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Oz:

Su trlinlerinin kalitesinin degerlenmesinde kullanilan
geleneksel yontemler duyusal, fiziksel, kimyasal ve
mikrobiyolojik analizler dizinininden olusmaktadir.
Koku algilama sensoriiniin kullanimi bu dizindeki bazi
analizlerin yerini alabilecek ve bir¢ok analizin de ta-
mamlayicisi olabilecek yenilik¢i bir yontemdir. Bu der-
lemede literartiirde daha ¢ok elektronik burun (E-bu-
run) ismiyle anilan, gaz ve aroma sensorleri, koku algi-
lama veya yapay koklama sistemleri de denilen sensor-
lerin nasil gelistirildigi ve bu sensorlerden su iiriinleri-
nin kalitesini belirlemede nasil faydanildigi konusunda
bilgi verilmeye ¢alisilmistir.

Anahtar Kelimeler:

Elektronik burun, Koku algilama sensorii, Su {iriinleri,
Kalite

Abstract:

Developments and Applications of Olfactory
Sensors in the Evaluation of the Fishery’s Quality

Traditional methods used for evaluating the quality of
seafood are consist of the directory of sensory, physi-
cal, chemical and microbiological analysis. The use of
the olfactory sensors that can replace some of the analy-
sis in this directory and is an innovative method that
could complement the many analyzes. In this review is
aimed to give information about development of sen-
sors, called more electronic nose (E-nose), gas and
aroma sensor, olfaction or artificial olfactory systems
in the literature, and how to determine the quality of
fishery products from these sensors.

Keywords:

Electronic nose, Olfactory sensor, Fishery, Quality
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Giris

Avrupa iilkelerinde en popiiler gida olan su iiriin-
lerinin tazeligi, hem iireticiler hem de tiiketiciler
agisindan oldukc¢a 6nem arz etmektedir. Bu ne-
denle siirekli olarak sektoriin isteklerine cevap ve-
recek daha hizli ve daha yiiksek standartlara sahip
kalite kontrol yontemlerinin gelistirilmesine ¢ali-
silmaktadir. Su iriinlerinin tazeliginin veya bo-
zulma durumunun degerlendirilmesinde dikkate
alinan temel kriter kokudur. Uriiniin kalitesi hak-
kinda fikir veren mevcut kokularin yorumlanmasi
egitilmis ya da tecriibeli kisilerce ve algilarinin
hassasiyeti oraninda yapilmaktadir. Bu kisilerin
olmamasi durumunda ise ¢ogu zaman duyusal de-
gerlendirme atlanarak gerekli goriilen fiziksel,
kimyasal ve mikrobiyolojik analizlerin tamami
yapildiktan sonra karar verilmektedir. Oysa nite-
likli bir panelistin koklamak ya da tatmak suretiyle
iiriiniin bozulmus mu taze mi oldugunu sdylemesi
birkag saniye igerisinde ger¢eklesen miikemmel
bir sonuctur. Elektronik burunlar analiz ¢oklugu
ile zaman kaybin1 ortadan kaldirmak ve her zaman
standart bir sonug elde etmek amaciyla siirekli ge-
listirilen ve etkinligi arttirllmaya calisilan kalite
kontrol sistemleridir.

Taze veya islenmis su iriinlerinin kalitesi hak-
kinda bize fikir veren koku bilesenleri; yosun ko-
kusu, ugucu aromatik bilesenler, enzimatik ve
mikrobiyolojik bozulma sonucu agiga ¢ikan gaz-
lar, alkoller, asitler, aldehit ve ketonlar ile azot bi-
lesenlerini olusturan yiizlerce ¢esit molekiildiir.
S6z konusu molekiillerin tiirii ve miktar1 her iirline
gore farklilik gosterdiginden koku sensorlerinin
trline 6zgii olarak tasarlanmasi gerekmektedir.
Koku sensorleri bu bilesenlerin haricinde bakteri
saptanmas1 ve tiirlerinin teshisinde de kullanil-
maktadir.

Elektronik Burunlarin Gelistirilmesi

Elektronik burunlar gelistirilirken 6ncelikle ugucu
bilesenlerin tanitilmasiyla bir sensor dizin sistemi
olusturulmakta ve sonra dizin sistemine ait bilgiler
bir yazilim programiyla elektronik sinyale doniis-
tirtilmektedir. Laboratuvarda prototipi gelistirilen
sensorlerin gaz kromatografisi ve kiitle spektro-
metresi cihazlarindan elde edilen analiz sonugla-
rina gore hassasiyetleri belirlenmekte ve eger yiik-
sek dogrulukta calisiyorsa ticari olarak da iiretilip
proseste kullanilmaktadir (Chanie ve dig. 2005).
Bu sekilde gelistirilmis elektronik burunlardan ba-
zilar1 sunlardir: EOS 835 (Sacmi Imola scarl,
Italya), NST 3320 (Applied Sensér, Isveg), Chem

Sensor 4400 (Agilent Teknoloji Uzmani, Los An-
geles), KAMINA (Karlsruhe Aragtirma Merkezi,
Almanya) (Sankaran ve dig. 2012), LibraNose,
Smart Nose, FishNose, e-Nose 4000 (Neotronics
Science, UK), FreshSense, Air Sense, FOX 3000
(Alpha MOS, Fransa), AromaScanner (AromaS-
can, UK), Cyranose 320™ (Cyrano Sciences,
USA) (Peris ve Escuder-Gilabert 2009).

RS232/USB
Baglantilar1

Giig
Baglantis

naEn

Sekil 1. Cyranose 320 Sensorii
Figure 1. Cyranose 320 Sensor

Ticari veya deneysel olarak gelistirilen elektronik
sensorlerle gida {rlinlerindeki bakteriler (El
Barbri ve dig. 2009; Du ve dig., 2002; Olafsdottir
ve dig. 2005; Olafsdottir ve dig. 2006; Sahin ve
Saraoglu 2010; Concina ve dig. 2009), mikotok-
sinler (Falasconi ve dig. 2005), ile su {irlinlerinin
tazelik (Heising ve dig. 2012; Di Natale ve dig.
2001; El Barbri ve dig. 2008; Tokusoglu ve Bala-
ban 2004; Guohua ve dig. 2012; Winquist ve dig.
1995; Tian ve dig. 2012; Limbo ve dig. 2009;
Amari ve dig. 2006; O'Connell ve dig. 2001;
Olafsdottir ve dig. 2002) ve bozulma durumlari
(Chantorachoti ve dig. 2006; Haugen ve dig. 2006;
Rodriguez-Mendez ve dig. 2009; Hu ve dig. 2008)
tespit edilmektedir.

Ideal bir algilama materyali su kriterleri biinye-
sinde toplamalidir: i) kimyasal biselenlere karsi
yiiksek hassasiyet, ii) nem ve sicakliga kars1 diisiik

Tasfiye Girisi

" A¢ma/Kapama Anahtar1
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hassasiyet, iii) yiiksek secicilik, iv) yliksek stabi-
lite, v) yiiksek ¢ogaltilabilirlik, vi) yiiksek giiveni-
lirlik, vii) kisa reaksiyon ve karsilik verme siiresi,
viii) saglam ve dayanikli olma, ix) kolay kalibre
edilme ve x) kii¢iik boyutlara sahip olma (Schaller
ve dig. 1998).

Insan koklama sisteminin daha iyi anlasilmasi sa-
yesinde yapay koku algilama sistemleri daha da
gelistirilmektedir. Son zamanlarda koku reseptor-
leri, koku baglayici proteinler ve koklama noron-
larinin kullanildig1 koklama sensorleri tasarlana-
rak farkli ugucu bilesenlerin hassasiyetle nasil tes-
pit edilecegi arastirilmaktadir (Sankaran ve dig.
2012).

Koku baglayici proteinler, koklama reseptorleri
gibi algilama mayeryali olarak kullanilan etkin
araglardir. Diigiik molekiil agirlikli ve ¢oziiniir
olan bu proteinler kokularin koklama sistemindeki
sulu nazal mukus araciligiyla iletilmesi i¢in tasi-
yict olarak gorev gormektedir. Koku baglayici
proteinlerin mikromolar araliktaki ayrigsma sabit-
leriyle kokularin farkli kimyasal siniflarina donii-
stimlii olarak baglanmasi; onlar1 yapay koklama
sistemlerinin dizayninda potansiyel algilama ma-
teryalleri yapmaktadir (Hou ve dig. 2005).

Koklama sistemlerinin dizayninda kullanilan di-
ger biyomateryaller koklama ndéronlart ve kok-
lama reseptorleri veya koku baglayici proteinlerin
baglanma yerlerinin taklit edilmesiyle yapay pep-
tid sekanslarinin sentezlenmesidir. Koklama no-
ronlar1 kokularin farkl: tiplerine karsi cevap tireten
binlerce koklama reseptdr hiicresine sahiptir. Boy-
lece, oldukga 6zgiilliik, yiiksek hassasiyet ve hizli
tepki gostermektedir (Wang ve dig. 2005). Yapay
peptid sekanslar1 gelistirilmis stabilite, daha iyi
cogaltilabilirlik, tahmin edilebilir ¢ikt1, fiyat ekin-
ligi ve daha iyi raf 0mrii gibi ilave faydalara sahip-
tir (Wu ve Lo 2000).

Elektronik Burunlarda Kullanilan Sensorler
ve Calisma Prensipleri

E-burunun hassas materyalleri en ¢ok metal oksit
dedektorleri, kuvarz rezonatérleri ve iletken poli-
merleri sensor olarak kullanmaktadir (Schaller ve
dig. 1998).

Elektronik burunlar1 olusturacak koklama resep-
torlerinin elde edilmesi, biyomateryallerin hay-
vanlardan ekstraksiyonu ve reseptor protein varli-
ginda dogrulama icin bir mikroorganizma veya
hiicre i¢ine gdnderilmesi olmak iizere iki temel
asamay1 kapsamaktadir (Sankaran ve dig. 2012).

Metal-Oksit
Yari Iletken

Polimer iletken

Kuvarz Kristal Mikro

Sekil 2. Sensor Tipleri
Figure 2. Sensor Types

Koklama hiicreleri genellikle Escherichia coli,
HEK 293 (insan embriyonik bobregi) veya
Saccharomyces cerevisiae gibi hiicrelere gonderil-
mektedir. Algilama materyalleri farkli teknikler
kullanilarak dahili sensor ¢iplerinde depolanmak-
tadir. Depolama teknigi, basit olan daldirarak kap-
lama/damlama kaplama tekniginden, gelismis
SAM (kendiliginden birlesen monotabaka) veya
LB (Langmuir-Blodgett) metotlarina kadar sira-
lanmaktadir. LB tekniginde organik materyalin bir
veya daha fazla monotabakalari kat1 bir ylizey iize-
rinde sirayla depolanabilmektedir. SAM tekni-
ginde monotabakalar, organik molekiillerin subst-
rat icine spontane bir sekilde kimyasal olarak
emilmesiyle substrata baglanabilmektedir. Depo-
lama proseslerinin AFM (atomik kuvvet mikros-
kobu) veya SEM (taramali elektron mikroskobu)
gibi tekniklerle karakterize edilmesi onemlidir
(Sankaran ve dig. 2012).

Biyomateryalin depolama prosesi asamasinda
onem kazanan diger bir durum uygun substratlarin
secimidir. Genellikle seramik ve cam bazli subst-
ratlar kullanilmaktadir, ancak diger organik ve
anorganik substratlar da (polietilenimin, polipro-
pilenimin ve polipirol gibi) uygun olabilmektedir
(Lakard ve dig. 2005).

Koku molekiillerinin algilanmasinda genellikle
QCM (kuvarz kristal mikrobalans) ve SPR (ylizey
plazma rezonans) optik metotlar1 kullanilmakta-
dir. QCM bazh algilamada koku molekiilleri ku-
varz kristallerinin rezonans sikliginin degistiril-
mesine neden olan ylizeye adsorbe edilmektedir.
QCM basitlik, diistik fiyat, yiiksek hassasiyet ve
kolaylik gibi avantajlara sahiptir (Ko ve Park
2005). SPR tekniginde olgular arasindaki zithik
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ylizey reaksiyonundan dnce ve sonra belirlenmek-
tedir. Cogunlukla degisimin neden oldugu refrak-
tif indeksteki degisiklikler ol¢iilmektedir (Lazcka
ve dig. 2007).

Elektronik burun sisteminde cihazin haznesine
yerlestirilen 6rnek ilk dnce koku dagitma iinitesin-
den gecerek sensor dizin hiicresine ulagmakta,
daha sonra 6rnege ait koku molekiilleri cihazin
sinyal birlestirme boliimiinde elektronik sinyale
dontistiirilmektedir. Elde edilen sinyaller islene-
rek Orlintli tanima sistemine aktarilmakta ve bu-
rada koku molekiillerinin uygun sekilde siniflan-
dirilmasi ve modellenmesi yapilmaktadir.

Elekt;:onik Burun Sisteminden Elde Edilen Veri-
lerin Islenmesi

Koku molekiillerinin  smiflandirilmasi/tahmin
edilmesi i¢in koklama sensor sistemlerinden elde
edilen veriler uygun orilintii tanima tekniklerine ih-
tiya¢ duymaktadir. Elekronik burun sistemlerinin
Oriintii tanima bilesenleri; i) sensor sinyalinin

Oniglemesini, ii) ekstraksiyonun nitelenmesini ve
iii) uygun smiflama/tahmin modellerinin gelistiril-
mesini igermektedir (Sankaran ve dig. 2012).

Sensor sinyallerini temsil eden 6zelliklerin gesitli-
ligi; 1) ilk ve sabit durum cevaby, ii) cevap kurve-
sinin dinamik egimi, iii) cevap kurvesinin altinda
kalan alan (AUC), iv) hizli Fourier transform
(FFT) etkilesimi ve v) dalgali transform etkilesimi
gibi tipik bir koklama sensor sinyalinden kaylak-
lanmaktadir (Sankaran ve dig. 2012).

Aragtirmacilar koklama sensorii hassas verilerini
smiflandirmak i¢in PCA (temel bilesen analizi)
teknigini de kullanmaktadirlar. PCA her bir sinif
icin sensOr hassashiginda korelasyonu (tekrar-
lanma) azaltmakta ve gruplar1 veya koku molekiil-
lerini siniflandirmak igin kullanilabilecek maksi-
mum varyasyon bilesenlerini elde etmek igin ba-
gimsiz birka¢ boyuta dayanarak hassas veriyi dik
olarak hesaplamaktadir (Peris ve Escuder-Gilabert
2009).

Koku [')ag¥tma - Sens? r DI.Z m == Sinyal Birlestirme
Unitesi Hiicresi
& == |emm| Sinyal isleme — Veri Edinme

Oriintii Tanima

Sekil 3. E-burunun Caligsma Sistemi

Figure 3. The working system of E-nose
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Oriintii tanima algoritmasinin ugucu organik bile-
senler ve koku tamimada E-burun sisteminden
aciga c¢ikan Ozelliklerin ayirt edilmesi i¢in gelisti-
rilmesi gerekmektedir. Istatistiki bazli dogrusal
ayristirma analizi (LDA) ve quadratik ayristirma
analizi (QDA) ve dogrusal olmayan oriintii tanima
modeli bazl yapay sinir ag1 (ANN) gida kontami-
nasyonunun siniflandirilmasinda daha 6nce uygu-
lanmistir. ANN, kompleks dogrusal olmayan sis-
temlerin siniflandirilmas: ve tahmin edilmesi igin
kullanilan biyolojik bir smiflandirma teknigidir.
Geri yayilimli sinir ag1 (BPNN), radyal temelli
fonksiyon ag1 (RBFN), olasiliksal sinir ag1 (PNN)
ve destek vektor makinesi (SVM) ugucu organik
bilesenlerin siniflandirilmasinda genellikle kulla-
nilmaktadir. En basit ANN topolojisi girig 6zellik
seti (giris tabakasi), karar verme (saklama) taba-
kas1 ve karar (gikt1) tabakasini icermektedir
(Sankaran ve dig. 2012).

ANN, diger orlintii tanima metotlarina benzeme-
yerek, dnceki deneyimini kullanarak, daha esnek-
lik saglayarak cevabini dis gii¢lere doniistiirebilen
dinamik, kendine adapte olmus ve paralellik nede-
niyle daha hizli olan bir sistemdir. Ayrica, koku
uyaricinin memeli néron islenmesini daha yakin-
dan taklit edebilmektedir (Schaller ve dig. 1998).

Elektronik Burunlarin Su Uriinlerindeki Uygu-
lamalar

Olafsson ve dig. (1992), ii¢ farkli balik tiiriindeki
(mezgit, morina ve kizilbalik) bozulma durumunu
degerlendirmede ugucu aroma bilesenlerinin
Olclilmesi  i¢in  kalay dioksit sensorlerini
kullanmistir. Ornekler oda sicakliginda veya
buzda tutulmus ve sonucglar duyusal analizlerle
karsilagtirllmistir. Bu c¢alisma balik tazeliginin
degerlendirilmesinde  elektronik  burunlarin
kullaniminin daha fazla aragtirma igin gelecek
vaat ettigini gostermistir.

Schweizer-Berberich ve dig. (1994) tarafindan
balik tazeligi, spesifik depolama sartlarinda
zamanla tipik konsantrasyon degisimleri gosteren,
alkoller, karboniller, aminler ve merkaptanlardan
olusan konu ile ilgili ucucu bilesenlerin
amperometrik sensor, 1sitilmis bir katalizor ve cok
degiskenli istatistikler (PCA ve temel bilesen
regresyonu veya PCR) kullanilarak dl¢iilmesiyle
belirlenmistir.

Winquist ve dig. (1995) tazeligi bitmek iizere olan
morina filetolariin kalite tahmini i¢in kullanilan
bir E-burunu tanimlamiglardir. Taze morina fileto-
larinin kag giinliik oldugunu tahmin etmek icin, E-

burun taze referans filetolar ile 6ncelikle kalibre
edilmis ve daha sonra bu E-burun taze ve 5 giin
sonra satin alinan filetolarin kag giinliik oldugunu
tahmin etmek amciyla kullanilmigtir. Bu 6rnekler
i¢in elde edilen tahminler belirli bir aralikta (33.3-
47.3 saat) olmustur. Bu degerler test materyalinin
satin alinan referans materyalinden oldukc¢a eski
oldugunu goéstermistir.

Tilapya filetolarin1 kokularina ve renklerine gore
siniflandirmak i¢in E-burun ve makine vizyon sis-
teminin yetenegi Korel ve dig. (2001) tarafindan
calisilmistir. Taze tilapya (Oreochromis niloticus)
filetolar1 farkli miktardaki sodyum laktat ile mua-
mele edilmis ve 1.7°C’de ve 7.2°C’de 12 giin de-
polanmustir. Egitilmis panelistler ve 12 iletken po-
limer sensoriinii igeren bir E-burun (e-Nose 4000)
kokular1 degerlendirmis ve makine vizyon sistemi
fileto renklerini 6l¢miistiir. DFA (ayristirma fonk-
siyon analizi) tarafindan deneysel degiskenlere
(laktat yiizdesi, mikrobiyal yiik, duyusal puan, de-
polama siiresi ve sicakligil) dayanan dogru sinif-
landirma; sadece renk verileri i¢in zayif, sadece E-
burun verileri i¢in kabuledilebilir ve bu verilerin
kombinasyonu i¢in ise mitkemmel sonuglar ver-
mistir.

Di Natale ve dig. (2001) morina baligi filetolarinin
tazeligini tespit etmek i¢in farkli sensor teknolojisi
ve drnekleme yontemlerine dayanan iki E-burunla
Olciimler yapmiglardir. Bu E-burunlardan birisi
cesitli metal porfirlerle kapli sekiz kalinlikh
kesme modlu rezonatorlerin bir dizininden olusan
LibraNose ve digeri ise her biri belirli bir gaza
(CO, H2S, NO, SO, ve NH3) kars1 odaklanmis olan
bes elektrokimyasal sensore dayanan Fresh-
Sense’dir. 17 giinliikk depolama siiresinde, her iki
E-burunun entegrasyonu 6rneklerin tazeliginin ne-
redeyse tam olarak degerlendirilmesine izin veren
bir performans gostermistir.

O’Connell ve dig. (2001) tarafindan gelistirilen ta-
sinabilir bir E-burun Arjantinli barlam baliginin
tazelik tayinleri i¢in kullanilmistir. Baligin tartil-
mig bir pargasi sensoriin bir hiicresinin igerisine
koyulmus ve balik emisyonuyla olusan sensor sin-
yalleri zamanin bir fonksiyonu olarak kaydedil-
migtir. Sensor olarak kalay dioksit bazli ticari gaz
sensorleri kullanilmigtir. Depolama giiniiniin ve
barlam balig kiitlesinin artmasiyla (en fazla 50 g)
sinyallerde bir artis gdzlemlenmistir. Ornegin ko-
kusmusglugunu belirten elde edilen cevap Oriintii-
leri depolama sartlarindan ve depolamanin bazi
giinlerinden sonra degisen agirliktan bagimsiz ol-
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mustur. Sirasiyla bozulmus ve bozulmamig 6rnek-
lerle iliskilendirilen farkli iki 6riintii elde edilmis-
tir. Bu sonuglar PCA yapilarak teyit edilmistir.

FreshSense olarak isimlendirilen bir E-burun
buzda ve modifiye atmosferde depolanan kizil ba-
ligin tazeligini izlemek i¢in hizli bir teknik olarak
kullanilmistir. FreshSense sensoriiniin karakteris-
tik cevabini incelemek i¢in standart bilesenler 61-
¢lilmistiir. Kizil baligin depolanmasi sirasinda
tiretilen ucucu bilesenler izlenmistir ve sonuglar
cok degiskenli analiz metodlartyla analiz edilmis-
tir. Sensorler baliktaki bozulma bilesenlerinin gos-
tergesi olan standart bilesenlere kars1 iyi segicilik,
hassasiyet ve tekrarlanabilirlik goOstermistir.
FreshSense standart bilesenler ve onlarin karisim-
lar1 arasinda ve kizil baligin taze drnekleri ve bo-
zulmus 6rnekleri arasinda da ayrim yapabilmistir.
E-burun 6l¢iimleri duyusal degerlendirme sonug-
lar1 ile genelde uyum gostermistir, fakat kizil bali-
gin bozulma Oriintiisii ve hava boslugu kompozis-
yonu hakkinda detayli bilgi vermistir (Olafsdottir
ve dig. 2002).

Du ve dig. (2002) tarafindan ¢esitli depolama ko-
sullarinda somon filetolarinin kalite degerlendir-
mesi yapilmustir. Filetolar -20°C’de 4 giin ve
10°C’de 14 giin depolanmistir ve zamanla olusan
bakteri ve histamin degisimleri AromaScan E-bu-
run ile incelenmistir. Duyusal panel degerlendir-
mesiyle yapilan karsilagtirma bu yaklagimin balik
kalitesini degerlendirmede kayda deger olabilece-
gini gostermistir.

Vazquez ve dig. (2003) iletken polimer bazli bir
E-burunu kullanarak anguezin olgunlasma duru-
muyla ilgili olan flavor profilindeki kalitatif degi-
simleri incelemislerdir. Olgunlagsma prosesini mo-
dellemek ve olgunlasma asamasinin bir fonksi-
yonu olarak 6rnekleri ve iiretilen biitiin basarili so-
nuglari siniflandirmak i¢in PCA ve ANN yontem-
lerini de igeren birka¢ kemometrik teknik uygula-
miglardir. E-burun 6l¢iimleri 6rnek hazirlamasina
ihtiyag duymamistir ve sonuglar bu teknigi kulla-
narak anguezin olgunlagma prosesinin takip edile-
bilecegini gostermistir.

Tokusoglu ve Balaban (2004) istiridyelerin tazeli-
ginin objektif olarak degerlendirilmesi i¢in E-bu-
run teknolojisi ve bilgisayar vizyon kombinas-
yonu iizerinde ¢aligmiglardir. 1.8°C’de ve 7°C’de
depolanan istiridyelerdeki (Crassostrea virginica)
koku ve renk degisiklikleri 13 giin siiresince her 3
giinde bir E-burun (model 4000; EEV Inc.), bilgi-
sayar vizyon sistemi ve duyusal panellerle 6l¢iil-
mistiir. E-burun ve koku duyusal verileri DFA

kullanilarak ¢oziimlenmistir. Glinlere gore grup E-
burun verileri ve her bir sicakliktaki duyusal pu-
anlara ait % 100’likk dogru siniflandirma oranlari
elde edilmistir. Tiim sicaklik ve giin verileri top-
landiginda DFA % 94 dogruluklu E-burun okuma-
larina dayanan duyusal puanlar1 6n gérmiistir.

Jonsdottir ve dig. (2004) tarafindan ticari olarak
iiretilmis olgunlagmis balik yumurtasinin flavor
profili duyusal analizler, gaz kromatografisi-ol-
faktometre (GC-0O), gaz kromatografisi-kiitle
spektrometresi (GC-MS) ve olgunlagmis balik yu-
murtasinin hava boslugu karakterizasyonunu E-
burun ile incelenmistir. Duyusal analizler havyar
flavoru ve peynir alt1 suyw/karamel benzeri koku
ile birlesen olgunlagmig balik yumurtas1 kokusu ve
flavorunun kompleks karakteristik balik yumur-
tas1 flavorunun genel olumlu etkisini verdigini
gostermistir. GC-MS ve E-burun ile ugucu bile-
senlerin analizi duyusal analizlerle tespit edilen ti-
pik olgunlagmis ve bozulma flavoruna katkida bu-
lunan aroma bilesenlerinin varligini onaylamistir.
Bozulma flavorlar1 E-burun ile dlgiilen ve olgun-
lasmis balik yumurtasinin objektif olarak deger-
lendirilmesi i¢in kalite indikatorii olarak goriilen
3-metil-1-biitanol ve 3-metilbiitanal tarafindan
kismen desteklenmistir. Genel verilerin temel bi-
lesen analizi GC-O’nun duyusal degerlendirme ve
E-burun 6l¢iimleri ile uyustugunu gostermistir.

Avrupa’daki dort farkli dumanlama evinden gelen
soguk dumanlanmis somonun kalite degisimleri
prototip bir MO (metal oksit) sensorii dizin sistemi
olan FishNose ile izlenmistir (Olafsdottir ve dig.
2005). Ornekler farkli ambalajlarda (vakum ve
modifiye atmosfer) 5°C’de ve 10°C’deki kontrollii
depolama kosullarinda 4 hafta siiresince depolan-
mistir. Duyusal 6zellikler (tatli/eksi, kotii ve ransit
koku), toplam canli sayis1 ve laktik asit bakterileri
sayisina dayanan kalite kriterleri saptanmis ve
FishNose cevaplarina dayanan 6rneklerin siniflan-
dirilmasinda kullanilmigtir. Gaz sensoriiniin ce-
vaplari, bozulma kokusunun duyusal analizi ve
depolama sirasinda soguk dumanlanmis somon-
daki bozulma kokularina neden olan u¢ucu mikro-
biyal iiriin bilesenleri hakkinda fikir veren mikro-
biyal say1 ile iyi derecede korelasyon gostermistir.

Haugen ve dig. (2006) FishNose isimli, gaz 6rnek-
leme iinitesi igceren portatif bir kat1 hal bazli gaz
sensoOr dizin sistemini dumanlanmis somonlarin
kalitesinin direkt dlgiilmesi igin gelistirmiglerdir.
Dumanlanmis somonun depolanmasi sirasindaki
kalite degisimleri FishNose ile izlenmis ve sonug-
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lar geleneksel duyusal, kimyasal ve mikrobiyal 61-
c¢limlerle karsilastirilmistir. Gaz sensorii se¢imi
bozulma sirasinda ¢ogunlukla mikrobiyal metabo-
lizmay1 gosteren ¢ok ucgucu bilesenlerdeki degisi-
min tespit edilmesi i¢in optimize edilmistir. Bu
sistem sayesinde tatli/eksi ve kotii koku ve mikro-
biyal yiik gibi 6zellikler ile iliskilendirilen kalite-
nin de tahmin edilebilecegini belirtmislerdir.

Chantarachoti ve dig. (2006) 14°C’de ve 1°C’de
depoladiklar1 Alaska pembe somonun (On-
corhynchus gorbuscha) bozulma durumunu porta-
tif bir E-burunla (Cyranose 320™, 32 adet ayr
ince film karbon siyah polimer sensdriinden olus-
maktadir) incelemislerdir. Karin boglugundaki
ugucu bilesenlerin tespitinde ileri basamakli genel
ayristirma analizlerini kullandiklarinda dogru si-
niflandirma oranini sirasiyla % 85 ve % 92 olarak
bulmuslardir. 14°C’de depolanan baliklarin karin
boslugu kokularindan elde edilen duyusal veriler
ile E-buruna ait cevaplar arasinda dogrusal kore-
lasyon oldugu gozlemlenmistir.

Spesifik bozulma organizmalarinin ¢ogalmasi ve
kalite degisiklikleri 0.7°C ve 15°C’de ve sicaklik
dalgalanmalar1 altinda, strafor kutular i¢inde de-
polanan mezgit filetolarinda degerlendirilmistir.
Bozulma kokusunun baslangici i¢in karakteristik
olan mikrobiyal metabolitleri temsil eden bilesen-
lerin farkli siiflarini izlemek icin hizli bir E-bu-
run teknigi kullanilmigtir. Photobacterium phosp-
horeum bozulma bakterilerinin arasinda baskin ol-
mus ve duyusal degerlendirmede TVB-N’nin yiik-
sek seviyeleri go6zlemlenmistir. Pseudomonas
spp.’nin E-burun CO sensdriiniin artan cevabi ile
ortiismeyen mezgit filetolarindaki tath, meyvemsi
bozulma kokusunun gelismesinde sorumlu oldugu
ortaya ¢ikmustir. H,S tireten bakterilerden, biiyiik
olasilikla Shewanella putrefaciens, uygun olma-
yan sicaklik kosullarinda H,S sensoriiniin yanitt
ile iligkili bulunmustur. Duyusal kalitenin en iyi
tahmini bes degiskene (E-burun sensorii (CO, NH3
ve H»S), Pseudomonas sayisi ve zaman-sicaklik
degiskeni) dayanan PLSR (kismi en kiigiik kareler
regresyonu) modeliyle elde edilmistir (Olafsdottir
ve dig. 2006).

Amari ve dig. (2006) tarafindan bir E-burun gelis-
tirilmis ve soguk depolamada (4+1°C) gecen giin-
lerin say1sina gore sardalya 6rneklerinin tazeligini
siniflandirmak i¢in hizli bir teknik olarak kullanil-
mustir. Tartilan sardalya 6rneklerinin hava boslu-
gunda bulunan ugucu bilesenler bir sensor hiicresi
igerisine tanitilmis ve sensdrlerin cevap sinyalleri
zamanin fonksiyonu olarak kaydedilmigtir. Veri

analizleri PNN, bulanik ARTMAP sinir aglar1 ve
SVM gibi ti¢ farkli 6riintli tanima metodu ile ya-
pilmistir. Bu ¢aligmanin amaci, bu ii¢ oriintii ta-
nima metotlar1 arasinda sardalya 6rneklerinin ge-
¢irdigi soguk depolama giinlerini dogru belirle-
mek i¢in en uygun olanimi se¢mek olmustur. So-
nuglar E-burunun 4°C’de depolanan sardalya or-
neklerinin tazeligini izleyebildigini ve en iyi sinif-
landirma ve tahminin SVM sinir agi ile elde edil-
digini gostermistir.

12 iletken polimer sensorlii bir E- burun farkh
kimyasallarla muamele edilmis ¢ig karidesin ko-
kularimi 6lgmek i¢in kullanilmistir (Luzuriaga ve
dig. 2007). Bagsiz kabuklu pembe karides (Panda-
lus jordani) farkli miktarlardaki agartici, fosfatlar
ve siilfitler ile muamele edilmis ve 2°C’de 48 saat
depolanmistir. Kokular duyusal paneller ve E-bu-
run ile degerlendirilmis, ayrica aerobik canli sayisi
belirlenmistir. DFA sonuglar1 E-burunun karides-
teki kimyasal varligina bagl olan kokudaki farkli-
liklar1 ayirt edebildigini gostermistir. Dogru sinif-
landirma oranmi agartici, fosfat ve siilfit ile mua-
mele edilmis karideslerde sirastyla % 92.7, % 95.8
ve % 99.2 olmustur.

El Barbri ve dig. (2008) minyatiirliik ve taginabi-
lirlik i¢in uygun olan sinirlamalar altinda baligin
tazeligini gercek zamanl olarak degerlendirebilen
bir E-burun sisteminin arastirilmasini ve realize
edilmesini amaglayarak alt1 kalay oksit bazli Ta-
gushi gaz sensdriinii 4 °C’de depolanan sardalya
orneklerini analiz etmek i¢in kullanmiglardir. Bir
mikro denetleyici ve tasmabilir bilgisayara bagh
0zel gergek zamanli veri toplama sistemi tasarlan-
mis ve bu uygulama i¢in olusturulmustur. PCA ve
destek vektdr makinesi sonuglari sistemin 4°C’de
depolanan sardalyanin tazeligini degerlendirebil-
digini gostermistir.

Istiridyelerin kalitesini degerlendirmede iki E-bu-
run sisteminin etkinligi 4°C’de ve 7°C’de 14 giin
depolanan canli istiridyeler lizerinde ¢alisilmstir.
Her iki sicaklikta da depolanan istiridyelerden
7°C’de depolananlar 7. giinde bakteriyal yiikleri-
nin 10’ CFU/g’a ulasmasiyla mikrobiyal bozulma-
nin degisen derecelerini sergilemislerdir. Cyra-
nose 320™ E-burun sistemi degisen evrenin isti-
ridye kalitesini ayirt etmek i¢in karakterize koku
¢iktilar1 iiretme yeteneginde (%100 ayirma) ol-
mustur. Dogrulama sonuglar1 Cyranose 320™nin
depolama siiresi acisindan istiridyelerin kalitesini
% 93 dogrulukla belirleyebildigini gostermistir.
Ancak, VOC marka E-burun i¢in dogru smiflan-
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dirma orani sadece % 22 olmustur. E-burun veri-
sinin mikrobiyal say1 ve duyusal panel puanlari ile
korelasyonu Cyranose 320™’nin istiridyelerin
mikrobiyal kalitesini tahmin edebildigini agiga ¢1-
karmistir (Hu ve dig. 2008).

Rodriguez-Méndez ve dig. (2009) fitalosiyaninler
ile kimyasal olarak modifiye edilmis voltametrik
sensorler dizinini kullanarak balik bozulmasindan
kaynaklanan biyojen aminleri igeren bozulma
tirlinlerinin genel tespitini igeren bir yontem gelis-
tirmislerdir. Ekran baskili elektrotlar (SPE) dizini-
nin performans: klasik karbon pasta elektrot
(CPE) dizini ile karsilastirilmistir. Sensorler biyo-
jen aminlerin (amonyum, dimetilamin, trimetila-
min, kadaverin ve histamin) model ¢6ziimleme-
sine kars1 iyi hassasiyet gostermislerdir. Dizin ta-
rafindan saglanan cevaplarm Oriintiisti balik taze-
ligini degerlendirmek ve post-mortem periyodu
belirlemek i¢in basarili sekilde kullanilmistir. Ar-
tan depolama giiniiyle birlikte biyojen aminler ve
diger bozulma iiriinleri ile iliskilendirilen sinyal-
lerde artig gézlemlenmistir.

Zhang ve dig. (2009) alt1 adet Tagushi tip gaz sen-
soriine sahip E-burunla ahtapotlarin bozulma du-
rumlarini ve formaldehit iceriklerini tespit etmis-
lerdir. Sensor cevap kurvelerinden iki statik 6zel-
lik (havadaki direnci, sensor cevabi) ve bir dina-
mik 6zellik (desorpsiyon orani) ortaya ¢ikmustir.
PCA ile iiriinlerdeki bozulmay1 kolaylikla belirle-
mislerdir. Farkli ahtapot &rnekleri i¢in dogru ta-
nima oranini % 93.1 olarak bulmuslardir.

Limbo ve dig. (2009)’nin Avrupa levregi (Dicent-
rarchus labrax) ile ilgili yiiriittikleri ¢alismanin
amact hem kimyasal (TVB ve TBA analizi) hem
de olfaktometrik (E-burun) metod uygulayarak, ii¢
farkli depolama sicakligindaki (0.5 °C, 4.8 °C ve
16.5 °C) raf 6mriinii, pazarlanma sirasindaki ger-
¢cek zaman-sicaklik teshir sartlarini, zaman-sicak-
lik gegmis verileri temelinde ve uygun entegras-
yon rutininde ticari zincirdeki kalan raf omriinii
belirlemektir. Raf omrii ¢alismasi tazeligin azal-
masinin a¢iklanmasinda ve bir tazelik esiginin ta-
nimlanmasinda kimyasal belirteclerin ve E-buru-
nun etkinligini ortaya koymustur.

El Barbri ve dig. (2009) tarafindan objektif an-
lamda, 4 °C’de 1 hafta depolanan sardalya 6rnek-
lerindeki tazeligin evrimsel agamalarini degerlen-
dirmek i¢in dort element, entegre, mikro-islemcili,
MO gaz sensorii dizinine dayali bir E-burun sis-
temi kullanilmistir. Gelistirilen sensorler Pt ya da
Pd veya Bi ile takviyeli kalay oksit ve Au ile tak-

viyeli tungsten oksit bazlidir. Gaz hassasiyetli ma-
teryallerin se¢imi kiitle spektrometresiyle birlesti-
rilmis kati fazli mikro-ekstraksiyon gaz kromatog-
rafisiyle belirlenmis sardalyanin hava boslugunda
bulunan karakteristik bilesenlerin 6énceden belir-
lenmesine ve Ol¢iimiine dayandirilmistir. Sensor
dizin cevaplarina gore yiiriitillen temel bilesen
analizleri sardalya o6rneklerinin ii¢ tazelik duru-
muna siniflandirilabilecegini ortaya koymustur.
Bu smiflandirma, mikrobiyal analizlerin sonugla-
riyla iyi uyum gostermistir. E-burun siniflandirma
yeteneginin kararlilig1 1 ay arayla toplanan 6l¢iim
veritabanlarini dogru siniflandirirak degerlendiril-
mistir. Gaz sensorii cevaplarinin girig verisi olarak
calisan kantitatif kismi en kii¢iik kareler modelinin
kurulmas1 ve dogrulanmasi sayesinde sardalya or-
neklerinde var olan aerobik bakterilerin toplam
canli sayisini 0.91°lik korelasyon katsayisiyla tah-
min etmek miimkiin olmustur.

Heising ve dig. (2012) -0.5°C’de ve 1.9°C’de de-
poladiklar1 paketlenmis morina baliklarinin taze-
lik durumlarindaki degisikliklerin bir indikatorii
olarak hava boslugundaki amonyumun izlenmesi
icin tahribatsiz bir metot gelistirmislerdir. Amon-
yum iyon segici elektrotun (NH4"-ISE) ciktilar
balik filetolarinin ugucu amin igerikleri (TVB-N)
ile karsilastirildiginda uyumlu olduklar goriil-
mustur.

Protein bazli gidalar1 tespit etmek amaciyla
polimer/carbon nanotiip (CNT) sensor dizininden
olusan portatif bir e-burun gelistirilmistir. Gaz
sensorleri, CNT/polimer nanokompozit
materyallerini birbirine kenetlenmis elektrotlar
iizerine  fonksiyonlandiran  spin-kaplamayla
iretilmistir.  Sensorler, ppm  seviyesindeki
amonyak, amin bilesenleri, asetik asit, su ve
organik ¢oziiciiler gibi ugucu bilesenlerin ¢esitli
tipleriyle test edilmistir. Cogu sensoriin organik
¢oziiciilere ve suya karsi oldukga diigiik bir yanit
verirken; amonyak, amin bilesenleri ve asetik asite
kars1 giiclii sinyaller tirettigi bulunmustur. Sensor
cevabina bagli olan amin c¢esidinin etkilesim
iligkisini anlamak i¢in, ugucu amonyaga karsi en
iyl cevabi saglayan bir polimer yapi {izerindeki
yogunluk  fonksiyonel  teorisine  dayanan
molekiiler modelleme gerceklestirilmistir. Temel
bilesen analizine dayanarak, bu portatif e-burunun
deniz iriinlerinden agiga ¢ikan farkli miktardaki
amin bilesenlerinin siiflandirilmasinda basariyla
uygulanabilecegi sonucuna varilmigtir
(Lorwongtragool ve dig. 2012).



Journal of Food and Health Science

Ogur, 1(1): 1-11 (2015)

Journal abbreviation: J Food Health Sci

Guohua ve dig. (2012) tarafindan 277 K sicaklikta
depolanan ot sazaninin (Ctenopharyngodon idel-
lus) E-buruna dayanan kalite 6ngorii modeli tasar-
lanmistir. Orneklere gére sensér dizin cevabinin
degisimine mikrobiyal yayilma sayesinde agiga
cikan yeni olusturulan gaz tiirleri neden olmustur.
PCA metodu taze ot sazan1 6rneklerini orta dere-
cede taze ve eski orneklerden ayirt etmistir. Sto-
kastik rezonans sinyal-giiriiltii oran1 maksimum-
lar1 taze, orta derecede taze ve eski ot sazani Or-
neklerini basariyla ayirmistir. Dogrulama deney-
leri bu modelin 6ngdrii dogrulugunun % 87.5 ol-
dugunu gostermistir.

Tian ve dig. (2012) 15°C, 10°C ve 5°C’de depola-
diklar1 kaya baliginin tazeligini izlemek igin ticari
olarak ulasilabilen MO sensorlerine dayanan basit
ve ¢ogaltilabilir bir E-burun yapmislardir. Ornek
dagitimi dinamik hava boslugu metoduna dayan-
dirilmig ve denetimsiz bir PCA metodu kullanarak
her bir sensoriin gecici cevabindan ¢ikarilmgtir.
Orneklerin e-burun cevaplar1 ve TVB-N degerleri
ve aerobik bakteri sayisilari arasinda iyi korelas-
yon katsayilari elde edilmistir.

Lim ve dig. (2013) bozulmus baliktan iiretilen
trimetilamin (TMA) miktarinin ger¢ek zamanli
olarak oOlgiilmesi aracilifiyla deniz iiriinleri
kalitesini belirleyebilen peptid reseptor bazli bir
biyoelektronik burun (BEB) iiretmistir. BEB,
TMA’y1 taniyan ve 10 fM’den daha diisiik
konsantrasyonlardaki TMA’y1 ger¢ek zamanl
olarak hassas ve secici bir sekilde tespit etmeye
olanak saglayan koku reseptoriinden tiiremis
peptidlerle fonksiyonlandirilmis tek duvarli-
karbon  nanotiip  alan-etkili  transistorler
kullanilarak gelistirilmistir. Ayrica, BEB deniz
triinleri kalitesinin yerinde Olglilmesi gereken
yerlerde etkin sekilde kullanilabilir hale getiren
portatif bir skalada diretilmistir. Cihazin bu
ozellikleri kullanilarak sadece deniz iiriinlerinin
i¢ cesidinin (istiridye, karides ve istakoz) kalitesi
belirlenmemis, aynt zamanda herhangi bir 6n
islem prosesi uygulanmadan bozulmus deniz
triinii bozulmug gidalarin diger tiplerinden de
ayirtedilebilmistir.

Sonuc¢

Yapilan literatiir incelemeleri dogrultusunda E-
burunlarmn su iriinlerinin kalitesini belirlemede
basarili bir sekilde kullanildigi, ancak arastirma
sonuglar1 dikkate alinarak sensorlerin etkinliginin
daha da gelistirilmesi ve bu cihazlara proseste
mutlaka yer verilmesi gerektigi diisiiniilmektedir.
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Abstract:

Using fuel wood for fish smoking is literarily becoming
very expensive hence the need to find alternative smok-
ing source. This study evaluates the suitability of Cow
dung and Corn husks as possible alternatives fish smok-
ing sources to the conventional fuel wood. The results
obtained reveals that fish samples smoked with Corn
husks had the highest protein level while the least value
was observed with Cow dung. Microbial count showed
significantly low level in fish smoked with Corn husks
(1.2x10%) compared with the highest level observed in
Cow dung (1.81x10%). Organoleptic assessment re-
vealed fish smoked with Corn husk and Fuel wood to
be better in appearance, aroma, taste and texture. Profit
analysis indicates it more expensive to smoke 3kg fish
using Fuel wood (¥2510) compared to Cow dung and
Corn husk (¥2210), hence, for profitability and reasons
of hygiene, corn husk is strongly recommended for fish
smoking above fuel wood and cow dung.

Keywords:

Clarias gariepinus, Proximate composition, Organo-
leptic, Microbial load, Cow dung, Corn husks
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Introduction

Fish is a very important source of animal protein
in the diets of man, it is cheap and highly accepta-
ble, with little or no religious bias, which gives it
an advantage over pork or beef (Eyo, 2001). Nige-
rians are large consumers of fish and it remains
one of the main products consumed in terms of an-
imal protein. The fishery sector is estimated to
contribute 3.5% of Nigeria's Gross Domestic
Product (GDP) and provides direct and indirect
employment to over six million people (Trade In-
vest Nigeria, 2010). However, only about 50% of
the demand for fish is currently being met by local
supply and the gap between the demand and sup-
ply of fish is widening due to increase in popula-
tion, poor post-harvest handling, lack of pro-
cessing and storage facilities and utilization of un-
conventional fish species (Ayuba and Omeji,
2006)

Spoilage is a metabolic process that causes food to
be undesirable or unacceptable for human con-
sumption due to changes in sensory and nutritional
characteristics (Doyle, 2007). The processing and
preservation of fresh fish are of utmost importance
since fish is highly susceptible to deterioration im-
mediately after harvest and also to prevent eco-
nomic losses (Okonta and Ekelemu, 2005). If fish
is not sold fresh, preservation methods such as
freezing, smoking, drying and heat treatment, ster-
ilization, pasteurization, etc. should be applied to
extend the shelf-life (Eyo, 2000). Of these preser-
vation methods, smoking or drying fish is tradi-
tionally the oldest method and constitute a large
section of the diet of the world’s population
(Okonta and Ekelemu 2005).

Methods of drying and smoking fish vary between
different countries and within the same country
may differ depending on the species of fish used
and the type of product desired (Obande, 2009).
Fuel wood is generally used as the conventional
smoking source, however, deforestation, competi-
tion of purpose with man and emission of green
house gases makes alternative means of fish dry-
ing other than fuel wood necessary. Hence this
study aims at determining the suitability of cow
dung and corn husk (Animal and plant waste re-
spectively) as alternatives smoking sources for
fish smoking.

Materials and Methods

Twenty seven matured Clarias gariepinus were
purchased from the fisheries research farm of the

University of Agriculture Makurdi (UAM), Benue
state, Nigeria. The fish were transported to the
Fisheries laboratory in UAM North core, washed
thoroughly to remove sand and slime and gutted.
The fish were divided in to nine batches: with
three batches (3kg each) smoke-dried using cow
dung, fire wood and corn husk. This was repli-
cated. After the drying process, the proximate
compositions of fresh and smoked fish samples
were carried out according to the official methods
described by AOAC (2000). Sensory evaluation
was done for the smoked samples by ten panel
member to determine Appearance, Aroma/Odour,
Taste, and Texture of the smoked fish from differ-
ent sources. Scores were allotted using the hedonic
scale as stated below: Excellent 5, Very Good 4,
Good 3, Fair 2, and Poor 1.

Microbial load were evaluated on the samples us-
ing the methods specified by FSSAI (2012) and
Guinn et al., (1999)

Gross margin analysis was used to measure the net
revenue of the three treatments. According to Ber-
man (2006), gross margin was expressed as

GM=GR-TVC

Where: GM = Gross Margin
GR = Gross Revenue

TVC = Total Input Cost

Input used for the gross margin analysis was the
cost of fresh Clarias gariepinus, cost of each
smoking source, cost of matches and cost of trans-
portation. Data generated were subjected to statis-
tical analysis ANOVA and where significant dif-
ferences occurred, the means were separated using
fishers LSD at P<(.05).

Results and Discussion

The result of weight losses of Clarias gariepinus
smoke with the different fuel sources shows that
fish smoked with fuel wood and corn husk
(66.67%) loss the highest weight compared to
those smoked with cow dung (63.33%). Proximate
composition of smoked fish (Table 2) however re-
veals lowest moisture content in fish sample
smoked with Corn husk (9.42 +0.01 %) while the
fresh sample fish had the highest moisture content
(68.58 £0.01 %). The protein content of fresh
sample fish were low in crude protein (17.29
+0.02 %) while fish smoked with Corn husks had
the highest protein level (53.25 +0.01 %). Lipid
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content of smoked Clarias gariepinus with cow
dung and fuel wood was higher compared to corn
husk and fresh fish (16.33 £0.05 and 5.46 £0.01 %
respectively). Ash content of the smoked samples
was higher for fuel wood (5.6 £0.01 %) compared
to other fuel sources however the least Ash content
was observed in fresh fish.

Fish sample smoked with Cow dung had the high-
est numbers of bacteria count, (1.81x10°+4.0x10°
CFU) with two organisms grown on it namely
Streptococcus gram positive cocci and Bacillus
anthracis, gram positive (Table 3). Fish sample
smoked with fuel wood had the lowest numbers of
bacteria  (1.01x10° +1.0x10>° CFU) with
Stapylococcus spp. gram positive identified. Also
fish sample smoked with Corn husks had 1.2x10°
£3.0x10*> CFU numbers of bacteria count with
Staphylococus aureus grown.

Fish samples smoked with Fuel wood were con-
cluded to be superior in appearance, aroma, taste
and texture by the panel of assessors used, fol-
lowed by fish samples smoked with Corn husks,
while fish samples smoked with Cow dung had
the least scores (Table 4).

Gross profit analysis reveals it is more expensive
to smoke 3kg of Clarias gariepinus fish with Fuel
energy source (3¥2510) than smoking the same
quantity of fish with Cow dung (8¥2210) and Corn
husk over the same period of time (Table 5, 6 and
7).

Generally, the aim of smoking fish is to reduce the
moisture content to about 15-20% (Eyo, 2001),
hence the observed reduction of moisture content
of the fresh fish from 68.58% to the range of
9.42% - 11.19% is in line with the above hypoth-
esis. Nerqua ye- Teiteh et al. (2002) reported that
different fuel wood reduce the moisture content of

Chrysichthys auratus to between 9-13% which is
in line with the result of the present study it was
concluded that this moisture content were low
enough to prevent little deterioration problems if
storage conditions were properly controlled hence,
it is expected that reduced moisture content ob-
served in this study reduce activity of spoilage or-
ganism hence prolong the shelf of the fish. Okoso-
Amaa et al., (1978) indicated that the shelf life of
smoked Sardinella spp. varied according to the
moisture content. Plahar et al. (1996) recom-
mended an initial smoked fish content below 13%
before storage. They reported that this condition
would also not favour the development of afla-
toxin-producing moulds. However, at moisture
levels of 15% and above, a great deal of proteo-
lytic and lipolytic deterioration as well as micro-
bial proliferation are favoured (Kaneko, 1976) in
contrast to this Olayemi et al. (2011) reported 6-
8% moisture as the recommended safe moisture
content of dried fish. However, the effective of
this ranges to prolong the self life of fish greatly
depend on fish species, duration of smoking, du-
ration of storage, storage technology etc. Fat level
of fresh sample and fuel wood smoked fish were
quite lower than those recorded for cow dung and
corn husk, for storage purposes fuel wood smoked
fish may stay longer than other sources used in this
study because of rancidity of fat content. The fat
levels of 15 - 33% are proposed to be high and may
cause rancidity problems within a short period of
storage by Plahar et al (1991). The crude protein
of the smoked fish were quite higher than that ob-
tained in the fresh fish; according to Abdullahi
(2011), higher moisture content of fish result into
lesser value of crude protein. This may be due to
the fact that in fresh fish, the protein is less coag-
ulated than in dried form which is said to increase
the digestibility of the protein in fish.

Table 1. Mean weight changes of Clarias gariepinus exposed to different smoked sources.

Smoke Sources

Parameters Fuel wood Cow dung Corn husks P-Value
Initial (g) 3000 0.1 3000 £0.1 3000 0.1 0.234
Final weight (g) 1000 £2.5° 1100 £10.0 1000 £15.0° 0.001
Weight loss (g) 2000 £1.5° 1900 +9.9° 2000 £15.0° 0.05
% weight Loss 66.67 £0.5° 63.33+£0.01° 66.67 £0.3° 0.02

Mean in the same row with different superscript differs significantly (P<0.05).
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Table 2. Proximate composition of fresh and smoked Clarias gariepinus using fuel wood, cow dung

and Corn husks.

Treatment Moisture (%) Ash (%) Lipid (%) Fibre (%) Protein (%) NFE (%)
Fresh fish  68.58 1.44 5.46 2.23 17.29 5.02
+0.01° +0.05¢ +0.01¢ +0.02¢ +0.02¢ +0.01¢
Fuel wood 11.19 5.6 14.59 4.84 51.72 12.05
+0.02° +0.012 +0.02° +0.01? +0.02° +0.005°
Cow dung  11.05 4.66 19.81 3.49 50.14 10.88
+0.01° +0.00° +0.01? +0.01° +0.01° +0.05°
Corn husk  9.42 4.43 16.33 4.27 53.25 12.32
+0.01¢ +0.01° +0.05° +0.005° +0.01° +0.005°
P. value 0.01 0.01 0.01 0.01 0.01 0.01

Mean values in the same column with different superscript varies significantly (P<0.05).

Table 3. Bacteria count (total plate count) for fish samples smoked with Fuel wood, Cow dung and Corn husks.

Parameters Fuel wood Cow dung Corn husk P-value
Bacteria count (CFU)  1.01x10° 1.81x10° 1.2x10° 0.001
£1.0x10% +4.0x10% £3.0x10%

Mean in the same row with different superscript differs significantly (P<0.05)

Table 4. Mean hedonic scores for fish samples smoked with fuel wood, cow dung and corn husks.

Fuel wood Cow dung Corn husk P-value

Appearance 4.6 34 3.7 0.048
+£0.27° +0.34° +0.37°

Aroma 39 2.9 3.8 0.001
+0.18? +0.36° +0.38?

Taste 4.2 32 3.8 0.018
+£0.23° +0.29¢ +0.51°

Texture 4.2 33 35 0.14
+0.13 +0.33 +0.43

Mean in the same row with different superscript differs significantly (P<0.05).

Fish sample smoked with Cow dung had the high-
est numbers of bacteria count, This may be due to
the fact that Cow dung being an organic waste
product had accumulated these organism prior to
been used for smoking hence deposited it on the
skin (surface) of the fish in the process of smok-
ing. Collins et al. (1999) had earlier reported that
Bacillus spp (the organism identified on fish
smoked with cow dung and not found on fish
smoked with other fuel sources) produces toxic
chemicals and can survive certain preparatory pro-
cesses such as heating and drying due to their en-
dospores and are thus found even on dried foods.
However the fact that they were not identified in
the other sample means that they were inoculated
on the fish from the smoking source hence it may
be right to conclude that micro organism isolated
on smoke fish differ with smoking source and the

type of fish smoked. Omojowo et al. (2009), had
earlier reported bacteria flora (Bacillus coagulans,
B. cereus, Klebsiella ozanae, Proteus vulgaris,
Escherichia coli, Staphylococcus aureus, Strepto-
coccus spp) and fungi (Aspergillus niger, A. can-
didus, A. flavus and A. nidulan) were isolated in
potassium sorbate untreated and smoked tilapia.
An experiment on fungal infestation and nutrient
quality of smoke-dried Clarias gariepinus, Chry-
sichthys nigrodigitatus, Sarotherodon galilaeus,
Heterotis niloticus, Heterobranchus bidorsalis,
Synodontis schall, Synodontis clarias and Clarias
anguillaris by Fafioye et al. (2008) revealed
Fusarium spp., Aspergillus spp., Rhizopus spp.,
Mucor spp. and Penicillium spp. as isolated of
fungi while bacteria included E. coli, S. aureus and
Salmonella spp. of all these micro organisms As-
pergillus spp. was found in all the fish samples and
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ranked the most prevalent species. The total bac-
terial count of the fish smoked with different fuel
sources were observed to be within the acceptable
range of Aerobic Plate count of 5.0x10° cfu/g
(ICMSF, 1986), however Staphylococci spp ob-
served in fish smoked with fuel wood and corn
husk exceeded the recommended level 10° cfu/g.
This observation is also in line with the finding of
Ayuba et al. (2013).

Organoleptic assessment of smoked samples re-
veals that in terms of appearance wood source

smoked fish were better compared to other smok-
ing sources, the glossy oily appearance observed
for the fuel wood smoked sample is in line with
the reports of Krasemann (2006) who concluded
that smoking fish with soft wood material add ap-
preciable colour to the smoked product. Also
Akinneye et al. (2007) in their experiment re-
ported that smoked dried fishes had the most at-
tractive colour compared to oven and sun dried
samples. The unattractive colour observed for cow
dung may be due to excess deposition of carbon
organic waste on the fish skin.

Table 5. Economic Analysis of the cost of smoking fish with Fuel wood, Cow dung and Corn husks

Fuel wood Cow dung Corn husk
Input Quantity. Unit Total Input Quantity. Unit Total Input Quantity. Unit Total
kg cost. ¥ kg cost. ¥ kg cost. ¥
Fresh Fish 3kg 700 2100 Fresh Fish ~ 3kg 700 2100 Fresh Fish  3kg 700 2100
Fuel wood 35kg 8.0 300 Cow dung Corn husk
Matches. Box 1 10 10 Matches 1 10 10 Matches 1 10 10
Labour Labour Labour
Transport 2 drops 50 100 Transport 2 drops 50 100 Transport 2 drops 35 70
Total N 2510 Total N 2210 | Total N 2180

Table 6. Gross profit margin analysis of fish smoked with Fuel wood, Cow dung and Corn husks.

Parameters Gross Profit (Gross revenue — Total cost) ¥
Cost of smoking fish Fuel wood Cow dung Corn husks
(1) Fuel wood 3480 -2510 3000 -2210 3480 —2180
1 piece of fish= ¥ 290 =¥ 970 =N 790 = N 1300

1 kg = 4 pieces of fish
3 kg = 12 pieces
12 pieces = N 3480
(2) Cow dung.
1 piece of fish =N 250
1 kg = 4 pieces
3 kg = 12 pieces
12 pieces = N 3000

Corn husks.

1 piece of fish = N 290
1 kg = 4 pieces of fish

3 kg = 12 pieces

12 pieces = N 3480

3)
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Table 7. Economic analysis of fish smoked with fuel wood, cow dung and corn husks.

Fuel wood Cow dung Corn husk P-value
Amount of smoking 35.5+0.5° 37.15 £0.35° 30.5 +0.5° 0.004
sources used (kg)
Cost of smoking (¥) 2510.0 £12.5% 2210.0 £5.00° 2180.0 £15.0° 0.001
Selling Price (¥) 3480.0 +£5.00° 3000.0 £5.00° 3480.0 £25.0° 0.001
Profit (¥) 970.0 +2.5° 790.0 £20.0° 1300.0 +5.0° 0.001
NOTE: Mean in the same row with different superscript differs significantly (P<0.05)
Food colour has been reported to help in deter- International ~ Journal ~ of  Current
mines quality, degree of processing and spoilage Microbiology and Applied Sciences, 2(9):

as it affect the perception and evaluation by other
sense (Norman and Hotchiss, 1996), hence the low
score of other organoleptic parameter of the other
smoke sources compared to the fuel wood.

The total cost of sample smoked with Fuel wood
had a higher cost (N2510) than the other samples
smoked with Cow dung (32210) and Corn husks
(¥2180) hence making profit of smoking with
Corn husks higher (¥1300) compared to the sam-
ple smoked with Fuel wood (¥970) and Cow dung
(N790).

Conclusion

The results from this study have shown that corn
husks is a better alternative smoking source as it
reduce smoking cost, more hygienic processing
source, cheaply and readily available.
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Abstract:

Turkey is a rich country in terms of seas and inland wa-
ter sources. The aquatic ecosystems in Turkey are
threatened by the agricultural activities and pesticide
contamination. In parallel to the world, the use of pes-
ticides began in the 1940s in Turkey. In the beginning
of 1970’s some pesticides have prohibited by reason of
their accumulation to environment and food chains,
toxic effects on non-target organisms. Pesticides can
easily be included to the food chain in the aquatic envi-
ronment which causes many risks on human health and
food safety. There are still not enough data on the con-
centrations of pesticides in seafood and fish in Turkey.
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Introduction

Pesticide is generally used to describe chemical
and biological products which have been specifi-
cally developed to control pests, weeds and dis-
eases particularly in the production of food (FAO,
2002). There are several classes of pesticides in-
cluding insecticides (protect against and/or control
insect infestations), fungicides (protect against
and/or control the spread of fungal diseases), herb-
icides (control the competing effects of weeds),
molluscicides (control the destructive effects of
slugs and snails) and rodenticides (control the ac-
tivities of rats and mice) (Hamilton and Crossley,
2004).

Pesticides are divided into three main classes ac-
cording to their chemical structures:

Organochlorine pesticides
Organophosphorous pesticides
Carbamates

Herbicide acids: 2,4-D, 2,4,5-T

Urea herbicides: dinuron, linuron
S-triazines: atrazine, simazine
Pyrethroids

Others: organomercury and tin com-

pounds

Organochlorine pesticides are insecticides, which
are usually obtained with chlorination of organic
substances including carbon-hydrogen and chlo-
rine. They are only insoluble in water, but they do
not evaporate easily. Due to their high persistence
and lipophilicity, they can cause damage in living
organisms by accumulating in fatty tissues. Addi-
tionally, they cause environmental pollution due
to they are more resistant to naturel conditions
than the other groups. Therefore, they highly dam-
age the environment, besides their benefits. This
group includes major pesticides such as DDT,
HCH and its isomers [a-HCH, B-HCH, y-HCH
(lindane)], heptachlor, dieldrin, aldrin, endosul-
fan, toxaphene and methoxychlor (Agca, 2006;
Chopra et al., 2010; Erdogan, 2010).

Polychlorinated biphenyls (PCBs) are chlorin-
ated organic compounds which were produced
for industrial purposes in 1930s. PCBs are per-
sistent environmental substances, liphophilic
and for certain congeners, bioaccumulative due
to their relatively low reactivity and high hydro-
phobicity. They are found in the sediment by
connecting to organic waste. PCBs can contam-
inate environment, seafood and threat human
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health as well as OCPs (Bocio et al., 2003;
Guveng and Aksoy, 2007; Seyran and Erisir,
2008).

In recent years, many pesticides of different chem-
ical compositions are currently used for agricul-
tural and control purposes and maintain the avail-
ability of low cost all over the world and the use
of them has increased rapidly in the last fifty years
(Bulutetal.,2010; Mathur et al., 2010; Wilson and
Otsuki, 2004). However, chemical pesticides are
usually not target-specific and therefore, may
cause many problems to non target species. Their
transportation is rather easily among air, water,
land and span boundaries of programs, geography
and generations. Many of them are quite persistent
for long periods in the environment. Especially,
OCPs are generally characterized by strong persis-
tency, bioconcentration through food webs, and
long-range transport. They may impart toxicity to
the groundwater and cause harmful health effects.
These problems include various toxic effects on
immune, nervous, endocrine and reproductive sys-
tems, potential carcinogenic effects, brain damage
in children, lowered 1Q and permanent kidney
damage; human pesticide poisonings, fish and bird
deaths, pesticide resistance, contamination of food
and water with pesticide residues.

Pesticide residues are unused pesticides and also
pesticide’s degradation product and metabolites
in the various inter-compartments. They are
transformed into a range of different products
due to their susceptibility to biotic and abiotic
degradation. Pesticides residues are generally
characterized due to lipophilic and hydrophobic
properties. Therefore, they persist in the envi-
ronment and bioaccumulate in food chains, and
impose various toxic effects in marine organ-
isms including fish, seafood, planktons etc. En-
trance of them into food chain are by atmos-
pheric transport of emissions and their deposi-
tion on plants, soils and water. Thus entering the
food chain, pesticides residues accumulate and
concentrate in the fat of animal products, fish
and shellfish. For these reasons, adverse effects
on the aquatic ecosystem and human health of
pesticides have an important role in environ-
mental and public health problems in the world
(Aktiimsek et al., 2002; Chopra et al., 2010;
Cakirogullart et al., 2011; Harvey et al., 2008;
Kalyoncu et al., 2009; Llobet et al., 2003;
Ozgelik et al., 2011; Sweilum, 2006; Turgut,
2003; Saler, 2006).
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Pesticides in Turkey

Agriculture is one of the leading sectors in the
Turkish economy. Total cultivated agricultural
land is 20 539 hectares, as total agricultural
land is 38 247 hectares in 2011 in Turkey. De-
spite the decreasing share of gross domestic
product, agricultural production has been in-
creasing since 2000. The amount of agricultural
production in 2009 was TRY 79 billion (TUIK,
2011; Turkish Agriculture Industry Report,
2010). The usage of pesticides play a very im-
portant role in our country in order to increase
the amount of product obtained per unit area in
these agricultural areas as well as in other coun-
tries. The world pesticide consumption is ap-
proximately 3 million tons, 0.6% is the share of
Turkey. Although pesticide use per hectare in
Turkey is very low compared to developed
countries, the most consumed pesticides have
significant environmental and health risks. Un-
controlled and unconscious use of pesticides in
agriculture affect non-target organisms, which
cause deterioration of ecological balance by
contaminated land, inland waters and sea
(Bagpmar et al., 2010; Kaya, 2007; Yesil and
Ogiir, 2011). The usage of pesticides in Turkey
started with use of DDT in the 1960s after 11
World War. Even after the ban of OCPs includ-
ing aldrin, endrin, DDT, dieldrin, hexachlorocy-
clohexane (HCHs), heptachlor, chlordane and
toxaphene between 1971 and 1989, they are still
being used illegally in some regions (DPT 2001;
Okay et al., 2011). Unconscious and dangerous
practices of them are very common, although
Turkey is country that uses very little pesticide
now (Bulut and Tamer, 1996). Pesticide con-
sumption values of Turkey are shown in Table 1
according to 2008 data. The usage of PCBs in
Turkey was restricted in the industry in 1973
and their usage in open systems was strictly
banned on January 1 1996 (Giiveng and Aksoy,
2007). Regulation about the licensing of pesti-
cides and similar substances came into force on
17 February 1999 in Turkey.

Use of total annual pesticide was 33,000 tons be-
tween 1998 and 2004 in Turkey (Giiveng and
Aksoy, 2007; Okay et al., 2009). According to
the data 2008, the amount of the use of total in-
secticides and the other total pesticides were
10827.00 and 12137.00 tons, respectively (Food
and Agriculture Organization of the United Na-
tions [FAO], 2011). Marmara, Aegean and Med-
iterranean Regions of Turkey are major areas

where pesticides are most used. As shown Fig-
ure 1, insecticides are the most consumed group
in these pesticides (Arslan, 2009; DPT, 2008).

13% Fungicides
\ Herbicides
) 40% Insecticides
The other
pesticides

Figure 1. Pesticide usage amount of Turkey ac-
cording to the groups in 2004 (DPT,
2008)

Table 2 shows some pesticides prohibited in
Turkey. The usage, production and importation
of most pesticide components were prohibited
by the reason of toxicological and ecotoxicolog-
ical risks (DPT, 2001). Figure 2 shows the re-
gional agricultural production in Turkey
(DPMARA, 2011).

The most commonly used pesticides in Turkey
carries significant risks for the environment and
human health, despite the pesticide consumption
in Turkey is less than the world average (Delen
et al., 2005). There are claims about banned or
restricted pesticides are still being used, since
pesticides are still determined high concentra-
tions in aquatic ecosystems and seafood (Ayas,
2007).

Seafood and Pesticides

Today, the widespread use of pesticides has re-
sulted in the presence of their residues in the
aquatic environment (Ozgelik et al., 2011). Large
quantities of pesticides reside in coastal sedi-
ments, open-ocean waters and freshwater ecosys-
tems. Pesticides residues reach the aquatic envi-
ronment through direct runoff, leaching, careless
disposal of empty containers, uncontrolled dis-
charge of contaminated industrial equipment
washings, etc. (Atamanalp and Yanik, 2001; Fer-
rante et al., 2010; Smith and Gangolli, 2002). Dis-
tribution of a pesticide in the environment varies
according to its chemical structure, physical prop-
erties, formulation type, application method, the
climate and agricultural conditions (Topc¢u Sulak
etal., 2012).
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PROVINCIAL GROUPS ACCORDING TO CONTRIBUTE TO AGRICULTURAL PRODUCTION

GROUP 1(%4.2-1.6) GROUP 2(%1.5-1) GROUP 3(%0.9-0.6) GROUP 4(%0.5-0.1)

Figure 2. Map of agricultural production of Turkey (Department of Publication of the Ministry of the Agriculture and Rurl Areas, 2011).
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Table 1. Pesticides Consumption in Turkey (tonnes) (DPT, 2008)

1998 1999 2000 2001 2002 2003 2004
Insecticides 10.450 9.089 11.788 11.544 9.159 11.492 13.793
Herbicides 5.743 7.408 6.958 6.192 7.416 11.352 8.707
Fungicides 8.613 7.036 7.777 5.909 8.075 9.859 10.394
Others 9.605 8.058 7.025 4.691 6.667 3.221 2.549
Total 34.411 31.591 33.548 28.336 31.317 35.924 35.443
Table 2. Pesticides prohibited in Turkey

Name Prohibited date

Dieldrin 1971

Aldrin 1979

Endrin 1979

Lindane 1979

Heptachlor 1979

Chlordane 1979

E-Parathion 1979

2,4,5-T 1979

2,4,5-T 1979

Chlordimeform 1979

Mercury chemicals (methoxyethylmercury 1982

chloride,phenylmercuryacetate,phenylmercury chlorid)

Arsenical chemicals 1982

Chlorbenzilate 1982

DDT (Limitation 1978) 1985

BHC (Limitation 1978) 1985

Fluorodifen 1987

Chlorpropylate 1987

Dinoseb 1988

Daminozide(Alar 85) 1989

Toxaphene 1989

Zineb 1991

Azinphos Ethyl 1996

(DPT, 2001)

Pesticide residues may enter a marine organism in
several ways: direct uptake from contaminated
water through dermis or gills, consumption of con-
taminated sediment, or consumption of previously
contaminated organisms. Pesticides are also ap-
plied directly to water to control unwanted algae
and invertebrates (Kaya, 2007). It is generally
known that the resistant variety residues which are

identified in marine environment move to the sea
through the atmosphere (Figure 3).

Once these contaminants enter an organism, they
tend to remain in the animal tissues and may build
up with subsequent exposures. As contaminated
organisms are consumed, contaminants may be
passed from one organism to the next (Barlas et
al., 2000; Harvey et al., 2008).
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Transition of Pesticides to Seafood

Sediment

Figure 3.

Big fish

Moving of organochlorine compounds from air, river, sewage to marine environment

(modified by Smith and Gangolli, 2002).

Organochlorine pesticides containing DDT, BHC
and its isomers, endosulfan, aldrin, methoxychlor,
chlordane, endrin, heptachlor, and PCBs are per-
sistent in the environment and are also capable of
long-range transport and bioaccumulation in hu-
man and other animal tissues. These persistent
highly synthetic compounds accumulate in the or-
gans and tissues of living different organisms
passing through the biological phospholipid mem-
branes. Thus, they are conveyed through the food
chain to humans (Chopra et al., 2010; Syasina,
2003). These compounds have low water solubil-
ity, particularly in seawater and they are lipophilic
with high octanol/water partition coefficients (log
P o/w). Thereby, fish and shellfish represent an
important source of OCP intake (Smith and Gan-

24

golli, 2002; Takazawa et al., 2008). These chemi-
cal residues usually concentrate in tissues with
high fatty content or in muscle, or in specific organ
systems, depending on the lipophilic nature of the
specific chemical and how the chemical is metab-
olized (Barlas et al., 2000; Harvey et al., 2008).
These liphophilic, persistent pollutants accumu-
late in these fat deposits and can cause toxic ef-
fects. The distribution of these chemicals in
aquatic environment is dynamic, complex and de-
pends on the seasonal variations and local condi-
tions (Smith and Gangolli, 2002). Therefore,
aquatic ecosystems play an important role in ma-
jor source of human exposure to organochlorine
compounds with food chain (Ferrante et al., 2010;
Takazawa et al., 2008).
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PCBs are found in sediment by connecting to or-
ganic waste due to lipophilic properties of them.
Thus, they accumulate in organisms which live in
sediment. PCBs enter the food chain by fish and
other seafood eat these aquatic organisms. There-
fore, aquatic organisms strongly accumulate PCBs
from water and food sources. Despite some PCBs
are metabolized by fish, some of them accumulate
in their fatty tissue. PCBs accumulation in fatty
tissue depends on the amount and duration of ex-
posure, chemical structure of the compound. PCBs
which contain high amounts of chlorine tend to ac-
cumulate more than the other pesticide which con-
tain low amount of chlorine. PCBs which contain
low chlorine amount are disposed faster by metab-
olism. The accumulation of residues in any aquatic
organism in the marine environment varies ac-
cording to the organism occupies in marine food
chain and from country to country. Despite the low
consumption of fish and seafood in human diet,
they are major sources of these compounds into
the human body. There have been confirmed that
most of these compounds affects human health in
the world (Boscolo et al., 2007; Cakirogullar1 et
al., 2011; Giiven¢ and Aksoy, 2007). Concentra-
tions of pesticide residues in the fish are about
1000-10000 times higher than in water. Although
seafood consumption is very useful for human
health, seafood consumption has been reported as
an important route of human exposure to a variety
of chemical contaminants. So, fish is an indicator
because of containing high concentrations of these
substances. The amount of pesticide residues var-
ies according to the species of fish and their sizes
(Aktiimsek et al., 2002; Barlas et al., 2000; Sto-
relli, 2008).

Seafood Safety Related to Pesticides in Turkey

Today, nutrition is one of the most important prob-
lems in the growing world population. Food safety
is a significant concern for food processors and
consumers. Therefore, the use of pesticides has in-
creased for getting more efficiency in agricultural
areas. Although pesticides provide significant
benefits, there are serious concerns regarding their
use in the world because of the chemical stability
of these compounds, their high lipid solubility and
toxicity to humans and animals (Ezemonye et al.,
2009; Karakaya and Boyraz, 1992; Mead et al.,
1999). Their lipophilicity and resistance to degra-
dation leads to a lifelong accumulation of these
compounds in human tissues and fluids (Kursun
and Mor, 2008).

Food consumption is an important pathway for ex-
posure to pesticide contaminants and these expo-
sures to pesticides in food may pose a public
health risk (Liu et al., 2010). Organic pollutants in
food accumulate in biological organisms espe-
cially fish and meat because of lipophilic and sta-
bility environment properties (Agca, 2006). Sea-
food usually contains residues of pesticide and is
often considered to be a major source of intake of
these contaminants for humans (Falandysz et al.,
2004). Pesticides such as OCPs and polychlorin-
ated biphenyls adversely affect environmental
system and human health, and therefore, clarifying
the residual concentrations of OCPs in aquatic bi-
ota is necessary to assess their risk to human health
and to protect natural ecosystems (Takazawa et al.,
2008). When pesticides are used over the recom-
mended doses, they can leave too much residue in
foodstuffs (Karakaya and Boyraz, 1992). Levels
of pesticide residues in foodstuffs should not
cause harm to human, animal and environmental
health. Therefore, to know amount of pesticide
residue is important for human health and export
food products. The tolerance limit of produced any
new pesticide must be determined with pharmaco-
logical and toxicological examinations before be-
ing released (Kinik, 2002). Developing countries
prefer to use cheap chemicals such as DDT, HCH,
BCH. That’s why residues in food, contamination
of environment and exposure of public are higher.
They also entail risks to public health (Carvalho,
2006). Although consumption of pesticides is very
low in our country, unconscious and dangerous
practices are very common (Bulut ve Tamer,
1996). Table 3 shows maximum residue levels of
some pesticides in all products according to Tur-
kish Food Codex. Some pesticide values of sea-
food determined in Turkey are shown in Table 4
and Table 5. The PCBs levels in the studies were
not hazardous to people. The maximum limit
value of sum of PCB 28, PCB 52, PCB 101, PCB
138, PCB 153 and PCB 180 in fish meat is 75 ng/g
according to Turkish Food Codex (Turkish Food
Codex, 2011). The maximum residue limits of
OCPs have not been determined for fish and sea-
food yet in the Turkish Food Codex and European
Commission Directive. Hence, these values could
not be evaluated in terms of food safety and public
health (Aksoy et al., 2012).

Turkey is a country surrounded by seas on three
sides and is considered to be affected by the risks
of pesticides due to having large agricultural area
and 26.2 million hectares of land in terms of sea,
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lakes, ponds and streams (Agricultural and Food
Panel, 2003; Bascinar et al., 2008).

These aquatic ecosystems have been contami-
nated by persistent pollutants of agricultural and
industrial origin (Erkmen and Kolankaya,
2006). So, the determination of presence of pes-
ticides in fish and seafood is important not only
from ecological but also from public health per-
spective (Kalyoncu et al., 2009).

Although usage of OCPs has been prohibited in
most countries including Turkey, they were de-
tected in surface waters, sediments and suspended
solid more than many years after they were pro-
hibited (Turgut, 2003).

Studies on pesticide residues in seafood in Turkey
are very low (Delen et al., 2005). As a result, the
levels of pesticide on seafood should be done con-
sistently and their results should be published in
reports. The ministry of government should mon-
itor the levels of pesticides regularly and evaluate
the results properly. Both producers and consum-
ers should be made conscious in order to prevent
pesticide contamination in fish and seafood.

Pesticide usage should be controlled to ensure
food safety for public health in Turkey, as well.
Low risk and environmentally friendly pesticides
should be used just as in the case of Europe and
America.

Food consumption is the most important factor af-
fecting human health in the life span. Health prob-
lems are one of the most important issues in the
world. Hence, this is the most sensitive over the
society. Seafood is expected to be most important

protein source of the future with increasing global
warming. In this sense, a healthy supply of sea-
food is becoming more important for countries
and societies. In this field, marine contamination
is an increasing major problem due to developing
industry and modern farming methods. Therefore,
pesticide consumption limit values and, how often
and how much amount of pesticides got the con-
sumer in seafood nutritional regime have great im-
portance in the most of the countries. Intensive
consumption of seafood will lead to various tox-
icity and carcinogenic effects depending on the
kind of pesticide being exposed.

Conclusion

In terms of public health, a regular monitoring is
required not only for marine and aquatic areas, but
also for the whole environment (including the ag-
ricultural sector) for pesticide contamination in
Turkey. Informing consumers by the Ministry
with one or two annual reports will help the for-
mation of properly accessible references regarding
world nutrition literature. Thus, this will also ac-
celerate to take necessary measures. Open access
to all this information on the internet is also very
important.

Agricultural and industrial usage policies of pesti-
cides, common monitoring programs should be es-
tablished by countries that contain or limit marine
and inland waters against the pollution. Consumer
awareness trainings are also required for the im-
plementation of all these procedures in a healthy
way. It means that self-control system of all indi-
viduals living in these countries will create.

Table 3. Maximum residue levels of some pesticides in all products (Turkish Food Codex 2009).

Compound Amount (ng/g)
Heptachlor 10
Endrin 10
> DDT 50
HCB 10
Lindane 10
Chlordane (total of cis and trans chlordane) 10
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Table 4. OCPs concentrations in marine organisms from various geographical locations in Turkey (ng/g)

Sampling sites Species analyzed Aldrin Heptachlor  Dieldrin Endrin pp’-DDT pp’-DDD pp’-DDE } DDT HCB Lindane Endosulfan References
ng/g Epoxide ng/g ng/g ng/g ng/g ng/g ng/g ng/g ng/g sulphate
ng/g ng/g
Istanbul Markets Canned fish (Sardine)- - 0.4-0.5 0.2 0.3-0.5 4.1-1 11.1-6.2 17.1-7.6 0.3-1.1 - - Ozden et al., 2001

(Is the largest city in Turkey)

Istanbul Markets Canned fish - - 1.4-0.3 0.5 1.8-1.7 9.7-4.0 13.6-7.5 28.2-13.8 1.1-0.4 - - Ozden et al., 2001
L (Anchovy)

(Is the largest city in Turkey)

Istanbul Markets Canned fish - - 2.1 nd 0.1-0.03 72.3 6.9 146.6 2 - - Ozden et al., 2001
Lo (Pelamide)

(Is the largest city in Turkey)

Istanbul Markets Canned fish (Trout) - - 0.2 nd 0.1-0.03 2.4 3.7 8.3 16.4 - - Ozden et al., 2001

(Is the largest city in Turkey)

Istanbul Bosporus Mytillus - - 0.4 0.8 1 7.4 4.6 130 0.2 - - Ozden et al., 2002
galloprovincialis

Sir Dam Lake Cyprinus carpio - - - - nd-1.23 0.35-13.0 4-156 - 0.03-0.41 nd-0.67 - Erdogrul et al., 2005

Marmara Sea Anchovy - - - - 23.60 79.54 92.34 - 4.92 - - Coelhan et al., 2006

Marmara Sea Horse Mackerel - - - - 67.55 146.45 144.18 - 6.91 - - Coelhan et al., 2006

Marmara Sea Young Bluefish - - - - 85.86 203.72 211.68 - 11.15 - - Coelhan et al., 2006

[zmit Gulf FWhiting) - - - - - - - 46.74-3377.50 - - - Cakirogullar, 2006

Izmit Gulf Horse Mackerels - - - - - - - 42.85-2086.97 Cakirogullari, 2006

Merig Delta Cyprinus carpio nd 3.041-1.25 17.78-1.35 31.5-8.06 52.45-2.68 nd-8.83 14.03-2.2 6.14-62.25 - 2.49-0.49 40.4-4.23 Erkmen and

Kolankaya, 2006

The mid Black Sea coast of ~ Mytilus <0.12-0.879 <0.05-2.419  <0.12 <0.15-7.782  <0.18 <0.18-14.015 <0.12-0.23 - <0.10-0.364  <0.12-1.511  <0.10-0.80  Ozkoc et al. 2007

Turkey galloprovincialis

Konya Markets (Anatolia Horse Mackerel 16.1 16.3 12.6 3.26 4.14 nd 19.2 - - 5.4 - Kalyoncu et al., 2009

part)

Istanbul Strait in the Marmara Mytilus 0.00288-0.13 0.0162-0.0764  0.0554-0.386 0.0418-0.0503 - - - - 0.00833-0.116 - - Okay et al. 2011

Sea galloprovincialis

nd: not detected
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Sampling sites Species analyzed PCB-28 PCB-52 PCB-180 PCB-138 PCB-153 Sum PCBs References

ng/g ng/g ng/g ng/g ng/g ng/g
Istanbul Markets (Is the largest Canned fish (Sardine) 0.2-0.6 0.3-1.5 0.3-0.6 1.3 0.5-1 - Ozden et al., 2001
city in Turkey)
Istanbul Markets (Is the largest Canned fish (Anchovy) 0.3-0.8 0.2-7.9 0.5-1 0.5-1.9 1-2.5 - Ozden et al., 2001
city in Turkey)
Istanbul Markets (Is the largest Canned fish (Pelamide) 0.3 nd 1.8 4.2 5.9 - Ozden et al., 2001
city in Turkey)
Istanbul Bosporus Mytillus galloprovincialis nd 0.1-1.5 0.1 0.5-0.7 0.6-1.4 - Ozden et al., 2002
Sir Dam Lake Cyprinus carpio - - - - - 0.94 Erdogrul et al., 2005
Marmara Sea Anchovy 0.83 9.64 4.52 16.60 14.11 63.30 Coelhan et al., 2006
Marmara Sea Horse Mackerel 9.18 9.73 20.00 60.36 51.45 209.36 Coelhan et al., 2006
Marmara Sea Young Bluefish 9.27 5.34 16.70 60.10 49.21 196.06 Coelhan et al., 2006
Izmit Gulf Whiting nd-411.10 nd-2008.07 nd-265.00 396.82 477.67 - Cakirogullari, 2006
Izmit Gulf Horse Mackerel nd-78.73 nd-408.15 41.16 91.66 197.32 - Cakirogullari, 2006
Istanbul Strait in the Marmara Sea  Mytilus galloprovincialis 0.0615-0.409 0.0432-0.271  0.144-1.041 0.00418-0.0503  0.303-2.144  1.039-5.4 Okay et al. 2009
Hirfanh Atherina boyeri 0.12 0.118 0.0911 0.187 0.273 - Cakirogullart et al., 2011
Dam Lake
Samsun Region of Turkey Mugil cephalus 0.093-0.2146 0.444 0.0288-0.0604 0.0431- 1.784 Aksoy et al. 2012

0.3116

Samsun Region of Turkey Salmo salar 0.031-0.4915 - - - 0.9803 Aksoy et al. 2012

nd: not detected
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Abstract:

In recent years, the demand and consumption of mini-
mally processed food and additive-free commodities
which present few changes at sensory quality have in-
creased. In this regard, natural antioxidants and anti-
bacterial agents obtained from plants were preferred.
Also the coating film obtained from natural polysac-
charides, lipids and protein to protect the quality of
food products was successful. This tendency has also
led to research on developing new biodegradable pack-
aging materials from natural polymers in order to
achieve a partial alternative to plastic packaging. These
applications act as oxygen and water barriers, thereby
slowing oxidation reactions and retaining moisture,
thus enhancing quality and extending product shelf life.
In this paper, the use of natural preservatives and natu-
ral/edible film coating applications in seafood products
preservation were reviewed.
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Introduction

Being highly perishable, seafood has a limited
shelf life (Kykkidou et al., 2009). Even if refrig-
eration or freezing can be applied to the prod-
ucts, these processes may not be enough in
terms of preventing lipid oxidation, rancid off-
flavors or bacterial growth (Gomez-Guillen &
Montero, 2007). In most cases there is an addi-
tional need for enhancing seafood quality. By
adding or applying to the seafood, plant ex-
tracts, edible films and coatings are the success-
ful treatments with the potential to extend the
shelf life of foods (Erkan et al., 2011a; Falguera
et al.,, 2011). Plant extracts and essential oils
have both antioxidant and antimicrobial proper-
ties, while edible films and coatings have the
barrier effect against gases, water and microor-
ganisms (Falguera et al., 2011; Mahmoud et al.,
2004; Yanishlieva et al., 20006).

Plant Extracts and Essential Oils

In modern food industry the increases in pro-
cessed food products have raised the use of
chemical preservatives which delay or prevent
nutritional loss caused by microbiologic, enzy-
matic or chemical changes, and enhance the
shelf life of food. Unfortunately these synthetic
additives can be dangerous for public health by
the reason of accumulating in tissues and lead-
ing to genotoxicity in case of overdose
(Ozdemir et al., 2012). However, plant extracts
and essential oils it was an alternative to syn-
thetic chemicals and preservatives (Sultanbawa
et al.,, 2011), especially for providing natural
protection without spoilage and extend shelf life
in food of animal origin (Holley & Patel, 2005).

Plant extracts have been used for thousands of
years for medical, pharmaceutical, sanitary pur-
poses, aromatherapy, phytotheraphy, perfumery
and cosmetic applications besides food and bev-
erage flavoring (Hammer et al., 1999; Bakkali
et al., 2008). Today they have been considered
as natural preservatives or food additives with
strong antibacterial, antifungal and antioxidant
activities in food industry for raw and processed
food preservation (Benkeblia, 2004; Chouliara
etal., 2007).

Fresh seafood has a short shelf life because of
being highly perishable (Kykkidou et al., 2009).
Through the production chain and during stor-
age, biochemical, physical and microbial dete-
riorations occur at as a result of complex quality

34

degradation processes (Gonzalez-Fandos et al.,
2005; Del Nobile et al., 2009). Refrigeration or
freezing it is not enough alone for the preserva-
tion of seafood (Gomez-Guillen & Montero,
2007). Therefore, enhancing shelf life of sea-
food with natural preservatives is an important
issue to eliminate economic losses and provide
safe and good quality food to consumer and
reach to distant markets (Kykkidou et al., 2009).
Plant extracts and essential oils treatment with
regard the protection of quality and safety sen-
sory, chemical and microbiological of some sea
food products are presented in table 1. Plant ex-
tracts and essential oils can be derived from all
organs or some specific tissues in the organs of
the plant like petals, leaves, fruits, peels, stems,
roots and xylems. Depending on the plant spe-
cies, essential oils are found in cavities, secre-
tory villus, ducts or cells and contain aromatic
and aliphatic compounds. Carotenoids, retin-
oids, tocopherols, ascorbic acid, phenolic acids,
flavonoids and polyphenols obtained from plant
extracts known the antimicrobial activity. Like-
wise their antioxidant effects are due to terpe-
noid and phenolic components that plants con-
tain (Bakkali et al., 2008). Moreover there can
be differences on the biological activity of plant
extracts and essential oils. Factors like climatic,
seasonal and geographic conditions; harvest pe-
riod; plant maturity and distillation technique
may influence the chemical composition and
cause variability (Lahlou, 2004).
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Table 1. Application of natural preservatives to improve the quality of seafood products

molitrix)

content and total sulfhydryl group. The sensory shelf life of fillets was
extended by 3 days compared to the control.

Seafood Plant extracts used / Treatment Effect Reference
Anchovy Fish stored in ice containing thyme, | The shelf life of gutted and beheaded anchovy stored in ice containing thyme | Bensid et al.,
(Engraulis oregano or clove extracts. (0.04% w/v), oregano (0.03% w/v) or clove (0.02% w/v) extracts were 12 days | 2014
encrasicholus) in comparison to traditional ice which had a shelf life of 5 days.
Rainbow trout Wrapping fillets with quince seed | Fillets wrapped with QSMF and oregano essential oil (2%) had the lowest TBA | Jouki et al.,
(Onhcorynchus mucilage  edible films (QSMF) | value and the strongest antioxidant activity during refrigerated storage (4°C). | 2014
mykiss) containing oregano or thyme essential

oil.
Silver carp Effect of grape seed or clove bud extracts | The addition of 2% grape seed or 2% clove bud extracts delayed lipid | Shi et al.,
(Hypophthalmichthys | on 1% salted fillets. oxidation; protected against L* and a* value decreases; salt-soluble protein | 2014

Sea bream
(Sparus aurata)

Flesh quality of fish naturally fed with
feeds containing thymol or rosemary.

Adding natural antioxidants to the diet positively affected fish quality, delaying
post mortem deterioration. Lower oxidation values in rosemary group and
lower bacterial counts in thymol group was observed.

Alvarez et al.,
2012

packaged hot-smoked rainbow trout
stored at 2°C.

treatment plus vacuum packaged fish was 6 weeks and 7 weeks, respectively.
In addition plant extracts decreased microbiological activity of the fish.

Rainbow trout Hot smoked rainbow trout treated with | According to the sensory scores the limit of acceptance for the untreated, TO | Erkan, 2012
(Onhcorynchus thyme oil (TO) or garlic oil (GO) and | and GO treated samples was reached after 5 weeks, 7 weeks and 6 weeks,
mykiss) vacuum packaged. respectively. Total viable count was also lower in the oil treated groups stored

at 2°C.
Rainbow trout Thyme oil added liquid-smoked fillets in | Addition of thyme oil provided better sensory quality, TVB-N value and lower | Algigek,
(Onhcorynchus combination with vacuum packaging. microbiological growth. Samples containing 10ml/L thyme oil had shorter | 2011
mykiss) shelf life than the ones containing 50ml/L thyme oil.
Rainbow trout Effect of bay leaf, rosemary, black According to the overall acceptability of all data, only vacuum packed control | Erkan et al.,
(Onhcorynchus cumin seed and lemon oil (%1) group had a shelf life of 4 weeks. The shelf lives of rosemary, black cumin | 2011a
mykiss) treatments on the shelf life of vacuum seed, and lemon oil treatment plus vacuum packaged fish and bay leaf oil
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Sea bream Hot-smoked sea bream inoculated with | Microbial counts in treated samples decreased over time stored at 2°C. The Erkan et al.,
(Sparus aurata) Listeria monocytogenes, Staphylococcus | results indicated that the GSO was the best treatment for the inhibition of E. 2011b
aureus or Escherichia coli and treated coli and S. aureus. In controlling the growth of L. monocytogenes, only VP
with grape seed (GSO) or sage oils (SO) | was the most effective, while SO+VP was second most effective, and
before vacuum packing (VP). GSO+VP was the least effective.
Bluefish Bluefish treated with thyme and laurel | According to the sensory evaluation the shelf life of control and treated | Erkan et al.,
(Pomatomus saltatrix) | essential oils during storage in ice at 2°C. | bluefish stored in ice were 9 and 11 days, respectively. Lipid oxidation, | 2011¢
rancidity, off-flavours and microbial growth in the oil treated samples were
lower than the control group. As a result bluefish with oil treatment had an
increase in the shelf life by 3—4 days compare to the control samples.
Sea bream Thyme powder on fillets packed in | Sprinkled thyme powder (1% w/w) on fillets before storing in ice extended | Attouchi &
(Sparus aurata) polyethylene films. shelf life for 5 more days. Sadok, 2010
Chub mackerel The effect of bay leaf (BLO), thyme | Mainly according to the sensory scores, the shelf-lives of frozen chub mackerel | Erkan &
(Scomber japonicus) (TO), rosemary (RO), black seed (BSO), | were determined as 6 months for the untreated and TO, RO, BSO, SO, LO | Bilen, 2010
sage (SO), grape seed (GSO), flaxseed | treated samples while 7 months for the samples treated with BLO, GSO and
(FSO) and lemon (LO) essential oil on | FSO at -20°C.
chub mackerel.
Rainbow trout Coating fillets with chitosan and | Coating fillets with chitosan and cinnamon oil successfully inhibited lipid | Ojagh et al.,
(Onhcorynchus cinnamon oil. oxidation and microbial growth extending shelf life during the refrigerated | 2010
mykiss) storage (4°C).
Rainbow trout Combined of oregano essential oil on | 0.2% oregano essential oil treated fillets had better sensory scores in compare | Pyrgotou et
(Onhcorynchus fresh salted MAP fillets. with 0.4% treated ones because of strong odour. However the synergistic effect | al., 2010
mykiss) of MAP and oregano oil extended shelf life by 7 to 8 days.
Mackerel:Hake (70:30) | Thymol, lemon extract and grapefruit | As a result of antimicrobial effect of plant extracts (thymol: 110 ppm; GFSE: | Del Nobile et
(Scomber japonicus): | seed extract (GFSE) in blue fish burgers | 100 ppm and lemon extract: 120 ppm) and high CO;-concentration the | al., 2009
(Merluccius in combination with MAP. microbial acceptability of fish burgers were ensured until the 28th day of
merluccius) storage at 4°C.
Sea bass Combined effect of MAP and thyme | According to sensory evaluation, MAP (60% CO,: 30% N.: 10% O,) in | Kostaki et al.,

(Dicentrarchus labrax)

essential oil on the fillets.

combination with thyme oil (0.2%) treatment had the longest shelf life (17
days) as compared to control samples (6 days) which are only air packed.

2009

Mediterranean
swordfish
(Xiphias gladius)

Thyme essential oil applied on fillets in
combination with MAP.

Addition of 0.1% thyme essential oil in combination with MAP enhanced shelf
life (15%) of the fillets as compare to control (aerobic conditions; 8 days)
according to sensory scores during cold storage.

Kykkidou et
al., 2009
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Rainbow trout | Oregano essential oil treated fillets | The inhibitory effect on the microorganisms of oregano essential oil (0.4%) | Mexis et al.,
(Onhcorynchus mykiss) | packed with oxygen absorber. enhanced with oxygen absorber. The shelf life of the fillets was 4 days for the | 2009

control samples and 17 days for the samples packed with oxygen absorber

containing oregano oil.
Chilean Oregano and rosemary plant extract icing | Both plant-extract icing systems had significant antioxidant effects according | Quitral et al.,

jack mackerel
(Trachurus murphyi)

in the preservation of fish.

to peroxide and TBA values and free fatty acid formation development in
comparation to traditional icing.

2009

Anchovy Brining with 15% NaCl and treated with | The highest antioxidant effect was observed in brined anchovies with rosemary | Turhan et al.,
(Engraulis myrtle, rosemary or nettle extracts. and myrtle extracts, slowing down the lipid oxidation at 4°C for 28 days. 2009
encrasicholus)
Kutum Fillets brined with 10% NaCl and treated | Onion balanced the oxidation of lipids occurring from salt. With lower | Zolfaghari et
(Rutilus frisii kutum) with onion extracts in combination with | microbial load lightly salted, onion extract (2% and 4%) treated and salted | al., 2009

vacuum packaging. fillets had a shelf life of 16 days while salted air packed control had only 6 days

at low temperature (4°C).

Shrimp Rosemary extract treated marinated | Marinated shrimp with rosemary extract (300 ppm) was good quality for | Cadun et al.,
(Parapenaeus shrimp. consumption while rancidity limited shelf life of control group after 75 days | 2008
longirostris) stored at 1°C.
Silver carp Tea polyphenols (TP) dip treatment | TP (0.2%) solution dip treatment provided longer shelf life compared to control | Fan et al.,
(Hypophthalmicthys during iced storage. enhancing shelf life from 28 to 35 days during iced storage. 2008
molitrix)
Mediterranean Oregano essential oil applied on fillets in | Applying oregano oil (0.1%) on fillets with MAP was effective to inhibit the | Giatrakou et
swordfish combination with MAP. microbial and sensory spoilage, and extended shelf life from 5 days (control) | al., 2008
(Xiphias gladius) to 14 days at refrigerated storage.
Sardine Cold-smoked butterfly fillets coated with | HP treatment in combination with edible films containing oregano or rosemary | Gomez-

(Sardina pilchardus)

gelatine-based functional edible films
enriched by adding oregano or rosemary
extracts in combination with high
pressure (HP).

extracts increased the migration of phenols to the flesh and succeeded both
preventing oxidation and inhibiting microbial growth.

Estaca et al.,
2007

Sea bream
(Sparus aurata)

Oregano essential oil applied on lightly
salted fillets in combination with MAP.

With the antioxidant activity oregano essential oil (0.8%) decreased the
adverse effect of salting which accelerated oxidation during cold storage.
According to sensory scores, the shelf lives of raw fillets and oregano oil in
combination with MAP were found as 15-16 and 33 days respectively.
Oregano oil had a distinct but pleasant flavour and slowed down deterioration.

Goulas &
Kontominas,
2007
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atmosphere packaging (MAP).

Mackerel Flax seed extract soaking of the fillet for | Aqueous flax seed extract was useful for inhibition of rancidity development | Aubourg et
(Scomber frozen storage. in fatty fish. According to the sensory analyses soaked fillets (20 min.) had | al., 2006
scombrus) good quality while non-soaked ones had fair quality after | month. However
the soaked fillets were rejectable after 5 months while non-soaked ones only
after 3 months.
Carp Convectional air-drying of fillets with | Treatment with electrolyzed NaCl cathodic and anodic solutions and 1% oil | Mahmoud et
(Cyprinus carpio) combined treatment of electrolyzed NaCl | (0.5% carvacrol + 0.5% thymol) had stronger antimicrobial and antioxidant | al., 2006
solutions and thymol essential oil and | effects during oven drying and better sensory scores. In addition reduced the
carvacrol. peroxide values and TBA values were observed.
Salmon Rosemary extract applied to fillets in | The application of rosemary extract (0.2%) to the fillets improved sensory | Gimenez et
(Salmo salar) combination with MAP. quality and, delayed lipid oxidation and colour deterioration in MAP fillets | al., 2005
stored at 1°C.
Sea bream Rosemary extract treated fillets in | The application of rosemary extract (0.2%) to the MAP fillets delayed lipid | Gimenez et
(Sparus aurata) combination with MAP. oxidation and had good sensory assessment. TBARS values and the sensory | al., 2004
evaluations presented that addition of rosemary was found to be effective until
the end of the storage period (day 26) at 1°C.
Cod Oregano,cinnamon,lemongrass, thyme, | Oregano and cinnamon oils had the strongest antimicrobial activity. Addition | Mejlholm &
(Gadus morhua) clove, bay, marjoram, sage and basil oils | of 0.05% oregano oil to the fillets reduced the growth of Photobacterium | Dalgaard,
in  combination  with  modified | phosphoreum and extended shelf life up to 15 days at 2°C. 2002
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Antimicrobial compounds can disrupt cell
membrane integrity, by interacting with
membrane proteins of the bacteria. Increasing
the permeability of the cell membrane, these
compounds make potassium ions and other
cytoplasmic structures leave the cell and cause
the death of bacteria cells (Bajpai et al., 2008).
Following the researches of the inhibitory ef-
fects of various essential oils on various micro-
organisms it is asserted that gram-positive bac-
teria are a bit more susceptible than gram-nega-
tive organisms (Hammer et al., 1999; Burt,
2004). The hydrophilic lipopolysaccharide cell
wall of gram-negative bacteria blocked the pen-
etration of hydrophobic essential oils into the
cell membrane. On the other hand essential oil
accumulates more easily to the gram-positive
bacteria which do not have such cell wall struc-
tures (Bajpai et al., 2008).

The increasing demand for natural products that
are potential antioxidants has led to the use of
phenolic compounds instead of synthetic ones
(Alvarez et al., 2012). Moreover, plant extracts
are claimed to have potential health effects also,
because of their antioxidant properties (Proestos
et al., 2006). With metal chelation and redox
properties phenolic compounds in plant extracts
and essential oils are antioxidants, acting as re-
ducing agents, hydrogen donors, and singlet ox-
ygen quenchers (Proestos et al., 2006). Seafood,
containing substantial amount of polyunsatu-
rated fatty acids, is highly vulnerable to lipid
oxidation, rancidity and color loss (Alvarez et
al., 2012) and the use of plant extracts offers an
alternative for the food industry. However, the
anti-oxidative effects of plant extracts depend
on the processing and storage conditions as
much as the lipid content of food (Yanishlieva
et al., 2006).

From Allium crops especially scallion, onion
and garlic are common for food preservation ex-
tracts and contain sulfur and other numerous
phenolic compounds which have strong anti-
bacterial and antifungal activities. Alliums can
also be used for the control of pathogens such
as Staphylococcus aureus, Salmonella Enter-
itidis because of their inhibitory effects. Various
garlic and onion essential oils extracts are pro-
posed as natural antimicrobial additives for sea-
soning of several food products (Benkeblia,
2004). Thyme, oregano, savory, sage, rosemary,
lemon balm and other members, Labiatae (La-

miaceae) family is also known as source of nat-
ural additives and frequently used in food indus-
try due to their potential antimicrobial and anti-
oxidative effects (Baydar et al., 2004; Yanish-
lieva et al., 2006; Gutierrez et al., 2009). There
are also studies with other plant extracts like
bay, clove, cinnamon, pine, crowberry, black-
currant, grape and quince seeds investigating
and revealing the antimicrobial effects (Rauha
et al., 2000; Smith-Palmer et al., 2001) and an-
tioxidant properties (Bajpai et al., 2008; Bensid
et al., 2014; Jouki et al., 2014; Shi et al., 2014).

Considering the organoleptic properties, the
concentrations of plant extracts and essential
oils should be evaluated under realistic condi-
tions prior to practical use in the food industry
(Yanishlieva et al., 2006). Plant extracts offers
an alternative to synthetic chemicals in the effi-
cient preservation of seafood with their antimi-
crobial and antioxidant effects.

Edible film and coating

Coating the foods with edible materials has
been researched as an effective method to im-
prove the food quality (Song et al., 2011). Edi-
ble films are a good barrier for oxygen and car-
bon dioxide and possess suitable mechanical
properties at low relative humidity (Lee, 2010;
Song et al., 2011). Edible films and coatings
have a range of advantages, such as edibility, bi-
odegradability, biocompatibility, aesthetic ap-
pearance and barrier properties, as well as being
nontoxic and non-polluting. Basic components
of edible coatings include hydrocolloids such as
proteins, cellulose derivatives, alginates, pec-
tins, starches, and other polysaccharides (Lee,
2010). Edible coatings and films generally can
be defined as thin layers of edible materials ap-
plied on or even within foods by immersing,
brushing, spraying or wrapping (Gomez-Estaca
et al., 2009). Edible film coatings in combina-
tion with refrigeration or other packaging sys-
tem has proved to be an effective preservation
method for the extension of shelf-life of foods
and quality retention of a wide variety of fresh
chilled food products. Another function of edi-
ble coatings could be as a carrier of antimicro-
bial compounds (Quintavalla & Vicini, 2002;
Zhou et al., 2010). Many studies have shown
that edible coatings made of protein, polysac-
charide, and oil-containing materials help pro-
long the shelf life and preserve the quality of
fish (Stuchell & Krochta, 1995; Jeon et al.,
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2002; Sathivel, 2005; Fan et al., 2009). Polysac-
charide based materials, especially chitosan and
alginate treatments in preservation of fish and
fish products are shown in table 2.

Chitosan, which is mainly obtained from crus-
tacean shells, is the second most abundant natu-
ral polymer in nature after cellulose (Shahidi et
al., 2002) and has a wide application range since
it is a natural, nontoxic, degradable in nature
and commercially obtainable product (Tharana-
than & Kittur 2003; Alishahi & Aider 2012).
This biopolymer has the ability to provide per-
fect film and coating solution when dissolved in
acidic water solutions (Yingyuad et al., 2006).
Hence, it has a wide potential to be used as a
food packaging material (Tual et al., 2000;
Sathivel et al., 2007) and numerous studies car-
ried out with different fish species to evaluate
the effects of chitosan coating on quality
changes of sea foods under various storage con-
ditions (Jeon et al., 2002; Goémez-Estaca et al.,
2007; Sathivel et al., 2007; Duan et al., 2010;
Ojagh et al., 2010; Giinlii & Koyun 2013; Giinlii
et al., 2014). Many researches have studied chi-
tosan as an edible coating material for fishery
products to enhance quality. Jeon et al. (2002)
demonstrated that chitosan-coated Atlantic cod
and herring reduced moisture loss and lipid ox-
idation. Augustini and Sedjati (2007) reported
that chitosan treatment significantly reduced the
bacterial counts of salted dried anchovy and im-
proved the shelf life. Kester & Fennema (1986)
reported that chitosan coatings may function as
moisture-sacrificing agents instead of moisture
barriers, thus moisture loss from the product
could be delayed until the moisture contained
within the chitosan coating had been evapo-
rated. Chitosan treatment was effective in re-
ducing drip loss and prolonging the shelf life of
sardine as reported for cod fillets by Jeon et al.
(2002) and Mohan et al., (2012). Increasing drip
loss was also reported for catfish (Mohan et al.,
2012), mackerel and Japanese sardine
(Hamada-Sato et al., 2002) and whiting, macke-
rel and salmon fillets (Fagan et al., 2004) with
the storage period.

The antimicrobial properties of chitosan coat-
ing have been reported in the literature (Jeon
et al., 2002; Lopez-Caballero et al., 2005). Jeon
et al. (2002) described how bacterial growth (to-
tal counts on plate count agar at 20°C) reached
the stationary phase in all chitosan-coated cod
and herring samples after 6 days, and also how
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there was a reduction of up to three log cycles
between coated samples and controls after 12
days of chilled storage. Lopez-Caballero et al.
(2005) reported that a coating consisting of a
blend of chitosan dissolved in acetic acid and
gelatine exerted an inhibitory effect on the
gram-negative flora of fish patties. Various fac-
tors affect the antimicrobial action of chitosan
and its mechanism of action appears to be re-
lated to interactions between the positively
charged chitosan molecules and the negatively
charged microbial cell membrane (Shahidi et
al., 1999) as well as to its function as a barrier
against oxygen transfer (Jeon et al., 2002).
Giinli & Koyun (2013) stated that the shelf life
of chitosan coated sea bass fillets was prolonged
approximately 20 days under chilled conditions
(4+1°C). Similarly, chemical and microbiologi-
cal quality of chitosan coated vacuum packed
and high pressure processing (HPP) applied
rainbow trout fillets were determined under
chilled conditions (4+1 °C). Application of
these two methods prolongs the shelf life of the
fillets up to 24 days (Giinlii et al., 2014).
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Table 2. Application of edible coatings to improve the quality of seafood products

trol samples.

Hydrocolloid Seafood Effect Reference
Alginate coating Hot-smoked | The shelf life and acceptability of the vacuum packaged hot smoked rainbow trout fillets with a | Erkan & Yesiltas,
rainbow trout | coating containing 3% sodium alginate were extended at least for 3 weeks compared to the con- | 2014

retarded water loss.

Protein based coating Sea bass Shelf life of approximately 9 and 10 days for control and soy protein, whey protein, 13 days for | Erkan et al., 2013
egg powder, zein, gelatin, 24 days for collagen, 28 day for wheat gluten, 29 days fish protein
coating

Protein based coating Hot-smoked | Soy protein isolate, corn zein, collagen, fish protein coatings obtained from trout and Bonito | Dursun, 2012

rainbow trout | were not reached to up 7 log cfu/g during 8 weeks according to microbiological analysis results

Chitosan coating Sea bass Chitosan-based coating significantly reduced TVB-N and TMA-N values and inhibited the | Giinlii & Koyun,
growth of psychrotrophic and mesophilic aerobic bacteria during cold storage. 2013

Chitosan coating Sardine Shelf life was extended to 30 days during cold storage. Mohan et al., 2012

Sodium alginate coating | Sea bream Coating treatments predominantly reduced chemical spoilage, reflected in TVB-N, pH, and TBA, | Song et al., 2011

Alginate coating

Cold smoked

Approximately 2 log lower than the bacterial load of salmon fillets at the end of storage (30 day).

Neetoo et al., 2010

salmon
Chitosan coating Silver carp Total aerobic mesophilic counts decreased and shelf life was extended to 30 days during frozen | Fan et al., 2009
storage.
Alginate—calcium coating | Northern Alginate—calcium coating treatments efficiently enhanced the quality of northern Luetal., 2009
snakehead snakehead fillets during storage.
fillets

Chitosan coating

Herring, cod

Reduced lipid oxidation, and microbial growth was observed. Moisture loss was prevented.

Jeon et al., 2002
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s to improve the quality of seafood products

microbiological data and chemical analysis result, is 2 week for control
samples, 5 week coated samples.

Antimicrobial Hydrocolloid Seafood Effect Reference
Oregano essential oil | Potato peel Cold-smoked Listeria monocytogenes was inhibited. Tammineni et al., 2013
waste-based salmon
edible films
Thyme oil Gluten Hot-smoked trout | According to sensory analysis the shelf life of vacuum packaged samples Akgay, 2012
were found acceptable quality during 3 weeks. The sensory quality was
maintained up to 5 and 6 weeks for gluten and containing antimicrobial
agent (thyme oil) gluten coated samples. The growths of microorganisms
were significantly reduced in gluten film coated samples.
Chitosan Chitosan Herring, cod Reduced lipid oxidation, and microbial growth was observed. Moisture loss | Mohan et al., 2012
was prevented.
Thyme oil Sodium alginate | Hot-smoked trout | Shelf-life of samples, as determined by overall acceptability sensory scores, | Yesiltas, 2012

Cinnamon oil Chitosan Rainbow trout Successful inhibition of lipid oxidation and microbial growth was obtained; | Ojagh et al., 2010
shelf life was extended compared to the control group 4 days at 4°C.
Chitosan Chitosan Silver Carp Total aerobic mesophilic counts decreased and shelf life was extended Fan et al., 2009
compared to the control group 30 days during frozen storage.
Chitosan, Chitosan, Salmon Microbial growth of aerobic mesophilic and psychrotrophic decreased and Vasconez et al., 2009
chitosan — starch global quality was extended to 6 days at 2°C.
Oyster Calcium alginate | Smoked salmon Microbial growth was delayed. Datta et al., 2008
and lisozyme, nisin
Oregano Gelatine, Cold-smoked Microbial growth and lipid oxidation was decreased. Gomez-Estaca et al.,
and rosemary gelatin — chitosan | sardine 2007
extracts process by high
pressure
Lactoperoxidase Whey protein Cold-smoked Listeria monocytogenes growth was prevented. Min et al., 2005
system salmon
Thyme oil, Soy and whey Cooked shrimp Microbial growth was delayed. Ouattara et al., 2001
cynamaldehyde protein,
carboxy-methyl
cellulose
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Alginate is a salt of alginic acid, a polymer of D
-mannuronic acid and L -guluronic acid, and is
isolated from brown algae (Lu et al., 2009). Al-
ginate has unique colloidal properties. Such bi-
opolymer-based films can keep good quality
and prolong shelf life of foods by strengthening
the water barrier, preventing microbe contami-
nation, maintaining the favour, reducing the de-
gree of shrinkage distortion and retarding fat
oxidation. Studies have shown that coating of
fish, shrimp, scallop and pork with sodium algi-
nate showed that it can prolong their shelf life,
reduce thawing loss, cooking loss, weight loss
and maintain the functional properties of these
species during cold and frozen storage
(Wanstedt et al.,, 1981; Wang et al., 1994; Zeng
& Xu, 1997; Yu et al., 2008). According to
Song et al. (2011) fresh sea bream (Mega-
lobrama amblycephala) were coated with algi-
nate and stored at 4°C for 21 days. Coating
treatments predominantly reduced chemical
spoilage, reflected in TVB-N, pH, and TBA, re-
tarded water loss and increased the overall sen-
sory quality of fish compared to uncoated sea
bream. Lu et al. (2009) studied Northern snake-
head fillets (Channa argus) which were sepa-
rated into samples untreated (control), or were
treated with 1000 IU mL™ nisin and 150 pg
mL ' EDTA (group 1), alginate—calcium coat-
ing (group 2), or alginate—calcium coating in-
corporating 1000 TU mL™ nisin and 150 pg
mL ™ EDTA (group 3). Compared with the con-
trol, all treatments significantly inhibited the
growth of mesophilic and psychrophilic bacte-
ria in northern snakehead fillets during the stor-
age period. Group more efficiently inhibited the
growth of mesophilic and psychrophilic bacte-
ria than did the group 2 and group 3 treatments.
A few antimicrobial agents and antioxidant
have been incorporated into edible coatings to
suppress quality changes during storage (Kang
et al., 2007; Fan et al., 2008; Chidanandaiah et
al., 2009). The research results regarding to ed-
ible coatings are presented in table 3. In accord-
ance with results of the conducted studies chem-
ical, microbiological and sensory quality of the
chitosan coated sea foods could be enhanced
while stored in ice or refrigerated conditions. By
taking into account the advantages of the edible
films such as being proper for human consump-
tion, not requires high technologies, harmless
for the environment, low cost for the production
and sequestering agent, this material is being

popular in food science field, particularly sea-
food processing technology area. On the other
hand, low mechanical strength, highly effec-
tiveness from the environmental conditions (i.e.
drying) making the usage of edible films more
complex in seafood. However, the most signifi-
cant disadvantages of the edible films are being
the difficulties during preparation and applica-
tion process and the increased effects on work-
load and the cost of the final product.

Conclusion

Plant extracts, essential oils and edible film
coating treatments are proven to extend the
shelf life of seafood by the use of natural
sources. The potential effects of these treat-
ments are delayed lipid oxidation, inhibited mi-
crobial growth and enhanced sensorial proper-
ties. Due to their antimicrobial and antioxidant
properties, plant extracts and essential oils are
promising their use instead of synthetic chemi-
cals. Edible films and coatings also offer ad-
vantages over plastic packages such as edibility,
biodegradability, biocompatibility, aesthetic ap-
pearance and barrier properties, besides being
nontoxic and non-polluting. For the protection
of natural sources and providing safe food to the
future generations, there are further studies
needed for the investigation of minimally pro-
cessed and additive free seafood and its prod-
ucts.
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OZ:

Kanath Koksidiyozisi eimeria tiirlerinin neden oldugu
onemli bir protozon hastaligidir. Kanatli endiistrisinde
onemli ekonomik kayiplara yol agmaktadir. Koksidi-
yozisin kontroliinde nikarbazin, halofuginon, robeni-
din, diklazuril, monensin, salinomisin, narasin, lasalosit
ve maduramisin gibi ilaglar kullanilmaktadir. Kullani-
lan ilaglarin kalintilar1 izlenmesi ve gerekli dnlemlerin
alinmast insan saglig1 agisindan biiyiik bir 6nem tasi-
maktadir. Bu calismada Istanbul’da tiiketime sunulan
tavuk eti ve yumurtalardan aldigimiz 150’ser adet nu-
mune de lasalosit kalint1 ve diizey izlemesi yapilmustir.
Genel olarak broilerlerdeki (tavuk) yedirme kosulla-
rinda lasalosit 75-125 pg/g ile sinirlandirilmistir. Bu
sartlarda yapilan yedirme denemeleri sonrasinda 1. 3.
ve 5. ve 7. giinlerde alinan dokularda analizler yapilmus,
1. 3. 5. giin dokularindaki lasalosit kalinti diizeyi
o6nemli bulunmugstur. Kalintt miktar1 yiiksek olan 1. 3.
ve 5. giin dokular1 kizartma, haglama, +4°C muhafaza
ve dondurmaya isleme ve depolama proseslerine tabi
tutulmustur. Sonug olarak lasalosit giderek hizla azalan
bir rezidiiye sahip oldugu ve dokudaki kalintilarinin 1sil
islemlerden etkilendikleri tespit edilmistir.

Anahtar Kelimeler:

Lasalosit, Iyonofor antikoksidiyal ilag, Kalint: diizeyi,
Isil islem

Abstract:

Effect of the Lasalosit used in Broilers and
Different Heat Treatment Process on its Residual
Levels

Avian coccidiosis is an important disease caused by
protozoa of the genus Eimeria. It leads to significant
economic losses in the poultry industry. For control of
coccidiosis in avian, using pharmacological active sub-
stance such as nikarbazin, halofuginon, robenidin, di-
clazuril, monensin, salinomycin, naracin, lasalocit and
maduramicin. Residues of used drugs are significant for
human healthy. In this study, we have taken from the
poultry meat and eggs available for consumption in Is-
tanbul with 150 specimens were screened for lasalosit.
In general, the optimal feeding conditions has been lim-
ited 75-125 pg/g for lasalosit. After the feeding under
these circumstances 1st, 3rd, 5th, and 7th day the tis-
sues was analyzed. Ist, 3rd, 5th days detected tissue
residues were considered important. High residue in-
cluding which 1st, 3rd and 5th day tissues treated fried,
boiled, held on +4°C and freezed. Consequently it was
confirmed that lasolocid residue have decreasing and
affected by heat treatment of residues in tissues.

Keywords:

Famagusta, coastal fishery, gillnet, trammel net,
longline
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Giris

Koksidiyozis birgok hayvan tiiriinde ¢ok ciddi
saglik problemleriyle seyreden ve kanatli hayvan-
larda oOliimlere kadar varabilen protozoonlardan
kaynaklanan bir hastaliktir. Kanatlilarda alimenter
yollardaki bozunumlar ishalden kanli ishale ardin-
dan da Oliimlere hatta siirli Oliimlerine yol
acabilmektedir. Eimeria tiirleri tarafindan mey-
dana getirilen, proventrikiilden baslayarak kolona
kadar olan emilim yollarmin harabiyeti ve siddetli
ishalle karakterize olan bu hastaligin tedavi
edilmedigi  takdirde oOliimle sonuglanmasi
kagimilmazdir. Tedavisinde degisik antibiyoti-
klerin yani sira genelde antikoksidiyal olarak kar-
boksilik iyonoforlar kullanilmaktadir (Parelman,
1993; Rokka, 2005).

Ulusal kalint1 kontrol plant 2007°de yapilan gru-
plandirmada antikoksidiyal iyonoforlar
“B2b’’grubunda degerlendirilmis olup buna
iligkin laboratuvar alt yapisi, analiz yetkinligi ve
referans olarak Pendik Veteriner Kontrol ve
Arastirma Enstitiisii (PVKAE) gosterilmistir.
Lasalosit i¢in kontrol limitini izleme; tespit se-
viyeleri i¢in 10 pg/kg, analizleri LC-MS ile
dogrulama da LC-MS/MS ile 2 pg/kg diizeyleri
olarak deklere edilmistir (Bories, 2007; Resmi
Gazete, 2007; GKGM, 2007).

Lasalosit 6zelliklerinden ve halk sagliginda direk
kullanilmiyor olmasindan &tiirii Diinya Saglik
Orgiitii (WHO) eksperlerince kritik onemde
degerlendirilmis dolayisiyla Office International
des Epizooties (OIE) tarafindan Veteriner Hekim-
lik acisindan koksidiyozun kontroliinde ¢ok
onemli bir antibiyotik olarak listelenmistir (EFSA,
2007; EFSA, 2004; Bishop, 1996; Jordan,1990;
Dubois, 2004).

Daha 6nce kanatli dokularinda ilag¢ kalint1 diizey-
lerinin 1s1 karsisindaki tepkisi Baydan ve ark. tara-
findan 2001 yilinda siilfadiazin yine ayni arastir-
macilarca 2002'de siilfadimetoksin, siilfakinoksa-
lin ve siilfadoksin kalintilari {izerine yapilmis olup
farkli pisirme islemlerinin siilfadimetoksin, siilfa-
kinoksalin ve siilfadoksin iizerine 6nemli bir azal-
maya neden oldugu bildirilmistir (Baydan ve

ark,.1998; Baydan ve ark., 2001). Pisirme ve don-
durma islemlerine iliskin ise ¢ok az sayida ¢caligma
oldugu goriilmiis (Baydan ve ark., 2001), Dehai ve
ark. (1996) kanath dokularinda siilfadiazin kalin-
tilariin ¢esitli pisirme, -20C'de dondurma ve bek-
letme ile azaldigini beldirmislerdir (Dehai, et al.,
1996).

Giliniimiizde LC-MS ile iyonofor antikoksidiyalle-
rin 1ppb’ nin altinda bile tespitleri ve LC-MS/MS
ile de dogrulamalar1 ¢cok daha biiylik duyarlilik
oranlarinda miimkiin olmaktadir. Bu ¢alisma bro-
ilerlerde lasalositin kalint1 birakma diizeylerinin
belirlenmesi ve 1s1 stabilitesinin ortaya konmasi
amaciyla yapilmistir.

Materyal ve Metot

Bu calisma; Istanbul ilinden numune bazli tarama
testleri, yedirme sonrasi doku ve karaciger rezidiie
seviyeleri ile yiiksek diizeylerdeki kalintinin 1s1l
islemlere tepkisinin belirlenmesini igermektedir.

Numune ¢alismasi

Iki asamali olan ¢alismamizin birinci evresinde Is-
tanbul’un Anadolu ve Avrupa yakalarinda 15 ilge-
sinden (Bahgelievler, Bagcilar, Bakirkdy, Kiigiik-
cekmece, Gaziosmanpasa, Fatih, Eminonii, Be-
yoglu, Sisli, Glingoren, Tuzla, Maltepe, Pendik,
Kadikdy, Beykoz) topladigimiz 150 adet yumurta
ile 150 adet broiler eti 6rnegi alinarak ‘’Pendik
Veteriner Kontrol Ve Arastirma Enstitiisii’’
(PVKAE) kalint1 laboratuarina etler soguk zin-
cirde, yumurtalar ise satis kosullarinda en fazla 3
saat icerisinde tagindi. Numuneler alinirken yu-
murtalarda bir adet viyolden bir adet yumurta alin-
masina, ayni firma ayni adres ve ayni parti mal
olmast durumunda ikinci bir numunenin alinma-
masina 6zen gosterilmistir (Tablo 1).

Pili¢ eti numuneleri alinirken de olabildigince
farkli parti, farkli kesim ve/veya firma olmasina
dikkat edildi. Boylece yumurta ve pili¢ eti numu-
nelerinin imkanlar dahilinde farkli se¢imi 6ngo-
rilmiistiir (Tablo 2).
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Tablo 1. Yumurta 6rnegi alim tablosu

Table 1. Egg samples reception table

Numune No:

1-150 adet yumurta

Cinsi Yumurta
Ortalama agirhif 50-60gr/ad. yumurta
Alindig1 Yer B.Evler,Bagcilar,Bakirkdy,K.¢ekmece,Gaziosmanpasa,Fatih, Eminonii,

Beyoglu,Sisli,Giingoren, Tuzla, Maltepe,Pendik,Kadikdy,Beykoz,

Ozel Isareti

Yok

Saklama kosullar1

Normal satig reyonlari

Organolepsisi Kendi yapi1 ve ozelliklerinde,
Satiga arz Satisa arzedilmig halde
Diisiinceler Deformasyon, ¢atlak, kirik, delik olup olmadigi ve goriiniimii

*]1k- son kullanim siireleri tarihleri aralig1

Tablo:2. Pili¢ eti 6rnegi alim tablosu

Table 2. Chicken meat sample table

Numune No: 1-150 ad.aras1 numaralandirilmig Pili¢ eti numunesi

Cinsi Pilig eti

Miktar1 Pili¢ eti: 230-350gr/ad. numune

Hangi dokular P.eti:deri+but+gogiis (yarim pilic)

Alindig1 Yer B.Evler,Bagcilar,Bakirkdy,K.¢cekmece,Gaziosmanpasa,Fatih,Emindnii,Beyo
glu,Sisli,Glingoren, Tuzla, Maltepe,Pendik,Kadikdy,Beykoz,

Ozel Isareti Yok

Isis1 Pilig eti:-4, +2°C

Organolepsisi Kendi yapi, kivam, goriiniis doku ve 6zelliklerinde

Satisa arz Satiga arzedilmis halde

Diistinceler Halka satisa arz seklinde reyon dolabindan alinmasina dikkat edildi

Ekstraksiyon Yontemi olarak PVKAE’nin de N (azot) evaporatord,

kullandig1 >’Antikoksidiyal Ila¢ Kalmtilarii  Gold-Tandem MS/MS

Tarama Analiz Talimat’” diye adlandirilan  Thermo Finnigan® MSQ LC-MS/MS sistem,
EFSA’nin ve AB referans laboratuarlarinin da .

(Berlin) kullandig1 asagidaki analiz yontemi uygu- ~ Kimyasallar;

lanarak kalint1 diizeyleri belirlenmistir. 1-Metanol, HPLC grade, (Merck®™),

. . ®
Kullanilan Materyal, Standart ve Kimyasallar:  2-Asetonitril, HPLC grade, (Merck™),

Materyal:

200mL’ lik cam beher ve 15mL’ lik deney tiipii,
50 ve 75mL’lik silifli kapl santrifiij tiipleri,

Vorteks karistirici,
Ultrasonik su banyosu,
Sogutmali santrifiij,
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3-Amonyum Asetat (J.T.Baker®)
4-NaOH, (J.T.Baker®)

5-n-Hekzan Reagend grade,(Riedel®)
6-Toluen Reagend grade, (Merck®™)
7-Tetrahidrofuran, (Riedel de Haen®)
8-Formik asit, (Merck™)
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Isim: Lasalocid A sodium salt

Acik Formiil:

Lasalocid CH,

Kapali Formiil: C34Hs3NaOg

Molekiil Agirhigr:  612.77 g/mol
Erime Noktasi: 180 °C (dec.) (lit.)
Saklama Kosullari: Standart madde -20 °C de saklanabilir.

Stabilite:

Coziiniirliik: Metanol de ¢oziiniir. Seyreltmeler metanol ile yapilabilir.

Tablo 3. Antikoksidiallerin Analizlerinde Cihaz Ayarlari

Table 3. Device Settings in the anticoccidial Analysis

Bilici, 1(1): 50-66 (2015)

Stok ¢ozeltiler metanolde hazirlanir ve — 20 °C de muhafaza edilir. Caligma ¢ozeltileri
+4°C de 1 hafta stabil olarak saklanabilir.

LC Kolon Phenomenex Synergy Max RP 2.1x150mm 5u

Mobil Faz %60ACN + %25 0.1M amonyum asetat + %10 MeOH + %5 THF + %0.2
Formik Asit

Autosampler Sartlari

Injection volume 25ul

Flush Volume 1000ul

Wash Volume 500ul

Tray Temperature 4°C

Column Oven Temperature 40°C

LC Pump Sartlari

Program 0-35dk isokratik
Flow 0.25ml/dk
MS Sartlan
Iyonizasyon Modu ESI (+)
Tarama Tipi SIM
Prob Temperatur 400°C
Isim Kiitle | Span | Time Dwell Polarity | Cone volt-
Aranacak Iyonlar ve Diger Range Time age
Ayarlar
Lasolasid | 613.5 | 2 5.00-12.00 | 1.00 + 95.00
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Numunenin Hazirlanmasi

Analizi yapilacak yumurtanin tamami bir mikser
ile broiler etinin 200g’1 homojenizatdr yardimiyla
iyice pargalanip numune numuneler ayrilmis,
herhangi bir bulagmay1 engellemek igin tiim techi-
zatin her islem sonrasi gerekli temizlikleri ileri
diizeyde su, asetonitril, metanol ile yapilmistir.

Ekstraksiyon

Elli veya 75 mL’lik santrifiij tiipiine 10g doku
ornegi, 15mL asetonitril ve 2mL saf su eklenerek
30sn vorteks karistirici ile homojen hale getirildi.
Homojenizatorde iyice pargalanan 6rneklerin olast
parcaciklarin  yetersiz = ayrigmasini  Onlemek
amactyla ortalama 10 dk ultrasonik banyoda ileri
diizeyde parcalanmalar1 saglanmis, sonraki
asamada 1s1 ayarlanabilir bir santrifiij ile 4°C’de
3000 rpm’de 10 dk askudaki partikiillerin ¢okel-
mesi saglanmustir. Santrifiij sonrasi iist fazdan 2,5
mL’lik kismi 25mL’lik santrifiij tiipiine alinarak
buna 4mL 0,5M NaOH, ile 10mL Hekzan: Toluen
(1:1) ¢ozeltileri ilave edilmistir. Otuz saniye
vortekste karigtirtlip 3000rpm’de 10dk santrifiij
sonrast {ist fazin tamami ayrilarak 15mL’lik deney
tiipiine 6rnekler alinmugtir. Ust fazin yumurtada
en fazla ve doku kizartma numunelerinde en az
oldugu gozlemlenmistir. Kalan alt faza SmL Hek-
zan:Toluen (1:1) eklenerek santrifiij edilmistir.
Santrifiij sonrasi iist faz ayrilarak birinci iist faz ile
birlestirilmis, elde edilen bu faz azot gazi altinda
60°C’de ugurularak elde edilen geri kazanim &r-
nekleri 500ul asetonitril:su (75:25) ile insort viale
alinarak LC-MS te analize alinmustir.

Dogrulama testleri i¢in yine yukaridaki yontem ile
analitlerin tesbit limitleri kadar standart en-
jeksiyon yapilarak geri kazanim (recovery) lari
test edilmistir. Lasalositin kas dokusundan
ayristirilmasi, sivi-sivi ekstraksiyonu ile analitle-
rin kirlilikten ayristirilmasi yapilarak LC-MS-MS
sistemi ile dogrulamasi ayni analiz peosediirleri
icerisinde gerceklestirilmistir.

Analiz i¢in Thermo Finnigan Surveyor LC pump,
otomatik enjektér (Thermo Finnigan Surveyor
Autosampler), LC kolon (Phenomenex Synergy
Max RP 2,1x150mmx5u), 400°C Kolon Firin
Isis1, 25 pL Enjeksiyon Hacmi, 0.3 mL/dk Akis
Hizi, 0-25dk Diagonal Akig programinda ve %60
asetonitril + %25 0.1M Amonyum asetat + %10
Metanol + %5 Tetrahidrofuran + %0,2 Formik asit
olan mobil faz sartlar1 olusturularak calisma
yapilmustir.
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Besleme sonrasi elde edilen doku orneklerinde
ekstraksiyonu

Calismanin ikinci evresi broyler temini, gru-
plandirma, yedirme, kesim ve ekstraksiyonundan
olusmustur. Bursa’da ticari bir isletmeden alinan
150 adet Ross 1rk1 16 giinliik broyler pilici Bilecik
ili Inhisar ilgesi Tarpak beldesine kafeslerde
sorunsuz ve kayip vermeden naklendilmistir.
Daha 6nceden hazirlanmis, ayrilmig, Lasalosit i¢in
“L’*‘kontrol i¢in de “’C’’ yazilarak isaretlenmis
bolmelere yerlestirilerek besleme gruplari olustu-
rulmustur. Muhtemel aksakliklarin (61iim, hastalik
v.b.) tolere etmek amacli L ve C grubu diginda ka-
lanlar ayr1 bir b6lmeye alinarak, bes giin boyunca
kendi normal rasyonlari, antikoksidiyal icermeyen
rasyonlari ile beslenme siirdiiriilmiis boylece eli-
minasyona neden olabilecek olas1 risklerden
kaginilmustir.

Yem karisimi 20. giinde Lasalosit i¢in ton {izerin-
den hesaplama yapilarak lasalositin 90 pg/g mik-
tarma denk gelen ilag kismi1 bir 6n karisima tabi
tutulmustur. Bu 6n karigim ikinci bir karisimla ho-
mojen dagilimin saglanacagindan emin o-
lunduktan sonra 100’er kg’lik pellet olmayan y-
emlere karistirllmistir. Bir sonraki giin (21.giin)
yedirme sabahtan baslatilmis baglangictan itibaren
kontrol grubunda belirgin olmakla birlikte tiim
gruplarda yem aliminda kesime kadar artarak de-
vam etmistir. Besinci giin sonunda total yem tii-
ketiminde artisa paralel olarak gdzlemlenebilir
agirhik artist da gozlemlenmistir. Bes glinliik
besleme sonrasi kesimlere baglanmis (1., 3., 5. ve
7. kesim giinleri) yapilarak analiz prosediirleri tim
gruplara aynen uygulanmistir. giin boyunca
konuya iligkin degerlendirmeleri degistirebilecek
herhangi bir olumsuzluk meydana gelmemistir.

Ekstraksiyon islemi kontrol ve 1s1l islem uygulan-
mus broiler 6rneklerinde dinlendirme islemi son-
rasi (24 saat) baglatilmistir.

Doku ve 1s1l islem ekstraksiyonlar1 bir arada ve
uygun dinlendirme kosullarinda 24 saat sonra
baslatilmistir. Ekstraksiyon i¢in yontem aynen ko-
runurken doku ayrimina gidilmeden but ve gogiis-
ten ortak alinan numuneler ile karacigerden 10’ar
gr’lik numuneler es zamanli ve paralel ¢aligilip 3/4
par¢a da 1sil islemler icin ayrilmistir. Bu 1sil
islemlere saklanmis kisim g6z karart {ig esit par-
caya boliinerek -20°C’de 10 giin tutulduktan sonra
-20°C’den alinarak 0 - +4 °C sartlarinda 12-24
saat c¢ozindiriilerek ekstraksiyona almmigtir.
Ikinci parca toplumsal yemek kiiltiiriimiizden 6r-
neklenerek aligkanliklarimiza paralel olarak fakat
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151 ve basing ayarlanabilir bir kapta pisirmeye tabi
tutulup pismis et ve et suyu ayri, ayri ekstrakte edi-
lerek numaralandirilip analizi yapilmistir. Pigirme
esnasinda Ornekle beraber pisirme kabina 250
gram doku i¢in 50 ml su ilave edilerek pisirme sii-
resi 25 dakika ile sinirlandirilmigtir. Son 1/4parga
ise yine beslenme aligkanliklarimiza paralel olarak
kizartilip  ekstraksiyonu  yapilarak  analize
almmistir. Kizartma iglemi elektrikli kizartict
kullanilarak ve tiiketilebilir nitelikte kizarma
kivamina geldiginde isleme son verilerek tamam-
lanip, ekstraksiyona gidilmistir. Hem pigirme
hemde kizartma isleminde tiikketim aliskan-
liklartyla birebir paralellik saglanmasina azami
riayet edilmistir.

Ekstraksyion sonrasi numunelerden elde edilen
kisim organik bir ¢6ziicii yardimiyla SPE ve LLE
teknikleriyle ile dokulardan ayristirilmustir. Ilag
kalintilari1 ¢6zen organik bir solvent i¢inde var
olan eluatlar azot gazi1 (N») altinda kuruluga kadar
ugurulmustur.

Ormek zenginlestirme olarak ifade edilen Sample
Concentrator sistemiyle ekstraksiyon sonucu do-
kulardan ayrilarak organik ¢dziiciiye gecen ilag
kalintilar1 cihaza verilinceye kadar vida kapakli
tiiplerde 4 °C de muhafaza edilmistir.

Bu calismanin deneysel kismi caligmalart igin
31.10.2006-2006/175 tarih ve say1 numarast ile Is-
tanbul Universitesi Veteriner Fakiiltesi Etik Ku-
rulu Bagkanligi’ndan kurumundan “’Etik Kurul”’
izni alinmustir.

Bulgular ve Tartisma

Kuzey Irlanda’da yumurtaci tavuklarda 6ay bo-
yunca kullanilan lasalositin kalintt miktar1 olarak
1994°te %66 den 1995°te %21’°e inmesinin neden-
lerinin basinda graniiler formun kullanimi gdste-
rilmis ve toz formun kullaniminin azalmasi kalintt
olarak da bir azalmaya neden olmustur. Buna kar-
silik Ingiltere’de lasalosit yumurta tavuklarinda
daha az tesbit edilmistir. 1994’te %10.7’ sinde 40
ug/g olarak yumurtada tesbit edilirken bu oran
1998’de %1.1 diizeyinde saptanmis fakat bu oran
inandirict bulunamamistir. Clinkii 2000 yilinda
%33’{inde ortalama 40 pg/g oraninda tagidigi tes-
bit edilmistir. Yine Kuzey irlanda’da Temmuz-
Ekim 2001 tarihleri arasinda yapilan baska bir ¢a-
lismada 148 adet yumurta numunesinden 3 ade-
dinde (%?2) sadece 40 pg/g diizeyinde kalint1 tasi-
dig1 bulunmus ve diisiik diizeyde kirlenme ise 20
adette, %13.5” inde, 2 ile 27 pg/g olarak tespit
edilmistir. Ingiltere’de bildircinlarda 20 kas doku

ve 10 yumurta {izerinde yapilan bir ¢alismada la-
salosit rezidiisii 6 kas doku ve 10 yumurtada 120
ile 5400 pg/g arasinda tespit edilmistir (Jordan ve
ark., 1990; Kennedy ve ark., 1998; Kennedy ve
ark., 1996).

Isvecte 1999 yilinda Rosen (2001) tarafindan ya-
pilan bir taramada 100 adet broiler karacigerinin
beserli olarak bir araya getirilmesi yoluyla yapilan
20 o6rnek analizinde 11 6érnegin narasinin kalintisi-
nin 0.04-0.67 pg/g arasinda degistigini tespit et-
misdir. Kuzey Irlanda’da yapilan bir baska calis-
mada 40 adet yem rasyonundan %22.5’ inde mo-
nensinin prevantif dozun ¢ok iistiinde 5 mg/kg dii-
zeyinde bulundugu en yiiksek buluna 6rnegin ise
44 mg/kg oldugu bildirilmis sebepleri arastirildi-
ginda ise yem fabrikalarindaki gerek normal ge-
rekse pellet yapimi esnasinda makine ve ekipman-
larin bulasikligi, personelin dikkatsizliginin ana
nedenler oldugu anlasilmistir (EFSA, 2004; Mc
Evoy, 2002).

Yapilan piyasa arastirmasi Istanbul ilinden 15 il-
¢eden (Bahgelievler, Bagcilar, Bakirkoy, Kiiciik-
¢ekmece, Gaziosmanpasa, Fatih, Eminonii, Be-
yoglu, Sisli, Giingéren, Tuzla, Maltepe, Pendik,
Kadikdy, Beykoz) degisik noktalardan numuneler
alinmistir. Yumurta ve doku numuneleri alinis se-
kil ve kriterleri olarak TGHB’nin numune alma
formati da g6z oniinde tutularak asagida tablolag-
tirllmastar.

Yukarida belirtilen yontem ile PVKAE’de analize
aldigimiz 150 adet yumurtadan Lasalosit tespit
edilebilir limitler dahilinde herhangi bir kalintiya
rastlanmamistir. Yine broiler etinden mix olarak
(deri + but + gdgiis) hazirlanan karisimlardan da
ayn1 yontem ve tarama sartlarinda negatif sonug
almmugtir,

Broilerlerde antikoksidiyal ve zooteknik olarak da
verim arttirici, yemden yararlanmay1 yiikseltici bir
baska ifade ile yemin ete doniisiim oranini pozitif
yonde degistirici olarak kullanilan Lasalosit i¢in
yedirme denemeleri siiresince yem tiiketiminde
artls gozlemlenmistir. Bu; gozlem sonuglarinin
kalitatif olmasi literatiir olarak verilen ve amag
disinda oldugu i¢in verilmemis zooteknik ve
parazitolojik arastirmalar ile paralel meydana
gelmistir (EFSA, 2004; Kennedy ve ark., 1996;
Sanli, ve ark.,1993; Mattabudul, 2002).

Kesimin 1., 3., 5., 7., giinlerde yapilmasi hem
ekstraksiyon periyodu hemde yapilagelen otoriter
uygulamalarla paralellik arzetmesini saglamistir
(EFSA, 2006, EMEA, 1999, EMEA, 2004).
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Negatif sicaklik etkisi diginda diger 1s1l islemler
icin bir bekletmeye gerek goriilmemistir. Ulusal
mevzuatda antikoksidiyallerin B2b grubunda
degerlendirilmesi AB  laboratuarmma  atifla
PVKAE’nin antikoksidiyal kalint1 i¢in temel
referans alimmasimi gerekli kilmistir (Resmi
Gazete, 2005; GTHB, 2007; Resmi Gazete, 2007;
Elliot, 1998; McDouglas, et.al.,1998; Mortier
et.al.,, 2005; Oehme et.al.,, 1998). Yontemin
tilkemizde ve AB’de es giidiimlii kabul gérmesi ve
ayn1 Olgiitlerin tekrari, kontrol edilebilirliligi ve
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dogrulanabilirliligi acisindan biiylik 6nem
tagimaktadir (Regulation EC, 2003).

Lasalosit igin yapilan tespit diizeyi ¢aligmalari,
recovery ve validasyon islemleri sonrasinda 1ppb
diizeyinde kalint1 tespiti yapilabilidigi bunun da
EFSA, EMEA ve ulusal verilerle paralel oldugu
gOriilmistiir.

Lasalosit i¢in yapilan tespit ve dogrulama caligma
sonuglart asagidaki gibidir;

Tablo 4. Lasalosit analiz ve dogrulama parametreleri

Table 4. Lasalosit analysis and validation parameters

Lasalosit icin tarama analiz parametreleri

. Tespit Limiti (ppb)| Hesaplanabiliri Limit .. .

Iyonofor Dedektor| Cone Voltaji
Y (LOD) (pPb) (LOQ) !

Lasalosit 2 4 ESi(+) 90

Lasalosit icin dogrulama analiz parametreleri

Lasalosit] 1 | 2 | BSi | 30

Lasalosit LC-MS/MS Spektrumu:

BF: 377 1 1.484 min, Scan: 291, B13.6=300.0:650.0 [-30.0%], RIC: 4 147e+7, BC|o
100%3 377 ]
. 2 91Be+7 ]
75% .
Y =0 E
25% 38,9 A7 4 :

: 41246+ 4935046
0% 1 |

Il TT TTrrrrrrir TTrrrrrrrr TTIrrrrrrrr TTIrrrrrrrr Trrrrrrrr TTrrrrrrrir TTrrrrrrrir TTT

300 340 400 450 a00 550 EDE Sl
Acguired Hange  mdfz

100ppb Mix Standart Kromotogrami:
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Standart enjeksiyonlardan sonra elde edilen geri
kazanim lasalositte %98, olmustur. Bu yiiksek
degere ulasilma nedeni lasalosit icin ¢ift degerli
iyonlar1 baglama kapasitesi, kaybin daha az
sekillenmesi ile makinalarin yiiksek performansta
caligabilmeleri ve yeni teknikler olmalar1 yanisira
Ozgiin yapisinin metotla iyi sonu¢ vermesine
baglanmigtir. Lasalosit i¢cin EMEA tarafindan
MRL kas, derityag, karaciger, bdbrek ve
yumurtada sirasiyla 20, 100, 100, 50, 150 pg/kg
olarak verilmis ve ulusal mevzuatimizda da ayni
oranlar ayn1 dokular i¢in aynen alimmis ve kabul
edilmistir.

Ulusal otorite PVKAE’nin yapacagi izlemeyi LC-
MS ile dogrulamay1 ise LC-MS-MS ile tesbit
seviyesini 10 pg/kg ve dogrulama seviyesini ise 2
ng/kg ile yasal olarak diizenlemis ve karar limiti
olarak  Lasalosit i¢cin >20 pg/kg olmasini
kararlagtirmigtir (Resmi Gazete, 2007,
GTHB,2007). Bu ulusal ve AB yasal mevzuatinin
yanisira kullanimi devam edegelen Lasalosit’ in
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de dahil oldugu karboksilik iyonoforlar igin
kullanim parametreleri hususunda {ilkemizde
herhangi  farkli  bir  saha  taramasina
rastlanmamistir.  Bu  sayilanlarin  15181nda
lasalositin de iginde bulundugu  karboksilik
iyonoforlarin ~ mevcut kullanimlari, yapilari,
direng olusturma periyotlarinin uzunlugu, koksidi
etkenlerine etkin ve 6zgiin etkimelerinden otiirii
kullanimlarinin devam edecegi kanaati bir ¢ok
literatiirce de desteklenmektedir (Ebrahimezhad,
2005; Rokka ve Peltonen., 2006; Elliot, ve ark.,
1998). Lasalosit i¢in yapilan LC-MS tespit ve LC-
MS/MS dogrulama analizleri sonucunda alinan
orneklerden bir kaci1 asagida verilmistir. Verilen
analiz raporlar giinlere bdliinerek ortalama ideal
olan, aymi grup Ornekleri temsil edebilen,
anlizlerden sadece birer adedi konulmustur. Bu
ornek analizler 1., 3., 5. ve 7. giinlerden birer adet
olmak iizere alinarak karboksilik iyonoforun
diizeyi, giinlere gore azalma durumu ve diisiis
trendi hakkinda bilgi vermesi agisindan son derece
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carpict olduklar1 degerlendirilmistir. Burada
Lasalosit” in yiiksek seviyelerde bulunabilme
egiliminde oldugu tespit edilmistir. Analiz
ornekleri 7. giinii raporlart tespit ve dogrulama
limitlerimizin ¢ok altinda bulunmustur.

Lasalosit  broiler mix dokusunda 1-7. giinler
arasinda bulunan kalinti degerleri asagida
verilmistir.

Yapilan kesimlerin 1., 3. ve 5. giinlerinde kalint1
miktarin inen dogrusal bir egim gostermesi,
aradaki farkliliklarin yiiksek olusu, Kinetiginin;
ilk gecis etkisi ile biiyiikk oranda atilimini
sagladigi, kalan miktarin ise yapilmis ¢aligsmalara

paralel olarak metabolizmada hizla degrade
edildigi seklinde yorumlanmistir. 7. giinde
lasalosit i¢in herhangi bir kalintiya rastlanmazken
5. glin verileri AB otoritesine paralel olmustur.
Yapilan 1s1l iglemlerde sirasiyla kizartma,
kaynatma ve dondurmada 1sil her islemde
lasalositin yikimlandig1 goriilmistiir. Yikimlanma
lasalositte daha orantili bir diigiis kaydetmistir.
Lasalositin atilim bakimindan doku
konsantrasyonunun daha ge¢ degradasyonu, 1sil
islemlerden de kaynatmanin lasalositi daha az
yikimladigr asagida verilen grafiklerden de
anlasilacag lizere lasalositin daha istikrarli olma
egilimine sahip olduguna tanik olunmustur.

Lasalositin 1-7. giinler arasi karacigerde azalma durumu
250
200
=
g 150-
E
E: 100-
N . .
0
1.Giin 3.Giin 5.Giin 7.Giin
Siire (giin)

Sekil 1. Karacigerde lasalositin zamana bagl degisim konsantrasyonu

Figure 1. Lasalosit time-dependent concentration change in the liver
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Derisim (ppb)

Lasalositin 1-7. glinler arasi kas dokuda azalma
durumu
200+
150
100
W
0 i
1.GUn 3.Gln 5.Gln 7.GUn
Sire (gun)

Sekil 2. Dokuda lasalositin zamana bagli degisim konsantrasyonu

Sekil 2. Lasalosit time-dependent change in tissue concentration

Azalan derisim(ppb

Lasalositte 1s1l islem etkisi

20

151

10
) M

Kizartma  Haglama  Etsuyu Dondurma

Isil islem

Sekil 3. Isil (kizartma, haslama ve dondurma) islemlerin Lasalosit kalint1 diizeyleri iizerine etkisi

Sekil 3. The effect of heat treatment on Lasalosit residue levels (fried,boiled and frozen)
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Lasalosit iceren doku Tlizerine 1si1l islem
uygulanmasi seklinde su ana kadar her hangi bir
literatlire rastlamamamiza  karsin bir bagka
iyonofor olan narasin iizerine yapilan ¢alisma ile
baskaca siilfadimetoksin, sulfakinoksalin,
stilfadoksin ve siilfadiazin iizerine yapilan
caligmalarla da uyumlu oldugu, hassasiyet, tesbit
limiti, 6zgilinliik bakimindan goézlem ve verilerin
¢ok daha anlamli oldugu goriilmiistir (Baydan
et.al.,, 1998, Dehai et.al. 1996, ,Rokka et.al.,
2005).

Iyonofor antikoksidiyallerden lasalosit igeren
doku {izerinde 1si1l islem uygulayarak 1s1

karsisindaki davraniglarina iliskin benzer bir
calismada Rokka’nin bir bagka iyonofor olan
narasin iizerinde yapmis oldugu c¢aligmaya
paralellik arzetmistir. Buna karsilik doku
degradasyonuna iliskin sonug¢lar hem molekiillerin
farkliligit hemde analiz metodunun farkliligina
bagh olarak degisim gostermistir. Metod farkliligi
ile beraber benzer sonuclar 1s1l islemlerin
iyonoforlar1 belli diizeylerde yikimladigr ve
termo-labil olan iyonoforlarin etkilenmelerinin
diisikk 1sidan ziyade yliksek 1sida daha fazla
oldugu miisahade edilmistir.

Tablo 5. Lasalosit spike edilen dokularin kizartma, haslama ve dondurma sonrasi doku kalinti

miktarlar

Table 5. Lasalocid spiked tissue residue levels (fried, boiled, frozen)

Lasalosit spike edilen dokularda kizartma sonrasi diizeyler

No Konsantrasyon (ug/kg) Tespit (ug/kg)
1 100 73,487
2 100 106,89
3 100 89,798
4 100 86,696
5 100 81,752
6 100 78,663
7 100 90,504
8 100 93,251
9 100 83,545
10 100 90,41
Ort. % 87,4996
Ort. % 87,5
Recovery % 98
Reel kzt. Doku mikt. 89,2857
Kayip 10,7143
Lasalosit spike dokularin haglama sonrasi1 kalint1 diizeyleri
Tespit Et suyu
No. | Konsantrasyon (ug/kg) (ng/kg) (ng/kg)
1 100 85,42 8,456
2 100 73,25 12,083
3 100 71,7 9,592
4 100 79,87 8,884
5 100 81,04 8,065
6 100 78,66 10,24
7 100 80,69 9,298
8 100 81,36 7,063
9 100 77,25 11,107
10 100 76,42 10,255
Ort. 79,166 9,5043
Reel ort. Doku 80,78163 9,698265
Ort. Hasl. Et % 80,78 Et suyu % 9,7
Recovery % 98
Reel hasl. Et dokuda kayip 19,22
Et suyuna gecen % 9,7
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Table 5. Devam
Lasalosit spike dokularin -20°C de kalint1 diizeyleri

No Konsantrasyon (ng/kg) Tespit(ng/kg)

1 100 95.212

2 100 99.812

3 100 93.693

4 100 93.628

5 100 92.928

6 100 96.780

7 100 97.743

8 100 94.155

9 100 87.644

10 100 98.988
Ortalama % 95.058
Ort. % 95
Recovery % 98
Reel deger % 96,93877551 96,94
Reel kayip % 3,06122449 3,06
Ortalama 5.0%
Dondurma testinde kayip % 3.06 %
Normal dokularda Recovery: % 98.0%

Kayip oraninin lasalosit icin kizartmada,
kaynatma ette, -20°C’de dondurmada sirasiyla
10.71, 19.26, 3.06 ppb miktarlarinda oldugu
gorilmiistiir.  Bu wveriler ile su ana kadar
karboksilik iyonoforlardan lasalositin 1sil iglem
karsisindaki tepkisinin miktar ve orani ilk defa net
ve Olciitlii ortaya konulmustur. Kizartma
isleminde dokudaki su kaybindan dolay1 agirlik
azalmasina bagl olarak rezidiiel degerin yiiksek
cikmasi degerlendirme esnasinda doku iizerinden
islem vyapilarak olas1 bir karisikliga neden
olunmadig1 gibi amacimiz olan sosyal yemek
kiltirii  seklinde isleme esnasindaki kayiplar
hedeflendiginden amag disina da ¢ikilmamastir.

Sonuc¢

Besleyici degeri, ucuz maliyeti ve yiiksek titkketimi
g0z Oniine alindiginda broiler etlerinde 6nemli bir
risk faktorii olan Lasalosit kalintilarinin izlenme-
sinin bilyiik 6nem tasidig1 ve Lasalosit kalintisinin
1s1l islemlere son derece hassas oldugu goriilmiis-
tir. AB otoritelerince yiiriitillen kalint1 aktivite
arastirmalarinin karar noktalarinin farkli bagimsiz
ve ciddi anlamda belirleyici aragtirmalar sonucu
ortaya konuldugu bilinmektedir. Yapilan bu ¢alis-
mada elde edilen degerler itibariyle tutarlilik ve
hassasiyet olarak daha iyi sonuglara ulasilmig
olunmasinin 6nemli bir gelisme oldugu diisiiniil-
mekte dahasi bu durumun iizerinde c¢alisilan ana-
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litik cihazlarin yeni ve yiiksek hassasiyet degerle-
rine ulasabilmesi, stabilitesini muhafaza edebil-
mesi bir diger ifadeyle sistematigin farkli tarih-
lerde ve farkli uygulayici kisilerce kullanilma-
sinda birbirine yakin sonuglar alinabilmesi olarak
da degerlendirilmistir.
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