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ONSOZ

Veteriner Gida Hijyeni ve Teknolojisi; hayvansal kokenli
gidalarin “giftlikten sofraya” uzanan siirecte hijyenik liretimini ve
giivenilirligini saglamay1 amaglayan, halk sagligi odakli disiplinler
arasi bir alandir. Bu kitap; Tek Saglik yaklagimi ¢ercevesinde, gida
zincirinde risk yonetimi ve denetim uygulamalarini, mezbaha/isleme
tesislerinde hijyen esaslarin1 ve gilincel mikrobiyal tehlikeleri
akademik bir biitiinliik i¢inde ele almaktadir.

Eserde ayrica antimikrobiyal diren¢ boyutu, islenmis et
iiriinlerinde nitrit/nitratin giivenlik—teknoloji dengesi ve mevzuatin
(Codex—JECFA/ADI, Tiirk Gida Kodeksi) uygulamalara yansimasi
Ozetlenerek, Ogrenciler ve uygulayicilar i¢in temel bir bagvuru
cergevesi sunulmaktadir.

Prof. Dr. Hikmet Yeter COGUN
CUKUROVA UNIVERSITESI
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BOLUM 1

ISLENMIS ET URUNLERI
FORMULASYONLARINDA YENILIKCI
YAKLASIMLAR

TULAY ELAL MUS!
FIGEN CETINKAYA?

Giris
Toplumlarin beslenmesinde et ve islenmis et tirtinleri yiiksek
kaliteli protein kaynaklar1 arasindadir. Ayrica bu gidalar insan
sindirim sistemi tarafindan etkin sekilde emilen A vitamini, B
kompleks vitaminleri, demir, ¢inko, selenyum, fosfor gibi insan
saglig1 i¢in gerekli vitamin ve mineralleri icermekte ve dolayisiyla

dengeli beslenmenin Onemli bir bileseni olarak goriilmektedir
(Ahmad ve ark., 2018).

Et ve et lirlinlerine yonelik tiiketici algisi, yillar boyunca test
edilmis dinamik psikososyal yapilara dayanmakta ve bu dinamikle
iliskili ¢esitli boyutlar bulunmaktadir. Bunlar; tiiketicideki kalite
algisi,  Urlinlerin  besinsel  yeterliligi  ve  saghkliligi,

! Dog. Dr., Bursa Uludag Universitesi, Karacabey Meslek Yiiksekokulu, Gida
Isleme Béliimii, Orcid: 0000-0002-3943-0097
2 Prof. Dr., Bursa Uludag Universitesi, Veteriner Fakiiltesi, Gida Hijyeni ve

Teknolojisi Boliimii, Orcid: 0000-0002-3742-8831
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formiilasyonlardaki yag ve tuz icerigiyle iliskili potansiyel saglik
riskleri, potansiyel biyolojik tehlikeler, nitratlar, nitritler ile diger
gida katki maddelerinin eklenmesi gibi kimyasal tehlikeler, hayvan
refah1 ve kesimle iligkili etik sorunlar, sosyal statii, din ve ideolojiler
gibi psikososyal inanglar ve son olarak gida sahtekarligina yonelik
kaygidir. Bu unsurlar, tiiketicilerde et ve et iirlinlerinin kalitesiyle
ilgili yeni endiseler dogurmus ve yogun medya ilgisiyle de
desteklenmistir. Ozellikle et iiriinlerinin yag icerigi ve kimyasal
katki maddelerinin varhig tiiketiciler i¢in Onemli bir endise
kaynagidir. Ayrica son yillarda hayvan refahi ve g¢evresel etki, bu
iiriinlere kars1 gelisen tiiketici algisinin 6nemli belirleyicileri arasina
girmistir (Araujo ve ark., 2022).

Bu bdliimiin amaci, islenmis et tirtinlerini daha saglikli forma
doniistiirmek i¢in formiilasyonlarda kullanilan, azaltilan ve arttirilan
bilesenleri ¢ok yonlii olarak ortaya koymak, bu bilesenlerin iiriin
kalitesine etkisini degerlendirmek ve bu konuda yapilan
caligmalardan elde edilen temel bilgileri Ozetlemektir. Ayrica
nitrat/nitrit igeriinin azaltilmasi, yag ikame bilesenleri ve bu
iriinlere fonksiyonel ozellik saglayan diger bilesenler lizerinde
ayrintili sekilde durulacak ve son olarak islenmis et iiriinlerine olan
tilkketici algisinin gelistirilmesi i¢in 6neriler sunulacaktir.

Nitrit/Nitrat iceriginin Azaltilmasi

Nitrit ve nitrat, et lirlinlerinde renk ve aroma gelisimine katki
saglamakla  birlikte antioksidan  Ozelligi  sayesinde lipit
oksidasyonunu azaltma amaglartyla kullanilmaktadir (Dissanayake
ve ark., 2024). Ayrica nitrit ve nitratin, Clostridium botulinum,
Salmonella ve mezofilik bakteriler gibi ¢esitli patojenlere karsi
antibakteriyel etkisi nedeniyle et {irlinlerinde koruyucu olarak
kullanim1 da bulunmaktadir. Diger taraftan bu bilesenler, 1s1l islem
sirasinda et {drlinlerindeki ikincil aminlerle reaksiyona girerek
nitrosamin adi verilen zararli bilesikleri iiretebilmektedirler. N-
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nitrosaminler, ugucu ve ugucu olmayan N-nitrosaminler olmak tizere
ikiye ayrilmaktadir. Ucucu N-nitrosaminler, karsinojenik ve
teratojenik etkileriyle yaygin endiseye yol agan son derece tehlikeli
kimyasal kanserojenler grubudur (Xie ve ark., 2023). Gida ve su
tilketimiyle viicuda alinan nitrat, nitrit ve N-nitroso bilesiklerinin
gastrointestinal kanserlerle 1iliskili olabilecegine dair kanitlar
bulunmaktadir. Ozellikle, diyetle alinan nitritin mide kanseri ve
yemek borusu kanseri riskleriyle ve yine diyet yoluyla alinan N-
nitrosodimetilaminin ~ kolorektal  kanserle iliskili  oldugu
belirlenmistir (Seyyedsalehi ve ark., 2023). Bu bilesiklerin giinliik
beslenmede bulunmalari nedeniyle, gidalarin lezzetinde olumsuz
etkilere yol agmadan olusumlarini ve insan sagligr {izerindeki
toksisitelerini bastirmak biiyilk 6nem tasimaktadir (Xie ve ark.,
2023).

Islenmis et iiriinlerinde nitrit ya da nitrata ikame olarak
benzer etkileri sunan dogal bilesenlerin kullanimu ile ilgili bircok
caligma yiiriitiilmiistiir. Sojic ve ark. (2020) domates posasi ve
organik nane esansiyel yaginin diisiik doz sodyum nitrit (50 mg/kg)
ile birlikte kullaniminin etkisini aragtirmistir. Domates posasi ve
nane esansiyel yaginin, sosislerin kirmiziligini artirdigy, lipit
oksidasyonunu azalttig1 ve toplam bakteri sayisinda herhangi bir
degisime neden olmadigi belirlenmistir. Baska bir caligmada,
Mortadella tipi sosis bilesimine maydanoz ekstrakti ilavesi ile kalint1
nitrit seviyeleri azaltilmis, iiriin rengi etkili bir sekilde korunmus ve
tilketici begenisi saglanmis ve maydanoz ekstraktinin sosis
teknolojisinde kiirleme tuzu olarak kullanilabilecegi ortaya
konmustur (Riel ve ark., 2017). Fermente sosiste liziim ¢ekirdegi ve
kestane ekstraktlar1 zeytin posasi hidroksitirazol’ii ile birlikte test
edilmis ve fermente sosiste bu igeriklerin nitrit ikamesi olabilecegi
sonucuna varilmistir (Pini ve ark., 2020).

Fermente sucukta pancar tozunun nitrit ikamesi olarak
degerlendirilme potansiyeli arastirilmis ve sonug¢ olarak rengin
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benzerlik gosterdigi, depolama siiresince kalinti nitrit seviyelerinin
yakin oldugu, laktik asit bakterilerinin gelisiminin pancar tozu
ilaveli sucukta daha yiiksek oldugu belirlenmistir. Pancar tozunun
nitrit yerine fermente sucukta kullanilabilecegi rapor edilmistir
(Sucu ve Turp, 2018). Isvigre pazi tozu da dogal nitrit kaynag: olarak
sucuk formiilasyonuna eklenmis ve {iriinde sodyum nitritin
olusturdugu etkiye benzer karakteristikler gosterdigi saptanmistir
(Katmer ve Kaya, 2025). Diger taraftan, Palamutoglu ve ark. (2018)
1spanak tozunun sucukta kullanim olanaklarini aragtirmis ve 1spanak
tozunun nitrit benzeri etkiye sahip oldugunu fakat sucugun duyusal
ozelliklerinde dnemli farkliliklar goriildiigiinii bildirmistir.

Grispoldi ve ark. (2022) konserve etlerde nitrite alternatifi
olarak sivi kapsikum ekstrakti, sivi kirmizibiber oleorezini,
monaskus tozu (Monascus purpureus), kirmizi maya piring tozu
(Monascus purpureus), likopen tozu, kirmizi pancar suyu tozu (Beta
vulgaris), biberiye 6zli (Rosmarinus officinalis), kapsikum ekstrakti
tozu, karmin pigment tozu ve sorgum kirmizi pigment tozunun
etkisini aragtirmistir. Bu bitkisel igerikler arasinda sorgum kirmizi
pigment tozunun stabil pigment olusturdugunu ve sodyum nitritin
sagladigina benzer kirmizi/pembe bir rengi meydana getirdigini ve
boylece konserve et iiretiminde dogal katki maddesi olarak
kullanilabilecegini ortaya koymuslardir. Diger bir caligmada ise
jambonda sodyum nitrit yerine farkli konsantrasyonda S-
nitrosotiyollerin  (S-nitroso-N-asetilsistein ~ ve  S-nitroso-N-
asetilsistein) etil esterinin kullanimi1 degerlendirilmistir. Sonuglar 50
mg NEg/kg'm iizerindeki S-nitrosotiyollerin, nitrit ile aym
antioksidan aktiviteye sahip oldugunu ve nitritten daha diisiik
kiirleme renk stabilitesi oldugunu gostermistir (Andrade ve ark.,
2024).

Son yillarda bitki bazli alternatiflerin, et iirtinlerindeki kalinti
nitrit miktarini1 azaltmaya ve tiiketicilerin temiz etiketli et tirlinlerine
yonelik ihtiyaglarint karsilamaya katkida bulunabilecegi yukarida
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Ozetlendigi tlizere tespit edilmistir. Ayrica bazi yeni teknolojiler
kullanilarak islenmis et {riinlerindeki nitrit diizeyini azaltma
caligmalar1 da bulunmaktadir. Plazma teknolojisi et iirlinlerinde
sodyum nitrit yerine gegebilme potansiyeli gdstermektedir, ancak et
endiistrisinde uygulanmadan once yetkilileri ve tiiketicileri tatmin
etmek i¢in plazma ile islenmis gidalarin giivenligi konusunda daha
fazla arastirmaya ihtiya¢ bulunmaktadir. Darbeli elektrik alan da
nitritin diflizyonunu artirma ve kiirleme siiresini kisaltma potansiyeli
tastyan bir diger teknolojik yontemdir ve temiz etiketli et tirlinlerinin
islenmesinde etkili olabilecegi diisiiniilmektedir. Darbeli elektrik
alanin sodyum nitrit azaltici olarak potansiyeli henliz tam olarak
acikliga kavusturulmamis oldugundan, bu konuda daha fazla
aragtirmaya ihtiya¢ duyulmaktadir (Stoica ve ark., 2022).

Yag Ikamesi Bilesenler

Gilintimiizde tiiketiciler gida ve gida friinlerinin saglhiga
faydas1 konusunda ciddi beklentiler igerisindedir. Bu tiiketicileri
cekmek ve yiiksek kaliteli et triinlerine yonelik artan talebi
karsilamay1 kolaylastirmak amaciyla, islenmis et sektorii yeniden
formiile edilmis, diisiik yagl ve saglikli et lirlinlerinin gelistirilmesi
iizerinde durmaktadir. Diyetlerde doymus yag asitlerinin birincil
kaynaginin et ve et lirtinleri oldugu kabul edilmektedir. Bu nedenle,
bu formiilasyon degistirme stratejileri, yag asidi profilini
iyilestirmeyi ve toplam yag ve kolesterolii azaltmayi
amaglamaktadir. Bu da hayvansal yagin bitkisel yaglarla
degistirilmesiyle saglanabilmekte ve bitkisel yaglarin dogrudan sivi
formda eklenmesi veya Onceden emiilsifiye edilmis yaglarin
kullanilmast miimkiin olmaktadir. Bu sekilde emiilsiyonlar, bu
yaglarin et lriinlerine dogrudan eklenmesinin neden olabilecegi
olumsuzluklar1 ~ Onlerken,  bitkisel yaglari  islenmis et
formiilasyonlarina ilave edebilmek icin uygulanabilir bir secenek
sunmaktadir (Badar ve ark., 2021). Et {irlinlerinde yag ikamesi



olarak kullanilmis ¢esitli bitkisel yag tiirleri ve etkileri asagida
Ozetlenmistir.

Zeytinyagi, az yagli et emiilsiyonlar1 gelistirmek i¢in iyi bir
bilesendir ve kullanimi1 fonksiyonel et iiriinleri iiretmek icin iyi bir
strateji olarak kabul edilmektedir (Nieto ve Lorenzo, 2021). Shin ve
ark. (2022) tavuk sosis iliretiminde sirt yagini zeytinyagi ile ikame
etmis ve zeytinyagi i¢eren sosislerin, sirt yagindan tiretilen sosislere
gore daha iyi emiilsiyon ve oksidatif stabiliteye sahip oldugunu
ortaya koymustur. Karaciger sosisinde farkli bitkisel yaglarla
hayvansal yag ikame edilmis ve %20 ikamenin daha yiiksek duyusal
karakteristik ve oksidatif stabilite olusturdugu belirlenmistir. Test
edilen bitkisel yaglar arasinda, kolza yag1 igeren sosiste en yiiksek
oksidatif stabilite ve beslenme Onerilerine en yakin omega-6 ve
omega-3 yag asidi orami tespit edilmistir. Buna karsilik keten
tohumu, misir, aygicegi ve soya yaglari i¢eren sosislerde daha diisiik
sonuglar saptanmistir (Bilska ve Krzywdzinska-Bartkowiak, 2025).
Sosiste yag ikamesi olarak kuersetin (antioksidan) yiiklii kandelilla
mumu ve aygicegi yagi bazli oleojeller de denenmistir. Kuersetin
yiikli oleojelleri iceren sosisler, yapisal biitiinliigii ve duyusal
kaliteyi korurken, belirgin sekilde daha diisiik lipid oksidasyonu ve
protein bozulmasi sergilemistir. Kuersetin yiiklii oleojeller, et
tirtinlerinde sagliksiz hayvansal yaglarin yerine gecerek doymus yag
oranini azaltma potansiyeli gostermistir (Lee ve ark., 2025).

Haghag tohumu yagiin sucuga ilavesiyle sucuklarin
kolesterol ve doymus yag asidi i¢eriginde azalma, ¢coklu doymamis
yag asitlerinde ise artis saptanmistir (Gok, 2015). Keten tohumu
yagi-ay¢iceck mumu ve balmumu oleojelleri de sucuk
formiilasyonunda don yagi ile degistirilerek kullanilmistir. Bitkisel
yag igeren iki oleojelin de ¢oklu doymamis yag asitlerini 6nemli
diizeyde arttirdigi, fakat sucugun duyusal kalitesini disiirdiigi
belirlenmistir. Oleojel ilaveli sucuklarin kalite o6zellikleri igin



iyilestirmeler gerektigi sonucuna varilmistir (Yilmaz ve Toksoz,
2022).

Jambon {iretiminde seliilozdan elde edilen yenilebilir bitkisel
oleojellerin domuz yagi ikamesi olarak kullanimi arastirilmistir.
Ikame edilen oleojel oran1, jambon sosisinin dokusuyla yakin iliskili
bulunmus ve %50 domuz yag1 ikamesi yapilan jambonun tekstiirel

ozellikleri kontrol grubuna en yakin diizeyde belirlenmistir (Wu ve
ark., 2024).

Diger taraftan Liu ve ark. (2025) emiilsiyon tipi sosislerde
sirt yaginin bitkisel yag ve oleojelleri ile ikamesinin et proteininin
sindirim siireci lizerindeki etkisini aragtirmistir. Sirt yaginin bitkisel
yaglar veya oleojellerle degistirilmesinin proteinlerin  mide
sindirilebilirligini azalttigini, bagirsak sindirimini geciktirdigini,
mide ve barsak sindirim iriinlerinin stabilitesini diislirdiglinii ve
sonu¢ olarak protein sindirimi iizerinde olumsuz etki meydana
getirdigini bildirilmistir.

Bitkisel yaglarin yiiksek doymamis yag i¢eren hayvansal yag
ile ikamesi calismalarinda kullanilan yag tiirline bagli olarak
sonuglarda farkliliklar ortaya ¢ikmaktadir. Ozetlenen ¢alismalarda
bitkisel yag kullaniminin islenmis et iirliniiniin lipit profilini olumlu
yonde degistirdigi ortaya konmustur. Bu alanda ideal bitkisel yaglari
ve formiilasyonlar1 belirlemek ve ticari iiretim noktasina gelebilmek
amaciyla daha fazla ¢alismanmn  yiiriitiilmesine  ihtiyag
duyulmaktadir.

Fonksiyonel Ozellik Saglayan Bilesenler

Islenmis et iiriinlerine, et disindaki bilesenlerin ilavesi ile
lezzet ve renk yani sira diger fonksiyonel ve dokusal 6zelliklerde de
iyilesme saglanabilmektedir. Ayrica, bu bilesenlerin eklenmesinin
sadece et lirlinlerinin kalitesini artirmakla kalmayip, ayn1 zamanda
maliyeti diislirdiigii ve tiiketiciler iizerinde faydali saglik etkileri

yarattig1 belirlenmistir (Owusu-Ansah ve ark., 2022).
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Fonksiyonel et iirlinii bilesenleri olarak biyoaktif maddeler
acisindan  zengin meyve ve sebze isleme yan iirilinleri
kullanilabilmektedir. Uziim, elma, ¢ilek ve domates yan iiriinlerinin
islenmis et iirlinleri tiretiminde kullanilmasi, antioksidan 6zellikleri
sayesinde oksidasyon siireclerini etkili bir sekilde engellemekte ve
antimikrobiyal etkileri ile patojenlerin gelisimini simirlamaktadir
(Skwarek ve Karwowska, 2023). Yakin zamanda gergeklestirilen bir
caligmada antioksidan ve antimikrobiyal etkisi bulunan zerdecal bez
sucuga ilave edilmis, sonug olarak zerdegalin bez sucugun kimyasal,
duyusal ve mikrobiyolojik kalitesi tizerinde olumlu etki gosterdigi
bildirilmistir (Altun ve ark., 2024).

Proteaz aktivitesine sahip Lactobacillus plantarum CD101
ve Staphylococcus simulans NJ201 starter kiiltiirleri kuru fermente
sosis formiilasyonunda kullanilmistir. Kullanilan starter kiiltiirler ile
peptitlerin antioksidan aktivitesi artirilmig ve fermente sosislerde
gozlenen oksidatif degisiklikleri geciktirmeye yardimci olabilecegi
ortaya konmustur (Yu ve ark., 2021). Kaya ve Kaban (2024)
Lactiplantibacillus  plantarum  ve  Staphylococcus  xylosus
starterlerinin sucuk teknolojisinde birlikte kullaniminda etanol,
asetik asit, etil asetat, asetoin ve diasetil miktarlarinda 6nemli artislar
saglandigini bildirmislerdir. Bu kiiltiirlerin katilmasi ile, sucugun
ucucu bilesik profili ve dolayisiyla lezzet ve koku 6zellikleri olumlu
yonde degistirilmistir.

Et iyi bir protein, vitamin ve mineral kaynagi olmasina
karsin, seliiloz, sindirilemeyen temel karbonhidrat bileseni olan
diyet lifinden yoksundur. Diyet lifleri ¢ok sayida besleyici,
fonksiyonel ve saglik yararlar1 saglayan 6zelliklere sahiptir. Liflerin
et Uriinlerine ilave edilmesiyle iiriinlin fiziko kimyasal 6zellikleri,
kimyasal bilesimi, dokusal 06zellikleri ve duyusal kalitesi
artmaktadir. Ayrica obezite, bazi kanserler, tip II diyabet, kalp damar
hastaliklar1 ve bagirsak bozukluklar1 gibi c¢esitli rahatsizliklarin
kontroliinde de lifler etkili olmaktadir (Mishra ve ark., 2023). Tavuk
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etli salam formiilasyonunda psyllium kabugu tozunun nisasta
ikamesi olarak kullanildigi bir calismada, duyusal ve tekstiirel
ozellikleri etkilenmeden salama disiik karbonhidrat ve liflilik gibi
islevsel oOzellikler kazandirilmistir. Ayrica psyllium kabugu tozu
iceren salamin, belirli beslenme amaglarina ihtiya¢ duyan bireyler
icin alternatif bir et iirlinii olabilecegi ortaya konmustur (Elal Mus
ve ark., 2025). Diao ve ark. (2024) turuncgil liflerinin, sosislerde
lipid oksidasyonunu onleyebildigi, daha yogun bir mikro yap1
olusumuna katki sagladigi, proteinin a-heliks yapisinin B-yoniine
doniismesine katkida bulundugu ve katma degerli fonksiyonel et
iriinlerinin gelistirilmesinde kullanilabilecegini gostermistir. Diger
taraftan Nie ve ark. (2026) diisiik sodyumlu ve soya diyet lifi ile
zenginlestirilmis sosisler gelistirmisti. MgCl, ilavesinin sosisin
duyusal puanini ve hidroliz derecesini artirdigini, CaClz'nin {irlinii
olumsuz etkiledigini ve soya diyet lifinin sosislerde daha yogun bir
yap1 olusturdugunu saptamislardir.

Gilinlimiizde islenmis et {irlinlerinin mevcut protein icerigini
yiikseltmek, aminoasit bilesimini farklilagtirmak ve bdylece liriine
fonksiyonellik katmayr amaglayan arastirmalar da yapilmaktadir.
Bu amagla gergeklestirilen ve soya izolati ile nohut unu ilave
edilerek iiretilen sosislerde, protein igeriginin iki kat arttig1, aspartik
asit ve arginin amino asitlerinin diizeyinde artis ve antioksidan
kapasitede yilikselme oldugu belirlenmistir. Soya izolat1 ve nohut
ununun koruyucu amacli fonksiyonel et iiriinlerinin iiretiminde
kullanilabilecegi sonucuna varilmistir (Zheleuova ve ark., 2025).
Mikroalg olan Arthrospira maxima’dan protein izolat1 elde edilmis
ve sosis tlretiminde kullanim olanagt degerlendirilmistir. Bu
mikroalg protein izolatinin ilavesi ile sosislerin besin kalitesi 6nemli
Olciide artirilmis ve Arthrospira maxima gida endiistrisinde gelecek
vadeden bir protein kayna@i olarak tanimlanmistir (Acateca-
Hernandez ve ark., 2024). Baska bir ¢alismada Merguez tipi deve
etli sosislere spirulina tozu eklenmis ve spirulinanin zengin bilesimi,
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antioksidan, antibakteriyel ve prebiyotik etkilerini sosiste de ortaya
koydugu ve alternatif katki olarak kullanilabilecegi vurgulanmistir
(Djenane ve arkg., 2024).

Fonksiyonel iiriinler insanlarin fizyolojik fonksiyonlarindan
en az bir tanesini olumlu etkilemekte, son yillarda tiiketicilerin
ilgisini ¢ekmekte ve satin alma davranislarini etkilemektedir (Sgroi
ve ark., 2024). Islenmis et iiriinlerine fonksiyonel o6zellik
kazandirilmasi, et endiistrisinin pazar payinin ve iiriin gesitliliginin
arttirilmasi bakimindan 6nem tasimaktadir.

Sonug¢

Et ve et iiriinleri insan beslenmesinde her zaman popiiler olan
gidalar arasinda olmasina karsin, et endiistrisindeki iiriin ¢esitliligi
diger endiistrilere gore azdir. Ciinkii arastirmaci ve girisimciler,
alternatif bilesenler igeren fonksiyonel et {irlinlerini gelistirirken
bircok zorlukla karsilasmaktadir. Gelistirilen yenilik¢i iirlinlerin
yiiksek kaliteli, saglikli, giivenli ve tiiketicilerin bekledigi duyusal
ozelliklerde olmasi ve tipik et tirlinlerine gore iistiin fonksiyonel ve
besleyici 6zellikler tasimasi beklenmektedir. Diger taraftan yenilik¢i
irlinlerin temiz etiketli (nitratsiz, nitritsiz, katki maddesiz vb.),
fonksiyonel 6zellikte (yiiksek doymamis yag asidi, yliksek protein
vb.) olmasi ve bu gelistirmelerin insan saglig1 tizerine dogrudan veya
dolayli etki gdstermesi Onem tasimaktadir. Bu triinlerle islenmis et
driinleri gesitlendirilecek, ayn1 zamanda etiket bilgilerine dikkat
ederek satin alma davranigi gésteren ve belirli beslenme ihtiyaglar
olan tiiketiciler kazanilacaktir. Bu béliimde ozetlenen literatiir
caligmalar1 gostermektedir ki, yakin zamanda yenilik¢i fonksiyonel
islenmis et iirlinlerinin market raflarinda yer almasi kaginilmazdir.
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GIDA KATBRDMADPELERI VE
ANTIOKSIDANLAR

Ilknur OZER ORTAC!
Pelin BEYAZGUL?
Gilsim OKSUZTEPE?"

1. Giris

Tirk Gida Kodeksi (TGK)ne gore gida katki maddesi;
“besleyici degeri olsun veya olmasin, tek basma gida olarak
tilkketilmeyen ve gidanin karakteristik bileseni olarak kullanilmayan,
teknolojik bir ama¢ dogrultusunda iiretim, muamele, isleme,
hazirlama, ambalajlama, tasima veya depolama agamalarinda gidaya
ilave edilmesi sonucu kendisinin ya da yan iiriinlerinin, dogrudan ya
da dolayli olarak o gidanin bileseni olmasi beklenen maddeler”
olarak tanimlanmaktadir (TGK, 2023).

'Gida Miihendisi ilknur OZER ORTAC, Tarim ve Orman Bakanligi, Elaz1g Gida
Kontrol Laboratuvar Miidirligi, Orcid: 0009-0003-9732-3841,
gmilknur@gmail.com

2Ars. Gor. Dr. Firat Universitesi, Veteriner Fakiiltesi, Gida Hijyeni ve Teknolojisi
Bolimii, Elaz1g/Tiirkiye, Orcid: 0000-0002-0824-1672, p.demir@firat.edu.tr
2"Prof. Dr. Firat Universitesi,Veteriner Fakiiltesi, Gida Hijyeni ve Teknolojisi
Boliimii, Elazig/Tiirkiye, Orcid: 0000-0003-3267-6841, goksuztepe@firat.edu.tr
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Gidalarda katki maddelerinin tarihsel siireci oldukga eskidir.
Gida katki maddesi olarak kullanilan ilk olarak kullanilanlarin
basinda baharat, duman, tuz ve sirke gelmektedir. M.0.3000 yil
oncelerinde et {riinlerinin kiirlenmesinde tuz kullanildigi,
M.0.900°li yillarda ise odun ve tuz tiitsiisiiniin gidalarda koruyucu
amagh olarak kullanildiklar1 bildirilmektedir. Ortagaglarda etlere
katk1 maddesi olarak tuz ve tiitsiiye ilave olarak nitratin katildig1 ve
nitratlarin etin rengini olumlu yonde degistirdigi ve Clostridium
botulismus’un neden oldugu Botulismu’a kars1 antibotuninal olarak
kullanildig1 bilinmektedir. M.0O.50. yillarda tuz, odun tiitsiisii ve
baharatlar lezzet verici olarak kullanmilmistir. Marco POLO’nun
seyahatleri esnasinda tacirlere ¢ay ve baharat verdikleri
belirtilmektedir. 19.yiizyilin baslarinda “Teksasli” saticilarin
Meksika’dan getirmis olduklar1 tane biberi dgiiterek sattiklar: ifade
edilmektedir. 1856 yilinda aniline purple isimli renk maddesinin
sentez edilmesiyle yapay maddelerin kullanilmas1 baslamistir. flk
defa gida katki maddesi olarak ABD patenti ile 1886 yilinda
kalsiyum fosfat ve tuzdan olusan bir karisim ile preparat yapilmis ve
cesni  maddesi adi1 altinda ticarilestirilmistir.  19.ylizyilda
endiistrilesmenin baglamasiyla gida katki maddelerinin kullanimi da
artmaya baslamistir. O yiizyillarda ilave edilmeye baslayan benzoik
asit, sodyum karbonat, sakkarin gibi maddeler halen daha
giiniimiizde gida katki maddesi olarak kullanilmaktadir. 20. ylizyilda
gida sektoriiniin ilerlemesiyle gida katki maddelerinin kullaniminda
artislar olmustur. Ancak gida katki maddelerinin toksikolojik
bakimdan incelenmesiyle bu konu daha da 6nem kazanmis ve
ozellikle gida boyalarinin kullanimi ile kisitlamalara gidilmistir
(Vaclavik & Christian, 2008; Altug, 2009; Tayyar & Cibik, 2016).

Gida katki maddelerinin sahip olmasi1 gereken ozellikler ve
gidalarda kullanimi ile ilgili yasal sinirlar uluslararasi diizeyde
incelenmesi gereken bir konudur. Bunun i¢in Diinya Saglik Orgiitii
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(WHO) ve Birlesmis Milletler Gida Tarim Orgiitii (FAO)’niin
birlikte kurduklar1 Uluslararas1 Gida Kodeks Komisyonu (Codex
Alimentarius Commussion-CAC)’nun biinyesinde kurulan Gida
Katkilar1 Kodeks Komitesi (Codex Committee on Food Additves-
CCFA), katki maddeleri ile ilgili tim konularda 6nerilerde bulunan
bir kurulugtur. CAC tarafindan onerilen ilkeler Avrupa Toplulugu
(EC) tarafindan da kabul gérmektedir. Avrupa Toplulugu Bilimsel
Komitesi tarafindan incelenip gida katki maddesi olarak
kullanimlarinda sakinca goriilmeyen maddelere toplulugun onayi
anlamina gelen E numaralar1 verilmistir (Belitz & Grosch, 2009;
Saldamli & Uygun, 2014). Gida katki maddelerinin gidalarda
kullanimina yonelik giivenilirlik degerlendirmeleri, uluslararasi bir
otorite olan CAC catis1 altinda gérev yapan ve alaninda uzman bilim
insanlarindan olusan Birlesik Gida Katkilart Uzman Komitesi
(JECFA) tarafindan yiritilmektedir. JECFA, gida katki
maddelerinin toksikolojik riskler agisindan giivenilirligini test
ederek, bu maddelerle ilgili spesifikasyonlari ve viicut agirligi basina
diisen giinlik alim miktarlar1 (mg/kg) (Acceptable Daily Intake-
ADI) belirlemektedir. Bu alim miktarlari CCFAC tarafindan
degerlendirilmekte ve daha sonra FAO ve WHO gibi kuruluslarin
raporlarinda yaymlanmaktadir. Ayrica CCFAC, katki maddelerinin
spesifik adlarinin  veya karmasik kimyasal yapilarin igerik
listelerinde kullanilmasina gerek kalmadan tanimlanabilmesi igin,
onaylanmis sayisal bir sistem olan Uluslararast Numaralandirma
Sistemi’ni (International Numbering System—INS) gelistirmistir. Bu
sistem hala Avrupa Birligi-AB (European Union-EU) ulkelerindeki
E numarasi uygulamasi esas alarak gelistirilmistir (Altug, 2009;
Carocho ve ark., 2013).

Ulkemizde gida katki maddeleri ile ilgili ilk kez bir
yonetmelik Saglik ve Sosyal Yardim Bakanligi tarafindan 1983
yilinda ¢ikarilmistir ve buna ek olarakta 1984’de bir yonetmelik
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yuriirliige girmistir. Saglik Bakanligi, 1990 yilinda yeniden yeni bir
yonetmelik ¢ikarmis ve akabindeki yillarda bu yonetmelige ekler
getirmistir. Tarim ve Koy isleri Bakanlhigi (Gida Tarim ve
Hayvancilik Bakanligi) tarafindan 3 Haziran 2013 tarihinde Resmi
Gazete’ de ilan edilerek yiirlirliige giren Tiirk Gida Kodeksi
Yonetmeligi (TGKY) ile katki maddelerinin kullanimlartyla ilgili
yeni duzenlemeler getirerek gida katki maddeleri yeniden
tanimlamis ve bu maddelerin adlari, EC kodlari, kullanilabilecekleri
gida gruplart ve kullanimina izin verilen maksimum miktarlari
belirtilmistir. Bu yonetmeligin 27 Subat 2019 tarihinde bazi
maddeleri degistirilerek ek maddeler eklenmis ve son olarak 13
Ekim 2023’te giincellenmistir.
1.1. Gida Katki Maddeleri 1ile 1lgili Toksikolojik
Degerlendirmeler

Incelenen katki maddelerinin organizmadaki emilimi (kana
gecisi), dagilimi (kan dolasimiyla taginmasi), biyotransformasyonu
(viicutta farkli kimyasal formlara doniismesi) ve atilim stiregleri
degerlendirilmektedir. Kimyasal bir maddenin viicuda alimindan
atilmimna kadar gecen olaylar toplamma emilim (Absorbtion),
dagilma (distribution), biyotransformasyon (metabolism) ve atilim
(excretion) ‘in ingilizce karsiliklarinin bas harfleri alinarak ADME
ismi verilmistir (Lachance, Nakat & Jeong, 2001:835-838).
Toksikolojik degerlendirmeler cercevesinde, bir maddenin olasi
alerjik etkilerini veya tolerans eksikligine baghh tepkilerini
belirlemek amaciyla insanlarda yiirlitilen ¢alismalar da
gerceklestirilebilmektedir. Kanserojen etki ile ilgili olarak
ABD’deki Gida ve Ilag Idaresi (Food and Drug Administration-
FDA) tarafindan c¢ikarilan Gida, flag ve Kozmetik Yasasi
kapsaminda 1958 yilinda Delaney adi altinda bir hiikiim
getirilmigtir. S6z konusu hiilkme gore insanlar veya hayvanlar
tarafindan tiiketilmesi sirasinda veya toksikolojik
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degerlendirilmeleri sonucunda tiimdr olusturdugu gozlenen bir
maddenin gida katkis1 olarak kullanilamayacagi belirtilmektedir.
Avrupa Birligi igerisinde katki maddelerinin  toksikolojik
degerlendirilmeleri sonucunda kullanimlarinin onaylanmasi Gida
Bilimsel Komitesi (Scientific Committee for Food-SCF) tarafindan
gerceklestirilmektedir. Bu komitenin aldig1 kararlar diizenli olarak
birlik tarafindan yayinlanan raporlarda agiklanmaktadir. S6z konusu
komitenin yaptig1 toksikolojik c¢aligmalarda JECFA tarafindan
uygulanan denemeler gerceklestirilmekte ve her bir kimyasal
maddenin bir bilimsel problem olarak ele alinmaktadir (Neltner &
ark., 2011:342-368).
1.2. Gida Katki Maddelerinin Simiflandiriimasi

Gida katki maddelerini asagidaki sekilde gruplandirmak
mimkundur (Tayar & Cibik, 2016). Kaliteyi korumayarak trlnlerin
raf dmrind uzatanlar (koruyucular), antimikrobiyaller (nitrit, nitrat,
benzoik asit, propiyonik asit, sorbik asit), antioksidanlar
(Biitillenmis Hidroksianisol, Biitillenmis Hidroksitoluen, Galatlar),
yapiy1 diizeltenler, pH ayarlayicilari, topaklanmayi onleyenler
(silikat, magnezyum oksit, magnezyum karbonat), emulgatorler
(lesitin, mono ve digliseridler), stabilizatorler, kivam arttiricilar,
tatlandiricilar, mayalanmay1 saglayici ajanlar, nemi diizenleyenler,
olgunlastiricilar, agarticilar, dolgu maddeleri, kopiik ayarlayicilar,
parlaticilar, aromay1 artirip rengi diizenleyenler, c¢esni arttiricilar
(MSG), renklendiriciler (tartazin, indigotin), besin degerini
koruyanlar, {irliniin islenmesi esnasinda kaybolan besin
elementlerini yerine birakma (B1, B2, niasin), diyette eksiz olan
besin elementlerini ekleme (A, D vitaminleri) amaciyla kullanilanlar
(Altug, 2009; Tayar & Cibik, 2016).
2. Antioksidanlar

Uluslararas1 Gida Kodeks Komisyonu (CAC)’nin tanimina
gore; “‘antioksidanlar gidalarda yaglarin acilasmasi ve renk
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degisikligi gibi oksidasyonun neden oldugu bozulmalara karsi
gidalar1 koruyarak gidalarin raf odmiirlerinin uzatilmasini saglayan
maddeler” olarak tanimlanmislardir (CAC, 1997). Antioksidanlari
viicudumuzda serbest radikallerin zararli etkilerini azaltan veya
ortadan kaldiran bilesikler olarak da tanimlamak miimkiindiir (Ogiit,
2014:25-30).
2.2. Antioksidanlarin Etki Mekanizmalar1 ve Fonksiyonlar:
Stvi  yaglarda ve margarinlerde kullanilan fenolik
karakterdeki antioksidanlar oksidasyonu baglatan ve ilerleten serbest
radikallerin olusumunda etkili olurlar.  Antioksidanlar lipid
peroksidasyonunu engellemeleri esnasinda kendileri de radikaller
olustururlar. S6z konusu fenoksil radikallleri asagida belirtilen
reaksiyonlara girerler.
(i) Radikal daha fazla okside olarak stabilkinon olusturabilir,
(if) Ana radikal indirgeme ajanlari ile rejenere olabilir,
(iii) Dimerizasyon olusarak oligomerler meydana gelebilir,
(iv) Radikal lipid peroksit radikalleri ile birlesip ¢esitli radikal
olmayan maddeler olusabilir (Buck, 1984:301-303).

2.3. Antioksidanlarin Siniflandirilmasi

Antioksidanlar ayn1 zamanda gida endiistrisinde bitkisel ve
hayvansal yaglar ve yaglh olan gida maddelerinin {iretilmesi,
muhafaza edilmesi, taginmasi ve pazara sunulmasi esnasinda normal
sicaklik sartlarinda atmosferdeki oksijenin etkinligini azaltarak
gidanin raf omrii iizerinde etkili olan maddelerdir. Kaynaklarina
gore ise dogal ve yapay (sentetik) olmak Gzere iki sinifa
ayrilmaktadirlar.

2.3.1. Dogal Antioksidanlar
a) Fenolik Maddeler

Dogal antioksidanlarin énemli bir kismini olusturur. Bunlar
bitkilerin tiim kisimlarinda yer alan polifenolik bilesiklerdir. En
yaygin kullanilan bitkisel fenolik antioksidanlar flavonoidler basta
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gelmek tizere fenolik asitler, kumarinler, sinnamik asit turevleri ve
tokoferollerdir. Flavonoidler ise antosiyanidinler, flavonoller,
flavononlar, katesinler ve proantosiyanidinler olmak {izere bes ana
gruba ayrilmaktadirlar (Cemeroglu & Cemeroglu, 1998:52-55).

b) Tokoferoller

Tokoferoller, ilk olarak 1930’lu yillarda kullanilmaya
baslanmis olup, bitkilerde yaygin olarak bulunmaktadir. Bununla
birlikte, hayvansal kokenli gida {iriinleri tokoferol ve askorbik asit
gibi dogal antioksidanlar1 ya hi¢ bulundurmaz ya da yalnizca ¢ok
diisiik miktarlarda igerir. Ornek olarak domuz yagi ve kiimes
hayvanlarim1 vermek miimkiindiir. ~ Alfa, beta, gama ve delta
homologlarinin bir karisimi olarak bitki dokularinda daha c¢ok
bulunurlar. Detadan alfaya dogru gidildikge antioksidan etkinlik
azalirken, E vitaminin aktivitesi artis gostermektedir. Doymamis
bitkisel yaglara ve yapilarinda fazla miktarda tokoferol bulunan
urunlere tokoferol ilave etmenin bir faydasi yoktur. Kullanim orani
%0.01-0.02 arasinda degisebilir. Istya karsi olduke¢a hassastirlar ve
etkilerini ¢ok hizli kaybetmektedirler. Bu olumsuz 0Ozellikleri
sebebiyle ancak 1sil islem uygulandiktan sonra gidalara ilave
edilmeleri gerekmektedir. Bugday ve misir bitkilerine air embriyo
yaglar1 yiiksek oranda tokoferol igerdiginden dolayr bunlarin
antioksidatif etkilerinden yararlanilmaktadir. Ancak duyusal
bakimdan siit iriinlerini olumsuz etkiledikleri i¢in pek tercih
edilmezler (Lachance, Nakat & Jeong, 2011:835-838).

c) Askorbik Asit ve Tuzlar

Tek baslarina gergek bir antioksidan degildirler. Diger
antioksidanlarla birlikte kullanildiklarinda onlarin etkinliklerini
artirirlar. Daha ¢ok meyve suyu ve konsantreleri, firmcilik {irtinleri,
tereyagi, biracilik ve kesilerek sogukta saklanan seftalilerin
esmerlesmelerini 6nlemek i¢in kullanilmaktadirlar. Nitrat ve nitrit et
tiriinlerinde kullanilmaktadir. Bu maddeler ette bulunan serbet amin
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bilesikleriyle birleserek  kanserojenik  etkiye sahip olan
nitrozaminlerin olusmasin1 engellemektedirler. Buna ek olarak, et
iirlinlerinin islenmesinde kullanilan nitrat ve nitritler, ette dogal
olarak bulunan serbest amin bilesikleriyle reaksiyona girerek
olusabilecek kanserojen nitrozaminlerin olusumunu engelleme
amact tagimaktadir.  Askorbil palmitat %0.01  oraninda
kullanildiginda bitkisel s1v1 yaglarin dayanma siiresini artirir. GRAS
listesinde olan bir maddedir (Kirca & Cemeroglu, 2001:233-242).

d) Glukoz Oksidaz

Maliyetlerinin fazla olmasi sebebiyle glukoz oksidazlar pek
fazla kullanim alanina sahip degildirler. Ticari olarak Aspergillus
niger’den tretilmektedir. Bu bilesik, gidalarda ¢6ziinmiis formda
bulunarak veya ambalajin bas kismindaki oksijeni baglayarak lipid
oksidasyonunu engeller ve acilasmay1 onler. Ozellikle kolali ve
meyveli mesrubatlarinda, meyve sularinda ve yumurta trtinlerinde
olusan renk bozulmalarini1 6nlemek i¢in kullanilmaktadirlar (Tayar
& Cibik, 2016).

e) Sulfitler

Kikirt dioksit (SO2), metabisiilfit (Na2S20s5, K2S205),
sodyumve potasyum bisiilfit (NaHSOs. KHSOs), sodyum sulfit
(Na2SOs3) gibi maddeler farkli gidalarda zayif antioksidan olarak
tercih edilmektedirler. Ornegin; SO2 biranin depolamasi esnasinda
tat bozulmalarim1 Onlemek icin ilave edilirler. Siilfitler, hem
enzimatik hem de enzimatik olmayan esmerlesme reaksiyonlarini
diizenler; bu nedenle, kesilmis meyve ve sebzelerin tazeligini
korumak icin siilfit ajanlar1 tercih edilmektedir (Altug, 2009).
2.3.2. Yapay Antioksidanlar

Gida sektoriinde gidalar1 oksidatif bozulmalardan korumak
ve raf Omdlrlerini uzatmak ic¢in yapay antioksidanlardan
faydalanilmaktadir. Bunlar biitillenmis hidroksi anizol (BHA),
biitillenmis hidroksi toliien (BHT), tersiyer biitil hidrokinon (TBHQ)
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ve gallik asit esterleridir. Bunlar daha ¢ok atistirmaliklar, ceviz gibi
sert kabuklular, et ve et tirlinleri, findik, firinda pismis gidalar, tahil
gevregi, sakiz, kurutulmus patates ve tereyagi olmak iizere kat1 ve
s1v1 yaglar, birada sik kullanilmaktadirlar. Insanlarda kanserojenik
etkileri tam olarak kesinlesmemis olmasmma ragmen bebek
mamalarina ilave edilmelerine izin verilmemektedir (Willson &
Clifford, 1995) Bu yapay yada sentetik olan antioksidanlar oldukga
etkili, stabil ve ucuz olmalarina ragmen potansiyel yan etkileri
olduk¢a fazladir. Sentetik ve yapay antioksidanlarin canl
organizmalarda karsinojenik ve teratojenik potansiyel gostermesi,
toksikolojik acidan onem arz etmektedir. Besinlerdeki oksidatif
reaksiyonlar, lipitlerin, renk bilesiklerinin, temel amino asitlerin ve
vitaminlerin degradasyonu sonucunda ortaya ¢ikar (Boga &
Binokay, 2010:141; Erkan, 2010).

a) Biitillenmis Hidroksi Anizol (BHA): Biitillenmis Hidroksi
Anizol (BHA) ve Biitillenmis Hidroksi Tolien (BHT)
antioksidanlari yagda ¢6ziinmez ama suda ¢oziiniirler. Bunlar direkt
olarak ya da emiilsiyon seklinde paket materyaline uygulanirlar.
Gidalarin igerisine yayilabilme 6zelligine sahiptirler. BHA ve BHT
ikisi birlikte kullanildiklarinda sinerjik etki gostermektedirler. BHA
hayvansal yaglardaki oksidasyonu bitkisel yaglardaki oksidasyona
gore daha iyi dnleyebilmektedir (Cemeli & Baumgartner, 2009:51-
67).

b) Tersiyer Butil Hidrokinon (TBHQ): Daha ¢ok kizartma
yaglarinda oksidasyona karsi kullanilmaktadirlar. Tersiyer Butil
Hidrokinon (TBHQ) tek basina kullanildigi gibi ayni zamansa
Biitillenmis Hidroksi Anizol (BHA)/Biitillenmis Hidroksi Toliien
(BHT)ile kombine olarak da kullanilmaktadirlar. TBHQ siv1 ve kat1
yaglarda yeterli ¢Oziiniirliige sahiptirler. Fe ve Cu iyonlaryla
kompleks olusturmazlar. HACGS (Hiperactive Children’s Support
Group) tarafindan bu maddenin kusma, mide bulantisi, sayiklama
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gibi yan etkilerinin oldugu ve 5g dozunda kullanildigi zaman
oldurici etkisinin olabilecegi bildirilmektedir (Fernandez-Lopez &
ark., 2003:371-380).

c) Gallik Asit Esterleri: En ¢ok kullanilan gallik asit esterleri
dodesil gallat, oktil gallat ve propil gallattir. Antioksidan olarak
oldukga etkili olmalarina ragmen metal iyonlar ile 6zellikle Fe ile
koyu renkli kompleks olustururlar, yaglarda ve substratta arzu
edilmeyen renk degisimlerine neden olurlar. Propil gallat 148°C’de
ergime Ozelligine sahip oldugu i¢in antioksidan etkisi ortadan
kalkmakta ve kizartma yaglari igin tavsiye edilmemektedir (Nautaa,
1991).

d) Erithorbik Asit ve Sodyum Eritorbat: “izoaskorbik asit”
ismi de verilen eritorbik asit (CeHgOs) ve tuzu olan sodyum
eritorbatin antioksidatif etkileri oksijen baglama yolu araciligiyla
gerceklesmektedir. Normal durumda asit ortamda etkili
olmaktadirlar. Ozellikle donmus deniz iiriinleri, sebzeler, salatalar ve
elmalarda goriilen renk kaybim1i ve acilasmayr Onlemek igin
kullanilmaktadirlar. GRAS listesinde yer alirlar. Eritorbik asit ve
sodyum eritorbat donmus meyvelerde 150-200 ppm konsantrasyon
diizeyinde kullanildiginda oksidatif bozulmayi engelleyebilmektedir
(Tayar & Cibik, 2016).

e) Nordihidroguairatik Asit (NDGA): Larrea divaricata
bitkisinden {tiretilen dogal bir antioksidandir. Ayrica NDGA 1942
yilinda kuvvetli antioksidan 6zelligine sahip bir madde olarak ilk kez
laboratuvarda  sentezlenmistir. Balik yagi, domuz yagi,
firin/firmcilik driinleri ve ugucu yaglara ilave edilmektedirler.
NDGA’ nin gida uygulamalarinda kullanimi, Tiirkiye dahil olmak
tizere ¢esitli lilkelerde izin verilmemektedir (Keskin, 1981; Saldamli
& Uygun, 2014).
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2.3.3. Tkincil (Sekonder) Antioksidanlar
[Dilauriltiodipropiyonat (DLTDP) ve Tiodipropiyonik asit
(TDPA)]

Lipit oksidasyonu sirasinda olusan hidrojen peroksidin
parcalanmasini  saglayarak antioksidan maddelerin  etkisini
desteklerler. Bunun yani sira, toksikolojik sakincalar veya cesitli
teknik smirlamalar nedeniyle gida endiistrisinde yaygin olarak
kullanilmayan, ancak antioksidatif 6zellik gosteren pek ¢ok bilesik
de bulunmaktadir. Bu maddelere dyoiirik asit, difenil-p-
fenilendiamin (DPPD) ve 2,4,5-trihidroksi butirofenon (THBP)
ornek olarak verilebilir. Paketleme materyalleri ig¢in kullanilan
baslica  antioksidanlar BHA, BHT, DLTDP, Distearil
tiyodipropiyonat (DSTDP), Guayak zamki, NDGA, PG,
Tiodipropiyonik asit (TDPA) ve THBP'dir (Dziezak, 1986:94-102;
Saldamli & Uygun, 2014; Tayar & Cibik, 2016).

2.4. Antioksidan Ozelligi Arastirllan Maddeler
a) Sesamol

Susam bitkisinden elde edilen ve yapilarinda mevcut olan
tokoferol miktarma gore 6nemli diizeyde antioksidan etki gosteren
maddelerdir. Fenolik yapida olan sesamolun ilk defa 1983 yilinda
antioksidan etkisi belirlenmistir. Domuz yaginin stabilizasyonunda
propil gallat ve nordihidroguairatik asit (NDGA) gibi ticari olan
antioksidanlarla birlikte kullanildig1r ifade edilmektedir (Altug,
2009).

b) Biberiye

Biberiyeden tretilen karnosik asit ve rozmarinik asit gibi iki
farkli fenolik yapida olan antioksidan madde igermektedir.
Biberiyeden elde edilen rozmeridifenol, difenolik yapida bir bilesen
olup, domuz yaglarinda kullanildiginda BHA’ya gore daha etkili
oldugu belirtilmektedir (Altug, 2009).

2.5. Antioksidan Ozelligi Bilinen Baz: Bitkiler
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a) Yesil Cay (Camellia sinensis L.)

Theaceae familyasindan olan siyah ¢ayin fermente olmayan
halidir. Mayalanma isleminden gegmedigi i¢in yapisinda bulunan ve
antioksidan 6zellige sahip olan polifenoller bozulmamaistir. Yesil cay
ozellikle katesinler ve onlarin tiirevlerini igerir (% 30). Yesil ¢cayin
antioksidan etkisi vitamin C ve vitamin E’den birka¢ kat daha
fazladir (Yilmaz, 2010:142-153).

b) Isirgan Otu (Urtica L.)

Urticaceae familyasma ait olan bir bitki tiirtidiir. Yakici
tlyleri deriye temas ettigi zaman deride yanma ve kizariklik
yapmaktadir. Yakici tiiylerinde histamin, asetilkolin ve seratonin
bilesikleri bulunmaktadir. Bilesiminde flavanoidler, formik asit,
yuksek miktarda klorofil, bitki sterolleri, bitkisel enzimler,
fenilpropanlar, kalsiyum, kumarinler, potasyum tuzlari, terpenoidler
ve vitamin C bulunmaktadir (Deveci & ark., 2017:26-32).

c) Sar1 Sabir (Aloe vera)

Liliaceae familyasina aittir. Etken maddesi antrasen’dir.
Yapisinda bulunan A, C, E, B12 vitaminleri, kolin ve folik asitten
dolay1 antioksidan 6zellikleri mevcuttur. Seksene yakin aktif bilesik
icermektedir. Bunlar aminoasit, enzim, lignin, mineral, salisilik asit,
saponin, seker ve vitaminlerdir. Antioksidan o6zelligi yapisinda
bulunan A vitamini (B-karoten), vitamin C, vitamin E, vitamin B12,
folik asit ve kolinden dolayidir (Ajose, 2007:48-55;Surjushe, Vasani
& Saple, 2008:163-166).

d) Kekik (Thymus L. ve Origanum L.)

Ballibabgiller (Labiatea: Laminaceae) familyasindandir.
Catir kakuk, keklik otu ve sater ismiyle de bilinir. Yapisinda
%20’den fazla fenolik bilesikler (timol+karvakrol), flavonoit
bilesikler, ursolik, oleanolik asit ve triterpenik maddeler
bulunmaktadir. Antioksidan 6zellik gosteren kismi1 fenolik
bilesiklerdir (Sarag, 2005).
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e) Nane (Mentha L.)

Labiatae familyasindandir. Yapraklari %0.8-4 oraninda
flavonlar, kafeik ve klorojenik asit, rosmanirik asit, triterpenik
maddeler ve ugucu yaglar ihtiva etmektedir. Ugucu yaglarinda %45-
50 oraninda mentol, %5-20 mentol esterleri, menton, tkaliptol, (-)
limonen ve (-) B-karyofillen icermektedir (Baser & ark., 1993:619-
623; Baytop, 1999).

f) Dag Cay (Sideritis L.)

Labiatae familyasinin {iyesidir. Sideritis cinsine aittir. Dag
cayl veya Yayla ¢ayr olarak da bilinir. Yapisinda ugucu yaglar,
diterpenoid, yag asitleri, kumarin, flavonoidler, fenolik glikozitler ve
fenolik asit tlirevleri bulunmaktadir. Bu maddelerden dolay1
antioksidan ozellik gosterirler (Tunalier & ark., 2002; Sahin, Ezer &
Alis, 2006:495-504).

g) Domates (Lycopercium esculantum)

Domatesin igerisinde bulunan ve bir karotenoit olan
likopenin kanseri Onleyici etkisi bulunmaktadir (Giovannucci &
ark., 2002:391-398). -

h) Kayis1 (Prunus armeniaca):

Kayisinin i¢eriginde bulunan K, Na, Mg, P gibi mineraller ile
A vitamini, B-karoten, E vitamini ve likopen gibi antioksidanlar
yonlnden beslenme agisindan 6nemli bir gida maddesidir (Karatas
& Kamisli, 2007:662-668).

1) ElIma (Malus domestica)

Elma, polifenoller bakimindan zengin olan gidalardir ve
polifenoller gucli antioksidan o&zelligindedirler. Elmalar ayni
zamanda fenolik asitler ve flavonoidler yoniinden zengin olan bir
gidadir. En ¢ok bulunanlar1 antosiyanin, katesin, klorojenik asit ve
kuersetindir. EIma astim, bagisiklik sistemi hasari, diyabet, kanser,
kalp-damar hastaliklar1 ve lipidlerin oksidasyonu gibi hastaliklarin
sebebiyet verdigi 6liim riskini azaltan fotokimyasallar bakimindan
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zengindir (Hertog & ark., 1993:1007-100-11; Yinrog & Foo,
2000:81-85; Awad & ark., 2001:69-83).
i) Uztim (Vitis vinifera)

Uziimde bulunan resveratrol, giiglii bir antioksidan 6zellige
sahip olup, kanser hiicrelerinin olusumunu engelleyebilir ve koroner
kalp hastaliklar1 riskini azaltmada rol oynar (Dong, 2003).

J) Sarmmsak (Allium sativum)

Sarimsagin igerisinde ihtiva ettigi ve bol miktarda bulunan
stlfihidril, giiclii bir antioksidandir. Sarimsak serbest radikallerin
zararinin azaltilmasma yardimei olur ve radyasyona karsi da bir
koruma saglar (Ayaz & Alpsoy, 2007:145-149).

k) Kiraz (Prunus avium)

Kirazda bulunan melatonin, antioksidan potansiyele

(antosiyanidin) sahiptir (Pszczola, 2001:5159).
1) Sogan (Allium cepa)

Sogan bitkisinde bulunan alkil/alkalen sistein stlfoksitler ve
flavanoidler (antosiyaninler ve kuarsetin) bakimindan zengin olan
bir antioksidandir (Rahman, 2003:39-56).

m) Incir (Ficus carica L.)

Incir taze ve kuru olarak tiiketilen en eski meyve tiirlerinden
biridir. Incirin igerdigi polifenollerin ve &zellikle de antosiyaninlerin
antioksidan 0zellik gostermektedir (Caliskan & Polat, 2008:360-
367).

2.6. Antioksidanlarin Gidalarda Kullanimlar1 (Altug, 2009;
Tayar & Cibik, 2016)

Uygun antioksidan seciminde dikkat edilmesi gereken
kurallar :

« Antioksidan, gidanin su ve yag fazinda tamamen eriyebilmelidir
« Uriinuin icine nifuz edebilmelidir.

e Ucuculugu diisiik olmalidir.

« Uriine arzu edilmeyen renk ve gériiniim vermemelidir.
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« Kokusuz ve tatsiz olmalidir.

o Toksik ve alerjik etkisi olmamalidir.

« Gida ile birlikte tiketilmesinde bir sakinca olmamalidir

e Diisiik duzeylerde etkili olmali, kolay elde edilebilmeli ve

maliyeti diisiik olmalidir.

Antioksidanlar1 kullanim yerlerine gore asagidaki sekilde
siiflandirmak mumkandur.

a) Eritilmis Hayvansal Yaglar: Yenilebilen veya yenilemeyen
kat1 yaglar ile yliksek miktarda hayvansal yag iceren sorteningler (lif
kisalticilar) olarak bilinirler. Diigiik oranda doymamislik 6zellikleri
ve minumun oranda da stabiliteleri bulunmaktadir. Daha c¢ok
firmlanmis  {iriinlere antioksidan olarak katilirlar. Uriinlerde
maksimum koruma istenildigi zaman BHA igeren karisimlar tercih
edilirler. Ticari olarak ise %20 Biitillenmis Hidroksi Anizol (BHA)
+ %6 Propil gallat (PG) ve %4 Sitrik Asit (CA) igeren karigim en
cok tercih edilen karigimdir.

b) Bitkisel Yaglar: Hem yenilebilen hem de yenilemeyen sivi
yaglar ve yiiksek miktarda kat1 yag igeren sorteningler bu gruba
girmektedir. Bir miktar dogal antioksidan igerirler. Hidrojen rafine
edilen yag kullanilan hamurlarda ve diger firinlanmais iiriinlerde ve
sorteninglerde belirtilen maksimum raf émruni korumak icin BHA,
BHT, PG ve CA’nin kombine kullanimlar1 daha etkili olmaktadir.
Kizartmalik yaglarin oksidatif stabilitesinin artirilmasinda, %20
propil gallat ve %10 sitrik asit iceren antioksidan karigimlari etkili
olmaktadir.

¢) Yiiksek Miktarda Kat1 Yag Iceren Yaglar: Findik ezmesi ve
patates cipsleri bu gruba girmektedir. Bu ftiriinlerde %50’ye yakin
miktarda kati ve sivi yag bulunmaktadir. Hamur isleri, pastalar ve
tatlilar ise %8-10 oraninda yag icermektedirler. Bunlarda bu gruba
dahil edilirler. Bitkisel veya hayvansal yaglarin oksidatif stabilitesini
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artirmak amaciyla, antioksidan karisimlarin kizartma igleminden
once yaglara eklenmesi gerekmektedir

d) Diisiik Miktarda Kati Yag Iceren Gida Uriinleri: Dehidre
patatesler, bazi kek karisimlar1 ve kahvaltilik hububatlar bu gruba
ornek verilebilir. Bu yaglar, %1-2 oraninda bulunmakta, bitkisel
kaynakli olup, BHA ve BHT gibi antioksidanlarla stabilizasyon
saglanabilmektedir.

e)  Sekerlemeler: Sekerlemelerde  kullanilan  bir¢ok
ingrediyentler cabucak bozulabilirler. Ornegi findik, fistik, kati
yaglar, siv1 yaglar, siit tozu ve sut gibi trtinler ve esansiyel yaglarda
tat ve kokunun kaybolmasi, istenmeyen kotii kokularin olusumu gibi
olaylar goriilebilir. Bu gibi olumsuzlar1 6nlemek i¢in antioksidanlar
kullanilmaktadir.

f) Et Uruinleri: Bu gibi iiriinlerde en fazla gériilen bozulma sekli
lipitlerin ve yag iceren kisimlarin oksidasyonudur. Ete uygulanan
oglitme, ezilme gibi islemler oksidasyonu hizlandirmaktadir. Ayrica
etlerde bulunan hem pigmenti de oksidasyonu etkilemektedir.
Yapilan ¢alisma sonuglarmma gore et Triinlerine ilave edilen
antioksidanlar ozellikle sigir eti, domuz eti, kiimes hayvanlar1 ve
baliklardaki oksidatif bozulmalar {izerine etkili oldugunu
gostermektedir. ABD’de taze ve kuru domuz sosislerinde,
kurutulmus etlerde, eritilmis hayvansal kati1 yaglarda ve bunlarin
bitkisel kat1 yaglarla olan bilesimlerinde antioksidan kullanimina
izin verilmektedir. Daha ¢ok %20 BHA ve %10 CA igeren
karigimlar yaygin olarak kullanilmaktadir.

g) Balik ve Bahk Uriinleri: Deniz (riinlerinde antioksidanlarin
kullanimlar1 pek yaygin degildir. Bunun nedenleri olarak birgok
balik yagmin trigliserid ve fosfolipdlerin yiiksek oranda doymamis
yag asitlerini igermis olmasi, hem pigmenti gibi dogal katalizorlerin
bulunmast ve islem esnasinda uygun olmayan ydntemlerin
kullanilmast sdylene bilinir. Sadece kurutulmus yagli baliklarda
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antioksidanlar kullanilmaktadir. Antioksidanlar kurutma isleminden
hemen sonra Urline ilave edilmekte ve bdylece depolama ve nakliye
sirasinda  oksidasyon engellenebilmektedir. Antioksidan ilavesi
kurutma islemini takiben vidali konveyorlerde piiskiirtiilerek yapilir
ve bu esnada balik ile antioksidan tamamen karismis olur. Islenmis
iiriinlerde ise hem yagda eriyen (BHA, BHT) hem de suda eriyen
(askorbik asit ve sitrik asit) antioksidanlar sadece oksidatif
acillasmay1 onlemek i¢in ilave edilmektedirler. Raf odmrii {izerine
etkili olan bakterilerin Uremesi Uzerine herhangi bir etkileri
olmamaktadir.

h) Esansiyel Yaglar: Limon yagi, portakal yagi ve terpen gibi
lezzet amaciyla gidalara ilave edilen yaglar fosfolipid ve
trigliseridler gibi radikal oksidasyona ugrarlar. Bunun i¢in bu tiir
yaglara BHA ilave edilmektedir. Ozellikle %0.3 oraninda, esansiyel
yaglar islemden hemen sonra ve diisiik sicakliklarda ilave
edilmektedir.

1) Ciklet Hamuru: Bunlarin igerisinde doymamis bilesenlere
sahip olan polimerler ve petrol mumlar1 vardir. Ciklet hamuru
stirekli oksidasyona maruz kalinca polimerlerin ¢capraz baglanmalari
neticesinde kirillgan bir yap1 olusur. Bu esnada istenmeyen lezzet ve
aroma veren maddeler a¢iga ¢ikar. Bu tip bozulmalar1 engellenmek
icin daha ziyade BHA ve BHT kullanilmaktadir.

i) Kizartma Isleminin Yapildigi Gidalar: Patates ve misir
cipsleri gibi gidalarda %350 oraninda yag bulunmaktadir. Bu
iirlinlerde acilasmaya bagli olarak sorunlar olusabilmektedir. Daha
cok TBHQ kullanilmaktadir. Bunun disinda BHA, BHT, PG ve
tokoferoller de kullanilmaktadir. Hayvansal kat1 ve sivi yaglarin
kullanildig1  kizartma islemlerinde en ¢ok tokoferoller tercih
edilmektedir.
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J) Firinda Pisirilen Gidalar: Firinda pisirilecek olan gidalarda
kullanilan yaglara BHA, BHT, PG, TBHQ ve tokoferoller ilave
edilmektedir.

k) Findik, Fistik Gibi Uriinler: Bu tiir iriinlere daha ziyade
TBHQ ilave edilmektedir.

I) Hububatlar: Bu tiir gidalarda lipidlerin orani oldukga
diistiktiir. Ancak lipitlerdeki doymamishik orani ve dolayisiyla
dayanikliligl az olmaktadir. Hububatlarin ambalaj materyallerine
genellikle BHA ve BHT gibi antioksidanlar ilave edilmektedir. Bu
maddeler, uygun buhar basincina sahip olduklarindan buharlagarak
paketleme malzemesine nifuz eder ve bdylece koruyucu etki
gosterir.

m) Ham Bitkisel Yaglar: Dogal olarak yapilarinda tokoferoller,
fosfolipidler ve karoten gibi antioksidanlar bulunmasina ragmen bu
iiriinler depolama, taginma ve rafinasyon esnasinda bozulabilirler.
Bozulmalar1 engellemek icin TBHQ ilave edilmektedir. Rafinasyon
isleminden sonra antioksidanlarin ilave edilmesi gerekmektedir.

n) Gida Ambalajlari: Bu amag i¢in kullanilan antioksidanlar
mum, parafin ve polimerler i¢inde ve emiilsiyon halinde gida
ambalajlarina, buharlagsma yolu ile de gidalara gecis olmaktadir. En
cok tercih edilenleri ise BHA ve BHT’dir. Antioksidanin
uygulanacak miktari, paketleme malzemesinin biiyiikliigii, tipi ve
istenen stabiliteye bagli olarak belirlenir.

2.7. Antioksidanlar fle Tlgili Yasal Diizenlemeler

27 Subat 2019 tarihinde Tiirk Gida Kodeksi Gida katki
Maddeleri Yonetmeligi’nde kullanilan antioksidanlarin E kodlari,
adlar1, katilabilecekleri gida maddeleri, izin verilen miktarlar1 ve
kullanim sekilleri bildirilmektedir. Ancak 13 Ekim 2023 tarihinde
yonetmelikte bazi degisiklikler yapilarak bazi antioksidanlarda
(Propil Gallat, TBHQ, BHA) E kodlar, kullanim sekilleri ve
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uygulandiklart gida maddeleri degistirilmistir. Bu yonetmelik hala
yurdrliktedir.
3. SONUC

Diinya niifusunun hizli artis1 ve agligin insanlik i¢in ciddi bir
sorun olmasi goz Oniine alindiginda, tretilen gidalarin miimkiin
oldugunca uzun siire tazeliklerini korumasi ve insan sagligin tehdit
eden kimyasal, mikrobiyolojik ve fiziksel bozulmalara karsi
dayaniklt hale getirilmesi, arastirmacilarin baglica ¢alisma
alanlarindan biridir. Ayrica niifusun artmasi ve insanlarin yasam
standartlarinin yilikselmesi, 0Ozellikle gelismekte olan ve gelismis
Ulkelerde cabuk tiketilebilen ve Kkalitesini uzun siire koruyan
gidalarin gerekliliginin artmis olmasi, gida sektoriinde uzun raf
omiirlii gidalarin bulunmasi zorunlulugu ve tiiketicilerin mevsimlik
gidalar1 her zaman tiiketebilme arzusunda oluslar1 sanayilesmeyi
etkilemekte ve gida katki maddelerinin iiretiminin gelismesine ve
islenmis tirlinlerde gida katki maddelerinin ve antioksidanlarin
kullaniminin kaginilmaz olmasina sebebiyet vermektedir.

Gida katki maddelerinin kullanilmasindaki temel amag,
tilketicilerin giivenli, kaliteli ve ekonomik iriinlere erigimini
kolaylastirmak ve triinlerin duyusal 6zelliklerinde meydana gelen
degisimleri tliketici tercihlerini olumlu etkileyecek sekilde
duzenlemektir. Ancak katki maddelerinin, iriinlerin
pazarlanabilirligini artirmak icin daha yogun bi¢gimde kullanilmasi
cesitli  riskleri de  beraberinde  getirmektedir.  Denetim
mekanizmalarmin yetersiz oldugu tilkelerde bu maddelerin alerjik,
kanserojen, mutajen veya teratojen etkilere yol agabilecegi ¢ogu
zaman g6z ard1 edilmektedir. Bu nedenle bilingli tiiketicilerin, hem
ureticileri hem de devletin kontrol birimlerini daha dikkatli ve
sorumlu  davranmalart yonlinde uyarmalar1 biiyllkk Onem
tasimaktadir.
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Canli organizmada meydana gelen herhangi bir patolojik
veya fizyolojik olayda olusan serbest radikaller ile bunlarin etkisini
ortadan kaldiran antioksidanlar arasinda bir savunma mekanizmasi
bulunmaktadir. Dogal antioksidanlar1 gidalarla viicudumuza almak
diren¢ mekanizmamizi olumlu yonde etkilemektedir. Ancak gidalara
katilan sentetik antioksidanlart kullanirken g¢ok dikkat edilmeli,
yapilan bir¢ok bilimsel ¢aligma sonucuna gore hem dozajlart hem de
tirleri  belirlenmelidir. Bir antioksidanin gida maddelerinde
kullanilmadan once, saglik agisindan zararsiz oldugu kesin olarak
belirlenmis olmalidir.
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BOLUM 3

TEK SAGLIK YAKLASIMI CERCEVESINDE
MEZBAHALARDA ATIK YONETIMI VE
VETERINER HEKIMIN ROLU

1. DOGAN KOSEDAG!
2. RABIA MEHTAP TUNCAY?
3. YAKUP CAN SANCAK:?

Giris

Hayvansal gida iiretiminin devamlili§i, sadece verimlilik ve kalite
diizeyleriyle degil, ayn1 zamanda cevresel ve halk saglig: etkileriyle
de ele alinmalidir. Bu dogrultuda mezbahalar, hayvansal iiriinlerin
iretim asamalarinda saglik, hijyen ve cevre etkilerinin en fazla
gozlendigi onemli tesislerdir. Mezbaha faaliyetleri sonucunda ortaya
cikan organik atiklar, uygun bi¢imde bertaraf edilmediginde hem
ekosistem dengesini bozmakta hem de zoonotik patojenlerin
yayillimi agisindan 6nemli bir tehdit kaynagi olusturmaktadir (Al-
Gheethi & ark., 2021; Askar & Askar, 2025).
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“Tek Saglik” (One Health) yaklasimi, insan, hayvan ve gevre
sagliginin birbirinden ayr1 ele alinamayacagint savunan disiplinler
aras1 bir yaklagim olarak bu siirecin temel yapisini olusturmaktadir.
Mezbahalarda uygulanan veteriner hizmetleri, bu i¢lii dengenin
saglanmasinda Onemli bir konuma sahiptir. Veteriner hekimler,
hayvan kesimi Oncesinde ante mortem, kesim sonrasinda ise post
mortem muayene yapmakla gorevli olup aymi zamanda kesim
sonrasi olusan atiklarin giivenli bir sekilde yok edilmesiyle de
sorumludur. Dolayisiyla mezbahalarda atik yonetimi sadece teknik
bir cevre mithendisligi konusu degil, dogrudan veteriner halk sagligi
uygulamasidir (Serpen, 2023).

Mezbahalarda Olusan Atiklarin Tiirleri ve Ozellikleri
Kat1 Atiklar

Mezbaha kati atiklari; kan pihtisy, tily, deri, kemik, sindirim sistemi
icerigi, kullanilmayan sakatat ve hastalikli organlar gibi yiiksek
organik yiiklii materyallerden olugsmaktadir. Bu materyallerin
biyolojik oksijen ihtiyac1 (BOI) ve kimyasal oksijen ihtiyaci1 (KOI)
oldukca fazla olup ¢evreye kontrolsiiz bir sekilde atilmalari su ve
toprak kirliligine sebep olmaktadir. Ayrica kati atiklarin agik
alanlarda depolanmasi sinek ve kemirgen sayilarini artirarak
zoonotik vektorlerin yayilmasina zemin olusturmakla beraber sokak
hayvanlari tarafindan tiiketilmesi zoonotik ajanlarin taginmasina da
sebep olabilmektedir (Bozkurt, 2013; Tiirkten & ark., 2016; Sahin,
2019).

Sivi Atiklar

Kesim sirasinda ortaya ¢ikan kan ve yikama sulari, mezbaha atik
sularinin ana bilesenleridir. Bu atiklar, yiiksek miktarda protein, yag
ve deterjan kalintis1 igermekte olup, biyolojik aritma tesislerine
varmadan alici ortamlara verildiklerinde sucul ekosistemlerde
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oksijen tiiketimini artirarak habitat kayiplarina sebep olmaktadir
(Moustafa, 2019).

Enfekte ve Tehlikeli Atiklar

Yapilan bazi ¢aligmalar gostermektedir ki hastalikli hayvanlardan
elde edilen baz1 doku ve organlar, bakteriyel veya paraziter patojen
hastalik etkenleri ile kontamine olabilmektedir. Bu tiir materyaller
enfekte atik sinifinda degerlendirilerek 6zel isleme tabi tutulmalidir.
Bu dogrultuda, Ulkemizde Insan Tiiketimi Amaciyla Kullanilmayan
Hayvansal Yan Uriinler Yénetmeligi'ne gore, mezbaha atiklar1 ve
hastalikli  hayvanlardan elde edilen yan iiriinler/hayvansal
materyaller; uygun bicimde toplanmali, tasinmali, depolanmali veya
yonetmelikte tanimlanan sekilde imhasi zorunlu kilinmaktadir
(Tiirkiye Cumhuriyeti Tarim Orman Bakanligi, 2011; Campolat &
ark, 2025).

Tek Saghk Perspektifinden Mezbahalarda Atik Yonetiminin
Onemi

Insan, hayvan ve c¢evre saghgmin birbirinden ayr1 ele
allmamayacagini savunan tek saglik yaklasimina gore, mezbaha
faaliyetleri yalnizca et liretim siireciyle siirli degildir; ayn1 zamanda
zoonotik patojenlerin kontrolii, stirdiiriilebilir doga ve gida giivenligi
acisindan stratejik bir rol oynamaktadir. Mezbahalarda olusan
atiklarin yonetimi, bu ii¢lii saglik bileseninin kesisim noktasinda yer
almakta olup; yanlis veya yetersiz uygulamalar insan, hayvan ve
ekosistem sagligini eszamanli bicimde tehdit etmektedir (Sahin,
2019; Serpen, 2023; Erol, 2024).

Hayvan Saghg1 Acisindan: Epidemiyolojik Gozetim, Erken
Uyar ve Siirii Saghg: Yonetimi

Kasaplik hayvan mezbahaneye getirildiginde kesim oOncesi ve
sonrasinda cesitli muayeneler yapilmaktadir. Bu muayenelerden;

Ante-mortem ve post-mortem muayeneler sirasinda elde edilen
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veriler hem siirli saghigt hem de bolgesel hastalik dagilimlar
hakkinda bilgi vermektedir (Hayvan Sagligi ve Zabitasi
Yénetmeligi, 2020; Etlerin Teftis Talimati, 2023). Ornegin, kesim
sirasinda yiiksek oranlarda akciger lezyonu tespit edilmesi, solunum
sistemi enfeksiyonlar1 veya paraziter invazyonlarin siiriilerde yaygin
oldugunu gostermektedir. Bu veriler, 6zellikle zoonotik potansiyele
sahip hastaliklarin erken tespitinde kritik ©Oneme sahiptir.
Tiiberkiiloz, brusella, sigir sap hastaligi, kistik ekinokok gibi
hastaliklarin varligi, yalnizca hayvan refahini degil, ayn1 zamanda
halk saghgim da ilgilendirmektedir. Bu dogrultuda, mezbahalar
veteriner epidemiyolojisinde “erken uyar1 merkezleri” olarak gorev
almaktadir (Magrin & ark., 2021; Garcia-Diez & ark., 2023).

Bunlarin yani sira veteriner hekimler, mezbaha kayitlarin1 analiz
ederek saha diizeyinde siirii yonetimi Onerileri gelistirebilmektedir.
Bu durum hem hastalik yiikiinii azaltmakta hem de hayvansal
dretimin ekonomik devamliligini desteklemektedir. Tek Saghk
yaklagimi g¢ergevesinde, bu tiir bulgularin ulusal hastalik bildirim
sistemlerine islenmesi tavsiye edilmektedir. BoOylece, mezbaha
temelli bulgular saha epidemiyolojisinin ayrilmaz bir parcas1 haline
gelmektedir (Garcia-Diez & ark., 2023).

Halk Saghg1 Acisindan: Zoonotik Riskler, Antimikrobiyal
Direnc ve Gida Giivenligi

Mezbaha ortami, patojen mikroorganizmalarin hayvandan insana
gecisinde 6nemli bir gegis noktasidir. Ozellikle kesim siirecinde
hayvan dokularinin, atik sularin ve yiizeylerin kontaminasyonu,
capraz bulas riskini arttirmakta olup bu dogrultuda tasinan
Salmonella spp., Campylobacter spp., Listeria monocytogenes ve
enterohemorajik Escherichia coli (EHEC) gibi patojen etkenler,
insanlarda ciddi gastrointestinal enfeksiyonlara ve oOliime sebep
olabilmektedir (Sireli & Cengiz, 2023; Turan, 2025).
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Bununla birlikte, son yillarda mezbaha kaynakli atik sularin
antimikrobiyal diren¢ genleri (ARGs) agisindan zengin bir rezervuar
kaynagt  oldugu  bilinmektedir. =~ Hayvanlarda  kullanilan
antibiyotiklerin metabolitleri ve direngli bakteriler, atik su kanallar1
yoluyla c¢evreye tasinmakta ve diren¢g genlerinin horizontal
transferine ortam olusturmaktadir. Bu durum, insanlarda tedavi
basarisizliklarina neden olabilecek direngli patojenlerin cevresel
seleksiyonuna katkida bulunmaktadir. Dolayisiyla, mezbaha atik
yonetimi ayni zamanda antimikrobiyal direngle miicadelede de
stratejik bir miidahale noktas1 olarak ele alinmaktadir (Gilingér &
ark., 2024).

Veteriner Hekimligin Mezbahalarda Atik Yonetimindeki Rolii

Veteriner hekimler, mezbaha faaliyetlerinin her adiminda Tek Saglik
yaklagiminin sahadaki uygulayicisidir (Sireli & Filazi, 2019).

Birincil gorev, canli hayvanlarin ante-mortem ve karkaslarin post-
mortem muayenelerini yiiriitmesi sonucunda elde edilen bulgulari
kayit altina almakta olup bu kayitlar hem hayvan sagligi hem de gida
giivenligi acisindan Onemli bir epidemiyolojik veri kaynagi
olusturmaktadir. Ayrica, hastalik tespit edilen organ ve karkaslarin
uygun sekilde imhasi, zoonotik patojenlerin bulagsma riskini
azaltmaktadir (World Organisation for Animal Health [WOAH],
2019; T.C. Tarim ve Orman Bakanligi, 2020).

Veteriner hekimler ayn1 zamanda atiklarin ¢evreye zarar vermeden
yok edilmesi i¢in gerekli hijyen ve biyogiivenlik uygulamalarini
planlamaktadirlar. Atik toplama, depolama, tasima ve imha
stireglerinde patojen yayilimini 6nlemek amaciyla dezenfeksiyon ve
izolasyon oOnlemleri alinmaktadir. Bunun yam sira, veteriner
hekimler siirdiiriilebilir uygulamalarin gelistirilmesinde de 6nemli
rol oynamaktadir. Rendering, kompostlama ve biyogaz tiretimi gibi
biyoteknolojik  yOntemlerle mezbaha atiklarinin  yeniden

degerlendirilmesi hem ekonomik katma deger yaratmakta hem de
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halk sagligina 6nemli bir katki sunmaktadir. (Jiménez-Urpi & ark.,
2025).

Sonu¢

Mezbaha atiklari, Tek Saglik yaklagiminin tam anlamiyla sahada
karsilik buldugu 6nemli alanlardan biridir. Atiklarin yonetimi sadece
cevresel bir mesele degil, ayn1 zamanda veteriner halk sagliginin
dogrudan bir uzantisidir. Veteriner hekimler, mezbahalarda
yiriitilen muayene, hijyen, atik yonetimi ve risk degerlendirme
stirecleriyle insan, hayvan ve cevre sagligi arasindaki dengeyi
koruyan temel aktorlerdir. Etkin bir atik yOnetimi sistemi,
zoonozlarin kontrolii, antimikrobiyal direngle miicadele ve ¢evresel
strdiirtilebilirlik hedeflerinin eszamanli olarak gergeklestirilmesine
katki saglamaktadir.

Bu sebeple, mezbaha atik yonetimi uygulamalarimin ulusal Tek
Saglik  politikalariyla  biitiinlestirilmesi,  veteriner  hekimlik
mesleginin hem bilimsel hem de toplumsal sorumlulugu acisindan
oncelikli bir gerekliliktir.
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BOLUM 4

FOOD SAFETY AND PUBLIC HEALTH ASPECTS
OF COAGULASE-NEGATIVE STAPHYLOCOCCI

BASAK GOKCE COL!
Introduction

Historically, investigations in food safety and public health
have centered on coagulase-positive Staphylococcus aureus, owing
to its well-established role in foodborne intoxications and a wide
range of clinical infections. By contrast, coagulase-negative
staphylococci (CoNS) were traditionally placed in a secondary
position, with their pathogenic relevance largely underestimated
(Gaoetal., 2012; Lee & Lee, 2022; Rosenstein & Go6tz, 2012). More
recently, progress in species- and subspecies-level characterization
has challenged this simplified perspective, revealing its limited
explanatory value. Current findings instead portray CoNS as a highly
heterogeneous assemblage, ranging from strains with limited clinical
significance to facultative pathogens capable of host interaction,
persistence, and opportunistic infection. Of particular concern,
multiple CoNS species function as reservoirs of antimicrobial
resistance genes, positioning them at the interface between food
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safety and public health (Becker, Both, Weilelberg, Heilmann, &
Rohde, 2020; Podkowik, Bystron, & Bania, 2012; Ribeiro et al.,
2025; Rosenstein & Gotz, 2012; Shoaib et al., 2023).

Coagulase-negative staphylococci are ubiquitous colonizers
of humans and animals, predominantly inhabiting the skin and
mucosal surfaces. In addition to cutaneous and mucosal sites, they
may also be detected in the digestive and respiratory tracts. This
extensive colonization facilitates the transfer of CoNS to foods
during handling and processing, enabling their entry into the food
chain (Shoaib et al., 2023; Stewart, 2022; Valero et al., 2016).

This chapter provides an integrated overview of coagulase-
negative staphylococci, focusing on their taxonomic diversity,
occurrence along the food chain, and the implications of their
virulence traits and antimicrobial resistance for food safety and
public health.

Taxonomy, Classification, and General Characteristics of
Coagulase-Negative Staphylococci

Taxonomically, staphylococci are classified within the family
Staphylococcaceae, which comprises several genera of Gram-
positive  cocci, including  Staphylococcus,  Stomatococcus,
Micrococcus, and Planococcus. CoNS constitute a large and
continuously expanding group of bacteria within this family.
According to recent taxonomic updates, the genus Staphylococcus
currently comprises more than 50 recognized species, organized into
approximately 40 main species groups and over 20 subspecies,
reflecting substantial taxonomic diversity within the genus (Becker
et al., 2020). Within this taxonomic framework, classification within
the genus Staphylococcus has traditionally relied on coagulase
enzyme production. Species capable of coagulase production are
referred to as coagulase-positive staphylococci (CPS), whereas those
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lacking this enzymatic activity are classified as CoNS (Wang et al.,
2003).

Historically, this distinction has also been linked to
pathogenic potential. Staphylococcus aureus, a coagulase-producing
species, has long been regarded as a “primary pathogen” due to its
higher virulence, whereas coagulase-negative species were generally
considered to possess lower pathogenic potential. Coagulase
secretion has therefore been viewed as an important virulence
strategy contributing to host persistence and disease development,
and for many years it served as a fundamental criterion for
distinguishing S. aureus from other staphylococci (De Buck et al.,
2021; Vandenesch et al., 1994).

However, increasing evidence has demonstrated that this
coagulase-based binary classification is insufficient to accurately
reflect the diversity within the genus Staphylococcus. For example,
Staphylococcus schleiferi includes both coagulase-negative (S.
schleiferi subsp. schleiferi) and coagulase-positive (S. schleiferi
subsp. coagulans) subspecies, and phenotypic differentiation
between these subspecies is often unclear (Vandenesch et al., 1994).
Similarly, species such as Staphylococcus hyicus and
Staphylococcus agnetis have been reported to exhibit variable
coagulase activity (Becker, Heilmann, & Peters, 2014). These
findings indicate that coagulase activity alone is not a reliable
criterion for differentiation within the genus Staphylococcus.

Consequently, more recent approaches to staphylococcal
taxonomy and classification have increasingly emphasized
molecular-based analyses. In particular, classification schemes based
on multi-locus sequence analysis (MLSA) have provided deeper
insights into interspecies relationships and have underscored the
need to move beyond traditional phenotypic criteria such as
coagulase production (Becker et al., 2014; Heilmann, Ziebuhr, &

Becker, 2019). In parallel, CoNS have also been grouped according
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to colonization patterns, including categories such as the
Staphylococcus epidermidis group, Staphylococcus Ilugdunensis,
Staphylococcus saprophyticus subsp. saprophyticus, and other
coagulase-negative species. Within these groups, some species
commonly occur as commensal microorganisms inhabiting the
cutaneous and mucosal surfaces of humans and animals, whereas
others are more frequently associated with fermented foods, where
they may contribute to technological properties and, in some cases,
function as starter or adjunct cultures (Becker et al., 2014; Shoaib et
al., 2023).

An alternative terminology that has gained increasing
acceptance in recent years is “non-aureus staphylococci” (NAS),
referring to all staphylococcal species other than Staphylococcus
aureus. This terminology emphasizes that CoNS should not be
regarded as a single, uniformly low-pathogenic group. Instead, non-
aureus staphylococci represent a broad and heterogeneous spectrum
of microorganisms exhibiting commensal, environmental, and
facultative pathogenic characteristics (De Buck et al., 2021).

Regardless of their taxonomic diversity and classification
schemes, staphylococci share several fundamental morphological
and physiological characteristics. They are Gram-positive, non-
motile, non-spore-forming cocci with a facultative anaerobic
metabolism and typically appear as grape-like clusters under
microscopic examination. Staphylococci are catalase-positive and
display remarkable environmental tolerance, including the ability to
survive elevated temperatures of up to approximately 50 °C and high
salt concentrations of up to 10% NaCl. These properties contribute
to their persistence in both clinical and food-related environments
(Bowden et al.,, 2002; Go6tz, Bannerman, & Schleifer, 2006;
Prajapati, 2025).
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Virulence Factors and Pathogenic Potential of Coagulase-
Negative Staphylococci

While coagulase-negative staphylococci were historically
regarded as microorganisms of limited pathogenic relevance,
accumulating evidence points to a wide and heterogeneous spectrum
of virulence traits within this group. With the increased exposure of
susceptible hosts, coagulase-negative staphylococci have emerged
as major pathogens, particularly in settings where host defenses are
compromised (Franga, Gaio, Lopes, Melo, et al., 2021). This
heterogeneity is evident in the contrasting functional roles of CoNS
species, with organisms such as Staphylococcus carnosus and
Staphylococcus xylosus primarily associated with technological
functions in fermented foods, whereas species including
Staphylococcus epidermidis and Staphylococcus haemolyticus are
more frequently linked to opportunistic pathogenic behavior
(Akindolire, Babalola, & Ateba, 2015). At the upper end of the
virulence spectrum, Staphylococcus lugdunensis occupies a
distinctive position among CoNS, owing to its close resemblance to
Staphylococcus aureus with respect to several biological and
virulence-associated features (Heilmann et al., 2019).

A key mechanism underlying the pathogenic potential of
coagulase-negative staphylococci is their capacity to form biofilms
(Otto, 2009). This feature enables microorganisms to adhere to biotic
and abiotic surfaces, evade host defense mechanisms, and withstand
environmental stress conditions (Yang et al., 2023).

In CoNS, biofilm formation and structural stability are
mediated by specific components, including polysaccharide
intercellular adhesion (PIA), which facilitates cell-to-cell adhesion,
as well as biofilm-associated protein (Bap) (Vautor, Abadie, Pont, &
Thiery, 2008). The heterogeneous organization of bacterial
populations within the biofilm matrix particularly the presence of

persistent cells, viable but non-culturable (VBNC) cells, and small
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colony variants (SCVs), enhances the persistence of CoNS under
adverse conditions and contributes to reduced susceptibility to
external stressors (Franca et al., 2021).

Beyond biofilm formation, the pathogenic potential of CoNS
is influenced by a range of additional biological factors. These
microorganisms harbor genetic elements encoding various
exoenzymes that may modulate host-microbe interactions. Genes
associated with proteases, lipases, and toxin-related proteins have
been identified in certain CoNS strains and are considered to
contribute to their virulence potential (Pinheiro et al., 2015; Von Eiff,
Peters, & Heilmann, 2002). In addition, the production of DNase,
gelatinase, and other hydrolytic enzymes further supports the
virulence-associated traits of CoNS (Becker et al., 2014).

Although toxigenic activity in staphylococci has been
predominantly associated with Staphylococcus aureus, several
studies have demonstrated that CoNS may also harbor genetic
determinants encoding staphylococcal enterotoxins and toxic shock
syndrome toxin-1 (TSST-1) (Cunha, Peresi, Calsolari, & Aratjo
Janior, 2006; Udo, Al-Bustan, Jacob, & Chugh, 1999). The presence
of such toxin-associated genes highlights the genetic and functional
diversity of virulence traits within the CoNS group(Getahun, Abey,
Beyene, Belete, & Tessema, 2024; Pyzik et al., 2019).

Another factor contributing to the pathogenic capacity of
CoNS is their ability to acquire virulence- and resistance-associated
genes via mobile genetic elements. Structures such as transposons,
pathogenicity islands, plasmids, and bacteriophages may carry genes
related to adhesion, exotoxin and enterotoxin production, and
antimicrobial resistance (Arciola, Baldassarri, & Montanaro, 2001;
Bhargava & Zhang, 2014; Cunha et al., 2006; Fijatkowski, Peitler,
& Karakulska, 2016). Among CoNS, Staphylococcus epidermidis
has been the most extensively studied species at the molecular and

genomic levels, largely due to its capacity to synthesize surface
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structures and extracellular components that facilitate immune
evasion (Otto, 2009). The identification of pathogenicity islands
encoding enterotoxins such as SEC3 and SEIL in certain S.
epidermidis strains further illustrates the complexity of virulence-
associated genetic elements within this species (Madhusoodanan et
al., 2011; Otto, 2013).

The pathogenic behavior of CoNS results from the combined
contribution of multiple virulence-associated traits, including
biofilm formation, exoenzyme production, toxin-related genetic
elements, and mobile genetic structures. The uneven distribution and
expression of these factors across species and strains underscore the
intrinsic diversity of virulence within this group and explain their
variable behavior in host-associated and environmental settings
(Becker et al., 2014; Heilmann et al., 2019).

Antimicrobial Resistance in Coagulase-Negative Staphylococci

Antimicrobial resistance currently represents a central
challenge for global public health systems (Ho et al., 2025; Iyer,
Baghallab, Albaik, & Kumosani, 2014). Antimicrobial resistance in
CoNS is tightly associated with their pathogenic potential and plays
an important role in their persistence under host-associated
conditions (Beceiro, Tomas, & Bou, 2013). In parallel, antimicrobial
resistance among coagulase-negative staphylococci has been
increasingly documented in both clinical and foodborne isolates,
highlighting their relevance across medical and food-related
contexts (Becker et al., 2014; Franca et al.,, 2021). Although
Staphylococcus aureus has been extensively studied as a major cause
of mastitis and foodborne intoxications, comparatively less attention
has been directed toward antimicrobial resistance—related
characteristics of CoNS associated with intramammary infections
and foodborne disease (Mahato et al., 2017).
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Methicillin resistance represents one of the most prominent
antimicrobial resistance phenotypes observed among CoNS. Several
studies have shown that methicillin-resistant CoNS (MR-CoNYS)
may display higher rates of multidrug resistance than
Staphylococcus aureus, highlighting their relevance in the context of
antimicrobial resistance (Becker et al., 2014). Methicillin resistance
is frequently associated with cross-resistance to other P-lactam
antibiotics, thereby narrowing the range of effective antimicrobial
agents (Katayama, Ito, & Hiramatsu, 2000).

Methicillin resistance in CoNS is primarily associated with
the presence of the mecA gene, which encodes an alternative
penicillin-binding protein with reduced affinity for [-lactam
antibiotics (Lade & Kim, 2023). Methicillin resistance in CoNS is
primarily associated with the presence of the mecA gene, which
encodes an alternative penicillin-binding protein with reduced
affinity for f-lactam antibiotics In addition to mecA, the
identification of the homologous gene mecC in certain CoNS species
highlights the genetic diversity underlying methicillin resistance
within this group (MacFadyen et al., 2019).

The dissemination of antimicrobial resistance genes among
staphylococci is strongly supported by mobile genetic elements,
positioning CoNS as effective reservoirs for resistance determinants.
Transferable genetic elements, including plasmids, transposons, and
SCCmec, facilitate the exchange of resistance genes between CoNS
species and other staphylococci. Accordingly, CoNS are increasingly
recognized as both resistant opportunistic pathogens and significant
reservoirs for antimicrobial resistance genes (Becker et al., 2014;
Fluit, Visser, & Schmitz, 2001).

Accumulating data indicate that CoNS harbor a wide
diversity of SCCmec elements, including novel types and variants,
supporting their role as reservoirs of B-lactam resistance within the

genus Staphylococcus. In this context, methicillin-resistant CoNS
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(MR-CoNS) are regarded as major reservoirs of highly diverse
SCCmec structures that frequently co-occur with multiple
resistance-associated genetic elements (Ruppé et al., 2009; Wolska-
Ggbarzewska, Miedzobrodzki, & Kosecka-Strojek, 2024).

Beyond methicillin resistance, CoNS commonly display
resistance to multiple additional antimicrobial classes, including
aminoglycosides, quinolones, macrolides, and tetracyclines
(Henwood et al., 2000).

From a food safety perspective, the detection of antibiotic-
resistant CoNS, particularly in ready-to-eat (RTE) foods of animal
origin, highlights a relevant interface between antimicrobial
resistance and the food chain (Chajecka-Wierzchowska, Gajewska,
Zadernowska, Randazzo, & Caggia, 2023; Chajecka-Wierzchowska,
Zadernowska, Nalepa, Sierpinska, & Laniewska-Trokenheim,
2015). Under conditions that allow cross-contamination during food
processing and handling, RTE foods may function as transmission
pathways for resistant CoNS strains to humans.

The Presence of Coagulase-Negative Staphylococci in the Food
Chain

CoNS are frequently detected across a wide range of food
matrices, reflecting their natural association with the cutaneous and
mucosal microbiota of humans and animals. For many years, the
presence of CoNS in foods was primarily interpreted as a
consequence of environmental contamination and commensal
carriage, rather than as an indication of direct involvement in disease
processes (Becker et al., 2014; Piette & Verschraegen, 2009).
Beyond this background presence, certain CoNS species have
acquired technological relevance, particularly in fermented meat
products, where they contribute to fermentation processes, color
development, and the sensory characteristics of products such as
sausages (Blaiotta et al., 2004; Sanchez Mainar, Stavropoulou, &
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Leroy, 2017). The frequent detection of Staphylococcus epidermidis
at different stages of food production and processing reflects its
strong adaptive capacity to both human-associated and food-related
environments (Fijatkowski et al., 2016; Ruiz, Barragan, Sesefa, &
Palop, 2016).

Milk and dairy products constitute a critical entry point for
CoNS into the food chain. A large-scale study conducted in Turkey
identified a CoNS prevalence of 5.3% in raw milk and dairy
products, exceeding that reported for Staphylococcus aureus (Mus,
Cetinkaya, Soyutemiz, & Erten, 2023). Comparable findings from
other countries indicate that CONS contamination is widespread in
dairy commodities, particularly milk and cheese, and is largely
associated with the use of raw, unpasteurized milk and insufficient
hygiene during production (Do Carmo et al., 2004). This frequent
occurrence is closely associated with subclinical mastitis in dairy
animals, as staphylococci remain among the predominant causative
agents of these infections and may consequently influence the
microbiological quality of raw milk (Ceciliani et al., 2021; Francisco
etal., 2021).

Meat and meat products likewise constitute an important
reservoir for CoNS. Studies focusing on RTE meat products have
identified CoNS contamination in approximately 9-10% of samples,
with a substantial proportion of isolates carrying multidrug
resistance and toxin-associated genes (Okoli et al., 2018). Similarly,
studies on traditional fermented foods have demonstrated high
detection rates of CoNS, with Staphylococcus epidermidis
frequently identified as the dominant species, indicating the
relevance of hygiene conditions during artisanal and small-scale
production (Fowoyo & Ogunbanwo, 2016).

CoNS have been detected in marine fish and shellfish at
multiple stages of the supply chain, ranging from harvesting areas to
retail outlets (Batista et al., 2013; Regecova et al., 2014). In
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particular, the detection of novobiocin-resistant species such as
Staphylococcus cohnii subsp. urealyticus, Staphylococcus lentus,
Staphylococcus sciuri subsp. sciuri, and Staphylococcus xylosus
indicates that seafood may serve as a reservoir for resistant CoNS
strains (Becker et al., 2014). Furthermore, recent findings from
ready-to-consume salted seafood products have identified CoNS
species, including Staphylococcus haemolyticus and Staphylococcus
equorum, carrying multiple antimicrobial resistance genes
(Kahraman Yilmaz & Berik, 2025).

Plant-based foods constitute another relevant matrix for the
occurrence of CoNS. Surveys of fresh vegetables and fruits have
reported frequent detection of staphylococcal species, with CoNS
accounting for the majority of isolates. The predominance of
Staphylococcus xylosus and the observation of reduced susceptibility
to oxacillin and cephalosporins in some strains indicate that
vegetables and fruits may also contribute to the distribution of
resistant CoNS within the food chain (Cho, Li, Brinks, & Franz,
2022; Habib et al., 2024).

Rather than merely reflecting environmental or commensal
contamination, the recurrent detection of CoNS across diverse food
matrices highlights their continuity along the food chain. Their broad
adaptive capacity and frequent carriage of antimicrobial resistance
determinants suggest that CoONS may contribute to the circulation of
resistance genes at the food-human interface, underscoring their
relevance within the context of food safety and public health.

Coagulase-Negative Staphylococci in Food Safety and Public
Health

Cross-contamination mediated by human handling and food-
contact surfaces constitutes a key pathway for CoNS transmission
within the food chain. Studies conducted in bars, restaurants, and
hospital kitchens have shown that CoNS are frequently detected on
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both foods and food-contact surfaces. For example, an investigation
conducted in a hospital kitchen in Morocco identified a CoNS
prevalence exceeding 23%, with a substantial proportion of isolates
displaying antimicrobial resistance (Benjelloun Touimi, Bennani,
Berrada, Moussa, & Bennani, 2020). Similarly, the detection of
multidrug-resistant CoNS on reusable plastic carrier bags highlights
food transport and storage materials as often overlooked contributors
to contamination (Barbosa, Albano, Silva, & Teixeira, 2019).

RTE foods constitute one of the most critical interfaces
through which the relevance of CoNS within the food chain is
revealed. A large-scale assessment of RTE foods offered in bars and
restaurants identified CoNS in nearly 40% of samples, with 78.8%
of the recovered isolates showing resistance to one or more
antimicrobial agents and 43.5% fulfilling the criteria for multidrug
resistance (Chajecka-Wierzchowska et al., 2023). These findings
suggest that CoNS should not be regarded solely as common
contaminants, but also as relevant reservoirs of antimicrobial
resistance determinants in foods intended for direct consumption.
Although CoNS were long regarded as harmless commensals or
secondary indicators of hygiene (Becker et al., 2014; Piette &
Verschraegen, 2009), accumulating evidence from food,
environmental, and clinical settings indicates that this assumption
warrants re-evaluation.

The public health relevance of CoNS is closely linked to their
role as reservoirs and disseminators of antimicrobial resistance
genes. The frequent occurrence of methicillin resistance, multidrug
resistance, and diverse resistance determinants in foodborne CoNS
isolates suggests that these microorganisms contribute to the
circulation of resistance genes at the food-human-environment
interface (Becker et al., 2014; Benjelloun Touimi et al., 2020;
Chajecka-Wierzchowska et al., 2023). This risk is particularly
relevant in RTE foods, as resistant CONS may be consumed without
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further heat processing and subsequently interact with the human
gastrointestinal microbiota, potentially enabling the horizontal
transfer of resistance determinants to commensal or pathogenic
bacteria. Even in the absence of clinical infection, such transmission
pathways constitute a silent and persistent public health risk with the
potential to contribute to the long-term expansion of antimicrobial
resistance (Becker et al., 2014; Walther & Perreten, 2007).

In food processing environments, biofilm formation on food-
contact and equipment surfaces can act as a persistent source of
cross-contamination by reducing the effectiveness of cleaning and
sanitation practices, facilitating the reattachment of microorganisms
after surface cleaning, and contributing to surface deterioration and
metal corrosion that may interfere with thermal processes, thereby
indirectly compromising process hygiene, product quality, and shelf
stability (Chmielewski & Frank, 2003).

Moreover, in addition to genetic determinants, biofilm-
associated growth further complicates antimicrobial susceptibility in
CoNS, thereby contributing to limited treatment responsiveness,
particularly in chronic, long-term, and recurrent infections (Ryder,
Chopra, & O’Neill, 2012).

Importantly, the risks associated with foodborne CoNS
extend beyond the food matrix itself and are supported by
environmental and clinical observations. The detection of multidrug-
resistant and virulence-associated CoNS strains in public drinking
water fountains suggests that non-food exposure routes may also
contribute to human colonization and infection (Santos et al., 2023).

Alongside advances in modern medical care, increased
reliance on implantable medical devices and the expanding
population of vulnerable patients have contributed to the growing
clinical relevance of CoNS as opportunistic pathogens. This shift has
been associated with increased morbidity and mortality attributable
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to CoNS infections, particularly among chronically ill and
immunocompromised individuals (Azih & Enabulele, 2013; Cantey,
Anderson, Kalagiri, & Mallett, 2018; Molina et al., 2013).

From a clinical perspective, CoNS are increasingly
implicated in hospital-acquired infections, with species such as
Staphylococcus epidermidis and Staphylococcus capitis involved in
bloodstream infections, urinary tract infections, endocarditis, and
device-related sepsis. Their clinical relevance is largely attributed to
biofilm formation on indwelling medical devices in combination
with multidrug resistance (Del Pozo & Patel, 2009; Schilcher &
Horswill, 2020; Wisplinghoff et al., 2004). Premature neonates, low-
birth-weight infants, and patients undergoing prolonged
hospitalization or invasive procedures are among the populations
most affected by CoNS-related infections (Ehlersson, Hellmark,
Svartstrom, Stenmark, & Soderquist, 2017; Rasigade et al., 2012;
Vergnano et al., 2011).

Beyond antimicrobial resistance, the detection of toxin-
encoding genes in certain foodborne CoNS strains further reinforces
their relevance to food safety. In particular, genes associated with
staphylococcal enterotoxins have been identified in CoNS isolates
recovered from foods. These toxins are characterized by high
thermal stability and may retain biological activity even after boiling
of milk or conventional cooking of dairy and meat products, thereby
posing a potential risk of foodborne intoxication even in the absence
of viable bacterial cells (Veras et al., 2008).

Conclusion

Rather than representing sporadic or secondary
contaminants, CoNS emerge from this chapter as microorganisms
that accompany food production and distribution processes in a
consistent and structured manner. Their repeated detection across
raw materials, processed foods, and food-contact environments
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reflects a capacity to adapt to diverse ecological niches shaped by
human activity and food handling practices.

A critical aspect of their relevance lies in persistence rather
than acute pathogenicity. The ability of CoNS to remain viable on
food-contact surfaces, particularly through biofilm-associated
growth, creates conditions that favor repeated contamination events
and undermine routine sanitation measures. When coupled with their
frequent carriage of antimicrobial resistance determinants, these
characteristics position CoNS as contributors to the continuity of
resistance within food systems, especially in RTE foods where post-
processing contamination cannot be corrected by further heat
treatment.

From a public health standpoint, the significance of CoNS
does not rest solely on their capacity to cause infection, but on their
role at the intersection of food exposure, environmental persistence,
and antimicrobial resistance circulation. This role becomes
increasingly relevant for populations with heightened susceptibility,
including hospitalized patients, neonates, and individuals with
compromised immune function.

Taken as a whole, the evidence presented supports a shift in
perspective: CoNS should be addressed within food safety
frameworks not only as background microflora, but as
microorganisms capable of sustaining antimicrobial resistance
pathways across the food chain. Strengthening hygiene practices,
improving control of biofilm-prone surfaces, and integrating CoNS
into surveillance strategies represent pragmatic steps toward
reducing their long-term impact on food safety and public health.
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BOLUM 5

YAG PALMIYESININ SU TUKETIMi VE PALM
YAGININ GIDA ENDUSTRISINDEKI YERI

TULAY ELAL MUS*
EZGI KURTULMUS?

Giris
Kiiresel yenilebilir yag ve endiistriyel yag pazarinin kritik bir
bileseni olan palmiye yag1 FElaeis guineensis agacindan elde
edilmektedir. Palm yagi, zengin yag asidi bilesimi ve antioksidan
ozellikleri sayesinde insan sagligi lizerine ¢esitli faydalar sunarken,
iretimi 6nemli c¢evresel zorluklar dogurmaktadir (Alhaji ve ark.,
2024). Yag palmiyesi yetistiriciliginde ideal verim elde etmek i¢in,
tarimsal yonetim uygulamalarinin iirlin ekim sahasinin tarimsal
ekolojik kosullarina gore planlanmasi ve yiiriitiilmesi gerekmektedir.
Bununla birlikte, yag palmiyesi yetistiricileri genellikle sinirl veriye
dayanarak kararlar almak zorunda kalmaktadir. Su yonetimi yag
palmiyesi hasadinin kritik bir unsurudur (Culman ve ark., 2019). Yag
palmiyesi sadece gida endiistrisi hammaddesi olarak degil, ayni
zamanda hayvan yemi, ¢esitli kozmetik {iriin bileseni ve biyo yakit
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olarak da degerlendirilmektedir. Ayrica, yag palmiyesinin meyve
basina verimi yiiksektir ve bu {riiniin yonetimi diger tarimsal
iiriinlere gore kolaydir. Bundan dolay1 her on yilda bir palm yagi
iiretimi iki katina ¢ikmaktadir (Khatun ve ark., 2017). Bitkisel yag
pazarmin en Onemli {irlinii olan palm yag endistrisinde
stirdiiriilebilirligi desteklemek, tedarik zincir ve gida giivenligine
katki saglamak i¢in kurulan Siirdiiriilebilir Palm Yagi Yuvarlak
Masas1 sertifikas1 programi ile {retimde verim artmis ve
karbondioksit emisyonu da azalmistir (Karacan ve ark., 2021).Yag
asitleri, karotenoidler, E vitamini ve fenolik bilesikler gibi biyoaktif
bilesenleri bulunan palm yagi, gida endiistrisinde yaygin olarak
bir¢ok gidanin liretiminde kullanilmakta ve insanlar gidalar yoluyla
bu {irlinii fazla miktarda tiiketmektedir (Sulaiman ve ark., 2022).

Bu boliimiin amaci, yag palmiyesinin su tiiketimini ve palm
yaginin gida endiistrisindeki yerini ¢ok yonlii olarak ortaya koymak;
bu konuda yapilan caligmalardan elde edilen temel bilgileri
ozetlemektir. Devam eden kisimlarda yag palmiyesi yetistiriciligi ve
sulamasi, palm yag: iiretiminin su ayak izi, palm yag: lretiminde
strdiirtilebilirlik ve gida endiistrisinde palm yagi kullanimi konular
ayrintili sekilde degerlendirilecektir. Son olarak, her yil artarak
iretimi gergeklestirilen palm yaginin ve yetistiriciliginin gelecekte
de gilinlimiizdeki popilerligini siirdlirebilmesi i¢in Oneriler
sunulacaktir.

Yag Palmiyesi Yetistiriciligi

Bilimsel olarak yag palmiyesi agaci, Elaeis guineensis olarak
bilinir, genellikle Afrika yag palmiyesi olarak adlandirilmakta ve
botanik kokenini hindistan cevizi ve hurma agaclariyla paylasan
Arecaceae ailesinden almaktadir. Palmiye agacinin meyvesi yag
palmiyesi meyvesidir ve bu meyve siki, dikenli salkimlardan olusan

bir drupadir. Her meyve, dis kabuk (ekzokarp), etli hamur
(mezokarp), koruyucu kabuk (endokarp) ve i¢ ¢ekirdek (endosperm)
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olarak dort farkli katmandan olusmaktadir. Yag palmiyesi
meyvesinin mezokarp katmanindan elde edilen yaga palm yagi,
endosprem katmanindan elde edilen yaga ¢ekirdek (kernel) yagi adi
verilmektedir. Yag palmiyesi agacinin kokeni Afrika kitast olmasina
karsin giinlimiizde bir¢ok iilkede yaygin olarak yetistirilmektedir
(Alhaji ve ark., 2024). Yag palmiyesinin bircok aga¢ bitkisi
yetistiriciliginde oldugu gibi gibi, ¢imlenmeden ¢i¢geklenmeye kadar
3 ile 5 yil arasinda siiren uzun bir genglik evresi bulunmaktadir.
Modern ¢esitler, fide dikiminden yaklagik 2 yil sonra ¢igek agmaya
baslamaktadir. Erken olgunlagma i¢in gen seleksiyonu yapilmis olsa
da, erken olgunlagmanin altinda yatan yatan genetik yap1 heniiz tam
olarak netlesmemistir. Yag palmiyesi, her bir yaprak altinda olusan
ayr1 erkek ve disi ¢igek salkimlar1 (monoik) tiretmektedir (Forster ve
ark., 2017). Afrika yag palmiyesinin yillik hektar bazinda 3-4 ton
mezokarp yagi verimi bulunmaktadir. Bu verim diizeyi yag
palmiyesini en yiiksek verimli yag bitkisi yapmaktadir. Ayrica yag
palmiyesinin y1llik hektar bagina ortalama 0,5 ton %47 yag igerigine
sahip cekirdek iiretimi bulunmaktadir. Baz1 deneysel aragtirmalarda
palm yag1 verimi hektar basina yillik 12 tona ¢ikabilmektedir. Fakat
yetistiriciler arastirma verilerine yakin bir verimlilik seviyesine
heniiz ulasamamistir (Rivas ve ark., 2012).

Gida ve Tarim Orgiitii (FAO) verilerine gore, palmiye yagi
diinya ¢apindaki bitkisel yag iiretiminin yaklagik %33'lini
olusturmaktadir ve bu da palm yagini kiiresel olarak en yaygin
tiretilen ve ticareti yapilan bitkisel yag yapmaktadir. Palmiye yag:
endiistrisinin birgok lilkenin gayrisafi yurti¢i hasila geliri tizerindeki
rolii, sagladigi ekonomik faydalardan kaynaklanmaktadir. Bu
avantajlar istihdamda artis, gelir saglama ve genel ekonomik
bliyimeye katki saglayan doviz  geliri  getirmesi  gibi
cesitlendirilebilmektedir (Kipli ve ark., 2023). Diinya ¢apinda bir¢cok
ilkede palm yag iiretimi yapilmaktadir. Bu iilkelere iligkin {liretim
verileri Tablo 1’de sunulmustur. Diinyada en yiiksek palm yag:
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iiretimi gergeklestiren iilke Endonezya’dir ve onu Malezya, Tayland
ve Kolombiya sirasiyla izlemektedir.

Tablo 1 Diinya palm yagu iiretim verileri (kg/ha)

. Uretim Y11

Ulkeler 2021 2022
Angola 59.000 61.000
Benin 92.000 96.000
Brazil 579.158 587.108
Burundi 17.558 17.697
Kambogya 95.000 97.000
Kamerun 310.000 330.000
Cin 113.131 113.185
Kolombiya 1.747.773 1.767.624
Kongo 28.303 28.216
Kostarika 267.258 282.268
Fildisi Sahili 601.290 561.000
Ekvator 448.434 437.192
Gabon 107.336 147.839
Gana 277.986 269.019
Guatemala 800.000 940.000
Honduras 650.000 650.000
Endonezya 49.710.345 46.820.000
Malezya 18.116.354 18.453.420
Meksika 320.100 357.600
Nijerya 1.350.000 1.420.000
Papua yeni Gine 765.000 810.000
Peru 270.000 280.000
Tayland 2.940.000 3.240.000
Venezuella 115.900 112.100

Kaynak: FAOSTAT, 2025

Palm agacindan elde edilen diger bir bitkisel yag tiirli ise
cekirdek yagidir (kernel oil). Palm c¢ekirdegi yaginin diinyada
tretimine iligkin veriler Tablo 2’de sunulmustur. Palm yag:
tiretiminde oldugu gibi ¢ekirdek yaginda da Endonezya ve Malezya
en yiiksek iiretim kapasitesine ulagsmais tilkelerdir.
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Tablo 2 Diinya palm ¢ekirdegi (kernel) yagu iiretim verileri (kg/ha)

. Uretim Y1l1

Ulkeler 2021 2022
Angola 10.300 10.600
Benin 11.300 12.100
Brazil 71.700 73.500
Kamerun 34.900 36.500
Cin 16.286 17.730
Kolombiya 118.850 122.638
Fildisi Sahili 59.800 58.900
Gana 60.800 61.600
Guatemala 85.100 90.500
Honduras 68.900 69.300
Endonezya 4.653.100 4.835.200
Malezya 2.049.435 2.096.913
Nijerya 150.900 163.300
Papua yeni Gine 72.700 77.000
Peru 21.100 21.900
Tayland 282.300 295.600
Venezuella 10.620 10.265

Kaynak: FAOSTAT, 2025

Yag palmiyesi endiistrisi, liretim alanlarinda yaprak, gévde
gibi ve yag palmiyesi fabrikalarindan bos meyve salkimi, palmiye
pres lifi, meyve posasi, palmiye cekirdegi posasi, kabuklar ve
palmiye yag atiklar1 bagta olmak {izere ¢esitli organik atiklar ortaya
cikmaktadir. Malezya'da bulunan 20 palm yag: iiretim tesisi, palm
yag1 ekstraksiyon siirecinde yaklasik 1,0 ton ham palm yag1 tiretmek
icin 5,5 ton taze meyve salkimina ihtiya¢ duymaktadir. Bu siiregte
meydana gelen atiklarin %2'si bos meyve salkimi, %24 1if, %6's1
kabuk, %3'0 meyve posasi, kabuk yag atiklaridir (Gandahi ve
Hanafi, 2014). Yiiksek miktarlara ulasan palm yagi enddistrisi
atiklari, kompostlama, hamurlagtirma, kompozit {iretimi, mantar
yetistiriciligi ve biyoyakit tiretiminde kullanilarak atiklar iizerinden
katma deger saglanmaktadir (Awoh ve ark., 2023).
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Yag Palmiyesi Sulamasi

Palmiye agaglar1 sicak ve nemli tropikal ortamlarda
yetismektedir. Bu nedenle genis yaprak alanina ihtiya¢ duymakta ve
su kullanim1 yiiksek olmaktadir. Kurak donemlerde yaygin
karsilagilan topragin neminin azalmasi ve buhar basinci agiginin
artmasi sonucu palmiye agaglar1 olumsuz etkilenmektedir. EI-Nino
Giiney Salinimi (ENSO) diinyanin ¢esitli yerlerinde iklim kosullar
iizerine etkili dogal bir olaydir. ENSO palmiye terlemesi lizerinde
kurakliga neden olmaktadir ve sulama ile Onemli dlgiide
hafifletilmektedir. Buhar basinci acgigi fotosentetik olarak aktif
radyasyona kiyasla palmiye terlemesini diizenlemede 6nemli dl¢iide
daha giiclii bir etkiye sahiptir. Damla sulama sistemleri 6zellikle
yaprak sinirlarini etkilemeden toprak su mevcudiyetini artirmasi
nedeniyle, buhar basinci acig1 toleransim1 artirmada daha etkili
olmaktadir (Brum ve ark., 2021). Yag palmiyesi plantasyonlarinda
yillik sulama ihtiyacinin yaklasik 2543 mm ile 3865 mm arasinda
degistigi tespit edilmistir. Piritli topraklarda yag palmiyesi
yetistirildiginde de benzer sekilde yliksek hacimlerde suya ihtiyag
duyulmast muhtemeldir. Bu nedenle, yag palmiyesi plantasyonlari
marjinal topraklara dogru genislemeye devam ettikce, sulama suyu
ithtiyaci artmaktadir (Akram ve ark., 2022).

Yag palmiyelerinin sulanmasi ile sulanmayan palmiyelerden
%56 daha fazla verim elde edilebilmektedir. Damla sulama sistemi,
siirlt su kaynaklarina sahip ancak yeterli besin girdisi olan alanlari
sulamak i¢in uygun olmaktadir. Ancak, su kisitlamasi olmayan
bolgelerde karik sulama sisteminin tercih edilmesi daha uygun
olmaktadir. Sulamanin yag palmiyesi verimini 5-6 ton/ha
artirabilmektedir. Bu ekonomik olarak kabul edilebilir diizeydir. Bir
yag palmiyesi plantasyonunu sulamak i¢in biiylik bir su kaynagi
gerekmektedir. Bununla birlikte, topraga niifuz eden suyu korumak,
sinirli su temini, elverigsiz araziler ve lojistik sorunlarini ¢ozmek i¢in
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su yonetimindeki en pratik yaklasimlar arasinda yer almaktadir
(Afandi ve ark., 2022).

Giliniimiizde gelisen teknoloji ile birlikte akilli sulama
sistemleri ile toprak kosullari izlenebilmekte, uygun su ve giibre
kullanim1 i¢in sulama seviyesi kontrol edilebilmekte ve boylece 1,5
hektardan biiyiik arazilerdeki yag palmiyesi plantasyonlarinda
yiiksek ekonomik performans saglanabilmektedir (Chalvantharan ve
ark., 2023).

Palm Yagi Uretiminin Su Ayak izi

Diinyada yag palmiyesi plantasyon alanlarinin geniglemesi,
degirmenlerin, rafinerilerin ve biyodizel iiretim tesislerinin tiretim
kapasitesinde de artisa yol agmistir. Bu faaliyetler i¢in daha yiiksek
hacimlerde tatli suya ihtiya¢ duyulmaktadir. Gida ve alternatif enerji
pazarlarini desteklemek i¢in palm yag1 endiistrisi i¢in bir su yonetimi
plan1 gelistirmek amaciyla, dogrudan ve dolayli su kullanimi yesil,
mavi ve gri su olmak tlizere yag palmiyesi su ayak izinin
hesaplanmas1 6nem tagimaktadir. Tayland’da yetisen taze meyve
salkimlariin ortalama su ayak izi 1063 m?/t olarak bulunmustur ve
yesil, mavi gri sular toplam su ayak izinin sirastyla %68, %18 ve
%14'lini olusturmaktadir. Tayland’da bulunan 7 palm yag: iiretim
tesisi bir ton ham palm yagi eldesi i¢in ortalama 5083 m? su ayak izi
birakmaktadir. 2013 yilinda Tayland'da ham palm yag: iiretimi igin
11343 milyon m*® dogrudan ve dolayli suya ihtiya¢ duyulmaktaydi
(Suttayakul ve ark., 2016). Endonezya’nin kuzey Sumatera
bolgesinde yetisen yag palmiyelerinde taze meyve salkimi
{iretiminin su ayak izi 510,69 m® ton™! ve ham palm yag: iiretiminin
ise 517,79 m® ton'! diizeyindedir. Endonezya yag palmiyesi
yetistiriciliginde yesil su kaynaklarimin  kullanimi %90’
lizerindedir. Diger taraftan, giibre, pestisit ve herbisitlerin kirliliginin
seyreltmesi i¢in tiiketilen gri su seviyesi yiiksek bulunmustur
(Santosa ve ark., 2018).
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Akilli sulama sistemlerinin yag palmiyesi yetistiriciliginde
faydalanilabilecek uygun bir yontem oldugu belirlenmistir. Bu
sistemle, bir plantasyonda optimum nem kosullarini saglamak icin
akilli sulama yapilmakta ve boylece su ayak izi ve maliyetlerde
onemli bir azalma saglanmaktadir (Chalvantharan ve ark., 2023).

Toprak tipi de yag palmiyelerinin su ayak izi lizerine etkili
diger bir faktordiir. Buharlagma-terleme degerleri
karsilastirildiginda, spodosol ve inceptisoliin 1242 mm/yil ile
benzerlik gosterdigi fakat ultisoliin 1239 mm/y1l oldugu
belirlenmistir. Ayrica toprak tipinin yag palmiyesinin toplam su ayak
izini 6nemli dl¢lide degistirdigi belirlenmistir. Su Ayak izi en yiiksek
miktarda ultisol toprak tipi icin 1310,04 m3/ton-1 olarak
bulunmustur. Yag palmiyesi yetistiriciliginde daha yliksek iiretim,
daha diisiik su ayak izine yol agmistir (Safitri ve ark., 2022).

Palm Yagi Uretiminde Siirdiiriilebilirlik

Sertifikasyon, bir iiglincii tarafin, tedarik zinciri boyunca bir
iiriin, siire¢ veya hizmetin belirli standartlara uygun oldugunu yazil
olarak giivence altina aldig1 bir prosediir olarak tanimlanmaktadir.
Palm yag iiretim plantasyonlar1 veya isleme tesisleri baglaminda
stirdiiriilebilirlik sertifikasyonu, palm yaginin siirdiiriilebilir bir
sekilde tiretildigi ve olumsuz cevresel ve sosyal etkileri en aza
indirmek i¢in gerekli Onlemlerin alindigi anlamina gelmektedir
(Abdul Majid ve ark., 2021).

2004 yilinda palm yagi liretim siireci i¢in Siirdiiriilebilir Palm
Yag1 Yuvarlak Masa Toplantist sertifikasyon programi kurulmustur.
Ardindan bu sertifikasyon siirecine palm yaginin siirdiiriilebilir
iretimini saglamak i¢in diger hiikiimet dis1 girisimler katilmisti.
Diinyanin en biiyiik {ireticileri olan Endonezya 2011 yilinda
Endonezya Siirdiiriilebilir Palm Yagi (ISPO) ve Malezya ise 2015
yilinda Malezya Siirdiiriilebilir Palm Yagi (MSPO) kuruluslarini
faaliyete gecirmislerdir (Abdul Majid ve ark., 2021). Glinlimiizde
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basta Siirdiiriilebilir Palmiye Yagi Yuvarlak Masa Toplantisi
(RSPO), MSPO ve ISPO olmak iizere farkli siirdiiriilebilirlik
sertifikasyonu yapan kurumlar bulunmaktadir. (Shahimi ve ark.,
2023). Sertifikasyon programlarinin uygulanmasinda, kabul gérme,
kiigiik Olgekli c¢iftcilerin  katilimindaki yetersizlik ve {iiretim
maliyetlerinde artig gibi zorluklarla ortaya ¢ikmaktadir. Ayrica, iyi
tartm uygulamalarinin  benimsenmesi ile yag palmiyelerinin
verimliligi arttirabilmektedir. Bu sorunlarin iistesinden gelmek,
tesviklerin arttirilmasi ve insan sermayesi gerektirmektedir. Boylece
sektor siirdiiriilebilir palm yagi liretimine dogru yonlendirilebilir ve
palm yaginin markalagmasi desteklenebilmektedir (Rahami, 2024).

Gida Endiistrisinde Palm Yag Kullanim

Palm yagi, ylizyillardir insanlar tarafindan gida ve ilag olarak
tilkketilmektedir. Yag palmiyesi agacinin meyvesinden elde edilen
ham palmiye yag1 palmitik asit, B-karoten ve E vitamini agisindan
zengindir. Gidalarda kullanimini ¢esitlendirmek amaciyla ham palm
yag1, s1vi palm oleini ve kat1 palm stearinine ayristirilmaktadir. Palm
yagi, Ozellikle B-karoten ve tokotrienoliin sinerjik aktivitesinden
dolay1r kizartma islemi sirasinda stabil kalabilmekte ve gida
endiistrisinde bu amagla yaygin olarak kullanilmaktadir. Palm yag:
gibi dogal stabil yaglarin ve palm yag ile birlikte farkli yaglarin
birlestirilerek  kullanilmas1 ile yaglardan maksimum fayda
saglanabilmektedir (Mba ve ark., 2015).

Sekerleme {iiretiminde palm ve palm c¢ekirdegi yaglarn
benzersiz 0zellikleri sayesinde ideal hammaddeler arasina girmistir.
Bu yaglar daha fazla sekerleme iiriiniinde kullanilabilmek i¢in palm
oleini ve stearinine modifiye edilmektedir. Boylece tablet ve
stirilebilir ¢ikolatalarin  {iretiminde yaygin kullanimlar1 sz
konusudur (Norazura ve Noor Lida, 2017).

Palm ve palm cekirdegi yaglari margarin ve diger kati
yaglarda, mayonez, salata soslarinda, siit icermeyen dondurma,
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yogurt, peynir, stvi krema gibi tirlinlerde ve filled siit (bitkisel yagl
slit) tretiminde ve bebek mamalarinda da genis kullanim alani
bulmustur. Ayrica, hayvansal yag ikamesi olarak nugget, sosis ve
hamburger gibi islenmis et iirlinlerinin {iretiminde de 6nemli bir
bilesen haline gelmistir. E vitamini ve karotenler gibi palm yag1 bazl
gida takviyelerinin de uzun siiredir ticari satis1 bulunmaktadir (Dian
ve ark., 2017).

Palm yag1, diger bir¢ok bitkisel yaga oranla yiliksek miktarda
doymus yag asitlerini icermekte ve tiikketimi yiiksek kan kolesterol
seviyeleri ve kardiyovaskiiler hastalik riskinde artig ile
iliskilendirilmektedir. Fakat, palm yaginin triasilgliserol diziliminin
kardiyovaskiiler risk olusturmadigi ortaya konmustur. Mevcut in
vitro ve in vivo calismalardan elde edilen veriler, palm yagini
kardiyovaskiiler hastalik sebebi bir etken olarak tanimlamak ig¢in
yeterli olmamaktadir. Diger taraftan, saglikli bir diyet igin
tilketicilerin trans yag asitlerinden, kati ve yar1 kati yaglardan
kaginmasi gerektigi hatirlanmalidir (Urugo ve ark., 2021).

Sonug¢

Yag palmiyesi, dlinya ¢apinda ticareti yapilan ve bitkisel yag
pazarinda yaklasik %40'lik bir tiretim hacmi bulunan ¢ok énemli bir
yag bitkisidir. Tropik bolgelerde yapilan yetistiricilikte su ihtiyacinin
diisiik olmasmna karsin palm yaginin islenmesi ve dagitimi
asamalarinda su tiikketimi artmaktadir. Diger taraftan az yagis alan
bolgelerde sulama ihtiyact da artmaktadir. Yag palmiyesi agacinin
yiiksek katma degerli {riinii olan palm yag gidalar yoluyla
tiketicilere ulagmakta ve gida endiistrisinin en popiiler
bilesenlerinden biri olmaya devam etmektedir. Strdiiriilebilirlik
sertifikal1 iiretime gecilmis olmasina karsin yag palmiyesi
yetistiriciligi, iklim degisiklikleri, kiirsel 1sinma, bitki zararlilar1 ve
hastaliklar gibi tehditler olmak iizere bircok zorlukla karsi
karstyadir. Gelecekte iklim degisiklerinin kagmilmazligi yag
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palmiyesi yetistiriciliginin miicadele etmek zorunda kalacagi en
onemli faktor olarak goriilmektedir. Genetik ¢alismalar ile yiliksek
verimli tiirler, gelistirilmis yag asidi profili, arttirtlmis hastalik
direnci ve iklimsel dayanikliligin yiikseltilmesi yag palmiyesinin
gelecegi bakimindan 6nem tagimaktadir.
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BOLUM 6

THE ROLE OF PROBIOTICS IN FOOD HYGIENE

1. BURCU CAKMAK SANCAR1
2. MERYEM AKHAN?

Introduction

The term probiotic is derived from the Greek word “pro bios,”
meaning “for life” (Guarner et al., 2005:783-786). In the era of
functional foods, probiotics have become a strategic commercial
target both as supplements and as food ingredients due to their
potential health benefits (Latif et al., 2023:1216674).

The foundations of the modern understanding of probiotics date back
to the early 20th century. In 1907, Elie Metchnikoff reported that
regular consumption of lactic acid bacteria found in fermented dairy
products was associated with health and longevity; he demonstrated
that these microorganisms supported digestive system functions and
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strengthened the immune response. During the same period, Henry
Tissier observed that bifidobacteria levels were low in children with
diarrhea but high in healthy children, suggesting that these
microorganisms could be used to regulate intestinal flora (Anukam
& Reid, 2007:466-474). The term “probiotic” was first coined in
1953 by Werner Kollath and defined as active biological structures
that provide health benefits (Gasbarrini, Bonvicini, & Gramenzi,
2016:116-119). Later, Lilly and Stillwell (1965) used this term for
substances produced by one microorganism that promote the growth
of another microorganism. Fuller, in 1992, defined probiotics as live
microbial feed additives that improve intestinal microbial balance
and positively affect host health (Lynne, 2015:85-90).

According to the current definition by the FAO, probiotics are “live
microorganisms that confer a health benefit on the host when
administered in adequate amounts” (FAO/WHO, 2002b). The basic
characteristics of probiotic strains include resistance to stomach acid
and bile salts, the ability to adhere to the intestinal epithelium and
mucus layer, antimicrobial activity against pathogenic
microorganisms, and the capacity to prevent pathogens from
adhering to surfaces (Fijan, 2014:4745-4767).

The main probiotic microorganisms consist of species belonging to
the lactobacilli group, which has recently been divided into 25
different genera, and bacteria of the Bifidobacterium genus. This
group includes genera such as Lactobacillus, Lacticaseibacillus,
Lactiplantibacillus, Limosilactobacillus, Levilactobacillus, and
Ligilactobacillus; in addition, species such as Bifidobacterium
animalis subsp. infantis, B. longum, and B. bifidum are commonly
considered probiotic (Zheng et al., 2020:2782-2858). In addition,
certain strains of bacterial species such as Lactococcus, Pediococcus,
Enterococcus, Streptococcus, Bacillus, and Clostridium, as well as
Saccharomyces cerevisiae var. It has been reported that some yeast

strains, such as Saccharomyces boulardii, also exhibit probiotic
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properties (Fijan, 2014:4745-4767). These microorganisms are said
to directly affect health through their ability to detoxify xenobiotics,
biotransform mycotoxins in foods, and synthesize essential vitamins
such as vitamin K, riboflavin, and folate (Latif et al., 2023:1216674).

Lactic acid-producing bacteria (lactic acid bacteria, LAB) are among
the most extensively studied probiotic microorganisms due to their
positive effects on human health and constitute the most widely used
probiotic group in foods. Most LABs have GRAS (Generally
Recognized as Safe) status (Gupta, Jeevaratnam, & Fatima,
2018:411-424; Zielinska & Kolozyn-Krajewska, 2018:5063185).
Important genera in this group include Lactobacillus, Lactococcus,
Enterococcus, Streptococcus, Pediococcus, Leuconostoc, Weisella,
Carnobacterium, and Tetragenococcus. Commonly used probiotic
species include B. animalis, L. acidophilus, L. casei, L. bulgaricus,
L. salivarius, L. lactis, L. johnsonii, L. plantarum, and L. reuteri.
However, it is emphasized that probiotic properties mostly differ at
the strain level rather than the species level, and therefore the
identification of specific strains is of great importance. These
microorganisms have a wide range of applications in the food
industry and carry significant commercial value (Khaneghah et al.,
2020:205-218; Yadav, Srikanth, & Yadav, 2018:350).

Streptococcus salivarius subsp. thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus are starter cultures traditionally used
in yogurt production. However, since these microorganisms are not
expected to persist and multiply in the host's gastrointestinal tract,
most researchers do not classify them as probiotics and consider
them yogurt cultures (Senok, Ismaeel, & Botta, 2005:958-966).

Certain basic criteria must be met in order to identify probiotics and
determine their suitability for wuse. Accordingly, probiotic
microorganisms must be: of human origin, isolated from the
gastrointestinal tract of healthy individuals, non-pathogenic, not
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associated with serious diseases, resistant to stomach acid and bile
salts, free of transferable antibiotic resistance genes, be able to
produce antimicrobial substances, be safe for use in foods, adhere to
the intestinal epithelial surface, colonize the digestive system,
exhibit antagonistic effects against pathogens, and support the
immune system (Bagdatli & Kundakgi, 2013:197-215; Saarela et al.,
2000:197-215).

The most common and natural habitats of microorganisms
with these critical characteristics have historically been fermented
products prepared using traditional methods. The fermentation of
meat, milk, and plant-based foods is one of the oldest methods used
to preserve fresh raw materials with a short shelf life due to their
high water content and nutritional value (Ross, Morgan, & Hill,
2002:3-16). Thanks to the lactic acid bacteria that naturally develop
during the fermentation process, these foods are not only nutritious
products but also become functional foods with the potential to
protect health and prevent disease (Kabak & Dobson, 2011:248-
260).

Mechanisms of Action and Health Effects of Probiotics

Probiotics play critical roles in both human and animal health
by maintaining the balance of the intestinal microflora (Soemarie,
Milanda, & Barliana, 2021:335-339).

Various mechanisms explaining the effects of probiotics have
been reported. The basic mechanisms are shaped through
competitive exclusion of pathogens, improvement of intestinal
barrier functions, immunomodulation, and neurotransmitter
production (Latif et al., 2023:1216674). These mechanisms vary
depending on the probiotic strain type, dosage consumed, and route
of administration. The mechanisms of action of probiotics can be
summarized as follows (Ayivi et al., 2020:202-232):

--02--



a. Probiotics support intestinal health by competing with
pathogenic bacteria for attachment to epithelial cells.

b. They strengthen the intestinal epithelial barrier by
increasing mucus production and prevent pathogen entry by
reducing cell permeability.

c. They increase the defense capacity of the mucosal barrier
by promoting the production of antimicrobial peptides.

d. They inhibit the growth of harmful bacteria by secreting
antimicrobial substances such as bacteriocins and reuterin.

e. They limit pathogen growth by creating an acidic
environment through the production of organic acids.

f. It contributes to the functioning of the intestinal immune
system by stimulating serum Immunoglobulin A (IgA) production.

g. It supports non-specific immune responses by increasing
phagocytosis and natural killer cell activity.

h. It limits inflammation by reducing proinflammatory
cytokine production, preventing apoptosis, and suppressing T cell
proliferation.

1. Suppresses pathogens associated with bacterial vaginosis
through hydrogen peroxide production.

The recommended daily intake for probiotics to provide
health benefits is approximately 10° colony-forming units
(CFU)/day (Hill et al., 2014:506-514). When taken in sufficient
doses, probiotics have been reported to have numerous positive
effects, including strengthening the immune system, preventing
intestinal infections and antibiotic-associated diarrhea, relieving
constipation, suppressing urogenital infections, controlling serum
cholesterol levels, reducing the risk of osteoporosis and colon
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cancer, and alleviating the symptoms of lactose intolerance (Latif et
al., 2023:1216674; Lourens-Hattingh & Viljoen, 2001:1-17;
Oelschlaeger, 2010:57-62). It has also been reported that probiotic
cultures possess antimicrobial and antioxidant properties (Hamad et
al., 2020:102181;Monteiro et al., 2019:448; Miriivvet Diiz &
Dogan, 2020:1-13).

Maintaining a healthy balance of the gut microbiota is critical
for the proper functioning of the intestines. Factors such as age, diet,
stress, diseases, and medication use can alter the physical and
chemical structure of the gut microbiota, leading to imbalances
known as “dysbiosis.” Research shows that the gut microbiota is a
fundamental component of a healthy gastrointestinal system and that
changes in the composition of the microbiota may be associated with
various gastrointestinal disorders. In this context, consuming
probiotics in different forms can support the host organism's
response to various intestinal diseases and disorders (Khaneghah et
al., 2020:205-218).

Probiotics attach to and colonize epithelial surfaces in the
gastrointestinal system, preventing the proliferation of harmful
bacteria, supporting gut microbial balance, and strengthening the
barrier function of the intestinal mucosa. They also stimulate the
host's systemic and mucosal immune responses by regulating the
passage of food antigens. In addition, some probiotics have been
reported to have the ability to render potential carcinogens inactive
(Harish & Thomas, 2006:e3; Rolfe, 2000:396S-4025S).

Probiotics are generally considered safe, but they also have
the potential to cause some adverse effects. Reported side effects are
grouped into four main categories: systemic infections, harmful
metabolic activities, adverse effects on the immune system, and the
risk of gene transfer. The most common side effects are
gastrointestinal disorders, which can manifest as diarrhea, nausea,
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bloating, dyspepsia, and abdominal pain. In rare cases, serious
clinical conditions such as respiratory tract infections, allergic
reactions, abscesses, sepsis, fungemia, and endocarditis have been
reported (Zielinska, Sionek, & Kotozyn-Krajewska, 2018:131-161).
These multifaceted biological effects of probiotics have important
implications not only for host health but also for food hygiene and
food safety.

The Role of Probiotics in Food Safety

Lactic acid bacteria (LAB) have a long history of safe use,
having been safely consumed for thousands of years in fermented
foods such as yogurt, kefir, and sauerkraut. This historical
accumulation has ensured that most LABs are classified as the safest
microorganisms in modern food regulations (Marco et al., 2021:196-
208; Nwakoby et al., 2025:1-8).

In the United States, probiotic microorganisms added to
traditional foods are evaluated under the “Generally Recognized as
Safe” (GRAS) status. The U.S. Food and Drug Administration
(FDA) does not act as a direct approval authority in GRAS
determinations but rather serves in an advisory role; GRAS status is
based on reasonable certainty, generally accepted by qualified
scientists, that a substance will not be harmful under its intended
conditions of use (Kumar et al., 2015:99-103). For a probiotic strain
to be accepted as GRAS, it must have a detailed taxonomic
description, no transferable antibiotic resistance genes, and specific
toxicological evaluations must have been performed (Sanders et al.,
2010:164-185). In the European Union, microbial safety assessment
is conducted within the framework of the “Qualified (Kok &
Hutkins, 2018:4-15).

These bioprotective properties are particularly important in
terms of food safety, especially in controlling foodborne illnesses.
Foodborne illnesses remain a significant public health issue due to
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the rise in antibiotic resistance and the prevalence of bacterial
pathogens. Pathogens that reach the gastrointestinal system through
food can cause various clinical conditions such as diarrhea,
vomiting, and neurological disorders. In this context, probiotic
microorganisms offer a potential biological protection mechanism
by regulating the gut microbiota and controlling foodborne
pathogens. However, it has been reported that the mechanisms of
action of probiotics against foodborne pathogens in the
gastrointestinal tract vary and that knowledge about these
mechanisms is still limited (Khaneghah et al., 2020:205-218). The
importance of probiotics in terms of food safety is not limited to their
effects on host health, but also includes technological advantages
such as controlling pathogenic microorganisms in foods and
delaying spoilage. In the food industry, lactic acid bacteria, in
particular, are considered natural bioconservative agents and are
widely used to suppress the growth of undesirable microorganisms
in fermented milk, meat, and vegetable products. The
bioconservative effect of LABs is based on the production of
antagonistic compounds such as organic acids, hydrogen peroxide,
fatty acids, and bacteriocins (Peivasteh-Roudsari et al., 2019:1-9).

Foodborne pathogens pose serious risks to both human health
and economic losses due to the infections they cause (Moi et al.,
2022). While antibiotics are widely used to control these infections,
antibiotic resistance, which develops as a result of incorrect and
excessive use, has become a significant public health problem. This
situation has led to probiotic microorganisms, such as Lactobacillus
and Bifidobacterium, being considered powerful alternatives in the
prevention and supportive treatment of bacterial infections. The
protective effects of probiotics against pathogens occur through four
main mechanisms: competitive exclusion, secretion of antimicrobial
compounds, strengthening of the intestinal barrier function, and
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immunomodulation (Wan, Forsythe, & EI-Nezami, 2018:3320-
3333).

The concept of “colonization resistance,” which
encompasses all of these mechanisms, refers to probiotics attaching
to epithelial surfaces in the gastrointestinal system and preventing
pathogens from binding and multiplying (Yamazaki et al., 1982:55-
59). It has been reported that Bifidobacterium and Lactobacillus
species, in particular, can reduce the number of Enterobacteriaceae,
Clostridium spp., and other gram-negative anaerobic bacteria
(Karimpour & Esmiailnejad, 2003:313-318).

Probiotics exert a protective effect not only through their
direct antagonistic effects against foodborne pathogens, but also by
restoring the balance of the gut microbiota disrupted by modern
dietary habits (Markowiak & Slizewska, 2017:1021). This protective
effect is not limited to Escherichia coli and Salmonella species, but
also includes Clostridium perfringens and Yersinia species.
Furthermore, probiotics contribute to the synthesis of vitamins B9
and B12 while simultaneously supporting food hygiene safety, and
they also increase the nutritional value of foods by enhancing
mineral absorption (Nova et al., 2007:S90-S95).

The antimicrobial effects of probiotics are largely dependent
on the metabolites they produce. Lactic acid bacteria inhibit the
growth of pathogenic and spoilage microorganisms by synthesizing
antagonistic compounds such as lactic acid, acetic acid, fatty acids,
hydrogen peroxide, and bacteriocins. These compounds limit the
growth of pathogens by lowering the pH of the environment and
exert a bactericidal or bacteriostatic effect by disrupting cell
membrane integrity (Ghanbari et al., 2017:e12413).

These biochemical mechanisms enable probiotics to be
considered as natural bioprotective agents. Lactobacillus species, in
particular, are effective in controlling pathogenic microorganisms
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both in foods and in the gastrointestinal tract; species such as L.
acidophilus, L. casei, and L. plantarum have been reported to exhibit
significant antimicrobial activity in different food matrices
(Ferdowsifard et al., 2011:13-20).

Food spoilage is mostly caused by the growth of unwanted
microorganisms and their metabolic activities. Probiotic
microorganisms, especially LAB, contribute to extending the shelf
life of foods by suppressing the microflora that causes spoilage.
Organic acids and bacteriocins produced by LAB inhibit the growth
of spoilage microorganisms, thereby increasing the microbiological
stability of foods (Ghanbari et al., 2017:¢12413). Thanks to these
properties, probiotics are used as an important component of natural
bioprotection strategies in fermented dairy products, meat products,
and fermented vegetables, creating positive effects on both product
safety and sensory quality (Ferdowsifard et al., 2011:13-20;
Ghanbari et al., 2017:¢12413).

The Use of Probiotics in Food Production

Probiotics are consumed by adding them to food and
beverages or in supplement form (Fenster et al., 2019:83). The
effectiveness of probiotic foods is related to the microorganisms they
contain having a sufficient number of live cells and the capacity to
positively affect the host's gut microbiota (Bakr, 2015:423-431).
According to the FAO/WHO definition, the presence of live
microorganisms is a fundamental criterion for a product to be
considered probiotic; however, this definition does not explicitly
emphasize that the microorganisms must be metabolically active
(Oelschlaeger, 2010:57-62; Zendeboodi et al., 2020:103-123).
Therefore, the concept of “true probiotic” has been proposed in the
literature to refer to microorganisms that are not only viable but also
metabolically active and beneficial to the host. True probiotics are
expected to have the ability to utilize substrates, produce
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metabolites, and exhibit biological activity (Blagodatskaya &
Kuzyakov, 2013:192-211; FAO/WHO, 2002a). In this process, the
inclusion of prebiotics in food formulations to support the growth
and metabolic activities of probiotics stands out as a strategic
approach. Prebiotics are defined as dietary components that are
indigestible by the host but selectively fermented by beneficial
microorganisms (Gibson et al., 2017:491-502). Prebiotics such as
inulin, fructooligosaccharides (FOS), and galactooligosaccharides
(GOS), which are carbohydrates, serve as substrates for probiotic
bacteria, stimulating their growth and metabolic activity (Gibson et
al., 2017:491-502; Manzoor et al., 2022:111602).

Probiotic microorganisms exert their positive effects on
health through various biotherapeutic mechanisms, including
lowering intestinal pH, vitamin and enzyme synthesis, antimicrobial
compound production, balancing the intestinal microbiota,
modulating the immune system, and reducing lactose intolerance
symptoms (Kumar & Singh, 2009:151-155). A significant portion of
these effects arise through bioactive compounds produced by
probiotics during their growth and metabolic processes, known as
“postbiotics” (Salminen et al., 2021:649-667). Postbiotics are
defined as preparations containing inactivated microbial cells, cell
wall components, functional proteins, vitamins, and metabolites
such as short-chain fatty acids (SCFA) (Aguilar-Toald et al.,
2018:105-114; Salminen et al., 2021:649-667). The most important
advantage of postbiotics is their high stability against environmental
stress factors such as temperature, stomach acid, and digestive
enzymes, due to their lack of live microorganisms (Zétkiewicz et al.,
2020:2189). These properties make postbiotics a safer alternative,
particularly for immunocompromised individuals and sensitive
patient groups (Tsilingiri et al., 2012:1007-1015).

Probiotics are used in numerous products in the food
industry, such as beverages, ice cream, yogurt, and bread. However,
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the environmental stresses encountered during the production,
storage, and distribution processes of probiotic microorganisms, as
well as their sensitivity to the acidic environment of the
gastrointestinal tract, digestive enzymes, and bile salts, constitute a
significant limiting factor in the development of probiotic-
containing foods (Konuray & Erginkaya, 2018:92). At this point, the
use of prebiotics can partially reduce these limitations by supporting
probiotic viability, while postbiotics provide similar health benefits
without the need for viability and ensure higher stability in food
matrices (Chaluvadi, Hotchkiss, & Yam, 2016:515-523; Zétkiewicz
et al., 2020:2189).

One of the main constraints to probiotic applications in the
food industry is the sensitivity of microorganisms to processing
conditions (high temperature, pH changes, etc.) and gastrointestinal
stress factors. Innovative technological approaches such as
nanoencapsulation and genetic modification are being developed to
overcome these limitations. These methods aim to preserve the
functional efficacy of probiotic microorganisms by increasing their
survival rates both in food production processes and in the
gastrointestinal system (Latif et al., 2023:1216674).

Use of Probiotics in Dairy Products

The dairy industry has developed various functional products
by adding probiotic cultures to milk (Aboulfazli, Shori, & Baba,
2016:261-270). Probiotics have been reported to have numerous
benefits, including supporting intestinal function, strengthening the
immune system, increasing the bioavailability of nutrients such as
calcium, iron, and vitamins, alleviating symptoms of lactose
intolerance, exhibiting antimutagenic properties, and contributing to
the prevention of colon cancer and other intestinal diseases.
Furthermore, probiotics have been reported to have the potential to
reduce the toxic effects of chemical contaminants found in milk and
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dairy products (Bakr, 2015:423-431; Bovo et al., 2013:2230-2234;
Mallebrera et al., 2013:141-149; Serrano-Nifio et al., 2015:1334-
1341). Milk and dairy products are considered one of the most
suitable food matrices for probiotics due to their high nutritional
value, buffering properties, and widespread consumption. Products
such as fermented milk, yogurt, kefir, and cheese, in particular,
enable probiotic microorganisms to reach the gastrointestinal tract
while maintaining their viability (Gao et al., 2021:3937-3982).
Probiotics used in dairy products consist of selected lactic acid
bacteria, mainly Lactobacillus and Bifidobacterium species, and
some non-LAB microorganisms. However, it is emphasized that not
all lactic acid bacteria can be considered probiotic, and that probiotic
efficacy varies at the species and even strain level (Gao et al.,
2021:3937-3982; Hill et al., 2014:506-514).

The production of organic acids, bioactive peptides,
bacteriocins, and various metabolites by probiotics during the
fermentation process in dairy products can positively affect both the
shelf life and functional properties of the product. It has been
reported that bioactive peptides synthesized by lactic acid bacteria in
particular have antimicrobial, antioxidant, and immunomodulatory
effects; these compounds impart natural bioprotective properties to
dairy products (Gao et al., 2021:3937-3982; Sadiq et al., 2019:1403-
1436).

Recent studies have shown that certain probiotic strains can
contribute to reducing chemical contaminants found in dairy
products or that may contaminate the product during the production
process. In particular, it has been reported that certain Lactobacillus
species in probiotic yogurts reduce the levels of endocrine-disrupting
compounds such as bisphenol A. These findings reveal that
probiotics offer potential benefits not only for gut health but also in
the context of food safety (Gao et al., 2021:3937-3982; Moghaddam,
Javadi, & Matin, 2020:737-742).
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However, one of the most significant technological
challenges regarding the use of probiotics in dairy products is
maintaining the viability of microorganisms throughout production
and storage. The regulations of many countries specify that, in order
for a product to be considered probiotic, it must generally contain at
least 10°-107 CFU/g or mL of live probiotics at the time of
consumption (Champagne et al., 2011:185-193; Gao et al.,
20213937-3982).

Use of Probiotics in Meat Products

T:he positive effects of probiotic applications on the quality
characteristics of fresh and processed meat products have attracted
increasing attention in recent years (Trabelsi et al., 2019:29-36) The
use of probiotics offers multiple advantages, such as improving
quality parameters that directly affect consumer purchasing
preferences and eating experience, such as color, texture, and water
holding capacity (WHC), as well as increasing product safety,
extending shelf life, and imparting unique sensory characteristics to
the product (Kumar et al., 2017:2844-2856; Rouhi, Sohrabvandi, &
Mortazavian, 2013:331-348).

Meat color is an important indicator of freshness for
consumers and is largely related to the rate of postmortem pH decline
(Mancini & Hunt, 2005:100-121). It has been reported that probiotic
supplementation can improve meat color by balancing postmortem
pH decline. Indeed, higher muscle pH and, consequently, redder
meat color have been observed in broilers supplemented with
Enterococcus faecium, while similarly darker and redder color
values have been reported in pork supplemented with probiotics
(Meng et al., 2010:3320-3326; Peivasteh-Roudsari et al., 2019:1-9;
Zheng et al., 2014:1167). Furthermore, it has been determined that
probiotics increase the water-holding capacity and tenderness of
meat; they also reduce lipid oxidation and the formation of reactive
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oxygen species by increasing antioxidant capacity (Bai et al.,
2016:¢0167339; Bai et al., 2017:74-82; Liu et al., 2016: 920-926).

Fermented meat products are considered a suitable food
matrix for delivering live probiotic cultures to human consumption
because they do not require heat treatment. In these products,
Lactobacillus species, which have the ability to acidify meat, play a
critical role in inhibiting pathogenic and spoilage microorganisms.
Studies have shown that strains such as Lacticaseibacillus
rhamnosus, Lactiplantibacillus plantarum, and Lactobacillus sakei
can be successfully used in fermented meat products (Al-Shawi et
al., 2020:452; Vuyst, Falony, & Leroy, 2008:75-78).

One of the most significant problems negatively affecting the
sensory quality and consumer acceptance of meat products is lipid
oxidation. It has been reported that bacteriocins produced by
probiotic microorganisms exert a protective effect by inhibiting
lipolytic microorganisms that cause free fatty acid formation (Al-
Shawi et al., 2020:452; Smaoui et al., 2017:1655-1667).

Probiotic microorganisms used in meat products must be
both effective and safe, and they must maintain these properties
throughout the product's shelf life. A dual safety mechanism is
expected from suitable probiotic cultures for meat products: first, the
suppression of pathogenic microorganisms present in the product;
second, contributing to the prevention of pathogen growth in the
gastrointestinal tract (Bagdatli & Kundake¢1, 2013:31-38; Guarner et
al., 2005:783-786).

Use of probiotics in plant-based and other traditional
fermented foods

Fermented foods have been an integral part of the human diet
for thousands of years and are among the natural sources of probiotic
microorganisms that have positive effects on host health. The

presence of probiotics in fermented products not only enhances the
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functional properties of these foods but also contributes to their
enrichment with vitamins, proteins, essential amino acids, and fatty
acids, thereby improving the bioavailability and digestibility of
nutrients (Zhao et al., 2018:198-217).

Traditional fermented foods play an important role in shaping
probiotic diversity worldwide. For example, kimchi, a traditional
fermented vegetable product in Korean cuisine, is considered one of
the best-known examples of plant-based probiotics, with
approximately 200 different varieties. The lactic acid bacteria
contained in kimchi have been reported to exhibit anti-inflammatory,
cholesterol-lowering, and anti-aging effects; in this respect, it offers
similar health benefits to milk-based fermented products such as
yogurt (Patra et al., 2016:1-15; Tamang, 2015).

Similarly, serofluid dish (Jiang shui), which has a history of
thousands of years in Chinese culture, is a traditional fermented
product containing complex microbial communities. During the
fermentation of this product, probiotic microorganisms, as well as
bacteriocins and various enzymes, are produced; it has been reported
that these biological components contribute to both product safety
and potential health effects (Chen et al., 2016:134-136).

Future Outlook for Probiotics

Today's consumers' growing interest in protecting their
personal health and preventing disease has significantly increased
demand for functional foods. In Europe in particular, gut health has
become one of the driving forces behind the functional food market,
with rapid growth observed in both the probiotic yogurt and
probiotic beverage sectors (Mattila-Sandholm et al., 2002:173-182).
The prominence of health claims in the media and the proliferation
of advertising campaigns have increased the popularity of probiotic-
containing products, accelerating marketing strategies for the
development of new functional food products. Today, probiotic
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sources include dairy products, processed meats, vegetable products,
fruit juices, and grain-based foods, as well as liquid, tablet, capsule,
and powdered dietary supplements and medications (Zendeboodi et
al., 2020:103-123).

Probiotic-based foods and beverages are among the
important components of the future, not only for their nutritional
properties but also in terms of food hygiene and food safety. In
addition to the positive effects of probiotics on intestinal health and
the immune system, their ability to control pathogens in foods and
offer bioprotective potential increases the strategic importance of
these microorganisms in the context of food safety (Manan,
2025:5567567).

However, maintaining the viability and stability of probiotics
is a fundamental challenge in industrial production, both
technologically and in terms of regulatory compliance. While
probiotic foods must contain specific strains and maintain sufficient
levels of live cells throughout their shelf life, uncertainties regarding
definition and labeling create regulatory issues. Furthermore,
probiotic strains are expected to be resistant to production, storage,
food matrix, and gastrointestinal system conditions and not cause
undesirable taste or texture changes in the product (Mattila-
Sandholm et al., 2002:173-182). Reliably and sustainably realizing
this potential depends on ensuring strict hygienic conditions
throughout all stages from production to consumption, rigorously
applying science-based risk assessments, and establishing
harmonized, transparent regulatory frameworks worldwide (Manan,
2025:5567567).

However, the low cost and industrial-scale applicability of
these technologies will continue to be one of the most important
limiting factors in the future (Mattila-Sandholm et al., 2002:173-
182).
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Conclusion

Probiotics are traditionally recognized for their positive
effects on human health, but today they also offer multifaceted
potential in terms of food hygiene and food safety. The findings
discussed in this book chapter reveal that probiotic microorganisms
play important roles not only in balancing the gastrointestinal
microbiota, but also in controlling foodborne pathogens, delaying
food spoilage, and developing natural bioprotective strategies. In
particular, the ability of lactic acid bacteria to suppress pathogens
and spoilage-causing microorganisms through organic acids,
bacteriocins, and other antimicrobial metabolites allows probiotics
to be considered as alternative or complementary biological agents
to chemical preservatives in food hygiene. In addition, the potential
of some probiotic strains to reduce the bioavailability of toxic
substances and process-derived chemical contaminants constitutes
another noteworthy contribution to food safety. The use of probiotics
in food production processes offers technological advantages such
as increased product safety, extended shelf life, and preservation of
sensory quality. However, ensuring these positive effects in a
sustainable manner requires the safety, efficacy, and technological
suitability of the probiotic strains used to be evaluated at the strain
level. Furthermore, preserving the viability of probiotic
microorganisms during production, storage, and distribution remains
a significant limiting factor in industrial applications.

Consequently, probiotics are considered a supportive and
innovative tool in food hygiene and food safety approaches. Future
studies should focus on elucidating the bioprotective mechanisms of
probiotics in greater detail, demonstrating their efficacy in different
food matrices, and clarifying the conditions for their safe use within
the regulatory framework. In this regard, integrating probiotic-based
applications into food safety systems will contribute to both
protecting public health and sustainable food production.
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BOLUM 7

CAMPYLOBACTER spp. ALONG THE FOOD
CHAIN: TRANSMISSION DYNAMICS, HEALTH
CONSEQUENCES, AND CONTROL STRATEGIES

BASAK GOKCE COL!
Introduction

Campylobacter spp. are recognized as major etiological
agents of foodborne bacterial infections and have become one of the
leading causes of such infections worldwide, particularly in
developed countries where they have surpassed Salmonella in
reported incidence (EFSA & ECDC, 2016). Campylobacteriosis is
regarded as an important foodborne zoonosis of global relevance and
is caused by bacteria of the genus Campylobacter, which are widely
distributed in environmental reservoirs (Iannino et al., 2019).
Epidemiological evidence indicates that the majority of human
infections are associated with Campylobacter jejuni and
Campylobacter coli, species that are broadly disseminated and have
shown a marked increase in reported cases over recent years
(Chlebicz & Slizewska, 2018; Garcia-Sanchez et al., 2019;
Kaakoush, Castafio-Rodriguez, Mitchell, & Man, 2015). As a result,
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campylobacteriosis has evolved from an individual clinical concern
into a major public health challenge of considerable significance at
the population level (EFSA & ECDC, 2016).

The persistence of Campylobacter spp. throughout multiple
points of the food chain, together with their ability to cause infection
at low doses and their propensity for cross-contamination,
complicates effective control from a food safety perspective.
Moreover, the predominantly sporadic nature of reported infections
and the difficulty of retrospectively identifying exposure routes
necessitate continuous surveillance of this pathogen within food
safety systems (Platts-Mills & Kosek, 2014; Wagenaar, French, &
Havelaar, 2013). In parallel, the increasing prevalence of
antimicrobial-resistant Campylobacter strains, largely attributed to
extensive and uncontrolled antibiotic use, has further amplified their
significance as a public health threat extending beyond acute
infection (Baruah et al., 2025).

In this context, the present section provides an overview of
the general characteristics and pathogenic features of
Campylobacter spp., examines their transmission dynamics along
the food chain, and summarizes reported clinical outcomes, public
health relevance, and approaches to control and prevention based on
the available literature.

General Characteristics of Campylobacter spp.

The genus Campylobacter, classified within the family
Campylobacteraceae, currently comprises 39 recognized species
and 16 subspecies according to updated taxonomic frameworks
(Facciola et al., 2017; Hlashwayo, Sigauque, & Bila, 2020).
Members of this genus are Gram-negative bacteria characterized by
a slender cellular structure and display diverse morphologies,
including spiral, curved, or short rod-shaped forms. While motility
patterns vary among species, the majority of Campylobacter strains
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possess a single polar or bipolar flagellum that enables their
characteristic movement; nevertheless, the absence of flagella has
also been documented in certain species (Ansari-Lari, Hosseinzadeh,
Shekarforoush, Abdollahi, & Berizi, 2011; Mobaien et al., 2016).

From a clinical perspective, the genus exhibits marked
heterogeneity, with approximately 10—12 species implicated in
human infections. Among these, Campylobacter jejuni and
Campylobacter coli are most frequently recovered from clinical
specimens. In particular, C. jejuni is recognized as the predominant
species associated with human disease and accounts for a substantial
proportion of reported gastroenteritis cases worldwide (Ansari-Lari
et al., 2011; On, 2001).

Physiologically, Campylobacter species are adapted to
microaerophilic conditions and demonstrate optimal growth under
reduced oxygen tension. Although oxidase activity is commonly
observed across the genus, Campylobacter gracilis represents a
notable exception to this trait. From a metabolic standpoint, these
bacteria exhibit limited capacity for carbohydrate utilization and
primarily derive energy from amino acids and intermediates of the
tricarboxylic acid (TCA) cycle (On, 2001; Silva et al., 2011).
Collectively, these structural, physiological, and metabolic features
contribute to the successful adaptation of Campylobacter species to
the gastrointestinal environment of the host and support their
persistence throughout different stages of the food chain.

Pathogenesis of Campylobacter spp.

The pathogenic process of Campylobacter spp. involves a
complex and sequential interaction between the microorganism and
the host, encompassing survival within the gastrointestinal
environment, successful colonization of the intestinal epithelium,
and subsequent induction of inflammatory tissue damage. A
distinctive feature of Campylobacter infections is the relatively low
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number of bacterial cells required to initiate disease. Reported
infectious doses range from approximately 3.5 x 10% to 1 x 10*
CFU/g, and evidence suggests that higher ingested doses may be
associated with increased clinical severity (Bhunia, 2018; Bolton,
2015; Epps et al., 2013). This low infectious threshold is considered
a key factor contributing to the elevated susceptibility observed in
children, elderly individuals, and immunocompromised populations
(Same & Tamma, 2018).

For infection to be established following ingestion of
contaminated food or water, Campylobacter must overcome several
host defense mechanisms, including gastric acidity, bile salts, and
oxidative stress. The ability to tolerate acidic conditions, resist bile,
activate oxidative stress defense pathways, and efficiently acquire
iron enables the bacterium to transit the upper gastrointestinal tract
and reach the intestinal lumen (Casabonne, Gonzalez, Aquili, Subils,
& Balague, 2016; Galate & Bangde, 2015; Kim, Oh, Kim, & Jeon,
2015). Nevertheless, pathogenic potential is not uniform across
strains, as variations in gene expression profiles and host—pathogen
interactions contribute to marked heterogeneity in virulence (Poli,
Thorsen, Olesen, Wik, & Jespersen, 2012).

Upon arrival in the lower gastrointestinal tract, attachment to
and colonization of the intestinal epithelium represent pivotal stages
in disease development. Motility driven by chemotaxis and polar
flagella facilitates penetration of the mucus layer, while the helical
cell shape combined with flagellar rotation enables a corkscrew-like
movement through the viscous mucus environment (Hermans et al.,
2012). Chemotactic responses toward mucins and glycoproteins
have been shown to guide bacterial localization, and several surface-
associated proteins mediate adherence to epithelial cells (Jin et al.,
2001; Poli et al., 2012).Among these, the fibronectin-binding CadF
protein is recognized as a major adhesin involved in host cell
interaction (Konkel, Garvis, Tipton, Anderson, & Cieplak, 1997).
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Following adhesion, Campylobacter, particularly C. jejuni, may
breach the epithelial barrier through transcellular or paracellular
routes, a process regarded as a central mechanism in the
pathogenesis of enteritis (Konkel, Monteville, Rivera-Amill, &
Joens, 2001).

Subsequent bacterial proliferation within the intestinal
mucosa, accompanied by toxin production, can result in villus
damage and disruption of epithelial integrity. The weakening of tight
junctions and loss of barrier function promote inflammatory
responses and facilitate electrolyte leakage into the intestinal lumen,
thereby contributing to the development of watery or bloody
diarrhea (McFarland & Neill, 1992; Schulze, Hénel, & Borrmann,
1998). One of the most extensively characterized virulence factors is
Cytolethal ~ Distending  Toxin  (CDT),  which  exerts
deoxyribonuclease activity leading to cell cycle arrest at the G2
phase, nuclear damage, and eventual cell death (Pickett &
Whitehouse, 1999). The widespread presence of cdt genes among
Campylobacter strains and the production of this toxin have been
linked to increased disease severity (Bang et al., 2001).

In addition to direct epithelial damage, interactions between
Campylobacter and intestinal cells can elicit strong proinflammatory
immune responses. The magnitude and nature of these responses
vary depending on host factors and experimental context, further
highlighting the complexity of disease expression (Aguilar, Jiménez-
Marin, Martins, & Garrido, 2014). The incomplete understanding of
Campylobacter pathogenesis is largely attributed to substantial
genetic diversity among strains and the use of different experimental
models, which collectively complicate the interpretation of virulence
mechanisms (Poli et al., 2012).
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Transmission Routes, Reservoirs, and Distribution of
Campylobacter spp. in the Food Chain

Campylobacteriosis ranks among the most frequently
reported foodborne infections on a global scale, with estimates
suggesting that approximately 10% of the world’s population is
affected annually (Myintzaw, Jaiswal, & Jaiswal, 2023). Burden of
disease shows marked geographical and socioeconomic variation,
with higher incidence reported in developing regions, while endemic
transmission patterns are commonly observed in low- and middle-
income countries (Endtz, 2020).

Human infection predominantly occurs via the fecal—oral
route, most often through exposures linked to the food chain.
Nevertheless, the presence of multiple potential contamination
points between primary production and final consumption
complicates efforts to interrupt transmission. Insufficient
implementation of effective control measures during on-farm
production, slaughter, and processing stages has been identified as a
major contributor to the continued spread of Campylobacter spp.
within food systems (Hansson, Sandberg, Habib, Lowman, &
Engvall, 2018).

Among animal reservoirs, poultry has been consistently
identified as a key source of Campylobacter, functioning both as a
direct origin of human infection and as an efficient vehicle for
dissemination along the food chain (Hénninen, Perko-Mikeld,
Pitkédla, & Rautelin, 2000; Pearson et al., 2000). Evidence from
source attribution and case—control studies indicates that poultry
meat represents one of the principal food vehicles for
campylobacteriosis, with fecal contamination during slaughtering
and carcass processing playing a critical role in bacterial
transmission (Myintzaw et al., 2023). In poultry, the cecum
constitutes the primary site of colonization, where bacterial loads

may reach concentrations of 10°—~108 cfu/g (Meade et al., 2009). In
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addition to poultry, ruminants have been implicated in transmission
dynamics, particularly through environmental exposure pathways
((Mughini-Gras et al., 2014). Recent molecular epidemiological
investigations further suggest that although poultry remains the
dominant reservoir, cattle may act as a primary source of human
infection under specific conditions. Moreover, indirect transmission
routes are increasingly recognized, as C. jejuni strains originating
from cattle can be transferred to poultry within the food production
continuum (Teixeira, Boras, Hetman, Taboada, & Inglis, 2022).

Beyond meat products, the consumption of unpasteurized
milk  constitutes a  well-documented risk  factor  for
campylobacteriosis. Sentinel surveillance data demonstrate a clear
association between raw milk intake and reported cases of infection
(Davys, Marshall, Fayaz, Weir, & Benschop, 2020). Studies
examining dairy products have confirmed the presence of
Campylobacter spp. in raw cow’s milk and have shown that C. jejuni
can also be isolated from milk obtained from other mammals,
including buffalo (Del Collo et al., 2017; El-Zamkan & Abdel
Hameed, 2016; Modi, Brahmbhatt, Chatur, & Nayak, 2015).
Waterborne exposure represents another important transmission
route; outbreaks have been linked not only to drinking and household
water supplies but also to contaminated tap water and inadequately
protected wells in various settings (Davies, Ebbesen, Johansson,
Kaden, & Rautelin, 2020; Guzman-Herrador et al., 2015; Pitkdnen
et al., 2008). Additionally, raw or insufficiently washed fruits and
vegetables may serve as secondary vehicles of transmission when
contaminated through irrigation water or contact with animal-
derived environmental sources (Verhoeff-Bakkenes et al., 2011).

Findings from recent meta-analyses further highlight the
uneven distribution of Campylobacter across food categories.
Poultry products consistently exhibit the highest prevalence, with C.
Jjejuni emerging as the dominant species detected in chickens and
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chicken-derived foods (Mwangi et al., 2025; Phu et al., 2025).
Regional synthesis studies corroborate these observations; for
example, a meta-analysis conducted in Iran identified white meat
products as having the greatest prevalence of Campylobacter, while
also reporting more frequent isolation of C. jejuni compared to C.
coli across multiple sample types (Ansarifar, Riahi, Tasara,
Sadighara, & Zeinali, 2023). Taken together, these findings indicate
that Campylobacter contamination within the food chain is not
confined to a single commodity but rather reflects a complex and
interconnected system shaped by animal production practices,
environmental reservoirs, and food processing operations.

Clinical Findings and Complications

Clinical manifestations associated with Campylobacter
infections are most often mild and self-limited, with symptoms
generally subsiding within 5-7 days. In individuals with intact
immune function, recovery typically occurs without the need for
antimicrobial therapy (Peterson, 1994). Nonetheless, the clinical
course is not uniform and may be influenced by multiple factors,
including host immune status, the infecting Campylobacter species,
and pre-existing health conditions. Variability in host—pathogen
interactions is therefore considered a key determinant of disease
severity and duration (Janssen et al., 2008).

Based on clinical presentation, Campylobacter-associated
illnesses are broadly categorized into enteric and extraintestinal
forms. Enteric infections represent the predominant clinical entity
and usually manifest as acute gastroenteritis, characterized by
watery or bloody diarrhea, fever, abdominal discomfort, and
nonspecific systemic symptoms such as fatigue. Among the
causative agents, C. jejuni is most frequently implicated and has
been identified as a leading contributor to both traveler’s diarrhea
and diarrheal disease in children (Bennett, Dolin, & Blaser, 2019;
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Bullman et al., 2011; Ioannou, Sourris, Tsantes, & Samonis, 2024).
In contrast, extraintestinal infections occur less frequently but are
typically associated with more severe and systemic outcomes.
Notably, C. fetus has been most commonly linked to invasive
conditions, including bacteremia, endocarditis, and other serious
infections (Bennett et al., 2019).

Although the majority of enteric infections resolve without
long-term consequences, a subset of patients may develop
postinfectious complications. These include neurological and
inflammatory disorders such as Guillain—Barré syndrome, Miller
Fisher syndrome, reactive arthritis, and irritable bowel syndrome.
Notably, infections caused by C. jejuni have been strongly associated
with autoimmune-mediated neurological sequelae. In rare instances,
dissemination beyond the gastrointestinal tract may occur, leading to
bacteremia, hepatic involvement, or central nervous system-related
manifestations (Man, 2011; McGrogan, Madle, Seaman, & de Vries,
2009; Roberts, Stone, Sutton, & Flaherty, 2020; Roberts et al., 2020).

Public Health Impact and Disease Burden

Campylobacteriosis represents a substantial public health
challenge among foodborne infections due to its widespread global
occurrence and persistent transmission dynamics. Although the
clinical course is self-limiting in most individuals, the consistently
high number of reported cases results in a considerable cumulative
disease burden (Kaakoush et al., 2015; Scallan et al., 2011). The
typically short incubation period and rapid onset of symptoms
complicate early case recognition, particularly for sporadic
infections, and limit the effectiveness of timely interventions aimed
at interrupting transmission (Awofisayo-Okuyelu et al., 2017).
Epidemiological investigations indicate that outbreaks are most
often linked to contaminated food and water and may involve
multiple individuals simultaneously, underscoring the public health
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relevance of common exposure sources (Frost, Gillespie, & O’Brien,
2002). The frequent association of outbreaks with animal-derived
sources further highlights the critical importance of control measures
implemented along the entire production-to-consumption continuum
(Wilson et al., 2008). While Campylobacter infections can affect
individuals across all age groups, disease severity and public health
impact are not evenly distributed within the population. Young
children and older adults represent particularly vulnerable groups,
and more severe clinical outcomes as well as an increased risk of
complications have been observed among individuals with
compromised immune function or underlying chronic conditions
(Haddock et al., 2010; Kennedy, 2004; Lévesque et al., 2013). In
developing regions, early-life exposure, repeated infections, and
prevailing socioeconomic factors contribute to a distinct
epidemiological pattern. The occurrence of severe cases and elevated
mortality rates, especially among young children, further amplifies
the public health significance of campylobacteriosis in these settings
(Rosenberg et al., 2018; Same & Tamma, 2018).

Species-specific differences in clinical presentation also play
a role in shaping the overall public health burden of Campylobacter
infections. Infections caused by C. jejuni are generally limited to the
gastrointestinal tract and tend to resolve without long-term
consequences, whereas infections associated with C. fetus, although
less common, may progress to invasive and potentially life-
threatening systemic conditions (Bennett et al., 2019). In recent
years, the increasing detection of antimicrobial-resistant
Campylobacter strains has further complicated disease management
and public health control efforts. Antimicrobial resistance reduces
available therapeutic options and challenges effective treatment,
while the dissemination of resistance determinants through
horizontal gene transfer constitutes an expanding threat to both
clinical practice and public health systems (Ahmed et al., 2024).
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Consequently, mitigating the public health impact of
campylobacteriosis requires the adoption of integrated, food chain
based control strategies that explicitly address the growing concern
of antimicrobial resistance (Bukari et al., 2025).

Control and Prevention of Campylobacter spp. Infections

The risk posed by Campylobacter spp. As foodborne
pathogens cannot be attributed to a single point within the production
or processing continuum. Rather, effective control depends on a
comprehensive strategy that addresses the entire pathway, extending
from primary animal production through processing stages and
ultimately to consumer handling. Accordingly, Campylobacter
control should be regarded as a coordinated and continuous process
in  which complementary interventions are implemented
simultaneously across different segments of the food chain. Within
this integrated framework, risk assessment—based interventions have
been shown to contribute to measurable reductions in
campylobacteriosis cases associated with contaminated meat and
meat products(Gonzalez-Fandos, Martinez-Laorden, & Perez-
Arnedo, 2020).

Although Campylobacter contamination constitutes a global
public health concern, variations in production systems,
environmental factors, and livestock management practices
necessitate the development of control programs tailored to national
or regional conditions. Despite these differences, a shared priority
across diverse production models is the enforcement of strict
biosecurity practices designed to prevent the introduction and
dissemination of the pathogen within farms and processing facilities
(Newell et al., 2011; Newell & Fearnley, 2003).

Interventions targeting the reduction of pathogen loads
during production and processing represent an important supportive
component of Campylobacter control strategies. Measures such as
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freezing and chemical decontamination applied at the slaughter stage
have been reported to reduce Campylobacter contamination on
carcass surfaces, although their effectiveness is influenced by
operational conditions and application protocols (Gichure et al.,
2022; Zhao, Ezeike, Doyle, Hung, & Howell, 2003). In addition,
physical treatments, including irradiation, have been investigated as
alternative control options, with experimental studies demonstrating
that irradiation can significantly lower Campylobacter levels on
poultry products under controlled settings (Isohanni & Lyhs, 2009).
Other emerging technologies, such as pulsed electric fields, have
yielded variable outcomes that appear to be strongly dependent on
the characteristics of the treated matrix and the stage of application
(Haughton et al., 2012). Collectively, current evidence suggests that
physical and chemical interventions function primarily as
supplementary tools and are insufficient to provide sustained
Campylobacter control when implemented in the absence of robust
biosecurity systems (Gichure et al., 2022; Newell & Fearnley, 2003).

From this perspective, biosecurity can be described as an
integrated framework encompassing the regulation of personnel
movement, the establishment of hygiene barriers, controlled access
to production areas, appropriate water treatment, and the reduction
of environmental contamination sources. Furthermore, maintaining
hygienic conditions during animal transport and housing, together
with the management of indirect transmission routes involving
vectors and other animals, plays a critical role in limiting pathogen
spread both within and between herds (Hald, Sommer, & Skovgard,
2007; Hansson, Ederoth, Andersson, Végsholm, & Olsson Engvall,
2005; Hansson, Végsholm, Svensson, & Olsson Engvall, 2007;
Newell & Fearnley, 2003).

Alongside biosecurity measures, a variety of complementary
strategies aimed at reducing Campylobacter colonization have been
explored. These include vaccination attempts, the use of feed
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additives, bacteriocins, bacteriophage-based applications, and
competitive exclusion approaches (Johnson, Shank, & Johnson,
2017). Although such interventions may provide additional benefits
under specific conditions, their effectiveness is closely linked to
production environments, and available evidence indicates that they
are currently insufficient to function as standalone alternatives to
biosecurity as the principal control measure (Johnson et al., 2017;
Newell et al., 2011).

At the consumer level, the prevention of campylobacteriosis
relies largely on compliance with hygiene principles and safe food-
handling practices. Given the heat sensitivity of Campylobacter
species, achieving internal cooking temperatures of at least 70 °C
remains a critical step in reducing infection risk. In parallel,
adherence to personal hygiene during food preparation, the
prevention of cross-contamination, and the maintenance of the cold
chain constitute essential practices that serve as the final barrier
limiting pathogen transmission to humans (Butzler, 2004; De Silva,
Wickramanayake, & Heo, 2021; Facciola et al., 2017).

Conclusion

This chapter highlights that Campylobacter spp. constitute a
multifaceted challenge for modern food safety systems rather than a
typical foodborne pathogen. Their low infective dose, frequent
asymptomatic carriage in animal reservoirs, and capacity to persist
under diverse environmental conditions facilitate silent entry into the
food chain, often with limited opportunities for early detection. This
combination contributes substantially to the predominantly sporadic
epidemiological pattern of campylobacteriosis. While the majority
of infections are self-limiting, the documented occurrence of
invasive disease and post-infectious sequelae demonstrates that the
public health relevance of Campylobacter extends well beyond acute
gastroenteritis. These outcomes are of particular concern among
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vulnerable population groups, reinforcing the importance of
preventive, upstream control strategies instead of reactive
interventions.

From a food chain-oriented standpoint, Campylobacter
contamination should be understood as the outcome of multiple
interacting factors, including animal reservoirs, environmental
conditions, and food handling behaviors, acting cumulatively across
different stages of production and distribution. This multifactorial
nature limits the effectiveness of control approaches that focus on
single points or narrowly defined interventions. Consequently,
reducing pathogen introduction at the level of primary production
remains the most critical determinant of control success, while
measures implemented during processing and consumption should
be viewed as supportive components that enhance overall risk
reduction rather than functioning independently.

Overall, sustainable management of Campylobacter spp.
depends on the implementation of integrated, multi-stage control
strategies that combine robust biosecurity measures, hygiene
practices, and informed food handling behaviors. Such a holistic
approach is essential not only for reducing the incidence of infection
but also for enhancing the long-term resilience and effectiveness of
food safety systems.
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