyolojik
metabolizmalarina etki ederek mikrobiyolojik ge-
lisimi inhibe etmektedir. Mikroorganizmalar,
EDI’ye maruz kaldiklarinda yiiksek enerji tiret-
mekte, bu durumda onlarin DNA yapilarinda bo-
zulma, enzim ve membran proteinlerinin denatiire
olmasi gibi kimyasal ve molekiiler baglarinin za-
rar gdrmesine sebep olmaktadir. Bunun sonu-
cunda hiicreler uzun siireli olarak normal fizyolo-
jik aktivitelerine devam edememekte, fonksiyon-
larin1 yitirerek 6lmektedir (Miller, 2006). Bu bag-
lamda radyasyon dozunun artmasi inhibe edici et-
kiyi arttirmaktadir. Ikinci etki ise, suyun radyoli-
ziyle olusan serbest radikallerden ileri gelmektedir
(Tahergorabi ve ark.,, 2012). Bu baglamda
EDI’'nin dolayl etkisi su aktivitesi ile yakindan
iligkilidir. Sekil 1.’de elektron demeti 1ginlamasi-
nin su molekiilii izerine etkisi gosterilmektedir.

Uluslararasi1 Atom enerjisi Kurumu, gida 1sinla-
may1, paketleme oncesinde gidanin gama iginlari,
X-ray ya da elektronlara maruz birakilmasi olarak
tanimlamaktadir (Henson, 1995). Ulkemiz Gida
Isinlama Yonetmeligi’nde de her bir gida grubu
i¢in ayr1 ayr1 uygulanabilecek dozlar, 1sinlama te-
sislerinin kurulumu ve radyasyon giivenligi gibi
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konular agik sekilde belirtilmektedir (Anonim,

1999).
§, E-BEAM %
HmH)
[ ] L ] L ]
OH ||H [[HO; ||H.0;
Hydroxyl Hydrogen Superoxide Peroxide
radical radical radical
Sekil 1. Elektron demeti 1smlamasinin  su

molekiilii lizerine etkisi (Tahergorabi ve
ark., 2012; Lung ve ark., 2015).
Figure 1. The effect of electron beam irradiation on

the water molecules (Tahergorabi et al.,
2012; Lung et al., 2015).

EDI yo6nteminde 1smlama dozu, gidanin kompo-
zisyonu ve mikrobiyal tiirlerin dekontaminasyon
caligmalarint dogrudan etkilemektedir (Lung ve
ark., 2015). EDI’'nin dozu dekontaminasyon c¢a-
lismalarinda 6zellikle biiylik 6nem tagimaktadir.
Hatta uygulanan doza bagli olarak gidanin pasto-
rizasyon ya da sterilizasyonunu gerceklestirmek
miimkiindiir (Tahergorabi ve ark., 2012). Doz ka-
dar 6nemli bir diger faktor de mikroorganizma tiir-
leridir. Rodriguez ve ark. (2006)’nin farkli mikro-
organizmalar iizerine yaptiklar1 calismada EDI’ye
en direngli mikroorganizmanin patojen olmayan
E. coli K-12 MG1655 (D10 =0,88 kGy) oldugu bil-
dirilirken, EDI’ye en direngli patojenin ise L. mo-
nocytogenes (Do = 1,09 kGy) oldugu vurgulan-
maktadir. Cevresel sartlara daha dayanikli mikro-
biyal sporlarin da EDI uygulamasi sonucunda ter-
mal direnglerinin diistiigli bildirilmektedir (De
Lara ve ark., 2002; Valero ve ark., 2006). Ancak
tekrarlanan EDI uygulamalarinda mikroorganiz-
malarin 1sinlama prosesine direng kazandiklarini
gosteren caligsmalar da bulunmaktadir
(Levanduski ve Jaczynski, 2008). Calismalardan
da  gorildigi gibi, her mikroorganizma
radyasyona farkli yanitlar verebilmektedir.

EDI prosesini etkileyen bir diger faktor ise, gidaya

ait ozellikler olmaktadir. Gidanin boyutu, kalin-
1181, 151na maruz kalma sekli ve paketlenmesi, 151n-

lamanin penetrasyonunu etkileyerek dolayli ola-
rak dekontaminasyonunu da etkilemektedir (Lung
ve ark., 2015). Gida 1ginlama sistemlerinde uygu-
lanan dozlar temel alinarak kabaca ii¢ sinifa ayril-
maktadir.

e Diisiik doz uygulamalar (<1 kGy), bu uy-
gulamalar genelde kurutulmus meyvelerin,
baharatlarin ve tahillarin bocek dezenfeksi-
yonunda, muz gibi meyvelerin olgunlagma-
sin1 geciktirmede, patates, sogan, sarimsak
gibi sebzelerin filizlenmesini dnlemek icin
kullanilmaktadir.

e Orta doz uygulamalari (1 — 10 kGy), bu uy-
gulamalar gida iiriinlerinde mikrobiyal de-
kontaminasyonu saglayarak gidanin raf ém-
riinii uzatmaktadir

e Yiiksek doz uygulamalar: (10-60 kGy), bu
tip uygulamalar ise immiin sistemi ¢ok zayif-
lamis hastalarin ve astronotlarin tiikettikleri
gidalarda uygulanmaktadir (Fan ve ark.,
2012).

Gidalarda EDI prosesinin, belirlenen dozlarda uy-
gulanmasi ile birgok avantaja sahip oldugu bilin-
mektedir. Iyi tasarlanmig bir EDI uygulamasi ile,
gidanin raf dmrii uzamakta, mikrobiyal riski diis-
mekte, kalitesi artmakta ve bozulmalardan ileri
gelen ekonomik kayiplar 6nlenebilmektedir (Lung
ve ark., 2015). Bu avantajlara ek olarak bu yon-
tem, gidanin sicakligini yiikseltmedigi igin ¢ig gi-
dalarin da dekontamine edilmesine olanak ver-
mektedir (Henson, 1995). Termal dekontaminas-
yon yontemleri bu agidan kullanim kisitina sahip
olabilmektedir. Ayrica 1smlanmis gidalarin raf
Oomriiniin 151l islem gormiis gidalarla kiyaslandi-
ginda daha uzun oldugu da bildirilmektedir (Agu-
irre ve ark., 2012).

Ozellikle taze sebze ve meyveler EDI uygulama-
larinda 6nemli bir yer tutmaktadir. EDI’nin ¢ig gi-
dalarda Salmonella (Tahergorabi ve ark., 2012) ve
E. coli (Gomes ve ark., 2008) dekontamainasyonu
icin uygun bir arag¢ oldugu bildirilmektedir. Yapi-
lan bir ¢alismada EDI uygulamasinin 1spanak yap-
raklari tizerinde E.coli O157:H7 inhibe etme 6zel-
ligi bulundugu bildirilmistir (Gomes ve ark.,
2008). Aymi calismada 1sinlama uygulamasinin
depolama boyunca yapraklarin  sertliginin
1sinlama yapilmamis oOrneklerle kiyaslandiginda
daha yiiksek oldugu da bildirilmektedir. Ispanak
disinda sarimsak (Kim ve ark., 2014), mantar
(Fernandes ve ark., 2014), domates, marul ve
kavunda da (Trinette ve ark., 2011) EDI
uygulamalarinin kullanilabilirligi bildirilmektedir.
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Hububat da EDI uygulamalarinin yaygin kullanil-
dig1 bir alan olarak kabul edilmektedir. Bu
baglamda misir (Nemtanu ve ark., 2014) ve
sorgum (Shawrang, 2011) {izerine yapilan
caligmalar bildirilmektedir. Peynir (Kim ve ark.,
2010), bebek mamasi (Tesfai ve ark., 2014) ve
deniz tirtinleri (Jaczynski ve Park, 2003) gibi pek
cok gidada da EDI uygulamalar1 yapilmis ve
prosesin uygulanabilirligine dair sonuglar elde
edilmistir.

Gida iiriinlerinin yani sira ambalajlarin da 1smlan-
masi ile dekontaminasyon gerceklesmektedir. Bu
baglamda diisitk yogunluklu polietilen (LDPE)
gida ambalajlarinin 1s1mlanmasi da literatiirde yer
almaktadir (Han ve ark., 2007).

Et Dekontaminasyonunda EDI
Uygulamalan

Et, yapisal 6zellikleri dolayisiyla bozulmalara el-
verigli bir gida maddesidir. Bu baglamda et ve
iiriinlerinin dekontaminasyonu biiyiik 6nem tasi-
makta, dekontaminasyonu saglamak amacryla fi-
ziksel, kimyasal ve biyolojik temellere dayanan
pek ¢ok yontem bulunmaktadir (Ozbay-Dogu ve
Sarigoban, 2014). Et ve liriinlerinde alternatif bir
dekontaminasyon yontemi olarak EDI ve gama
isinlarimin kullanildigi bilinmektedir (O’Bryan ve
ark., 2008).

Yapilan bir ¢caligmada dondurulmus dana kiyma-
sinda E. coli O157:H7’ nin inaktivasyonu i¢in iyo-
nize radyasyonun ve hidrostatik basincin etkileri
incelenmistir. Bu ¢alismanin sonuglari, EDI ve X-
ray 1smlamanin E.coli O157:H7’yi limit degerin
altina dislirdiigiinii  gostermistir. Ancak hid-
rostatik basing uygulamasiyla ayni sonug elde edi-
lememistir (Schilling ve ark., 2009). Bu baglamda
EDI uygulamalarinin etkinliginden bahsetmek de
miimkiin olabilmektedir. Kiymada yapilan farkli
bir ¢alisma ile de E. coli O157: H7 nin EDI uygu-
lamasi ile etkin bir sekilde inaktive edildigi bildi-
rilmis ancak tekrarlanan uygulamalarda mikroor-
ganizmanin 1sinlamaya diren¢ gosterdigi de vur-
gulanmustir (Levanduski ve Jaczynski, 2008).

Farkl1 bir ¢aligsmada ise tavuk gogiis etine uygula-
nan elektron demeti 151nlamasinin Campylobacter
ve Salmonella iizerine inhibe edici etkisi oldugu
vurgulanmaktadir (Lewis ve ark., 2002). Sarjeant
ve ark. (2005)’da tavuk etine uygulanan EDI’nin
Salmonella iizerine inaktive edici etkisini vurgula-
makta ve 1s1nlama dozunun artmasinin psikotrofik
mikroorganizmalari inhibisyonunu arttirdigini

belirtmektedir. Farkli bir ¢aligmada ise hem ka-
natli etinin hem de yumurtasinin avian influenza
(kus gribi) viriisiinden dekontaminasyonunda EDI
uygulamast bagarili sonuglar verdigi vurgulan-
maktadir (Brahmakshatriya ve ark., 2009).

Ayrica EDI, diger dekontaminasyon tekniklerinin
etkinligini arttirmak i¢in bir arag¢ olarak da kulla-
nilmaktadir (Lung ve ark., 2015). Kiimes hayvan-
lar1 ile ilgili bir ¢alismada EDI dekontaminasyo-
nun etkinligini artiran bir ara¢ olarak biitiinlesik
bir yontemin i¢inde degerlendirilmistir. Sodyum
diasetat, sodyum laktat, potasyum benzoat gibi an-
timikrobiyaller ile birlikte uygulanan EDI prosesi,
L. monocytogenes’e karsi basarili sonuglar ver-
mistir (Zhu ve ark., 2009). Kirmiz1 ette de benzer
bir calisma gerceklestirilmis ve EDI uygulamasi
oncesinde laktik asitle etin muamele edilmesinin
antimikrobiyal etkiyi arttirdigi vurgulanmigtir (Li
ve ark., 2015). Yapilan ¢aligmalarda kiimes hay-
vanlar yetistiriciliginde bir sterilizasyon araci ola-
rak EDI kullaniminin uygunlugunu ve maliyet
avantajlarin1  vurgulamiglardir (Kotov ve ark.,
2003).

Bir diger et iirlinleri grubu olan deniz iirlinlerinin
de hizla bozulan gida maddeleri olmas1 dekonta-
minasyonlarinin dnemini artirmaktadir. Jaczynski
ve Park (2003) yaptiklar1 ¢aligma ile surimi isimli
deniz iiriinii iizerinde elektron demetinin penetras-
yonunu incelemis ve 33-82 mm kalinlikta penet-
rasyonunun gerceklestigini bildirmislerdir. Ayni
calismada EDI uygulamasmin S. aureus iizerine
inhibe edici etkisi de vurgulanmaktadir. Farkli
olarak tavsan etinin dekontaminasyonu iizerine
calisan Maxim ve ark. (2014), et ylizeyine esit da-
gilim gerceklestiren bir EDI araci gelistirmigler ve
bu uygulamanin E. coli O157: H7 iizerine inhibe
edici etkisini bildirmislerdir.

Isinlama uygulamalarinin et aromasi, rengi ve ko-
kusu tizerine etkileri bulunmaktadir (Ahn ve ark.,
2000; Jo ve Ahn, 2000; Du ve ark., 2002 Lee ve
Ahn, 2005; Kundu ve Holley, 2013) Ette EDI va-
sitastyla dekontaminasyon uygulamalarinda pro-
sesin tasarimi biiylik 6nem tagimaktadir. Isinlama
uygulamalar1 lipid peroksidasyonunu (hidroksil
radikalleri ve siiperoksitlerin olugmasi sebebiyle)
artirarak bu etkiyi olusturmaktadir. Lipid peroksi-
dasyonunun olusmasiyla istenmeyen koku ve renk
meydana gelebilmekte ayrica {iriiniin raf dmrii de
kisalabilmektedir (Lung ve ark., 2015). Buna kar-
silik farkli bir calismada 1simnlamanin tavuk eti ve
kiirlenmis etin duyusal 6zelliklerini degistirdigi
ancak sosislerin (frankfurter), duyusal 6zellikleri-
nin kabul edilebilir dlciilerde kaldigi, depolama
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stiresinin duyusal karakteristik iizerine daha etkili
oldugu vurgulanmistir (Johnson ve Resurrection,
2009). Johnson ve ark., (2004) yemeye hazir ka-
nathi etleri {izerine yaptiklari 1smlama caligma-
sinda benzer sonuglar elde etmis, 1sinlanmig Or-
neklerin depolama siiresi uzadikga kalitelerinin
distiigii vurgulanmistir. Bu gibi caligmalara karsi-
lik domuz pirzola, sigir eti, kiymasi ve tavuk eti
iizerine yapilan calismalarda iginlamanin bu et
uriinleri lizerine kalite 6zelliklerinde olumsuz et-
kileri olmadigi bildirilmistir (O’Bryan ve ark.,
2008). Benzer sekilde Lewis ve ark. (2008), tavuk
etine EDI uygulamasindan sonra panelistlerin EDI
uygulanan ve uygulamayan etler arasinda fark edi-
lebilir bir degiskenlik gézlemlemediklerini bildir-
mistir. Ayrica EDI, 6zellikle taze tavuk iirtinleri-
nin duyusal 6zelliklerini korumak i¢in uygun bir
dekontaminasyon yontemi olarak kabul edilmek-
tedir (Brahmakshatriya ve ark., 2009).

Ulkemiz Gida Isinlama Y6netmeliginde, patojen-
leri inhibe etmek, paraziter enfeksiyonlarin kont-
roliinii saglamak ve iirlinlerin raf dmriinii uzatmak
amaciyla 1sinlamanin yapilabilecegi bildirilerek,
deniz iiriinleri (max. 5 kGy), kanatl etleri ve kir-
miz1 ette (max. 7 kGy) smirlanan dozlarda islem-
lerin gerceklestirilebilecegi bildirilmistir (Ano-
nim, 1999). EFSA (2011) ise sinir doz degerleri
balik ve kabuklular i¢in 3 kGy, kanatli etleri i¢in 7
kGy, taze kirmizi et icin ise 2 kGy olarak bildir-
mistir. Diinya Saglik Orgiitii (WHO)’niin hazirla-
dig1 rapora gore 10 kGy’den daha diisiik dozlar-
daki gida 1simlama islemlerinin toksik etkiler ve
besleyici degerindeki kayiplar agisindan giivenli
oldugu bildirilmistir (WHO, 1997).

Sonuc¢

Et ve et lirlinlerinde EDI kullanimi, mikroorganiz-
malarin inhibisyonunda, yiizey dekontaminasyo-
nunun saglanmasinda ve bunlara bagl olarak et
driiniin raf Omriiniin uzamasinda kullanilabilir
yontemlerdir. Bunlara ek olarak EDI uygulama-
lari, kisa siiren islem siiregleriyle zaman ve mali-
yet tasarrufu da saglayabilmektedir. EDI’nin farkli
uygulamalarla desteklendigi biitiinlesik yontemler
de bulunmakta ve bu uygulamalarmm EDI’'nin et-
kinligini artirdig1 da ispat edilmistir.

Gelecek caligmalarda EDI uygulamalarinin gelis-
tirilmesine yonelik Ar-Ge ¢aligmalar1 yapilmasi-
nin iyi olacagi disiiniilmektedir. Ayrica gida de-
kontaminasyonunda EDI kullaniminin giivenli ol-
dugu, gidada kalan radyasyonun ya da gidanin

besleyiciligi lizerine olumsuz bir etkisinin olmadi-
gina yonelik caligmalar da arttirilmalidir (Lung ve
ark., 2015).

Ozellikle et ve iiriinlerinde lipid peroksidayonun-
dan dolay1 olusabilecek istenmeyen o6zelliklerin
bertaraf edilmesi i¢in uygun doz, zaman ve yon-
tem secimi lizerine galigmalar gelistirilmeli, hem
dekontaminasyonu en iyi sekilde gergeklestirecek
hem de {iriiniin kalite 6zelliklerini olumsuz etkile-
meyecek optimum yontemler belirlenmelidir.
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Oz:

Calismada, Karadeniz-Sinop Bélgesinde yetistirilen midyeler
(Mytilus galloprovincialis, L. 1819) kabuklarindan ayrilip,
bysuss ipliklerinden temizlenerek modifiye atmosfer paket-
leme (MAP) ve (%75C02+%25N2) vakum ile paketlenip 4
+2°C’de 21 giin boyunca muhafazaya alinmistir. Depolama
stiresince fiziksel, kimyasal, duyusal ve mikrobiyolojik ana-
lizler yapilarak midyelerin raf dmriiniin tespiti amaglanmustir.
Tiim analiz sonuglarina gére vakum paketlemenin modifiye
atmosfer (MA) ile paketlemeye gore midye eti kalitesi {ize-
rinde daha etkili oldugu (p<0.05) ancak vakum grubunda
agirlik kaybinin basingtan dolayr daha fazla oldugu tespit
edilmistir (p<0.05). Total ugucu bazik azot (TVB-N), Trime-
tilamin-azot (TMA-N), Tiyobarbiitirik asit (TBA) ve duyusal
analiz ile toplam psikrofil ve toplam mezofil bakteri sonuglari
birbirleri ile uyumlu bulunarak; MA ile paketlenen grubun 15.
giinde, vakum ile paketlenen grubun 21. giinde “tiiketilemez”
oldugu tespit edilmistir (p<0.05). Toplam koliform bakteri
yiikii her iki grupta da depolama siiresince sinir degerler ara-
sinda kalmistir. Midyenin “tiiketilebilir” oldugu giinler MAP
grubu i¢in 12 giin, vakum grubu i¢in 18 giin olarak tespit edil-
mistir.

Anahtar Kelimeler: Midye (Mytilus galloprovincialis, L.
1819), Modifiye atmosfer paketleme,
Vakum paketleme, Raf 6mrii, Soguk
muhafaza

Abstract:

Shelf Life Under The Refrigerator (4 £2°C) Conditions
of Mussels (Mytilus galloprovincialis, Lamarck 1819)
Packaged With Modified Atmosphere

In this study, mussels cultivated in the Black Sea-Sinop re-
gion which were taken of crusts and cleaned from byssus
(Mytilus galloprovincialis, L. 1819) were divided two groups.
First group was packaged with modified atmosphere packa-
ging (MAP) (%75C02+%25N2) while the second group by
vacuum packing and then both of them were stored at refrige-
rator temperature (4 +2°C) for 21 days. It is aimed to deter-
mine the shelf life of mussel by physical, sensory, chemical,
microbiological analysis during the storage period. Accor-
ding to the results, the quality of mussel’s meat was better in
vacuum packaging than MAP but the weight loss was higher
at vacuum packaging because of pressure. Results of total vo-
latile basic-nitrogen (TVB-N), trimethylamine-nitrogen
(TMA-N), thiobarbituric acid (TBA), sensory analysis and
the number of psychrophilic and mesophilic bacteria were si-
milar and it was determined that the mussels became incon-
sumable at 21" day and 15% day in vacuum packed and MAP
group, respectively (p<0.05). During the period of storage,
the number of coliform bacteria was between the limit values.
The consumable period of mussel was found as 12 day and
18 day for MAP and vacuum group, respectively.

Keywords: Mussel (Mytilus galloprovincialis, L. 1819),
Modified atmosphere packaging, Vacuum
packaging, Shelf life, Cold storage
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Giris

Denizlerimizden avlanan midye miktar1 toplam
29000 ton olup bunun biiyiik bir kismini (28030
ton) beyaz kum midyesi, geri kalanini1 ise kara-
kill1 midye (887 ton) ve akivades (83 ton) olustur-
maktadir (TUIK, 2014). Ekonomik degeri yiiksek
olan kara midye, iilkemizde daha ¢ok midye
dolma veya midye tava seklinde tiiketilmektedir.
Ozelikle midye dolma halk arasinda ragbet géren
bir tirlindiir.

Avlanir avlanmaz islenmesi gereken midyelerin
tiikketilinceye kadar kalitelerini korumak i¢in degi-
sik On iglemler yapilmaktadir. Kabuklarindan ay-
rildiktan sonra, su igerisinde buzdolabinda veya
derin dondurucuda saklanan midyelere hemen he-
men her restoranda rastlamak miimkiindiir. Ancak
bu sekilde buzdolabinda saklanan midyelerde ge-
nellikle {igiincii glin sonunda kalite kayb1 olmak-
tadir. Su {riinlerinin yapisal igerigi nedeniyle or-
taya cikan bozulmalarin Onlenebilmesi ve da-
yanma siirelerinin uzatilabilmesi i¢in gelistirilen
vakum ve modifiye atmosfer paketleme (MAP),
soguk muhafazayla birlikte iyi sonuglar vermekte-
dir. Midyelerin dondurularak uzun siireli saklan-
malarina iliskin mevcut ¢alismalar bulunmaktadir.
Ancak, vakum ve MAP uygulamanin soguk kosul-
lardaki raf omriine etkisi sinirli diizeyde caligil-
mistir. Bu ¢alisma ile vakum ve MAP uygulanan
midye etlerinin marketlerin soguk raflarinda yer
alacak sekilde ambalajlanmasin1 saglamak ve
buna bagli olarak raf dmriinii artiracak yontemi or-
taya koymak amaglanmistir.

Materyal ve Metot

Bu arastirmada Karadeniz’in Sinop Bdlgesinde
halat sisteminde yetistirilen ortalama 60.46
+0.60mm boylarinda, 20.50 +£0.50g agirhiginda ve
6.19 £0.20g et agirligt olan (toplamda 6500g et
agirligi) kara midyeler (Mytilus galloprovincialis)
kullanilmastir.

Temizlenen midyelerden baglangi¢ parametreleri-
nin belirlenmesi i¢in bir miktar ayrilmis, geri ka-
lan midyeler ise otoklavda 115°C’de 0.74 kg/cm?
basingta 4 dk siireyle buharda bekletildikten sonra
kabuklarindan ve bysuss ipliklerinden uzaklagtiril-
mistir. Cesme suyu ile yikanan midyeler vakum
altinda ve MAP teknigi ile paketlenmek iizere 2
tekerriirlii 2 gruba ayrilmigtir. Her tekerriirde orta-
lama 1600g midye eti kullanilmistir. Her tabak
igerisine yaklasik 200g midye eti koyulmus ve ta-
baklar, oksijen gecirgenligi 160 cc/m*/giin
(ASTM D-3985) ve nem gecirgenligi 8.50
g/m?/giin olan gerdirilmis Poliamide (Oriented

Polyamide-OPA)-Polyetilen (PE) baskisiz polieti-
len posetler i¢ine yerlestirilmigtir. Midyelerin ya-
rist vakum altinda, diger yarisi ise MAP teknigi ile
paketlenmistir. MAP yapilacak drnekler i¢in her
paketin vakumla havast ¢ekilip paket icine
gaz/lirtin oran1 yaklasik 3/1 (v/w) olacak sekilde
%75C0,+%25N,’den olusan gaz karigimi veril-
mis ve sizdirmaz sekilde kapatilarak paketleme is-
lemi tamamlanmustir. Her iki sekilde paketlenen
midyeler, 4 £2°C’deki buzdolabinda depolanmis-
tir.

Midyeler duyusal, kimyasal, fiziksel ve mikrobi-
yolojik agidan 3 giin ara ile 21 giin boyunca analiz
edilmis olup, analiz gilinlerinde her gruptan 1’er
paket (200x2=400g et midye) kullanilmistir. Ana-
lizler her tekerriir i¢in 3 paralel yapilmugtir.

Analiz giliniinde buzdolabindan ¢ikarilan paketle-
rin {izerine 9*9 mm boyutlarinda gaz gegirmeyen
bantlar yapistirilarak, iizerine batirilan igne yardi-
miyla paket igerisindeki O, ve CO, miktarlari,
OXYBABY M+02/CO model paket i¢i gaz 6l¢iim
cihazi ile dl¢lilmiistiir. Midyelerin oransal agirlik
kaybu, ilk ve son agirlik arasindaki farkin ilk agir-
liga orani1 seklinde hesaplanmistir. Midyenin besin
kompozisyonunun tespiti i¢in ham protein (James,
1995), ham yag (AOAC, 2005), su (AOAC, 1995),
ve ham kiil (AOAC, 1995) analizleri yapilmustir.
Midye etinin su, yag, protein ve karbonhidrat de-
geri belirlendikten sonra, enerji degeri Atwater
metoduna gore hesaplanmistir (Falch ve ark.,
2010). pH 6l¢limii, homojen 6rnek 1/1 (w/v) ora-
ninda sulandirildiktan sonra pH metre probunun
¢Ozelti i¢ine daldirilmast suretiyle yapilmistir
(Manthey ve ark., 1988). TVB-N miktar1, Antona-
copoulus tarafindan modifiye edilmis Liicke-Gei-
del metodu ile (Ludorfve Meyer, 1973), TBA ana-
lizi Tarladgis ve ark. (1960)’na gore yapilmistir.
TMA-N tayini Boland ve Paige (1971)’den modi-
fiye edilerek yapilmistir. Mikrobiyolojik analizler
icin homojenize edilen 6rneklerden 107,102, 107,
10, 107 oranlarinda diliisyonlar hazirlanmis ve
besiyeri olarak Plate Count Agar kullanilmistir.
Dokme plak yontemi kullanilarak besiyerine 1 ml
ekim yapilan petriler psikrofil mikroorganizmalar
icin 7°C’de 10 giin, mezofil bakteri saymm
37°C’de 24-48 saat inkiibasyona birakilmistir (Ba-
umgart, 1986). Toplam koliform bakteri sayimi
icin VRBA kullanilarak ¢ift katman dokiilen pet-
riler 35-37°C’de 18-24 saat inkiibe edilmistir. In-
kiibasyon sonunda 1-2 mm ¢apinda kirmizimsi bir
presipitat zonu ile ¢evrili koloniler Enterobacteri-
aceae familyasinin laktoz pozitif iiyeleri olarak
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koliform grup bakteriler olarak sayilmigtir. Sa-
yimda 15-150 koloni igeren petri kutular1 kullanil-
mistir (Halkman,2005; ISO 4832-1991). Duyusal
testlerde 4 kalite faktorii goz 6niinde bulundurula-
rak (lrlinlin yapisi, genel goriiniisii, kokusu ve
tadi)  degerlendirme  yapilmistir.  Inugur
(2006)’dan modifiye edilen skalaya gore, 10-8
puan arasi “cok iyi”, 8-6 “iyi”, 6-5 “orta”, 5-4 “tii-
ketilebilir” ve 4 puanin alt1 “tiiketilemez” olarak
degerlendirilmistir.

Arastirma sonunda elde edilen veriler Minitab Re-
lease 13 paket programi kullanilarak varyans ana-
lizi ile degerlendirilmistir. Gruplar arast (%95
onem derecesi) farkliliklar Tukey testi ile belirlen-
mistir.

Bulgular ve Tartisma
Besin Kompozisyonu

Midyenin haglama 6ncesi ve sonrasi besin kompo-
zisyonu Tablo 1.’de verilmistir.

Otoklavdaki haglama igleminin neden oldugu su
kaybina bagl olarak, haglanmis midyenin su mik-
tar1 azalirken, protein ve yag miktarinda énemli
derecede artis gozlenmistir (P<0.05). %4.65 ola-
rak bulunan karbonhidrat miktar1 da haglama isle-
minden sonra énemli derecede artarak %6.50’ye
yiikselmistir (P<0.05). Midyenin protein, yag, su
ve kiil degerleri farkli arastirmacilar tarafindan; si-
rastyla; %8.9, %0.9, %83.04, %1.14 (Sentiirk,
1994); %9-13, %0-2, %80 (Waterman, 1978; Go-
giis ve Kolsarici, 1992); %7.8, %2.2, %86, %1.5
(Ertistiin  ve Sentiirk, 1991); %6.15, %1.02,
%86.44, %1.04 (Erkan, 1996); %12.27, %1.51,
%85.13, %1.58 (Arslanca, 1997); %10.24, %1.49,

Tablo 1. Midye eti besin bilesimi ve enerji miktart

%82.99, %1.14 (Karaylicel ve ark., 2003); %7.50,
%1.30, %87.53 ve % 1.09 (Turan ve ark. 2012)
olarak bildirilmistir. Besin kompozisyonundaki
farkliliklar midyenin biiyiikliigii, avlandigi bolge
ve mevsim farkliliklar1 olabilir.

Agirhk Kayb

Modifiye atmosfer ve vakum ile paketlenen ve
buzdolab1 kosullarinda muhafaza edilen midyenin
oransal agirlik kaybi (%) bulgular1 Sekil 1.’de ve-
rilmistir.

Sekil 1.’de goriildiigli gibi depolama siiresince
MAP grubundaki agirlik kaybi, vakum grubuna
gore daha az olmustur (P<0.05). Vakum uygula-
malarinda paketleme islemi esnasinda paket igeri-
sine verilen yiiksek basing ve daha sonra uygula-
nan vakum islemi nedeniyle kas dokusunda bulu-
nan serbest suyun bir kism1 dokuyu terk eder. Ay-
rica depolama siiresince proteinlerde pargalanma
ve denaturasyon gibi degisimler de dokuda tutulan
suyun azalmasina neden olabilir. 18. giin sonunda
agirlik kaybt MA paketlenen grupta %0.34, va-
kum paketlenen grupta ise %1.76 olmustur. Ca-
ligma stiresince saptanan maksimum agirlik kaybi
(%1.85) vakum grubunda 21. giinde tespit edil-
mistir. Hansen ve ark. (2009), MAP ve vakum uy-
gulanarak paketlenen salmon baliklarinda en yiik-
sek agirlik kaybinin vakum uygulanan grupta goz-
lendigini, MAP uygulamalarinda CO,’in balik eti
ylizeyinde absorblanmasi nedeniyle agirlik kaybi-
nin daha az oldugunu bildirmistir. Gudjonsdottir
ve ark. (2008) da, balik eti ylizeyinde CO, absorb-
landigin1 ya da damlaciklar seklinde bulundugunu,
agirlik kaybinin CO; ile paketlenen gruplarda mi-
nimum kaydedildigini belirtmistir.

Table 1. The amount of energy and nutrient composition of mussel meat

. . Ham Ham Yag Ham Kiil Karbonhidrat Enerji
(1)
Midye eti -~ Su (%) Protein (%) (%) (%) (%) (keal/100g)
Cig 84.23 £0.82* 8.70 £0.47° 0.83 £0.05* 1.59 +£0.08° 4.65 +0.29" 381 £2.91°
Haslanmis 76.18 £0.39° 14.33 £0.18° 1.64 £0.22° 1.35+0.03* 6.50 +0.02° 431 +6.38°

%% (1) : Farkli harf tagtyan gruplar arasindaki fark 6nemlidir (P<0.05)
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Sekil 1. Farkli paketlenen midyelerde depolama siiresince oransal agirlik kaybi degerleri (%)
Figure 1. The relative weight loss values of different packed mussels during storage (%)

Paket i¢i Gaz Miktarlar

CO; ve O, gaz dlgiim sonuglart Sekil 2.’de veril-
mistir. MAP grubuna ait paket i¢i O; gaz 6l¢glim
degerleri depolama siiresince -0.10+ 0.00 olarak
bulunmustur.

Depolama siiresince MAP uygulanan midyelerde
O, miktar1 stabil kalmis ve depolama siiresi bo-
yunca fark tespit edilmemistir (P>0.05). ilk giin en
yiiksek degere sahip olan CO, degeri (%71.8),
daha sonraki giinlerde azalis ve artiglarla farkl dii-
zeylerde tespit edilmistir (P<0.05). Depolama bo-
yunca CO; degerleri arasinda en diisiik sonug 6.
giinde tespit edilmistir (P<0.05). Farkl1 arastirma-
cilar depolama siiresince CO, miktarindaki azal-
manin, gazin dokularda ¢éziinmesinden ya da fil-
min gegirgenliginden kaynaklanabilecegini belirt-
mektedir (Reddy ve ark., 1996; Metin, 1999; Ruiz-
Capillas ve Moral, 2001). Paketlemeden birkag
giin sonra, 6nce azalan ve sonra mikrobiyal akti-
vite sonucu artan (Ruiz-Capillas ve Moral, 2001)
CO; konsantrasyonunun stabil duruma yaklagabi-
lecegi de belirtilmektedir (Randell ve ark., 1997,
Gudjonsdottir ve ark., 2008). Calismamizda da
benzer olarak MAP uygulanan midyelerin CO;
miktart once azalmig daha sonra artig gostererek
stabil durumda kalmustir.

pH Degeri

Baglangi¢c pH degeri 6.38 olarak 6lgiilen ¢ig mid-
yenin haslandiktan sonraki pH degeri haglamanin
etkisiyle 6.62’ye yiikselmistir (P<0.05).

Depolama siiresince gruplarin pH degerleri genel
olarak 6.46 ile 6.98 arasinda degismistir. Erkan ve
ark. (2006), depolama siiresince artan pH degeri-
nin bozulma kriteri olmadigini ve bunun kimyasal,
mikrobiyolojik ve duyusal analizlerle desteklen-
mesi gerektigini bildirmistir. Manousaridis ve ark.
(2005), mollusklardan istiridye i¢in pH tazelik
skalasini, pH= 6.2-5.9 iyi kalite, pH= 5.8 tiiketile-
bilir kalite, ph= 5.7-5.5 bozulmus kalite seklinde
bildirmistir. Binsi ve ark. (2007) ise taze midyeler
icin pH degerini 6.5 olarak bildirmislerdir. Bu
arastiricilarin bildirdigi degerler géz oniinde bu-
lunduruldugunda depolama siiresince midyelerin
iyi kalitede oldugu soOylenebilir. Benzer olarak
Caglak ve ark. (2008), %50 CO2/%50 N, ve %80
C0O2/%20 N ile paketlemis taze midye ornekle-
rinde pH degerini depolamanin ilk glinii 6.72 ve
6.68 depolamanin 12. giinii 5.99 ve 6.13 olarak
bildirmislerdir. Calismamizda gbzlenen pH degi-
simleri, midye etindeki gaz absorbsiyonlari, total
ucucu asit ve bazlarin olugmasi ile diger kimyasal
reaksiyonlardan kaynaklanabilmektedir.

TVB-N Analiz Sonuclari

Cig midye 6rneklerinde 17.62 mg/100g olarak bu-
lunan TVB-N degeri, haslamanin etkisiyle 14.01
mg/100g’e kadar diigmiistiir (P<0.05).
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Sekil 2. MAP uygulanan drneklerin paket i¢ci CO; ve O, gazi degisimi (%)

Figure 2. Exchange of CO; and O, gas in pack of MAP sample (%)
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Sekil 3. MAP ve vakum ile paketlenen midyelerin pH degerlerindeki degisimi

Figure 3. Change pH values of MAP and vacuum packed mussels
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Sekil 4. MAP ve vakum paketlenen midyelerin TVB-N degeri degisimi (mgN/100g)
Figure 4. TVB-N value change (mgN/100g) of MAP and vacuum packed mussels

Haglanmis midyenin 14.01 mg/100g olarak bulu-
nan TVB-N miktar1 iki grupta da depolama siire-
since onemli derecede artmistir (P<0.05). Her iki
grubun TVB-N degerleri 9. giine kadar birbirine
yakin seyrederken, ilerleyen giinlerde MAP’l1
midyelerde daha yiiksek degerler elde edilmistir
(P<0.05). MAP’l1 6rneklerde 15. giindeki TVB-N
degerine vakum paketli midyelerde 21. giinde ula-
stlmistir. Bir diger ifadeyle bu gruptaki TVB-N ar-
tist MAP’l1 gruptaki kadar hizli olmamistir. CO;
gazinin TVB-N artigin1 diisiiriicii etkisine ragmen
vakum uygulanan grup sinir deger 35mg/100g ka-
bul edildiginde (Kietzmann ve ark., 1969) 18.
giine kadar, MAP uygulanan grup ise 12. giine ka-
dar tiiketilebilir degerde bulunmustur. Sikorski ve
ark. (1990)’a gore midye ve istiridye gibi kabuklu
su Urtinleri i¢cin TVB-N tiiketilebilir sinir deger 17
mg/100g’dir. Sogukta depolanmis (4°C) midyeler-
deki (Mytilus galloprovincialis) kimyasal degisik-
liklerin izlendigi bir ¢aligmada tiiketilebilir TVB-
N simnir degerini 15-20 mg/100g olarak bildirilmis-
tir (Erkan, 2005). Lopez-Cabelleno ve ark. (2000)
bozulmus istiridye 6rnekleri i¢in TVB-N degerini
25-30 mg/100g olarak bildirmektedir. Goulas ve
ark. (2005), midyelerin duyusal analiz sonuglarina
gore tiiketilemez olarak degerlendirildigi giin
TVB-N degerinin 22-25 mg/100g oldugunu belirt-
miglerdir. Turan ve ark. (2012) 12.92 mg/100g
TVB-N degerine sahip olan midyelerin buzdola-
binda 4 giin depolanmalar1 sonunda stre¢ fimli
olanlarda 41.38 mg/100g, su i¢inde saklananlarda
ise 37.64 mg/100g TVB-N degerine ulastigini tes-
pit etmislerdir. Banks ve ark. (1980), baliklarin
CO; ile muhafazasi siiresince TVB-N degerinin

diisiik tespit edildigini ve TVB-N analizinin MAP
iirlinlerinin tazelik tespitinde kullanilamayacagini
belirtmistir.

Tiyobarbitiirik Asit (TBA) Sayis1

Cig ornekte 4.35 mg MDA/1000g olarak tespit
edilen TBA degeri, haslandiktan sonra 4.82
mgMDA/1000g’a yiikselmistir (P<0.05). Hasla-
nan midyedeki TBA artisi, 1s1 etkisiyle yag icin-
deki maddelerin par¢calanmasindan dolay1 olabilir.
Zira 1s1 yag oksidasyonunu hizlandiran faktorler-
den biridir.

MAP ve vakum gruplarindaki TBA degeri depo-
lama siliresince diizenli bir artis gostermis
(P<0.05), ancak vakum uygulanan midyelerde
daha diisik TBA degerleri elde edilmistir
(P<0.05). Vakum grubunda daha diisiik TBA de-
gerlerinin elde edilmesi paket igindeki havanin
uzaklastirilmasi nedeniyledir. Ciinkii oksidasyonu
baslatan ve hizlandiran en 6nemli faktorlerden biri
oksijendir. Gimenez ve ark. (2002b) tarafindan
MAP uygulanan gokkusagi alabaligi filetolar
iizerinde yapilan ¢alismada da en yiiksek TBARS
degeri en fazla O, igeren grupta, en diisiik deger
ise vakum uygulanan grupta saptanmistir. Su
iirlinlerinde yag oksidasyonunun belirlenmesi i¢in
kullanilan TBA degeri igin verilen kalite sinifla-
mas1 “cok iyi materyalde 3 mg/kg’dan az”, “iyi
materyalde 5 mg/kg”, “tiiketilebilir stnir degeri sa-
yis1 ise 7-8 mg/kg” olarak bildirilmektedir (Varlik
ve ark., 1993). Calismamizda vakum uygulanan
grup 18. gline kadar, MAP uygulanan grup ise 12.
giine kadar tiiketilebilir bulunmustur.
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Trimetilamin Azot (TMA-N) Miktari

Midye etinin 2.62 mg/100g olan TMA-N degeri
haslandiktan sonra 1.85 mg/100g’a diigmiistiir
(P<0.05). Bu durum pisirmenin etkisiyle protein
olmayan azotlu maddelerin ugucu hale gelmesin-
den kaynaklanabilir. MAP ve vakum paketlenen
midye 6rneklerinin depolama siiresince tespit edi-
len TMA-N degerleri ise Sekil 6’da verilmistir.

Her iki grupta depolama boyunca TMA-N deger-
lerinde diizenli bir artig olup (P<0.05), vakum gru-
bunda daha diisik degerler elde edilmistir
(P<0.05). FAO (1986)’ya gore maksimum “kabul
edilebilir” TMA-N degeri 8§ mg/100g iken, Goulas
ve ark., (2005) tarafindan 12 mg/100g, Manou-
saridis ve ark., (2005) tarafindan 10-15 mg/100g,
Varlik ve ark., (1993) tarafindan ise 8 mg/100g
olarak bildirilmistir. MAP uygulanan grubun 12.
giine kadar, vakum paketlenen grubun ise 18. giine
kadar tiiketilebilecegi tespit edilmistir.

Toplam Mezofil Bakteri Sonuclari

Su iiriinleri yonetmeligi (2001)’e gore tiiketilebilir
siir deger 6 log kob/g’dir. Cig midyelerin mezofi-
lik bakteri sayis1 3.58 log kob/g seklinde olup has-
landiktan sonra bu deger 1s1 etkisiyle 3.16 log
kob/g’a diigmiistiir (P<0.05).

Bu deger paketlenen midyelerde zamanla artis
gostermis, ancak gruplar arasinda 6. giine kadar

birbirlerine benzer sonuglar alinmigtir (P>0.05).
MAP grubunun 9. giin, 12. giin, 15. giin ve 18.
giindeki toplam mezofilik bakteri sayisi vakum
grubuna gore dnemli derecede daha yiiksek ¢ik-
mistir (P<0.05). MAP uygulanan grup 15. giinde,
vakum uygulananlar ise 21. giinde sinir degere
ulagmigtir. MA ile paketlenen 6rnekler 12. giine
kadar, vakum uygulanan 6rnekler 18. giine kadar
tiikketilebilir bulunmustur. Goulas ve ark. (2005),
midyeleri MAP ile paketleyip depoladiklart calis-
malarinda midyelerin ilk giin toplam mezofilik ae-
robik bakteri yiikiinii 4.5 log kob/g olarak bildir-
mistir. Depolamanin 8. giinii ise %50N, / %50CO;
ve %20 N / %80CO- ile paketlenen drneklerdeki
toplam bakteri yiikii sirayla 7.2 ve 6.5 log kob/g
olarak bildirilmistir. Caligmamizdaki midye or-
neklerinin ilk giinkii mezofilik bakteri yiikii daha
diisiik oldugundan daha uzun siire dayanmig ola-
bilir.

Toplam Psikrofil Bakteri Sonuclar

Cig midye etinin 3.55 log kob/g olan psikrofil bak-
teri yiikii, haglandiktan sonra 2.22 log kob/g’a diis-
miistiir (P<0.05). Toplam psikrofil bakteri deger-
leri depolama siiresince artis gostermis, ve toplam
mezofil bakteri sonuglarma benzer olarak va-
kumda daha diisiikk bulunmustur (P<0.05) (Sekil
8).
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Sekil 5. Depolama siiresince gruplarin TBA degeri degisimi (mg MDA/1000g)

Figure 5. TBA value change of the groups during storage (mg MDA/1000g)
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Sekil 6. MAP ve vakum paketlenen midyelerin TMA-N degeri degisimi (mg TMA/100g)
Figure 6. TMA-N value change (mg TMA/100g) in the MAP and vacuum packed mussels
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Sekil 7. Depolama boyunca gruplarin toplam mezofil bakteri sayis1 (log kob/g)
Figure 7. The number of total mesophilic bacteria group during storage (log cfu/g)
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Sekil 8. Depolama siiresince gruplarin toplam psikrofil bakteri sayis1 (log kob/g)

Figure 8. The number of total psychrotrophic bacteria of group during storage (log cfu/g)

Psikrofil bakteri miktar1 vakum grubuna kiyasla
MAP uygulanan grupta ilk giinlerde karbondiok-
sitin etkisiyle daha yavas artmis, fakat bozulma
iiriinlerinin etkisiyle MAP 6rnekleri 15. giinde si-
nir degere ulasmistir. Bulunan sonuglara gore
MAP uygulanan midyeler 12. giine, vakum uygu-
lananlar ise 18. giine kadar tiiketilebilir 6zellikte
bulunmustur. Krizek ve ark. (2004) vakum paket-
lenmis sazan 6rneklerinin psikrofil bakteri yiikiinii
kontrol grubu 6rneklere gore oldukca diisiik bul-
mugslardir. Villemure ve ark. (1986) %75 N»/%25
CO; gaz karisimryla paketledikleri baliklarin psik-
rofilik bakteri yiikiinii atmosferik hava ile paketle-
nen orneklere gore daha diisiik tespit etmislerdir.
Ulusoy (2008), modifiye atmosfer uygulanan
midye Orneklerinde depolama boyunca yiiksek
anaerobik bakteri yiikii tespit etmis, karbondioksit
gazinin anaerobik bakteriler iizerinde gelismeyi
arttirict etkisinden dolay1 atmosferik hava gru-
bunda daha az tireme oldugunu sdylemistir. Turan
ve ark. (2012), baglangicta 3.94 log kob/g mezofil,
3.23 log kob/g psikrofil ve 3.80 log kob/g entero-
bakteri yiikiine sahip olan midyelerin 4. giin so-
nundaki yiiklerini stre¢ filmlenen ve suda saklanan
gruplarda sirasiyla, 7.54-7.45 log kob/g, 6.07-6.17
log kob/g ve 5.88-5.87 log kob/g olarak bulmus-
tur. Calismada kullandigimiz midyelerin baslan-
gic bakteri yiikiiniin az olmasi ve kullandigimiz
paketleme teknikleri sayesinde iiriin daha uzun
stire dayanmustir.

Toplam Koliform Bakteri Sonuclar:

Cig haldeki midye orneklerinde 0.39 log kob/g
olarak bulunan koliform bakteriye haslanmis
midye etinde rastlanmamistir (P<0.05).

Koliform bakteri yiikiiniin ¢ok diisiik ¢ikmasi, ha-
latlarda yetistirilen midyelerin bulunduklar1 bol-
genin temiz olmasindan kaynaklanmaktadir. Su
iirlinleri yonetmeligi (1995)’e gore ¢ift kabuklu
yumusakealar i¢in maksimum sinir deger 10° log
kob/g’dir. Caligmamizin 6. giininde MAP 6rnek-
lerindeki toplam koliform bakteri sayisi 0.46 log
kob/g, vakum 6rneklerinde ise 0.39 log kob/g ola-
rak tespit edilmis ve degerler arasindaki fark
o6nemli bulunmustur (P<0.05). Depolamanimn 6.
giinlinden son giiniine kadar koliform bakteri say1-
sinda MAP gruplarinda daha fazla olmak iizere ar-
tis olmustur. Eriistiin ve Sentiirk (1991), taze
midye Orneklerindeki koliform sayisini 0-120
adet/g olarak bildirmis, E. coli ise tespit etmemis-
lerdir. Lee ve Pfeiffer (1977), karidesler iizerine
yaptiklar1  aragtirmalarinda ¢ig karideslerde
1.6x10° g tespit ettikleri mikroorganizma miktari-
nin, haglama ve kabuk soyma uygulamasi ile
3.3x10* g’a kadar diisiiriildiigiinii bildirmislerdir.

Duyusal Analiz Sonuclar:

Haslanan midyeler paketlendikten sonra deneme
planinda belirtilen periyotlarda yapilan duyusal
analizlere gore, MA ile paketlenen grupta 15. giin
amonyak kokusu hissedilmeye baglamig, 18.
giinde bu koku yogun olarak hissedilmistir. Va-
kum grubunun MAP grubuna gore daha dayanikli
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oldugu ve amonyak kokusunun ancak 21. giinde
hissedildigi belirtilmistir. MAP grubunun renkleri
15. giinde matlasip grilesmeye baslamis, vakum
isleminin midye rengini korudugu ancak 21.
giinde renginin donuklastigi soylenmistir. Gorii-
niis ve tekstiir degerlendirmelerinde de MA ile pa-
ketlenen 6rnekler vakum grubuna gore daha diisiik
kaliteli olarak nitelendirilmistir.

Gruplarin kimyasal, mikrobiyolojik ve duyusal
analiz sonuglar1 birlikte degerlendirildiginde;
MAP ve vakum grubu 6rneklerinin tiiketilebilir ol-
dugu giinler sirastyla 12. ve 18. giin olarak tespit
edilmistir.
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[t I ST
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Sonuc¢

Sonu¢ olarak, vakum paketlenen midye etinin,
MA ile paketlenip depolanmasindan daha iyi so-
nuglar verdigi ve raf dmriinii %50 arttirdig1 bulun-
mustur. Basingtan dolay1 vakum grubunda agirlik
kayb1 daha fazla olsa da, bu kaybin pratik agidan
cok biiylik olmadigi, ayrica vakum uygulamanin
TVB-N, TBA, TMA-N ve bakteri gelisimini ya-
vagslattig1 ve yag oksidasyonunu engelledigi tespit
edilmisgtir.
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Figure 9. The number of total coliform bacteria of groups during storage (log cfu/g)
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Figure 10. Changes in the smell values of MAP and vacuum packed mussels
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Figure 11. Changes in color values of MAP and vacuum packed mussels
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Figure 13. Changes in the texture values of MAP and vacuum packed mussels
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Abstract:

The aim of this study was to determine quality changes
occurring in refrigerator (3 £1°C) of rainbow trout (On-
corhynchus mykiss) was injected marinade brine and
salt brine. The trouts were stored into 3 groups as con-
trol, marinade (4% acetic acid-8% salt) injected and
brine (20% salt) injected groups. Moisture, crude pro-
tein and crude fat of fresh trout were found 78.04%,
16.83% and 4.18%, respectively. Total volatile basic
nitrogen (TVB-N) and thiobarbituric acid (TBA) values
were determined below the limit values during the stor-
age period. TVB-N and TBA values of control, mari-
nade injected and brine injected groups were found as
20.42 mg/100g, 0.35 mg MA/kg; 21.70 mg/100g, 0.30
mg MA/kg; 17.60 mg/100g, 0.30 mg MA/kg at the end
of the storage, respectively. Total mesophilic aerobic
bacteria (TMAB), total psychrophilic aerobic bacteria
(TPAB) and total coliform counts were determined as
4.54 cfulg, 4.34 cfu/g and 3.07 cfu/g at the end of the
storage, respectively. In terms of sensory, the trouts
were evaluated as raw and cooked, and quality values
were determined to below the limit values for the con-
trol group at 11 day, marinade and brine injected groups
at 13 day.
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Introduction

The aquaculture of fisheries in industrial sense
made an important progress in the last 25 years in
Turkey and all around the world. Among the ag-
uaculture species, Trouts have an important part in
this progress. Considering the potential culture
fishing of Turkey, trouts constitute the portion of
54.86% (128 059) of the total aquaculture amount
(233 393 tons) (TUIK, 2013). Within the increas-
ing amount of aquaculture, important develop-
ments were observed in consumption, production
and process techniques of trouts. Trouts are gener-
ally consumed as fresh, but also frozen, filleted,
smoked and marinated trout products started to hit
the shelves.

Various techniques were developed with the aim
of protecting the quality of seafood. By means of
being refrigerated, the deterioration of fisheries
can be delayed for a length of time. Refrigeration
process is generally conducted by keeping the
product contact with ice and preserving it at a low
temperature (close to the 0°C). In salting method,
the sterilizer effect of "C1" ion and the reduction
in water activity of product inhibit the bacterial
growth. The passing of salt water into the fish
meat can be carried out with the help of salt injec-
tion machines and used in industry. Similarly,
there have been many studies about the effect of
marinade solution injected into the red meat on the
quality. As various process techniques can be ap-
pliedsingly, combinated process techniques are
also used in seafood. The implementation of salt-
ing techniques in smoking and drying process can
be given as an example of combinated process
technique. Marination preserves fish through the
simultaneous action of salt and organic acids. Ma-
rinasyon involves increasing the ionic strength and
decreasing the pH. The aim is not only to prevent
microorganism growth but also to allow a way of
valorization other than salting for different fish
products. Marination is also used to tenderize or to
change taste, textural and structural properties of

meat (Cakli, 2007; Deniz, 2009; Gokoglu et al.,
1999; Varlik et al,. 2011; Gokoglu, 2002;
Kocatepe et al., 2010; Fuselli et al., 1994; Ki-
jawski and Mast, 1993; Oreskovich et al., 1992;
Seuss and Martin, 1993).

The aim of the study was compare the quality at-
tributes (sensorial, chemical, microbiological and
biochemical) of marinade and salt brine injected
rainbow trout under refrigerator conditions.

Materials and Methods

A total of 90 trout (Oncorhynchus mykiss) was
purchased from aquaculture farms in Rize, Tur-
key. The fish were then transported to the labora-
tory in 30 min. The avarage lenght of the trouts
were measured as 23.13 +0.83cm, their avarage
width as 4.77 £0.11 cm and their avarage weight
as 213 £17.1g. The measurement of their lenght
and width was carried out with 0.1 mm sensetive
digital caliper (Mahr 16ER) and measurement of
their weight was carried out with 0.01 sensetive
digital scales (And GR-200).

This study was planned as 3 groups and it used to
30 trouts in each groups. 2-cm pinpoints were used
in injection process applied to the trouts and they
were changed in each practice. The injection was
carried out in 8 different points from back to the
spinal cord and from head to the back (Figure 1).
In each injection, 2.5 mL marinade brine and salt
brine were injected into each fish with the purpose
of being 20 mL in total. 4% marinade brine (4%
acetic acid, 8% salt mixture) was injected into 1st
group and 20% salt brine was injected into 2nd
group and the 3rd group trouts were protected as
pure (control). The trouts were put in styropor
boxes and icing process was carried out to cover
the fishes. During the study, the melted ice was re-
moved from styropor boxes and new ice was
added in every two days. Trouts were preserved
under refrigerator conditions (3 £1°C).
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Figure 1. Injected sites on fish's back of marinade and brine solution
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Nutritional, microbiological, chemical and sen-
sory analyses were performed during the study.
These analyses were carried out beginning on (Oth
day), 1st, 3rd, 5th, 7th, 9th, 11th and 13th days. In
microbiological analysis; the analyses of total bac-
teria (psychrophilic, mesophilic), total coliform,
yeast and mold were carried out according to
Halkman (2005). In chemical and physical anal-
yses; the determination of total volatile basic ni-
trogen (TVB-N) to Licke and Geidel method
(inal, 1992), determination of thiobarbituric acid
(TBA) to Tarladgis et al. (1960), pH-measurement
was made according to Curran et al. (1980). The
moisture was determined according to Norwitz
(1970) method in which the obtained 5 g sample
reaches the constant weighing in a 105°C drying
oven. The crude fat content was determined ac-
cording to soxhlet method by using petroleum
ether (Velp SER 148/6, Milano, Italy). Crude pro-
tein determination to Norwitz (1970) by using kje-
hdahl method, inorganic matter (crude ash) to
Norwitz (1970) and salt determination was made
according to Karl (1994). In sensorial analysis; the
raw and cooked products were evaluated sepa-
rately according to modified method of Altug and
Elmaci (2005) (1 point for the worst and 10 points
for the best according to the taste, odour, appear-
ance and texture criterias). The coooking process
was carried out in sunflower seed oil for 5-8
minutes at the temperature of 120-130°C.

In statistical analysis; average + standard devia-
tion (n: 2-3) of the parallels of datas obtained from
the study was determined. Depending on the pro-
gress of storage, with the aim of determining the
differences in a group and between groups ‘One
Way Anova’ and “Turkey’ were used to test the
groups that had homogeneous variances, and the
significance level was acknowledged as P<0.05.
The groups which had abnormal distribution were
tested by using ‘Kruskal Wallis” and ‘Mann Whit-
ney U’ tests and statistical analyses were per-
formed by using SPSS 15.0 package (Sumbiloglu
and Stimbiiloglu, 2000). Analyses were carried out
in Recep Tayyip Erdogan University, Faculty of
Fisheries, Seafood Processing Technology La-
boratory.

Results and Discussion

The quality criterias of fisheries were explained by
determining the nutritional, chemical, microbio-
logical and sensory contents. Trouts are one of the
most important species in terms of their aquacul-
ture potential, dietary contents and consumer pref-
erences.

The value of crude protein was found as 16.83 %
and the value of crude fat as 4.18 % in fresh mate-
rial. At the end of the storage, crude protein values
of control (C), marinade (M) and brine injected
(B) groups were determined as 16.05%, 17.40 %
and 18.06 %, respectively. The crude fat value was
estimated as 3.97 % in control group, 5.87% in
marine brine injected group and 4.52 % in salt
brine injected group (Figure 2). The statistical
analysis of the crude protein and crude fat was
made at the end of the storage and it showed that
there were important differences between groups
(P<0.05).

The values of dry matter were determined during
the storage and given in Table 1. The dry matter
value of fresh material was determined as 21.96%.
The dry matter value of control group didn't
change so much and reached the value of 19.12%
on the 13th day of the storage period. By reason of
the fact that raw material was injected with brine,
it was observed that there was no spesific increase
in dry matter values of marinade and salt brine in-
jected groups. At the end of the storage period, the
dry matter value was obtained as 22.46% in mari-
nade brine injected group and 23.68% in salt brine
injected group. The evaluation made on the 13th
day of the storage showed that marinade and salt
injected groups were different from control group
in terms of statistical analysis (P<0.05).

The crude ash value of fresh material was deter-
mined as 0.65%. The crude ash value of control
group showed differences between the values of
0.65% and 0.97%. Crude ash values increased
with the effect of inorganic matter in brine of mar-
inade and salt injected groups during the storage.
These values were determinated as 1.37% in mar-
inade brine injected group and 2.28% in salt brine
injected at the end of the storage. The differences
(P<0.05) seen in the statistical analysis of marine
and salt brine injected groups was given in Table
1.
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Figure 2. Crude fat and protein (%) values (P<0.05)

Duran (2006) stated that the amounts of dry mat-
ter, crude protein, crude fat and crude ash of trout
(Oncorhyncus mykiss W.) were determined as
27.45%, 19.56%, 5.37% and 1.47%, respectively.
Erdem (2006) studied on determining the meat
quality of trout (Salmo trutta, Forma fario) and in-
dicated that crude protein, crude fat, dry matter
and crude ash values were between 14.70-18.69
%, 1.85-4.69 %, 19.09-24.14 %, 1.07-1.39 %.
Bilgin et al. (2007a) examined the alterations in
chemical structure of Salmo trutta macrostigma
(Dumeril, 1858) and stated that the water amount
of dry salted (from 78.9 to 53.06 %) and brined
products (from 78.9 to 55.04) decreased during the
storage and the amount of inorganic matter in-
creased (from 1.33%, to 21.4-19.79 %). He stated
that fluctuation results (min: 1.039 %, max: 3.74
%) were observed in the evaluation of fat values.
It was observed that the values obtained from our
study showed similarities with the protein, fat, ash
and dry matter values of other researches.

The value of salt was found as 0.20% in fresh
trout. An increase depending on salt concentration
of solution was observed in salt and marinade
brine injected groups (Table 1). The min-max val-
ues of salt in the marinade brine injected group
were determined as 0.45% and 0.60%, respec-
tively. On the 1st day of the storage, the salt value
was detected as 1.0% in salt brine injected group.
This salt value was found as 0.90% on the 13th

day of the storage and no significant difference
was determined (P>0.05).

According to the analyses on salting process of
seafood, the salt rate changed depending on salting
method and duration (Bilgin et al., 2007a). Bilgin
et al. (2007b) stated that the salt amount was
0.83% in Salmo trutta macrostigma's meat and the
salt amount of salted samples increased and reach
the value of 1.92% before being smoked. Tomek
and Yapar (1990) researched the alterations de-
pending on storage in salted trouts (Salmo gaird-
neri) and didn't make an observation in the salt
amount (%) of fresh material. It was stated that the
salt amount increased in trouts during the 150-day
storage. In our study, the salt amount was found
as 0.2% in fresh material. Depending on the injec-
tion of marinade and salt, the salt amount (%)
showed increase. The salt brine injected group's
value was higher than the other groups depending
on its salt concentration (%). Being compared with
other researches, our study showed similarity
based on salt concentration. It was thought that the
differences in salt amount (%) in fresh material re-
sult from species differences.

The pH value was measured as 6.72% in fresh ma-
terial. Unlike the other groups, the pH value of
marinade brine injected group showed a decrease
with the effect of acetic acid and decreased to
value of 6.28% on the 9th day of the storage. It
was observed that the pH values of salt brine in-
jected group were higher than the values of control
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group until the 7th day of the storage. However,
the increasing pH value of control group exceeded
the pH value of salt brine injected group on the
7th, 9th and 13th day of the storage. The pH values
of all groups showed abnormal distribution during
the storage. It was observed in the evaluation be-
tween the groups that the pH value of marinade
brine injected group was lowest on the 9th day of
the storage and important differences were seen
among groups in these days of the storage
(P<0.05).

Baygar et al. (2002) determined the pH value of
cooled storage stuffed trouts as between 6.25-
6.39. Hultman and Rustad (2002) determined that
the pH value of salmon and cod fishes after being
cool storaged as 6.27-6.39 and 6.7-6.9, respec-
tively. Fuentes et al. (2010) reported that pH val-
ues of two brands of marinated salmon are 6.17
and 6.41. Morkore et al. (2008) stated that the pH
alterations of Atlantic salmon were between val-
ues of 6.45-7.0. It was determined that the results
of our study showed similarities with the literature
datas.

TVB-N and TBA results are chemical parameters
and give us information about the quality of fish-
eries. The TVB-N values showed a regular in-
crease in all groups during the storage period and
these values were given in Table 1. The lowest
value of TVB-N was determined in salt brine in-
jected groups as 17.60 mg/100g at the end of the
storage. The value was determined as 20.42
mg/100g in control group and 21.70 mg/100g in
marinade brine injected group. The TVB-N value
of marinade brine injected group was generally
higher than the values of control group and salt
brine injected group during the storage.

The TBA analysis was carried out to determine the
fat oxidation. According to the results of the anal-
ysis, fat oxidation showed a linear increase in con-
trol group and salt brine injected group but showed
a non-linear increase in marinade brine injected
group during the storage (Table 1). The result of
TBA was determined as 0.06 mg MA/Kkg in fresh
sample. The values TBA of marinade brine in-
jected group, salt brine injected group and control
group were found as 0.30, 0.30 and 0.35 mg
MA/kg on the 13th day of the storage, respec-
tively. The conducted evaluation showed that the
TBA value of marinade brine injected group was
detected lower than the other groups during the
storage period. However, the difference between

the groups were not considered as significant ex-
cept the 5th, 7th and 9th day of the storage
(P>0.05).

Baygar et al. (2002) stated that the cool storaged
stuffed trouts exceeded the limit value of TVB-N
(41.67 mg/100g) in the 7th day of storage. Chytiri
et al. (2004) stated that TVB-N and TBA values
were determined on the 18th day as 20.16 mg
N/100g and 16.21 pg MA/g in whole products,
26.06 mg N/100g and 19.41 pg MA/g in fillets at
2 °C, respectively. Rezaei et al. (2008) researched
the quality changes of rainbow trouts which were
preserved with ice after being catched and differ-
ent periods. They determined that the TVB-N lev-
els showed fluctuations during storage and TBA
values didn't exceed the limit values during the 20-
day storage. Larazzabal et al. (2010) stated that
marinade trouts (Salmo salar) didn't exceed the
limit values of 30 mg/100g (TVB-N) and 0.8
mg/kg (TBARS) during the 29-days storage pe-
riod at 5 °C. Oguzhan and Angis (2012) stated that
the TVB-N value of refrigerated fillet trouts was
12.42 mg/100g in the beginning and TVB-N val-
ues of groups exceeded the limit value on the 10th
(vacum packaged-dry salted group) and on
thel5th (other groups) days. They stated that the
TBA values were estimated as 1.95 umol MA/kg
in the beginning and then they exceeded the limit
values on the 15th, 20th and 25th days depending
on the differences in groups during the storage.
The datas of our study showed that TVB-N (30-35
mg/100g) and TBA (7-8 mg MA/Kg) values were
not exceeded limit values during the 13-day exper-
iment. Being compared with other studies, our
study showed differences and similarities with
them in terms of TVB-N and TBA values. It was
thought that the differences in results source due
to processing steps and different fish species.

During the storage period, it was determined that
the TMAB and TPAB count increased promi-
nently (Table 2). TMAB count was determined as
<1.47 log cfu/g in fresh sample and in all groups
on the 1st day of the storage. At the end of the stor-
age, the TMAB count was found as 4.67 log cfu/g
in control group, 4.48 log cfu/g in marinade brine
injected group and 4.54 log cfu/g in salt brine in-
jected group. The TPAB count was determined as
<1.47 log cfu/g in fresh sample. During the stor-
age, TPAB count showed an increase and reached
to value of 4.24 log cfu/g in control group, 4.26
log cfu/g in marinade brine injected group and
4.34 log cfu/g in salt brine injected group on the
13th day.
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Time Dry matter Crude ash Salt H TVB-N TBA
(%) (%) (%) P mg/100 g mg MA/kg
Fresh C  21.96%0.01a 0.65+0.01aF 0.20£0.00%a 6.7240.03%a 14.08+0.00%°A 0.06+0.01%a
C  21.98+0.01% 0.6740.17%acr 0.3040.00% 6.40+0.01%p 14.08+1.00% 0.07+0.01%a
1.day M 21.9640.66°A 1.13+0.04%p 0.60+0.00% 6.46+0.01%p 14.08+1.99%2 0.11+0.01%a
B 22.42+1.50%°8 1.67+0.09% 1.00+0.00% 6.42+0.00%:cp 14.08+0.00%°A 0.10+0.01%
C 21.84+0.92%5 0.97£0.16%:c 0.30+0.00% 6.38+0.01%sp 15.49£0.00%a8 0.10£0.02%a8
3.day M 21.94+0.33%a 1.15+0.09%p 0.60+0.00° 6.33+£0.01%c 15.49+£1.99% 0.08+0.02%4
B 22.63+0.38%p 1.76+0.03% 0.95+0.07% 6.47+0.05" 14.78+1.00%a8c 0.11+0.01%
C 19.72+0.46% 0.86+0.00%¢ 0.30+0.00% 6.44+0.05%¢ 16.19£1.00%8 0.14+0.01%
5.day M 22.06+0.58° 1.34+0.02%:pe 0.55+0.07° 6.31+0.01°sc 16.19£1.00%8 0.08+0.02°A
B 22.58+0.21°a8 1.61+0.04% 0.95+0.07% 6.48+0.02% 15.4940.00%a8cD 0.11+0.01%g
C 21.49+0.83%A 0.68+0.04% 0.30+0.00% 6.52+0.06% 16.19£1.00%:8 0.19£0.01%¢
7.day M 22.4940.56%A 1.14+0.19%p 0.60+0.00° 6.30+£0.11% 16.90£1.99%a8c 0.11+0.01°
B 22.79£0.67%a8 1.52+0.51% 0.95+0.07% 6.45+0.02%¢ 16.19£1.00%a8p 0.12+0.00°
C 22.08+0.66%A 0.74+0.00% 0.35+0.07% 6.51+0.02%c 16.90£1.99%c 0.22+0.01%¢
9.day M 22.29+0.10%A 1.06+0.00% 0.45+0.07° 6.28+0.03" 19.714£1.9%%cp 0.13+0.02°A
B 23.00+0.36%8 1.75+0.11% 0.75£0.07¢¢ 6.39+0.02°p 16.90£1.9%%cp 0.23£0.00%¢
C 21.27+1.09%A 0.77+£0.02% 0.35+£0.07% 6.34+0.02% 19.01+1.00%°cp 0.30+0.01%
11.day M 22.25+0.29%, 1.3+0.04%¢ 0.45+0.07% 6.43+0.04%cp 20.42+1.00%p 0.23£0.08%
B 23.38+0.11°a8 1.88+0.10%¢c 0.90+0.00% 6.36+0.01%p 16.90+0.00°p 0.29+0.03%
C 19.12+0.44% 0.75+0.05% 0.35+£0.07% 6.51+0.04% 20.42+1.00%°p 0.35+0.04%
13.day M 22.46%1.31° 1.37+0.03% 0.50+0.00° 6.55+0.14% 21.70£0.99% 0.30+0.01%
B 23.68+0.89°% 2.28+0.14° 0.90+0.00% 6.420.04%p 17.60+1.00°% 0.30+0.01%

The different letters (A, B, C, D, E, F) in the same column shows statistical differences were detected within the same group in the different storage day
(P<0.05). The different letters (a, b, ¢) in the same column shows statistical differences were detected among groups in the same storage day (P<0.05).
C: Control, M: Marinade injected, B: Brine injected
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Total coliform count was found as <1.47 log cfu/g
in marinade and salt brine injected groups till the
13th day and in control group till the 11th day. At
the end of the storage, it was detected as 3.30 log
cfu/g in control group, 3.19 log cfu/g in marinade
brine injected group and 3.07 log cfu/g in salt
brine injected group. The yeast-mould count was
determined <100 cfu/g in all groups during the
storage (Table 2).

It was stated that the limit value of mesophilic aer-
obic bacteria in fresh fish was 6-7 log cfu/g and
this value must be lower than 5 log cfu/g in a qual-
ified product (Huss, 1988; Aguilera et al., 1992;
Chytiri et al., 2004; Kdse and Erdem, 2004; Bilgin
et al., 2006; Cakli et al., 2006a; Bao et al., 2007;
Duyar et al., 2012). Also it was stated that the limit
value of psychrophile bacteria must be 5 log cfu/g
(Erkan and Ozden, 2008). Limit values of total
coliform bacteria which indicates fecal contami-
nation were determined as 2.3 log cfu/g, 2.39 log
cfu/g and 2.6 log cfu/g in different literatures
(Patir and Inanli, 2005; Kaba and Erkoyuncu,
2011). Chytiri et al. (2004) stated that the limit
value of total coliform bacteria amount of iced
rainbow trouts (7 log cfu/g) was exceeded by
whole fishes on the 18th day and by fillets on the
10th day. Fernandez et al. (2008) stated that At-
lantic salmon fillets were stored with different
package methods at the temperature of 2°C. Dur-
ing this storage, total mesophilic bacteria count
exceeded the limit value (6 log cfu/g) in the 11th
day and the total psychrophile bacteria count came
approached value of 5 log cfu/g in 20 days.

Rezaei et al. (2008) stated that the limit value (10°
microorganism/g) was exceeded in the 12th day
by rainbow trouts which were kept in ice after be-
ing catched. Oguzhan and Angis (2012) stated
salted and packaged rainbow trouts that the total
mesophilic bacteria count was found as 10.24 log
cfu/g in control group on the 10th day, 8.11 log
cfu/g in dried salted group on the 20th day and
8.53 log cfu/g in brined group on the 15th day.
And it was stated they exceeded the limit values.
Moreover, the total mesophilic bacteria counts of

the control group, dry salted group and brined
group were reached 10.60 log cfu/g on the 10th
day, 8.24 log cfu/g on the 20th day and 8.88 log
cfu/g on the 15th day, respectively. Oksiiztepe et
al. (2011) determined the chemical and microbio-
logical qualities of rainbow trouts consumed in
Elaz1g. According to their study, the min-max to-
tal mesophilic bacteria, total psychrophile bacteria
and total coliform counts were found 1.60-6.07
log cfu/cm?, <1.0-2.05 log cfu/cm? and 1.84-2.95
log cfu/cm?, respectively.

In our study, all groups didn't exceed the limit
value of total mesophilic/psychrophilic bacteria
during the storage period. Only, the total coliform
bacteria amount of control group was over the
limit values on the 11th day and the total coliform
bacteria amount of marinade and salt brine in-
jected groups were over the limit values on the
13th day. It was determined that the datas of our
study were substantially compatible with other re-
searches in terms of total mesophilic bacteria, total
psychrophile bacteria and total coliform bacteria
count. Moreover, differences observed in studies
changes depending on process steps, bacterial
flora of water, different contaminations and in-
hibity effect (mucus layer etc.) (Oksiiztepe et al.,
2011).

Results of sensory evaluation (appearance, tex-
ture, odour. taste) of all groups are shown in Fig-
ure 3. With the evaluation of appearance, texture
and odour analyses of raw product, the control
group was determined under the consumable limit
value (5 points) on the 11th day, and marinade and
salt brine injected groups were determined under
the limit on the 13th day of the storage. With the
evaluation of appearance, texture, taste and odour
analyses of cooked product, it was seen that the
control group was under the consumable limit
value (5 points) on the 13th day. It was stated that
the cooked products of marinade and salt brine in-
jected groups was not under the consumable limit
value (5 points) during the storage. The sensory
scores of raw and cooked products showed that
there were important differences in the statistical
evaluations in a group and between the groups.
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Table 2. Microbiological analysis results

. TMAB TPAB Total Coliform Yeasts-Molds
Time
log cfu/g log cfulg log cfulg cfu/g
Fresh C <1.47 <1.47 <1.47 *
C <1.47 2.57 <1.47
1.day M <1.47 3.70 <1.47
B <1.47 <1.47 <1.47
C 2.69 2.69 <1.47
3.day M 1.74 1.74 <1.47
B 1.60 1.60 <1.47
C 3.55 3.23 <1.47 *
5.day M <l1.47 2.56 <1.47 *
B <1.47 2.23 <1.47
C 3.43 3.30 <1.47
7.day M <1.47 4.69 <1.47
B 2.53 3.61 <1.47 *
C 4.40 4.20 <1.47 *
9.day M 3.56 4.06 <1.47
B 4.26 4.09 <1.47
C 4.58 4.15 3.10 *
11.day M 441 411 <1.47 *
B 4.44 4.13 <1.47
C 4.67 4.24 3.30
13.day M 4.48 4.26 3.19
B 4.54 4.34 3.07 *

«*» <100 cfu/g bacteria count, TMAB: Total mesophilic aerobic bacteria, TPAB: Total psychrophilic aerobic
bacteria. C: Control, M: Marinade injected, B: Brine injected.
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Figure 3. The sensory scores of raw and cooked trouts



Journal of Food and Health Science

Caglak and Karsh, 1(4): 199 -210 (2015)

Journal abbreviation: J Food Health Sci

It was stated that the most important criteria in de-
termining the fisheries quality was the results of
sensory analysis and an unproper product accord-
ing to the sensory analysis could not be consumed.
The results of other analyses must be evaluated
with sensorial analysis (Baygar et al., 2002). It was
stated in the study that cool stored and stuffed
trouts lost their storable quality in the 6th day in
terms of sensorial. Also, an other study stated that
cool stored trouts preserved their consumable
guality in terms of sensorial until the 9th day
(Baygar et al., 2002; Metin and Varlik, 1997).
Chytiri et al. (2004) kept the whole and filleted
rainbow trouts in ice (2°C). According to the re-
sults of sensorial scoring, they determined that raw
product stayed within the quality limits during 12-
15 days and the cooked product stayed within the
quality limits during 15-17days. Bao et al. (2007)
determinated that the limit value of Salvelinus al-
pinus fillets under dry ice and super refrigerated
conditions was 13 days in terms of sensorial. Re-
zaei et al. (2008) researched the quality evalua-
tions of rainbow trouts in ice and they determined
that consumable value of trouts in terms of senso-
rial was 12 days. The sensorial analyses of other
researches confirmed the results of our study.

Also, the shelf-life studies on different fish species
were examined. Lyhs et al. (2001) stated the shelf-
lives of the vacuum-packaged ‘gravad’ rainbow
trout slices based on microbiological and sensory
analyses were 20 days and 18 days at 3 and 8°C,
respectively. Cakli et al. (2006b) observed that
shelf life of smoked trout was found at least 33
days in vacuum package, 47 days in 60%
CO2/40% N> gas mixture and 40 days in 50%
CO./50% N, gas mixture according to results of
microbiological analysis. Ozden and Erkan (2006)
were studied the effects of packing in oil and un-
der vacuum on sensory, chemical and microbio-
logical changes in marinated rainbow trout stored
at chill temperatures (4 £1°C). They determined
that the shelf-life is 105 days for packaged in oil
and 90 days for vacuum packaged samples.

Conclusion

According to our sensory, chemical, and microbi-
ological analyses, control, marinade brine injected
and salt brine injected groups preserved the con-
sumable value until the 11th day, the 13th day and
the 13th day, respectively.

While no important difference in terms of chemi-
cal was observed among groups, the microbiolog-
ical results of marinade and salt brine injected

groups were better than the control group. Espe-
cially, the sensorial likings of marinade and salt
brine injected groups were determined quite high.
It was thought that the developed application of
marinade and salt brine injection would be benefi-
cial in terms of both comsumption and quality dif-
ferences.
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Introduction

The most widespread, extensively advertised, and
consumed dietary fiber products are those derived
from cereals (breakfast cereals, bakery products,
biscuits, etc). However, over the past decade high
dietary fiber materials from fruits (citrus, apple,
and others) are being introduced in the market
(Saura- Calixto 1998). Nymann et al (1987) wrote
that in addition to wheat bran, the major source of
dietary fibers, others sources such as fruits and
vegetables have been found (Massiot and Renard
1997). Cho and Dreher (2001) wrote that the addi-
tion of fiber in the diet has been recommended
strongly because it significantly reduces the risk of
colon cancer, obesity and cardiovascular disease
(Selgas et al 2005). Dietary fibers are not only de-
sirable for their nutritional properties but also for
their functional and technological properties
(Aleson- Carbonell et al 2005). Different types of
dietary fibers such as pea, apple, sugar beet, soy
and citrus fibers as well as inulin and gums are
now incorporated into foods for their nutritional
properties or for their functional and technological
properties (e.g. gelling or thickening properties)
(Thebaudin et al 1997). Adding apple fiber as a
source of dietary fiber into fish mince based prod-
ucts has not been studied. Apple fiber and apple
pomace can be used in cakes, muffins (Chen et al
1988; Massodi et al 2002; Sudha et al 2007), and
bread (Chen et al 1988; Masoodi and Chauhan
1998; Gomez et al 2003). The objective of the
study was to determine the different size and types
of dietary fiber on the quality of fish patties stored
at between 0-4°C.

Materials and Methods
Material

Frozen saithe (Pollachius virens) with a 2 months
storage period was used as raw material. After be-
ing thawed at 4°C during night, they were minced
by using a Kitchen Aid KPMS5 Professional meat
grinder (St. Joseph, MI, USA). Ingredients (0.9%
salt, 0.5% red pepper, 0.4% black pepper, 0.1%
powdered onion and 0.1% garlic, 1.3% dried pars-
ley, 0.5% cummin) were added. They were mixed
and were divided into 4 groups. For this study Vi-
tacel® (Orion Nisasta ve Kimya San. Tic. A.S.,
Izmir, Turkey) wheat fiber with different sizes and
Vitacel® apple fiber were used. Groups were for-
mulated as follows: Group 1: Control without fi-
ber, Group 2 (WF 200): Addition of 3% of wheat
fiber 200 with particles 250 pm long and 25 um
wide. Group 3 (WF 400): Addition of 3% of wheat

fiber 400 with particles 500 um long and 25 pm
wide. Group 4 (AF 400): Addition of 3% of apple
fiber 400 with particles 500 um long and 25 um
wide After being homogenized with the ingredi-
ents, they were shaped manually and stored at be-
tween 0-4 °C.

Analytical Methods
Dietary Fiber Functional Properties

Water retention capacity (WRC) was measured
following the method of Ang (1991). Samples (2
g) were mixed with distilled water (30 mL), cen-
trifuged 2000g for 20 min and the excess superna-
tant was recovered. WRC was expressed as grams
of water retained per gram of dry sample.Fat ad-
sorption capacity (FAC). According to the method
of Caprez et al (1986) FAC was measured as oil
retention capacity (Sanchez- Alanso et al 2007b).
Samples (0.5 g) were mixed with sun- flower oil
(10 mL), left overnight at room temperature and
centrifuged for 10 min at 3000g. The excess su-
pernatant was decanted and FAC was expressed as
grams of oil retained per gram of dry sample.

Physical and Chemical Quality Analysis of Fish
Patties

Thiobarbituric acid, TBA, mg malonaldehyde/kg
(Tarladgis et al 1960), total volatile base-nitrogen,
TVB-N, mg N/100g (Vyncke 1996) and pH values
of fillets were measured (ASU 1980). The pH
value was recorded using a Hanna 211 model pH
meter (Cluj-Napoca, Romania).

Instrumental Analysis

Color measurements were performed on saithe
patties by using a Dr. Lange Spectro Pen ®. The
color was measured on each 10 fish patties with
repeating 3 times using different parts of the sur-
face. Inthe CIE L*a*b* system, L* denotes light-
ness on a scale from 0 to 100 from black to white;
a* denotes (+) red or (-) green; b* denotes (+) yel-
low or (-) blue (Schubring et al, 2003).

The measurement of the texture properties (texture
profile analysis or TPA) of fish patties was per-
formed using a TA.XT Plus Texture Analyser
(Stable Micro Systems, Godalming, UK)
equipped with a flat cylindrical plunger (5 cm di-
ameter). All TPA measurements were repeated 10
times (Schubring and Oechlenschlager 1997). Ad-
ditionally, texture measurements on fish patties
and the penetration force of homogenized patties
were also determined using the TA. XTPlus fitted
with a spiked aeration plunger equipped with 8
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small cylinders, diameter 3 mm each, which are
arranged in two different squares. Measurements
were repeated three times (Schubring, 2001).

WHC was characterized by measuring EM, which
means the quantity of liquid squeezed from fish
patties up a compression (Jonsson et al 2001). EM
was determined using a modification of the filter
paper press method as described elsewhere (Schu-
bring et al 2003). Samples were pressed between
paired filter sheets (Schleicher & Schuell 2043 A,
7x7 cm) and parallel plates using a texture ana-
lyser TA.XTPlus (stable micro systems, Godalm-
ing, UK). WHC was determined as the expressible
moisture, calculated as %=100 (initial weight-fi-
nal weight)/initial weight.

Sensory Analysis

Sensory analysis of cooked fish patties were done
by 5 trained panelists according to Yanar and Fen-
ercioglu (1999) and Vanitha et al (2013) with
slight modifications. Fish patties were cooked in
the oven at 135°C just before serving to the panel-
ists and panelists were asked to evaluate the fish
patties according to appearance, texture, odor, fla-
vor, juiciness, and overall quality with 10 point
scale test. The observation was converted to
equivalent numerical scores and a sensory score of
4 was taken as the borderline of overall accepta-
bility.

Microbiological Analysis

For all microbial counts, 10 g of fish patties were
weighed and transferred into 90 mL of 0.1% pep-
tone water (Oxoid, Basingstoke, UK), and sam-
ples were homogenized in a Stomacher (IUL In-
struments, Barcelona, Spain) for 1 min. From the
prepared dilutions, total aerobic plate (AP) count
and yeast-mold (YM) count were carried out. Plate
Count Agar (PCA, Oxoid CM 325) was used for
AP with incubation period of 30°C/24-48 while
Potato Dextrose Agar (PDA, Oxoid CM 139) was
used for YM count with incubation period of
30°C/3-5 days (Harrigan and McCance 1976).

Statistical Analysis

Data were subjected to one way analysis of vari-
ance (ANOVA) followed by Tukey and Duncan
test to determine the significant differences
(P<0.05) between mean values (SPSS 9.05).

Results and Discussion

Dietary Fiber Functional Properties

While the long dietary fiber had a more open struc-
ture, the structure of the short one was more dense
and absorbed less water than the long one
(Sanchez- Alonso et al 2007b). Thebaudin et al
(1997) reported that particle size effects fat ab-
sorption capacity and wheat bran fibers have a
high FAC, especially at larger particle size which
is same with our results. Functional properties of
apple fiber AF 400, WF 200 and WF 400 was
given in table 1. WF 400 have significantly higher
FAC values than group with WF 200. Similar re-
sults have been reported by Sanchez Alanso, et al
(2006) and Sanchez- Alonso et al (2007b).

Table 1. Functional properties of wheat and apple

fiber
Groups WRC (g/g) FAC(g/g)
WF 400 10.24+1.32° 8.13+0.10°
WF 200 6.17+0.00° 4.69+0.12°
AF 400 3.40+0.02°¢ 1.47+£0.05°¢

* means in the same column with the same letter do not
differ significantly at the level of 0.05 significance.

Physical and Chemical Quality Analysis

Physical and chemical quality changes of fish pat-
ties during storage were given in table 2. pH val-
ues of the control group and AF 400 decreased
significantly at the end of the storage period
(p<0.05), while pH values of group with WF 200
and WF 400 increased significantly at the end of
the storage period (p<0.05).

TVB-N is used for determination of the spoilage
level of fish during the storage period

(Oehlenschlager 1997). The level of 35 mg/100 g
has been considered the upper limit, any level
above 35mg/100g in fishery products are consid-
ered spoiled (Ludorff and Meyer 1973, Schormiil-
ler, 1968). TVB-N values of all groups increased
significantly during the storage period. And group
control, WF 200 and WF 400 exceeded the con-
sumption limits according to TVB-N at day 5.
While AF 400 was determined as still consumable
at day 5. Yerlikaya et al (2005) reported that ini-
tial TVB-N value of fish patties produced from an-
chovy increased during the 6 days of refrigerated
storage but did not exceed the throughout the stor-
age. Gokoglu (19994) reported that TVB-N values
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of fish patties made from mackerel increased dur-
ing the storage and exceeded the acceptable limits
at day 10. Quantification of the amount of MDA
by thiobarbituric acid (TBA) has been widely used
as a parameter for the extent of oxidative deterio-
ration of meat products (Kebede et al 2007). Ac-
cording to TBA results, no significant differences
were determined between the groups and even at
the end of the storage period, they were still found
as in perfect quality (Schormiiller 1968, 1969).

Our present TBA results are similar with those of
Sanchez Alanso et al (2006). They reported that no
significant variation in the determination of the
TBA index throughout frozen storage in the dif-
ferent lots for both types of muscles with and with-
out fiber. Yanar and Fenercioglu (1999) reported
that TBA values of fish balls prepared from carp
flesh did not exceed the acceptable limits during
frozen storage.

Table 2. Chemical quality changes during storage period of fish patties

Storage pH TVB-N TBA
Groups (days) (mg/100g) (mg malonaldehyde/kg)
Raw 6.45+0.01 18.03+0.51 2.89+3 .44
3 0 6.51£0.01%! 19.21+£1.35% 0.54+0.08 !
E 3 6.46+0.02"" 24.24+0.51"" 0.67+0.20*
© 5 6.35+0.01°¢' 40.2042.71° 0.81+0.18 !
S 0 6.42+0.01 % 19.51+0.89 0.57+0.04*
N 3 6.3440.02 2 22.46+0.51" 0.66+0.13*
< 5 6.21+0.01 30.15+0.89 <2 1.05+0.37
S 0 6.56+0.01 ! 18.32+0.51% 0.34+0.06 >
o 3 6.5140.01" 30.44+0.51 " 0.47+0.01 !
= 5 7.06+0.01 ¢ 68.27+41.23¢ 0.58+0.11°!
= 0 6.50+0.05 ! 18.03+0.51 ! 0.44+0.06 '
T 3 6.46+0.02 ! 31.33+0.51 % 0.73+0.39 !
= 5 7.12+0.01 " 65.91+£2.23° 0.74+0.13 !

“a,b,c: different letters in the same column for an attribute of a group show a significant difference (p<0.05).
1,2,3: different numbers in the same column for the same storage day show a significant difference(p<0.05).

n: 3 (arithmetic mean +SD)
Instrumental Analysis

Changes in color parameters during storage period
were given in table 3. L*(lightness) and b* (yel-
lowness) values of WF 200 and WF 400 were sig-
nificantly higher than the values of group control
and AF 400 during the storage period (p<0.05).
Sanchez Alanso et al. (2007b) reported that the ad-
dition of wheat fiber increased the b* value signif-
icantly. a*(redness) values of group with apple fi-
ber were slightly higher than the other groups dur-
ing the storage period (p>0.05). The color of die-
tary fibers influenced the color of fish patties. The
differences in color may affect the consumer pref-
erence.

Changes in expressible moisture was given in ta-
ble 4. When comparing expressible moisture of
the groups at the end of the storage period, group
control has the lowest expressible moisture
(means highest water holding capacity) (p<0.05).

These results are comparable to that reported by
Sanchez Alanso et al (2006) and Sanchez Alanso
et al (2007b). They reported that water binding
capacity was lower in samples containing wheat
dietary fiber as an ingredient than in control sam-
ple. The proportion of bound water did not change
significantly when different particle size of wheat
dietary fiber was used which was the same as the
result of the present study.

Changes in texture parameters during storage pe-
riod were given in table 5. Hardness value of WF
200 increased while AF 400 decreased signifi-
cantly at the end of the storage period (p<0.05).
WF 400 and control were harder than the other
groups. When comparing adhesiveness and
springiness values, no significant differences were
determined during shelf life of each group. Ac-
cording to resilience values, trends were not con-
sistent when comparing groups.
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Table 3. Changes in color parameters during storage period of fish patties.

Storage Period (day)s
Color

parameters 0 3 5

Control L* 38.32+1.20%! 34.02+1.73 %! 36.28+1.45¢
a* 05.70+1.28 %! 04.56+0.83°! 04.66+0.64 !
b* 18.24+1.93 2 16.73+1.60 ! 16.39+1.65"!

AF400 L* 38.35+1.50%! 34.8842.93%! 36.62+1.36 !
a* 07.64+1.04% 06.13+1.24 %2 06.1940.99 *?
b* 19.73+1.40% 18.70+1.26 %12 17.66+1.66°!

WF 200 L* 44.28+1.79 % 40.96+1.50 2 44.41+1.85%
a* 05.97+0.60 1 05.19+0.66 12 06.00+0.87 %
b* 22.0240.96 20.05+1.17 % 20.5+1.59 %

WF 400 L* 46.26+3.05 % 40.75+2.55°2 43.38+1.44
a® 06.62+0.77 2 5.25+0.96 "' 05.73+1.35"%12
b* 22.0342.26% 19.51+2.36 %2 21.58+1.85%2

EEN

significantly at the level of 0.05 significance.
Means in the same row with the same letter in the same attribute do not differ significantly at the level of

0.05 significance. n: 3 (arithmetic mean +SD)

Table 4. Expressible moisture values of fish patties

Groups 1.Day 5.Day

Control 3.10+0.34% 0.89+0.29 ®!
AF400 4.11£0.59 %% 2.60 £0.51"
WF200 6.69+1.40%! 3.04+0.67 %
WF400 5.97+0.64%" 2.914+0.78 2

*

means in the same row with the same letter do not differ significantly at the level of 0.05 significance.
means in the same column with the same Inumber do not differ significantly at the level of 0.05 significance.

Table 5. Changes in texture parameters during storage period

Means in the same column with the same number in the same day in the same attribute do not differ

Storage
Groups (days) Hardness (N) Adhesiveness Springiness Cohesiveness Chewiness Resilience
0 92.38+3 .40 -0.04+0.08*"  0.73+0.07 ! 0.55+0.04%"  36.08+4.27%2  0.17+0.01 32!
Control 3 108.32+5.12°%"  -0.63+0.57%"  0.73+0.13 % 0.54+0.08%"  41.80+4.66*'  0.18+0.06%'2
5 100.18+7.71%"  -1.28+1.47%"  0.72+0.11% 0.54+0.04*"  40.86+5.69*"  0.18+0.02 %
0 77.4244.152  -0.03+£0.02%  0.74+0.06*! 0.54+0.02%"  30.54+2.96%"  0.14+0.01%
AF400 3 86.26+4.41°2  _0.01£0.01*"  0.724+0.02* 0.54+0.08*"  34.15+2.55°2  0.15+0.01%
5 62.39+4.03>  -0.63+£0.57°2  0.79+0.04 "' 0.71+£0.03%  35.47+2.82°"  0.26+0.03 "
0 82.37+5.7222  -0.01+£0.01*"  0.70+0.14*"  0.65+0.08*®>  36.66+3.43%%  (.23+0.07
WF 200 3 81.80+4.03 2 0.00+0.00 ! 0.74+0.20 %! 0.69+0.07%  44.26+3.63°"  0.25+£0.102%
5 91.95+2.33%  -1.28+1.47%  0.78+0.01% 0.58+0.04°"  39.14+4.83%!'  0.30+0.04 %
0 98.05+6.7°! -0.01£0.00%"  0.70+0.17% 0.64+0.09%  45.02+4.87%  0.20+0.09%"
WF 400 3 93.57+7.52%"  _0.01+0.01*"  0.81+0.022! 0.73+£0.03%2  46.19+£3.28""  0.30+0.04 %
5 96.1144.923"  -0.24+0.34%*?  0.72+0.10*! 0.61£0.06*'  40.82+3.76*"  0.21+0.05%

*

: Means in the same column with the same number in the same day in the same attribute do not differ significantly
at the level of 0.05 significance.

Means in the same column with the same letter in the same group do not differ significantly at the level of 0.05
significance. n: 3 (arithmetic mean+SD)
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Sensory Analysis

Changes in sensory parameters during storage was
given in table 6. Sensory scores were only rec-
orded for fish patties that had not exceeded the mi-
crobiological limit value of 6 log cfu/g (Kiling,
2007; Kaba et al. 2012) According to sensory pa-
rameters and overall quality scores, group with ap-
ple fiber were slightly higher than the other
groups. Panelists also mentioned that no fruity
taste in fish patties with AF 400 was determined.
It seems that it lost its fruity odor in the fish pat-
ties. It might be because of adding other ingredi-
ents (salt, red pepper, black pepper, onion, garlic,
parsley, and cumin) and/or the amount of those in-
gredients.

Microbiological Analysis

Changes in AP counts of fish patties were given in
Table 7. AP count is generally used as an accepta-
bility index for fish and fish products because of
the bacterial effects in spoilage (Jeon et al., 2002;
Coban and Ozpolat, 2013). The inital AP count of
fish patties was 5.22-5.94 log CFU/g. Significant
differences (P <0.05) were determined between
the groups (Table 7). The lowest AP counts were
observed in the fish patties with AF 400 as com-
pared to other groups during whole storage period

at 0-4°C. At the time of spoilage, AP count was
determined as 10°~107 cfu/g in fish products (Ul-
rike et al. 2000; Sehgal et al. 2011). In the present
study, fish patties with WF 400, WF 200 and con-
trol samples spoiled at 3 days while fish patties
with AF 400 spoiled at 5 days of storage. TVB-N
is one of the most widely used indices of fish and
fish product quality. Although TVB-N values of
fish patties increased with the growth of microor-
ganisms by the storage period, all groups except
one with AF 400 exceeded the consumption limits
according to TVB-N results at day 5. Changes in
YM counts of fish patties were given Table 8. The
inital YM count of fish patties was 2.08-2.98 log
CFU/g. Similar to the AP counts, the lowest YM
counts were observed in the fish patties with AF
400 during whole storage period at 0-4°C Kilinc
(2009) did not detect any yeasts and molds in an-
chovy patties during refrigerated storage period.
However, Guran et al (2015) determined YM
counts in fish patties during the storage at 4°C as
2.48 (0. day), 2.89 (2. day) and 3.20 (4. day). In
that study, results of sensory evaluation showed
that the shelf life of fish patties was 4 days. Our
results were almost similar to the findings of that
study. It must be noted that a good correlation was
noted between microbiological (AP) and chemi-
cal parameters (TVB-N) of all groups.

Table 6. Changes in sensory parameters during storage period of fish patties

Storage Overall
Groups (days)  Appearance Odour Texture Juiciness Flavour Quality
0 8.75+0.50%"  7.75+0.96*"  7.50+0.58*"  7.00+1.41%"  7.25+0.50%" = 7.75+0.96%
Control 3 7.75€1.26*  7.2540.50*"  7.00+0.82*'  6.25+0.50*'  6.75+£0.50*'  7.00+0.82 %!
5 kk kk k% *k kk kk
0 8.75£1.26*"  9.25+0.50%'  7.75+£0.96*"  7.50+1.00*'  8.25+1.71*  8.25+1.50?!
AF 400 3 7.75€1.26*  8.00+0.82%"  7.75+1.26%'  7.00+£0.82%" = 7.25+1.26%* = 7.25+1.26%
5 kk kk skck kk sk skk
0 7.50£1.002 8.00+0.822 7.75+1.262 7.50+1.292 8.00+0.82%2 8.00+0.822
5 kk kk Kk kk kk Kk
0 7.25+0.962 8.25+1.50° 7.25+0.962 7.25+1.50*  7.50+0.58 % 7.75+0.962
5 kk kk Kk kk kk Kk

Hk.

Means in the same column with the same number in the same day in the same attribute do not differ
significantly at the level of 0.05 significance.
Means in the same column with the same letter in the same attribute do not differ significantly at the level of
0.05 significance. n: 3 (arithmetic mean+SD)
According to microbiological results, they passed the consumption limits.
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Table 7. Changes in total acrobic plate (AP) counts of fish patties stored at (0-4°C)

Storage Period (day)

1 3 5
Control 5.2340.03% 6.3140.12° 6.68+0.09°
AF 400 5.2840.08* 5.44+0.02?2 6.02+0.02°
WF 200 5.2240.05* 6.7140.08° 7.9340.10°¢
WF 400 5.94+0.03° 7.7340.12¢ 8.93+0.044

* means in the same column with the same letter do not differ significantly at the level of 0.05 significance.

Table 8. Changes in yeast mold counts of fish patties stored at (0-4 °C)

Storage Period (day)

1 3 5
Control 2.98+0.03° 3.3240.07°¢ 3.59+0.08°¢
AF 400 2.08+0.03 ¢ 2.69+0.01° 2.86+0.04°
WF 200 2.204+0.26% 3.45+0.04 9 3.71+0.03 ¢
WF 400 2.23+0.20% 3.07+0.06° 3.3840.03°

* means in the same column with the same letter do not differ significantly at the level of 0.05 significance.

Conclusion

Apple fibers have been incorporated into bakery
products. According to the results of the present
study, it can be also incorporated into fishery prod-
ucts which are not common. According to the pre-
sent study adding apple fiber to fish patties pro-
long shelf life at 0-4°C.
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