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Oz:

Bu ¢aligmada Tiirkiye denizlerinde bulunan ve ekonomik ola-
rak degerlendirilmeyen deniz hiyari (Holothuria forskali
Delle Chiaje, 1823) tiiriinde haglama ve kurutma iglemlerinin
besin bilesenlerine etkilerinin belirlenmesi amaglanmigtir.
Calisma materyali Izmir Korfezi’nden temin edilmistir. Besin
analizleri sonucunda taze ve kurutulmus 6rneklerin ham pro-
tein oraninin sirastyla % 11.99 +0.185 — 60.92 +0.124 arali-
ginda, nem igeriginin %86.93 +0.140 — 10.33 +0.040 arali-
ginda ve ham yag igeriklerinin oldukca diisik (% 0.256
+0.208 — Taze) oldugu belirlenmistir. inorganik madde igerigi
kuru 6rneklerde yiiksek bulunmustur. Taze, haglanmis ve ku-
rutulmug 6rneklerin yag asiti analizlerinde en yiiksek ¢oklu
doymamis yag asitlerinin (PUFA) taze 6rneklerde bulundugu
saptanmistir (%36.40 £0.03). EPA (Eikosapenta enoik asit) +
DHA (Dekosa hekza enoik asit) igeriginin kurutma ve has-
lama islemlerinden &nemli oranda etkilenmedigi (P>0,05)
tespit edilmistir. Tiirkiye denizlerinde bulunan ancak ekono-
mik olarak degerlendirilmeyen H.forskali tiiriiniin protein
orani yiiksek, yag iceriginin diisiik oldugu, bu suretle bes-
lenme agisindan diyetetik bir gida olarak degerlendirilebile-
cegi, toplam yag asitleri igerisinde en yiiksek oranin uzun zin-
cirli yag asitleri (PUFA) degerine ait oldugu, dolayisiyla
PUFA bakimindan zengin bir tiir oldugu, beslenme agisindan
6nem arzeden temel yag asitlerinin (EPA ve DHA) igerikleri-
nin yiiksek oldugu ve uygulanan isleme yontemlerinin bu bi-
lesenleri onemli oranda etkilemedigi belirlenmistir.

Anahtar Kelimeler: Deniz hiyari, Holothuria forskali, Ku-
rutma teknolojisi, besin bileseni, yag
asidi

Abstract:

The Effects of Drying & Boiling Process On
Nutritional Components of Holothuria forskali
(Delle Chiaje, 1823)

In this study, It was aimed to determine the effects of boiling
and drying process to food components of Holothuria forskali
(Della Chiaja, 1823), present in Turkish seas and not utilised
economically. The material was obtained from Izmir Bay. It
was determined that its crude protein content was 11.99
+0.185 - 60.92 £0.124 % , moisture content 86.93 +0.140 -
range of 10.33 + 0.040 % and crude lipid content was very
low fresh and dried samples. Inorganic matter content was
higher in the dried sample. The level of polyunsaturated fatty
acid (PUFA) was significantly higher in fresh samples than
boiled and dried samples has been found in fresh samples
(36.40% + 0.03). EPA (Eicosapentaenoic acid) + DHA (De-
cosahexaenoic acid) were not affected significantly (P> 0.05)
by the drying and boiling process. The protein content was
high in Holothuria forskali (Della Chiaja, 1823) and having
high in protein content, sea cucumber can be utilised as a pro-
tein source. It is also low in lipid content. Thus, sea cucumber
can be evaluated as a dietetic food in terms of nutrition. Also
it has high rate of long-chain fatty acids (PUFA) and rich in
EPA and DHA. All applied processing methods were not ef-
fected the fatty acid components in significant rates in sea cu-
cumber.

Keywords: Sea cucumber, Holothuria forskali, Drying,

Food composition, Fatty acid
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Giris

Holothuria tiirleri deniz ekosistemlerinin anahtar
gorevini listlenen canlilarindandir. Ekolojik olarak
sedimenti karigtirma ve bu suretle besin sirkiilas-
yonuna katilmalar1 yoniiyle 6nemli canlilardir.
40’tan fazla iilkede en az 66 Holothuria tiirii av-
lanmakta ve Asya pazarlarma satilmaktadir
(Gonzalez-Wangiiemert ve dig., 2014). Deniz hi-
yarlart Echinodermata filumuna dahil olan deniz
canhlaridir. Ulkemiz denizlerinde ve diger deniz-
lerde yaygin bir sekilde bulunan bu canlilardan
gida ve saglik alaninda yararlanilmaktadir. Tiir-
kiye’de balik¢ilar olta yemi olarak kullanmaktadir
(Cakli ve dig., 2004). Yillardir birgok iilkede tiike-
tilmekte oldugu bildirilen deniz hryarlarinin Uzak
Dogu’da biiyiik pazarlar1 mevcuttur. Son yillarda
ekonomik olarak degerlendirilen Holothuria tiirle-
rinin sayis1 artig gostermistir. Dana dili olarak bi-
linen Stichopus regalis (Cuvier, 1817) tiirlerinin
Giliney Marmara’da avlandig1r bildirilmektedir.
Holothuria forskali (Delle Chiaje, 1823) tiirli de
iilkemizde bu amagla avlanan Holothuria tiirlerin-
den biridir. Bu tiir iilkemiz igleme tesislerinde pek
degerlendirilmemistir (Oztiirk, 2011).

Tirkiye’de ve diger iilkelerde bugiine kadar bazi
tiirlerin besin igerikleri arastirilmigtir (Chang-Lee
ve dig., 1989; Fredalina vd. (1999), Kasai, 2002;
Oztiirk, 2011; Haider ve dig., 2015). Diinyada de-
niz hiyarlarmin 1400’e¢ yakin yasayan iiyesi ol-
dugu 66 tiiriin ticari olarak degerlendirildigi bildi-
rilmistir (Haider ve dig., 2015). Wen ve dig.,
(2010) 8 farkli holothurian tiiriiniin (Stichopus
herrmanni, Thelenota ananas, Thelenota anax,
Holothuria fuscogilva, Holothuria fuscopunctata,
Actinopyga mauritiana, Actinopyga caerulea and
Bohadschia argus) besinsel kalitesi ve kimyasal
bilesenlerini arastirip karsilagtirmiglar ve 7. Anax
ve A. caerulea disinda diger tiirlerin yiiksek
oranda protein, diisiik seviyede yag icerdigi, Gli-
sinin tim tilirlerde baskin amino asit oldugu, ham
protein oranlarinin 126 — 216 mg/g arasinda degis-
tigi, Aragidonik asitin tiim deniz hiyar tiirlerinde
en yogun bulunan yag asiti oldugu n-3/n-6 orani-
nin Orneklerde 0,25-0,61 oranlarinda bulundugu
tespit edilmistir.

Deniz hiyarlari yliksek besin igerigine sahip canli-
lar olup Dogu Asya tilkelerinde yaygin bir sekilde
titkketilmektedirler. Baz1 Holothuria tiirleri Asya ve
Ortadogu iilkelerinde egzema, artrit yara tedavi-
sinde ve yiiksek tansiyona karsi kullanildig1 bildi-
rilmistir (Telahigue ve dig., 2014). Ratlar iizerinde
yapilan bir ¢alismada Holothuria arenicola tirii-

nlin antiiilser etkisinin oldugu ve bu ylizden tiir-
den elde edilen ekstraktin insanlarda tamamlayici
ilag olarak kullanilabilecegi bildirilmistir (Fahmy
ve dig., 2015). Dhinakaran ve Lipton (2015) Ho-
lothuria atra’nin organik ekstraktlarinin antitii-
mor ve antifungal etkilerini arastirdiklari ¢alisma-
larinda tiiriin ektraklariin etkili bir sekilde antitii-
mor ve antifungal 6zellige sahip oldugu ve bu yo6-
niyle ilag gelistirmede kullanilabilecegi belirlen-
mistir. Olivera-Castillo ve dig., (2015) Isosticho-
pus badionotus tiirii igeren dietlerin geng ratlarda
hipokolesterolemik etkilerini incelemislerdir.

Holothuria tiirlerinin farmakolojik olarak kullani-
labilirliklerinin arastirildigi bir calismada deniz
orijinli ilag eldesinde deniz hiyari tiirlerinin 6nemi
vurgulanmis ve bu canlilarda bulunan Saponin ve
holothurin gibi maddelerin tedavi edici 6zellikle-
rinin oldugu belirtilmistir (Guor ve dig., 2015).
Diger bir arastirmada Holothuridea familyasi iiye-
lerinde sekonder metabolit olarak bulunan Triter-
pen glikozitlerinin hemolitik, sitotoksik, antifun-
gal ve antikanser 6zelliklerinin oldugu ifade edil-
mistir (Aminin ve dig., 2015). Cin’de trepang ola-
rak adlandirilan deniz hiyarlar1 kuvvet verici ve
geleneksel ilag olarak kullanildigr gibi yiiksek
oranda miktarda iz element ve protein i¢erdigi i¢in
saglik agisindan oldukga yararli bir canli oldugu
bildirilmektedir (Emiroglu ve Giinay, 2008). H.
forskali’nin cuvierian tiibiilleri olarak bilinen sa-
vunma sistemlerinin biyokimyasal analizleri sonu-
cunda yiiksek oranda protein (%59) icerdigi, yag
icermedigi belirlenmis, ¢calismada ayni zamanda
aminoasit i¢erigi de tespit edilmistir (DeMoor ve
dig., 2003). Ozer ve dig., (2004) H. scabra besin
bilesenlerine islemenin etkisini arastirdiklari ¢alis-
malarinda farkli donemlerde avlanan bireylerin
protein, yag, nem ve kiil igeriklerini tespit etmig-
lerdir. Ayni ¢alismada deniz hiyar1 aveiliginin ¢ok
uzun siiredir ticari olarak yapildigi, bu canlilarin
tropikal ve subtropikal iilkelerde geleneksel olarak
insan gidasi seklinde (¢ig, kurutulmus, haglanmis)
degerlendirildigi, engok Cin, Hong Kong, Singa-
pur, Japonya ve Giiney Kore’de tiiketildigi belir-
tilmistir. Ayrica kurutulmus Holothuria {iriin isim-
lerinin iilkelere gore degistigi Fransa’da beche-de-
mer; Cin’de hai-som; Endonezya’da trepang ola-
rak adlandirildig: bildirilmistir.

Deniz hiyarlarinin yetistiricilik ¢aligmalar farkl
iilkelerde basari ile yapilmakta olup buna iliskin
bilimsel caligmalar da mevcuttur (Yu ve dig.,
2015). Ozellikle Asya’da son yillarda besinsel ve
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ekonomik degerinden dolay1 Apostichopus japo-
nicus tirii ekonomik agidan énemli olup yetistiri-
ciligi yaygin bir sekilde yapilmaktadir (Chen,
2004; Sun ve dig., 2004; Yuan ve dig., 2006). A.
Jjaponicus’un 2011 y1li toplam tiretimi 138.000 ton
oldugu bildirilmistir. Ayrica deniz hiyarlarinin 20:
1 n-9, 22:1 n-9, 20:3 n-3, 20:4 n-6 ve 20:5 n-3 yag
asitlerini diyetlerinde azaldiginda, sentezleme ka-
biliyetinde olduklar1 vurgulanmistir (Yu ve dig.,
2015). Santos ve dig., (2015) H. forskali tiirliniin
icerdigi bioaktif bilesikler, antitiimor — antimikro-
biyal ve antioksidan potansiyeli bakimindan
onemli oldugu, ayrica yag iceriginin %4,83, EPA
orant %11,23 ve Aragidonijk asit oran1 %20,36 se-
viyesinde olmasi gibi nedenlerle yetistiricilik i¢in
ideal bir tiir oldugunu vurgulamiglardir. Deniz hi-
yarlarinin yetistiriciligi lizerine yapilan bagka bir
calismada Isostichopus badionotus tiiriiniin kiiltiir
kosullarinda farkli dietlerin besin bilegenlerine et-
kileri saptanmis ve en uygun dietin en az % 20
protein ve diisiik oranda yag iceren diet oldugu be-
lirlenmistir (Zacarias-soto ve dig., 2015).

Deniz iiriinlerinin besin ve yag asiti icerigine pi-
sirme yontemlerinin etkisine iliskin yapilan ¢alis-
malar genellikle balik kizartma ve kaynatma {ize-
rine yapilmstir (Ersoy ve dig., 2006; Gokoglu ve
dig., 2004; Gladyshev ve dig., 2006; Sebedio ve
dig., 1993; Sioen ve dig., 2006; Tirkkan ve dig.,
2008; Weber ve dig., 2008). Kurutma igleminin
besin kalitesine etkisine yonelik calisma oldukga
azdir. Diger taraftan farmakolojik olarak diger il-
kelerde degerlendirilen bu canlilarin iilkemizde de
benzer amaglarla ekonomiye kazandirilmasi ol-
dukca Onemlidir. Bu tiirler {izerinde Tiirkiye’de
yapilan ¢aligmalar artirilmalidir. Bu nedenle yap-
tigimiz galigmada taze, haglanmis ve kurutulmus
H. forskali’ nin bazi besin bilesenleri incelenmis-
tir.

Materyal ve Metot

Calismada ortalama 12.72 +1.41 cm boyunda,
53.73 £13.59g agirliginda ve 3.16 £0.51cm
capinda olan toplam 30 H. forskali 6rnegi kul-
lanilmistir. Deniz hiyar1 6rnekleri Subat - Ni-
san 2010 tarihlerinde dalgi¢c yardimiyla elle
Izmir kiyilarindan avlanmustir. Orneklerin bi-
yometrik dl¢limlerinden sonra i¢ organlari te-
mizlenmis, bir kismi1 taze olarak ayrilmig ve
diger ornekler kaynayan suda 20dk haslandik-
tan sonra sogutulmuslardir. Haglandiktan
sonra soguyan Orneklerin yarist analizler igin
farkli bir kaba konulmus ve geriye kalan H.
forskali 6rnekleri oda sicaklifinda birbirine

temas etmeksizin (24 £2°C) kurutulmustur.
Deniz hiyar1 6rneklerinde nem analizi otoma-
tik nem tayin cihazi (AND MX-50, Japonya)
ile; protein miktar1 protein 6n yakma iinitesi
(Velp UD-20, italya) ve tam otomatik protein
distilasyon iinitesi (Velp UDK 142, Italya)
kullanilarak Kjeldahl yontemine (Nx6,25)
(AOAC, 2000) gore; yag icerigi ve inorganik
madde miktar1 Lovell (1981)’e gore yapilmis-
tir. Arastirmada kimyasal kompozisyon ana-
lizleri 3 tekrarli olarak yapilmistir. Bligh ve
Dyer metoduna (1959) gore elde edilen yagda
Metil esterifikasyonu AOAC (1995)’a gore
yapilmistir. Yag asiti analizleri GC Clarus 500
cihaz1 (Perkin—Elmer, USA) kullanilarak Si-
lica kapiller SGE kolonu (30 m x 0.32 mm ID x
0.25 m BP20 0.25 UM; SGE Analytical Science
Pty. Ltd., Victoria, Australia) ile gerceklestiril-
mistir. Cihazin ¢alisma sartlar1 Enjektor ve
dedektor sicakliklart sirasi ile 220°C° ye
280°C’ye ayarlanarak firin sicakligi 140°C’
de 5 dakika tutulmus ve dakikada 4°C arttiri-
larak 200°C’ye ulasmis ve sicaklik 1°C/dak.
artirilarak 220’ye ulagsmistir. Numune Olciisii
1 uL olarak tespit edilmistir. Split orani: 1:50
olarak belirlenmis ve sonuglar % degeri cinsin-
den yag asitleri Standard 37-component FAME
(Sigma Aldrich Chemie Gmbh, Munich, Ger-
many) kullanilarak hesaplanmistir.

H. forskali Tiirkiye’de gida olarak tiiketilmedigi
ve ¢ok az bilindigi i¢in duyusal a¢idan degerlendi-
rilememistir.

Bulgular ve Tartisma

H forskali ile yapilan bu ¢aligmada tiiriin protein,
yag, kiil ve yag iceriginin yani sira yag asiti i¢erik-
leri de belirlenmistir (Tablo 1-2). Taze 6rneklerde
% 11.99 olarak saptanan protein igerigi haglanmig
orneklerde % 17.25°e, kurutulmus 6rneklerde %
60.92’ye ulagsmistir. Bu istatistiksel olarak 6nemli
(P<0,05) bulunan artisin gergek bir artis olmadigi,
kuruma sonrasi su igerigindeki azalmaya bagli bir
artis oldugu diislinlilmiistiir. Taze ve kurutulmus
ornekler arasinda protein igeriginde goriilen bu ar-
tis kiil iceginde de goriilmiistiir. Konuya iligkin bir
caligmada haslanmis ve kuru H.fubulosa d6rnekle-
rinin protein degerleri tazede % 8.18, haslanmista
%15, tam kuru 6rnekte % 66.45 olarak bulunmus-
tur (Cakli vd., 2004). Oztiirk (2011) ayn tiir ile
yaptig1 calismada H. tubulosa’da benzer sonuglar
elde etmistir. Yag, kiil ve nem igeriginde de has-
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lama ve kurumaya bagl degisimler olmus bu de-
gisimler genellikle 6nemli (P<0.05) bulunmustur
(Tablo 1). Kiil iceriginde kurutulmus orneklerde
su icerigindeki azalmaya parelel olarak dnemli bir
artis, nem iceriginde azalig tespit edilmistir. H. tu-
bulosa ile yapilan ¢alismada kiil iceriginde nisbi
bir artis, nem iceriginde azalma saptanmistir (Oz-
tirk, 2011). Chang-lee ve dig., (1989) deniz hiyar-
lar1 ile yaptiklart ¢alismada kurutma islemi uygu-
lama sonras1 6rneklerde % 2-6 nem, % 61-70 pro-
tein, % 16-24 kiil, %2-3 oraninda yag tespit edilir-
ken, taze o6rneklerde % 89-91 nem, %5-6 protein,
% 0.3 yag ve %3 kiil tespit etmislerdir. Bu calisma
sonuglar1 bulgularimizla uyumludur.

Tablo 1. Taze, haslanmis ve kurutulmus H.
forskali’nin kimyasal bilesimleri (%).

Table 1.  The chemical components of fresh, boiled
and dried H. forskali
Holothuria Taze Haglanmig | Kurutulmus
forskali
Protein 11.99 17.25 60.92
+0.185°¢ +0.151° +0.124°
Yag 0.256 0.206 0.866
+0.208° | £0.005¢ +0.011°
Kiil 0.736 0.523 27.34
+0.011° | £0.208° +1.356°
Nem 86.93 80.82 10.33
+0.140° +0.234° +0.040°¢
*Ayni satirda ayni harflerle belirtilen degerler

arasindaki fark énemsizdir (P>0,05).

Yag asitleri analizleri sonucunda deniz hiyarmin
% 16.07-17.79 araligimmda doymus (X SFA),
%21.56-23.78 (X MUFA) oranlarinda tekli doy-
mamig ve % 34.07-36.40 oranlarinda da ¢oklu
doymamis yag asiti (ZPUFA) igerdigi saptanmis-
tir (Tablo 2). Doymus yag asitlerinden Palmitik
asit ve sonra sterarik asitin yiiksek oranlarda bu-
lundugu, tekli doymamus yag asitlerinden de Eiko-
senoik asitin, coklu doymamis yag asitlerinden de
Aragidonik asitin en yiiksek oranda bulundugu be-
lirlenmistir. Taze, haslanmis ve kurutulmus AH.

forskali Orneklerinin toplam yag asitleri degi-
simleri incelendiginde ZSFA degerinin taze ve ku-
rutulmus 6rnekler arasinda 6nemsiz (P>0.05), taze
ve haglanmig 6rnekler arasinda 6nemli (P<0.05),
YMUFA ve XPUFA degerlerinin haslanmis ve
kurutulmus o6rnekler arasinda 6nemsiz (P>0.05)
taze ve diger ornekler arasinda 6nemli (P<0.05)
degisimler sergiledigi tespit edilmistir (Tablo 2).

Oztiirk, (2011) H. tubulosa’da ¢alisma sonuglari-
miza benzer sekilde ¢oklu doymamais yag asitlerin-
den Aragidonik asit en yiiksek oranda bulmustur.
Benzer bir sonug Svetashev vd., (1991) tarafindan
12 deniz hiyan tiirlinde yapilan ¢alismada da bu-
lunmustur. Yu ve dig., (2015) deniz hiyarlarindan
yetistiriciligi Asya’da yaygin bir sekilde yapil-
makta olan Apostichopus selenka tiiriinde farkli
diyetlerin yag asidi profiline etkilerini incelemis-
ler ve tiim deneme gruplarinda ¢oklu doymamis
yag asitlerinden Arasidonik asitin, tekli doymamaisg
yag asitlerinden Eikosenoik asitin en yiiksek
oranda bulundugunu tespit etmiglerdir. H. forskali
tiiriinde de benzer bir sonug elde edilmistir (Tablo
2).

Haider ve dig., (2015) Holothuria arenicola ve
Actinopyga mauritiana adl tiirlerle yaptiklar ¢a-
lismada PUFA degerlerini diger yag asitlerinden
daha yiiksek oranda tespit etmislerdir. Ayrica Ei-
kosapentaenoik asit (EPA), Aragidonik asit (AA)
ve Dekosahekzaenoik asit yag asitlerini dominant
yag asitleri olarak vurgulamislardir. Oztiirk (2011)
Arasidonik asit ve EPA agisindan H.fubulosa’nin
zengin bir tiir oldugu ve degerlendirilmesi gerek-
tigini ifade etmistir. Bu ¢aligmalara benzer sekilde
H. forskali nin ise AA ve EPA yag asitlerinin daha
yiiksek oranlarda oldugu belirlenmistir. Sahingoz,
(2007) Omega-3; a linolenik asit, EPA, DHA ve
omega-6 (linoleik asit, arasidonik asit) yag asitle-
rinin giinliik yasantinin saglikli siirdiiriilebilmesi
ve viicut caligmasi i¢in 6nem tasidigi bildirmistir.
Bu yoniiyle H. forskali tiiriiniin tilkemizde de de-
gerlendirilebilecegi ortaya ¢ikmaktadir.
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Tablo 2. Taze, haglanmis ve kurutulmus H.forskali 6rneklerinin yag asiti igerikleri (%).

Table 2. The fatty acid contents of fresh, boiled and dried H.forskali

Yag asitleri Taze Haglanmig Kurutulmusg
H forskali

Ciao 1.62+0.05* | 1.45+0.44* | 1.83+0.01°
Cia 1.55+0.06° | 1.71+0.01° | 1.56 +0.01°
Ciso 6.37+0.23% | 6.34+0.05* | 6.14 £0.04*
Cie1 5.53+0.18° | 5.82+0.06® | 5.93+0.01°
Ci7o 0.22+0.01° | 0.17£0.00° | 0.24 £0.00?
Ci7:1 cis 0.58 £0.02°¢ | 1.56£0.02° | 1.92+0.01*
Ciso 5.1240.01° | 4.55+0.03° | 5.64 +0.01°
Cis:1nocis 3.62£0.05% |3.63+0.01* |3.34+0.01°
Cig:1n7 1.17£0.00* | 1.08 £0.01° | 1.08 £0.02°
Cig:2n6eis 4.21+0.09° | 4.15+0.02® |3.98+0.01°
Cig3n3 0.64£0.07° | 0.69£0.08* | 0.61 £0.01°
Ca0:0 2.02+0.10* | 1.95+0.01* |2.13+0.07%
Cao:1 7.45+0.09° | 7.87 £0.06* | 7.44 +0.00°
C20:4n6 16.92£0.21° | 15.47 £0.11° | 16.21 £0.03°
Cao:5n3 10.95+0.20 | 9.54 +£0.05° | 9.92 +0.04°
Ca2:1n9 1.37£0.13° | 1.71 £0.16™ | 2.01 +0.04°
C23:0 0.90 +0.07* | 0.26 £0.00° | 0.77 +£0.01°
C24:0 1.45+0.02* | 1.36 £0.05* | 1.05 +0.05"
Coa:i 0.29 £0.09° | 0.20+0.01° | 0.51 £0.05*
Ca2:6n3 3.69+0.45° | 4.24+0.52* | 3.66+0.01°
> SFA 17.69 £0.42° | 16.07 £0.46° | 17.79 £0.07°
¥ MUFA 21.56 £0.38° | 23.57 0.01* | 23.78 +0.02°
Y PUFA 36.40 £0.03% | 34.07 £0.52° | 34.37 £0.04°
EPA+DHA 14.64 £0.25% | 13.77 £0.56* | 13.57 £1.05°

* Ayni satirda ayni harflerle belirtilen degerler arasindaki fark 6nemsizdir (P>0,05).
% SFA: Toplam doymus yag asitleri, £ MUFA: Toplam tekli doymamus yag asitleri, ¥ PUFA: Toplam ¢oklu

doymamus yag asitleri
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Sonuc¢

Sonug olarak H. forskali tiiriniin besin bilesenle-
rinin haglama ve kurutma islemlerinden 6nemli
oranda etkilenmedigi, diislik yagli diyetetik bir be-
sin oldugu, yag asitleri igerisinde uzun zincirli yag
asitlerinin digerlerine gore daha yiiksek olup ¢oklu
doymamis yag asitleri (PUFA) bakimindan zengin
bir tiir oldugu, tekli doymamis yag asitlerinden
Aragsidonik asit iceriginin yiiksek oldugu, esansi-
yel bir yag asiti olan EPA bakimindan zengin bir
tir oldugu, bu yoniiyle beslenme agisindan
onemli bir besin olabilecegi tespit edilmistir. Ya-
pilacak stok tespit caligsmalari ile birlikte iilke-
mizde bu tlirlin ekonomik olarak degerlendirilebi-
lecegi ortaya konulmustur.
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OZ:

Ulkelerin refah diizeyindeki artis ve tiiketicilerin biling-
lenmesi gida sektoriinde faaliyet gosteren isletmeleri
gida giivenligi agisindan yeni arayislara sevk etmekte-
dir. Isletmelerin en yaygin tercih ettigi gida giivenligi
sistemi ise uluslararasi gegerliligi olan ISO 22000°dir.
Bu ¢alismanin amaci; gida giivenligi ile ilgili hazirla-
nan uluslararast standartlardan birisi olan ISO
22000’nin, gida sektdriindeki uygulamalarinin daha et-
kin ve verimli yapilabilmesi igin gereken bilgileri arag-
tirmak ve bu alanda arastirma yapan ilgili paydaslara
sunarak yol gostermektir. Bu ¢aligma kapsaminda or-
taya konan literatiir bilgilerinin ve ISO 22000 kalbi ko-
numundaki 6n gereksinim programlar1 ve HACCP uy-
gulamalarina iliskin pratik bilgilerin gida sektoriindeki
pek cok yiyecek ve icecek firmasina ve diger arastirma-
cilara katki saglayabilecegi diisiiniilmektedir.

Anahtar Kelimeler: I1SO 22000, HACCP, On
gereksinim programi, Gida
giivenligi

Abstract:
ISO 22000 Food Safety Management System

The increase in the level of welfare of the countries and
the awareness of the consumers have forced the firms
in the food sector to seek for new pursuits. In this re-
gard, ISO 22000 is the most commonly preferred food
safety system. This study aims to contribute the share-
holders and the researchers studying this topic by in-
terpreting the latest studies in this field and determine
the critical relationships in order to picture an effective
and productive implementation of 1SO22000 which is
one of the international standards for food safety. The
literature reviewed and other topics discussed in this
study; such as prerequisite programmes which are the
critical steps of ISO22000 and HACCP implementati-
ons, are thought to guide many firms in the food sector
and the researchers in the field.

Keywords: SO 22000, HACCP, Prerequisite
programme, Food safety
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Giris

Insanlarin, yasamlarm siirdiirmek ve sagliklarini
koruyabilmek i¢in yeterli ve dengeli miktarda gi-
daya ulagmasi ve tiilketmesi en dogal haklardir.
Kaliteli beslenme, insanlarin fiziksel ve ruhsal ge-
lisimini etkilemekte ve saglikli yagsam kosullarinin
ortaya ¢ikisini saglamaktadir (Misir, 2008; Erk-
men, 2010). Glinlimiizde beslenme ve saglik kav-
ramlar1 beraber kullanilmaktadir. Insan saghigini
direkt etkileyen faktorlerin baginda ise gida {iriin-
leri gelmektedir ( Mutlu, 2007).

[letisim, tasimacilik, gida teknolojisi, saglik uygu-
lamalar1 gibi pek ¢ok alanda bag dondiiriicii gelis-
melerin yasandig1 bir donemde diinya ekonomisi
yeniden sekillenmekte buna baglh olarak iiriin ge-
sitliligi ve tiiketici tercihleri her gecen gilin degi-
sim gostermektedir (Giindogdu ve Giinay, 2003;
Ertiirk, 2009). Tiiketicilerin bilinglenmesiyle artan
gida giivenligi hassasiyeti gida sektoriine yon ver-
mektedir (Gaaloul ve Ghorbel, 2011; Motarjemi
ve Lelieveld, 2014).

Pek ¢ok arastirmaci ve kurum gida giivenligini,
gida zinciri boyunca olabilecek fiziksel, kimya-
sal ve biyolojik tehlikelerden gidalarin korun-
masi ve gidalarin tliketici sagligina zarar verme-
yeceginin teminat altina alinmasi seklinde tanim-
lamistir (TGK, 2004; Varzakas ve ark., 2010;
Tirker, 2013; WHO, 2015).

Tiiketici aligkanliklarindaki degisimler ve gida gii-
venligi ile ilgili artan endiseler kamu ve 6zel sek-
torde yapisal degisikliklerin ortaya ¢ikmasina ne-
den olmustur. Devlet bu konularla ilgili olarak
mevzuat hazirlayip denetim yaparken, 6zel sektor
kuruluslar1 ise rekabette avantaj saglayabilmek
i¢in gida giivenligine yonelik yeni yaklagimlar1 ve
standartlar1 sahiplenmektedir (Bilalis, 2009; Otles,
2015). Ayrica her iilkenin gida giivenligini sagla-
yacak standartlarinin bulunmasi ve bunlar arasin-
daki uyumsuzluk, benzer iiriinleri iireten iilkelerin
arasindaki ticaretin gelismesi Oniinde engel olus-
turmaktadir. Bu nedenle birgok iilke ve firma gii-
venli gida tedarik/arzi i¢in bir araya gelerek stan-
dartlar gelistirmistir (Artik, 2009; Bucak, 2011).
Bu standartarin en 6nemlileri sunlardir: HACCP,
ISO 22000, BRC, GlobalGAP, IFS, SQF (Zheng
ve ark., 2013; Kafel, 2013).

Bu ¢alismanin amaci; gida giivenligi ile ilgili ha-
zirlanan uluslararast standartlardan birisi olan

ISO 22000°nin, gida sektoriindeki uygulamalari-
nin daha etkin ve verimli yapilabilmesi igin gere-
ken bilgileri arastirmak ve ilgili paydaglara suna-
rak yol gostermektir.

ISO 22000 Gida Giivenligi Yonetim Sistemi
Tarihce

Gida giivenliginin uluslararasi alandaki tarihsel
gelisimi su sekildedir: Birlesmis Milletler biinye-
sinde 1945 yilinda Gida ve Tarim Orgiitii (FAO),
1948 yilinda ise Diinya Saglik Orgiitii (WHO) ku-
rulmustur. FAO ve WHO hem tiiketicilerin sagli-
gin1 korumak hem de diinya ticaretinde etik uygu-
lamalar1 saglamak i¢in Codex Alimentarius’da
HACCEP prensiplerini 1963 yilinda yayimlamistir.
1972-1973 yillarinda NASA (Amerikan Ulusal
Havacilik ve Uzay Kurumu) astronotlar i¢in gida
titketiminde sifir hata ortak projesinin ytiriitmiis ve
bu projeyle HACCP kavrami literatiire girmistir.
1993 yilinda HACCP 93/43 EEC ‘Gida Maddele-
rinin Hijyeni’ direktifi ile yasal olarak Avrupa Bir-
ligi’ne liye iilkelerinin mevzuatinda yer almus,
1996 yilinda ise HACCP yaklasimi Avrupa’da
tiim gida endiistrisinde uygulamas1 gereken yasal
bir zorunluluk haline getirilmistir. Danimarka
1998 yilinda DS 3027/1998 HACCP standardini
yayimmlamustir. Benzer tarihlerde ingiltere, Al-
manya, Hollanda ve Kanada gibi gelismis iilke-
lerde gida giivenligini saglayan otoritelerin koor-
dinasyonunu gelistirmek, yetki karmasasini orta-
dan kaldirmak ve denetimlerin etkinligini artirmak
amaciyla gida gilivenligi faaliyetlerini tek mer-
kezde toplama karar1 almiglardir (Demirdzi,
2005). Tirkiye’de 18.11.1960 tarih ve 132 sayili
kanunla madde, mamiil ve hizmetlerle ilgili olarak
standart hazirlamaya yetkili kurulus olan Tiirk
Standartlar1 Enstitiisii (Anonim, 2015¢), 3 Mart
2003 tarihinde HACCP’e karsilik olarak TS 13001
Standardini yayimlamistir. Tarim ve Koyisleri Ba-
kanligi ilk olarak 1998 yilinda HACCP standardi-
nin 7 temel ilkesinden biri olan kritik kontrol nok-
tasin1 Gidalarm Uretimi, Tiiketimi ve Denetlen-
mesine Dair Yonetmelik’te tanimlamistir (Ano-
nim, 2015f). Son olarak; Diinya Saghk Orgiitii
(WHO), Codex Alimentarius Commission (CAC),
Food and Agriculture Organization (FAO), ISO
(International Organization for Standardization)
Work Group isbirligi ile ISO 22000 standardi
2005 yilinda yayimlanmis ve uluslararasi bir bo-
yut kazanmustir. 24 Nisan 2006 tarihinde TSE
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Teknik Kurulu tarafindan TS EN ISO 22000-Gida
Gilivenligi Yonetim Sistemleri-Gida Zincirindeki
Tiim Kuruluslar I¢in Sartlar Standardi yayimlan-
mis ve TS 13001 Standard: iptal edilmistir. Gida,
Tarim ve Hayvancilik Bakanligi ise gida igletme-
lerini HACCP ilkelerine dayali prosediirleri uygu-
lamaya ve siirdiirmeye zorunlu kilmistir (TS EN
ISO 22000, 2005; Biiyiikhelvacigil, 2009; TGK,
2011a; Yoriik ve Giiner, 2014).

Kimler Uygulayabilir?

Gida, pek ¢ok fiziksel, kimyasal ve mikrobiyolojik
riskle kars1 karsiya kaldigindan dolay1 gida zinci-
rinin biitiin asamalarinda yeterli ve etkin kontrol-
lerin saglanmasi, izlenmesi ve degerlendirilmesi
gerekmektedir. ISO 22000; gida zincirinde yer
alan yem iireticileri ile bitkisel ve hayvansal {iriin-
lerin birincil iireticilerini, birincil {irtinleri isleyen
kuruluslari, birincil iiriin ile islenmis iiriinleri satis
noktalarina veya tiiketiciye tastyan ve dagitimini
yapan kuruluslari, perakende satis yapan tiim nok-
talar1 ve gida ambalaji, ekipmani, temizlik tirtinleri
ile gida katki ve bilesen iireten kuruluslan kapsa-
maktadir. Bunlara ek olarak toplu yemek hizmeti
veren kurulusglar, oteller, yiyecek ve icecek islet-
meleri gibi hizmet saglayan kuruluslarda gida zin-
ciri i¢inde yer almaktadir (TS EN ISO 22000,
2005; Erfa, 2007; Escanciano, 2014; Ait Hou ve
ark., 2015).

Sagladig1 Faydalar

ISO 22000 “in isletmelere sagladig1 faydalar genel
olarak sunlardir (Malatyali, 2007; Anonim,
2015a).

e Tim gida zincirine uygulanabiliyor olmasi,

e Tiketicilerin gida giivenligi ile ilgili talepleri-
nin tamaminin karsilanmasi,

e Yonetime kritik bilgiler verilmesi sonrasi stra-
tejik kararlar alinabilmesi,

e Calisanlarin hijyen ve gida giivenligi konu-
sunda bilinglenmesi,

¢ Gida zehirlenmeleri ve 6liim risklerinin diisii-
riilmesi,

e Resmi denetimlerde karsilasilan sorunlarin en
aza indirilmesi,

e Calisma ortaminin iyilesmesi,

e Pazarlamada rakiplerin 6niine gegilmesi,

e Geleneksel muayene ve kontrol sistemlerin-
den daha etkili olmasi,

Diger Yonetim Sistemleriyle Olan iliskisi

Gida zincirinde yer alan tiim sanayi kollarda
gida giivenligi yaklagimimi benimseyen ISO
22000’in standart yapisi ve yaklasiminin ISO
9001 ve ISO 14001 standartlariyla benzerlik gos-
terdigi ozellikle de ISO 9001 ile ISO 22000 ara-
sinda ¢ok kuvvetli bir birliktelik oldugu bildiril-
mistir (Dalgig, 2006; Balzarova, 2008; Artik,
2009; Copur, 2010). ISO 22000, ISO 9001 ve ISO
14001 gibi belgelendirilebilmekte ve bu sistemler
birbirleri igerisinde entegre kurulabilmektedir
(Baynal, 2014).

ISO 22000’in temel yaklagim modeli ve basarisin-
daki kilit nokta HACCP’tir. Ayrica ISO 22000’in
Iyi Uretim Uygulamalarimi (GMP) tamamlayici

ozellikte olduguna vurgu yapilmigtir (Arouma,
2006; Escanciano, 2014).

ISO 22000 ve ISO 9001 standardi incelendiginde
yazilmasi gereken zorunlu prosediirler Tablo 1°de
gosterilmistir.

Tablo 1 incelendiginde, ISO 22000 ve ISO 9001
birbirine aslinda ne kadar benzedigi goriilmekte-
dir. ISO 22000 “Diizeltme ve Geri Cekme Prose-
diirii” ile ISO 9001 ise “Uygun Olmayan Uriiniin
Kontrolii ve Onleyici Faaliyet Prosediirii” ile
farkli olup diger prosediirler benzer igeriktedir.

ISO 22000 Standardi Uygulama Asamalari

On Gereksinim Programlarimin Olusturul-
masli

Gida sektoriinde faaliyet gosteren her bir isletme
gida giivenligi kosullar i¢in ihtiyag duyulan temel
sartlar1 ve uygulamalari yerine getirmelidir. Bu te-
mel faaliyetler 6n gereksinim programlarini olus-
turmaktadir.

HACCP prensiplerinin isletmelerdeki etkinligini
arttirmak i¢in ISO 22000°de tanimlanan 6n gerek-
sinim programlarinin uygulanmasi olduk¢a 6nem-
lidir (Celaya ve ark., 2007). Ancak her bir igletme
on gereksinimleri yerine getirirken uygulayacagi
yontemi (gida giivenligi tehlikeleri gz Oniinde
bulundurarak) se¢mekde serbesttir (Sahin ve ark.,
2010). On gereksinim programlari, HACCP ve
ISO 22000 arasindaki iliski Sekil 1’de gosterilmis-
tir.
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Tablo 1. ISO 22000 ve ISO 9001 Standardina Gore Yazilmast Gereken Zorunlu Prosediirler (TS EN

ISO 22000, 2005; TS EN ISO 9001, 2008).

Table 1. The Procedures Which Should be Written According to The ISO 22000 and ISO 9001 Standards (TS

EN ISO 22000, 2005; TS EN ISO 9001, 2008).

ISO 22000 Prosediir flgili ISO 22000 Standart  ISO 9001 Prosediir Tigili ISO 9001
Maddesi Standart Maddesi
1 Dokiimanlarin 4.2.2 Dokiimanlarin Dokiimanlarin 4.2.3 Dokiimanlarin
Kontrolii Prosediirii ~ kontrolii Kontrolii Prosediirii kontrolii
2 Kayitlarin Kontrolii ~ 4.2.3 Kayitlarin kontroli Kayitlarin Kontrolii 4.2.4 Kayitlarin
Prosediirii Prosediirii kontrolii
3 Diizeltme Prosediirii ~ 7.10.1 Diizeltme Uygun Olmayan 8.2.3 Uygun olmayan
Uriiniin Kontrolii {iriiniin kontrolii
Prosediirii
4  Diizeltici Faaliyet 7.10.2 Diizeltici faaliyetler ~ Diizeltici Faaliyet 8.5.2 Diizeltici faaliyet
Prosediirii Prosediirii
5  Geri Cekme 7.10.4 Geri gekme Onleyici Faaliyet 8.5.3 Onleyici faaliyet
Prosediirii Prosediirii
6 I Tetkik Prosediirii  8.4.1 ¢ tetkik I¢ Tetkik Prosediirii 8.2.2 I¢ tetkik

On Gereksinim 1SO 22000
Programlar

Sekil 1. On gereksinim programlari, HACCP ve ISO 22000 arasindaki iliski (Sikora, 2007).
Figure 2. Prerequisite Programs, The Relationship Between HACCP and ISO 22000 (Sikora, 2007).

Tablo 2. ISO Tarafindan Yayimlanan ve Halen Gelistirilen On Gereksinim Progranu Standartlari (ISO,

2015).

Table 2. Prerequisite Program Standards Which Were Published By ISO and Currently Developed (ISO, 2015).

ISO/TS 22002-1:2009-Gida Imalat1 icin On Gereksinim Programlari Yayimlandi
ISO/TS 22002-2:2013—Hazir Yemek Sektorii Icin On Gereksinim Programlar1 | Yayimlandi
ISO/TS 22002-3:2011-Tarim Sektorii icin On Gereksinim Programlari Yayimlandi
ISO/TS 22002-4:2013—-G1da Ambalaj1 imalat1 Igin On Gereksinim Programlari | Yayimland:
ISO/WD TS 22002-5-Tagima ve Depolama Igin On Gereksinim Programlar1 | Yayindan
kaldirildi
ISO/DTS 22002-6-Yem ve Hayvansal Gida Uretimi I¢in On Gereksinim | Gelistirme
Programlar asamasinda
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ISO, gida zincirinde yer alan farkli sektorlere ait
kuruluslar i¢in 6n gereksinim programlar1 hazirla-
mis ve yayimlamigtir. Yayimlanan ve halen gelis-
tirilen 6n gereksinim programlar1 Tablo 2°de gos-
terilmistir.

ISO 22000 standardinda tanimlanan ve genel ola-
rak kabul edilen 6n gereksinim programlart sun-
lardir: Iyi Tarim Uygulamalar1 (Good Agricultural
Practices-GAP), Iyi Veteriner Uygulamalari
(Good Veterinary Practices-GVP), Iyi Uretim Uy-
gulamalart (Good Manufacturing Practices-
GMP), Iyi Hijyen Uygulamalari (Good Hygine
Practices-GHP), Iyi Laboratuar Uygulamalari
(Good Laboratory Practices-GLP), Iyi Dagitim
Uygulamalar1 (Good Distribition Practices-GDP),
Iyi Ticaret Uygulamalar1 (Good Trading Practi-
ces-GTP) (TS EN ISO 22000, 2005; Ozbek ve Fi-
dan, 2010).

Isletmeler 6n gereksinim uygulamalarini yerine
getirirken asagidaki hususlara dikkat etmek zorun-
dadirlar (TS EN ISO 22000,2005, TST EN 22002-
1,2011).

Binalar ve iliskili yardimc tesislerin yapilari,
caliyma alani ve sosyal alanlarin yerlesimleri ve
diizeni: Kurulus tesisi, tiretmis oldugu gidanin gii-
venligi ve ¢alisanlarin saglig1 i¢in en uygun yere
inga etmeli ve kullanilan malzemelerin sihhi olma-
sina 6zen gostermelidir. Calisma alani ve sosyal
alanlari ig saglig1 ve giivenligi kapsaminda yayim-
lanan kanun ve yonetmeliklere uygun olarak insa
etmelidir. Uriin giivenligi icin (¢apraz bulasma,
atiklar, su, aydinlatma vb.) gerekli alt ve iist yapi-
lar bulunmalidir. Binanin ¢at1 kat1 kendinden dre-
najli olmalidir. Tesiste temizligin yapilmasini en-
gelleyecek kor noktalar bulunmamali ayrica islet-
mede kolay temizlenebilir ve paslanmaz malze-
meler kullanilmalidir. Zeminde su birikintisi ol-
mamalidir. Bina, iiriin ve personelin isletmedeki
akisina ayrica hammadde ve iglenmis iiriin alanla-
rinin fiziksel olarak ayrimina ve gerekli alana sa-
hip olmalidir. Ana bina ile diger ek binalara giris-
ler kontrol edilmelidir. Binanin ¢evresinden gele-
bilecek muhtemel zararlara karsi tedbirler alinmali
bu kapsamda hudunun tam anlasilabilmesi i¢in te-
sis bir duvarla cevrilmelidir. Bina ¢evresindeki
peyzaj alanlari, yollar bakimli olmali, durgun su
bulunmamalidir. Mikrobiyoloji laboratuvari, disa-
ridan bulagsmay1 engelleyecek sekilde dizayn edil-
melidir. Tim laboratuvarlar {iretime dogrudan
acgik olmamalidir.

e  Su, hava, enerji ve diger yan gereksinimle-
rin saglanmasi: Uretim alanlarinda temizlik dahil

kullanilan suyun igilebilir nitelikte oldugu garanti
altina alinmali ve kaynagma gore ilgili mevzuata
gore periyodik fiziksel, kimyasal ve mikrobiyolo-
jik analizleri yapilmalidir. Kisisel hijyen ve is-
letme hijyeni i¢in sicak su devamli bulunmalidir.
Icilemeyen nitelikte su bulunmas1 halinde etiket-
lenmeli ve igilebilir su ile karigmasini engelleye-
cek tedbirler alinmalidir. Uriinle temas edecek su-
yun tasindig1 borular gerektiginde dezenfekte edi-
lebilir 6zellikte olmalidir. Tesiste, kirli havanin
uzaklastirilacagi ve temiz hava giriginin saglana-
cagi sistemler olmalidir. Dogrudan {iriine temas
eden veya bilesen olarak kullanilan havanin filt-
rasyonu, nemi ve mikrobiyolojik kalitesi periyo-
dik olarak &lgiilmelidir. Isletme icerisinde farkli
alanlara ait hava basinci farklar1 olusturulmal
ozellikle hammadde depolarindan islenmis {iriin
alanlarina dogrudan hava akimi engellenmelidir.
Tesiste giin 1518mma yakin bir aydinlatma sistemi
olmalidir. Ayiklama vb. 6zel dikkat isteyen alan-
lardaki aydinlatma diger alanlara gore daha iyi ol-
malidir. Aydinlatma ekipmanlar1 herhangi bir ki-
rilmaya karsi koruma altina alinmalidir. Kurulus,
gida giivenligi i¢in kesintisiz gii¢ kaynagi bulun-
durmalidir.

e Atik ve kanalizasyon sistemi dahil destek
hizmetleri: Kurulus, her bir atik tiirii i¢in gida gii-
venligini riske atmayacak uzaklikta depolama
alanlar1 tanimlamalidir. D1g alandaki atiklarin pe-
riyodik olarak bosaltilmasi ve yigilma olmamasi
icin gerekli yontemleri gelistirmelidir. Isletme
i¢indeki atiklar elle temas1 miimkiin olmayan 6zel-
likteki agz1 kapali kaplara atilmalidir. Atiklarin ig-
letme iginden periyodik olarak uzaklastirilmasi
i¢in yontemler gelistirilmeli ve tiim c¢alisanlar bil-
gilendirilmelidir. Tesisteki kanalizasyon hatlar
yeterli uzunlukta, kapakli ve herhangi birikmenin
gerceklesmeyecegi sekilde dizayn edilmeli ve pe-
riyodik olarak temizlenmelidir.

e Ekipman ve techizatlarin uygunlugu, ba-
kim ve koruyucu bakim icin dogru konumlan-
dirilmasi ve temizlenmesi: Kurulus, her bir ekip-
man i¢in kullanim, temizlik, bakim ve emniyet ta-
limatlarini olusturmali, planlart hazirlamali, uygu-
lamal1 ve ilgili personeli egitmelidir. Gida ile te-
mas eden ekipman ve techizat kolay temizlenebilir
ozellikte ve devam eden temizlik uygulamalarin-
dan etkilenmeyecek sekilde iiretilmis olmalidir.
Makinelerde gidaya uygun yag kullanilmalidir.
Uriin kalitesini ve giivenligini etkileyecek tiim ci-
hazlar igin 6lgme gilivencesini saglayacak koru-
yucu bakim ve kaliprasyon planlar1 tanimlanmali
ve uygulanmalidir. Tiim bakim ve kalibrasyon



Journal of Food and Health Science

Basaran, 2(1): 9-26 (2016)

Journal abbreviation: J Food Health Sci

planlarmin tamami net ve anlagilir olmalidir. Tiim
ekipmanlar i¢in ayr1 ayr kayitlar tutulmalidir. Bu
faaliyetlerin yliriitiilmesi i¢in personel i¢ ve dis
kaynakli egitimlere gonderilmelidir.

Satin alinan malzemeler, yan gereksinimler,
atiklar, iiriin kontrollerinin yonetilmesi: Kuru-
lus, nihai iiriin eldesi i¢in satin aldig1 hammadde,
yardimc1 madde ve ambalajlar i¢in (yasal mevzuat
ve isletme kurallari ¢ergevesinde) iiriin spektleri
hazirlamali ve bu iriinleri onayli tedarik¢ilerden
temin etmelidir. Bu spektler iiriine 6zgii sicaklik,
nem vb. parametreler ile ambalaj i¢in 6zel sartlart
icermelidir. Ayrica satin alinan iriinlerin tagima
ve depolama kosullar ile tedarikgilerle ilgili yon-
temler gelistirmelidir. Satin alinan her bir {iriin is-
letmede kendisine 6zgii parametreleri igeren alan-
larda depolanmalidir. Depolama alanlari temizlik
uygulamalar1 ve hasere kontrol faaliyetlerini ak-
satmayacak sekilde diizenlenmelidir. Ozellikle sa-
tin alinan gidalar arasindan alerjen olanlar i¢in
0zel depolama ve kullanma talimatlar1 hazirlan-
malidir. Tedarik¢iler periyodik olarak denetlen-
meli ve uygunsuzluk halinde yaptirimlar uygulan-
malidir. Yine ayni sekilde nihai iirtinlerin giivenli
bir sekilde depolanmasi ve tasinmasi igin tiim ted-
birler alinmali ve bu tedbirler siirekli iyilestirilme-
lidir. Nihai iiriinde olusabilecek potansiyel tehli-
keler nedeniyle satin alinan her bir iiriin kodlan-
mal1 ve kayit altina alinmalidir.

e Capraz bulasmanin 6niine gecilmesi icin
onlemler: Hammaddeden nihai iiriine kadar olan
tiim siire¢lerde ¢apraz bulagmay1 en aza indirecek
dogrusal bir {iriin akis1 gerekmekte olup her asama
kontrol edilmelidir. Bu kapsamda isletme i¢i gali-
san trafigi dahil, makine ve diger tiim ekipmanlar-
dan ¢apraz bulagsmay1 engelleyecek yontemler ge-
listirilmeli ve etkinlikleri kontrol edilmelidir. Is-
letmede kullanilan tiim kesici ve delici malzeme-
ler kayit altina alinmali, say1 ve parga eksikligi ba-
kimindan her is bitiminde kontrol edilmelidir. Is-
letmedeki tiim camlar ve cam malzemeler kayit al-
tina alinmali ve periyodik olarak saglamliklar
kontrol edilmelidir. Cam kiriklarinin genis alan-
lara yayilmasini engellemek amaciyla camlar sef-
faf filmlerle kaplanmalidir. Cam kiriklaryla ilgili
yapilacak uygulamalar hakkinda personel egitil-
melidir. Bakim ve onarim faaliyetleri kapsaminda
isletmeye alinan personel gida giivenliginden so-
rumlu bir personel gozetiminde faaliyetlerini siir-
diirmelidir. Isletme igerisinde kalem politikasi
olusturulmalidir. Isletmeye alinan misafirlerin
taki, aksesuar vb. ¢ikartilmali ¢cok gerekli degilse
gozliik kullanimlart smirlandirilmalidir. Gozliik

kullanimi zorunlu ise giris ¢ikig agirlik kayitlar
alimmali ve kontrol edilmelidir.

e  Temizlik ve sanitasyon: Kurulus, isletme igi
ve disinda tanimlamis oldugu her bir alan ve tim
makine-ekipman i¢in ayr1 ayri temizlik ve sanitas-
yon planlar1 hazirlamali ve uygulamalidir. Bu
planlarda alan veya makineler i¢in hangi kimyasa-
lin nasil ve ne miktarda kullanilacagi ayrica hangi
temizlik aparatiyla hangi siklikta gerceklestirile-
cegi tamimlanmal1 ve ilgili personel egitilmelidir.
Temizlik ve sanitasyon i¢in kullanilacak olan kim-
yasallar tiretim disinda ve kapali ortamda muha-
faza edilmelidir. En az bir personel bu alandan so-
rumlu tutulmali ve kapisi kilitli olmalidir.

e  Hasere/zararh kontrolii: Kurulus, isletme
icinde ve dis alanda kuslar, kemirgen ve diger za-
rarlilarla (bocek, sinek vb.) miicadele edecek etkin
bir hagere kontrol programi yiiriitmelidir. Bu faa-
liyetler gerekli egitimleri almis kendi personelleri
tarafindan veya hizmet alimi yoluyla sistemli ve
periyodik olarak yiiriitiilmelidir. Faaliyetlerde kul-
lanilan ilaglarin MSDS raporlari, kemirgen istas-
yon planlari, uygulama raporlari gibi tiim faaliyet-
ler kay1t altina alinmalidir. Hizmet satin alinmast
yoluyla gerceklestirilen hasere/zararli kontrol uy-
gulamalar1 i¢in kurulus, ilaglamadan kaynakli do-
gabilecek potansiyel insan ve gida giivenligi risk-
leri i¢in igletmeye sigorta yaptirmalidir.

e  Personel hijyeni: Gida iiretim alanina giren
ve iirlin glivenligine etki eden tiim ¢alisanlar ve zi-
yaretciler genel ve isletmeye 6zel olarak hazirla-
nan kisisel hijyen kurallarina uymalar1 gerekmek-
tedir. Personel iiretimde sadece is kiyafetleriyle
caligmali, elbise dolabi is kiyafeti ve ayakkabisi ile
dis kiyafet ve ayakkabisinin karigmasini engelle-
yecek sekilde dizayn edilmelidir. Is kiyafeti yapi-
lan ige uygun olmali terleme gibi olumsuz etkileri
ortaya ¢ikarmamalidir. Isletmeye gelen ziyaretgi-
lere ise firma hijyen politikalar1 hakkinda bilgiler
verilmelidir. Isletmede yeterli sayida tuvalet, la-
vabo, dus bulunmalidir. Bu alanlar dogrudan iire-
tim ve depo alanlarina agilmamalidir. Personel
saglig1 yakindan takip edilmelidir. Saglik sorun-
lar1 olustugunda isletme nezdinde uygulanacak
miidehale prosediirler nceden belirlenmelidir.
Egitim: Biitiin ¢alisanlar 6zellikle de {iriin gliven-
ligine etki eden personeller, kisisel hijyen uygula-
malari, isletme temizlik ve sanitasyon kurallar1 ve
mesleki konularda periyodik egitimlere tabi tutul-
mal1 gerekirse dis kaynakli egitimlere gonderilme-
lidir. Ozellikle verilen egitimlerin personel tara-
findan 6grenilip 6grenilmedigi 6l¢iilmeli gerekirse
egitimler tekrarlanmalidir.



Journal of Food and Health Science

Basaran, 2(1): 9-26 (2016)

Journal abbreviation: J Food Health Sci

e Araclar: Gida imalatiyla ilgili herhangi bir
malzemeyi tasiyan araglar bakimli, temiz ve bu-
lasmaya imkan vermeyecek sekilde olmalidir. Ge-
rektiginde sicaklik ve nem kontroliiniin takip ede-
bilecegi 6zelliklere sahip olmalidir.

Tehlike Analizlerini Gerceklestirmenin
Birincil Asamalan

Gida Giivenligi Ekibi

Oncelikle ISO 22000 Gida Giivenligi Yonetim
Sistemi uygulamalarinda gorev alacak bir gida gii-
venligi ekibi kurulmali ve {ist yonetim gida gliven-
ligi ekibine (kaynaklar dahil) tam destek vermeli-
dir. Gida giivenligi ekibi, gida giivenligi yonetim
sisteminin uygulamalarini ve gelistirilmesi konu-
sunda yeterli bilgi ve deneyime sahip olmalidir.
Ayrica kurulusun {iriinleri, prosesleri, ekipman-
lar1, teknolojisi yaninda gida mikrobiyolojisi ve
gida kontrolii gibi konularda da bilgi sahibi olma-
lidir. Bu kapsamdaki tiim kayitlar gida giivenligi
ekibinin yeterliligini belgelemek i¢in korunmali-
dir. (TS EN ISO 22000, 2005; TS/ISO 22004,
2005; Ozdikmenli, 2015).

Asagida adi gecen departmanlarda ¢alisan perso-
nellerin gida giivenligi ekibinde yer almasi ol-
dukga onemlidir.

e lsveren veya Vekili,

e (Gida Giivenligi Ekip Lideri,
e Isletme Miidiirii,

e  Satinalma YOneticisi,

e  Pazarlama Y Oneticisi,

e  Ar-Ge Yoneticisi,

e  Miisteri Iliskileri Yoneticisi,
e  Depo/lar Yoneticisi,

e  Lojistik Yoneticisi,

e Insan Kaynaklar1 Yoneticisi,
e  Kalite Yoneticisi,

e Uretim, Paketleme vb. béliimlerde ¢alisan bir
personel.

Uriin Ozellikleri

ISO 22000 standardinda iiriin 6zellikleri 7.3.3.1
Hammaddeler, ingradiyentler ve iiriinle temasta
bulunan malzemeler ve 7.3.3.2 Son {iriiniin 6zel-
likleri olmak iizere iki asama olarak tanimlanmig-
tir.

Birinci Asama; isletmenin nihai {iriin iiretiminde
kullanacagi tiim hammaddeler, ingradiyentler
(katk1 maddeleri vb.) ve iirlinle temasta bulunan
malzemelerin (ambalaj vb.) tehlike analizlerini ya-
pabilmesi ve uygunluklarmi degerlendirmesi igin
asagidaki bilgileri igeren dokiimanlart hazirlama-
Iidir (TS EN ISO 22000, 2005; Mahmutoglu,
2007).

a. Biyolojik (bakteri vb.), kimyasal (temizlik
malzemeleri vb.) ve fiziksel (yabancit madde
vb.) 6zellikler ile limit degerlerini,

b. Katki maddeleri ve proses yardimci malze-
meleri de kapsayacak sekilde formiile edilmis
ingradiyentlerin hangi maddelerden olustu-
gunu (bilesimini),

c.  Orijin (nerede, hangi iilkede tiretildigi ve ge-
netik bilgisi),

d.  Uretim metodu (tam otomatik, manuel vb.),

e. Ambalajlama (plastik, karton vb.) ve dagitim
yontemleri (lojistik bilgileri),

f.  Depolama kosullar1 (sicaklik, rutubet vb.) ve
raf omrii,

g. Kullanim veya islemden ©nce hazirlama
ve/veya igleme

h. Tasarlanmis kullanimlarina uygun olarak, sa-
tin alman malzemelerin ingradiyentlerin,
gida giivenligi ile iligkili kabul kriterleri veya
sartnameleri (yonetmelik, literatiir, miisteri
sartlar gibi referans kaynaklarda iiriinler i¢in
belirlenmis olan parametreler ve limit deger-
leri).

ikinci Asama; Isletme, tilketime hazir hale gelen
her bir iiriin i¢in tehlike analizi yapmalidir. Bu fa-
aliyet i¢in hazirlayacagi dokiimanlar agagidaki bil-
gileri igermelidir (TS EN ISO 22000, 2005; Mah-
mutoglu, 2007).

a.  Son iiriiniin ismi veya benzer tanimi,
b. Bilesim (isimleri, kaynagi vb.),

c. (Gida giivenligi ile ilgili biyolojik, kimyasal
ve fiziksel 6zellikler ve limit degerleri,

d.  Son iiriin i¢in 6ngdriilen raf dmrii (mevzuatta
iriin i¢in belirlenmis raf 6mrii tanimlanmigsa
isletme bu siireyi asamaz) ve depolama ko-
sullar (sicaklik, nem vb.)

e. Ambalajlama (ambalaj tipi ve paketleme
yontemi vb.),
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f.  Etiket bilgileri (son {irliniin gida giivenligini
etkileyecek tasima, hazirlama ve kullanim ta-
limatlart),

g. Dagitim metotlan (nakliye aracinin 6zellik-
leri vb).

Her iki asamanin etkinliginin artirilabilmesi i¢in
kontrol planlar1 hazirlanmalidir. Birinci agamanin
sonunda hammadde, katki maddeleri ve ambalaj
malzemelerin tamaminin tanimhi oldugu girdi
kontrol plani, ikinci agsamanin sonunda ise piya-
saya siiriilecek olan tiim {irlinleri igeren son iriin
kontrol plant hazirlanmalidir. Planlar iiriinlerin na-
sil, hangi siklikta, hangi yontemle ve kim tarafin-
dan kontrol edilecegini ayrica igletme de yapil-
mas1 miimkiin olmayan kontroller i¢in dis kay-
nakli laboratuvarlarla ilgili bilgileri de igermelidir.
Girdi ve son iiriin kontrolleri yapan personel uy-
gunsuzluk tespiti halinde i¢ iletigimle kiminle irti-
bata gececegi ve sonrasinda ne yapacagi konula-
rinda bilgilendirilmeli, bu konuda i¢ ve dis kay-
nakli egitimlere gonderilmelidir. Yasal mevzuat
degisiklikleri, miisteri istekleri, igletme i¢inde ka-
zanilan deneyimlere bagli olarak bu planlar gida
giivenligi ekibi tarafindan goézden gegirilmeli ve
gerektiginde revize edilmelidir.

Uretimi gergeklestirilen iriinle ilgili olarak mev-
zuatin belirlemis oldugu bir raf émrii olmamasi
halinde {iriinle ilgili raf dmriinii belirlemekte ser-
besttir. Isletme, éngdrdiigii raf dmriinii dogrulaya-
cak caligmalarn periyodik olarak yapmali ve ilgili
kayitlart saklamalidir.

Tasarlanms Kullanim

Yapilan literatiir taramasinda bu konuyla ilgili ye-
terli aragtirmaya ulagilamamustir.

Isletme, hazirlamis oldugu dokiimanlarda piya-
saya slirecegi lirliniin beklenen tasarlanmig kulla-
nimin1 ve beklenilenin diginda kétii ve yanlis kul-
lanilmas1 hali yani makul olan tasarlanmamis kul-
lanimi1 tanimlamali ayrica gida giivenligi ekibi teh-
like analizlerinde bu durumu g6z 6niinde bulun-
durmalidir (TS EN ISO 22000, 2005).

Nihai {iriin i¢in hazirlanan dokiimanlar triinliniin
bilesimi, iiretimi, dagitimi, depolanmasi, satisi,
kim tarafindan hangi amagcla ve nasil kullanilacagi
gibi konularda gergege uygun bilgileri igermelidir.
Uriiniin tiiketici grubu; halkin tiimii mii yoksa be-
lirli 6zelliklere sahip olan tiiketici grubu mu (ha-
mileler, yaslilar, hastalar, ¢cocuklar vb.) olup olma-
dig1 bu dokiimanlarda agiklanmalidir (Alli, 2004;
Arikbay, 2004).

Isletmeler {iriiniin beklenen tasarlannmis kullanimi
hakkinda tiiketicileri etiketle bilgilendirmektedir.
Bu amagla etiketlerde iiretim ve son kullanma ta-
rihi, iiretici firma adi, adresi, {irlin bilesimi gibi bil-
gilerin yam sira iriiniin yeniden islenip islenme-
yecegi, hemen servis edilebilme 6zelliginin olup
olmadigy, iiriin saklama kosullari, raf mrii, amba-
laj1 ag1ldiktan sonra ne kadar siirede tiiketebilecegi
ve tiikketimiyle ortaya cikabilecek dogal riskler
hakkinda bilgiler verilmektedir. Etiket {izerinde
uluslararast gegerliligi olan logolarin kullanimi
farkl tiiketici gruplarmin da beklenen kullanimi
gergeklestirmesinde etkili olabilir. Ozellikle aler-
jen ve uyarici maddelerin (kafein vb.) etiket lize-
rinde mutlaka belirtilmesi gerekmektedir. Tasar-
lanmis kullanimin basarisindaki en 6nemli faktor-
lerden birisi de etiket bilgilerinin tiiketiciler tara-
findan rahatlikla anlasilmasini saglayacak bir dille
yazilmasidir. Etiketteki tiim bilgiler o iilkedeki
resmi dilin disinda farkli dillere de ¢evrilmelidir.

Uriiniin tasarlannmis kullanmimimi disinda tiiketici-
nin hatali davraniglan (fast food gibi toplu yemek
yenilen yerlerde mayonezin doner atesinin ya-
ninda muhafaza edilmesi, ambalaji agilmis gida-
nin tavsiye edilen tiiketim tarihlerine uygun tiike-
tilmemesi, laktoz intoleransi oldugunu bilen tiike-
ticinin direkt veya dolayli olarak siit igeren bir gi-
day1 tiiketmesi vb.) veya yanlis bilgileri (raf 6mrii
gecmis olan bir gidanin tiiketilmesi, enerji igecek-
lerinin her yas grubu tiiketici tarafindan tiiketilebi-
lecegi vb.) nedeniyle dngoriilen veya dngoriilleme-
yen bazi tasarlanmamis kullanimlara baglh olarak
gida giivenligi tehlikeleri olusabilir. Makul olan
tasarlanmamis kullanimlar nedeniyle 6zellikle ha-
mileler, yaslilar, kronik hastalik sahibi kisiler ve
cocuklar gibi 6zel tiiketici gruplari lizerinde potan-
siyel saglik sorunlar1 olugabilir. Bu nedenle etiket
tizerinde tiiketiciyi siiphede birakacak isaretleme-
ler ve tanimlamalardan kaginilmalidir. Tiiketicinin
nihai iirtinii kotli veya yanlis kullanimiyla ortaya
¢ikabilecek sorunlarin azaltilmasi igin tiiketici
grubu 6zelliklerine uygun olarak beslenme egitim-
leri verilmelidir.

Gerek tasarlanmig kullanimin ortaya ¢ikardigi do-
gal riskler gerekse makul olan tasarlanamamis
kullanim neticesinde ortaya ¢ikan tehlikeli durum-
larda isletme gerekli tedbirleri almali ve geri ca-
girma dahil tiim segenekleri planlamalidir.

Akis Semalari, Proses Asamalar1 ve Kontrol
Onlemleri
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Isletme, ISO 22000’in kapsadigi iiriinler veya pro-
sesler icin hammadde alimindan itibaren tiim asa-
malari, etkilesimleri, potansiyel tehlike olusumla-
rin1 gostermelidir. Olusturulan akis semalar agik
ve kesin olmali ayrica gida giivenligi ekibinin an-
layabilecegi tiim ayrintilar1 igermelidir. Proses
akis semalar1 tehlike analizinin sistematik olarak
yiiriitillebilmesi i¢in olduk¢a 6nemlidir. Proses
akis semasi, her bir iiriin i¢in dogrusal olmalidir.
Karmasik proseslerde, islemler basit ve anlasilabi-
lir sekilde boliinebilmelidir. Boliinmiis proseslerin
oldugu durumlarda ise baglant1 noktalar1 net ola-
rak gosterilmelidir (Arikbay, 2004; TS EN ISO
22000, 2005).

Gida giivenligi tarafindan olusturulan taslak pro-
ses akig semasinin dogrulugu ve biitiinligi degisik
saatlerde ve birden fazla olacak sekilde yerinde
dogrulanmalidir. Dogrulama asamasinda proses
akis semas1 gerek goriiliirse degistirilmelidir (TS
EN ISO 22000, 2005; Ozdikmenli, 2015).

Tehlike Analizi

Gida giivenligini tehdit eden tehlikelerin risk bo-
yutlar1 tehlike analiziyle saptanmaktadir. Bu tehli-
keler alt1 ana baglik altinda toplanabilir. Bunlar;

Mikrobiyolojik Tehlikeler (M): Gida maddeleri-
nin insan saglig1 agisindan giivensiz hale gelme-
sine neden olan mikroorganizmalarm yol agtigi
tehlikelerdir. Hammadde, ambalaj malzemeleri,
personel, ortam veya ekipman kaynakli olabilirler.

Kimyasal tehlikeler (K): Girdilerin yapisinda do-
gal veya yapay olarak bulunabilen maddeler ile te-
mizlik {riinleri, pestisitler, madeni yag gibi kim-
yasal orjinli diger maddelerin iiriine bulagmasi so-
nucu gida giivenligi ve insan saglig1 iizerinde za-
rarli etkilerin ortaya ¢ikmasina neden olan tehlike-
lerdir.

Fiziksel Tehlikeler (F): Gida maddelerinin igeri-
sinde bulunmamasi gereken ve tiiketicinin sagl-
gin1 bozabilecek tehlikelerdir. Genellikle ham-
maddeden, iiriin isleme sirasindaki ortamdan,
ekipmandan, personelden veya ziyaret¢ilerden
kaynaklanabilirler (Tas, toprak, tahta, civi, tel,
metal, sag kil1, vb.).

Genetigi Degistirilmis Organizmalardan Kay-
nakl Tehlikeler (GDO): Modern biyoteknolojik
yontemler kullanilarak bitki, hayvan ve mikroor-
ganizmalara gen aktarilarak elde edilen organiz-
malardir (Aslan ve Sengelen, 2010). Tiiketici sag-
1181 iizerinde kesinlesmis bir zarar1 olup olmadigi
bilinmemekle beraber (Aslan ve Sengelen, 2010)

kullanilmasi smirlandirildigindan (TGK, 2010)
tehlike analizlerinde ele alinmalidir.

Alerjen Kaynakh Tehlikeler (A): Belirli gidala-
rin yenilmesi ya da bu gidalara dokunulmasi ha-
linde bazi insanlarin bagisiklik sistemlerinin ters
reaksiyonlar vermesi suretiyle insan sagligi {ize-
rinde olusabilecek tehlikelerdir (Velioglu, 2008,
Bagaran, 2009). Tiirk Gida Kodeksi Etiketleme
Y 6netmeligi’'nde tanimlanmis olan alerjen madde-
ler sunlardir (TGK, 2011b):

e  Gluten igeren tahillar ve bunlarin iiriinleri,

e  Kabuklular (Crustacea) ve bunlarin {iriinleri,
e  Yumurta ve yumurta liriinleri,

e  Balik ve balik tiriinleri,

e  Yerfistig1 ve yerfistigi iirtinleri,

e Soya fasiilyesi ve soya fasiilyesi tiriinleri,

e  Siit ve siit {irtinleri (laktoz dahil),

e  Sert kabuklu meyveler: Badem, findik, ceviz,
kaju fistig1, pikan cevizi, brezilya findig1, an-
tep fistig1, macadamia findigi, queensland
findig1 ve tiriinleri,

e  Kereviz ve kereviz Uriinleri,

e  Hardal ve hardal tiriinleri,

e  Susam tohumu ve susam tohumu trinleri,
e  Kiikiirt dioksit ve stlfitler,

e  Aci1 bakla ve ac1 bakla tiriinleri,

e  Yumusakcalar ve iiriinleri.

Niikleer ve Radyolojik Kaza veya Tehlike Du-
rumu (R): Sabit niikleer ve radyolojik tesislerde,
saha  calismalarinda, radyoaktif —maddele-
rin tagimmalart gibi niikleer islemlerin yiriitiil-
diigii asamalarin herhangi birisinde istenmeyen bir
olayim gerceklesmesi sonucu ortaya ¢ikan radyas-
yonun gidalara bulagmasiyla ortaya ¢ikan tehlike-
lerdir.

Tehlike ve risk analizinde alt1 ana baslik altinda
toplanan tehlikelerin tamami prosesin tiim asama-
larinda degerlendirilmekte ve su sorularin cevap-
lar1 aranmaktadir (Yazici, 2008).

e Hangi tehlikeler hangi asamalarda karsimiza
cikabilir,

e Bu tehlikelerin meydana gelme olasiliklari ne-
lerdir,
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e Bu tehlikeler 6nlemedigi takdirde olusabilecek
zarar siddeti nedir?

Bu sorulardan alinan cevaplar dogrultusunda kri-
tik kontrol noktalar1 ve HACCP plani olusturul-
maktadir. Tehlikelerin sistemli olarak yonetilebil-
mesi i¢in genellikle asagidaki formiilasyon uygu-
lanmaktadir (Yazici, 2008).

Tehlikenin sahip oldugu risk:

Risk = Olasilik x Siddet olarak hesaplanmaktadir.

Olasiliklar belirlenirken tehlikenin isletmede 6n-
ceden yasanmis olup olmadigina, prosesin tekno-
lojisi ve iirlin prosesi goz oniine alinmaktadir. De-
gisen teknoloji, ilave kontroller tehlikenin gercek-
lesebilme olasiligini azaltabilmektedir. Risk algi-
lamasinda olasiligin diisiik gosterildigi bir du-
rumda ise bu asamada pek ¢ok tehlikenin yasan-
masi halinde olasilik arttirilmaktadir. Bu nedenle
isletme igerisinde tehlikeler degisen kosullara

gore silirekli olarak gozden gegirilmeli ve veriler
analiz edilerek tehlike risk analizi siirekli giincel-
lenmelidir.

Siddet ise tehlikenin gerceklemesi sonrasinda tii-
ketici sagligi tizerinde olusturacagi zarar biiytiklii-
gudiir. Benzer tehlikelere maruz kalmis kisilerde
olusan zarar biiyiikliikleri, dig kaynakli kitap,
dergi vb. kaynaklarda ortaya konulan tespitler ve
uzmanlarin goriigleri alinarak siddet boyutu ince-
lenmektedir.

Tehlike risk analizi hesaplamasinda kullanilan
olasilik ve siddet her bir firma veya farkli proses-
ler i¢in hatta ayni proseslerin uygulandig: farkl is-
letmelerde degiskenlik gosterebilmektedir.

Ornek bir tehlike ve risk analizi degerlendirme
tablosu Tablo 3°de gosterilmistir.

Ornek tehlike ve risk analiz formu Sekil 2°de
gosterilmistir.

Tablo 3. Tehlike ve Risk Analiz Degerlendirme Tablosu
Table 3. The Assessment Table of Hazard and Risk Analysis

olmamisg)

Diisiik-(1):  Gergeklesme olasiligit  bulunmayanlar (hig

Olasihk Orta-(2): Gergeklesme olasiligi olan, meydana geldigi

bilinenler

Yiiksek-(3): Sik sik gerceklesenler (siirekli olanlar)

Diisiik—(1): Hafif yaralanmalar veya hastaliklar, uzun siire ve
yiiksek doz gerektiren hastaliklar.

Orta-(2): Ciddi yaralanmalar veya hastaliklar, gidanin

Siddet tiikketilmesi ile hemen ortaya ¢ikan veya uzun donemde kendini
gosterenler.
Yiiksek-(3): Hayati tehlike iceren yaralanmalar veya
hastaliklar, gidanin tiiketilmesi ile hemen ortaya ¢ikan, uzun
donemde kendini gosteren, tedavisi zor veya imkansiz olan
hastaliklar. ( Sakat kalmaya ve 6liime sebebiyet verebilecek
hastaliklar).
Risk puani 1 <risk seviyesi <1 — Risk Yok

Risk Puani Risk puani 1 <risk seviyesi < 3 — Diisiik Risk

Risk puani 3 <risk seviyesi < 6 — Orta Risk

Risk puan 6 <risk seviyesi <9 — Yiiksek Risk




Journal of Food and Health Science

Basaran, 2(1): 9-26 (2016)

Journal abbreviation: J Food Health Sci

Proses Basamag
Tehlike Tipi
Tehlike Tanimi
Olasilik
Siddet
Risk Puani: Olasilik x
Siddet
Tiiketici Saglig
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Kontrol Onlemleri
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OGP: On Gereksinim Programi, O OGP: Operasyonel On Gereksinim Programi, KKN: Kritik Kontrol Noktas1

Sekil 2. Tehlike ve Risk Analiz Formu
Figure 2. Hazard and Risk Analysis Form

Gida giivenligi ekibi isletmedeki fiziki kosullar ile
teknolojide yasanan degisiklikler, ortaya ¢ikan
yeni gida giivenligi tehlikeleri, mevzuatin degis-
mesi, miisteri sartlar1 gibi faktorlere baglh olarak
ayni zamanda her y1l diizenli olarak tehlike ve risk
analiz ¢aligmalarin1 gbzden gecirmeli ve gerekli
ise revize etmelidir.

HACCP Planr’nin Olusturulmasi

Kritik Kontrol Noktalarim (KKN)
Tanimlanmasi

Tehlike risk analizi sonucunda tespit edilen her
tehlike tanimlanmali ve tehlikenin gerceklesme-
sini onleyecek tedbirler alinmalidir. Ancak bu teh-
likelerden bazilar1 insan sagligina zarar verecek
boyutta ise soz konusu tehlikeler kritik kontrol
noktasi ¢ergevesinde ele alinmalidir. Kritik kont-
rol noktalart; kontrol edilmediginde insan sagli-
gina zarar vermekte, sicaklik-siire gibi parametre-
lerle izlenebilmekte, bir bagka yontemle dogrula-
nabilmekte, dis kaynakli dokiimanlarla gegerli ki-
linabilmektedir (TS EN ISO 22000, 2005; TS/ISO
22004, 2005; Yazict, 2008).

Bir tehlikenin kritik kontrol noktasi olup olmadi-
gin1 anlayabilmek i¢in kullanilacak yontemlerden
birisi de karar agac1 semas1 uygulamasidir. Karar
agaci1 semas1 temel olarak, potansiyel tehlikenin
oldugu proses basamagida uygulanan kontrol
yontemi tehlikeyi tamamen ortadan kaldiriyor
veya kabul edilebilir seviyeye indiriyorsa ayrica
bu kontrol asamasindan iiriiniin tiiketimine kadar
olan proses asamalarinin hi¢birinde tehlike riskini
ortadan kaldirabilecek bir baska kontrol asamasi
yoksa s6z konusu kontrol yontemi parametreleri

kritik kontrol noktasi olarak belirlemektedir (Ya-
zicl, 2008).

KKN’lerin tamimlanmasinda tiiketici sagligi lize-
rinde olusturabilecegi saglik sorunlariyla ilgili
olarak isyeri hekiminden faydalanilabilir.

KKN’ler icin Kritik Limitlerin Belirlenmesi

KKN’lerin sistemli olarak yonetilebilmesi i¢in 61-
cllebilir kritik limitler belirlenmelidir. Kritik li-
mitler; son iiriinde gida giivenligi tehlikesine ne-
den olan durum i¢in resmi otoritenin acikladig1 ya-
sal parametreler 6ncelikli olmak lizere, miisteri, is-
letme ve literatiir taramasi sonrasi elde edilen ve-
riler 151¢1nda tanimlanmalidir (TS EN ISO 22000,
2005; TS/ISO 22004, 2005; Yazici, 2008).

Kritik limitlerin belirlenirken tolerans degerleri
belirlenmelidir. Ancak tolerans degerleri gida gii-
venligini tehlike sokabilecek araliklarda ve siire-
lerde olmamalidir.

Kritik Kontrol Noktalarii izleme Sistemi

Her bir KKN’nin kritik limitler kapsaminda kont-
rol altinda olup olmadigimi anlayabilmek i¢in bir
izleme sistemi olusturulmali ve kayitlar tutulmali-
dir. KKN noktalarini izleme sikligi, siireci kontrol
etmeye imkan veren aralikta olmalidir. Izleme sis-
temi, sikliklarin yani sira kullanilacak materyal-
leri, tolerans degerlerini, sorumluluklar1 ve kayit
sekillerini de igermelidir (TS EN ISO 22000,
2005; TS/ISO 22004, 2005; Kogak, 2010).

KKN’lerin izlenmesi ve kayit altina alinmasiyla il-
gili olarak personelden ziyade otomatik kayit sag-
layabilecek teknolojilerin kullanilmasi sistemin
giivenligini artiracaktir.
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izleme Sonu¢lar Kritik Limitleri Astiginda
Yiiriitiilecek Faaliyetler

HACCP planinda tanimlanan kritik limitlerin as1l-
mast halinde gergeklestirilecek olan diizeltici faa-
liyetler belirlenmelidir. Yiiriitiilecek faaliyetler
uygunsuzlugun nedenlerini belirlemeli, KKN’le-
rin yeniden kritik limitlerin altinda inmesini
saglamali ve uygunsuzlugun yeniden gercek-
lesmesini Onleyebilmelidir. Planlanmig diizeltme
faaliyetleri ve diizeltici faaliyetlerin kim tarafin-
dan, hangi siklikla ve yontemle gerceklestirilecegi
ve nasil kayit altina alinacagi ayrica isletme igeri-
sindeki iletisimin nasil gerceklestirilecegi agik bir
sekilde tanimlanmalidir (TS EN ISO 22000, 2005;
TS/ISO 22004, 2005).

Ozellikle KKN’de kullanilan tiim makineler veya
olgiim cihazlar1 yerinden oynatilmamalidir. Tlgili
ekipmanlarin bakim veya onarim faaliyetlerinden
sonra kalibrasyon tekrarlanmalidir. KKN olarak
belirlenen proses basamaklarinda ¢aligan personel
periyodik olarak mesleki teknik egitimlere tabi tu-
tulmalidir.

Ornek bir HACCP plani formu Sekil 3°de goste-
rilmistir.

izlenebilirlik Sistemi

Isletme, iiretimini gerceklestirdigi her bir iiriin
partisiyle ilgili olarak kullanilan hammadde, am-
balaj maddeleri, prosesi ve dagitim kayitlarini
gosterecek bir izlenebilirlik sistemi gelistirmeli-
dir. Bu izlenebilirlik sistemi tiim tedarik¢ilerden
saglanan girdileri ve son iiriiniin dagitim rotasini
belirleyebilmelidir (TS EN ISO 22000, 2005;
TS/ISO 22004, 2005). Gerektiginde nihai tirliniin
geri ¢agrilmast durumunda gida zinciri boyunca
yer alan tiim paydaslarla iletisime gegebilecek
yontemler gelistirilmelidir. Ayrica isletme belirli
bir plan dahilinde iirlin izlenebilirligini test etmeli
ve kayitlarini tutmalidir. Ortaya ¢ikan uygunsuz-
luklar i¢in diizeltme ve diizeltici faaliyetleri plan-
lamali ve sonuclandirmalidir.

Isletme olusturacag izlenebilirlik sistemini tek bir
halka halinde olusturabilecegi gibi boliimlere
ayirma ve ayrilan boliimleri birlestirme seklinde
de detayli bir izlenebilirlik sistemi kurabilir. Is-
letme izlenebilirligi Tablo 4'de gosterildigi gibi
ayirabilir.
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[zleme Sistemi

Siklik

Izleme
Sorumlusu
Diizeltme/Diiz
eltici Faaliyet
Kayt
Dogrulama

Sekil 3. HACCP Plan1 Formu
Figure 3. HACCP Plan Form
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Tablo 4. Detayli izlenebilirlik Sistemi
Table 4. Detailed Traceability System

- Hammadde izlenebilirligi
Girdi
izlenebilirligi

- Katki maddesi izlenebilirligi

- Yardimci1 madde izlenebilirligi

- Temizlik maddesi izlenebilirligi

- Nihai {irlinle direk temas eden ambalaj izlenebilirligi

- Nihai {irliniin taginmasinda kullanilan ikincil ambalaj izlenebilirligi

- Ana iirlin izlenebilirligi
- Yan {iriin izlenebilirligi
Uretim

izlenebilirligi

- Ozel iiretim gerektiren iiriinlerin (organik vb.) izlenebilirligi
- Uygun olmayan iiriin degerlendirme izlenebilirligi
* [ade iiriin izlenebilirligi
* Yeniden islenmis iiriinlerin izlenebilirligi
* Imha {irlin izlenebilirligi
- Hediye iiriin izlenebilirligi
- Pazarlama numunesi iiriin izlenebilirligi

- Arag izlenebilirligi
Sevkiyat
Izlenebilirligi

- Ilk dagitim noktasi izlenebilirligi
- Satis noktalar izlenebilirligi

Gida, Tarim ve Hayvancilik Bakanlig1 izlenebilir-
ligi, liretim, isleme ve pazarlama ile ilgili siirecin
her asamasinda ve gida zincirinde yer alan tiim ku-
ruluslara zorunlu kilmustir. izlenebilirlik sistemi
mevzuatta yer almasina karsin tiiketici satin aldig1
gida uriinleriyle ilgili sadece etiket {izerinde yazili
olanlar hakkinda bilgi sahibi olabilmekte o {irlinle
ilgili izlenebilirlik bilgilerine ise ulagamamakta-
dir. Gida, Tarim ve Hayvancilik Bakanligi
31.12.2015 tarihinden itibaren siyah ¢ay, bal,
enerji icecekleri, bitkisel sivi yaglar, takviye edici
gidalar, bebek mamalari, formiilleri ve ek gida-
larda tiiketici yonelimli izlenebilirlik sistemi ola-
rak adlandirilan Uriin Dogrulama ve Takip Sis-
temi’ne gegme karar1 almig ve ilgili uygulamay1
Tiirk Gida Kodeksi Etiketleme Yonetmeliginde
tanimlamistir (TGK, 2011Db).

Potansiyel Giivenli Olmayan Uriinlerin
Kontrol Altinda Tutulmasi ve Geri Cekme

Isletmede olusturulan gida giivenligi sistemi dog-
rultusunda giivenli olmadigi ortaya ¢ikan veya uy-
gunsuzlugu bilinen ancak limitlerin agilmadig: du-
rumlarda {iriin, potansiyel giivenli olmayan {iriin
olarak belirlenmeli ve tiim partileri durum deger-
lendirilinceye kadar isletmede kontrol altinda tu-
tulmalidir. Sayet potansiyel giivenli olmayan veya
giivenli olmadig1 anlasilan {iriin isletmeden ¢ik-
migsa veya miisteri/tiikketici sikayetiyle ortaya ¢i-
kan bir uygunsuzluksa igletme, tim paydaslara du-
rum hakkinda bilgi vermeli ve ilgili {iriin partile-
rine gida zincirinde bulunduklan yere gore geri

¢cekme veya geri cagirma faaliyeti gergeklestirme-
lidir. ISO 22000 standardinda geri ¢ekme terimi-
nin geri ¢agirmay1 kapsadigi belirtilmigse de her
iki faaliyetin uygulanma asamalarinda bazi farkli-
liklar s6z konusudur. Geri ¢gekme; Uriiniin dagiti-
minin ve satiginin onlenmesi amaciyla tiriiniin bu-
lunabilecegi tasima araglari, depo, satis noktalari
gibi gida zincirindeki tiim asamalardan geri isten-
mesi ve toplanmasidir. Geri ¢agirma ise satig nok-
talarindan {irliniin geri toplatilamamast halinde
iiriiniin tiiketimini énlemek amaciyla tiiketiciler-
den ve gida zincirindeki tiim agamalardan geri top-
latilmas: faaliyetidir. Isletme her iki durum iginde
gerek ilgili partilerin gerekse iiriinlerin tamamini
geriye ¢ekebilecek bir yontem gelistirmelidir.
Yontem; geri ¢ekmeyi baglatma yetkisine sahip
personeli ve geri cekme faaliyetinde gorev alacak
diger sorumlu personelleri icermelidir. Ayrica
gida zinciri boyunca tiim paydaslarin geri cekme
faaliyetindeki rolleri de belirlenmelidir (TS EN
ISO 22000, 2005).

Geri ¢ekme veya geri ¢cagirma faaliyeti sonrast is-
letmeye getirilen {riinler potansiyel uygunsuz
iriin kategorisinde degerlendirilir ve isletme iceri-
sinde denetim altinda tutulur. S6z konusu {iriin-
lerle ilgili olarak imha, giivenli hale gelinceye ka-
dar yeniden isleme, oldugu gibi serbest birakma
veya bir bagka amagla kullanma gibi farkli karar-
lar aliabilecegi gibi iiriinler yapilan kontrollerde
giivenli oldugu da ortaya ¢ikabilir. Isletmede de-
netim altinda tutulan potansiyel giivenli olmayan
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riinlerle ilgili isletme kontrol ve onay mekaniz-
masina dayali ayr1 bir yontem belirlemeli ve yetki
paylasimi yapmalidir. isletme; geri ¢gekme faaliye-
tinin nedeni, kapsami ve sonuglarini kayit altina
almali ve yonetimin gozden gecirme toplantila-
rinda tartigmalidir. Ayrica igletme geri ¢ekme faa-
liyetindeki performansini 6lgmek igin belirli ara-
liklarla tatbikatlar yaparak bu faaliyetteki etkinli-
gini dogrulamalidir (TS EN ISO 22000, 2005).

ISO 22000 Belgelendirme Siireci ve Yasanan
Zorluklar

ISO 22000 standart maddelerini asgari olarak ye-
rine getiren ve uygulayan igletmenin ISO 22000
belgesini alabilmesi i¢in belgelendirme sirketle-
rinden birine veya Tiirkiye’deki yetkili kamu ku-
rumu olan TSE’ye (Tiirk Standartlar1 Enstitiisii)
bagvurmasi gerekmektedir (Anonim 2015b,
2015¢). S6z konusu belgelendirme kuruluglari i¢in
bir 6n sart olmasa da, iirettikleri sertifikanin giive-
nilirligini kanitlayabilmeleri ve tercih edilebilirli-
gin olugmasi igin akreditasyon pratik anlamda bir
zorunluluk olarak ortaya gikmaktadir. Ulkelerin
resmi akredite kuruluslar1 Uluslararas1 Akreditas-
yon Kurumu’na (IAF) bagli olup bu kuruluslar be-
lirli periyotlarda belgelendirme sirketlerini denet-
lemektedirler. Tiirkiye’de bu kapsamda faaliyet
gosteren kurulus Tiirk Akreditasyon Kurumu’dur
(TURKAK). Belgelendirme konusuna basvuru
sonrasi dokiimanlarda herhangi bir eksiklik yoksa
belgelendirmeye iliskin teklifte bulunulmakta ve
kargilikli sozlegsme imzalanmaktadir. Sozlesme,
baslangic¢ belgelendirme denetimi ve iki takip de-
netim olmak {izere ii¢ denetimi kapsamaktadir.
Belgelendirme sirketi bir denetim plani hazirlaya-
rak isletmeyi bilgilendirmekte ve tetkikgiler ata-
maktadir. Tetkik¢iler gida isletmesini ISO 22000
standart maddelerini referans alarak denetimini
gerceklestirir. Denetim de herhangi bir uygunsuz-
luk tespit edilmedigi taktirde belgelendirme karar
alinarak bagvuru yapan isletmeye belgesi veril-
mektedir (Basaran, 2009; Anonim, 2015d).

Yonetim sistemlerinin uygulanmasi her ne kadar
isletmelere avantajlar saglasa da bu sistemlerin
uygulanmasi agsamalarinda ¢esitli zorluklar yasan-
maktadir (Erkan ve ark., 2008). Bu zorluklar genel
olarak sunlardir (Aslan, 2006; Demirel ve Aksoy,
2010):

e  Ust yonetimin sistem ¢alismalarina inanma-
masi ve faaliyetleri desteklememesi
e Finansman ve diger kaynaklarin yetersizligi

e  Insan kaynaklar (egitimsizlik, yetismis ele-
man temin edilememesi ve sik eleman degi-
simi)

e  Zaman (faaliyetlerin genellikle ayni kisiler
iizerinde yogunlagmasi ve zamanin etkin
kullanilamamasi)

e  Maliyetlerdeki kismi artiglar (personel ihti-
yact, kirtasiye ytikii vb.)

e  Teknolojik yetersizlik (gida giivenliginin
kontrolii ve gelisimi i¢in ihtiya¢ duyulan
makine, alet ekipman ve diger imkanlar)

e  Fiyat odakli rekabet kogullar

e  Kayit dis1 ekonomi ve hiikiimet politikalar

e  Haksiz belgelendirme ve denetimsizlik

Diinya, Avrupa ve Tiirkiye’deki Mevcut Du-
rum

International Standarts of Organization (ISO);
1947 yilinda ABD’de kurulmustur. Giiniimiizdeki
merkezi Isvigre’nin Cenevre kentidir. 4 abone iiye,
41 mubhabir {iye, 118 iiye kurulus olmak {izere top-
lam 163 {iyesi bulunan ve uluslararasi standartlar
olusturan bir orgiittiir. Tiirkiye’deki tiyesi Tiirk
Standartlar1 Enstitlisti (TSE)’diir. Temel amaci;
hiikiimetlerin, isletmelerin ihtiya¢ duydugu ulus-
lararas1 standartlar1 tanimlamak, uygulama ve de-
netimleri gergeklestirmek; bu sayede, iilkeler ara-
sindaki standart farkliliklarin1 ortadan kaldirmak
ve ticaretin geligmesine katki saglamaktir (Tekin,
2006; Anonymous, 2015). ISO her yil Eyliil
ayinda iilkelerin yonetim sistemi belge istatistikle-
rini yayimlamaktadir. 2014 Eyliil ayinda yayimla-
nan [SO 22000 istatistikleri ve artig oranlarina ilis-
kin bilgiler Tablo 5’de gdsterilmistir. 2007-2014
yillart arasinda Diinya’da en ¢ok ISO 22000 bel-
gesi alan ilk 10 iilke ise Sekil 4’de gosterilmistir.

2007-2014 yillar1 arasinda toplam 144701 adet
ISO 22000 belgesi verilmis olup bu belgelerin
yaklagik % 55’1 son U¢ yilda verilmistir. 2007 yi-
lindan 2014 yilina kadar Diinya’da ISO 22000
belge sayisi siirekli artis gostermistir. En fazla ar-
tis orant 2007 den 2008 yilina geciste gercekles-
mistir.

Diinya istatistiklerinde oldugu gibi Avrupa kita-
sinda da ISO 22000 belge sayilari siirekli artig gos-
termigtir. Avrupa kitasinda toplam 56802 ISO
22000 belgesi verilmis olup bu Diinya toplaminin
% 35’ini olusturmaktadir. 2010 yilindan 2011 y1-
lina gegiste belge artis oranlarinda bir diisiis olsa
da sonraki yillarda artis oranlar1 yeniden ytiksel-
meye baslamstir.

Tiirkiye de ise ayni yillar arasinda ISO 22000
belge sayilarinda azalma ve artmalar yaganmugtir.
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Tiirkiye’de en ¢ok artig oran1 Avrupa ve Diinya is-
tatistiklerinde oldugu gibi 2008 yilina gegiste ya-
sanmugtir. Ust {iste 3 y1l bir dnceki yila gore belge
sayilar1 azalmis 6zellikle 2011 yilina gegiste yak-
lasik % 39’luk bir azalma kaydedilmistir. Tiirkiye
ISO 22000 belge sayilar1 toplam1 Avrupa toplami-
nin yaklasik olarak % 12.3"diir.

Ik 10 iilkenin siralandig1 Sekil 4’deki grafikten
anlagilacagi lizere Cin diger 9 iilkeye kiyasla ISO
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22000 belge sayist bakimindan agik bir sekilde li-
der iilke konumundadir. ik 10 iilkeye bakildi-
ginda sadece Asya ve Avrupa lilkelerinin oldugu
anlasilmaktadir. Ozellikle yogun niifusa sahip
olan Cin ve Hindistan ilk 3’te yer almiglardir. Av-
rupa Birligi iiye iilkeler ve aday iilke olan Tiirkiye
siralamadaki diger iilkelerdir. Ayrica sekil Avrupa
kitast 6zelinde incelendiginde ise ISO 22000 bel-
geli kurulus sayis1 bakimmdan Yunanistan’in bi-
rinci, Tiirkiye’nin ikinci ve son olarak Ro-
manya’nin ise li¢lincii oldugu anlagilmaktadir.

Tablo 5. Diinya, Avrupa ve Tiirkiye’de ISO 22000 Belge Sayilar1 ve Artig Oranlart (ISO, 2014).
Table 5. The Certificate Numbers of ISO 22000 in The World, in Europe and Turkey And Its Growth Rate (ISO,

2014).
. Artig Artis .. Artis
Y1l Diinya (%) Avrupa (%) Tiirkiye (%)
2007 4122 - 2749 - 679 -
2008 8185 98.5 4865 77 1155 70
2009 13838 69 6050 24.3 1134 -1.8
2010 18580 34.2 7083 17 1088 -4
2011 19351 4.1 7361 3.9 665 -38.8
2012 23278 20.3 8307 12.8 724 8.8
2013 26847 15.3 9733 17.1 733 1.2
2014 30500 13.6 10654 9.5 858 17
43813
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Sekil 4. 2007-2014 yillar1 arasinda ISO 22000 belgeli kurulus say1s1 bakimindan Diinya’da ilk 10 ilke

(ISO, 2014).

Figure 4. The First 10 Countries in The World in Terms of ISO 22000 Certified Organization, Between The Years

2007-2014(ISO 2014).
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Sonu¢

Gelisen teknoloji ve iilkelerin refah diizeyindeki
artis yasam standartlarmin degismesine buna baglh
olarak daha bilingli tiiketicilerin ortaya ¢ikmasina
neden olmustur. Bilingli tiiketici saglikla beslen-
meyi birlikte kullanmaya baglanmistir. Bu nedenle
giinlimiizde gida giivenligi hi¢ olmadig1 kadar
onem kazanmustir. Pazar payin1 korumak isteyen
veya bliylitmek isteyen isletme iiriinde farklilag-
maya giderken tiiketicilerin gida giivenligi konu-
larindaki mutlak taleplerini de karsilamaya calis-
maktadir. Bu nedenle farkli gida giivenligi sistem-
lerini isletmesinde uygulamaya ¢aligmaktadir. Pek
cok arastirmaci tiiketicilerin gida giivenligi bilgi
diizeyi, satinalma davranislar1 lizerine etkileri gibi
alanlarda akademik arastirmalar yapmaya basla-
miglardir. Bu ¢aligmanin; Diinya’da en ¢ok bilinen
gida giivenligi yonetim sistemlerinden birisi olan
ISO 22000’1 isletmesinde uygulamak isteyen islet-
melere ve bu alanda akademik c¢alismalar yapan
arastirmacilara literatiir agisindan kaynak olustu-
rabilecegi diistiniilmektedir.
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Abstract:

Phenolic compounds are healthy substances, therefore
amount of phenolic compounds in fruits/fruit juices are
important for customers. Flavonoids are the most com-
mon and widely distributed group of plant phenolics.
Fruits and fruit juices are among the best sources of
polyphenols in the human diet because of their high
content in most fruits. Processing fruits can change
their content of phenolic compounds and heat
treatments usually decrease phenolic compounds in
fruits. Minimising losses of these bioactive compounds
during processing and storage are one of the priorities
and challenge for manufacturers. High hydrostatic
pressure (HHP) is a technology which can be used
instead of thermal process such as pasteurization and
can be combined with thermal process for sterilization.
This study discusses the impact of HHP processing

conditions on the stability of phenolic compounds in
fruits and their products after process, during storage
and compares with thermal process. Matrix of food and
processing parameters such as pressure, temperature,
time are important for retaining of phenolic
compounds. In general, several authors have proven
that HHP treatment on different fruit products slightly
modified their content of phenolic compounds. There
has not been much research comparing HHP with
thermal processes on effects of phenolic compounds in
fruits and fruit products, and researches generally
indicate that HHP is better than thermal processes on
retaining phenolic compounds.
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Introduction

Consumers are interested in the nutritional and
health-related characteristics of fruits and vegeta-
bles. Phenolic compounds are healthy substances,
so amount of phenolic compounds in fruit and
vegetable products is important for customers.
Over the past decade much research has been car-
ried out on plant phytochemicals and their positive
health effects. It has been demonstrated that a diet
rich in fruits and vegetables containing various
classes of polyphenols (phenolic acids, flavonols,
catechin monomers, proanthocyanidins, flavones,
flavanones, and anthocyanins) decreases the risk
of premature mortality, cardiovascular disorders,
advancing  age-induced  oxidative  stress,
inflammatory responses and diverse degenerative
diseases (Michels et al., 2000; Torres et al. 2011;
Sanchez-Moreno et al. 2009).

Flavonoids are the most common and widely
distributed group of plant phenolics. Among them,
flavones, flavonols, flavanols, flavanones,
anthocyanins, and isoflavones are particularly
common in fruits. Fruits are among the best
sources of polyphenols in the human diet because
of their high content in most fruits and the
relatively large serving sizes (100-200 g).

High hydrostatic pressure (HHP) is a technology
which subject’s liquid and solid foods, with or
without packaging, to pressures between 100 and
800 MPa. Process temperature during pressure
treatment can be specified from below 0°C (to
minimize any effects of adiabatic heat) to above
100°C. High pressure processing (HPP), is also
described as high hydrostatic pressure (HHP), or
ultra high pressure (UHP) processing in literature
(FDA, 2015).

HHP technology can be used for various purposes
such as pasteurization, extraction and osmotic
dehydration. HHP technology can be combined
with other thermal and non-thermal technologies
such as ultrasound, pulsed electrical field (PEF),
gamma-irradiation etc., which are excluded in this
paper. This paper aims to provide a detailed and
critical review of the latest applications of HHP on
fruit and fruit juices, the effect of HHP on phenolic
compounds are especially emphasized.

Thermal Processing and HHP

Thermal processing, which is the conventional
method for the inactivation of plant enzymes and
inhibition of microorganisms, is not suitable for
soft fruits. In addition to desirable effect of

microbial and enzyme inactivation, it results in the
loss of physicochemical and nutritional quality
attributes of the product. The color and flavor of
most fruits deteriorate during thermal processing.
As a consequence, the addition of artificial color
is usually necessary during thermal processing of
fruits (Burrows, 2001).

The application of HHP has the potential to
produce high quality fruits that display
characteristics of fresh foods, are
microbiologically safe and extended shelf life
(Huang et al., 2013). HHP preserves nutritional
value with a minimal effect on the product quality
and sensory properties of fruits and vegetables,
since low molecular weight food compounds, such
as flavoring agents, pigments, and some vitamins
are not altered, because covalent bonds are not
affected by pressure (Oey et al., 2008; Bala et al.,
2008; Ramirez at al., 2009). Over the last years,
HHP has been investigated and several
commercial products, including fruit juices, i.e
mandarin, grapefruit, apple, orange, carrot juices
and broccoli-apple juice mixture treated by HHP
are currently available on market (Ahmed et al.,
2005; Barba et al., 2011; Bull et al.,, 2004;
Mclnerney et al., 2007).

The effect of HHP can vary depending on
processing conditions (pressure, hold time,
temperature), food form (whole, pieces, juice,
puree, mousse or smoothie) and intrinsic factor of
food such as pH. Grape, strawberry, apricot and
apple polyphenol oxidase (PPO) seem to be more
pressure sensitive than other PPO’s. Apricot,
strawberry and grape PPO can be inactivated by
pressures exceeding 100, 400 and 600 MPa,
respectively. Depending on pH, pressures of 100-
700 MPa were needed for the inactivation of apple
PPO. There are many studies on thermal
denaturation of PPO, but less data about the
pressure inactivation of PPO are available. It is
known that PPO may be activated or inactivated
by HHP (Lopes et al., 2010).

HHP-processed fruits and fruit products may
exhibit long-term changes in flavor, nutritional
properties, and color as a result of the residual
activity of endogenous enzymes (Boynton et al.,
2002). To reduce enzyme activity and preserve
food quality during processing and storage,
different methods have been succesfully applied in
combination with HHP, e.g. low pH conditions,
refrigerated storage, high temperature treatment,
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and anti-browning agents (Guerrero-Beltran et al.,
2006; Krebbers et al., 2003).

Effects of HHP on Phenolics of Fruits
and Fruit Products

Processing fruits and fruit products can change
their content of phenolic compounds and heat
treatments can reduce phenolic compounds in
fruits and fruit products. Many factors affect the
stability of the anthocyanins, including tempera-
ture, pH, oxygen, enzymes, the presence of co-
pigments and metallic ions, ascorbic acid, sulphur
dioxide as well as sugars and their degradation
products. Similarly, the behaviour of the polyphe-
nol content is similar to that observed for the an-
thocyanin content in several liquids, semi-solid or
solid foodstuffs (Ferrari et al., 2011). Great tech-
nological and research efforts have been made to
obtain fruit juices by HHP without the quality and
nutritional damage caused by heat treatments.
Foods are processed in batch systems, in a
pressure range of 50-1000 MPa; process
temperature during pressure treatment can be from
below 0 to above 100 °C, while exposure time
usually ranges from seconds to 20 minute (Corbo
et al., 2009).

HHP treatment at ambient temperature is reported
to have minimal effect on the anthocyanins
content of various fruits and vegetables. Several
authors have reported that the anthocyanins of
different liquid foods are stable to HHP treatment
at moderate temperatures. Impact of processing
conditions affects the stability of phenolic
compounds in fruits and their products. Matrix of
food and processing parameters are important for
retaining of phenolic compounds. Combination
with other mild processing methods (ultrasound,
gamma-irradiation, antimicrobial peptides) can
help to retain nutritional and health-related
characteristics of plant-derived products by
assuring the safety of the product indeed during
the storage period. The optimization of the HHP
process conditions (pressure, temperature and
time) is important for phenolic quantification
(Tokusoglu et al., 2010; Corbo et al., 2009).

Several authors have reported the increased
extractability of coloured pigments in food
components at extreme pressures results
polyphenol content increase. The authors attribute
the increase of the total phenolic content to the
release of some antioxidant components such as
anthocyanins, amino acids and protein with
phenolic hydroxyl group after HHP treatment

from solid suspended particles following the high
pressure processing. For semi-solid foods, the
HHP treatment could potentially improve the total
polyphenol content and prevent the degradation
deriving from the application of high
temperatures, as observed in traditional thermal
treatments for food pasteurization/sterilization.
This increase in total phenolic content (TPC) may
be related to an increased extractability of some of
the antioxidant components following high
pressure processing. According to Le Chatelier’s
theory, the volume of system tends to be reduced
during the pressure promoting period. In this
process, the extracting solvent comes into cells to
integrate with bioactive components. Besides,
HHP can increase the rate of mass transfer
resulting in an enhancement of solvent penetration
into the cells by disrupting the cellular walls and
hydrophobic bonds in the cell membrane, which
may lead to a high permeability (Jun et al., 2009;
Prasad et al., 2009; Cao et al., 2011).

Most of the studies showed that total phenolic
compounds and some phenolic compounds
(hesperetin, naringenin and anthocyanins)
increased or unchanged by HHP. In general,
several authors have proven that HHP on different
fruit products (orange juice, lemon juice, apple
juice, strawberry puree, kiwifruit puree,
orange/carrot juice, apple/broccoli juice) slightly
modified their content of phenolic compounds
(Sanchez-Moreno et al., 2009; Cao et al., 2011;
Barba et al., 2012). However, the effect of high
pressure on the anthocyanin content of fruit
derivatives cannot be generalized, while the
composition of the product, the activity of the
oxidative enzymes and the processing and
operative conditions could compromise the
efficiency of the HHP treatment. Enzymes such as
polyphenoloxidase, peroxidase and -glucosidase
have been implicated in the degradation of
phenolics and anthocyanins (Torres et al., 2011).
Polyphenol oxidase (PPO) catalyses the
hydroxylation of monophenols to o-diphenols and
the oxidation of o-diphenols to o-quinones in the
presence of molecular oxygen. The o-quinones are
highly unstable and either react with high
molecular ~ weight  polymers or  form
macromolecular complexes with amino acids and
proteins (Terefe et al., 2009; Thomas-Barberan et
al., 2001). Peroxidase (POD) catalyses the
oxidation of phenolic compounds in the presence
of hydrogen peroxides. Since the internal concen-
tration of hydrogen peroxide in plants is low, the
role of peroxidase in the in vivo degradation of
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polyphenols is sometimes questioned. However, a
synergistic activity of PPO and POD is possible
with PPO acting as the promoter of POD since hy-
drogen peroxide is generated during the PPO cat-
alysed oxidation of phenolic compounds
(Thomas-Barberan et al., 2001).

Effects of HHP on Anthocyanin Content of
Fruit and Fruit products

Anthocyanins were usually reported to be unsta-
ble, especially at high and abuse temperatures
during processing and storage. Changes of
phenolics and anthocyanins in fruits after HHP
process are showed in Table 1. No significant
change of anthocyanins is observed in strawberry
halves after 600 MPa HHP process. Changes of
phenolics and anthocyanins in fruits juices,
nectars and smoothies after HHP process are
showed in Table 2. HHP effectively retained
anthocyanins, phenolic compounds and color of
pomegranete juice for treated samples with 350
MPa and 550 MPa at room temperature (Varela-
Santos et al., 2012). Alpas (2013) also observed no
significant decrease in monomeric anthocyanin
pigment concantrations for HHP samples, but
thermal treatment (85°C/10min.) decreased
significantly monomeric anthocyanin pigment
concantrations in pomegranate juices. Greater
retention of HHP samples is found compared to
HTST (110°C/8.6s) samples in cloudy

pomegranate juice (Chen et al., 2013). In another
study, 63% of pomegranate juice anthocyanins are
retained after 400 MPa HHP process. At the end
of 21 and 72 days’ storage, 65% and 63% of
anthocyanins is retained at 4°C (Ferrari et al.,
2011). Anthocyanins of blueberry juice samples
treated with 600 MPa at 42°C, increased
significantly (Barba et al., 2011). No significant
change of cyanidin-3-glucoside is observed for
HHP treated blood orange juice (Torres et al.,
2011). Changes of anthocyanins and total
phenolics in fruit mousses and purees after HHP
process showed in Table 3. No significant change
in concentrations of anthocyanins is also observed
for strawberry halves, strawberry and blackberry
purees (Terefe et al., 2009; Patras et al., 2009b;
Cao et al., 2011). Wild strawberry and strawberry
mousses showed 89% retention of anthocyanins
after 500 MPa/50°C/10 min. In another study, It is
reported that the stability of strawberry and red
raspberry anthocyanins, namely pelargonidin-3-
glucoside and pelargonidin-3-rutinoside, at 800
MPa for 15 min. at moderate temperature (18-
22°C) may be due to complete inactivation of
polyphenoloxidase (Pozo-Insfran et al., 2006). In
contast to these findings, Terefe et al. (2013) and
Talcott et al. (2003) showed significant loss of
anthocyanins in strawberry puree and muscadine
grape juice.

Table 1. Changes of anthocyanins and total phenolics in fruits after HHP process

Process and Storage Anthocyanin content Total Phenolics References
Conditions
After Storage
Process
600 MPa/60°C/10min., [ No SN 27+10% decreased No SN effect after HHP treatment.  [Terefe et
3 months storage at effect 22+13% decreased at the end of al.,2009
4°C storage.

Strawberry 200-800 MPa/18- Greater stability at 800 Zabetakis
22°C/15 min., storage MPa for P3G and P3R at et al. 2000
at 4-30°C for 9 days storage temperature of

4°C for 9 days storage.

Raspberry 200-800 MPa,18-22°C, Greater stability at 800 Zabetakis
15 min., storage at 4- MPa for C3G and C3S at et al. 2000
30°C for 9 days storage temperature of

4°C for 9 days storage.

Blackcurrants | 200-800 MPa /20- Best stability for C3R at Kouniaki
22,5°C/15 min., storage 600 MPa 5 °C, for D3R at et al. 2004
at 5-30°C for 7 days 800 MPa 5°C for

7 days storage.

Anthocyanin content of phenolics generally re-
duces during storage. While anthocyanins of

HHP-treated cloudy pomegranate, pomegranate
and strawberry juices are declining during storage,
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anthocyanins of HHP-treated blueberry juices
showed no change even after 56 days’ storage at
4°C (Chen et al., 2013; Zabetakis et al., 2000; Fer-
rari et al., 2011, Barba et al., 2011). Significantly
higher loss of anthocyanins in HHP-treated cloudy
strawberry juices were observed than in HHP-
treated clear strawberry juices at 4°C storage,
which was possibly due to higher concentrations
of oxygen absorbed on pulp particles promoting
the degradation of anthocyanins. Moreover, the
loss of anthocyanins in both juices at 25°C were
significantly higher than at 4°C and only less than
5% anthocyanins were retained in both juices after
6 months of storage at 25°C, which mainly re-
sulted from higher storage temperatures (Cao et
al., 2012). Zabetakis al. (2000) also reported 15-
20%, 50-60% and 70-80% decreases of anthocya-
nins in HHP-treated whole strawberry (200-
800MPa/15min/18-22°C) after 7 days of storage
at4,20 and 30°C, respectively. In addition, Ferrari
et al. (2011) reported that retention of
anthocyanins was %72 and %75 for wild
strawberry mousses and strawberry mousses
respectively after 21 days’ storage, 4°C (Ferrari et
al.,2011). The stability of anthocyanins can be due
to a possible complete inactivation of
polyphenoloxidase as reported for strawberry and
red raspberry treated by HHP (Pozo-Insfran et al.,
2006). Greater stability of several anthocyanins
for raspberry, strawberry, blackcurrants was
observed for 600-800 MPa amongst 200-800 MPa
treated samples at 4-5°C, 7-9 days’ storage
(Suthanthangjai et al., 2005; Zabetakis et al.,
2000; Kouniaki et al., 2004). With all treatments,
it is clear that the extent of anthocyanins losses
were lowest when fruits and fruit products were
stored at 4°C. Authors mostly reported that
anthocyanins are stable to HHP treatment at
moderate  temperatures, while anthocyanin
degradation generally occurs during the storage of
the processed foodstuffs. Loss of anthocyanins
was probably due to oxidation as well as
condensation of anthocyanin pigments with
phenolic compounds. Due to the residual oxygen
concentration and the activity of polyphenol
oxidase and peroxidase, a decreasing trend can be
seen during storage. Condensation reactions of
anthocyanins with other phenolics naturally
occurred in juices with storage times, phenolic
acids such as ferulic and syringic acids showed
complexities with anthocyanins in strawberry and
raspberry juices and condensation products were
unstable and further degrade to colorless
compounds. The stability of anthocyanins was

also influenced by other fruit components,
particularly the interaction of ascorbic acid with
anthocyanins. The degredation of anthocyanins
induced by ascorbic acid was hypothesized to
result indirectly from hydrogen peroxide
formation during oxidation of ascorbic acid,
which could trigger nucleophilic attack of the C2
of anthocyanins, and finally cause its ring open
into check ketone (Castanieda-Ovando et al., 2009;
Rein et al., 2005).

Effects of HHP on total phenolic content
(TPC) of fruits and fruit products

The effects of thermal and high hydrostatic
pressure (HHP) processing on phenolics of fruits,
fruit juices, nectars, purees, mousses, smoothies
were assessed by several studies. Total phenolic
content (TPC) of pomegranate juice increased
significantly after 350 and 500 MPa/30-150 s.
HHP process. TPC showed an increase in the first
3 days and started to decrease after 5 days for HHP
samples. TPC of control samples was also
decreased during storage at 4°C (Varela-Santos et
al., 2012). In addition, significant increase of
phenolics after 300-400 MPa/2.5-25 min.
treatment was observed in cloudy pomegranate
juice (Chen et al., 2013). Alpas (2013) also studied
pomegranate juices at 200-400 MPa/5-25°C/5-10
min., no significant change was reported for HHP
samples, while significant decrease of phenolics
was reported for TT (85°C/10min.).

Changes of anthocyanins and total phenolics in
fruit juices, nectars and smoothies after HHP
process demonstrated in Table 2. Orange-juice
milk  beverage showed significant and
nonsignificant increases for 100-400 MPa HHP
treatments and thermal treatments following 90-
98°C, 15-21 s. In addition, TPC of smoothie, mix
of papaya, melon juices, carrot puree and
skimmed milk, after 450-600 MPa HHP treatment
increased (Andres et al., 2015). After process,
TPC of HHP smoothies was slightly higher
(=11%) compared to TT samples (Keenan et al.,
2010; Keenan et al., 2012). Likewise, orange juice
milk beverage and smoothies, TPC of prickly pear
beverage, apricot nectar and litchi juice increased
after HHP process (Jimenez-Aguilar et al., 2015;
Huang et al.,, 2013; Zheng et al., 2014). HHP
treatments increased total and individual
phenolics in apricot nectars, which were signifi-
cantly lower than those in HTST-treated apricot
nectars (Huang et al., 2013). While HHP increased
TPC in litchi juice, a fermented fruit juice, TPC
decreased by TT. During 4 weeks of storage at
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4°C, TPC in heat treated litchi juice showed a ten-
dency to slowly decrease, while a slight fluctua-
tion is observed in TPC of HHP-treated litchi juice
(Zheng et al., 2014). Barba et al. (2011) reported
that TPC in HHP-treated and untreated blueberry
juice showed no change after process. Likewise,
TPC of mango nectar did not change after HHP

(600MPa/lmin.) and HTST (110°C/8.6 s). During
56 days’ storage of blueberry juices at 4°C,
fluctuations in the TPC were observed for all
blueberry juice samples. After 16 weeks’ storage,
TPC decreased by 19.11 and 27.94% in HHP-
treated samples, and by 17.03 and 25.23% in
HTST-treated samples at 4 and 25°C, respectively.

Table 2. Changes of anthocyanins and total phenolics in fruit juices, nectars and smoothies after HHP

Berkel Kasikci and Bagdathioglu, 2(1): 27-39 (2016)

process
Process and Storage Anthocyanin content Total Phenolics
Conditions
After Process Storage
Pomegranate 400 MPa/25°C/5min, |63% of 65% is retained at Ferrari et
juice 21-72 days storage at | anthocyanins 21 days storage, al. 2011
4°C retained 4°C; 63% is
retained at 72 days
storage, 4°C
Pomegranate [ 350-500MPa/30-150s. | No SN decrease in TPC is increased significantly Varela-
juice 35 days storage monomeric between 3.38-11.99% after HHP. Santos et
anthocyanin TPC showed an increase in the first | al. 2012
pigment 3 days and started to decrease after 5
concentrations for days for HHP samples. The
HHP samples, SN phenolic content is also decreased
decrease in for control samples during storage.
control samples
Pomegranate | 200-400 MPa/5- No SN decrease in No significant decrease in phenolics |Alpas 2013
juice 25°C/5-10min. or TT | monomeric for HHP samples, significant
(85°C/10min) anthocyanin decrease in TT samples
pigment
concentrations for
HHP samples, SN
decrease in TT
samples
Cloudy 300-400 Mpa/2.5-25 | Greater retention | Decrease for HHP | SN increase for HHP samples and Chen et al.
pomegranate | min. or for HHP samples |and HTST samples | SN decrease for HTST samples after 2013
juice HTST(110°C/8.6s), treatment. During storage, TPC
90 days storage at 4°C decreased in HHP and HTST
samples. There was no significant
difference
in the total phenols among each
detected points from the thirtieth day
to ninetieth day during the storage
Strawberry 600 MPa/4 min., 6 29.76% and 7.02% [ 16.22% and 13.82% decrease for | Cao et al.,
juice (cloudy | month storage at 4- decrease for cloudy and clear samples [ 2012
and clear) 25°C cloudy and clear respectively at the end of 6 months,
samples 4°C.The decrease at 25°C almost
respectively at doubled.
4°C. The decrease
at 25°C almost
doubled.
Muscadine 400 -550 MPa /15 min | 70 % loss at 400 Talcott et
grape juice MPa and 46% loss al. 2003
at 550 MPa
Blueberry 600 MPa/42°C/5 min. | SN increase No change after 56 | No change in TPC of treated and Barba et al.
juice 7-56 days storage days storage untreated samples after process. 2011
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During 56-day storage at 4 °C
fluctuations in the TPC were
observed for all juices.

Blood orange |400-600 MPa/15 min, |> %99 retention | Greater stability at Torres et
juice storage at 4, 20°C of C3G is 500 MPa for C3G al. 2011
observed at 4°C for 10 days
storage
Orange juice- | 100- 400 MPa for SN and NSN increases for all HHP [Barba et al.
milk beverage | 120-540 s or TT(90- treatments except 400 Mpa, 540 s 2012
98°C/15-21 s) SN and NSN increases for all TT
Litchi juice 500Mpa/2min. or TT NSN increase in TPC after HHP Zheng et
(95°C/1min). 4 weeks treatment, decrease after TT. The al.2014
storage content of total phenolics in
fermented heat-treated
litchi juice showed a tendency to
slowly decrease during 4 weeks of
storage at 4°C, while a slight
fluctuation in the content of total
phenolics of fermented HHP-treated
litchi juice during 4 weeks of storage
at 4°C was observed.
Prickly pear 400—550 MPa/0.3-16 SN increase in 550MPa/t>2min. Jimenez-
beverage min. samples Aguilar et
al., 2015
Apricot nectar |300-500MPa/5-20 HHP treatments increased total and | Huang et
min. or HTST( individual phenolics al. 2013
110°C/8.6s) in apricot nectars,which were
significantly lower than those in
HTST-treated apricot nectars.
Mango nectar | 600MPa/lmin or No SN changes IN TPC after HHP Liu et al.
HTST( 110°C/8.6s) or HTST.After 16 weeks storage, 2014
16 weeks storage at 4 TPC decreased by 19.11 and 27.94%
and 25°C, steam in HHP-treated samples, and by
blanching was 17.03 and 25.23% in HTST-treated
implemented prior samples at 4 and 25°C, respectively.
both HHP and HTST
Fruit smoothie | 450-600 MPa/20 TPC of HPP smoothies (450 MPa;5 | Keenan et
°C/1-120 min. or min) was slightly higher (~11%)] al. 2010;
TT(P70 > 10 min) compared to TT samples. Keenan et
al.2012
Smoothie (mix [450-600MPa/20°C/3 TPC increased after HHP treatment. | Andrés et
of papaya, min or TT (80°C/3 TPC decreased 15%, 12%, 11% and | al. 2015
melon juices, |min.), 45 days storage 8% for untreated, HHP-450, HHP-

carrot puree
and skimmed
milk)

at 4°C

600 and TT samples respectively at
the end of storage period.
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Table 3. Changes of anthocyanins and total phenolics in fruit mousses and purees after HHP process

Process and Storage Anthocyanin content Total Phenolics
Conditions
After Process Storage
Wild 500MPa/50°C/10min, |89% of 72% is retained at Ferrari et
strawberry 21-72 days storage at | anthocyanins 21 days’ storage, al., 2011
mousses 4°C retained 4°C;
63% is retained at
72 days storage,
4°C
Strawberry 500MPa/50°C/10min, |89% of 75% is retained at Ferrari et
mousses 21-72 days storage at | anthocyanins 21 days’ storage, al., 2011
4°C retained 4°C;
65% is retained at
72 days storage,
4°C
Apple Puree 400-600 MPa/5min/20 No change at 400 MPa, SN decrease | Landl et
°C or at 600 MPa.Storage revealed that mild | al., 2010
TT(75°C/10min.), 7- pasteurization preserved higher levels
21 days storage of phenolics than pressure-treated
samples.
Strawberry 400-600 MPa/15 No change at Strawberry: no change for 400-500 | Patras et
and blackberry [ min/10-30°C or TT HHP, SN decrease Mpa, SN increase for 600 MPa, SN | al., 2009b
purees (70°C/2min) at TT for all decrease for TT
samples Blackberry: no change for 400MPa
and TT. SN increase for 500, 600MPa
Strawberry 600 MPa/20°C/5min. | SN decrease for SN decrease for SN decrease for HHP and TT Terefe et
puree or TT (88°C/2min.), 3 |HHP and TT HHP and TT samples after process.Slightly higher | al., 2013
months storage at 4°C | samples samples loss of TPC were observed during
storage of HHP samples compared to
TT samples.
Strawberry 400-600MPa/5-20min. | No SN change for SN decrease at 400MPa, No SN |Caoetal.,
pulp or TT ((P70 >2 min.) [ all HHP samples, change at 500, 600MPa, SN increase | 2011
SN decrease at TT atTT
Gooseberry 300-500MPa/3-5min., The maximum levels of TPC were Vega-
pulp 60 days storage observed at 500MPa/5min. at day 0. | Galvez et
Some HHP treatments showed al., 2014

reduction in the TPC relate to control
samples at day 60.

C3G: cyanidin-3-glucoside

time

C3S: cyanidin-3-sophoroside
P3G: pelargonidin-3-glucoside

P3R: pelargonidin-3-rutinoside

C3R: cyanidin-3-rutinoside
D3R: delphinidin-3-rutinoside

SN:

NSN: nonsignificant
thermal treatment

TT:

significant

HTST:high temperature short

TPC:total phenolic content
HHP:high hydrostatic pressure
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In table 3, changes of anthocyanins and total phe-
nolics in fruit mousses and purees after HHP pro-
cess is showed. The maximum TPC in gooseberry
pulp was observed after 500 MPa/5 min. HHP
amongst 300-500 MPa/3-5 min. HHP treatments.
Some of HHP-treated samples had higher TPC
some of them had lower TPC than control samples
(Vega-Galvez et al., 2014). Similar results were
obtained for apricot nectars and apple puree
(Huang et al., 2013). TPP content of apple puree
was not changed during processing at 400 MPa,
but was affected by the 600 MPa and also slightly
by the pasteurization (Landl et al., 2010). Based
on these results, it can be concluded that HHP
treatment, due to changes in fruit pulp microstruc-
ture, produces changes in the distribution and
aggregation of phenolic compounds. High
pressure treatment can increase the rate of mass
transfer in an enhancement of solvent penetration
into the cells by disrupting the cellular walls and
hydrophobic bonds in cell membrane, which may
lead to a high permeability (Prasad et al., 2009).
Thus, the increase in total phenols may be related
to an increased extractability of some antioxidant
components such as anthocyanins, amino acids
and protein with phenolic hydroxyl group after
HHP treatment (Cao et al., 2011).

TPC of strawberry purees and pulps showed
different trends after HHP treatments (Patras et al.,
2009b; Terefe et al., 2013; Cao et al., 2011). TPC
of strawberry purees increased at 600 MPa/10-
30°C/15. min., while TPC of strawberry purees
showed no change for 400-500 MPa/10-30°C/15
minutes (Patras et al., 2009b). Likewise, Cao et al.
(2011) reported no significant change in TPC
following HPP  (400-600MPa/5-25min.) In
contrast, Terefe et al. (2013) observed significant
decrease at 600MPa/20°C/5min. Terefe et al.
(2013) attributed to homogenized strawberry
puree samples with substantial tissue disruption,
which allowed significant enzyme-substrate
interaction during processing due to tissue
decompartmentalisation. In  addition, the
strawberry halves, which showed no significant
change in TPC after HHP, were vacuum packed
limiting the availability of oxygen for oxidation
(Terefe et al., 2009). These may explain the
observed difference between Terefe et al. (2013)
and other studies in the literature like that of
Terefe et al. (2009) and Patras et al. (2009b) where
the samples were vacuum packed. Patras et al.
(2009b) and Terefe et al. (2013) reported that
thermal treatment caused significant decrease in
TPC of strawberry purees, while Cao et al. (2011)

reported significant increase in TPC of thermally
treated strawberry pulps. Cao et al. (2012)
reported that TPC of 600 MPa/4 min. HHP-treated
cloudy and clear strawberry juices decreased
16.22% and 13.82% respectively at the end of 6
months’ storage, 4°C. The decrease at 25°C
almost doubled, which was due to decomposition
of total phenols induced by higher temperatures
during storage (Cao et al., 2012). Normally,
polyphenol oxidase and peroxidase were
considered to be the main enzymes responsible for
the decay of phenols in processed fruits and their
derived foods. However, these two enzymes could
totally inactivate in blanching, and no enzymatic
degradation of total phenols was present in some
studies. The decrease of total phenols attributed to
the oxidation degradation of phenolic compounds
and the polymerization of phenolic compounds
with proteins (Cao et al., 2011).

Enzymatic oxidation (polyphenol oxidase and
peroxidase) and non-enzymatic autooxidation are
responsible of phenolics deterioration. For several
PPO enzymes, it has been reported that pressure-
induced inactivation proceeds faster at lower pH
however the inactivation is also influenced by the
addition of salts, sugars or other things. However,
it must be noted that the effect of HHP processing
parameters such as pressure, temperature and time
along with physicochemical properties of fruit
such as total soluble solids and pH have varying
effects on the enzymes responsible for
anthocyanins and phenolics stability in HHP
processed fruits and fruit products (Pozo-Insfran
et al., 2000).

Conclusions and Future Trends

Phenolic compounds are healthy substances and
food industry aims to preserve these compounds
and decrease losses of these substances. HHP of
fruits and vegetables has been revealed as a useful
tool to extend their shelf life and quality as well as
to preserve their nutritional and functional
characteristics.

Impact of processing conditions and matrix of
food on the stability of phenolic compounds in
fruits and their products after the process and
during storage are very important. It is considered
that HHP results in better retention of phenolics
and anthocyanins compared to thermal treatments,
although some studies indicate that this may not
be true in all cases. Processing conditions such as
pressure, time, temperature and food-related traits
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such as food matrix, pH affects retention of phe-
nolic compounds.

HHP generally proves itself compared to heat
treatment in preserving phenolic compounds, but
it depends on processing conditions. Further re-
search will be necessary for exploring new appli-
cations of HHP technologies, not only to improve
the sensorial quality and stability of foods as the
main objective, but also to obtain healthy products
which have more amounts of bioactive substances
like phenolic compounds by preserving them as
much as possible during processing. Processing
conditions of HHP such as pressure, temperature,
time, that increases or stabilizes phenolic
compounds, should be studied and determined for
more fruit and fruit products. Modelling of HHP
conditions for maximum phenolic increase or
retainment in different fruits and fruit products
would be beneficial.
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Abstract:

This study was performed to determine the presences
of Listeria species in three fish processing factories in
Izmir, Turkey. Gilt head seabream (Sparus aurata) has
been processed in three factories and exported as frozen
to other foreign countries. Listeria spp. expecially Lis-
teria monocytogenes can be a point under consideration
of fish processing factories while exporting. For this
purpose; A total of 300 samples were examined for Lis-
teria spp in three fish processing factories to determine
the contamination levels of fish processing factories
with Listeria spp. Samples were taken from units of fish
processing factories such as (boxes, processing tables,
floors) and equipments (processing coats, gloves) and
also processed products (frozen fish). According to the
results of this study, Listeria monocytogenes was iso-
lated from 21 or 7% of the samples Listeria ivanovi was
isolated from 15 or 5% of the samples and Listeria
welshimeri/innocua was isolated from 2 or 0.6% of the
samples collected from three factories. Listeria welshi-
meri/innocua was only isolated from the processing
coats (2 or 11%) in factory A. However, Listeria mon-
ocytogenes was isolated from boxes (1 or 6%), pro-
cessing tables (2 or 11%), floor (4 or 22%), processing
coats (3 or 17%), gloves (6 or 33%) and frozen fish (5
or 50%) samples taken from the factory C. Except for

frozen fish, Listeria ivanovi was isolated from boxes (7
or 39 %), processing tables (3 or 17%), floor (3 or
17%), processing coats (1 or 6 %) and gloves (1 or 6%)
taken from the factory B. The incidence of Listeria spe-
cies in the production line of fish processing factories
points out that contamination can occur during fish pro-
cessing stage. Therefore, Listeria spp. must be con-
trolled during processing of fishery products. Proper
cleaning and sanitation programme of fish processing
factories must be applied. Samples must be taken and
examined regularly from every units and equipments of
fish processing factories to avoid the contamination and
spread of Listeria spp in fish processing factories.
Cleaning of fish processing equipments and fish pro-
cessing units could be very important in order to avoid
the occurrence of cross contamination of the fishery
products. It must be taken hygienic precautions because
of the contamination of Listeria spp. Besides HACCP
plan must be applied to prevent recontamination of Lis-
teria species to fishery products and it must be also ap-
plied to eradicate Listeria species from the fish pro-
cessing factories.

Keywords: Listeria spp, Contamination, Fish pro-
cessing factories, Fishery product
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Introduction

Listeria monocytogenes has been regarded as a
foodborne pathogen since the early 1980s and has
been indicated as the causative agent in several
foodborne outbreaks of listeriosis Dillon and Patel
(1993). L. monocytogenes is a widespread micro-
organism in the environment which can be iso-
lated from a variety of foods including fish. Fresh,
frozen, undercooked, dried-salted, marinated, cold
and hot smoked fish and fishery products are as-
sociated with the contamination Listeria spp.
(Motes 1991, Farber 1991, Jemmi and Keusch
1992, Huss 1997, Beumer 1997, Poysky et al.
1997, Jorgensen and Huss 1998, Kilinc, 2001,
Miettinen and Wirtanen, 2006, Porsby et al. 2008,
Kovacevic et al. 2012).

Biofilm formation of Listeria spp. at various envi-
ronmental conditions significantly impairs cell
variation and certain strains are capable of domi-
nating others in colonization of surfaces. Plank-
tonic cells tend to proliferate faster than detached
cells and even more than attached, especially at
stringent conditions and low contamination levels.
However, at high initial contamination levels and
conditions close to optimal, such differences are
less pronounced (Belessi et al. 2011). The im-
portance of preventing pre-and postprocessing
contamination of L. monocytogenes are also nec-
essary. Because a significant increase of L. mono-
cytogenes is measured during storage, there might
be an increasing risk of infection for the consumer
by storing such fish for a long time (Guyer and
Jemmi 1991). Up to 75 % of retail packages of
sliced smoked salmon have been shown to be con-
taminated by Listeria monocytogenes (Fletcher
and Rogers 1991). Contrary to some literature
data, it was concluded that L monocytogenes is
able to grow significantly on refrigerated vacuum-
packaged cold smoked salmon within the shelf-
life of the product (Hudson and Mott 1993). L.
monocytogenes contamination in smoked sea-
foods which are not cooked prior to consumption,
may pose a health risk to the consumer (Dillon and
Patel 1993). The growth of the psychrotrophic
pathogens L. monocytogenes during refrigerated
storage on aquacultured fish fillets could increase
the food hazard risk, particularly where there is a
possibility of cross-contamination with ready—to—
eat food products (Fernandes et al. 1998). Most
processors carry out appropriate food safety prac-
tices, but some improvements are needed in order

to minimize the risk of Listeria contamination. It
was found that the larger processors achieved bet-
ter temperature control than the smaller proces-
sors. Approximately half of the visited premises
needed to improve their refrigerated storage. The
risk of ceiling condensation dripping onto product
was a common problem, but the smaller premises
were the most affected. Small food business oper-
ators require additional information on how clean-
ing and sanitation throughout the process can re-
duce contamination of the final product. Further-
more, guidance describing the best way of deter-
mining shelf life was requested by small proces-
sors (Rotariu et al., 2014). Behavior of planktonic,
attached and detached L. monocytogenes cells in
response to changes in the environmental condi-
tions. This may be associated with cross-contami-
nation scenarios occurring between surfaces and
products in a food industry or even between prod-
ucts with different physicochemical parameters,
and could contribute to the development of bio-
traceability models. Further knowledge on such
physiological changes will markedly assist in risk
assessment of L. monocytogenes, as well as in the
development of efficient HACCP plans (Belessi et
al. 2011). Processors having the highest Listeria
prevalence were also those most concerned about
what microbiological testing should be carried out
and how to evaluate the quality of their products.
Most processors rarely exceeded (i.e. once every
several years) the statutory limit set by the Euro-
pean Union (>100 cfu/g or presence in 25 g). The
small producers did not undertake product testing
for Listeria because of high test costs and lack of
technical expertise. Hence, it was concluded that
sharing expertise between producers, especially to
smaller processors would be beneficial in terms of
consumer protection (Rotariu et al., 2014). In re-
cent years, consumer attention has centered on the
acquisition of very fresh food. Therefore, the food
industry has focused not only on meeting the
safety regulations in this field, but also in keeping
customers by providing safe and healthy products
(Calanche et al., 2013). Microbiological assess-
ment along the fish production chain of Norwe-
gian pelajic fisheries sector were studied by
(Svanevik et al., 2015). This study has revealed
that the quality of pelagic fish can be optimised by
improving the hygiene conditions at some critical
points at an early phase of the production chain.
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Thus, the proposed assessment scheme may pro-
vide a useful tool for the industry to optimise qual-
ity and maintain consumer safety of pelagic fish-
ery products (Svanevik et al., 2015).

Microbial fish safety is getting a close attention
from regulatory agencies and consumers. There-
fore, fish farm raising rainbow trout and affiliated
slaughterhouse and smoking plants were evalu-
ated for the occurrence of Listeria monocytogenes
in Turkey (Kisla et al., 2007).

There are many studies in the literature made
about occurrence of Listeria spp. in food pro-
cessing plants (Korsak et al.,, 2012; Camp-
depadros, et al., 2012; Almeida et al., 2013;
Strydom et al., 2013; Martin et al., 2014; Ortiz et
al., 2014; Ruckeri et al., 2014; Rodriguez-Lopez
et al. 2015). There are a few studies made about
the presence of L. monocytogenes in fish pro-
cessing factories in the other countries (Duarte, et
al., 1999; Miettinen and Wirtanen, G 2006; Skara
et al., 2011). However, in Turkey there are very
limited studies made about regarding the presence
of L. monocygones in hot-smoked fish processing
plant (Kisla et al., 2007).

The hygienic qualities of processed fishery prod-
ucts have been affected from the hygienic qualities
of fish processing factories. For this purpose; the
aim of this study was to examine the hygienic
qualities of three fish processing factories acco-
ciated with Listeria spp.

Materials and Methods

Samples

A total of 300 samples were examined for Listeria
spp in three fish processing factories. In each fac-
tory a total of 100 samples were examined. Each
plant was visited two times while processing of
gilt head seabream (Sparus aurata). A total of 100
samples were taken from each fish processing fac-
tory in two different processing time. Samples
were collected from the same places in each fac-
tory. Samples were taken from boxes, processing
tables, floors, processing coats and gloves by
swapping (5x5 cm? of area). Each site was
swabbed 3 times. Frozen fish samples were also
taken. All swapped samples were put into preen-
richment broth and transported to the Microbiol-
ogy Laboratory of Ege University Fisheries Fac-
ulty, Fish Processing Technology Department
under refrigeration in 30 minutes.

Microbiological analyses

Horizontal method (ISO 11290-1:1997) was used
for determining Listeria spp. Brilliance™ Listeria
Agar can be used following a variety of enrich-
ment procedures i.e. [SO, NMKL, BAM, etc. The
following is a suggested protocol using ONE
Broth-Listeria. This method has been validated by
AFNOR and been shown to give equivalent results
to (ISO 11290-1:1997). One Broth Listeria Base
(CM 1066, Oxoid, Basingstoke, Hants, England)
were used for the enrichment step of the Listeria
species method. One Broth Listeria Selective Sup-
plement (SR0234E) were added as supplement.
Brilliance™ Listeria Agar is a medium for isola-
tion, enumeration and presumptive identification
of Listeria species and Listeria monocytogenes
from food samples. Brilliance ™ Listeria Agar
Base (CM 1080 Oxoid, Basingstoke, Hants, Eng-
land) were prepared. After the sterilization period,
Brilliance™ Listeria Differential Supplement
(SRO228E) and Brilliance™ Listeria Selective
Supplement (SR0227E) reconstituted as directed
mixed well and poured into sterile petridishes.

Each 25 g of sample was put in stomacher bag and
added 225 mL of One Broth Listeria Base (CM
1066, Oxoid, Basingstoke, Hants, England).
Samples were homogenised by using stomacher
(IUL, Barcelona, Spain) for 30 sec. and incubated
at 30°C for 24 +2h. Inoculum (10 pL) was sprea-
ded on Brilliance Listeria Agar Base (CM 1080
Oxoid, Basingstoke, Hants, England). Plates were
incubated at 37°C for 24 £2 hours. The plates were
examined for blue colonies with and without
opaque white halos. When testing frozen fish
samples, incubated negative plates for a further 24
+2 hours and examined again according to method
of (ISO 11290-1:1997).

All cultures were tested and identified using the
API Listeria identification kit (BioMerieux, Ba-
singstoke, Hants, England) which comprises a gal-
lery of 10 microtubes containing dehydrated
substrates for enzymatic or sugar fermentation
tests. The API Listeria identification test kit (Bio-
Merieux, Basingstoke, Hants, England) includes
an amino acids peptidase substrate (DIM reaction)
which is hydrolysed by all Listeria species with
the exception of Listeria monocytogenes. Kits
were used in accordance with the manufacturers’
instructions. (McLauchlin, 1997).
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Statistical Anaysis

The Fisher’s Exact Test was used to determine the
statistical differences between the three fish pro-
cessing factories. Statistically significant differ-
ences according to the existance of Listeria spp. in
the three fish processing factories between units,
equipments and frozen fish samples were indi-
cated as (p<0.05 and p<0.10), no significant dif-
ferences were indicated as (p>0.10).

Results and Discussion

A total of 300 samples were examined and 38 dif-
ferent isolates of Listeria species were identified
in three fish processing factories. The species iso-
lated from three fish processing factories were dif-
ferent. In factory A, Listeria welshimeri/innocua
was isolated only from 2 samples taken from pro-
cessing coat. However, the other samples taken
from the factory A was not found positive for Lis-
teria species (Table 1).

Listeria ivanovi was only detected in factory B.
From the samples examined about Listeria spe-
cies, Listeria ivanovi which detected from 15 of
the 38 (39,5%) in factory B. Except for frozen fish,
Listeria ivanovi was isolated from boxes (7 or

39%), processing tables (3 or 17%), floor (3 or
17%), processing coats (1 or 6%) and gloves (1 or
6%) taken from the factory B (Table 2).

The species most often isolated was Listeria mon-
ocytogenes, which accounted for 21 of the 38
(55.3%) isolates. Listeria monocytogenes was iso-
lated all the samples taken from the factory C. Lis-
teria monocytogenes was isolated from boxes (1
or 6%), processing tables (2 or 11%), floor (4 or
22%), processing coats (3 or 17%), gloves (6 or
33%) and frozen fish (5 or 50%) samples taken
from the factory C (Table 3).

The existance of Listeria spp.in the fish processing
factories between units, equipments and frozen
fish were determined by using Fisher’s Exact test.
According to the results of this statistical test,
there was significant difference between factory B
and factory C at 0=0.05 level for boxes (p—value=
0.041) and frozen fish (p—value = 0.033). This sta-
tistical difference was obtained at a=0.10 level for
gloves (p—value= 0.088). According to the results
of this statistical analysis, it was not be obtained
any statistical significant difference between Fac-
tory B and C for processing tables and floors (p—
value= 1.000) and for processing coats (p—value=
0.603).

Table 1. Incidence of Listeria species in fish processing equipments, units and frozen fish of factoryA

Samples taken from fish The number The incidence number Listeria spp
processing areas of examined samples of Listeria spp

Boxes 18 -- --

Processing tables 18 -- --

Floor 18 -- --
Processing coats 18 2 (11%) Listeria welshimeri/in-

nocua
Gloves 18 -- --
Frozen fish 10 -- --

Table 2. Incidence of Listeria species in fish processing equipments, units and frozen fish of factory B

Samples taken from The number

The incidence number Listeria spp

fish processing areas of examined samples of Listeria spp

Boxes 18 7 (39 %) Listeria ivanovi
Processing tables 18 3 (17%) Listeria ivanovi
Floor 18 3 (17%) Listeria ivanovi
Processing coats 18 1 (6 %) Listeria ivanovi
Gloves 18 1 (6 %) Listeria ivanovi

Frozen fish 10
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Table 3. Incidence of Listeria species in fish processing equipments, units and frozen fish of factory C

Samples taken from The number

The incidence number Listeria spp

fish processing areas  of examined samples of Listeria spp

Boxes 18 1 (6%) Listeria monocytogenes
Processing tables 18 2 (11%) Listeria monocytogenes
Floor 18 4 (22%) Listeria monocytogenes
Processing coats 18 3 (17%) Listeria monocytogenes
Gloves 18 6 (33%) Listeria monocytogenes
Frozen fish 10 5 (50%) Listeria monocytogenes

Similarly, Dhanashree, Ottab, Karunasagar, Goe-
bel and Karunasagar (2003). were found L. in-
nocua in 30,8% and L. monocytogenes in 1,3% of
fresh raw fish samples. Other species of Listeria
were not isolated in this study. L. monocytogenes
was isolated from 4,2% of raw clams and 2,9% of
raw flat fish. It is interesting to note that among all
food samples studied, highest incidence of L. in-
nocua was observed in seafood. L. monocytogenes
was also isolated only from seafood. This suggests
that the risk of acquiring listeriosis is higher
through seafood in India. Samples that were posi-
tive for L. monocytogenes were raw seafood which
could be cooked before consumption. Neverthe-
less, presence of this organism in raw seafood
poses a health risk in kitchen where raw and
cooked seafood may be stored and handled. En-
cinas, Sanz, Garcia-Lopez. and Otero, (1999) re-
ported that counts of Listeria spp. were deter-
mined during the manufacture and drying of 21
lots of five chorizos (fermented spanish sausage)
varieties produced by three different manufactur-
ers. Manufacturing procedure and smoking signif-
icantly affected presumptive listeria counts. Thir-
teen strains recovered from F1 (factory 1) batches
were identified as: Listeria monocytogenes, Lis-
teria innocua and Listeria welshimeri. Listeria
strains from F2 (factory 2) were assigned to L. in-
nocua and L. welshimeri.

Miettinen and Wirtanen, (2006) focused on the
ecology of Listeria monocytogenes in a fish farm
by following the changes in its occurrence in dif-
ferent types of samples for a three-year period.
Weather conditions were found to have a strong
influence on the probability of finding Listeria
spp. in a fish farm environment. The number of
samples contaminated with Listeria spp. was typ-
ically bigger after rainy periods. Brook and river
waters as well as other runoff waters seemed to be
the main contamination source at the farm studied.
The farmed fish originally found to carry L. mon-

ocytogenes become gradually Listeria free. In an-
other study, L. monocytogenes is introduced into
meat processing plants through raw meat. To over-
come such contamination, suppliers of raw mate-
rial should adhere to specific microbiological con-
trol measures. In addition, more attention should
be focused on the appropriateness and compliance
with procedures of cleaning and disinfection.
(Thévenot et al. 2006). Other investigators from
New Zealand assessed the contamination pattern
of L. monocytogenes in Greenshell mussel pro-
cessing plants. It clearly demonstrated that facto-
ries harbor different populations of L. monocyto-
genes, but also that some of these may occur in
more than one plant. (Cruz and Fletcher 2011).
Listeria spp. are also found in smoked fish and
smoked plants. Rorvik et al. (1997) reported that
forty smoked salmon processing plants were ex-
amined for the occurrence of Listeria monocyto-
genes and other Listeria spp. in the smoked
salmon and the drains. L. monocytogenes was de-
tected in smoked salmon from 13 (33%) and in the
drains samples from 25 (63%) of the plants. Other
Listeria spp. were found in smoked salmon sam-
ples from 16 (40%) and in the drains of 30 (75%)
of the plants. Multivariate analyses of data on hy-
giene, management, production facilities of the
plants and bacteriological results showed that job
rotation was the strongest expressed risk factor for
isolation of L. monocytogenes from the smoked
salmon. Well-maintained facilities and use of vats
for salting of the fillets, showed a preventive ef-
fect. L. monocytogenes in the drains was found to
be a sensitive predictor for the presence of L. mon-
ocytogenes in the smoked salmon. In general, de-
tection of other Listeria spp. in the smoked salmon
or the drains could not be demonstrated to have
any association with detection of L. monocyto-
genes. Incidence and sources of Listeria monocyt-
gones in a traditional hot-smoked rainbow trout
processing plant in Turkey were studied by (Kisla
et al., 2007). In this study; samples including raw
fish, swabbings of equipment or other surfaces, as
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well as processing water, salt, fish feed and fish
samples taken after various stages of processing
were collected from thirty different locations in
the plant. For the detection of L. monocytogenes,
both conventional and Listeria Rapid Test (LRT)
were used. L. monocytogenes was detected in
thirty out of sixty samples (50%) by LRT, while it
was detected in thirty-four out of sixty samples
(57%) by conventional method. No L. monocyto-
genes was detected from raw fish, smoked fish
(before handling) and processing water, but it was
detected in all environmental samples including
swabbings of equipment or other surfaces and
smoked fish samples after filleting.

Gudbjornsdottir et al. (2004) detected L. mono-
cytogenes in meat processing plants varied from
0% to 15,1%, in poultry plants from 20,6% to
24,1% and in seafood plants from 5,9% to 22,1%.
In raw products the average incidence was 15,6%
for meat, 22,2% for poultry and 39,0% for seafood
products. The heating steps during the production
of RTE (ready- to- eat) products eliminated Lis-
teria. On average, 2,3% of RTE meat and 4,8% of
RTE seafood products were recontaminated with
L. monocytogenes. In the seafood sector almost all
Listeria positive samples also included L. mono-
cytogenes (91,1% of the positive samples),
whereas in the meat and poultry sectors other Lis-
teria species (mainly L. innocua) dominated. In
most plants, the implemented cleaning procedures
were insufficient to eliminate Listeria.

The prevalence of Listeria monocytogenes in
ready-to-eat products of markets in Northern
Spain was studied by Garrido et al. (2009), they
were being analyzed 783 samples of deli meat
products, smoked fish and paté. RTE smoked fish
was the most frequently contaminated food cate-
gory (25% positive), with high occurrence in some
brands (60% of lots positive). Significant differ-
ences in prevalence were found in in-store-pack-
aged deli meat products (8,5%) with respect to
manufacturer vacuum-packaged presentation
(2,7%). These results reflect the need to improve
hygiene and disinfection programs by addressing
more accurate cleaning practices and continuous
education of food workers. The occurrence of Lis-
teria spp. and Listeria monocytogenes in retail
RTE meat and fish products in Vancouver, British
Columbia (B.C.) was investigated by Kovacevic et
al., (2012). In this study conventional methods
were used to recover Listeria spp. from deli meat
(n =40) and fish (n= 40) samples collected from
17 stores. Listeria spp. were recovered only from

fish samples (20%); 5% harboured Listeria in-
nocua, 5% had L. monocytogenes and 10% con-
tained Listeria welshimeri. Liu and Su (2006) in-
dicated that food processing gloves were typically
used to prevent cross-contamination during food
preparation. However, gloves could be contami-
nated with microorganisms and become a source
of contamination. This study investigated the sur-
vival of Listeria monocytogenes on gloves and de-
termined the efficacy of electrolyzed oxidizing
(EO) water for reducing L. monocytogenes con-
tamination on seafood processing gloves.

Keeratipibul and Techaruwichit (2012) reported
that the surfaces from which Listeria spp. were
most frequently recovered were the liquid N
chiller exhaust pipe, the metal detector conveyor
belt and the freezer drain. Therefore, the cleaning
and sanitizing procedures were revised and strictly
implemented to reduce and eliminate the real
sources of Listeria contamination in the cooked
frozen chicken meat process. The other investiga-
tors reported that Listeria monocytogenes was able
to remain in specific places, particularly floor, in
the factory, despite the sanitization treatments per-
formed, although it was not detected on food con-
tact surfaces. The identification of these L. mono-
cytogenes survival points could be of value for im-
proving their control as part of HACCP program.
Both sanitizing protocols managed to reduce the
LM load but not to eradicate this microorganism
completely (Campdepadros et al. 2012).

L. monocytogenes contamination of the hot-
smoked rainbow trout in the plant seemed to have
originated from the processing environment.
There was a postprocess contamination in the
plant during the period of study because all the
samples after smoking were contaminated with L.
monocytogenes. Morever, detection of L. mono-
cytogenes from cleaned and sanitised equipments
indicated that insufficient cleaning and sanitising
procedures ignoring the possibility of biofilm
were applied in the plant. It is therefore important
to take hygienic precautions at different steps of
the process to prevent colonization and spread of
L. monocytogenes in processing plants. Applica-
tion of a control system as HACCP will help to
assure the microbiological safety and quality of
the finished product (Kisla et al., 2007).

In the present study, Listeria welshimeri/innocua
was isolated only from two samples taken from
processing coats in factory A. In this factory the
main contamination source was determined on
processing coats. Gloves were contaminated with
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Listeria spp in two factories. Listeria ivanovi was
isolated from gloves (1 or 6%) taken from the fac-
tory B and Listeria monocytogenes was isolated
from gloves (6 or 33%) taken from the factory C.
Likewise, in the other study Liu and Su (2006) re-
ported that gloves could be contaminated with mi-
croorganisms and become a source of contamina-
tion.

In our study, Listeria ivanovi was detected from
all the samples taken from factory B except for
frozen fish. Listeria monocytogenes was isolated
from boxes (1 or 6%), processing tables (2 or
11%), floor (4 or 22%), processing coats (3 or
17%), gloves (6 or 33%) and frozen fish (5 or
50%) samples taken from the factory C. The pres-
ence of L. ivanovi in processing equipments in fac-
tory B and the presence of L. monocytogenes in all
the samples taken from the factory C indicated that
the need for frequently monitoring at the fish pro-
cessing factories. Cleaning of fish processing
equipments and fish processing units could be
very important in order to avoid the occurrence of
cross contamination of the fishery products.

Conclusion

In the present study, a total of 300 samples were
examined from the three fish processing factories.
12.7% of samples were positive for Listeria spe-
cies. L. welshimeri/innocua was found in 0.7% of
the samples, L. ivanovi was detected in 5% of the
samples, L. monocytogenes was isolated from 7 %
of samples. In factory A, surface samples from
workers’ gloves, processing tables, boxes, floor,
and frozen fish were negative for Listeria. On the
other hand, all the samples taken from factory B
(except for frozen fish samples) and in factory C
were found to be positive for Listeria spp. The in-
cidence of Listeria species in the production line
of fish processing factories points out that contam-
ination can occur during fish processing stage.
Therefore, Listeria spp. must be controlled during
processing of fishery products. Proper cleaning
and sanitation programme of fish processing fac-
tories must be applied Samples must be taken and
examined regularly from every units and equip-
ments of fish processing factories to avoid the con-
tamination and spread of Listeria spp in fish pro-
cessing factories. Cleaning of fish processing
equipments and fish processing units could be
very important in order to avoid the occurrence of
cross contamination of the fishery products. It
must be taken hygienic precautions because of the
contamination of Listeria spp. Besides HACCP
plan must be applied to prevent recontamination

of Listeria species to fishery products and also it
must be applied to eradicate Listeria species from
the fish processing factories.
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Abstract:

This study was conducted to determine the survival of
Escherichia coli O157:H7 during the ripening period of
herby cheese made traditionally from raw cow milk.
The cheese milk was inoculated with E. coli O157:H7
at the level of 3 log and 5 log cfu/mL, and then both
manufactured herby cheeses were divided into two
groups equally. The herby cheeses were stored by using
two different methods for ripening, either embedding
into the soil or putting into brine, and analyzed on day
1, 7, 15, 30, 60 and 90 of ripening. At the end of the
storage period, E. coli O157:H7 could not be detected
in embedded herby cheese at both levels of the inocu-
lation; whereas the number of the bacterium was just
decreased to 2.30 and 4.48 log MPN/g in brined herby
cheese for each inoculation levels respectively. Addi-
tionally, micrococci/staphylococci count, acidity and
salt values in all cheese groups were higher compared
than the initial level; total mesophilic bacteria, lactic
acid bacteria, enterobacteriaceae count and a, value
were lower than the initial level. While pH value was
higher in embedded cheese than initial level, it was
lower in brined cheese. In conclusion, E. coli O157:H7
could survive at least 60 days in embedded herby
cheese and till the last days of the ripening in brined
herby cheese. This point should be taken into account
for the potential risk to public health.
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Introduction

Escherichia coli O157:H7 is a major foodborne
infectious pathogen that causes hemorrhagic coli-
tis (HC), hemolytic uremic syndrome (HUS),
thrombotic thrombocytopenic purpura (TTP), and
can lead to death (Doyle and Cliver, 1990). Many
outbreaks and sporadic cases of foodborne illness
caused by E. coli O157:H7 have been reported
since the first one was recognized in 1982. In re-
cent years, the incidence of the disease associated
with this organism has steadily increased world-
wide. E. coli O157:H7 is currently the most fre-
quently isolated serotype in North America, and
outbreaks have occurred with the highest inci-
dences in Scotland, Canada, Japan, and the United
States (Griffin and Tauxe, 1998; Parry and
Palmer, 2000).

E. coli O157:H7 can survive at low temperatures
as well as under acidic conditions, and the infec-
tious dose is relatively small (Coia, 1998; Park et
al., 1999). Due to the direct and indirect link to bo-
vine products in outbreaks, dairy cattle have been
implicated as the primary reservoir of this organ-
ism. The principal foods linked to transmission of
the organism have been ground beef and raw milk
(Doyle and Cliver, 1990). Cheese contamination
with E. coli O157:H7 may result from inadequate
pasteurization of raw milk or postpasteurization
contamination. Currently, traditional cheese man-
ufactured from unpasteurized milk has been con-
sumed in many parts of the world. Many outbreaks
of foodborne diseases due to cheese have been re-
ported since 1983 (IFST, 1998). The isolation of
E. coli O157:H7 was reported in 1-6.6 % of vari-
ous native cheeses in Turkey (Aksu et al., 1999;
Aslantag and Yildiz, 2002).

Studies on cheese made from E. coli O157:H7 in-
oculated milk indicated that the pathogen could
survive or even grow in different types of cheese,
depending on the conditions during the manufac-
ture and ripening of cheese. Survival of E. coli
0O157:H7 was determined during the manufacture
and storage of Camembert and Feta cheeses at 2
°C for 65 and 75 days, respectively (Ramsaran et
al., 1998). Reitsma and Henning (1996) found that
the pathogen survived during the manufacture and
curing of Cheddar cheese for 158 days. In another
study, Ozer et al. (2004) reported that the counts
of E. coli O157:H7 decreased to zero in scalded
Urfa cheese after 30 days, whereas this organism
survived up to 90 days in unscalded Urfa cheese.
Additionally, some investigators demonstrated

that E. coli O157:H7 was capable of survival in
Turkish white brined cheese (Kiipliilii et al., 1999)
and smear-ripened cheese (Maher et al., 2001) for
at least 90 days.

Herby cheese, called “Otlu peynir” in Turkish, is
mainly produced in eastern and southeastern parts
of Turkey. Traditionally herby cheese is manufac-
tured from raw sheep’s and cow’s milk, and some
herbs are added to the curd. After this procedure,
the fresh cheese is ripened at storage for 3 months.
In industry, production of herby cheese has modi-
fied the process and the only difference between
the industrial production and the traditional one is
the use of pasteurized milk instead of raw milk
(Tungtiirk and Coskun, 2002; Sagdic et al., 2003).

There are many studies regarding the microbiolog-
ical, chemical and sensorial properties of herby
cheese. But, the behavior of E. coli O157:H7 in
herby cheese is not known. Therefore, the purpose
of the work was to evaluate the potential growth
and survival of E. coli O157:H7 during the differ-
ent ripening and storage of herby cheese.

Materials and Methods

Samples

For cheesemaking, 160 liters of raw cow milk ob-
tained from Donerdere Agricultural Development
Cooperation (DON-KOOP, Van, Turkey) was
used. Escherichia coli O157:H7 KUEN 1461
strain, obtained from Culture Collections of Indus-
trial Microbiology and Biotechnology Association
(KUKEM, Istanbul, Turkey) was used to inoculate
raw milk for the experimental herby cheese pro-
duction. Commercial liquid rennet (Mayasan®, Is-
tanbul, Turkey) with clotting activity of 1/16000
was used in the study. The herb locally known as
Sirmo (Allium spp.) and available in brine at retail
outlets was used for the cheese production.

Preparing Inoculum

E. coli O157:H7 strain was transferred into Tryp-
tic Soy (CASO) Agar (TSA, Merck, Darmstadt,
Germany) and incubated at 37 °C for 24 h. Then
the tubes that contain 10 mL of Brain Heart Infu-
sion Broth (Oxoid, Hampshire, UK) were inocu-
lated by taking one colony from the strain and the
tubes were incubated at 37°C for 24 h. Following
the centrifuge process, the supernatant was re-
moved and then 10 mL of sterile saline was added
to the pellet. The sediment was mixed in vortex
until it was homogenized, and the remaining su-
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pernatant was removed by a subsequent centrifu-
gation. After diluting the pellet with 10 mL of ster-
ile saline, the initial solution was acquired. Deci-
mal dilutions were prepared with the acquired so-
lution. The turbidity levels of dilutions were meas-
ured with a spectrophotometer (Minufuge RF
Heraeus Sepatech, Berlin, Germany) at 578 nm
wavelength. At the same time, the dilutions were
inoculated into TSA and the number of microor-
ganisms and the turbidity levels measured in spec-
trophotometer were compared. The required
amount to contaminate the milk at the level of log
3 and log 5 cfu/mL was obtained from the acquired
dilutions.

Cheesemaking

Depending on the inoculation levels of E. coli
O157:H7 and the cheese preservation methods, 4
types of cheese were produced. Cheese milk was
contaminated with E. coli O157:H7 at log 3
cfu/mL in GC (cheese milk was inoculated with E.
coli O157:H7 at level of log 3 cfu/mL and ripened
in embedded type) and SC (cheese milk was inoc-
ulated with E. coli O157:H7 at level of log 3
cfu/mL and ripened in brined type) groups and at
log 5 cfu/mL in GD (cheese milk was inoculated
with E. coli O157:H7 at level of log 5 cfu/mL and
ripened in embedded type) and SD (cheese milk
was inoculated with E. coli O157:H7 at level of
log 5 cfu/mL and ripened in brined type) groups.

The cheese milk was subjected to heat treatment
up to approximately 35°C and contaminated with
some certain amount of E. coli O157:H7 depend-
ing on the cheese type. Rennet added milk was al-
lowed to ferment at 30°C for 90 min. After allow-
ing enough time for coagulation, the cheese curd
was cut into pieces of 1 x 1 x 1 cmby using special
knives. Following this process, the herbs were
added at the rate of 2 % of the milk weight and
mixed with the coagulum appropriately. Subse-
quently, the coagulum was transferred into the
containers with a cheese cloth lined on the top and
drained. Then, the cheese whey was drained off by
applying pressure on curd for 2 h. After applying
pressure, the curd was cut into blocks with a knife
each measuring 7 x 7 x 3 cm. The blocks were
coated with rock salt at the rate of 3 % of the
weight, covered with a cloth and left to settle for
24 h in ambient temperature. After this stage, each
cheese groups were divided into two parts for rip-
ening; half intended for the embedding and the rest
for the brine. In the group that would be embedded
in soil, the cheese blocks were placed into 1 liter
of glass jars firmly and the air gaps were filled

with small pieces of cheeses. The jars were closed
with the lids on which there were pre-opened holes
and embedded into the soil in an inverted position
and left for ripening at 9-18°C for 90 days. In the
brined group, the cheese blocks were placed into
plastic cans with the capacity of 5 liters, then fresh
brine of 16 % was added and the lids were closed
tightly. Brine water was replaced with fresh brine
approximately after 12 hours and the cheese was
allowed to ripen at 4°C for 90 days.

Preparation of Samples for Analysis

Each of the cheese samples was weighed out 10 g,
transferred into stomacher bags and homogenized
for 2 min. by adding 90 mL peptone-saline solu-
tion in a stomacher (Laboratory Blender Stom-
acher 400, Seward, London, UK). Further decimal
dilutions were prepared from 1/10 diluted homog-
enates by means of this method. The duplicate
samples were inoculated to the related medium
and mean values were counted (Harrigan, 1998).

Microbiological Analysis

Total mesophilic bacteria were counted on Plate
Count Agar (Oxoid, Hampshire, UK) incubated at
32°C for 48 h. Lactic acid bacteria were grown on
M17 Agar (Oxoid, Hampshire, UK) at 35°C for 48
h. Enterobacteriaceae counts were determined on
Violet Red Bile Glucose Agar (Oxoid, Hampshire,
UK) at 30°C for 3 days. Micrococci/staphylococci
were counted on Baird-Parker Agar (Oxoid,
Hampshire, UK) at 37°C for 24-48 h (Pichhardt,
1993). The numbers of E. coli O157:H7 were es-
timated by using the Most Probable Number
(MPN) method (ISO, 1984; Farmer and Davis,
1985; Ansay and Kapsar, 1997).

Physico-chemical Analysis

The pH levels of all cheese samples were meas-
ured by pH meter (Model 890; Nel Instruments
Inc., Ankara, Turkey) (Metin and Oztiirk, 2002),
and the water activities (aw) were measured using
a water activity meter (Lufft aw, Wert-Messer,
Germany) (Fontana, 2002). The salt amount and
titratable acidity values were also determined by
Kurt et al. (1993).

Results and Discussion

The number of E. coli O157:H7 was determined
as 3.81 log MPN/g in GC and SC groups, and 5.15
log MPN/g in GD and SD groups at the beginning
of ripening period. But, it was found to maintain a
regular decline in both embedded and brined
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herby cheeses during the ripening period. In em-
bedded herby cheese, the highest decline in E. coli
O157:H7 level was observed on the 7th day of rip-
ening. While the amount of E. coli O157:H7 was
found as 1.48 (GC) and 1.40 log MPN/g (GD) on
day 60, it was dropped below the detectable limit
on day 90. However, the decline progressed
slower in brined herby cheese. The number of E.
coli O157:H7 was detected as 2.40 (SC) and 4.54
(SD) log MPN/g on day 60, and 2.30 (SC) and
4.48 log MPN/g (SD) on day 90 of ripening in
brined herby cheese. All the microbiological and
chemical changes throughout 90 day-storage are
given in Table 1. Furthermore, survival and
growth of E. coli O157:H7 during ripening of the
cheese is shown Figure 1.

Herby cheese has been widely produced and con-
sumed in eastern and southeastern regions of Tur-
key for a long time. It is famous cheese in these
regions, and its popularity is continuously increas-
ing in the rest of Turkey. The major part of herby
cheese production is made traditionally at family
level or in small cheese plants by using raw milk
(Coskun and Tungtiirk, 1998). In many countries,
unpasteurized milk was used for cheese making
for centuries and is still being used especially in
small farms producing unique type of cheese (Ma-
rek et al., 2004).

Pathogenic bacteria such as Salmonella, L. mono-
cytogenes and enteropathogenic E. coli have been
categorized as high risk organisms to the cheese
industry (Zottola and Smith, 1991). Moreover,
outbreaks of foodborne illnesses due to different
cheeses from several countries have also been re-
ported (IFST, 1998).

Previous studies indicated that E. coli O157:H7
may survive during manufacture and ripening of
cheese. Generally, the number of the microorgan-
ism drop continuously during storage (Reitsma
and Henning, 1996; Ramsaran et al., 1998;
Kiipliilii et al., 1999; Maher et al., 2001; Ozer et
al., 2004).

In the present study, E. coli O157:H7 survived up
to 60 days in embedded herby cheese, however, it
was found to be eliminated completely at both in-
oculation levels at the end of the ripening period.

In the brined herby cheeses, the counts of E. coli
O157:H7 decreased continuously during ripening
period, and this organism survived up to 90 days
at both inoculation levels. The population of E.
coli O157:H7 were determined lower than the 1st
day at the 60th day in GC and GD groups of em-
bedded herby cheeses with 2.33 and 3.75 unit (log
MPN/g), respectively. The decrease was slower in
brined herby cheese. When compared to 1st day,
at the 60th day of the ripening period, E. coli
O157:H7 declined 1.41 and 0.61 unit (log MPN/g)
in SC and SD groups of brined herby cheese, re-
spectively. At day 90, the counts of E. coli
O157:H7 decreased 1.51 and 0.67 unit (log
MPN/g) in SC and SD groups in brined herby
cheese, respectively.

Many factors, such as competitive flora, starter
culture, heat, pH value, salt, a,, value, inoculation
level, cheese production method and storage con-
ditions effect the growth of E. coli O157:H7 in
cheese (Reitsma and Henning, 1996; Ramsaran et
al., 1998; Glass et al., 1998; Kiipliili et al., 1999;
Maher et al., 2001; Spano et al., 2003; Ozer et al.,
2004).

—+—GC
—=—5C
—— GD
—e— 5D

logMPN/g

1 7 15 30 60 20

Storage days

Figure 1.Survival and growth of E. coli O157:H7
during ripening of herby cheese
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Table 1. The results of microbiological and chemical analysis in herby cheese

Parameters Cheese Storage days

type 1 7 15 30 60 90

GC 3.81 340 330 2.81 148 ND
E. coli O157:H7 SC 3.81 3.54 348 3.40 240 2.30
(log MPN/g) GD 515 3.40 330 2.65 140 ND
SD 5.15 498 4.87 481 454 448

Total GC 9.38 9.25 790 8.58 841 8.41
mesophilic bacteria SC 9.45 934 790 9.04 8.84 8.78
(log cfu/g) GD 9.78 9.08 8.78 8.50 8.56 8.50
SD 945 9.00 920 9.11 9.04 8.90
Lactic acid bacteria GC 945 9.15 845 870 834 8.60
(log cfu/g) SC 9.60 9.00 8.60 8.81 &.15 9.08
GD 9.64 9.00 9.00 8.48 8.45 8.62
SD 934 920 8.78 9.15 8.88 8.87
Micrococei/ GC 590 632 699 7.18 7.50 7.87
Staphylococei SC 430 530 5.60 693 741 798
(log cfu/g) GD 656 6.00 6.15 7.20 7.75 7.86
SD 5.08 528 6.00 7.34 7.71 7095

GC 6.78 690 5.60 3.70 230 ND
Enterobacteriaceae SC 7.56 7.08 530 6.50 4.78 6.62
(log cfu/g) GD 741 6.60 620 3.78 230 ND
SD 7.08 7.20 7.08 7.00 4.15 6.66
GC 0.54 0.87 0.89 092 1.74 1.80
Titratable acidity SC 0.54 0.68 0.74 098 140 1.60
(L.A. %) GD 051 0.70 086 096 1.61 1.75
SD 0.68 0.80 0.84 1.14 1.60 1.70

GC 457 490 492 494 496 5.51

pH SC 457 440 421 420 4.16 4.51

GD 491 496 487 485 490 5.73
SD 491 470 4.60 4.51 443 4.62

GC 2.60 292 320 3.80 4.09 4.68
Salt SC 725 7.80 8.77 9.00 9.21 9.36
(%) GD 350 3.86 4.12 430 445 4.56
SD 7.61 8.00 8.19 8.49 8.75 9.59
GC 097 096 095 094 092 0.90

a SC 096 095 094 093 092 091
v GD 097 096 094 093 091 0.90
SD 096 0.95 094 0.92 091 0.90

GC: Cheese milk was inoculated with E. coli O157:H7 at level of log 3 cfu/mL and ripened in embedded type
SC: Cheese milk was inoculated with E. coli O157:H7 at level of log 3 cfu/mL and ripened in brined type
GD: Cheese milk was inoculated with E. coli O157:H7 at level of log 5 cfu/mL and ripened in embedded type
SD: Cheese milk was inoculated with E. coli O157:H7 at level of log 5 cfu/mL and ripened in brined type

ND: Not detected, L.A.: Lactic acidity, a,: Water activity

In this study, total mesophilic bacteria, lactic acid
bacteria and micrococcus/staphylococcus counts
usually had high levels and they shaped the domi-
nant flora (Table 1). The counts of Enterobacteri-
aceae showed an irregular progression ripening
period. While the count decreased to zero in em-
bedded herby cheese after 90 days, it survived at
the end of storage in brined herby cheese.

Yetismeyen (1997) reported that coliforms had
been completely inhibited in herby cheese for 60
days. Similarly, Coskun (1998) found that the
counts of coliform continuously declined during
ripening in herby cheese samples.

Generally, the low pH is mainly caused by the lac-
tic acid produced via lactic acid bacteria and other
acids. But, pH values in this study were raised at



Journal of Food and Health Science

Alemdar and Agaoglu, 2(1): 49-56 (2016)

Journal abbreviation: J Food Health Sci

the end of storage. This could be due to degrada-
tion of neutral form of coagulation contents or the
increase of contents that have alkaline features.
Likewise, Schlesser et al. (1992) stated that vari-
ous metabolic degradation products had an effect
on pH value. It was reported that mostly the lactic
acid produced by lactic acid bacteria, hydrogen
peroxide and antibiotic like substances had signif-
icant inhibitory effects on pathogenic bacteria
(Fernandes and Shahani, 1989).

Another significant factor in growth and develop-
ment of pathogenic bacteria is salt level. It has a
bactericidal and bacteriostatic effect on these bac-
teria (IDF, 1980). In this study, the salt amount
showed a regular increase during the ripening pe-
riod, it reached up to 4.56-4.68 % level in embed-
ded herby cheese, and 9.36-9.59 % in brined herby
cheese at the end of ripening. Also, awlevel had a
regular decline during the ripening period which
was as low as 0.90-0.91 at the end of ripening.

Inactivation of E. coli O157:H7 is mainly due to
salt, acidity and storage temperature and time in
cheese making. Also, there is a synergistic effect
among them (Guraya et al., 1998). Survival of E.
coli O157:H7 has shown significant change in dif-
ferent cheese varieties (Reitsma and Henning,
1996; Hudson et al., 1997; Ramsaran et al., 1998;
Saad et al., 2001; Maher et al., 2001).

In this study, E. coli O157:H7 counts demon-
strated a regular decline in both embedded and
brined cheese, however its followed by different
patterns of progression. The antibacterial effects
of the herbs used in cheese manufacturing had
been reported by some researchers (Coskun, 1998;
Agaoglu et al., 2005) These differences in the pro-
gression of these bacteria in two cheese types
might be caused from different storage conditions.
Conner and Kortrola (1995) reported that the E.
coli O157:H7 stored at low temperature survived
longer than those of the stored at high temperature.
Besides, increased salt amount might have inhib-
ited the acidity in brined cheese. E. coli O157:H7
trend in brined herby cheese is similar to those re-
ported by many researchers (Maher et al., 2001;
Saad et al., 2001; Ozer et al., 2004).

Conclusions

According to the results obtained in this study, E.
coli O157:H7 survived at least 60 days in embed-
ded herby cheese, but at the end of ripening period
it was eliminated completely in both inoculation
levels. However, in brined herby cheese, it sur-
vived until the end of ripening period. There is a

potential health hazard for the public that consume
cheese as fresh or before the ripening period is
completed. Therefore, more attention should be
paid to the microbiological quality of raw milk,
cowhouse hygiene, udder health protection, edu-
cation of the staff for general health practice and
unbroken cold chain. Additionally, taking safety
measures such as using pasteurized milk for
cheesemaking, preventing the contamination after
pasteurization and applying HACCP principles in
cheese factories would be beneficial for consumer
health.
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