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SOSYAL MEDYA PLATFORMLARINDA
YAYILAN GIDA GUVENLIGIi
DEZENFORMASYONUNUN TOPLUMSAL
ALGIYA ETKISI

Ashihan TUGEN!

1. GIRIS

Bilgi paylasiminin dinamiklerini doniistiiren sosyal
medya, bireyler ve toplumlar arasindaki etkilesimin temel
unsurlarindan biri haline gelmistir. Bu dijital ortam, bilgiye hizli
erisim ve genis capli dagitim imkanlar1 sunarken, ayn1 zamanda
yanlis  bilgi ve dezenformasyonun yayilmasimi da
kolaylastirmaktadir. Ozellikle toplum saglhigi, ¢evre, egitim ve
ekonomi gibi hassas konulara dair yayilan yanlis bilgiler,
bireylerin  algilarint  ve davraniglarint  6nemli  Olciide
etkileyebilmektedir. Bu baglamda, sosyal medyada yayilan
yanlis bilgi ve dezenformasyon, gida giivenligi gibi toplum
sagligint  dogrudan ilgilendiren alanlarda ciddi riskler
olusturmakta ve halk sagligini tehdit etmektedir.

Gida giivenligi, bireylerin tiikettigi gidalarin saglik
acisindan giivenilirligini saglama cabasiyla, yalnizca bilimsel
caligmalarin degil, ayn1 zamanda dogru bilgi paylasiminin da
odak noktasidir. Ancak, sosyal medya platformlarmin bilgi
paylasimindaki kontrolsiiz yapisi, tiiketicilerin gida giivenligi
konusundaki yanlig algilarinin olusmasina ve bu algilarin

1 Afyon Kocatepe Universitesi, Fen Bilimleri Enstitiisii Gida Miihendisligi
Anabilim Dali Doktora Ogrencisi, Afyonkarahisar, Tiirkiye,
asl.tugen@gmail.com, ORCID 1D:0000-0001-5344-2804.
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yayginlagmasina zemin hazirlamaktadir. Bu c¢alismada, sosyal
medyada yayilan yanlis bilgilerin bireylerin gida giivenligi algisi
iizerindeki etkileri ele almmustir. Ozellikle, 2011 yilindan
itibaren araliklarla sosyal medya giindemini mesgul eden,
bilimsel temelden yoksun ve tamamen yanlis iddialar igeren
“Gidalarda Solitin Kullanimi” baslikli bir metin {izerinden, bu
tiir yanlis bilgilerin bireyler ve toplum iizerindeki etkileri
incelenmistir.

2. BILGI DUZENSIZLiGi, DEZENFORMASYON
VE BiR DEZENFORMASYON ARACI
OLARAK SOSYAL MEDYA

Yeni medya platformlari, bireylerin igerik olusturucu
olarak hareket etmesini saglayarak katilimeci bir ortami tesvik
etmis ve bdylece bilgi kaynaklarini gesitlendirmistir (Akyliz &
Akpmar, 2023). Ancak bu artan ¢esitlilik, igerigin
diizenlenmesini zorlagtirmakta ve yanlis bilgi, kotii bilgi ve
dezenformasyon gibi bilgi bozukluklariyla karakterize edilen
infodemik  gibi  olgulara  yol  agmaktadir.  Kontrol
mekanizmalarmin gorece islevsel oldugu geleneksel medyanin
aksine, yeni medyanin merkezi olmayan yapisi, etkili diizenleme
ve 0zdenetimi zorlastirmaktadir (Toktay, 2019).

Bilgi diizensizligi, ii¢ temel tire ayrilmaktadir:
mezenformasyon,  dezenformasyon ve  malenformasyon.
Mezenformasyon yanlis bilginin kasitsiz bir sekilde paylasilmasi
durumunu ifade eder; bu, bireylerin bilgi dogrulugunu teyit
etmeden yanlis bilgiyi yaymalari ile iliskilidir (Oymak, 2022).
Lewandowsky ve digerleri (2012) mezenformasyonun
yayillmasinda soylentiler, hiikiimetler, bireysel menfaatler ve
medya gibi faktorlerin  rol oynadigini  belirtmektedir.
Dezenformasyon, bilingli bir sekilde yanlis bilgi tiretilmesi ve
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yayilmasi anlamina gelir. Bu tiir bilgi diizensizligi genellikle
propaganda ve manipiilasyon amaci tasir. Yanlis bilgiyi yayma
siirecinde profesyonel troller, botlar ve partizan medya gibi
aktorler aktif rol oynar (Patterson, 2005). Malenformasyon ise,
dogru bilginin zarar verme amaciyla kotiiye kullanilmasidir;
ornegin, gizli bilgilerin kamuoyuna sizdirilmasi bu tiire dahildir
(Erdogan ve digerleri, 2022). Bu fi¢ tiir, bilgi diizensizliginin
farkli motivasyonlarla iretildigi ve dagitildig1 stireclerde,
modern medya teknolojilerinin etkisiyle sik¢a karsilasilan
sorunlardir (Wardle & Derakhshan, 2022).

[letisim teknolojilerinin evrimi, 6zellikle yeni medya ve
sosyal medya platformlarinin yayginlasmasi yoluyla toplumsal
etkilesimleri temelden yeniden sekillendirmistir. Bu teknolojiler
bilgiye esi benzeri goriilmemis bir erisim kolayligi sunarken,
aynt zamanda, Ozellikle erisilebilir verilerin giivenilirligini
zayiflatan yanlig bilgi, manipiilasyon ve dezenformasyonun
yayginlig1 gibi énemli zorluklar1 da beraberinde getirmektedir
(Kirik & Orkan, 2016). Tekrarlama ve duygusal cekicilik, sosyal
medyanin hiz1 ve erisimi ile daha da kotiilesen bir olgu olan
yanlis bilginin yayilmasi giiclendirmektedir (Le Bon, 2018).
Bu hizly, filtrelenmemis yayilim, 6zellikle secimler veya krizler
gibi kritik toplumsal olaylar sirasinda yanlis bilginin gelistigi
ortamlar1 beslemektedir (Erkan & Ayhan, 2018).

Sosyal medya platformlari, yanlis bilgilerin yayilmasini
hizlandiran cesitli tasarim unsurlarina ve kullanic1 etkilesim
dinamiklerine sahiptir. Yanls bilgi, 6zellikle siyasi kutuplasma,
as1 tereddiitleri ve iklim degisikligi gibi 6nemli toplumsal
sorunlarda etkili olabilmektedir (Globig ve digerleri, 2023).
Yanls bilgilerin bu denli hizli yayilmasinda, kullanici
aligkanliklart ve tesvik mekanizmalarinin etkisi biiyiiktiir.
Platformlar  genellikle  begeni, paylasim  gibi  6diil
mekanizmalarina dayanarak kullanicilar1  dogruluk yerine
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etkilesim odaklt davranmaya tesvik etmektedir (Ceylan ve
digerleri, 2023). Bu durum, dogruluk kontroliine dayali
miidahalelerin gerekliligini ortaya koymaktadir.

Tesvik mekanizmalarinin  yeniden yapilandirilmasi,
yanlig bilgilerin yayilimini sinirlamada etkili bir yontem olarak
one ¢ikmaktadir. Ornegin, dogru bilgi paylasimim ddiillendiren
sistemlerin, kullanici davranisini olumlu yonde degistirdigi
gozlemlenmistir (Globig ve digerleri, 2023). Kullanicilarin, bilgi
paylasirken dogruluk kavramini dikkate almasi, sadece platform
tasarimlarindaki degisikliklerle degil, aynt zamanda sosyal
medya okuryazarligimin artirtlmasiyla da desteklenebilir (Zade
ve digerleri, 2023). Bu tiir miidahaleler hem bireysel hem de
toplumsal diizeyde bilgi paylasiminda daha sorumlu bir
yaklagimi tesvik etmektedir.

Platform tasarimi ve teknik ozellikler de yanlis bilgilerin
yayllmasini  6nlemede kritik rol oynamaktadir. Ornegin,
baglamsal ipuclar1 ve tweet yoriingeleri gibi Ozellikler,
kullanicilarin  bir igerigin gilivenilirligini degerlendirmelerine
yardimc1 olmaktadir (Zade ve digerleri, 2023). Bununla birlikte,
sosyal medya platformlarinin birbirleriyle baglantili yapisi,
yanlig bilginin farkli platformlar arasinda hizla yayilmasina
olanak tanimaktadir (Ng ve digerleri, 2022). Dolayisiyla, ¢apraz
platform  stratejilerinin  gelistirilmesi  gerekliligi ~ dnem
kazanmaktadir. Kullanic1 aligkanliklarinin  daha bilingli  bir
dogruluk kontrolii iizerine egitilmesi, bu sorunun ¢oziimiine
katki saglayabilir.

Yanlis bilgilerin tespiti ve yayilmasinin 6nlenmesi i¢in
kullanilan teknolojiler arasinda makine 6grenimi modelleri
onemli bir yere sahiptir. Bu modeller, igerik 6zelliklerini ve
kullanic1 davranislarini analiz ederek yanlis bilgilerin yayilim
egilimlerini 6ngorebilmektedir (Jing ve digerleri, 2023). Bunun
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yani sira, stil tabanli ve yayilim odakli algilama teknikleri, dogru
ve yanlig bilgileri ayirt etmede etkili bir yontem sunmaktadir
(Rastogi & Bansal, 2022). Bu teknolojilerin basarili bir sekilde
uygulanmasi, sosyal medya ekosisteminde bilgi dogrulugunu
saglamada 6nemli bir ilerleme sunmaktadir.

Dogrulama mekanizmalarimin etkinligi ve erisilebilirligi,
cevrimigi etkilesimlerin giivenilirligi agisindan hayati bir Gneme
sahiptir. Sahte hesaplarin tespit edilmesinde kullanilan makine
O0grenimi tabanli siniflandiricilar, bu tiir mekanizmalarin etkili
bir 6rnegi olarak 6ne ¢ikmaktadir (Kozlov ve digerleri, 2020).
Ayni sekilde, sOylenti dogrulama modelleri ve kullanict geri
bildirimlerine  dayali  hibrit yontemler, sosyal medya
platformlarinda daha giivenilir bir bilgi ortami olusturmayi
hedeflemektedir (Lv ve digerleri, 2020; Yavary ve digerleri,
2020). Ancak, bu mekanizmalarin etkin bir sekilde islemesi,
kullanic1 egitimine yonelik stratejilerin gelistirilmesiyle daha da

giiclendirilmelidir.

Bu baglamda, sosyal medya platformlarinda yanlis
bilgiyle miicadele i¢in tesvik sistemlerinin  yeniden
yapilandirilmasi, teknik altyapimin gelistirilmesi ve kullanici
farkindaliginin ~ artirilmasi gerekmektedir. Dogrulama
mekanizmalarimin etkinliginin artirilmasit ve kullanicilarin bu
mekanizmalara kolayca erisebilmesi, platformlarin daha
giivenilir bir bilgi ekosistemi olusturmasina katki saglayabilir.
Bu siiregte, teknolojik yeniliklerin yani sira sosyal ve politik
diizeyde koordineli ¢abalar da kritik 6neme sahiptir.
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3. GIDA GUVENLIGI VE SOSYAL MEDYA
YANILSAMALARI: “GIDALARDA SOLITIN
KULLANIMI”

“Solitin” adl1 kimyasal maddenin siit ve siit iiriinlerinde
kullanildigina dair asilsiz iddialar, ilk olarak 2011 yilinda
internet ve sosyal medya platformlarinda ortaya ¢ikmistir (DHA,
2017). Bu iddialar, baslangicta e-posta zincirleri araciligiyla
yayilmis, ardindan Facebook ve WhatsApp gibi sosyal medya ve
mesajlasma uygulamalar1 {lizerinden genis kitlelere ulagsmistir.
Bu tiir platformlar, yanlis bilgilerin hizla ve genis c¢apta
yayllmasina zemin hazirlamigtir. Ayrica bastan asagi hatal,
yanlis ve hatta agikca yalan bilgilerden olusan bu metni gergek
sanan bir¢ok yerel ve ulusal haber sitesi ve gazeteler de metni
haberlestirerek paylasmis ve metnin daha da yayilmasina neden
olmustur.

D peynir, yogurt, hazir siitl tath vs. =
SOLITIN girebilmesi hep bu yiizden O 2t Poyiey o bagkens
SOLITIN bir trikalsit bilegidi. Yani
dogada en bol ve bedava
bulabileceginiz tiirden, tebegir
gibi, algi tagi gibi. Oysa bu bilegik
bobreklerden atilrken
tubuluslarda glomeriillerde
birikiyor ve filtrasyonu yani
bobreklerin kani sizmesini
engelliyor. Sonug: Bébrek
yetmezligine uzanan agir tibbi
sorunlar. Serum (re ve kraetinin

Gidalarda hi¢ bulunmamast
gereken kimyasal bir ajan. Basit
olarak, melaminimsi bir plastik.
Siit, yogurt, ayran ve sttin girdigi
her gesit besine katiliyor glinkii bu
molekiil su ile inanilmaz gekilde
baglanarak kivam arttinyor. Bu da

*Ankara Hifsizsihha Gida Denetim
B6lom Baskan Yrd.Gonul Ozdeger ve iki
asistani SOLITIN adli kimyasal ile ilgili
calismalan ve yayinlarindan dolay:
6lum tehditleri aldiklarim agikladilar ve
saveihiga sug duyurusunda bulundular.

hem imalat prosesleri agisindan
zaman kazandinyor, hem gida

dogalligini kaybettiginden son
kullanma tarihini uzatiyor ve
firmalarin stoklu galigmasini
sagliyor, hem de maliyeti inaniimaz
duglrerek firmalarin rekabet
glcund arttinyor.

diizeylerinde artig, devamh
yorgunluk hali, bellek ve
konsantrasyon bozukluklan.
Almanya Solingen iiniversitesi
Psikiyatri bolimiiniin 2009da
yaptigi bir aragtirmaya gore de
sizofreni geligimi

Aslinda gidalarda hig bulunmamasi

Devamm Oku...

Gocuklariniza elli kuruga gofret, © Yorum Yap paylas
gikolata ve siit triinleri SOLITIN TESBITI IGIN:
alabilmeniz, evlerimize gesit gesit Uretici firmalar SOLITIN'i higbir o
sekilde iriin etiketlerinde
-y 0 @9 bildirmiyorlar.

Aldidimiz riinlerde SOLITIN olup

Sekil 1. Tamam Yanhs Bilgilerden Olusan Metne Dair Paylasim
Goriintiileri

S6z konusu metin, siit ve siit triinlerinde “Solitin” isimli
kimyasal bir maddenin kullanildig1 iddiasiyla ilgili ciddi yanlis
bilgiler igermektedir. Oncelikle, “Solitin” adiyla tanimlanan bir
bilesigin kimya literatiiriinde yer almadigi ve bilimsel olarak
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tanimlanmadig1 aciktir. Ayrica, metinde “trikalsit bilesigi”
olarak nitelendirilen bu maddenin saglik {izerindeki etkilerine
iliskin One siirilen iddialar, herhangi bir bilimsel temele
dayanmamaktadir. Metin, Ankara Universitesi Hacettepe Tip
Fakiiltesi Biyokimya Bolimii’nde gorev yaptigi iddia edilen
“Yrd. Dog¢. Dr. Giilden Semavi” ve “Ankara Hifzissihha Gida
Denetim Boliim Baskan Yardimcist Géniil Ozdeger” isimli
kisilere atifta bulunmasina ragmen, ne Ankara Universitesi
Hacettepe Tip Fakiiltesi Biyokimya Boliimii’nde gorevli boyle
bir akademisyen ne de Ankara’da “Ankara Hifzissthha Gida
Denetim Bolimii” diye bir kurum bulunmaktadir. Bununla
birlikte, metinde bahsi gecen “Solingen Universitesi” ve
“European Psychatry Society” gibi kuruluglar da ger¢ek hayatta
mevcut degildir (Malumatfurus, 2020).

So6zde “Solitin” maddesinin bobrek rahatsizliklarina,
sizofreniye ve diger saglik sorunlarina neden oldugu iddiasi,
bilimsel bir dayanak tasimamaktadir. Ayrica, metinde Onerilen
sOzde “evde test yontemleri” (sicak metal batirma veya sirkeli su
testi), bilimsel acidan gecersiz ve safsatadan ibarettir. Metnin
icerdigi bu iddialarin, bilimsel olmayan tanimlar ve kurum
isimleriyle desteklenerek giivenilirlik algis1 yaratmaya calistigt
gozlemlenmektedir. ~ Ancak, konuya iliskin  yapilan
arastirmalarda, metinde yer alan ifadelerin hig¢birinin
dogrulanabilir olmadig1 ve iddialarin asilsiz oldugu acgikca
ortaya konmustur (Arabaci, 2017).

4. SOSYAL MEDYADA YAYILAN YANLIS
BIiLGILERIN GIDA GUVENLIGI
UZERINDEKI ETKILERI

Sosyal medya, gida giivenligi konusundaki yanlis
bilgilerin yayilmasinda kritik bir rol oynamaktadir. Genis erisim
kapasitesi ve hizl1 bilgi akisi saglayan bu platformlar hem dogru
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hem de yanlig bilgilerin etkili bir sekilde yayilmasini miimkiin
kilmaktadir. Ozellikle gida giivenligiyle ilgili yanhs bilgiler,
tiikketicilerin algilarini sekillendirmekte ve karar alma siireglerini
etkilemektedir. Bu durum, c¢ogunlukla tiiketicilerin yanlis
bilgilere dayali davramislar sergilemesine neden olmaktadir
(Seah & Weimann, 2020). Yanls bilgi, sosyal medya
platformlarinin dinamik yapis1 nedeniyle hizla yayilabilmektedir
ve bu da halk saglig1 ve tiiketici giivenligi agisindan Onemli
sonuglara yol agmaktadir (Chou ve digerleri, 2018).

Sosyal medya kullanicilariin bilgiye olan gilivenini
etkileyen en Onemli unsurlardan biri, bilginin kaynagidir.
Giivenilir kaynaklardan gelen bilgilerin daha yaygin olarak
paylasildigt ve bu durumun yanhs bilgiye olan giliveni
azaltabildigi bilinmektedir. (Ji ve digerleri, 2021). Ancak, yanlis
bilgi iceren kaynaklarin popiilerligi, dogru bilgiye olan erisimi
siirlandirabilmekte ve yanlis bilginin daha genis kitlelere
ulasmasimi kolaylastirmaktadir (Diekman ve digerleri, 2022).
Bunun yani sira, sosyal medyada yer alan yanki odasi etkisi,
kullanicilarin mevcut inanglarini pekistiren bilgilere daha fazla
maruz kalmasina neden olmaktadir. Bu durum, yanlis bilginin
giiclenmesine ve dogru bilginin yayillmasinin engellenmesine
katkida bulunmaktadir (Chou ve digerleri, 2018).

Gida giivenligiyle ilgili yanhs bilgiler genellikle
duygusal tepkilerle daha etkili hale gelmektedir. Son derece
profesyonel bir dille hazirlanmis “Gidalarda Solitin Kullanim1”
gibi sahte sosyal medya icerikleri, kullanicilarin bilgiye daha
giiclii bir sekilde baglanmasina yol agabilmektedir. Bu tip, sdzde
uzmanlarca kaleme alinan profesyonel dille hazirlanmis ve
dogru oldugu izlenimi veren yanlis bilgilerin yayilmasi
hizlanmaktadir (Mou & Lin, 2014). Duygusal tepki ve risk algisi
arasindaki etkilesim, tiiketicilerin gereksiz Onlemler almasina
veya belirli {irlinlerden kaginmasina neden olabilmektedir. Bu

8



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

stireg, sosyal medya platformlarimin bilgi yayma giicti ile
birlestiginde, tliketicilerin yanlis bilgilere dayali kararlar
almasini kolaylastirmaktadir (Ventura ve digerleri, 2021).

Yanlis bilginin etkileri yalmizca bireysel tiiketici
davraniglarin1 degil, aym1 zamanda toplumsal ve ekonomik
dinamikleri de etkilemektedir. Yanlis bilgilere dayali tiiketici
davraniglari, gida sektoriinde sirketlerin finansal performansini
olumsuz etkileyebilmektedir. Yanlis bilgi nedeniyle tiiketici
giiveninin azalmasi, satis kayiplarina ve piyasa dengesizliklerine
yol agabilmektedir (Wang ve digerleri, 2020).

Omegin, 2011 yilinda Almanya'da ortaya ¢ikan E. coli
salgini sirasinda, baslangigta Ispanyol salataliklarinin kontamine
oldugu yoniinde yanlis bilgiler yayilmis, bu durum, Ispanyol
tarim sektoriinde ciddi ekonomik kayiplara neden olmustur.
Ispanya’da salatalik ihracati durma noktasina gelmis ve
tireticiler 200 milyon Euro’dan fazla zarar etmistir. Daha sonra
kontaminasyonun kaynaginin farkli oldugu anlasilsa da yanls
bilginin yol actig1 zararlar kalic1 olmustur (Rogers, 2024). Ote
yandan, bu tiir yanlis bilgilerin etkilerini azaltmak i¢in yapilan
halkla iligkiler kampanyalar1 ve diger stratejik miidahaleler,
sirketler icin ek maliyetlere yol ag¢maktadir (Ferndndez-
Miguélez ve digerleri, 2020).

Yanlis bilgilendirmenin gida giivenligi {izerindeki
etkisini goOsteren kayda deger baska bir ornek, 2012 yilinda
“pembe balcik” olarak bilinen yagsiz ince dokulu sigir eti
(LFTB) ile ilgili tartigmalardir. Mart 2012'de ABC News,
LFTB'yi “esasen birbirine sikistirllmis ve antibakteriyel bir
madde ile muamele edilmis hurda et parcalart” olarak
tanimlayan ve “endiistriyel gida {iretiminin istah agici olmayan
bir 6rnegi” olarak nitelendiren bir dizi haber yaymlamistir. Bu
tasvir, kamuoyunda yaygin bir endiseye ve iriine kars1 tepkiye
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yol agmistir (Pannone, 2013). Medyada yer alan haberler ve
ardindan gelen kamuoyu tepkisinin Onemli ekonomik
yansimalar1 olmustur. Onemli bir LFTB iireticisi olan Beef
Products Inc. (BPI) talepte ciddi bir azalma yasamis ve bunun
sonucunda dort iiretim tesisinden ticii kapatilmis ve yaklasik 650
calisan isten ¢ikarilmistir. Sirket, ABC News'e karsi bir hakaret
davas1 acarak, kanalin haberlerinin LFTB'nin giivenligi ve
kalitesi konusunda tiiketicileri yanlis yoOnlendirdigini iddia
etmistir. Dava 2017 yilinda sonuglanmig ve ABC News'in
BPI'ye 177 milyon dolar 6dedigi bildirilmistir (Reuters, 2017).

Yanlis bilgilere karsi koymak ve halk sagligin1 korumak
icin cesitli stratejiler Onerilmektedir. Bu stratejiler arasinda
elestirel  diistinme  becerilerinin  gelistirilmesi, medya
okuryazarliginin tesvik edilmesi ve giivenilir kaynaklardan bilgi
saglanmasi yer almaktadir (Diekman ve digerleri, 2022). Gida
bilimcileri ve beslenme uzmanlari, dogru bilgilerin yayilmasinda
ve Yyanhs bilgilere karst savunma mekanizmalarinin
gelistirilmesinde 6nemli bir rol oynamaktadir. Ayrica, sosyal
medya  platformlar1  algoritmalarini,  dogru  bilgilerin
goriiniirliigiinii artiracak sekilde yeniden yapilandirarak yanlis
bilginin yayilmasini sinirlayabilir (Bode ve digerleri, 2021).

Yanlis bilginin etkilerini azaltmanin bir diger yolu,
sosyal medya iizerinden gercek zamanli bilgi izleme ve analiz
yontemleri gelistirmektir. Metin  madenciligi ve makine
ogrenimi  gibi teknolojiler, yanlis bilgilerin erken tespit
edilmesine ve bu bilgilere hizla miidahale edilmesine olanak
tanimaktadir (Goldberg ve digerleri, 2020). Bu tiir teknolojik
yaklagimlar, yanlis bilginin etkilerini siirlamak ve kamuoyu
algisinm1 dogru bir sekilde yonlendirmek ic¢in etkili araglar
sunmaktadir.
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Sosyal medyanin bilgi yayma giicii firsatlar sundugu
kadar zorluklar da sunmaktadir. Dogru bilgiye dayali halk
saglig iletisimi saglamak ve yanlis bilginin etkilerini en aza
indirmek i¢in dengeli bir yaklasim benimsemek gerekmektedir.
Uzmanlarin ve kurumlarin sosyal medya platformlarinda aktif
bir rol oynamasi hem yanlis bilginin yayilmasin1 énlemek hem
de halki daha bilingli tiiketici davraniglarina yonlendirmek
acisindan kritik oneme sahiptir.

5. SONUC VE ONERILER

Bu caligsma, sosyal medyanin bilgi paylasimindaki giicii
ve etkisi baglaminda yanlis bilgilerin gida giivenligi algisi
lizerindeki etkilerini ele almistir. Ozellikle, "Gidalarda Solitin
Kullanim1" gibi tamamen yanlis bilgiler iceren igeriklerin sosyal
medya platformlarinda yayilmasi, bireylerin gida gilivenligi
konusundaki algilarin1 ve davraniglarini  olumsuz yonde
etkileyebilmektedir. Sosyal medya platformlarinin merkezi
olmayan yapist ve kullanict etkilesimlerini tesvik eden tasarim
ozellikleri, bu ve bunun gibi yanlis bilgilerin hizli ve genis ¢aplh
bir sekilde yayilmasini kolaylastirmaktadir. Yanlis bilgiler,
tiketicilerin  gida  gilivenligi  konusunda yanhis algilar
gelistirmesine ve yaniltic kararlar almasima neden olmaktadir.
Bu durum, bireysel diizeyde yanlis bilgilere dayali davranislara
yol agarken, toplumsal diizeyde ekonomik ve sosyal sorunlari da
beraberinde getirmektedir. Dogru bilgiye erisim konusunda
yasanan eksiklikler, sosyal medyada yanlis bilginin daha cazip
ve giivenilir algilanmasini saglamaktadir. Bilimsel bilgilerin
yeterince  yayginlagtirllamamasi, bu  eksikligin  temel
nedenlerinden biridir. Bu baglamda yanlis bilgilerin etkilerini
azaltmak ve toplumu dogru bilgiye yonlendirmek amaciyla
asagidaki onerilerin dikkate alinmasi gerekli olacaktir:

11
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Sosyal medya kullanicilarinin medya okuryazarligi
becerilerini  gelistirmek i¢in egitim programlari
diizenlenmelidir.

Yanlig bilginin tespit edilmesi i¢in makine 6grenimi ve
metin madenciligi gibi teknolojiler kullanilmalidir.

Gergek zamanl bilgi dogrulama mekanizmalar1 sosyal
medya platformlarina entegre edilmelidir.

Yanlis bilgi yayilimimi engellemek i¢in sosyal medya
platformlarina yonelik yasal diizenlemeler
yapilmalidir.

Sosyal medya platformlari, algoritmalarmi dogru
bilgiye oncelik  verecek sekilde yeniden
yapilandirmalidir.

Bilimsel ve giivenilir bilgilerin daha genis kitlelere
ulagsmasin1 saglamak amaciyla kamu kurumlari, sivil
toplum kuruluslart ve akademik cevreler arasinda is
birligi artirilmalidir.

Gida giivenligi konularinda dogru bilgi paylasimim
artirmak i¢in diizenli halk saghgt kampanyalari
diizenlenmelidir.

Uzmanlarin sosyal medya platformlarinda aktif olarak
dogru bilgiyi paylagsmalar1 tesvik edilmelidir.

Sosyal medya platformlar1 arasinda yanlis bilgiyle
miicadeleye yonelik ¢apraz is birligi mekanizmalari
olusturulmalidir.

Farkli platformlarda yayilan yanlis bilgilerin hizli bir
sekilde tespit edilmesi ve kaldirilmasi ic¢in ortak bir
protokol gelistirilmelidir.
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OHMIC HEATING AS AN INNOVATIVE AND
EFFICIENT SOLUTION IN FOOD
PRESERVATION

Pinar SEKERCI KELES®
Yusuf ESEN?

1. INTRODUCTION

Traditional heat treatment methods are one of the basic
techniques widely used in food preservation (Cappato et al.,
2017; Kaur & Singh, 2016). The main purpose of heat
treatments applied to foods is to provide microbial components
of foods, preserve nutrients and sensory properties and extend
the product's properties and shelf life (Varghese et al., 2014).
However, the heat transfer module used in traditional heat
treatment methods can cause the product to overheat, causing
losses in the structure and sensory properties of heat-sensitive
foods. Traditional heat treatments in industry are generally
provided by cutting the thermal energy produced by burning
solid, liquid or gaseous fuels directly or indirectly with the
transfer of the material. However, these rates operate with low
energy efficiency and cause a high increase in value. With these
failures, the demand for new and alternative heating
technologies has been increasing rapidly in recent years. Ohmic
heating systems are one of these advanced devices used in many
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areas of the food industry. Heat transfer mechanisms in
traditional heat treatments have some disadvantages such as
causing excessive heating on the product surface, causing losses
in heat-sensitive nutrients and sensory properties (Sakr & Liu,
2014).

Ohmic heating is an electrical heating method and is
because the alternating current passing through the system is
heated by the electrical resistance of a food showing the circuit.
During ohmic heating, electrical energy is converted into
thermal energy. During the heating process, a food item is
placed in an electric field and in this area formed by two or more
electrodes, the current is distributed through the food and the
food is heated in a way with the resistance shown by the food. In
this system, a volumetric heat increase occurs in the food or
food mixture that resists the alternating current passing through.
The main difference of this method from microwave and
inductive heating methods is that the heating occurs in direct
contact with the feed (Kaur & Singh, 2016). Liquid phase is
generally used as the heating medium and extremely low
concentration salt solutions are preferred due to their high
conductivity (Icier et al., 2017).

In general, an ohmic heating system consists of a power
supply, heating cell, electrodes, microprocessor and computer
(Gavahian & Farahnaky, 2018). An ohmic heating supported
evaporation system is used to ensure the protection of the power
supply, necessary installations and systems. The capacity of the
power supply varies depending on the voltage transitions
required during the process and the process to be performed. In
order for the system to operate safely, the foodstuff must be
placed, and the heating unit must be made of an insulating
material. In addition, it is very important that the electrodes that
come into direct contact with the foodstuff during the process
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have high conductivity and are provided with a support that does
not leave any residue on the product (Gavahian & Farahnaky,
2018; Icier et al., 2017). These design details are critical in
terms of system components and the provision of foodstuffs.

2. BASIC PRINCIPLES

Like capacitive dielectric, radiative dielectric, inductive,
and radiative magnetic heating, ohmic heating is categorized as
having a variety of flexibility. Although it is like microwave
heating, ohmic heating works at very different frequencies. This
method provides continuous and homogeneous heating by
passing electric current through food liquids and solids. One of
the most important sources of ohmic heating is to eliminate the
uneven heat situation seen in microwave heating and to provide
homogeneous heating of the food instead (Varghese et al.,
2014). A system with hot walls, ohmic heating prevents the
deterioration of heat-sensitive compounds due to excessive heat,
as well as the contamination that occurs on the food surfaces
during processing. This is an important advantage in terms of
food applications (Ayadi et al., 2006). In addition, the ohmic
heating method has special advantages such as increasing the
food, reducing consumption and energy consumption during
processing. Products produced by ohmic heating can have high
safety and quality capacity, and the shelf life of these foods is
comparable to canned, sterile or aseptically processed products.
At the same time, this method can be used for commercial
operations with ordinary applications. Ohmic heating stands out
as a safe, high-quality and energy-efficient option in modern
food processing technologies.

Electrical conductivity applied electric field food power,
food residence time in the system, feeding technique, and the
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system's heat output rate all affect how well ohmic heating
works. This method produces heat using the electrical resistance
of the food. To understand the process effectively, detailed
examination of the electrical conductivity of the food and
accurate prediction of heating patterns are necessary. Ohmic
heating can be seen in the sensory and microbiological
properties of foods, which is of great importance in terms of
technological efficiency. This method can be used similarly to
traditional methods such as pasteurization, fermentation or
sterilization of foods (Varghese et al., 2014). Ohmic heating
provides both microbial safety in food processing technologies
and stands out as an effective alternative to produce quality
products by preserving the sensory properties of the product.

Ohmic heating is classified as an advanced version of
traditional heating methods. Some studies have stated that ohmic
heating is like microwave heating because it converts electrical
energy into heat due to ion movement and increases (Silva et al.,
2017). However, the ohmic heating method provides continuous
heating using an alternating current power source, unlike
microwaves. This feature allows the process to be carried out in
a more controlled and efficient way. The basic work list of
ohmic heating in a system is the thermal structures of the food
depending on the electrical resistance of the path provided by
the alternating current. An example of this method being
recorded is visualized in Figure 1. Ohmic heating is a method
that shows attention in modern processing technologies with its
energy efficiency and homogeneous heating system (Varghese
etal., 2014).
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Insulator cap sample electrode

l current
power

Figure 1. Schematic representation of ohmic heating applied to
food

Reference: Varghese et al., 2014.

The heating techniques commonly used for food are
based on the transfer of heat from a surface to the material. This
heat is produced directly or indirectly by a heating process, by
bringing hot parts together (e.g. steam) or by using a heat
exchanger (e.g. shell and plate tube). This fracture requires a
temperature gradient (temperature difference) for heat transfer to
the material, so the surfaces must have a higher temperature than
the parts of the product. However, a hot surface can cause
spoilage and burns in some products, heat transfer losses and
this can have negative effects on the product. Especially high
viscosity liquids or liquids with particles are difficult to heat and
heat transfer. Ohmic heating prevents such problems by
eliminating hot surfaces caused by heating materials (Sakr &
Liu, 2014). The quantity of heat generated by the system, the
material's electrical conductivity, electrical records, the
material’s residence period, and the production process all affect
the ohmic heating system (Takhistov, 2007).

To carry out the ohmic heating process, it is necessary to
examine the electrical conductivity of the food and to correctly
predict the resulting heating patterns. The perspective of this
process on the sensory and microbiological aspects of the food
is very important. The main difference between ohmic heating
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and other heating methods is the use of electrodes that do not
come into direct contact with the material. These electrodes are
connected correctly to save electricity in their components and
ensure that the heat is distributed evenly (Silva et al., 2017).

3. METHODS OF OHMIC HEATING

Ohmic heating devices, unlike many new electrical energy
technologies, use alternating current. In practice, heating can be
provided using low frequency (50-60 Hz) alternating current
without the need for a frequency converter. This feature provides
a significant advantage by limiting the electrochemical reactions
caused by traditional heating methods in foods. Historically,
although different processes were developed for direct resistance
heating in liquids in the late 19th century, continuous sterilization
and packaging applications were not successful due to corrosion
and electrolysis in the electrodes. However, today this problem
has been prevented by coating passive electrodes containing
titanium with platinum or ruthenium.

Ohmic heating is an effective method to prevent food
spoilage and provide the desired shelf life. However, depending
on the application method and the structure of the food, heat
transfer can often be heterogeneous, which can lead to
nutritional losses. Homogeneous heat treatment plays a critical
role in deficiencies caused by foodstuffs for microbial stability.
The change of traditional heating methods and the increasing
demands for safe food production have increased the interest in
alternative technologies such as radio broadcasting, microwave
and pulsed electric field in the industrial field (Yildiz-Turp et
al., 2013).

Ohmic heating, sometimes referred to as Joule heating, is
a technique that uses electricity to heat food. The transformation
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of electrical energy into thermal energy in an electrical
conductor is the fundamental idea behind this technique (Aurina
& Sari, 2022). The first step in heating is shielding the food item
from an alternating electrical current, which causes heat to be
produced inside the meal (Pereira & Vicente, 2010). lonic
motion (joule effect) causes the heat to be generated quickly and
volumetrically inside the food ingredients. Electrical
conductivity and the voltage gradient can directly be used in the
quantity of heat produced. Temperature, voltage gradient, and
food composition are some of the variables that affect the
electrical conductivity of food materials. In particular, the
electrical conductivity increases in ionic groups such as acids
and salts, while the cellular conductivity of non-polar parts
(their fats and lipids) decreases (Aurina & Sari, 2022). This
feature is an important factor in the realization of the heating of
ohmic heating according to food care.

Numerous elements have been found to influence a
food's ohmic heating rate values, including electrical
conductivity, field strength, particle size, concentration, ionic
concentration, and electrodes. Electrical conductivity is the most
crucial factor in ohmic heating modeling (Kaur & Singh, 2016).
When more than one phase is present, these parameters can
either directly affect the heating rate of various components (in
the case of particle orientation and geometry) or indirectly affect
the mixture's effective conductivity (in the case of particle size
and concentration). It has been demonstrated that particle
geometry becomes significant only when the solid particle's
aspect ratio deviates significantly from unity (Sarang, 2007). It
has been demonstrated that when the particle axis is positioned
parallel to the electric field in a static ohmic heating system with
a liquid and a single elongated particle with lower conductivity
than the liquid, the solid particle will heat up more slowly than
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the liquid if its aspect ratio is not unity. Nevertheless, the
particle heats up more quickly than the liquid if it is positioned
with its longer axis perpendicular to the electric field. Due to the
limiting potential for ohmic heating in the industrial field, all
parameters that can be included in the process design should be
considered (Aurina & Sari, 2022). This comprehensive analysis
has critical information for the operation of ohmic heating and
the extension of its sections.

3.1. Electrical Conductivity

The most important property affecting the speed of
ohmic heating is the electrical conductivity of the food. This
characteristic has to do with the food's temperature and chemical
makeup. Several variables, including the material's
microstructure, free water content, and ionic strength, influence
electrical conductivity (Varghese et al., 2014). Conductivity is
increased by the presence of ionic compounds, particularly acids
and salts, and decreased by the presence of non-polar
components, such as lipids and oils. Electrical conductivity
depends on the field strength of the experimental setup, the
temperature of the heated food, its ionic disintegration and
microstructure order (Parrott, 1992). Heat transfer is directly
impacted by the electrical conductivity at a constant voltage
gradient, which determines the rate of heat production that is
achieved during ohmic heating. The electrical conductivity
characteristics of the food to be treated determine how effective
ohmic heating is (Varghese et al., 2014). It has been found that
the electrical conductivity of fruit and meat species increases
linearly with temperature during different heating ohmic heating
under constant voltage gradient. For those designed for ohmic
heating of meat pieces, the anatomical positioning of the piece
can be heated; however, additional studies are needed to obtain
more precise results in this regard (McKenna et al., 2006).
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Lower cellular conductance values can be observed for highly
preserved features such as apples. However, no strong
correlation was found between the studied fat content and
electrical conductance of lean muscle pieces. Meat's electrical
conductivity may be significantly impacted by the condition of
its fat or marbling (Varghese et al., 2014). Published
conductance values for different food samples during ohmic
heating are summarized in Table 1. These data are important for
ohmic heating, optimizing repair and enabling more efficient
operation for different types of food.

Table 1. Food sample conductivity levels during ohmic heating

Product ((:20 S”ngts')’l'lf;’ Comments
Pickles and chutneys 2.0-3.0 Fast heating possible (1-5 °C
sec —1)
Savoury sauces 1.6-1.8
Soups, various 1.4-1.8
Minced beef, lamb 0.8-1.2
Pet food 0.7-1.2
Whole milk 0.52 Very fast heating possible (7—
50 °Csec —1)
Desserts: vanilla/rice/custard 0.50-0.38
Scrambled eggs 0.40
Vegetable pieces/ 0.1-0.06
Fruit pieces 0.15-0.05
Chicken 0.8-0.37
Margarine 0.027 Unsuitable products:
conductivity too low
Syrup 0.001
Fruits 0.067-0.186 Low conductivity, slow
heating
Pork cuts 0.56-0.584 Very fast heating possible
Steak 0.371-0.491 Fast heating

Kaynak: Brunton et al., 2005.
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3.2. Field Strength

As the electrical field strength increases, higher
conductivity is obtained. This increased electrical conductivity
allows the system to accelerate and microbial inactivation to
occur more effectively (Kaur & Singh, 2016). The electrical
field strength can be changed by adjusting the distance between
the electrodes or the applied voltage (Silva et al., 2017). The
increase in field strength allows the systems in the solution to
increase the electrical conductivity, which increases their
brightness, and faster heating (Kaur & Singh, 2016). Electrical
conductivity and heating rate both rise in tandem with an
increase in electric field intensity. Membrane damage occurs
during the heating process, and this increases the amount of free
water (Bean et al., 1960). The application of field strength
causes the liquid movement through the capillaries to increase in
direct proportion to the electrical conductivity (Halden et al.,
1990). Higher field intensities (104-105 V/cm) effectively
rendered bacteria inactive (Kaur & Singh, 2016).

3.3. Particle Size

In ohmic heating, the heating rate is significantly
affected by the particle size. (Zareifard et al., 2003) observed
that the heating rate decreases as the carrot width increases.
They observed that as the particle size increases, the heating
time increases to achieve the same temperature increase.
Therefore, the heating rate decreases as the particle size
increases.

3.4. Particle Concentration

For ohmic heating to be carried out homogeneously and
effectively, three basic features such as size, shape and
distribution should be considered (Incedayi et al., 2019). During
the operation of particulate foods with ohmic heating method,
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the size of the contents and their electrical conductivity play a
critical role. While the electrical conductivity of small amounts
(less than 5 mm) such as emulsions or colloids is generally
washable, in foods containing larger particles (15-25 mm), the
properties of the two phases and the heating effect of the
explosion heating flows are quite high.

The concentration of the product during ohmic heating
also affects the effectiveness and duration of heating. The
increase in product concentration causes the ionic mobility to
slow down, which in turn reduces the electrical conductivity.
Therefore, products with high density and high specific heats
heat up more slowly, while high viscosity fluids can heat up
faster with the ohmic method than those with low viscosity
(Silva et al., 2017). Careful control of these parameters is of
great importance to obtain the desired performance in ohmic
heating ranges.

3.5. Concentration of lons

When biological tissues are heated, their flexibility
changes, which results in an increase in electrical conductivity.
Protopectin in the cell wall breaks down, non-conductive gas
scarves are expelled, heat softens, and the viscosity of the
aqueous phase is reorganized. Increased cellular conductivity
and ionic mobility are the results of these modifications (Bean et
al., 1960; Sasson & Monselise, 2022). The rate of heating
increases with increasing ionic concentration. Higher ionic
concentration significantly affects the heating behavior of the
processed material utilizing the ohmic heating technique,
according to Sarang et al.'s (2008) evaluation of the impact of
ionic concentration on ohmic heating of fruits and meats. Zell et
al. (2009) found that salted meat and scour had the largest
electrical conductivity sweep when heated in parallel or

28



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

perpendicular directions to intact meat. Shirsat et al., (2004)
stated that the effect of mincing on the electrical conductivity of
the crimp is that moisture and inorganic deposits remain free
from the myofibril tissue during the cutting and friction
processes. It has also been observed that the difference in
conductivity due to fiber orientation increases in salt
consumption. Zell et al., (2009) suggested that the exchange and
tumbling processes should be carried out directly to ensure the
emergence of a homogeneous salt and thus optimize the ohmic
heating process. These conditions have critical systems in
increasing the development of ohmic heating technology.

3.6. Particle Position

Particle orientation and position have an important role
in the ohmic heating process. Zareifard et al. (2003) investigated
how most of the analyses change their ohmic behavior according
to their position relative to the electrodes. The electrode heating
was completely or completely in contact with the compartment
in the ohmic heating cell during heating. Observations show that
in parallel case, the liquid phase heats up faster than the solid
phase, but in series case, this is normal. These findings reveal
that their performance and location have an important
performance in determining the ohmic heating processes and
comprehensiveness.

3.7. Electrodes

Unacceptably high temperature variations within the
product might result from heat loss around the food material,
which is mostly determined by the type of cell and electrodes
that contain the product. When ohmic heating occurs, this kind
of heat loss could be problematic. According to Zell et al.
(2011), a thicker electrode has a slower rate of temperature rise
since it has more mass and less electrical resistance. The
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thermocouples positioned near the electrodes and those in the
middle of the ohmic heating cell produced a significant
temperature differential (Kaur & Singh, 2016).

4. ADVANTAGES AND DISADVANTAGES OF
OHMIC HEATING

The advantage of ohmic heating is the homogeneous
distribution of heat, unlike the uneven heat state of microwave
heating. One of the most important benefits of this method is
that it is possible to quickly achieve the required temperature
and separate the system (Sakr & Liu, 2014). The high energy
efficiency of ohmic heating is provided by converting 90% of
the electrical energy into heat. This feature makes ohmic heating
ideal for safe and high-quality food production and provides
validation of the commercial process with applications with
parts. The shelf life of foods processed with ohmic heating is
comparable to products produced by canning, sterilization and
aseptic processes (Aurina & Sari, 2022; Aytuna Cerg¢i et al.,
2024; Varghese et al., 2014). Ohmic heating can be used for
pasteurization, fermentation and sterilization of foods. In
addition, it has low maintenance cost due to the disruption of
movement and reduces the contamination of surfaces during
heat transfer (Kumar, 2018; Varghese et al., 2014). The
disadvantage of ohmic heating is that the shortcomings
associated with ohmic heating are eliminated and cold spots and
overheated areas are detected, and difficult places are located. In
addition, the limitation of information regarding the
determination of heating life causes the need for more safety and
quality protocols in commercial applications (Sakr & Liu,
2014). Ohmic heating time and the particle size of one of the
particles. As the particle size increases, the heating temperature
decreases and the heating time increases (Zareifard et al., 2003).
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Because fat globules are non-conductive due to the absence of
salt and water, they cannot be heated efficiently via ohmic
heating. According to this study, ohmic heating is ineffective for
non-conductive items, such as the majority of solid foods.
Because of their high specific heat and density, solid meals take
longer to heat up (Kaur & Singh, 2016).

5. AREAS OF APPLICATION

The planning of electrode design, particularly the
emergence of issues like electrode polarization and fouling, has
played a major role in the development of ohmic heating's
application in the food business during the past 20 years (Sakr &
Liu, 2014). Ohmic heating allows extremely rapid heating of
foods; this process usually takes from a few seconds to a few
minutes, providing great efficiency in terms of time (Sastry,
2008). Researchers have recently studied ohmic heating systems
and their yields, taking into account variables like the electrode
type and the pH of the heating fluid. Using a 60 Hz sinusoidal
alternating current, the impact of pH on the electrochemical
behavior of an electrode material is demonstrated. All electrode
materials showed denser electrode partitions at pH 3.5 than at
other pH values, according to experimental results; nonetheless,
titanium electrodes showed a high level of fracture resistance in
their portions (Samaranayake & Sastry, 2005). These findings
highlight the selection of electrodes used in ohmic heating
applications and the expansion of pH control.

The electrical conductivity (o) is the primary important
parameter in ohmic heating. The electrical conductivity of the
recorded food and its correlation with the liquid conductivity are
demonstrated to be crucial factors in comprehending the heating
under ohmic heating in non-homogeneous properties, such as
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soups that contain solid food slices (Kumar, 2018). Although the
commercial applications of ohmic heating are generally limited
to the studies of liquid foods, the research conducted on its use
in solid foods today reveals that it is more profitable than other
thermal technologies such as traditional thermal processing
methods, radiofrequency and microwave heating (Wang &
Farid, 2015).

Ohmic heating can be used for cooking purposes and as
an alternative method for rapid heating at appropriate
temperature operation. Current ohmic heating applications
include blanching, separation, gelatinization, fermentation,
peeling, evaporation, dehydration, extraction and other
processes. These applications show that ohmic heating has a
wide potential to increase efficiency and quality in a wide range
of food processing.

5.1. Pasteurization and Sterilization

Pasteurization is a heating process that Kkills
microorganisms that can cause disease in food and significantly
reduces the occurrence of non-perishables. This process kills
microorganisms (mostly bacteria) in milk, fruit juice, canned
food and other products (Watts, 2019). Foods that have been
pasteurized or sterilized by ohmic heating are of exceptional
quality. Depending on the intended use, milk and other liquid
goods can also undergo pasteurization and sterilization.
Sterilization is utilized in the process if the goal is to eradicate
harmful microbes. Ultra-high temperature (UHT) sterilization of
foods, particularly those with large particles (up to 2.5 cm) that
are challenging to sterilize using existing techniques, can be
accomplished with ohmic heating (Varghese et al., 2014).
Ohmic heating is used to pasteurize milk by pumping it between
two metal plates that have a voltage differential between them
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(Silva et al., 2017). Acid-producing microorganisms such
streptococci, lactobacilli, microbacteria, coliforms, and
micrococci are among those eliminated by pasteurization. Gas-
producing microorganisms include coliforms, Clostridium
butyricum, and Torula cremoris. filamentous or filamentous
fermentative microorganisms include Alcaligenes viscolactis
and Enterobacter aerogenes, while proteolytic organisms
include Bacillus spp., Pseudomonas spp., Proteus spp., and
Streptococcus  liquefaciens.  Lipolytic organisms include
Pseudomonas fluorescens, Achromobacter lipolyticum, Candida
lipolytica, and Penicillium spp.

5.2. Thawing and Boiling in Foods

An inventive technique for thawing frozen foods is the
ohmic heating system. Using this technique, frozen foods are
thawed by passing alternating current between two electrodes.
This process's benefits include the lack of water and wastewater
output, the volumetric heating's ability to thaw relatively
uniformly, and the process's ease of control (Varghese et al.,
2014). When thawing shrimp blocks, for instance, the product
was successfully thawed without increasing its moisture content
(Aurina & Sari, 2022). Compared to conventional measurement,
thawing frozen meat with the ohmic heating system results in
reduced weight loss (Duygu & Umit, 2015).

Furthermore, regardless of the product's size or shape,
the blanching process using ohmic heating may greatly lessen
the amount of solute leakage when compared to the hot water
method. Studies show that electrically operated potato slices
increase moisture loss during blanching (Mizrahi, 1996). This
feature shows that ohmic heating offers a significant advantage
in increasing efficiency in food separation and processing.
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5.3. Fermentation

Ohmic heating method has recently gained popularity in
the fermentation of Arabica coffee and chocolate goods,
particularly to reduce the acidity of coffee beans. Depending on
the microorganism’'s ideal temperature, different temperatures
are employed during fermentation. For instance, Saccharomyces
cerevisiae typically ferment best at temperatures about 30°C,
whereas enzymatic hydrolysis requires temperatures around
50°C. A temperature set point between 37 and 38°C is typically
favored in order to blend these two ideal temperature conditions
(Sagita et al., 2020). It has been proven that the fermenter
control unit can maintain, control and monitor the temperature
condition in the reactor in real time. The energy efficiency of
this process has increased from 81.96% to 86.29%. High
degrees of homogeneity can be produced by the ohmic-based
fermenter. Both liquid and non-liquid products can benefit from
its temperature distribution, particularly those that are damp or
have a high moisture content. The electrodes conduct electricity
and are positioned between the fermenter reactor tube. The
fermenter reactor will be filled with materials intended for both
batch and continuous fermentation. Because of its great energy
efficiency and homogeneous temperature distribution, this
design is offered as a fermenter prototype that might be
developed for commercial usage in the food business (Aurina &
Sari, 2022).

5.4. Extraction

Ohmic heating can also be used for fruit juice extraction
such as sugar beet, soybean soy milk, apple and orange juice
(Kumar, 2018). Comparison of traditional heating methods with
ohmic heating is used as an effective method for the extraction
of some components from plant wastes because it rapidly heats
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the material with high energy changes. This feature is a suitable
alternative method for industrial pectin extraction. Pectin was
extracted from orange waste with the best results obtained with
a voltage gradient of 30 V/cm, pH of 1.5 and S/L ratio of 1:20
g/ml (Saberian et al., 2018). In addition, ohmic heating was used
to extract anthocyanin (pigment for dark purple color in food
industry) from black rice bran. Coloring powder formed by
assisted ohmic heating (CP-OHM) contained higher colorant
yield, anthocyanin pigments and bioactive components
compared to conventional methods (Loypimai et al., 2015). The
quality of products processed by ohmic heating may vary
depending on the characteristics of the product and the applied
process. This shows that ohmic heating has a wide range of
applications in the food economy and maintains its potential to
improve quality.

6. EFFECTS OF OHMIC HEATING ON FOOD
QUALITY

Ohmic heating systems are used in many processes such
as heat, extraction, dissolution, cooking, enzymatic and
microbial inactivation, which occurs when electrical energy is
converted to thermal energy (Achir et al., 2016; Kim et al.,
2018). The use of ohmic systems during these processes plays
an important role in maintaining product quality, texture, aroma
and flavor to obtain a mass heat increase in a short time. In
addition, these systems facilitate the microbial flexibility of the
products and the obtaining of an assurance certificate (Cappato
etal., 2017).

6.1. Evaporation

Evaporation technology is widely used in the food
industry to concentrate liquid products. The concentration
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process is usually carried out by applying heat treatment to the
product and removing some of the free water in it. Thanks to
this process, products with reduced water activity through
evaporation become more resistant to spoilage by
microorganisms. In addition, expanding the product volume
leads to a decrease in packaging, transportation and storage
costs. However, during the processing of heat-sensitive foods
into concentrates, losses in color, aroma, taste and nutritional
value may occur. To minimize these negative effects, vacuum
evaporation process is generally used in industry, and thanks to
this process, it can be carried out at lower temperatures (Sabanci
& Icier, 2017). Long periods of evaporation processes cause
both time and energy losses, and therefore costs increase. One of
the alternative applications made in the food industry to perform
an effective process by reducing evaporation times is the use of
ohmic systems in the heat unit of the evaporation system.
Studies have shown that ohmic-supported evaporation units
shorten process times and increase efficiency (Icier et al., 2017).
This offers more efficient and cost-effective solutions for
evaporation rates.

6.2. Extraction - Hydrodistillation

Extraction is defined as the transfer of one or more
valuable compounds from a solid or liquid phase to another liquid
phase by taking advantage of their different solubility properties
in food processes (Nakilcioglu et al., 2014). Extraction processes,
which are an important step in the food industry, are generally
carried out with conventional methods. However, in recent years,
alternative extraction methods have been investigated in order to
reduce the use of solvent and time in conventional extraction
methods as well as to increase extraction efficiency (Kutlu et al.,
2017). In ohmic-assisted extraction systems, one of these
methods, the extraction of food components can be carried out in
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much shorter times, with higher efficiency and quality compared
to the conventional method. In ohmic assisted extraction systems,
the ohmic system functions as both a heat source and
electroporation in the tissues of the units due to the applied
electric field, thus providing bioactive units with the opportunity
to extract bioactive components more efficiently (Pereira et al.,
2016). Another option for ohmic heating is the new application
area of ohmic assisted hydrodistillation systems. This system,
which is obtained by applying the volumetric heating feature of
ohmic heating to distillation systems, enables the distillation
process to be carried out in shorter periods of time and by saving
energy (Incedayi et al, 2019). In an ohmic assisted
hydrodistillation unit, an ohmic heating system is used instead of
a traditional heater. In this way, better process control is provided,
and distillation costs and time are reduced (Gavahian &
Farahnaky, 2018).

6.3. Enzyme Inactivation

Enzymes can have some negative effects that reduce food
quality, such as bad odor formation, color and flavor losses, and
changes in textural structure in food products. Therefore, enzyme
activation must be controlled during food processing. For this
purpose, traditional heat treatment applications are used to
prevent enzyme degradation (Demirdéven & Baysal, 2014).
However, traditional heat treatment applications can inactivate
enzymes while also causing losses in the sensory and nutritional
properties of the product. Therefore, alternative heat treatment
applications are being tried to ensure enzyme inactivation and the
effects of these applications on product quality are being
investigated. One of these, the ohmic heating method, is seen to
provide enzyme inactivation due to effective heating in a short
time and at the same time preserves quality parameters
(Demirdéven & Baysal, 2014; Jakob et al., 2010).
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6.4. Microbial Inactivation

Heat-based microbial inactivation methods applied for
the purpose of preserving food can cause losses in the color,
flavor and nutritional value of the product (Cho et al., 2017).
However, today, the consumer's demand for minimally
processed, nutritionally high and reliable food is steadily
increasing (Kim & Kang, 2017). For this reason, methods that
minimize quality losses during inactivation are being
investigated. Ohmic heating is an alternative method to thermal
microbial inactivation mechanisms and provides effective
microbial inactivation with mass and rapid heating (Cappato et
al., 2017; Yildiz-Turp et al., 2013). In addition to the thermal
effect of ohmic heating on the microbial inactivation
mechanism, the alternating current used in this system also
shows non-thermal effects by creating pores in the cell
membranes of microorganisms (Jaeger et al., 2016). Charge
accumulation occurs on microbial cells in food exposed to
electrical current. This charge accumulation causes increased
membrane permeability and decreased thermal resistance
through pore formation in the cell membrane (Cappato et al.,
2017; Yildiz-Turp et al., 2013).

6.5. Thawing

Although freezing is a widely used method for
preserving food, many problems are encountered during the
thawing of frozen products with conventional thermal
applications. During thawing, it is aimed to prevent regional
heat increases by providing a rapid and homogeneous heat
increase to ensure the microbial safety of the product. However,
it is sometimes not possible to provide these conditions in
conventional heating methods. Ohmic heating applications are
an alternative thawing method that can be used in thawing
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foods. In ohmic heating systems, the volumetric, uniform and
rapid increase in heat makes it the preferred choice in the
thawing process. In the ohmic thawing process, the conversion
rate of electrical energy to thermal energy is over 90%, and this
high efficiency makes the method an effective thawing
alternative (Incedayi et al., 2019). In a study, the ohmic heating
method was used to thaw frozen meat, and the thawing process
was carried out in a shorter time and with less weight loss
compared to the traditional method. However, in ohmic thawing
systems, contact with the electrodes must be made for
homogeneous heating to occur (Duygu & Umit, 2015). To
ensure continuity of contact with the electrodes during thawing
and to create a conductive environment, researchers used water
or salt water and dissolved the product in these phases (Icier et
al., 2017). In another study (Min et al., 2016), a “pressurized
ohmic thawing system” was realized by combining the ohmic
thawing system with high pressure. This system further
accelerated the transition of the ice phase to the water phase
during dissolution by decreasing the phase transition point of
water by applying pressure and providing increased heat flow,
thus making ohmic dissolution more efficient (rapid and
volumetric heat generation).

7. CONCLUSION

When digesting semi-solid, particle meals, ohmic heating
is especially beneficial. It has demonstrated benefits over
emerging thermal alternative technologies including induction,
microwave, and radiofrequency heating as well as conventional
thermal processing. The primary benefits include improved food
quality, shorter cooking times, fewer capital costs, increased
energy efficiency, and an eco-friendly procedure. Compared to
other electroheating techniques, it has a cheaper initial cost.
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Sterilization of high-protein materials, seafood processing,
pretreatment for dewatering and thawing, detection of starch
gelatinization, and extraction enhancement are the primary uses
of this technology. Both at home and in large quantities, the
potential of direct ohmic heating for food in retort pouches that
ensure food safety has been clearly shown. Commercially
available sterile ohmic hot casserole-style goods that have a
three-year shelf life are being considered for military ration
inclusion. Interesting topics for more study include corrosion
issues with various electrode types at various frequencies and
the process's fluctuating efficiency based on the electrical
conductivity of the material utilized.

Ohmic heating is considered an effective food processing
technology for modern food products. It has become a preferred
method for preserving and pasteurizing foods thanks to data
collection such as rapid heating, process control and energy
efficiency. The potential of ohmic heating is further increased
with research and applications, and significant contributions are
made to the food industry. In this example, a book food section
example is presented, which provides information about the
basic principles of ohmic heating technology, the protection of
the public and the effects on it. A real book section will be more
detailed and have more content.

Due to developing technologies and the consumer's
demand for healthier and more natural products, the demand for
processing technologies that better protect food and research on
this subject is rapidly increasing. In this sense, ohmic heating
has become one of the popular topics studied in recent years, as
it creates a short and homogeneous heating effect. The success
of the ohmic heating system depends on the heat generation rate
of the system, the electrical conductivity of the heating material,
the application time, frequency and should be applied according
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to factors. In commercial applications, the creation of systems
where the process cost can be reduced, the heat rate can be
better controlled, and the quality of the food can be better
preserved will be topics to be studied in the future.

Ohmic heating is a remarkable alternative heating
method that transfers heat to food materials directly rather than
by convection or conduction. The uses of ohmic heating in
blanching, evaporation, extraction, sterilization, pasteurization,
and pregelatinization have been the subject of several
experiments. As electrical conductivity increases, ohmic heating
also increases. While the ohmic heating rate decreases with
increasing particle size and electrode thickness, it increases with
increasing voltage gradient and ionic concentration. This
procedure improves the flour and starch's water retention and
solubility indices. Additionally, the ohmic heating process
produces uniform heating, improved preservation of nutritional
quality, great energy efficiency, etc., but its commercial
application on a wider scale is limited by its higher input cost
when compared to other conventional heating methods.
Additionally, because they lack salt and water, meals that
contain fats and oils cannot be digested by ohmic heating. Even
though this field has seen significant advancements, there is still
a lack of knowledge regarding the effects of electric fields on
mass transfer properties, process design to establish industrial
processes, electroporation phenomenon characterization and
modeling, and the modeling, prediction, and determination of
the heating model of complex foods. Future studies should
concentrate on characterizing and simulating complex meals and
electroporation events. Cold spot detection experiments should
also be encouraged. Ohmic heating has the potential to be the
most important food processing technology of the future.
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ADVANCEMENTS IN NON-DESTRUCTIVE
ANALYSIS: HYPERSPECTRAL IMAGING
APPLICATIONS IN MEAT AND MEAT
PRODUCTS

Hasan ibrahim KOZAN!

1. INTRODUCTION

1.1. Importance of Non-Destructive Methods in Meat
Quality and Safety

Meat and meat products are the main sources of high-
quality protein among animal-based products consumed by
humans. These products are also rich in vitamins and minerals.
According to the Organisation for Economic Co-operation and
Development (OECD), per capita meat consumption is expected
to increase to 35.5 kg by 2024 (Wu, Liang, Wang, Wu, & Sun,
2022). The growing significance and increasing consumption of
meat and meat products have introduced several challenges in
the meat industry. Among these, ensuring quality assurance and
food safety has become particularly critical. This situation
necessitates the development of efficient, reliable, and rapid
evaluation techniques. Non-destructive methods offer the
advantage of assessing meat quality without altering the product,
which is highly valued by consumers as it preserves the integrity
of the product. These methods are essential for detecting
spoilage and adulteration, obtaining quality-related information,
and ensuring compliance with safety standards (W. Wang &
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Peng, 2018; Xiong, Sun, Pu, Gao, & Dai, 2017). Time is a
crucial factor in the quality assessment of meat and meat
products. The ability to perform real-time quality evaluations
enhances operational efficiency and reduces waste. Moreover, it
provides experts in the meat industry with the opportunity to
make swift and informed decisions. This underscores the
importance of non-destructive techniques, making them
indispensable for modern meat processing practices (G.
Elmasry, Kamruzzaman, Sun, & Allen, 2012; Kozan, Sarigoban,
Akyiirek, & Unver, 2016).

1.2. Overview of Hyperspectral Imaging (HSI)
Technology and Its Relevance

Imaging technology has emerged as one of the most
rapidly advancing fields in recent years. However, traditional
imaging systems capture data through only three channels,
which limits their ability to provide comprehensive information,
particularly for complex organic components such as meat.
Hyperspectral imaging (HSI) is an advanced technology that
combines imaging and spectroscopy, enabling simultaneous
acquisition of both spatial and spectral information from
samples. This dual capability facilitates detailed analysis of meat
products, making it easier to identify various quality attributes,
including moisture content, fat distribution, and color (Feng,
Arai, & Rodriguez-Pulido, 2024; Huang, Liu, & Ngadi, 2014).
HSI possesses the ability to generate pixel-based prediction
maps that illustrate the distribution of various attributes across
samples. This capability has positioned it as a powerful tool for
non-destructive evaluation, particularly in the food industry,
where assessing the quality of complex components like meat is
critical (Feng, Arai, & Rodriguez-Pulido, 2023; Kandpal, Lee,
Kim, Mo, & Cho, 2013). HSI can seamlessly integrate with
multivariate analysis techniques, further enhancing its
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effectiveness. This integration enables the extraction of
meaningful insights from complex datasets, making it an
invaluable tool for comprehensive data interpretation and
decision-making (Charan, 2022; Y. Li et al., 2011).

2. BASICS OF HYPERSPECTRAL IMAGING
2.1. Principles and Components of HSI Systems

Hyperspectral imaging is achieved by capturing
reflections across hundreds of distinct bands in the
electromagnetic spectrum. While the human eye can only
perceive reflections in the visible (RGB) spectrum,
hyperspectral imaging encompasses reflections from bands
beyond human vision, such as infrared (IR) and near-infrared
(NIR). Figure 1 illustrates the entire electromagnetic spectrum
(Ozdemir & Polat, 2020).
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Figure 1. Electromagnetic spectrum
Reference: (Ozdemir & Polat, 2020)

HSI cameras typically operate by capturing images
across a broad wavelength range, from the visible region (400—
700 nm) to the near-infrared spectrum (1000-2500 nm). Each
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pixel in a hyperspectral image contains a spectrum that
represents the chemical composition of the material being
analyzed (Kozan et al., 2016; Serranti & Bonifazi, 2016). HSI
systems are relatively complex, comprising key components
such as a light source, a spectrometer, and a camera. The light
source illuminates the sample, while the spectrometer disperses
the reflected light into its constituent wavelengths, which are
subsequently captured by the camera (G. Elmasry et al., 2012;
Singh, Jayas, Paliwal, & White, 2010).

Camera
4 \ Lens
Spectrograph

4

Computer

pl s —
» v
» .4 e
|

Mlumination unit
Moving table Motor

Figure 2. Configuration of a typical hyperspectral imaging system
Reference: He & Sun, 2015.

As shown in Figure 2, the system design includes a
moving table, motor, spectrograph, lenses, illumination source,
stage, and a computer with software for control. The camera
collects data from the samples positioned on the moving table.
This process generates a three-dimensional data cube, where two
dimensions represent spatial information and the third
dimension corresponds to spectral information (Akyiirek &
Koger, 2017; Edwards, Hoffman, Manley, & Williams, 2023;
Huang et al., 2014). In order to get better results or low error,
preprocessing can be applied to captured images (Akyiirek &
Koger, 2024; Jiang, Yang, & Shi, 2021).
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2.2. Advantages Over Traditional Methods

Advancements in technology have addressed several
disadvantages  associated  with  traditional ~ methods.
Technological progress in imaging systems within the meat
industry has focused on resolving issues such as sample
destruction, labor dependency, time consumption, and the use of
consumables inherent to conventional techniques. HSI systems
offer distinct advantages over traditional methods in meat
quality assessment. Firstly, they are non-invasive and do not
require sample preparation, minimizing contamination risks and
preserving the quality of the product (Kozan et al., 2016; W.
Wang & Peng, 2018). Secondly, HSI enables rapid analysis,
allowing real-time monitoring of meat quality attributes that are
critical for maintaining safety standards throughout the meat
supply chain. This significantly reduces the time required for
quality assessments, which traditionally could take hours or
even days, to just a few seconds or minutes (Lim et al., 2020; Y.
Yang, Wang, Zhuang, Yoon, & Jiang, 2018). Traditional
methods are unable to perform fundamental meat quality
analyses, such as oxidation, texture, and color assessments,
simultaneously. The ability of HSI to analyze multiple quality
parameters at the same time makes it a more efficient alternative
compared to conventional methods, which typically focus on a
single attribute at a time. This simultaneous analysis capability
is a significant advantage that traditional approaches cannot
offer (Jiang et al., 2021; Xiong et al., 2017). Furthermore, the
integration of chemometric techniques with HSI enhances the
accuracy and reliability of assessments, enabling better decision-
making in meat processing and quality control (Charan, 2022;
Feng et al., 2023). Beyond these advantages, there are additional
distinctions.
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Traditional analytical methods require skilled and
experienced technical personnel, whereas HSI systems, once
calibrated, eliminate such a need. Conventional methods
demand large, specialized spaces or laboratories, while HSI
systems require minimal space. Traditional methods often
involve consumables and equipment, and some analyses may
necessitate preparatory steps. In contrast, HSI systems do not
rely on consumables. Additionally, while traditional methods
often mandate the use of harmful chemicals that pose risks to
both humans and the environment, HSI systems completely
eliminate this requirement, offering a safer and more sustainable
alternative.

3. KEY APPLICATIONS IN MEAT AND MEAT
PRODUCTS

3.1. Quality Control

Quality control in the meat industry is crucial for
ensuring consumer safety and satisfaction. It is also essential for
identifying and addressing potential deficiencies or errors in
industrial production, thereby supporting sustainable and stable
manufacturing. Hyperspectral imaging (HSI) systems have
emerged as a powerful tool for evaluating various quality
attributes of meat, such as freshness, tenderness, and
compositional analysis. This chapter explores the applications of
HSI in these critical areas.

3.1.1. Freshness Assessment

Freshness is a fundamental indicator of meat quality.
Fresh meat and meat products play a critical role in human
nutrition and have positive impacts on human health.
Conversely, meat and meat products stored under refrigeration
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have a short shelf life and are recommended for prompt
consumption. Factors such as oxidation and the risk of microbial
contamination can adversely affect human health. HSI can be
effectively employed to evaluate freshness. For instance, Yu et
al. demonstrated that HSI could distinguish between fresh,
frozen-stored, and frozen-thawed beef samples by generating
visualization maps that represent the spatial distribution of
spoilage indices (Yu, Chen, Zhang, Liu, & Li, 2024). This
capability enables a detailed understanding of meat quality over
time, which is crucial for maintaining high standards in meat
processing and retail. It also facilitates the economic evaluation
of meat by providing insights into an essential quality
parameter.

Moreover, Elmasry et al. (2011), utilized near-infrared
(NIR) hyperspectral imaging to non-destructively determine the
water-holding capacity of fresh beef—an essential factor
affecting the juiciness and overall quality of the meat (Gamal
EIMasry, Sun, & Allen, 2011). This method provides rapid
results, enabling processors to make timely decisions regarding
meat freshness and quality.

3.1.2. Tenderness Evaluation

Tenderness is another fundamental quality attribute that
significantly influences consumer preferences. Studies have
shown that tenderness positively impacts consumer purchasing
behavior (De Deuvitiis et al., 2023). HSI has been integrated with
chemometric techniques to predict tenderness in meat products.
For instance, Wang and He applied HSI to classify the grades of
Cantonese sausages, correlating spectral data with sensory
evaluations of tenderness (Q. Wang & He, 2019). This approach
not only enhances the accuracy of tenderness evaluations but
also streamlines the quality control process in meat production.
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Additionally, Yang et al. (2017), combined HSI with
wavelet transformation and multi-way partial least squares
algorithms to detect total viable counts in spiced beef, indirectly
reflecting tenderness through microbial load (D. Yang, Lu, Ren,
& Wang, 2017). This innovative approach highlights the
versatility of HSI in simultaneously evaluating multiple quality
parameters, providing a comprehensive overview of meat
quality.

3.1.3. Compositional Analysis

The physicochemical, chemical, and biological
properties of meat and meat products are of significant
importance. Among these, fundamental attributes such as color,
marbling, and fat content are widely utilized in the industry. HSI
is particularly adept at compositional analysis, enabling the
simultaneous evaluation of various chemical components in
meat. For instance, Elmasry et al.(2012), highlighted that HSI
can effectively measure critical visual attributes such as color,
marbling, and fat content, which are essential for grading meat
quality (G. Elmasry et al., 2012). This capability is further
enhanced through the integration of multivariate analysis
techniques, facilitating the extraction of meaningful information
from complex spectral data.

Additionally, Gallo et al. (2019) demonstrated the use of
HSI to predict pork spoilage, highlighting the technique’s
potential for monitoring compositional changes over time
(Gallo, Almeida, Bermudez, Chen, & Richard, 2019). By
providing insights into the chemical and physical properties of
meat, HSI helps ensure that products meet quality standards
throughout their shelf life.
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3.2. Safety

The safety of meat products is of critical importance for
both consumers and regulatory authorities. Every step in the
supply chain—from animal nutrition to slaughtering and
processing—plays a pivotal role in ensuring safety. The
implications for human health and nutrition are evident. Beyond
these aspects, safety parameters are also crucial for economic
evaluations of meat and meat products, which are among the
highest-valued food items globally. Technological advancements
in this area are essential, and hyperspectral imaging (HSI)
systems have proven highly effective. HSI has emerged as a
robust tool for detecting adulteration, contamination, and
identifying meat types. With broader adoption and cost
reductions, HSI systems are expected to become one of the most
vital tools for enhancing food safety and ensuring product
integrity. This section explores the applications of HSI in these
critical areas.

3.2.1. Detection of Adulteration and Contamination

Adulteration and contamination are significant issues
globally, including in Turkey, where governmental authorities
implement measures to combat them. While legal sanctions are
in place, authorities periodically expose those engaged in such
fraudulent practices. The adulteration of meat products poses
significant health risks and economic losses. HSI has been
effectively employed to detect various forms of adulteration,
including the presence of non-meat substances in meat products.

For instance, Jiang et al. (2020) demonstrated HSI's
capability to rapidly detect cheek meat adulteration in pork,
highlighting its effectiveness in distinguishing between pure and
adulterated samples (Jiang, Cheng, & Shi, 2020). This approach
not only provides a non-destructive method of analysis but also
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facilitates real-time monitoring essential for maintaining food
safety standards.

Additionally, Dashti et al. (2023) compared portable
visible-near-infrared (Vis-NIR) hyperspectral imaging with
shortwave infrared (SWIR) imaging for assessing meat
authenticity. Their findings revealed that both imaging
techniques effectively utilized pigment color information and
compositional data to detect adulteration (Dashti et al., 2023).
This underscores HSI's versatility in addressing food safety
concerns across different types of meat. A sample of different
spectral data collected from different wavelengths is given in
Figure 3.
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Figure 3. A) Vis-NIR and B) SWIR averaged spectra obtained
from all four pure meat species

Reference: Dashti et al., 2023.
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Ropodi et al. (2015) also employed multispectral image
analysis to detect adulteration in beef and pork, emphasizing
HSI's potential to identify low levels of adulterants that
conventional methods might overlook (Ropodi, Pavlidis,
Mohareb, Panagou, & Nychas, 2015). This capability is critical
for protecting consumers against fraudulent practices in the meat
industry.

3.2.2. Meat Type ldentification

In meat products, tissues from different meat species can
be incorporated into products that are marketed as containing a
single type of meat, misleading consumers. The identification of
meat types is crucial for ensuring authenticity, particularly in the
context of halal certification and consumer preferences. HSI
systems utilize the spectral signature of an organic product to
provide data about its authenticity, effectively serving as a
"fingerprint” technology. By delivering detailed spectral
information that can be analyzed to determine the meat types
present in a sample, HSI holds significant promise in this
domain.

For instance, Dashti et al. (2021) investigated the
applicability of handheld spectrometers combined with
chemometric methods for meat type identification,
demonstrating the efficacy of HSI in verifying meat products
(Dashti et al., 2021). This approach not only enhances the
reliability of meat identification but also supports compliance
with regulatory standards.

Additionally, Edwards et al. (2023) used near-infrared
hyperspectral imaging to classify raw beef patties into different
categories, showcasing the potential of HSI for automated meat
classification (Edwards et al., 2023). This application not only

60



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

streamlines the quality control process but also helps prevent
mislabeling and fraud in meat products.

Hyperspectral imaging serves as a powerful tool for
enhancing the safety and authenticity of meat and meat
products. Its ability to detect adulteration and contamination,
combined with its effectiveness in identifying meat types,
positions HSI as a critical technology for ensuring food safety
and consumer trust in the meat industry. Leveraging data from
pilot-scale studies and employing reverse engineering
techniques with low-cost multispectral cameras, HSI has
emerged as one of the most promising technologies for
addressing these significant challenges.

3.3. Process Optimization

Process optimization in the meat industry is essential for
enhancing efficiency, ensuring product quality, and maintaining
safety standards. Significant advancements have been made in
this area, with industrial production increasingly focused on
real-time monitoring for process optimization. Hyperspectral
imaging (HSI) has emerged as a transformative technology,
facilitating sorting and classification during processing and
optimizing various stages of meat production. This section
focuses on HSI’s applications in sorting and classification for
process optimization.

3.3.1. Sorting and Grading During Processing

Meat differs from other food products due to its complex
composition. While sorting and classification are relatively
straightforward for food products with predominantly uniform
components, meat contains a diverse mix of proteins, fats, and
carbohydrates. The structural complexity of meat tissues makes
technological separation during production challenging. HSI
provides a non-destructive method for sorting and classifying
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meat products based on quality attributes. One of the primary
advantages of HSI is its ability to rapidly evaluate multiple
quality parameters simultaneously, which is critical for effective
sorting. A sample classification model is illustrated in Figure 4.
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Figure 4. Flowchart of the main steps of the classification model
Reference: Yu et al., 2024.

For example, Edwards et al. (2023) demonstrated that
near-infrared (NIR) hyperspectral imaging could classify raw
beef patties into four distinct categories based on quality
attributes, thereby streamlining the sorting process (Edwards et
al.,, 2023). This capability not only enhances operational
efficiency but also ensures that only high-quality products reach
consumers. Although research on sorting efficiency is ongoing
in other domains, progress is steadily being made in meat
products as well.

Additionally, Aheto et al. (2019) investigated the
combination of spectral and image data from HSI to predict lipid
oxidation properties in pork (Aheto et al., 2019). Their study
found that changes in reflectance values were directly linked to
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physical and chemical alterations induced by various processing
methods. This insight allows producers to optimize conditions
such as salt concentration and temperature, which significantly
impact meat quality. Real-time monitoring of lipid oxidation
using HSI provides critical data to enhance product quality and
extend shelf life.

Microbiological development in meat and meat products
is another key concern. Among commonly consumed foods,
meat is considered the most conducive to microbial growth.
Differentiating microbial contamination is critical not only for
classification and sorting but also for ensuring safety.

Yang et al. (2017) utilized HSI combined with wavelet
transformation and multi-way partial least squares regression to
detect total viable counts in spiced beef (D. Yang et al., 2017).
This application underscores HSI's potential to not only classify
meat based on quality but also identify microbial contamination,
thereby ensuring safety. By integrating HSI into processing
workflows, meat producers can improve quality control
measures and reduce the risk of foodborne illnesses.

Furthermore, Gallo et al. highlighted the use of HSI for
the non-destructive prediction of pork spoilage over time (Gallo
et al., 2019). Their study demonstrated that HSI, combined with
advanced data analysis techniques, effectively monitors changes
in meat quality during storage. This capability allows processors
to optimize storage conditions and minimize waste. Such
features are particularly valuable in supply chain management,
where maintaining product quality throughout distribution is
critical.

Hyperspectral imaging plays a pivotal role in optimizing
processes within the meat industry. As a promising solution to
the complex and time-consuming classification challenges faced

63



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

by large-scale industrial operations, HSI enables sorting and
grading based on multiple quality attributes. This enhances
operational efficiency, ensures product safety, and ultimately
improves consumer satisfaction. As the meat industry continues
to evolve, the integration of HSI technology will be critical for
meeting the growing demands for quality and safety in meat
production.

4. CHALLENGES AND OPPORTUNITIES
4.1. Technical and Economic Limitations

As with any technological advancement, the development
of hyperspectral imaging (HSI) comes with its own set of
challenges and limitations. Emerging technologies often face
financial burdens and complexity, which, despite being part of the
developmental process, can hinder their widespread adoption.
However, alongside these challenges, opportunities for innovation
alsoarise.

While HSI offers significant advantages for meat quality
assessment, several technical and economic limitations have
slowed its adoption in the meat industry. One of the primary
technical challenges is the complexity of data analysis. HSI
generates vast amounts of data that require sophisticated
algorithms and computational power for processing and
interpretation. This complexity poses a barrier for smaller meat
processing facilities that may lack the necessary resources or
expertise to implement advanced data analytics (Echegaray et
al., 2022; Y. C. Li et al., 2020).

Additionally, the initial investment cost of HSI systems
can be substantial, typically starting at approximately $28,000
(Echegaray et al., 2022). This high cost can create a disparity in
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quality control capabilities between larger and smaller meat
processors. Moreover, the ongoing maintenance and potential
upgrades required to ensure optimal system performance further
increase the economic burden (Echegaray et al., 2022).

Economic constraints also extend to the broader meat
industry, where fluctuating market demands and shifting
consumer preferences influence the feasibility of investing in
new technologies. For example, the industry faces increasing
pressure to adopt sustainable practices, which often require
significant capital investments in new technologies like HSI
(Duong et al., 2020; Echegaray et al., 2022). Balancing these
investments with the need to maintain competitive pricing
presents a significant challenge for many producers.

Despite these limitations, HSI presents significant
opportunities, particularly through advancements in engineering
techniques. One promising avenue is the development of low-
cost multispectral cameras derived from HSI technology. These
cost-effective solutions would also demand fewer resources,
enhancing accessibility and usability for smaller operations.
This increased affordability has the potential to expand the use
of HSI systems across the meat industry, paving the way for
more widespread adoption.

This potential is explored in greater detail in Section 4.2,
where strategies for overcoming current limitations and
maximizing the benefits of HSI are discussed.

4.2. Emerging Trends: Al Integration and Portable
Systems

Despite the challenges, emerging trends present
opportunities to enhance the application of HSI in the meat
industry. One significant trend is the integration of artificial
intelligence (Al) with HSI technology. Al algorithms can
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improve the accuracy and efficiency of data analysis, enabling
real-time decision-making based on hyperspectral data. For
example, machine learning techniques can be used to develop
predictive models that evaluate meat quality attributes such as
tenderness and freshness based on spectral data (Akyiirek &
Koger, 2019; Echegaray et al., 2022; Zhang, Chen, Xie, Wang,
& Pan, 2021). This integration can streamline the quality control
process and reduce the need for extensive manual analysis.

Additionally, the development of portable HSI systems
represents another promising trend. Portable devices facilitate
on-site analysis, allowing meat processors to conduct real-time
quality assessments during processing. This capability can
enhance operational efficiency and reduce the time lag between
production and quality evaluation (Echegaray et al., 2022;
Hassoun et al., 2023). Portable systems also enable smaller
operations to adopt HSI without requiring extensive
infrastructure investments. Furthermore, advancements in
Industry 4.0 technologies, including the Internet of Things (IoT)
and robotics, can complement HSI applications in the meat
industry. These technologies can enhance traceability, automate
data collection, and improve overall supply chain management,
addressing some of the economic and logistical challenges faced
by meat processors (Duong et al., 2020; Hassoun et al., 2023).

While significant technical and economic limitations
remain in the adoption of HSI within the meat industry,
emerging trends such as Al integration and the development of
portable systems offer substantial opportunities for advancing
meat quality assessment. Businesses must carefully evaluate the
balance between benefits and costs and foster awareness among
industry experts. Each enterprise must realistically address these
factors while recognizing that the opportunities provided by
advanced technologies outweigh the challenges they may pose.
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By leveraging these developments, the meat industry can
improve operational efficiency, ensure product safety, and meet
the evolving demands of consumers.

5. CONCLUSION

Hyperspectral imaging (HSI) has demonstrated
significant potential to revolutionize the meat industry by
providing a non-destructive, fast, and comprehensive method for
assessing the quality, safety, and authenticity of meat products.
Its ability to simultaneously capture both spatial and spectral
information allows for the evaluation of multiple quality
attributes, such as freshness, tenderness, compositional analysis,
and the detection of adulteration and contamination. This
capability not only improves operational efficiency in meat
processing but also ensures compliance with safety standards,
safeguarding consumer health and boosting trust in meat
products.

Furthermore, the integration of HSI with advanced data
analytics, including artificial intelligence (Al) and machine
learning, enhances its effectiveness. These technologies enable
the development of predictive models that can evaluate meat
quality attributes in real time and facilitate timely decision-
making during processing. As the meat industry continues to
evolve, the adoption of HSI technology is expected to play an
increasingly critical role in maintaining high quality and safety
standards.

Looking ahead, there are several areas that require
further research and implementation to maximize the benefits of
HSI in the meat industry. First, there is a need for the
development of more user-friendly and cost-effective HSI
systems, particularly portable devices that can easily integrate
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into existing processing workflows. Such advancements would
accelerate access to HSI technology, enabling smaller meat
processors to adopt these innovative solutions without
significant financial burdens.

Second, ongoing research should focus on improving the
algorithms and analytical methods used with HSI. This includes
advancing machine learning techniques to enhance the accuracy
and reliability of quality assessments, as well as exploring the
integration of HSI with other emerging technologies like the
Internet of Things (1oT) and robotics to create more automated
and efficient processing environments.

Finally, collaborative efforts among industry
stakeholders, researchers, and regulatory bodies are crucial for
establishing standard protocols for HSI applications in meat
quality assessment. These standards would facilitate the
widespread adoption of HSI technology and ensure consistency
in quality control measures across the industry.

In conclusion, hyperspectral imaging holds immense
promise for enhancing quality control processes in the meat
industry. By addressing current challenges and leveraging
emerging trends, the industry can harness the potential of HSI
technology to improve product quality, ensure safety, and meet
the evolving demands of consumers.
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GREEN EXTRACTION TECHNIQUES IN FOOD
PROCESSING

Hicran UZUN KARKA!
Songiil KESEN?

1. INTRODUCTION

Green extraction is the use of ecologically friendly,
sustainable technologies to remove valuable biologically active
substances from raw materials such as plants and food
byproducts without using harmful solvents, unnecessary energy,
or environmentally harmful processes. Green extraction aims to
reduce the ecological effects of the extraction process, reduce
waste materials, and increase the quality of recovered substances
while remaining economically viable.

These techniques focus on optimising the production of
useful components (such as essential oils, antioxidants,
vitamins, and polyphenols) while using a minimum of assets as
possible, with the goal of contributing to the circular economy
through the reuse or valorisation of byproducts. Green extraction
methods depend on principles of efficiency, sustainability, and
economic feasibility.
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2. PRINCIPLES OF GREEN EXTRACTION

Green extraction refers to a set of environmentally
friendly techniques aimed at efficiently recovering bioactive
compounds from natural sources while minimizing the utilization
of hazardous chemical solvents and reducing consumption of
energy. The principles of green extraction are based on the
broader green chemistry framework that emphasizes
sustainability, safety, and efficiency in chemical processes.

Several fundamental principles guide the development
and implementation of green extraction methods;

2.1. Use of Renewable Resources

The use of renewable plant resources is one of the main
principles of green extraction. This involves selecting plant
materials that can be sustainably sourced and ensuring that
extraction processes do not deplete these resources (Herrero &
Ibafiez, 2018). For example, extracting waste materials or
agricultural byproducts not only increases the value of these
resources but also helps reduce waste (Sahin, 2024).

2.2. Selection of Green Solvents

The choice of solvent is critical in green extraction. It is
advised to utilise solvents that are safe for the environment, such
as ethanol, water, or natural deep eutectic solvents
(NADES).These solvents are less toxic and more biodegradable
compared to traditional organic solvents, thereby minimising the
extraction process's negative environmental effects (Herrero &
Ibafiez, 2018). For example, NADES have been successfully
applied to extract phenolic substances from various plant
sources, demonstrating their effectiveness as green solvents
(Syakfanaya et al., 2019).
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2.3. Energy Efficiency

The objective of green extraction techniques is to reduce
energy usage through innovative technologies and energy
recovery systems. When compared to traditional procedures,
methods include microwave-assisted extraction (MAE) and
ultrasound-assisted extraction (UAE) significantly reduce
extraction times and energy consumption (Jiménez et al., 2022;
Uzel, 2018). By optimizing extraction conditions, these methods
enhance the effectiveness of recovering bioactive compounds

while lowering the overall energy footprint (Jiménez et al.,
2022).

2.4. Minimization of Waste

A key principle of green extraction is the reduction of
waste generated during the extraction process. This includes not
only the minimization of solvent waste but also the production
of co-products instead of waste. By designing extraction
processes that allow for the recovery of several significant
substances, the overall sustainability of the process is improved
(Herrero & Ibanez, 2018; Sahin, 2024). For instance, the
extraction of antioxidants from food by-products can yield both
bioactive compounds and other valuable materials, contributing
to a circular economy (Sahin, 2024).

2.5. Safety and Non-toxicity

Green extraction emphasizes the importance of safety for
both the environment and human health. This principle
advocates for the use of safe solvents and processes that do not
generate  harmful  by-products.  Techniques including
supercritical fluid extraction and enzyme-assisted extraction are
examples of methods that align with this principle, as they avoid
the use of hazardous chemicals (Baskaran, 2024; Salami et al.,
2020).
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2.6. Process Intensification

This principle involves optimizing extraction processes
to enhance effectiveness and minimise time and resources
required for extraction. Process intensification techniques that
increase extraction yields while preserving the quality of the
extracted compounds include innovations like high-pressure
processing, pulsed electric fields, and other non-thermal
techniques (Baskaran, 2024).

3. GREEN EXTRACTION METHODS USED IN
FOOD PROCESSING

Green extraction technologies are pivotal in promoting
sustainable food processing by enhancing the recovery of
bioactive substances while reducing environmental effect. These
techniques give priority to use of non-toxic solvents, reduced
energy consumption, and improved extraction efficiencies.

Several innovative techniques have emerged as part of
this green approach, each offering unique advantages for the
extraction of food constituents in food processing.

3.1. Natural Deep Eutectic Solvents (NADES)

NADES are non-toxic and biodegradable, so that they
have gained more attention as a green extraction medium. These
solvents are formed by mixing natural substances, such as
sugars and organic acids, which can effectively extract phenolic
compounds and other bioactive constituents from various food
matrices (Duan et al., 2019). Studies have shown that NADES
can replace traditional organic chemical solvents in the
extraction of valuable substances from by-products of food,
thereby reducing environmental pollution and enhancing the
sustainability of extraction processes (Duan et al., 2019).
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The utilization of deep eutectic solvents (DESs) in
extracting phenolic substances from fruits has been shown to
yield higher extraction efficiencies compared to traditional
organic solvents. For example, studies have demonstrated that
natural deep eutectic solvents (NADESSs), composed of natural
substances such as sugars and organic acids, can effectively
extract phenolic compounds from various fruit sources,
including mango peels and bilberries (Martinovi¢ et al., 2022;
Vo, 2023). The extraction process using NADESs not only
enhances the yield of phenolic compounds but also preserves
their bioactivity, making them suitable for food applications
(Vo, 2023).

Moreover, the versatility of DESs allows for the
optimization of extraction conditions. The extraction efficiency
can be greatly impacted by variables including the extraction
temperature, the presence of water, and the mole fraction of
hydrogen bond donor to hydrogen bond acceptor (Strizincova et
al., 2022). For example, it has been demonstrated that adding
water to DESs improves mass transfer and increases the
extraction of phenolic substances by reducing viscosity
(Strizincova et al., 2022). This adaptability makes DESs a
valuable tool in the food industry, where the extraction of
bioactive compounds is vital for developing functional foods
and nutraceuticals (Garcia-Roldan et al., 2023).

3.2. Ultrasound-Assisted Extraction (UAE)

This method uses high-frequency sound waves to
produce cavitation bubbles in the solvent, resulting in increased
mass transfer and extraction yields. UAE works by producing
high-frequency waves of sound (usually ranging from 20 kHz to
100 kHz) that cause cavitation bubbles in the extraction
solution. When these bubbles break down, they cause localised
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high temperatures and pressures, disrupting plant cell walls and
releasing internal substances into the solvent (Liao et al., 2021).
This process enhances mass transfer, allowing for more efficient
extraction of target substances such as phenolics, flavonoids,
and essential oils (Liao et al., 2021). UAE is particularly
effective method for removing bioactive substances and
antioxidants from plant materials like fruit seeds and peels
(Fernandes et al., 2022; Arya et al., 2019). The method is
characterized by shorter extraction times and reduced solvent
usage, aligning with basic principles of green chemistry
(Fernandes et al., 2022).

3.3. Microwave-Assisted Extraction (MAE)

MAE utilizes microwave radiation for heating solvents
and samples rapidly, facilitating the extraction of bioactive
substances. This technique is a very effective and
environmentally friendly method to recover essential food
components because it has been demonstrated to drastically
decrease extraction times and solvent quantities when compared
to traditional methods (Kim et al., 2016; Martinez, 2023). The
application of MAE has been particularly successful in extracting
polyphenols from various plant sources, including green tea and
grape seeds (Kim et al., 2016).

MAE operates by exposing a polar extraction solvent to
microwave irradiation. As a result of the solvent and plant
material absorbing the microwave radiation, the sample rapidly
heats up and develops localised hot spots. This mechanism
breaks cell walls and increases the solubility of target
substances, allowing their release into the solvent (Li et al.,
2010; Rezzadori et al., 2021). The dielectric properties of the
solvent play a crucial role; for instance, water, being a polar
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solvent, absorbs microwave energy effectively, thus enhancing
the extraction process (Rezzadori et al., 2021).

3.4. Enzyme-Assisted Extraction (EAE)

EAE uses particular enzymes for breaking down cell
walls and releasing intracellular substances, thereby enhancing
the extraction of bioactive molecules without the need for harsh
solvents or extreme conditions. This method is particularly
beneficial for extracting sensitive compounds, preserving their
integrity and bioactivity (Martinez, 2023). EAE has been
effectively used to recover essential substances from food waste,

contributing to sustainability in food processing (Martinez,
2023).

EAE operates on the principle of using enzymes to
hydrolyze cell wall components like as pectin, cellulose, and
hemicellulose, thereby disrupting the cellular structure and
facilitating the release of intracellular substances into the
extraction solvent (Aliafio-Gonzalez et al., 2022). The choice of
enzymes is crucial, as particular components of the cell wall are
targeted by specific enzymes, enhancing the extraction of
various bioactive substances, including phenolics, flavonoids,
and essential oils (Aliafio-Gonzélez et al., 2022).

EAE has been utilised to extract phenolic compounds
from fruits, vegetables, and herbs, enhancing their antioxidant
properties. For example, enzyme-assisted extraction of
anthocyanins from blackcurrant has shown promising results
(Aliafio-Gonzélez et al., 2022).

The extraction of oils from seeds and nuts using enzyme-
assisted methods has been explored, leading to higher yields and
improved oil quality. Studies have demonstrated that EAE can
effectively extract oils from sources like Balanites aegyptiaca
and apricot kernels (Akhone et al., 2022).
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EAE is also used to recover proteins from various food
matrices, including legumes and grains. The enzymatic
treatment can enhance protein solubility and bioavailability,
making it a valuable technique in extraction of protein (Franchi
etal., 2014).

The extraction of natural colorants, such as carotenoids
and anthocyanins, from plant materials has been optimized using
EAE, resulting in higher yields and improved color stability
(Dasari, 2020).

3.5. Supercritical Fluid Extraction (SFE)

SFE uses supercritical fluids, typically carbon dioxide, as
solvents to extract bioactive substances. This method is
recognised for its ability to remove specific substances without
leaving behind hazardous residues, which makes it a sustainable
choice for obtaining valuable components from food matrices
(Dhua et al., 2022). SFE is particularly effective for extracting
essential oils and flavors from plant materials, thereby
enhancing the quality of food products (Dhua et al., 2022).

3.6. Pulsed Electric Field Extraction (PEF)

This non-thermal approach uses brief pulses of high
voltage to rupture cell membranes, which facilitates the release
of internal substances. Pulsed electric field extraction has shown
potential in improving extraction yields while maintaining the
quality of the extracted compounds, making it a promising green
technology for food processing (Chatzimitakos, 2023). PEF
extraction operates by applying high-voltage electric pulses (in
the range of 1-10 kV/cm) to food materials positioned between
two electrodes. The electric field promotes electroporation,
which forms temporary pores in plant or microbial cell
membranes. This process promotes the release of intracellular
substances like proteins, lipids, and phenolic chemicals into the
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solvent (Berzosa et al., 2023). Several parameters influence the
efficiency of PEF extraction, including the intensity and
duration of the electric pulses, the type of food matrix, and the
extraction solvent (Seydani et al., 2022).

PEF extraction has been shown to yield higher amounts
of bioactive compounds compared to traditional extraction
methods. For instance, studies have demonstrated that PEF can
significantly enhance the extraction of phenolic compounds
from plant materials, leading to improved extraction yields
(Seydani et al., 2022). PEF is widely used in juice extraction
processes to enhance yield and quality.

Studies have shown that PEF treatment can significantly
increase juice yield from fruits such as tomatoes and apples,
while preserving their sensory attributes (Berzosa et al.,
2023).PEF has been used to extract rapeseed oil, demonstrating
its effectiveness in enhancing oil recovery (Seydani et al., 2022).
PEF extraction has been employed to recover phenolic
substances from various plant sources, including grape pomace
and olive leaves. This technique has shown promising results in
enhancing the extraction of these valuable antioxidants (Berzosa
et al., 2023). The protein extraction from food matrices, such as
fish and legumes, has been optimized using PEF. The technique
can enhance protein solubility and bioavailability, making it a
valuable method in protein extraction (Takaki et al., 2021).

4. THE ADVANTAGES OF GREEN
EXTRACTION METHODS TO TRADITIONAL
METHODS

Traditional extraction methods frequently employ
harmful toxic solvents and can be energy-intensive, whereas
green extraction methods promote the wuse of safer,
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biodegradable solvents and innovative techniques that increase
extraction efficiency.

Traditional extraction methods typically utilize solvents
such as methanol, ethanol, and chloroform, which can be toxic
and harmful to the environment. These solvents often leave
residues in the final product, posing health risks (Liu et al.,
2022). In contrast, green extraction methods use safer options
such as natural deep eutectic solvents (NADES), water, and
vegetable oils, which are non-toxic and biodegradable (Bonacci
et al., 2020). For instance, NADES have been shown to
effectively extract phenolic substances from plant materials
without the environmental drawbacks associated with
conventional solvents (Bonacci et al., 2020; Garcia-Roldan et
al., 2023).

Green extraction techniques often demonstrate higher
extraction efficiencies compared to traditional methods. For
example, studies have shown that microwave-assisted extraction
(MAE) vyields significantly higher amounts of bioactive
compounds in a shorter time frame than conventional
maceration techniques (Fernandes et al., 2022). In a study that
compared MAE to traditional methods, the authors observed that
MAE obtained extraction yields of 58.6 mg of hesperidin per
gramme of fresh peel in under 7 minutes, whereas traditional
methods required substantially longer extraction durations
(Fernandes et al., 2022). The resulting effectiveness minimises
time while simultaneously lowering energy use.

Traditional extraction methods can contribute to
environmental pollution due to the utilization of volatile organic
compounds (VOCs) and the generation of hazardous waste
(Chang et al., 2022; Liu et al., 2022). In contrast, green
extraction technigques are designed to minimize environmental
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impact. For instance, supercritical carbon dioxide extraction is a
safe green method that avoids the use of harmful chemicals and
produces high-quality extracts without toxic residues (Salami et
al., 2020).

Green extraction methods often operate under milder
conditions compared to traditional methods. For example, deep
eutectic solvents can facilitate extraction at lower temperatures
and pressures, minimising the risk of heat degradation of
sensitive substances (Yue et al., 2022). Traditional procedures,
such as Soxhlet extraction, often require lengthy heating and
might result in the destruction of heat-sensitive substances
(Chang et al., 2022).

Green extraction techniques aim to reduce generation of
waste by utilizing renewable resources and producing co-
products. For example, by valorising food processing waste with
green extraction methods, useful bioactive substances can be
recovered while waste is reduced. In contrast, traditional
methods often result in significant waste generation, as they may
not effectively utilize by-products from food processing (Chang
etal., 2022; Yue et al., 2022).

While traditional extraction techiques may have lower
initial costs due to the availability of conventional solvents, the
long-term economic benefits of green extraction methods
become apparent when considering factors such as waste
disposal, health risks, and environmental regulations. Green
extraction methods can lead to cost savings in waste
management and compliance with environmental standards.
Moreover, the higher extraction yields and improved product
quality associated with Green extraction can increase the market
value of the final products (Carpentieri et al., 2021).
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5. CONCLUSION

Green extraction technologies are critical for sustainable
food processing because they focus on the effective recovery of
bioactive substances while minimising the effect on the
environment. By adhering to the principles of renewable
resource use, green solvent selection, energy efficiency, waste
minimization, safety, and process intensification, These
techniques help to create a more environmentally friendly and
sustainable food production and processing system.

In conclusion, incorporating green extraction technology
into food processing is an important advance towards
sustainability. Techniques such as natural deep eutectic solvents,
ultrasound-assisted extraction, microwave-assisted extraction,
enzyme-assisted extraction, supercritical fluid extraction, and
pulsed electric field extraction not only enhance the extraction
of bioactive substances but also align with the an increasing
need for ecologically beneficial methods in the food industry.
These innovations contribute to the improvement of functional
foods and nutraceuticals while minimizing the ecological
footprint of food processing. Green extraction methods offer
numerous advantages over traditional extraction methods,
including the wuse of safer solvents, higher extraction
efficiencies, reduced environmental impact, milder process
conditions, and minimized waste generation. As the demand for
sustainable practices in food processing continues to grow, the
adoption of green extraction techniques is likely to increase,
providing a more environmentally friendly and economically
viable approach to the extraction of food constituents.
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ISLENMIS GIDALAR VE SAGLIK UZERINE
ETKILERI

Songiil KESEN*
Hicran UZUN?

1. GIRIS

Islenmis  gidalar, raf Omiirlerini, tatlarmi  ve
giivenliklerini  artirmak  i¢cin  genellikle  koruyucularin,
tatlandiricilarin ve diger katki maddelerinin eklenmesini igeren,
orijinal hallerinden fiziksel veya kimyasal doniisiimlere ugramis
gidalar olarak tanimlanir. Bu gidalar minimal islenmis gidalar,
islenmis mutfak malzemeleri ve ultra islenmis gidalar (UPF'ler)
olmak {izere ¢esitli alt kategorilere ayrilirlar. Bir¢ok giincel
arastirmanin odak noktasi olan bu gidalar, ¢ok az veya hi¢ tam
gida icermeyen ve tipik olarak ilave seker, yag ve sodyum
bakimindan yiiksek, temel besin maddeleri bakimindan ise

diisiik olan endiistriyel formiilasyonlar1 ifade etmektedir (Steele
ve ark., 2016; Monteiro ve ark., 2017; Gibney, 2019).

Islenmis gidalarin besin profili, isleme derecesine bagl
olarak onemli Olclide degismektedir. Bazi minimal diizeyde
islenmis gidalar besin 6gelerinin ¢ogunu koruyabilirken, ultra
islenmis gidalar genellikle diisiik diyet kalitesine ve olumsuz
saglik sonuglarina yol acabilecek yiiksek diizeyde sagliksiz
yaglar, sekerler ve katki maddeleri igerir (Louzada ve ark.,
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2015; Julia ve ark., 2017). Bu gidalarin tiikketimi meyve, sebze
ve tam tahillar gibi daha saglikli beslenme seceneklerinin yer
degistirmesiyle iliskilendirilmekte ve sagliksiz beslenme
aligkanliklar1 dongiisiine katkida bulunmaktadir (Monteiro ve
ark., 2017; Schulte ve ark., 2015).

Ultra islenmis gidalar, 6zellikle yiiksek gelirli iilkelerde
modern diyetlerin O6nemli bir bdoliimiinii temsil etmektedir.
Yapilan galigmalar bu gidalarin ABD diyetindeki kalori aliminin
yarisindan fazlasini olusturdugunu ve tiiketilen ilave sekerlerin
yaklasik %90'na katkida bulundugunu gostermistir (Steele ve
ark., 2016; Monteiro ve ark., 2017). Islenmis gidalarin
siiflandirilmasi genellikle, gidalar1 islenme derecelerine ve
amaglarina gore kategorize eden NOVA siniflandirma sistemi
tarafindan yonlendirilir (Monteiro ve ark., 2017; Gibney, 2019).
Bu sistem gidalar1 dort gruba ayirir: Islenmemis veya minimal
islenmis gidalar, islenmis mutfak malzemeleri, islenmis gidalar
ve ultra islenmis gidalar (Monteiro ve ark., 2010; Gibney, 2019).

Ultra islenmis gidalarin yiikselisi gida politikas1 ve halk
saghig girisimleri i¢in zorluklar yaratmaktadir. Bu gidalarin
tiiketimini ele alan ve daha saglikl alternatifleri tesvik eden net
beslenme kilavuzlarina olan ihtiya¢ giderek artmaktadir. Politika
yapicilar, daha saglikli beslenme davranislarini destekleyen
kosullar1 tesvik etmeyi amaglayarak, beslenme tercihlerini
etkileyen daha genis gida ortamini ve kiiltiirel normlar1 dikkate
almaya tesvik edilmektedir (Quinn ve ark., 2021; Fang, 2024;
Anastasiou ve ark., 2022). Islenmis gidalar, 6zellikle de ultra
islenmis cesitler, modern diyetlerde yaygin hale gelmistir ve
beslenme eksiklikleri ve kronik hastaliklarla iliskileri nedeniyle
onemli saglik endigelerine yol agmaktadir. Bu gidalarin
etkilerini anlamak, toplum saglhgmni iyilestirmeyi amaclayan
etkili diyet kilavuzlar1 ve halk saglig: stratejileri gelistirmek icin
¢ok onemlidir.

95



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

2. ISLENMIS GIDA CESITLERI

Islenmis gidalar, pisirme, konserve etme, dondurma ve
koruyucu veya lezzet arttiricilarin eklenmesi gibi ¢esitli
yontemlerle orijinal formlarindan degistirilmis genis bir iiriin
yelpazesini kapsar. Bu degisiklikler gidanin raf Omriind,
giivenligini ve lezzetini artirabilir. Islenmis gida ornekleri,
isleme derecelerine gore birkag gruba ayrilabilir.

3. ISLENMEMIS VEYA MINIMAL iSLENMIS
GIDALAR

Bunlar, yikanmis ve kesilmis meyve ve sebzeler,
dondurulmus meyve ve sebzeler ve pastorize siit gibi minimum
degisiklige ugramis iriinleri igerir. Bu gidalar, tiiketiciler igin
uygun olmakla birlikte besin degerlerinin ¢ogunu korumaktadir
(Singh, 2023; Steele ve ark., 2016).

Minimal diizeyde islenmis gidalar, basta yikama, kesme
ve paketleme gibi fiziksel islemler olmak iizere orijinal
hallerinden minimum diizeyde degisiklige ugramis gidalar
olarak tanimlanmaktadir. Bu gidalar dogal ozelliklerinin ve
besin degerlerinin ¢ogunu koruyarak saglikli bir diyetin hayati
bir bileseni haline gelir. Minimal diizeyde islenmis gidalara
ornek olarak taze meyve ve sebzeler, tam tahillar, kabuklu
yemigler, tohumlar ve Onemli Olclide degistirilmemis siit
tiriinleri verilebilir (Nasreddine ve ark., 2017; Coletro ve ark.,
2023; Salomé ve ark., 2021).

Taze Meyve ve Sebzeler: Bunlar belki de en az islenmis
gidalarin en taninmig 6rnekleridir. Tipik olarak yikanir ve dogal
hallerinde o6nemli bir degisiklik yapilmadan satis ig¢in
paketlenirler. Ornegin, ©6nceden kesilmis salatalar veya
paketlenmis meyve ve sebzeler, basit yikama ve kesme
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islemlerini igerdikleri i¢in asgari diizeyde islenmis olarak kabul
edilir (Nasreddine ve ark., 2017; Coletro ve ark., 2023).

Tam Tahillar: Esmer piring, kinoa ve tam yulaf gibi
gidalar bu kategoriye girer. Bu tahillar genellikle temizlenir ve
paketlenir, ancak besin ve lif agisindan zengin olan kepek ve
riseymlerini korurlar. S6z konusu islem, temel bilesenlerini
ortadan kaldirmaz, boylece saglik yararlarin1 korur (Coletro ve
ark., 2023; Salomé ve ark., 2021).

Kuruyemis ve Yaglh Tohumlar: Badem, ceviz ve chia
tohumu gibi ¢ig kuruyemisgler ve tohumlar minimum diizeyde
islenir. Kavrulmus veya paketlenmis olabilirler ancak ilave
seker, tuz veya sagliksiz yag icermezler, bu da onlar1 besleyici
bir atistirmalik secenegi haline getirir (Wang ve ark., 2022;
Salomé ve ark., 2021).

Siit Uriinleri: Siit, yogurt ve peynir gibi iiriinler de,
ozellikle az sayida ilave bilesen icerdiklerinde, minimum
diizeyde islenmis olarak siniflandirilirlar. Ornegin, siit ve canli
kiltiirlerden yapilan sade yogurt minimum diizeyde islenirken,
ilave seker ve koruyucu igeren aromali yogurtlar islenmezler
(Nasreddine ve ark., 2017; Coletro ve ark., 2023).

Baklagiller: Mercimek, nohut ve fasulye gibi gidalar
genellikle koruyucu madde eklenmeden kurutulmus veya
konserve olarak satilmaktadir. Konserve edildiklerinde tuz
icerebilirler, ancak yine de besin biitiinliiklerini korurlar ve bu
da onlar1 saglikli bir se¢im haline getirir (Coletro ve ark., 2023;
Salomé ve ark., 2021).

Minimal diizeyde islenmis gidalarin tiiketimi, metabolik
sendrom riskinin azalmasit ve diyet kalitesinin iyilesmesi de
dahil olmak tizere bir¢ok saglik faydasi ile iliskilendirilmektedir.
Caligmalar, bu gidalar agisindan zengin diyetlerin, genellikle
enerjice yogun ve besin acisindan fakir olan ultra islenmis
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gidalardan yliksek olanlara kiyasla daha iyi saglik sonuglarina
yol agabilecegini gostermistir (Nasreddine ve ark., 2017; Silva
ve ark., 2019; Steele ve ark., 2016). Ayrica, geleneksel
diyetlerin ayrilmaz bir parcast olduklar1 ve genel saglik ve
esenlige katkida bulunduklart i¢in diinya c¢apinda diyet
kilavuzlarinda minimal islenmis gidalarin tliketimi tesvik
edilmektedir (Coletro ve ark., 2023; Salomé ve ark., 2021).

Minimal diizeyde islenmis gidalar, dogal niteliklerini
korurken temel besin maddelerini saglayarak dengeli
beslenmede ¢ok Onemli bir rol oynarlar. Tiketimleri gesitli
saglik faydalariyla baglantilidir ve bu gidalarin gilinlik diyet
uygulamalarina dahil edilmesi 6nemlidir.

3.1. Islenmis Mutfak Malzemeleri

Bu kategori, yaglar, sekerler ve tuzlar gibi yemek
pisirmede kullanilan gidalardan elde edilen maddeleri igerir. Bu
bilesenler yemek hazirlamak i¢in gereklidir ancak genellikle
kendi baglarina tiiketilmezler (Louzada ve ark., 2015).

Islenmis mutfak malzemeleri, ¢ig gidalarin lezzetli ve
besleyici yemeklere doniistiiriilmesinde ¢ok oOnemli bir rol
oynarlar. Tuz, bitkisel yaglar, tereyagi ve sekeri iceren bu
bilesenler, islenmemis veya minimum diizeyde islenmis
gidalardan elde edilir ve mutfak hazirliklarn i¢in gereklidir.
NOVA smiflandirma sisteminde belirtildigi gibi, gidalarin isleme
seviyelerine gore smiflandirilmasi, islenmemis gidalar, islenmis
mutfak malzemeleri ve ultra islenmis gidalar arasinda ayrim
yapmaktadir (Fiolet ve ark., 2018; Monteiro ve ark., 2010). Bu
simiflandirma, farkli gida tiirlerinin besinsel etkilerini ve saglik
tizerindeki etkilerini anlamaya yardimci oldugu i¢in 6nemlidir.

Mutfak malzemelerinin islenmesi besin degerlerini ve
giivenliklerini &nemli &lgiide etkileyebilir. Ornegin, yikama,
haslama ve pisirme gibi ¢esitli gida isleme teknikleri meyve ve
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sebzelerdeki pestisit kalintilarin1 azaltarak gida giivenligini
artirabilir (Padaliya ve ark., 2020). Bu nedenle, islenmis mutfak
malzemeleri gida hazirlama igin gerekli olsa da, bunlarin
kullanimi saglik ve beslenme hususlari ile dengelenmelidir.

Diger taraftan, son yillarda tiiketicilerin daha saglikli
secencklere yonelik talepleri nedeniyle islenmis mutfak
malzemelerinin kalitesine yonelik ilgi giderek artmaktadir. Halk
sagligi beslenme politikalar1 giderek artan bir sekilde sadece
kalori sayimi1 yerine bilesenlerin kalitesine odaklanmakta ve
daha saglikli beslenme modellerine dogru bir degisimi
savunmaktadir. Bu degisim, gidalarin besleyici kalitesinin gesitli
hastaliklarin 6nlenmesi icin ¢ok 6nemli oldugunu gosteren
arastirmalarla desteklenmektedir (Fernandes ve ark., 2019).

Ek olarak islenmis mutfak malzemeleri yemeklerin hem
duyusal niteliklerini hem de besin degerlerini etkilemektedir.
Bununla birlikte, asir1 islenmis gidalarin artan tiikketimi, gida
isleme uygulamalarinin ve bilesen kalitesinin dikkatli bir sekilde
degerlendirilmesini ~ gerektiren = 6nemli  saghk  riskleri
olusturmaktadir. Gelecekteki halk sagligi girisimleri, diyet
kalitesini ve genel sagligi iyilestirmek i¢in minimal diizeyde
islenmis gidalarin ve mutfak malzemelerinin tesvik edilmesine
oncelik vermelidir.

3.2. Islenmis Gidalar

Bunlar konserve, firmlama veya tiitsileme gibi
yontemlerle modifiye edilmis gidalardir. Ornek olarak konserve
sebzeler, peynir ve ekmek verilebilir. Bu gidalar genellikle tat ve
uzun Omiirliligl artirmak i¢in koruyucu veya tatlandiric1 gibi
ilave bilesenler igerir (Louzada ve ark., 2015; Steele ve ark.,
2016). Islenmis gidalarda gida katki maddelerinin kullanimu,
kronik hastaliklarla baglantilar da dahil olmak iizere potansiyel
saglik risklerine iligskin endiseleri artirmistir (Pandir, 2014).
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Genel olarak, konserve, firinlama ve tiitsiilleme gibi gida
isleme yontemlerinin gidalarin besinsel ve duyusal 6zellikleri
tizerindeki etkisi karmasiktir ve c¢esitli faktorlere baglidir. Bu
yontemler belirli besinsel niteliklerin korunmasma ve hatta
gelistirilmesine yardimci olabilirken, istenmeyen bilesiklerin
olusumuna da yol agcabilirr Bu gdalarin  kullanimi
degerlendirilirken fayda-zarar iligskisinin dikkatle goz Oniinde
bulundurulmasi gerekmektedir.

3.2.1. Ultra-islenmis Gidalar (UPF'ler)

Bu gida grubu, endiistriyel olarak formiile edilmis ve ¢ok
az veya hi¢ tam gida icermeyen gidalari igerir. Ultra islenmis
gidalarin tiikketimi, yliksek enerji yogunluklar1 ve diisiik besin
kaliteleri nedeniyle obezite ve c¢esitli saglik sorunlariyla
iligkilendirilmistir (Fang, 2024; Monteiro ve ark., 2017). Ayrica,
bu gidalar genellikle asir1 tiiketimi tesvik edecek sekilde
pazarlanmakta ve bu da onlar1 halk saglig1 acisindan 6nemli bir
endise kaynagi haline getirmektedir (Monteiro ve ark., 2017).

Ultra islenmis gidalar (UPF'ler), duyusal ¢ekiciligi ve raf
Omriini artirmak icin genellikle renklendiriciler, tatlandiricilar
ve koruyucular gibi katki maddeleriyle birlestirilen yaglar, kati
yaglar, sekerler ve proteinler gibi gidalardan ekstrakte edilen
maddelerden yapilan endiistriyel formiilasyonlar olduklar1 igin
ozellikle dikkat g¢ekicidir (Louzada ve ark., 2015; Monteiro ve
ark., 2017). Arastirmalar, UPF'lerin genellikle ilave seker,
sagliksiz yag ve sodyum bakimindan yliksek, temel besin
maddeleri, lif ve protein bakimindan ise diisiikk oldugunu
gostermektedir (Atzeni ve ark., 2022; Monteiro ve ark., 2017).

UPF'lere 6rnek olarak sunlar verilebilir:

- Paketlenmis Atistirmaliklar: Genellikle seker ve
sagliksiz yag orami yiiksek olan cips, kurabiye ve
sekerleme gibi tirlinlerdir.
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- Sekerli Icecekler: llave seker orani yiiksek olan
alkolsiiz icecekler ve enerji igecekleridir.

- Hazir  Yemekler: Hazir eriste, mikrodalgada
pisirilebilir yemekler ve genellikle koruyucu ve yapay
tatlar iceren Onceden paketlenmis dondurulmus
yemekler gibi iirtinlerdir.

- Yeniden Yapilandirilmis Et Uriinleri: Sosisli sandvic,
tavuk nugget ve diger islenmis etler gibi dolgu
maddeleri ve katki maddeleri igerebilen iirlinlerdir
(Monteiro ve ark., 2017; Gibney, 2019).

Asirt iglenmis gidalarin tiikketimi, obezite ve kronik
hastaliklar da dahil olmak iizere ¢esitli saglik riskleriyle
iligkilendirilmistir. ~ Caligmalar, asir1  iglenmis  gidalarin
diyetlerdeki payr arttikca, bu diyetlerin genel beslenme
kalitesinin distiiglinii gostermistir (Louzada ve ark., 2017;
Monteiro ve ark., 2017). Bu egilim, hane halki anketlerinin taze
gidalar ve mutfak malzemeleri yerine ultra islenmis iiriinlerin
satin alinmasinda belirgin bir artis oldugunu gosterdigi Brezilya
gibi tlkelerde 6zellikle belirgindir (Louzada ve ark., 2017). Gida
endistrisi tarafindan kullanilan pazarlama stratejileri, diisiik
uretim maliyetleri ve yliksek karliliklart nedeniyle genellikle bu
ultra islenmis irlinlere Oncelik vermekte ve daha sagliklh
seceneklerin yerini almaktadir (Monteiro ve ark., 2010;

Monteiro ve ark., 2017).

UPF'lerde yiiksek diyetlerin obezite, diyabet ve
kardiyovaskiiler hastaliklar dahil olmak {izere cesitli kronik
hastalik riskinde artisla iligkili oldugunu gostermistir (Lane ve
ark., 2020; Ortenzi ve ark., 2022). Yapilan bir ¢caligmada, ultra
islenmis gidalarin daha yiiksek aliminin, daha diistik genel diyet
kalitesi ve daha yiiksek enerji yogunlugu ile iliskili oldugu ve
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bunun da asirt kalori ve kilo alimina yol agabilecegi ortaya
konulmustur (Lane ve ark., 2020; Steele ve ark., 2017).

UPF'lerle iliskili olumsuz saglik etkilerine ragmen, bazi
arastirmalar  belirli  islenmis gidalarin  diyetlerde  besin
yeterliliginin ~ saglanmasinda  rol  oynayabilecegini  One
siirmektedir. Ornegin bir calisma, yalmzca islenmemis gidalardan
veya ultra islenmis gidalardan olusan modellerin beslenme
acisindan yeterli diyetler vermedigini gostermis ve diyet
ihtiyaglarim1  karsilamak ig¢in bazi islenmis gidalarin dahil
edilmesinin potansiyel gerekliligini vurgulamistir (Skyler ve ark.,
2021). Bu karmagsiklik, hem ultra islenmis gidalarin yiiksek
tiketimiyle iligkili saglik risklerini hem de genel beslenme
dengesinin saglanmasinda bazi islenmis iiriinlerin potansiyel
faydalarin1 dikkate alan incelikli beslenme kilavuzlarina duyulan
ihtiyaci ortaya koymaktadir (Weaver ve ark., 2014; Forde, 2023).

UPF tiikketimi ile saglik sonuglari arasindaki iligki
kapsamli aragtirmalara konu olmustur. Caligmalar, ultra islenmis
gidalarin daha fazla aliminin, meyve, sebze ve tam tahil
tilketiminin azalmasiyla karakterize edilen daha diisiik diyet
kalitesiyle iligkili oldugunu gostermistir (Nansel ve ark., 2022;
Julia ve ark., 2022). Ornegin, bir ¢calismada hamilelik sirasinda
daha fazla UPF aliminin daha diisiik diyet kalitesi ve besin
alimiyla baglantili oldugu bulunmustur (Nansel ve ark., 2022).
Ayrica, UPF tiiketimindeki %10'luk bir artisin genel kanser
riskinde %12'lik ve meme kanseri riskinde %11'lik bir artisla
iligkili oldugunu gostermistir (Fiolet ve ark., 2018; Rauber ve
ark., 2018). Yapilan diger calismalarda, daha yiiksek UPF
tilkketimine sahip bireylerin genellikle daha diisiik temel besin
alimi sergiledigi ve bunun saglik risklerini daha da kotiilestirdigi
vurgulanmistir (Aratjo ve ark., 2021; Rauber ve ark., 2018).
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UPF'lerin  saghik iizerindeki olumsuz etkilerinin
arkasindaki mekanizmalar arasinda, asir1 tiiketime ve daha
saglikli gida segeneklerinin yer degistirmesine yol acabilen asiri
lezzetli yapilar1 yer almaktadir (Nansel ve ark., 2022; Canella ve
ark., 2018). UPF'lerin genellikle taze, minimal islenmis
gidalardan daha ucuz ve daha erisilebilir olmasi, onlar1 tiiketiciler
icin daha cazip bir se¢enek haline getirmektedir (Juul &
Hemmingsson, 2015; Camargo & Bos, 2022).

4. SONUC

Sonug olarak islenmis gidalarin tiiketimi, insan saglig
tizerindeki Onemli etkileri nedeniyle giderek daha fazla
incelenmektedir.

Bu yiyecekler genellikle taze, asgari diizeyde islenmis
seceneklerden daha ucuz ve daha erisilebilirdir ve bu da onlari
ozellikle diisiik gelirli topluluklarda bir¢ok diyetin temel gidasi
haline getirir. Bu ekonomik avantaj, ¢ekici tatlar1 ve
kolayliklariyla birlestiginde daha yiiksek tiiketim oranlarina yol
acar ve bu da kotli beslenme aligkanliklar1 ve saglik sonuclar
dongiisiinii besler.

Ayrica, ultra islenmis gidalarin tiiketiminin obezite,
kardiyovaskiiler hastaliklar ve artan O6liim riski dahil olmak
tizere ¢ok sayida olumsuz saglik sonucuyla baglantili oldugu
belirtilmektedir. Asirt islenmis gidalar, 6zellikle ytliksek gelirli
ilkelerde modern diyetlerin 6nemli bir bilesenini temsil etmekte
ve c¢ok sayida olumsuz saglik sonucuyla iligkilendirilmektedir.
Kamu sagligi girisimleri, UPF tiiketimini azaltmaya ve asgari
diizeyde islenmis gidalara oncelik veren daha saglikli beslenme
diizenlerini tesvik etmeye odaklanmalidir. Bu yaklasim, diisiik
kaliteli beslenme ve buna bagli saglik sorunlaryla iligkili
bliyliyen halk sagligi krizinin ele alinmasi i¢in 6nemlidir.
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CHOCOLATE PRODUCTION

Giilten SEKEROGLU*
Ahmet KAYA?

1. INTRODUCTION

Chocolate is an essential component in numerous food
and beverage items, including milkshakes, chocolate drinks,
candy bars, cookies, and cereals. It is defined as a homogeneous
product obtained by an adequate manufacturing process from
cocoa materials which may be combined with milk products,
sugars and/or sweeteners and other additives (Codex
Alimentarius, 2022). Additionally, chocolate refers to the
product derived from cocoa products and sugars, containing a
minimum of 35% total dry cocoa solids, which includes at least
18% cocoa butter and no less than 14% dry non-fat cocoa solids
(EU Directive 2000). Chocolate, derived from the cacao bean
(Theobroma cacao), is a complex food product with varying
composition and flavor depending on the type and processing
methods used.

For centuries, chocolate production employed methods
and techniques barely modified from those utilized by ancient
civilizations and others long ago. With the popularity of
chocolate in the world, it is possible to say that the number of
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boutique chocolate shops and industrial production companies is
increasing. Since the beginning of the new millennium,
chocolate production and technology have experienced a
revolution. Techniques for plant breeding, cultivation,
fermentation, drying, and processing have been established.
Furthermore, research and development in cacao and chocolate
products has advanced considerably.

2. HISTORY OF CHOCOLATE

Chocolate has a rich history spanning thousands of years,
beginning in Mesoamerica, where ancient civilizations such as
the Olmecs, Mayans, and Aztecs first cultivated the cacao tree
(Theobroma cacao). Around 1500 BCE, the Olmecs were the
first to domesticate cacao, producing a bitter beverage flavored
with spices and consumed during rituals and ceremonies (Table
2.1). The Mayans and Aztecs later adopted this practice,
elevating chocolate to a status of luxury and importance, often
using cacao beans as currency and in religious offerings
(Achaw et al., 2021; Kennett et al, 2022).

The Mesoamericans esteemed cacao for its nutritional
benefits and medicinal applications as a sedative, appetite
stimulant, aphrodisiac, and remedy for cramps and headaches.
They also ingested cacao for its spiritually elevating properties
as a drink. The significance of cacao is evidenced by its mention
in the longest Aztec manuscript, a detailed encyclopedia created
in the mid-1500s, which encompasses historical and
mythological accounts, a calendar, and botanical descriptions
(Dillinger et al. 2000).

Chocolate was introduced to Europe in the early 16th
century following Spain's conquest of the Aztec Empire. Hernan
Cortés is credited with bringing cacao beans and chocolate-
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making knowledge back to Spain, where they quickly gained
popularity among the Spanish aristocracy. Chocolate was
initially consumed as a beverage, usually sweetened with sugar
and flavored with vanilla or cinnamon. Its popularity spread
throughout Europe, prompting the establishment of chocolate
houses in cities such as London and Paris in the 17th century,
when it became a fashionable drink among the elite (Beckett,
1999).

Table 1. Some important dates in the history of chocolate

1519 | Cortez discovered that cocoa had been cultivated by the
Aztecs for more than 3000 years

1528 | Cortez introduced a chocolate drink to Spain

1606 | Chocolate drinking spread to Italy

1615 | Chocolate drinking reaches France

1657 | First chocolate house established in London

1727 | Nicholas Sanders invents a milk chocolate drink

1746 | First cocoa planting in Bahia and Brazil

1765 | First chocolate company established in North America

1828 | Van Houten patents the cocoa press

1847 | Fry’s factory established in Bristol to produce eating
chocolate

1876 | Daniel Peter manufactures milk chocolate

2004 | Invention of new type of chocolate, Ruby chocolate

Kaynak: Beckett, 1999.

Until the early 1800s, the only product was a fatty
chocolate drink made from whole cocoa beans, sugar, and
spices. In 1828, Coenraad Van Houten invented a cocoa press
that separated cocoa fat from solid cocoa. Dand (1999) and
Dhoedt (2009) found that defatted cocoa powder was more
easily dissolved in liquid, resulting in a fluid chocolate that
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could be molded and used to cover other confectionery products.
As technology advanced, chocolate became a coating or
component of various products.

The history of chocolate is both rich and delicious. In
2017, Barry Callebaut introduced a new player: ruby chocolate.
The chocolate is naturally pink and has a citrusy flavor that
distinguishes it from the more familiar milk, dark, and white
chocolates. Indeed, the first bite may be jarring, with the
smooth, milky taste of chocolate followed by an acidic tang
(Tuenter et al, 2021).

3. INGREDIENTS USED IN CHOCOLATE
PRODUCTION

3.1. Cocoa bean

The Aztecs and Incas cultivated cocoa trees to make the
drink "Chocolatl" (also known as "xoxocoatl" or "cacahuatl"),
which was made by roasting and grinding cocoa nibs, kneading
into cakes, and mixing with water and other flavorings (Minifie,
1999; Beckett, 2006).

Although the cocoa tree, also known as the cacao tree
(Theobroma cacao L.), was originally found in South and
Central America, it is now cultivated for commercial purposes
in environments that are suitable between 20" north and 20
south. Africa is the largest producing continent. Cote d’Ivoire,
Ghana Indonesia, Nigeria and Cameroon are the top five
countries in cocoa producing.

There are three different type of cocoa tree used in
chocolate manufacturing.

Criollo, often referred to as the prince of cocoa trees,
produces pods characterized by a remarkably thin shell. The
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cocoa possesses a notably pale hue and a distinctive refined
aroma. This variety is predominantly located in South America
and Asia, yet it yields minimal harvests. The Criollo is
exceedingly delicate.

Figure 2. Varieties of Criollo and Forastero pods (Owusu, 2010)

The Forastero cacao is significantly easier to cultivate,
constituting nearly 70% of global cacao production. The cacao
pods possess a denser rind and a more robust, pronounced
fragrance. It is frequently referred to as bulk cocoa due to its
characteristic bitter fundamental aroma in chocolate. This
variety of cocoa constitutes the primary component in the
majority of chocolate and typically comprises 80% of the cocoa
blend. It is located in West Africa (Ghana, Ivory Coast, Nigeria,
Cameroon), as well as in Brazil and Malaysia.

The Trinitario is a hybrid of Forastero and Criollo cacao.
It possesses attributes of both, exhibiting a robust yet
comparatively subtle aroma. It was discovered in Ecuador,
Trinidad, Costa Rica, and Mexico (Beckett, 2006).

Prior to the processing of cocoa in chocolate production,
several essential procedures must occur to fully develop the
cocoa's aromas. Chocolate derived from unfermented beans
possesses minimal to no distinctive cocoa flavor. The fermented
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cocoa beans are cleaned, roasted and ground to produce cocoa
liquor. Cocoa butter and cocoa powder are obtained by pressing
the cocoa liquor under high pressure.

3.2. Cocoa butter

Cocoa butter is an important ingredient in chocolate
production, as it influences the texture, mouthfeel, and overall
quality of the finished product. It is made from cocoa beans and
has unique melting properties that allow it to melt at body
temperature, resulting in a smooth and creamy mouthfeel when
consumed.

The European Union (EU) (2020) establishes specific
common regulations for cocoa and chocolate products that
supplement the legislation governing foodstuffs. These
regulations related to composition, trade names, labeling, and
presentation. This Directive establishes the formulation of cocoa
and chocolate products. Specifically, it establishes the minimum
percentage of cocoa butter permissible for certain products. It
also establishes the permissible quantity of vegetable fats, which
must not exceed 5% of the final product.

Cocoa butter is primarily made up of triacylglycerols
(TAGs), which have a strong influence on its physical and
chemical properties. Palmitic acid (C16:0), stearic acid (C18:0),
and oleic acid (C18:1) are the major fatty acids found in cocoa
butter, with the most common TAGs being 1,3-dipalmitoyl-2-
oleoyl-glycerol (POP), 1-palmitoyl-2-oleoyl-3-stearoyl-glycerol
(POS), and 1,3-distearoyl-2-oleoyl-glycerol (SOS) (Campos et
al., 2009; Yao et al., 2020). The symmetrical nature of TAGs
contributes to the unique melting behavior of cocoa butter,
which remains solid at room temperature (approximately 25°C)
but melts at body temperature (approximately 37°C) (Da Silva et
al., 2019; Szydtowska-Czerniak et al., 2016). This property is
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critical for the desired sensory experience of chocolate, as it
provides a smooth and creamy mouthfeel.

Cocoa butter's crystallization behavior is another critical
factor influencing its functionality in chocolate. Cocoa butter
crystallizes into various polymorphic forms, with the p V form
being the most stable and suitable for chocolate applications due
to its high melting point and glossy appearance (Marangoni &
McGauley, 2002). Cocoa butter's melting range is typically 27
°C to 35 °C, depending on the specific fatty acid composition
and arrangement of these fatty acids within the TAGs. The
crystallization process is temperature dependent and can be
influenced by cooling rates and the presence of other ingredients
(Marangoni & McGauley, 2002; Da Silva et al., 2019).

The interaction of cocoa solids and cocoa butter also
influences the overall quality of chocolate. Cocoa butter helps to
create a stable emulsion with cocoa solids and sugar, which
contributes to the final product's smooth texture (Sonwai &
Rousseau, 2010). Furthermore, the particle size distribution of
cocoa solids can influence chocolate's viscosity and flow
properties, affecting its processing and sensory characteristics
(Afoakwa et al., 2008a). Chocolates with smaller particle sizes
have a smoother mouthfeel, whereas larger particles contribute
to a gritty texture.

3.3. Carbohydrates

Traditionally, chocolate has been composed of
approximately 50% sugar, primarily in the form of sucrose,
along with some lactose derived from the milk components in
milk chocolate. There has been a demand for "low calorie™ or
"tooth-friendly" chocolates recently. Moreover, individuals with
diabetes are restricted in their sugar intake. Consequently,
alternative sugar substitutes have been created (Beckett, 2006).
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Sugar alcohols are utilized as substitutes for sucrose in chocolate
to create lower-calorie or sugar-free products.

Lactose is the predominant constituent in milk and
powdered milk products, playing a significant role as an
ingredient in making chocolate. Glucose, a monosaccharide,
typically retains some moisture and readily absorbs water from
the ambient atmosphere. The moisture renders the melted
chocolate exceedingly thick, as it causes the sugar particles to
adhere to one another. Fructose is highly hygroscopic and
occurs naturally in fruits and honey. It is occasionally present in
specialized chocolates for diabetics and requires specific
processing conditions, particularly concerning temperature and
humidity.

3.4. Emulsifiers

Emulsifiers control the rheological properties and
crystallization of fats. Emulsifiers improve the interaction
between sugar and fat, reducing the amount of fat required for a
specific viscosity. Chocolate typically contains a low level of
emulsifier (surface active agent) (less than 1.5). Lecithin is
commonly used in chocolate manufacturing as a cost-effective
emulsifier or to reduce viscosity without adding additional
cocoa butter. Polyglycerol polyricinoleate (PGPR) is a highly
hydrophobic emulsifier approved for use in. Monoacylglycerol
(MG), diacylglycerol (DG), sugar esters are other types of
emulsfiers used in chocolate (Ziegler, 2006).

3.5. Other Ingredients Used in Chocolate
Manufacturing

There are other ingredients also play an important role in
chocolate production depending on chocolate type. Milk fat,
utilized in chocolate production, is typically provided as
anhydrous milk fat (AMF) or butter oil. The fat phase

117



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

significantly impacts chocolate quality and influences the
rheological characteristics, melting properties, snap, gloss,
bloom prevention, and flavor release. Milk powders and milk
proteins are other ingredients which are important in
determining chocolate’s flavor, texture and flow properties.
Cocoa butter alternatives include cocoa butter equivalents
(CBEs), cocoa butter substitutes (CBSs), and cocoa butter
replacers (CBRs) and they are utilized as substitutes for cocoa
butter in chocolate manufacturing for technological and
economic purposes.. These primarily comprise blends of diverse
vegetable fats, including kokum butter, sal fat, shea butter, illipe
fat, palm oil (Zhao et al., 2016; Sekeroglu, 2014).

4. PROCESS OF CHOCOLATE PRODUCTION
4.1. Mixing and Refining

The main goal of this process is to reduce the size of
solid particles (cocoa, milk powder, and sugar). There should be
no particles larger than about 15-30 microns. Accurate particle
size reduction is a critical step in developing desired flow
properties in molten chocolate, which influences process
efficiency, chocolate textural quality, and viscosity (Beckett,
1999).

Modern chocolate factories typically use roll refiners
especially five-roll refiners to mill solid particles. The five-roll
refiner has five barrel-shaped horizontal cylinders, four of which
are stacked one above the other The feed cylinder is placed
below the others on the side, creating a trough between it and
the second cylinder, The hollow cylinders can be cooled or
heated with water flowing through them. They are typically
pressed together using a hydraulic system. The pressure bends
the barrel shape, resulting in a straight gap between the
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cylinders. To remove chocolate flakes or powder, place a knife
blade against the back of the fifth cylinder. The temperature
affects the operation of a roll refiner. This changes the texture
and viscosity of the film by influencing the flow properties of
the fat present.

Sugar

Agglomeration of ingredients in
Cocoa butter

thick paste, continuously or with

Cocoa liquor J batch mixers

Skimmed milk powder

REFINING Size reduction of mix via 2,
3 or 5 roll refiner

]

CONCHING
Addition of the | X : Final flavor development,
remaining Dry Conching final viscosity of the sample
ingredients: Pastry Phase with conche rotations for
surfactants, Liquid Conching 4 to 24 hours
cocoa butter

<y Most stable form of cocoa
- butter crystals - form V via
. R heating/cooling systems
’,// (\ (maintaned at 35°C)

/ v
L < AN

lE.\'ROBL\'G | | ,\IO[’LDI.\'CI | PANNING ‘

| - |

7

‘ PACKAGING ‘

Figure 3. Steps of chocolate manufacturing
Kaynak: Afoakwa et al., 2007.

4.2. Conching

This stage involves continuously mixing, aerating, and
heating the chocolate mass, transforming it from a coarse
mixture to a smooth and homogeneous product. The primary
goals of conching are to refine the texture, improve flavor
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development, and reduce undesirable volatile compounds
(Owusu et al., 2011).

Conching typically involves heating the chocolate mass
to temperatures ranging from 40 °C to 82 °C, depending on the
formulation and desired properties. This heating promotes the
development of desirable flavor compounds through various
chemical reactions, including the Maillard reaction, while
facilitating the evaporation of unwanted volatile compounds,
such as acetic acid. Conching times can range from a few hours
to several days, with longer times resulting in smoother textures
and more refined flavors. However, excessive conching can lead
to the loss of some beneficial compounds, such as antioxidants,
which are important for both health (Afoakwa et al., 2007).

Conching has a profound impact on chocolate's sensory
properties. Conching has been shown in studies to affect the
release and concentration of aroma-active compounds, which
are important for chocolate's overall flavor profile (Owusu et al.,
2011). For example, the concentration of certain pyrazines and
other volatile compounds rises during conching, contributing to
the distinctive chocolate aroma. Conversely, undesirable
compounds are reduced, resulting in a more pleasant sensory
experience (Owusu et al., 2011).

4.3. Tempering

Tempering is an important process in chocolate
production that ensures the final product has desirable properties
like a smooth texture, a glossy appearance, and a satisfying snap
when broken. Controlled heating and cooling stabilize cocoa
butter crystals and promote the formation of the B V
polymorphic form, the most stable and desirable crystalline
structure for chocolate (Afoakwa et al, 2008b).
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Tempering typically begins by heating the chocolate to
45-50 °C to melt all of the cocoa butter crystals. This step
ensures the chocolate is completely fluid and dissolves any
unstable crystals). After melting, the chocolate is cooled to 27-
28°C, allowing stable BV (Form V) crystals to form. Finally, the
temperature is raised slightly to 30-32 °C to promote the growth
of stable crystals while inhibiting the formation of unstable
forms (Campos & Marangoni, 2014).

Chocolate's visual and textural properties, as well as its
mechanical properties, are all affected by proper tempering.
Well-tempered chocolate is harder and more resistant to fat
bloom, a white film that forms on the surface due to fat
migration and recrystallization. Over-tempering can cause a
rough surface texture and undesirable color changes, whereas
under-tempering produces a soft and poorly structured product.
Chocolate hardness is also influenced by particle size
distribution and chocolate composition, including emulsifier
type. The importance of tempering extends beyond aesthetics; it
also plays a significant role in the shelf life of chocolate.
Properly tempered chocolate has a longer shelf life due to its
stable crystalline structure, which minimizes the likelihood of
fat bloom and other quality degradation over time (Sekeroglu,
2014). Additionally, the tempering process can enhance the
mouthfeel of chocolate, contributing to a more enjoyable eating
experience.

4.4. Molding and Cooling

Molding is the final stage in chocolate production during
which the chocolate takes the shape of the chosen mold. The
materials for molds can differ, including polycarbonate molds
stainless steel or plastic with the latter being more advantageous
for industrial applications. To prevent unstable crystal
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formation, the empty molds must be preheated to a comparable
tempering temperature, and the liquid chocolate should be
uniformly distributed through vigorous agitation to eliminate air
bubbles.

Upon exiting the molding facilities, the majority of the
fat in the chocolates remains in a liquid state. For it to attain
sufficient firmness for handling and packaging, the majority
must crystallize in the appropriate form. This necessitates the
extraction of a substantial quantity of latent heat and a
comparatively lesser amount of specific heat. The application of
cold air or the use of conduction and convection methods
exemplifies the solidification of chocolate. Various types of
coolers, such as blowers and long tunnel coolers, are utilized
(Beckett, 2006).

5. TYPES OF CHOCOLATES
5.1. Dark chocolate

Dark chocolate is produced by combining and processing
cocoa liquor, cocoa butter, cocoa powder, sugar, and vanilla. At
the conclusion of the process, additional cocoa butter and
lecithin are incorporated (Codex Alimentarius, 2022).
Additional cocoa butter enhances the liquidity of chocolate,
which is essential for specific applications. Soya lecithin
stabilizes the emulsion and maintains the liquid state of
chocolate. The ratios of the various ingredients are also
significant: dark chocolate may comprise 40%, 50%, or 70%
cocoa components, for example. These percentages indicate the
flavor profile of the chocolate. This can range from extremely
bitter to moderately bitter and sweet (Aprotosoaie et al, 2015).
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5.2. Milk chocolate

Milk chocolates denotes the product derived from cocoa
products, sugars, and milk or milk derivatives, which comprises:

- at least 25% total dry cocoa solids,

Figure 4. Chocolates

a minimum of 14% dry milk solids derived from the
partial or complete dehydration of whole milk, semi-
skimmed or full-skimmed milk, cream, or from the
partial or complete dehydration of cream, butter, or
milk fat.

at least 2.5% dry non-fat cocoa solids,
at least 3.5% milk fat,

minimum of 25% total fat (cocoa butter and milk fat)
(Codex Alimentarius, 2022).
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The proportions are crucial as they determine the
intensity of cocoa flavor in milk chocolate, the creaminess of the
milk chocolate, or the dominance of caramel aroma in the
chocolate (Beckett, 2011).

5.3. White chocolate

White chocolate differs from other types of chocolates,
as cocoa liquor is excluded from its formulation. The
components utilized in white chocolate are cocoa butter, sugar,
and milk powder. Some authorities assert that white chocolate
should not be classified as chocolate, as it lacks cocoa solids
(Minifie, 1999). On a dry matter basis, white chocolate must
contain at least 20% cocoa butter and at least 14% milk solids
(including a minimum milk fat of 2.5% to 3.5% as determined
by the authority with jurisdiction under applicable legislation).
"Milk solids" refers to the addition of milk ingredients in their
natural proportions, with the exception of milk fat, which can be
added or removed. Where required by the competent authority, a
minimum content of cocoa butter and milk fat may be
established (Minifie, 1999).

5.4. Ruby chocolate

Ruby chocolate is a novel variety of chocolate that was
launched in 2017 by the Swiss confectionery producer Barry
Callebaut. It is distinguished by its distinctive pinkish-red hue,
originating from specially processed cocoa beans rich in
anthocyanins, a class of flavonoids present in specific fruits and
vegetables. Ruby chocolate's unique color and flavor profile
differentiate it from conventional varieties, including dark, milk,
and white chocolate (Tuenter et al, 2021; Seremet et al, 2019).
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6. HEALTH BENEFITS OF CHOCOLATE
PRODUCTS

Functional foods are gaining global popularity as
consumers increasingly recognize the correlation between diet
and health. Rising disposable incomes in developing countries,
coupled with heightened health consciousness, are prompting
consumers to invest more in fortified and functional foods
(Singh et al., 2024). Chocolate primarily consists of fat (as cacao
butter) and is abundant in polyphenols, including catechins,
anthocyanidins, and proanthocyanidins. The polyphenol
concentration in chocolate differs based on various raw
ingredient sources and production methods. Chocolate is known
to contain polyphenols, flavonoids, and minerals that can
influence bodily functions. Chocolate also contains minerals,
namely magnesium, potassium, iron and copper (Tan et.al.,
2021). The health benefits of chocolate are predominantly linked
to dark chocolate, which contains a higher cocoa content and
lower sugar content than milk chocolate.

Dark chocolate is abundant in polyphenols, flavanols,
and other bioactive constituents linked to numerous health
advantages. These compounds possess significant antioxidant
properties that may mitigate oxidative stress and inflammation
within the body (Tian et. al., 2018). Chocolate is a rich source of
bioactive compounds that have beneficial effects on heart health,
insulin secretion, and brain function among others (Singh et al.,
2024).

7. CONCLUSION

Chocolate is one of the most popular desserts and snacks
in the world. It is a product obtained by processing different
types of cocoa beans, mainly cocoa butter, which differs
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according to the type, but it is a product consisting of
components such as cocoa mass, sugar, milk powder, milk
proteins and emulsifiers. Dating back to ancient times, chocolate
was consumed as a bitter, hot drink when it was first discovered.
In particular, the pressing of cocoa liquor to obtain cocoa butter
led to the production of edible chocolate. Recently, in addition
to black, milk and white chocolate, with the discovery of the
fourth generation-ruby chocolate, ruby-colored chocolate has
also taken its place on the shelves of market.

Black chocolate stands out as the type that has more
positive effects on health because it contains more cocoa mass
in its structure. Consumers' interest in healthy nutrition has led
to an increase in the popularity of functional foods, so that
chocolate has started to take place among these product groups.

Currently, the rising global demand for chocolate
production is altering the production systems of this agricultural
commodity. Despite the daily increase in chocolate production,
this heightened output incurs significant environmental costs
resulting from alterations in production systems. In light of the
awareness regarding the irreversible ecological repercussions,
there is presently considerable interest in the production and
consumption of sustainable food products, including chocolate.

126



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

8. REFERENCES

Achaw, OW., Danso-Boateng, E. (2021). Cocoa Processing and
Chocolate Manufacture. In: Chemical and Process
Industries. Springer, Cham. https://doi.org/10.1007/978-
3-030-79139-1 10

Afoakwa, E. O., Paterson, A., Fowler, M. (2007). Factors
influencing rheological and textural qualities in
chocolate: A review. Trends in Food Science and
Technology. 18, 290-298.

Afoakwa, E. O., Paterson, A., Fowler, M., & Vieira, J. (2008a).
Characterization of melting properties in dark chocolates
from varying particle size distribution and composition
using differential scanning calorimetry. Food Research
International, 41(7), 751-757.
https://doi.org/10.1016/j.foodres.2008.05.009

Afoakwa, E. O., Paterson, A., Fowler, M., Vieira. J. (2008b).
Modelling tempering behavior of dark chocolates from
varying particle size distribution and fat content using
response surface methodology. Innovative Food Science
and Emerging Technologies. 9, 527-533.

Alemawor, F., Agbenorhevi, J. K., & Poku, A. K. (2014). Partial
substitution of cocoa butter with processed shea butter in
milk chocolate. Journal of Food Science and
Engineering, 4(4). https://doi.org/10.17265/2159-
5828/2014.04.006

Aprotosoaie, A. C., Luca, S. V., & Miron, A. (2015). Flavor
Chemistry of Cocoa and Cocoa Products—An Overview.
In Comprehensive Reviews in Food Science and Food
Safety (Vol. 15, Issue 1, pp. 73-91). Wiley.
https://doi.org/10.1111/1541-4337.12180

127



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Beckett, S. T. (1999). Industrial Chocolate Manufacture and
Use. Third Ed. Blackwell Science. Blackwell Publishing
Inc. USA.

Beckett, S. T. (2006). The Science of Chocolate. RSC papers.
The royal society of chemistry. Second edition.
Cambridge, UK.

Beckett, S. T. (2011). CHOCOLATE, Milk Chocolate. In
Encyclopedia of Dairy Sciences (pp. 856-861). Elsevier.
Editor(s): John W. Fuquay, Academic Press, ISBN
9780123744074, https://doi.org/10.1016/b978-0-12-
374407-4.00099-6

Campos, R., Ollivon, M., & Marangoni, A. G. (2009).
Molecular composition dynamics and structure of cocoa
butter. Crystal Growth &Amp; Design, 10(1), 205-217.
https://doi.org/10.1021/cg900853e

Campos, R. and Marangoni, A. G. (2014). Crystallization
dynamics of shear worked cocoa butter. Crystal Growth
&Amp; Design, 14(3), 1199-1210.
https://doi.org/10.1021/cg4017273

Codex Alimentarius Commission. (2022). Codex standard for
chocolate. Codex Stan. 87-1981. Rome: Food and
Agricultural Organization of the United Nations.

Da Silva, T. L. T., Grimaldi, R., & Gongalves, L. A. G. (2019).
Effect of cocoa butter equivalent on cocoa butter
crystallization behavior and on dark chocolate. In
Brazilian Journal of Food Research (Vol. 10, Issue 1, p.
149). Universidade Tecnologica Federal do Parana
(UTFPR). https://doi.org/10.3895/rebrapa.v10n1.10699

Dand, R. (1999). The internal cocoa trade: second edition (2 ed).
Woodheid Publishing Limited, Cambridge, UK..

128



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Dhoedt, A. (2009). "Foods of the Gods" The rich history of
chocolate. AgroFood Industry Hi-Tech 20, 1-5.

Dillinger, T., Barriga, P., Escarcega, S., Jimenez, M., Salazar
Lowe, D., Grivetti, L. (2000). Foods of the Gods: Cure
for Humanity? Cultural History of the Medicinal and
Ritual Use of Chocolate. The Journal of Nutrition. The
American Society for Nutritional Sciences. 2057-2072.

Directive 2000/36/EC of the European Parliament and of the
Council of 23 June 2000 relating to cocoa and chocolate
products intended for human consumption (OJL 197,
3.8.2000, p. 19). http://eurlex.europa.eu/LexUriServ
/LexUriServ.do?uriCONSLEG:2000L0036:20081221:E
N:PDF). 28.12.2013.

Kennett, D. J., Masson, M. A., Lope, C. P., Serafin, S., George,
R. J., Spencer, T. C., ... & Hodell, D. A. (2022).
Drought-induced civil conflict among the ancient maya.
Nature Communications, 13(1).
https://doi.org/10.1038/s41467-022-31522-X

Marangoni, A. G. and McGauley, S. E. (2002). Relationship
between crystallization behavior and structure in cocoa
butter. Crystal Growth &Amp; Design, 3(1), 95-108.
https://doi.org/10.1021/cg025580I

Owusu, M. (2010). Influence of raw material and processing on
aroma in chocolate. Ph.D. Thesis. Faculty of Life
Science, University of Copenhagen.

Owusu, M., Petersen, M. A., & Heimdal, H. (2011). Effect of
fermentation method, roasting and conching conditions
on the aroma volatiles of dark chocolate. Journal of Food
Processing and  Preservation, 36(5), 446-456.
https://doi.org/10.1111/j.1745-4549.2011.00602.x

129


https://doi.org/10.1111/j.1745-4549.2011.00602.x

Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Seremet, D., Mandura, A., Cebin, A. V., Oskomi¢, M.,
Champion, E., Martini¢, A., & Komes, D. (2019). Ruby
chocolate - bioactive potential and sensory quality
characteristics compared with dark, milk and white
chocolate. Food in Health and Disease: Scientific-
Professional Journal of Nutrition and Dietetics, 8, 89—96.

Singh, P. K., Khedkar, R. D., & Chandra, S. (2024). Chocolate:
An overview of functional potential and recent trends in
fortification. In Brazilian Journal of Food Technology
(Vol. 27). FapUNIFESP (SciELO).
https://doi.org/10.1590/1981-6723.11823

Sonwai, S. and Rousseau, D. (2010). Controlling fat bloom

formation in chocolate — impact of milk fat on
microstructure and fat phase crystallisation. Food
Chemistry, 119(2), 286-297.

https://doi.org/10.1016/j.foodchem.2009.06.031

Szydtowska-Czerniak, A., Rabiej, D., & Pawlowicz, R. (2016).
Comparison of the crystallization behaviors of different
types of cocoa butters and chocolates. Journal of Food
Processing and  Preservation, 41(5), el13154.
https://doi.org/10.1111/jfpp.13154

Sekeroglu, G. (2014). Investigation of Fat Bloom Mechanism in
Dark Chocolate. PhD Thesis. University of Gaziantep.
Graduate School of Natural & Applied Sciences.

Tan, T. Y. C,, Lim, X. Y., Yeo, J. H. H,, Lee, S. W. H., & Lai, N.
M. (2021). The Health Effects of Chocolate and Cocoa: A
Systematic Review. In Nutrients (Vol. 13, Issue 9, p.
2909). MDPI AG. https://doi.org/10.3390/nu13092909

130


https://doi.org/10.1590/1981-6723.11823
https://doi.org/10.1111/jfpp.13154

Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Tian, X., Liu, Y., Sun, X., Wang, B., Zhao, Y., Liu, D, ... &
Hu, D. (2018). Chocolate consumption and risk of
cardiovascular diseases: a meta-analysis of prospective
studies. Heart, 105(2), 49-55.
https://doi.org/10.1136/heartjnl-2018-313131

Tuenter, E., Sakavitsi, M. E., Rivera-Mondragén, A., Hermans,
N., Foubert, K., Halabalaki, M., & Pieters, L. (2021).
Ruby chocolate: A study of its phytochemical
composition and quantitative comparison with dark, milk
and white chocolate. In Food Chemistry (Vol. 343, p.
128446). Elsevier BV.
https://doi.org/10.1016/j.foodchem.2020.128446

Yao, Y., Liu, W., Zhang, D., Li, R., Zhou, H., Li, C., & Wang,
S. (2020). Dynamic changes in the triacylglycerol
composition and crystallization behavior of cocoa butter.
In LWT (Vol. 129, p. 109490). Elsevier BV.
https://doi.org/10.1016/j.Iwt.2020.109490

Zhao, L., Li, B., Xiong, D., Zhang, H., Tang, X., Zhang, H., ...
& Yang, S. (2016). Cocoa-butter-equivalent production
from  &lt;i&gt;yarrowia  lipolytica&lt;/i&gt; by
optimization of fermentation technology. American
Journal of Biochemistry and Biotechnology, 12(4), 196-
205. https://doi.org/10.3844/ajbbsp.2016.196.205

Ziegler, G. R., Garbolino, C., Coupland, J. N. (2006) The
influence of surfactants and moisture on the colloidal and
rheological properties of model chocolate dispersions.
3rd International Symposium on Food Rheology and
Structure. 335-339.

131



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

GIDA AMBALAJLAMADA UYGULANAN
AMBALAJLAMA YONTEMLERI

Eda Elgin KILIC?

1. GIRIS

Gida ambalaji, gida {riinlerini kontaminasyondan,
bozulmadan ve depolama ve nakliye sirasinda fiziksel hasardan
korumak icin tasarlanmis, gida tedarik zincirinin 6nemli bir
bilesenidir. Ayn1 zamanda iiriin hakkinda bilgi saglayan ve
tilkketici tercihlerini etkileyen bir pazarlama araci olarak da
hizmet vermektedir. Gida ambalajinin 6nemi, gida giivenligi,
sirdiriilebilirlik ve kolaylik konularinda artan farkindalik
nedeniyle son yillarda artmistir. Gida ambalaji, gida gilivenligi,
kalitesi ve siirdiiriilebilirliginin korunmasi i¢in gerekli olan
bir¢ok isleve hizmet eden, gida endiistrisinin kritik bir yoniidiir.
Gida giivenligi ve cevresel etkiler konusunda tiiketici bilinci
arttikca ambalajin rolii de 6nemli 6l¢iide degismistir.

1.1. Gida Ambalajimin Rolii

Gida ambalajinin birincil islevlerinden biri gidalar
kontaminasyon ve bozulmadan korumaktir. Ambalaj, gida
tirlinlerinin kimyasal ve mikrobiyal bozulmasina yol agabilecek
nem, 151k ve oksijen gibi gevresel faktorlere karsi bir bariyer
gorevi gorir. Kagit ve karton gibi elyaf bazli ambalaj
malzemeleri, oOzellikle unlu mamuller ve taze iriinler gibi
tirlinlerde mikrobiyal biitiinliigi koruma yetenekleri nedeniyle
yaygin  olarak  kullanilmaktadir ~ (Schmid  vd., 2023).
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Antimikrobiyal ~maddelerin ambalaj malzemelerine dahil
edilmesinin  patojenlerin  bliylimesini  engelleyerek  gida
giivenligini artirdig1 gosterilmistir (Omerovi¢ vd., 2021; Malhotra
vd., 2015). Bu koruyucu rol, gida iriinlerinin raf Omriinii
uzatmada ve tliketim i¢in giivenli kalmalarmi saglamada g¢ok
Oonemlidir.

Gida ambalajlar1 ayn1 zamanda 6nemli bir bilgilendirme
amacina da hizmet eder. Tiiketicilere besin bilgileri, igerik
listeleri ve son kullanma tarihleri de dahil olmak {izere iiriinle
ilgili temel ayrintilart saglar. Bu seffaflik, ozellikle taze,
minimum diizeyde islenmis ve giivenli gida iirlinlerine yonelik
artan talep nedeniyle, bilingli tiiketici se¢imleri i¢in hayati dnem
tagimaktadir (Sharma vd., 2017). Gida kalitesini izlemek i¢in
sensorler iceren akilli paketleme sistemleri, tiiketicinin gida
giivenligine olan giivenini artirmak i¢in yenilik¢i ¢ozlimler
olarak ortaya ¢ikarmaktadir (Fuertes ve ark., 2016). Bu sistemler
gidanin durumu hakkinda gergek zamanli bilgi saglayarak ve
boylece gida kaynakli hastalik riskini azaltabilmektedir.

Gida ambalajlarinin ¢evresel etkisi 6nemli bir endise
kaynag1 haline gelmis ve daha siirdiiriilebilir malzemelere dogru
bir gecise neden olmustur. Geleneksel petrol bazli plastikler,
biyopolimerler ve elyaf bazli malzemeler gibi yenilenebilir ve
biyolojik olarak parcalanabilir alternatiflerle degistirilmektedir
(Chi vd., 2023; Taherimehr vd., 2021). Bu malzemeler yalnizca
yenilenemeyen kaynaklara olan bagimlilig1 azaltmakla kalmiyor,
aynt zamanda kompostlanabilirlik ve geri doniistiiriilebilirlik
yoluyla atiklar1 da en aza indirmektir. Elyaf bazli ambalajlar icin
bariyer kaplama olarak elektrostatik olarak komplekslestirilmis
dogal polisakkaritlerin gelistirilmesi, gida korumanim islevsel
gereksinimlerini  karsilayan siirdiiriilebilir ambalaj ¢oziimleri
olusturma potansiyelini vurgulamaktadir (Chi vd., 2023).
Arastirmalar, verimli ambalajlamanin gida israfim1 en aza
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indirmede 6nemli bir rol oynayabilecegini ve boylece gida tedarik
zincirinde genel siirdiiriilebilirlige katkida bulunabilecegini
gostermektedir (Verghese vd., 2015; Williams ve Wikstrom,
2011).

1.2. Gida Ambalaji Tiirleri

Gida ambalaji, gida iirtinlerini korumak, raf omiirlerini
uzatmak ve nakliye ve depolama sirasinda gilivenligi saglamak
icin tasarlanmig, gida endiistrisinin hayati bir bilesenidir. Gida
ambalajinin evrimi, her biri belirli islevlere hizmet eden ve
farkli malzemeler kullanan gesitli tiirlerin gelistirilmesine yol
acmistir. Gida ambalajlarint birka¢ temel tiire ayirmaktadir:
geleneksel ambalaj, aktif ambalaj, akilli ambalaj ve yenilebilir
ambalaj

1.2.1. Geleneksel Ambalaj

Geleneksel gida ambalajlar1 Oncelikle gida iiriinleri ile
dis cevresel faktorler arasinda bir bariyer gorevi gorecek sekilde
tasarlanmistir. Bu, gida kalitesini korumak icin kritik 6nem
tastyan  fiziksel ~ hasar, nem, 151tk ve  mikrobiyal
kontaminasyondan korunmay: icerir (Yan vd., 2022; Acevedo-
Puello, 2023). Geleneksel ambalajlamada kullanilan malzemeler
genellikle bu koruyucu nitelikleri saglama kabiliyetlerinin yam
sira uygun maliyetli ve kolay temin edilebilir olmalar1 nedeniyle
secilir. Yaygin malzemeler arasinda cam, metal, kagit ve her biri
kendine 0zgii avantajlar ve sinirlamalar sunan cesitli plastik
tiirleri yer almaktadir (Sharma vd., 2017).

1.2.1.1. Geleneksel Ambalajda Kullanilan
Malzemeler ve Geleneksel Ambalaj islevi

Geleneksel gida ambalajlarinda malzeme sec¢imi, gida
triinlerinin  giivenligini ve kalitesini saglamak i¢in ¢ok
onemlidir. Cam ve metal kaplar, oksijen ve neme Kkarsi
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miilkemmel bariyerler sagladiklar1 i¢in genellikle daha uzun raf
omrili gerektiren {rlinler i¢cin kullanilir (Kuswandi vd., 2011).
Kagit ve karton, biyolojik olarak parcalanabilirlikleri ve geri
dontstiiriilebilirlikleri nedeniyle tercih edilmekte, bu da onlar
basta kuru iiriinler olmak iizere cesitli gida maddeleri i¢in uygun
hale getirmektedir (Bilohan vd., 2022). Plastikler, ¢ok yonlii ve
hafif olmalarmma ragmen, biyolojik olarak parcalanamayan
yapilart nedeniyle ¢evresel endiselere yol agmistir; ancak,
kolaylik ve maliyet etkinligi nedeniyle yaygin olarak
kullanilmaya devam etmektedir (Kawahara vd., 2014).

Geleneksel ambalajin birincil rolii gidayr kontaminasyon
ve bozulmadan korumaktir. Bu, gidayr nakliye ve depolama
sirasinda  fiziksel hasardan korumanin yani1 sira zararh
mikroorganizmalara maruz kalmasini 6nlemeyi de igerir (Yan
vd., 2022; Acevedo-Puello, 2023). Geleneksel ambalajlama,
bozulma ve degradasyona yol acabilecek hava, nem ve 1s18a
maruz kalmayr en aza indirerek gida iriinlerinin raf Omriinii
uzatmaya yardimct olur (Sharma vd., 2017). Vakumla
kapatilmig ambalajlar gidanin oksidasyonunu onemli Olciide
azaltarak kalitesini daha uzun siire koruyabilir. Ambalaj ayni
zamanda besin igerigi, son kullanma tarihleri ve saklama
talimatlar1 gibi 6nemli bilgilerin tiiketicilere aktarilmasi igin bir
arag gorevi goriir. Satis noktasinda tiiketici tercihlerini
etkileyerek markalasma ve pazarlamada hayati bir rol oynar
(Yan vd., 2022; Hasanah vd., 2021). Etkinligine ragmen
geleneksel ambalajlar, Ozellikle c¢evresel stirdiriilebilirlik
acisindan c¢esitli zorluklarla kars1 karsiyadir. Petrol bazli
plastiklerin asir1 kullanimi, kirlilik ve atiklarla ilgili endiseleri
artirmistir (Gupta vd., 2022). Buna bir yanit olarak, biyolojik
olarak parcalanabilen ve giibrelesebilen malzemeler de dahil
olmak iizere daha siirdiiriilebilir ambalaj ¢ozlimlerine yonelik
artan bir egilim s6z konusudur (Achmadi, 2023). Aktif ve akill

135



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

paketleme gibi paketleme teknolojisindeki yenilikler de, gida
kalitesini ve giivenligini aktif olarak koruyan ozellikleri bir
araya getirerek geleneksel paketlemenin islevselligini artirmak
icin ortaya c¢ikmaktadir (Wyrwa ve Barska, 2017; Yan vd.,
2022).

1.2.2. Aktif Ambalaj

Aktif ambalaj, gida {riinlerinin  korunmasmi ve
giivenligini  artirmak  i¢in  tasarlanmis gida paketleme
teknolojisinde Onemli bir ilerlemeyi temsil etmektedir. Bu
yenilik¢i yaklagim, raf omriinii uzatmak, kaliteyi korumak ve
giivenligi artirmak i¢in gida veya c¢evresiyle aktif olarak
etkilesime giren bilesenlerin ambalaj malzemelerine dahil
edilmesini icerir. Aktif ambalaj sistemleri, paketlenmis gida
veya cevresindeki ortama bilesenleri salabilen veya emebilen
maddeleri iceren ambalajlar olarak tanimlanir. Bu etkilesim,
gida irilinlerinin kalitesini ve giivenligini artirmayi amaclar
(Wyrwa ve Barska, 2017). Avrupa Komisyonu'na gore, aktif
ambalaj  oksijen  gidericiler, nem  diizenleyiciler ve
antimikrobiyal maddeler igerebilir, bu maddeler bozulmayi
engelleyerek raf Omriinii uzatmaya g¢alisir (Omerovi¢ vd., 2021;
Daniloski vd., 2020). Aktif ambalajin birincil amaci, gida
bozulmasia yol agan faktorleri en aza indiren kontrolli bir
ortam yaratmaktir.

1.2.2.1. Aktif Ambalaj Tiirleri

Oksijen  Tutucular:  Oksijen tutucular, ambalaj
ortamindan oksijeni emmek ve bodylece gida triinlerinin raf
Omriinii uzatmak ve kalitesini korumak i¢in tasarlanmig aktif
ambalaj teknolojilerinin 6nemli bir bilesenidir. Oksijen tutucular,
ambalaj iist boslugunda bulunan oksijen molekiilleriyle kimyasal
olarak reaksiyona girerek islev goriir. Bu reaksiyon, oksidatif
bozulmay1 ve aerobik mikroorganizmalarin bilylimesini dnlemek
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icin ¢ok Onemli olan oksijen konsantrasyonunu azaltir (Lee vd.,
2018 Baele vd., 2020). Oksijen tutucularimn etkinligi sicaklik, bagil
nem ve tutucunun spesifik formiilasyonu gibi gesitli faktérlerden
etkilenir (Pant vd., 2018; Upasen ve Wattanachai, 2018).
Askorbik asit bazli tutucularin et {riinlerindeki oksijen
seviyelerini etkili bir sekilde azalttig1 ve boylece muhafazalarini
artirdig1 gosterilmistir (Lee vd., 2018).

Oksijen tutucular, kimyasal bilesimlerine ve etki
mekanizmalarina gore kategorize edilebilir;

Demir bazh tutucular: Gida ambalajlarinda kullanilan
en yaygin oksijen tutucular arasindadir. Demir oksit olugturmak
icin oksijenle reaksiyona girerek ambalajdaki artik oksijen
seviyelerini etkili bir sekilde diisiiriirler (Baele vd., 2020;
Polyakov ve Miltz, 2015). Demir bazli tutucular genellikle
posetlere veya dogrudan ambalaj malzemelerine dahil edilir.
Titanyum Dioksit Nanotiipler: Son caligmalar titanyum oksit
nanotiiplerin oksijen tutucu olarak kullanimini arastirmistir. Bu
malzemeler yiiksek oksijen alim oran1 gostermektedir ve
ambalaj filmlerine entegre edilebilir (Tulsyan vd., 2017).

Dogal Bilesikler: Gallik asit ve askorbik asit gibi
bilesikler oksijen tutucu Ozellikleriyle dikkat ¢ekmektedir. Bu
dogal antioksidanlar, sentetik katki maddeleri kullanilmadan
gida muhafazasini gelistirmek i¢in ambalaj malzemelerine dahil
edilebilir (Pant vd., 2018). Polimer Bazli Tutucular: Polimer
teknolojisindeki yenilikler, oksijen tutucu maddeler iceren
filmlerin gelistirilmesine yol agmistir. Oksijen tutucular iceren
polietilen filmler depolama siiresi boyunca diisiik oksijen
seviyelerini koruyabilmektedir (Ahn vd., 2016).

Nem Diizenleyiciler: Bu sistemler, gida maddelerinin
dokusunu ve kalitesini korumak i¢in gerekli olan ambalaj
icindeki nem seviyelerini kontrol etmeye yardimci olur (Huang
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vd., 2013). Nem diizenleyiciler, ya paket ortamindan fazla nemi
emerek ya da gerektiginde nem salarak calisir. Bu dinamik nem
kontrolii, gida iiriinlerinde bozulmay1, mikrobiyal biiylimeyi ve
kalite diisiisiinii 6nlemek icin gereklidir (Poonnakasem, 2021;
Adetunji vd., 2019). Nem diizenleyicilerin etkinligi, sicaklik,
bagil nem ve diizenleyicinin 6zel formiilasyonu gibi faktérlerden
etkilenir. (Oliveira vd., 2015; Ajayi vd., 2015). Silika jel veya
kil bazli kurutucularin kullanimi, nemi etkili bir sekilde emerek
bozulmaya sebep olan mikroororganizmalarinin biiylimesini
engelleyen daha kuru bir ortam olusturabilir. (Silva vd., 2022).

Nem diizenleyiciler islevselligine gore kategorize
edilebilir.

Nem Diizenleyiciler: Bu sistemler, nem seviyeleri belirli
bir esik degerinin altina diistiiglinde nem salabilir, bdylece
pakette optimal bir nem dengesi saglamaya yardimci olur.
Belirli polimer bazli filmler nem salinimini kontrol etmek igin
tasarlanabilir. (Kirse-Ozolina vd., 2019; Wang vd., 2013). Dogal
Nem Emiciler: Aloe vera ekstresi ve diger bitki bazl bilesikler
gibi malzemeler, nem emme 6zellikleri i¢in arastirilmaktadir. Bu
dogal diizenleyiciler, sentetik katki maddeleri olmadan gida
koruma siiresini artirmak i¢in ambalaj filmlerine dahil edilebilir.
(Adetunji vd., 2019; Shakerardekani & Karim, 2012).

Antimikrobiyal ambalajlar: Bozulma ve patojenik
mikroorganizmalarin biiyiimesini engellemek i¢in ambalaj
malzemelerine antimikrobiyal maddeler entegre eden gida
endiistrisinde yenilik¢i bir yaklagimdir. Antimikrobiyal ambalaj,
gida ortamina antimikrobiyal maddeler salarak veya dogrudan
gida ylizeyiyle etkilesime girerek c¢alisir. Bu maddeler dogal
olarak elde edilmis veya sentetik olabilir ve bozulmaya veya
gida kaynakli hastaliklara neden olan belirli mikroorganizmalari
hedef almak iizere tasarlanmistir (Arena vd., 2016; Kraszewska
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vd, 2016). Antimikrobiyal ambalajin etkinligi, kullanilan
antimikrobiyal maddenin tiirli, konsantrasyonu ve ambalaj
malzemesinin maddeye gecirgenligi gibi ¢esitli faktorlere
baghdir. (Kraszewska vd., 2016; Yuliana vd., 2022).

Antimikrobiyal Ajan Tiirleri: Antimikrobiyal ambalaj
¢esitli maddeleri icerebilir.

Bakteriyosinler: Bunlar, laktik asit bakterileri (LAB)
tarafindan {retilen ve antimikrobiyal oOzellikler gdsteren
ribozomal olarak sentezlenen peptitlerdir.  Nisin  gibi
bakteriosinler, gida koruma konusundaki etkinlikleri i¢in genis
capta incelenmistir. (Song vd., 2014; Dobrucka ve Ankiel-
Homa, 2018). Hedef bakterilerin hiicre zarimi bozarak hiicre
6liimiine neden olurlar.

Ucucu Yaglar: Sarimsak (Allium sativum) ve ¢emen otu
(Trigonella foenum-graecum) gibi bitkisel kaynakli ugucu
yaglar, c¢esitli gida kaynakli patojenlere karst Onemli
antimikrobiyal aktivite gostermistir. (Ashraf vd., 2019). Bu
yaglar, sentetik koruyuculara dogal bir alternatif saglamak i¢in
ambalaj malzemelerine dahil edilebilir.

Metal Nanopartikiiller: Giimiis ve bakir nanopar-
tikiilleri, genis spektrumlu antimikrobiyal 6zellikleri nedeniyle
dikkat cekmektedir. Bu nanopartikiiller, mikrobiyal biiylimeyi
etkili bir sekilde engellemek i¢in ambalaj malzemelerine
yerlestirilebilir. (Dobruckave Ankiel-Homa, 2018; Bastarrachea
vd., 2011).

Kitosan:  Kitin'den tiiretilen bu  biyopolimer,
antimikrobiyal 6zellikler sergiler ve gida ambalaji1 i¢in filmler ve
kaplamalar olusturmakta kullanilabilir (Aider, 2010; Rai vd.,
2016). Chitosan'in etkinligi, mikrobiyal hiicre zarlarin1 bozma
yetenegine ve selatlama 6zelliklerine atfedilmektedir.
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Etilen Tutucular: Meyve ve sebzelerin olgunlagmasiyla
ortaya ¢ikan etilen gazini emmek icin 6zel olarak tasarlanmig
aktif paketleme teknolojilerinin 6nemli bir bilesenidir. Bu
teknoloji bozulabilir iriinlerin raf Omriiniin uzatilmasinda,
kalitelerinin korunmasinda ve gida israfinin azaltilmasinda ¢ok
onemli bir rol oynamaktadir.

Etilen tutucular, etilen gaz1 ile kimyasal olarak
reaksiyona girerek ambalaj ortamindaki konsantrasyonunu
azaltarak islev goriir. Etilen, klimakterik meyvelerde olgunlasma
ve yaslanma siireglerini hizlandirarak kalitenin bozulmasina yol
acan dogal bir bitki hormonudur (Sardabi vd., 2013; Tirgar vd.,
2018). Bu tutucular, etileni emerek optimum depolama
kosullarinin korunmasina yardimci olur, olgunlasmay1 geciktirir
ve taze Uriinlerin raf dmriinii uzatir (Lopez-Gomez vd., 2020;
Gaikwad vd., 2019). Yaygin mekanizmalar arasinda, etilen
giderimindeki etkinlikleri nedeniyle potasyum permanganat
(KMnQ,) gibi malzemelerin siklikla kullanildigi adsorpsiyon ve
katalitik reaksiyonlar yer almaktadir (Jiang vd., 2012; Duque
vd., 2021).

Etilen tutucular, kimyasal bilesimlerine ve etki
mekanizmalarina gore kategorize edilebilir:

Potasyum Permanganat : Bu, en yaygin kullanilan
etilen tutuculardan biridir. Etilen ile reaksiyona girerek
manganez dioksit olusturur ve ambalajdaki etilen seviyelerini
etkili bir sekilde azaltir (Navarro-Martinez vd., 2021; East vd.,
2015).

Zeolit Nanopartikiiller: Bu malzemeler, etilen emilimini
artirmak i¢in ambalaj filmlerine dahil edilebilir. Zeolitler yiiksek
yiizey alanina ve gozeneklilige sahiptir, bu da onlar1 etilen gazinm
hapsetmede etkili kilar (Gaikwad vd., 2019; Dobrucka vd., 2017).
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Dogal Bilesikler: Ucucu yaglar ve bitki ozleri etilen
tutucu Ozellikleri agisindan arastirilmigtir. Bazi esansiyel yaglar

etilen {iretimini engelleyebilir ve bozulmay1 azaltabilir (Oztiirk
ve Ayhan, 2023; Mariah vd., 2022).

Metal-Organik Cerceveler (MOF'lar): Bu gelismis
malzemeler, ayarlanabilir gozeneklilikleri ve yiiksek yiizey
alanlar1 nedeniyle etilen adsorpsiyonunda umut vaat etmektedir.
MOF'lar, etileni segici olarak yakalamak iizere tasarlanabilir ve
bu da onlar1 aktif paketleme uygulamalari igin uygun hale getirir
(Kolgesiz vd., 2023; Yani vd., 2023).

1.2.3. Akilli Ambalaj

Akilli ambalaj, paket igindeki sicaklik, nem ve gaz
bilesimi gibi ¢evresel kosullar1 izlemek i¢in  ¢esitli
teknolojilerden yararlanir. Bu sistemler, gida iirliniiniin tazeligi
ve giivenligi hakkinda gercek zamanli veriler saglayabilir
Yousefi vd.,2019; Vasuki vd., 2023). Akilli paketleme
¢Ozlimleri, bir iirlin giivenligini tehlikeye atabilecek kosullara
maruz kaldiginda sinyal veren zaman-sicaklik gostergeleri
(TTT'ler) igerir (Kocetkovs ve Muizniece-Brasava, 2019)

1.2.3.1. Akilh Ambalaj Tiirleri

Akilli  ambalajlar islevselliklerine gore kategorize
edilebilir:

Algilama Sistemleri: Bu sistemler ¢evresel kosullardaki
degisiklikleri tespit eder ve geri bildirim saglar. Ornegin nem
sensorleri, bir iiriinlin agir1 nem nedeniyle bozulma riski altinda
oldugunu gosterebilir (Drago vd., 2020; Ozcan, 2020).

Gostergeler: Renk degistiren gostergeler gida
triinlerinin tazeliini isaret edebilir. Bu gostergeler, belirli
gazlara veya pH seviyelerine yanit olarak renk degistirebilir ve
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iriiniin durumu hakkinda gorsel ipuglari saglayabilir (Joshi vd.,
2021; Alam vd., 2021).

Iletisim Teknolojileri: Bazi1 akilli paketleme sistemleri,
tiikketicilerin saklama kosullar1 ve son kullanma tarihleri de dahil
olmak iizere iriinlin geg¢misi hakkindaki bilgilere erismesine
olanak tamiyan RFID (Radyo Frekansi ile Tanimlama) veya
NFC (Yakin Alan Iletisimi) teknolojileriyle donatilmistir (Li
vd., 2022; Kaushani vd., 2022).

1.2.4. Yenilebilir Ambalaj

Gida endiistrisinde gidalarin korunmasini1 gelistirirken
cevresel etkiyi azaltmay1 amacglayan yenilik¢i bir ¢oziimdiir. Bu
tiir ambalajlar, koruduklar1 gida ile birlikte tiiketilebilen dogal,
yenilebilir malzemelerden yapilir. Yenilebilir ambalaj, gidayi
nem, oksijen ve mikrobiyal kontaminasyon gibi ¢evresel
faktorlerden koruyan bir bariyer olusturarak islev goriir. Gida
kalitesini ve gilivenligini korumaya yardimci olan antioksidanlar
ve antimikrobiyal ajanlar gibi aktif bilesikler i¢in bir tastyict
gorevi gorebilir (Dinika ve Lara, 2019; Zhao vd., 2021). Ideal
yenilebilir film, yiliksek su tutma kapasitesine sahip olmali, gaz
degisimlerini kontrol etmeli, ¢6zlinen madde tasinmasin
engellemeli ve kullanimi1 kolaylastirmak i¢in mekanik 6zellikleri
iyilestirmelidir (Dinika ve Lara, 2019; Dordevic, 2023).

Yenilebilir ambalajlar bilesimlerine gore kategorize
edilebilir:

Polisakkarit Bazh Filmler: Nisasta, seliiloz ve aljinat
gibi dogal kaynaklardan elde edilir. Milkemmel bariyer
ozellikleri ve biyolojik olarak pargalanabilirlikleri ile bilinirler
(Zhao vd., 2021; Dordevic, 2023). Polisakkarit filmler, cesitli
gida triinleri i¢in kaplamalar veya sargilar olusturmak icin
kullanilabilir.
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Protein Bazh Filmler: Kazein, peynir altt suyu ve
jelatin gibi proteinlerden yapilan filmler iyi mekanik mukavemet
saglar ve ayrica nem ve gazlara karsi bariyer gorevi gorebilir
(Neogi vd., 2022; Saha vd., 2021). Bu filmler 6zellikle et ve siit
iriinlerinin kalitesinin korunmasinda etkili olabilir.

Lipit Bazh Filmler: Genellikle kat1 ve sivi yaglardan
yapilan lipit bazli yenilebilir filmler, oksijen ve neme Kkarsi
bariyer Ozelliklerini gelistirebilir. Genel performansi artirmak
icin tipik olarak diger malzemelerle birlikte kullanilirlar
(Prakash ve Mishra, 2023; Meshram vd., 2023).

Kompozit Filmler: Her bir bilesenin gii¢lii yonlerinden
yararlanmak i¢in farkli biyopolimerleri bir araya getirir.
Ornegin, polisakkaritlerin proteinlerle birlestirilmesi, ambalajin

mekanik ozelliklerini ve bariyer islevlerini iyilestirebilir (Nair
vd., 2023; Nair vd., 2023).

2. SONUC

Gida ambalajindaki yenilikler, aktif, akilli ve yenilebilir
sistemler dahil olmak iizere, gida endiistrisinde umut verici bir
ilerlemeyi temsil etmektedir. Bu teknolojiler, gida giivenligini
artirma, raf Omriinii uzatma ve c¢evresel etkiyli azaltma
konusunda 6nemli faydalar sunmaktadir. Sektor bu yeniliklerle
ilgili zorluklar1 ele almaya ve gelismeye devam ettikce, daha
taze ve daha giivenli gida secenekleri icin tiiketici taleplerini
karsilayarak giderek daha yaygin hale gelmeleri saglanacaktir.
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PROBiIYOTIiKLERIN KAPSULLENMESINDE
KULLANILAN POLIMER SISTEMLER

Eda Elgin KILIC?

1. GIRIS

Kapsiilleme, 1953 yilinda B.K. Green ve L. Schleicher
tarafindan icat edilmis ve ABD, Dayton'daki National Cash
Register Company laboratuvarlarinda kullanilmigtir. Kati, sivi
veya gaz halindeki maddelerin, belirli kosullar altinda kontrollii
hizlarda igeriklerini serbest birakabilen minyatiir, kapali
kapsiiller halinde paketlenmesi teknolojisi olarak tanimlanir
(Desai ve Park, 2005). Nanokapsiiller (10-1000 nm),
mikrokapsiiller (1-1000 pm) ve milikapsiiller (1 mm'den biiytik)
aktif bir madde (¢ekirdek, dolgu, i¢ faz) iceren ve bir kaplama
veya kabukla ¢evrili parcaciklardir, (Sekill). Kapsiillemenin ana
amaci, ¢ekirdek malzemeyi istenmeyen 151k, nem ve oksijen gibi
olumsuz c¢evresel kosullardan korumak, bdylece iiriinlin raf
Omriinii  artirmak ve kapsiillenmis maddenin kontrollii bir
sekilde serbest birakilmasini tesvik etmektir (Shahidi ve Han,
1993) Gida endiistrisinde, mikroenkapsiilasyon siireci cesitli
nedenlerle uygulanabilir ve Desai ve Park, 2005) tarafindan su
sekilde 6zetlenmistir: (1) ¢ekirdek malzemenin dis ortamla olan
reaktivitesini azaltarak bozulmadan koruma; (2) ¢ekirdek
malzemenin dis ortama buharlasma veya transfer oranini
azaltma; (3) orijinal malzemenin fiziksel 6zelliklerini daha kolay
islenebilir hale getirmek i¢in degistirme; (4) c¢ekirdek
malzemenin zamanla yavas¢a veya belirli bir zamanda
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salinimini ayarlama; (5) ¢ekirdek malzemenin istenmeyen bir tat
veya lezzetini maskeleme; (6) yalnizca kiigiik miktarlarda
gerektiginde ¢ekirdek malzemeyi sulandirma, ayni zamanda ana
malzemede homojen dagilim saglama; (7) aksi takdirde
birbirleriyle reaksiyona girecek olan karisim bilesenlerini
ayirmaya yardimc1 olma. Gida driinlerinde, aromalar,
vitaminler, probiyotikler ve enzimler gibi farkli bilesenler
kapsiillenmistir. Cesitli nano-, mikro- ve mili-kapsiillerin
hazirlanmasi i¢in bir¢ok yontem gelistirilmistir (Giamberini vd.,
2015)

S (et

Pantilchlberi
Koalrima
materyali

I

Eaplaia matervah

Cekirdek

Probiyotiklerin biyolojik olarak parcalanabilen bir polimer
matris i¢inde kapsiillenmesinin bir dizi avantaji vardir. Hiicreler
matris boncuklara veya mikrokapsiillere hapsedildiginde/
kapsiillendiginde, siispansiyon veya bulamag¢ halinde oldugundan
daha kolay islenebilir. Boncuk veya mikropartikiillerdeki hiicre
sayist Olgiilebilir ve boylece dozaj kolayca kontrol edilebilir.
Kriyo ve osmo-koruyucu bilesenler matrise dahil edilebilir,
boylece isleme ve depolama sirasinda hiicrelerin hayatta kalmasi
arttirlabilir. Son olarak, matris boncuklar / mikrokapsiiller
kurutulduktan sonra, baska bir yiizey kaplamas1 uygulanabilir. Bu
dis katman {iriiniin estetik ve duyusal o6zelliklerini degistirmek
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icin kullanilabilecegi gibi hiicrelere ekstra bir koruma diizeyi
saglayarak islevsel de olabilir. Buna ek olarak, kaplama katmani,
hiicrelerin gecikmeli olarak salinmasina veya 6rnegin pH'daki bir
degisiklik tizerine salinmasina izin veren arzu edilen ¢oziinme
Ozelliklerine sahip olabilir.

Probiyotik mikroorganizmalar1 diisiik pH ve yiiksek safra
konsantrasyonlarina karsi korumak ve sonraki islemler sirasinda
fiziksel stabiliteyi arttirmak amaciyla kapsiillemek icin ¢esitli
polimer sistemleri kullanilmistir. Polimer sistemlerin se¢imi,
kapsiillenmis iriiniin stabilitesini, salim ozelliklerini ve genel
etkinligini 6nemli Olgiide etkilediginden, mikroenkapsiilasyon
islemlerinin  basarisi  i¢in  esastir. Polimer sistemlerin
mikroenkapsiilasyon siirecinde birkac temel islev vardir.

Cekirdek malzemelerin korunmasini saglayan duvar
polimer sistemlerin birincil rolii hassas ¢ekirdek malzemeleri
(aktif bilesenler) nem, oksijen, 151k ve 1s1 gibi c¢evresel
faktorlerden korumaktir. Bu koruma probiyotikler, aromalar ve
besinler gibi hassas bilesiklerin stabilitesini ve etkinligini
korumak i¢in ¢ok dnemlidir (Peanparkdee vd, 2016).

Kontrollii salim polimer sistemlerin, kapsiillenmis
cekirdek malzemelerin kontrollii salimina izin verecek sekilde
tasarlanabilir. Bu, ila¢ dagitim sistemleri veya fonksiyonel
gidalar gibi salim zamanlamast ve hizimin kritik oldugu
uygulamalarda oOzellikle onemlidir (Laokuldilok ve Kanha,
2016). Belirli polimersistemler, belirli kosullar altinda
cOziinecek veya bozunacak sekilde tasarlanabilir ve cekirdek
malzemeyi istenen yerde ve zamanda serbest birakabilir.

Hos olmayan tatlar1 veya kokulari maskeleme o6zelligi
gida uygulamalarinda, kaplama materyalinin  ¢ekirdek
malzemelerin istenmeyen tatlarin1 veya kokularint maskelemeye
yardimci olarak nihai tiriiniin duyusal niteliklerini iyilestirebilir.
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Bu o6zellikle ugucu yaglar gibi giiclii tatlara sahip bilesenlerin
kapsiillenmesi i¢in gegerlidir (Liu, 2023; Kagami vd., 2003).

Polimer sistmeler, az ¢dziinen bilesiklerin ¢oziinlirliglint
ve biyoyararlanimini artirabilir. Bu bilesikler kapsiillenerek gida
matrislerine daha kolay dahil edilebilir veya farmasdtik
formiilasyonlarda etkili bir sekilde iletilebilir (Braber vd., 2020;
Li ve XuanRi, 2014).

Cesitli  biyopolimerler kullanan mikrokapsiil veya
boncuk sistemlerinin laboratuvar Ol¢eginde hazirlanmasi ¢ok
kolaydir ve hidrofilik, hidrofobik, siv1 veya viskoz bir yag, kati
vb. herhangi bir bilesen kapsiillenebilir.

Ancak, siirecin Olgeklendirilmesi ¢ok zordur ve isleme
maliyetleri ¢ok yiiksektir. Ayrica, geleneksel olarak {iretilen
mikrokapsiillerin cogu (6rnegin kalsiyum aljinat
boncuklar/mikrokapsiiller), suyun ve diger sivilarin matrisin
icine ve disina hizli ve kolay bir sekilde diflizyonuna izin veren
cok gozenekli olma egilimindedir. Caplar1 0,3 ila 3,0 mm
arasinda degisen ve aktif biyokiitleylr immobilize eden kiiresel
polimer boncuklar, ekstriizyon veya emiilsifikasyon teknikleri
kullanilarak, damlaciklarin termal (k-carrageenan, gellan,
agarose, jelatin) veya iyonotropik (aljinat, kitosan) jellesmesi ile
tiretilir. Kabuk genellikle ¢oziinmez ve ¢ekirdek ile tepkimeye
girmez; ve uygulamalarina bagli olarak, sakizlar, proteinler,
lipidler ve sentetik polimerlerden yapilabilir (Desai ve Park,
2005). Cekirdek malzemenin kaplanmasim1 saglamak igin,
matris veya kabuk genellikle sivi (¢Ozelti, silispansiyon veya
eritilmis malzeme) olarak uygulanir; ve c¢ekirdek malzemeyi
korumak i¢in oksijen, su, basing, 1s1 ve/veya 1s18a karsi
mikemmel film olusturma ve bariyer Ozelliklerine sahip
olmalidir (Shishir vd., 2018) (Cizelge 1).

159



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Cizelge 1. Enkapsiilasyonu icin kullanilan kaplama materyalleri

Yaygin Kullanilan

Kategori Kaplama Materyali Metotlar

Karbonhidratlar Nisasta, maltodekstrin Sprey kurutma,
Ekstriizyon,
dondurarak kurutma,
koaservasyon

Seliiloz Karboksimetilseliiloz, Koaservasyon
matil seliiloz, etilseliiloz, Sprey Kurutma
seliilozasetat-fitalet

Gam Gam akasya, agar, Sprey kurutma
sodyum aljinat, Siringa metodu
karragenan (jel boncuklar)

Lipidler Vaks, parafin, balmumu,  Emiilsiyon

diasilgliseroller, yaglar Lipozom

Protein Gluten, kazein, jelatin, Emiilsiyon
albumin, peptidler Sprey kurutma

Kaynak: Desai ve Park, 2005.

Bu sistemlerden bazilar1 asagidaki bdliimlerde daha
ayrintili olarak ele alinmaktadir.

1.1. Probiyotiklerin k-karragenan icinde
enkapsiilasyonu

Karragenan, deniz makroalglerinden elde edilen ve
yaygin olarak gida katki maddesi olarak kullanilan dogal bir
polisakkarittir. Polimerin %2 ile 5 arasinda degisen
konsantrasyonlarda ¢oziinmesi icin yiiksek sicakliklara (60-80
C) ihtiya¢ vardir (Klein ve Vorlop, 1985). K-karragenanin
jellesmesi genellikle sicakliktaki degisime baghdir. Hiicre
bulamaci 40-45 C'de 1s1 ile sterilize edilmis karragenan
cozeltisine eklenir ve oda sicakligina kadar sogutularak jellesme
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gerceklesir. Boncuklar, polimer ve hiicre karisiminin bir
potasyum kloriir (KCI) ¢ozeltisine damlatilmasindan sonra
olusur. Audet, Paquin ve Lacroix (1988), KCl'nin Streptococcus
thermophilus ve L. bulgaricus gibi bazi bakteriler iizerindeki
inhibitor etkisini rapor etmistir. Daha sonra, siit {irtinlerinde
biyokiitle {iretimi sirasinda stabilitelerini artirmak amaciyla
LAB'yi kapsiillemek i¢in k-karragenan ve keg¢iboynuzu sakizi
kombinasyonunu kullanmiglardir (Audet, Paquin ve Lacroix,
1990, 1991). Jel boncuk mukavemeti keciboynuzu sakizi gibi
baska bir polimer kullanilarak arttirilabilir. Karragenanin
keciboynuzu sakizina oraninin 2:1 olmasinin, ke¢iboynuzu
sakizinin galaktomannan zincirlerinin karragenan ile spesifik
etkilesimi yoluyla sinerjik etkiler sagladigi ve gicli jel
boncuklart olusturdugu bulunmustur. Ouellette, Chevalier ve
Lacroix (1994) saf bir B. infantis kiltirini k-karragenan/
keciboynuzu sakizi boncuklarina immobilize etmis ve bu sistemi
%1 maya 0Oziitli ile desteklenmis yagsiz siitii siirekli olarak
fermente etmek icin kullanmistir. Son zamanlarda, Doleyres,
Fliss ve Lacroix (2002, 2004) ve Doleyres, Paquin, LeRoy ve
Lacroix (2002) probiyotik hiicreleri, tekrarlanan partiler ve
stirekli kiiltiirler sirasinda, karagenan ve kegiboynuzu sakizi jel
boncuklarinda iyonotropik jelasyon yontemiyle immobilize
ederek, rekabet¢i olmayan bir bifidobakteri susu ve rekabetgi bir
LAB susu i¢ceren karigik bir laktik kiiltiir iiretmislerdir.

1.2. Probiyotiklerin aljinat sistemlerinde
enkapsiilasyonu

Aljinat, biyouyumlulugu, maliyet etkinligi, basitligi,
toksik olmamasit ve iyi bagirsak sindirilebilirligi nedeniyle
probiyotiklerin kapsiillenmesi icin yaygin olarak
kullanilmaktadir (Mortazavian vd., 2007). Ancak aljinatin
kullanimi, jellesmeyi oOnleyici katyonlarin (6rn. sodyum ve
magnezyum iyonlari) veya selatlama maddelerinin (6rn. fosfat)
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varliginda diisiik fiziksel stabilitesi nedeniyle sinirhidir (Lee vd.,
2004; Krasaekoopt vd., 2006). Ayrica, diisik pH kosullari
altinda, c¢apraz baglh aljinat matrisler aljinat molekiiliiniin
bozunmasina ve ardindan molekiiler agirhginda azalmaya
ugrayarak hapsedilen aktif bilesenlerin daha hizli salinmasina
neden olabilir. Alginik asit deniz yosunlarindan elde edilen
politironik bir asittir ve c¢esitli oranlarda 1-4 bagli B-D-
mannuronik ve o-L-guluronik asitlerden olusur (Mortazavian
vd., 2007). Bir kalsiyum c¢ozeltisine sodyum aljinat ¢ozeltisi
eklendiginde, kalsiyum aljinatin ¢okelmesi ve ardindan
kalsiyum iyonlarinin aljinat sistemlerine niifuz etmesiyle i¢
kissmda daha kademeli bir jellesme ile ara ylizey
polimerizasyonu anlik olarak gerceklesir. Boncuklarin boyutu
genellikle polimer ¢dzeltisinin viskozitesine, deligin ¢apina ve
cikis ile koagiilasyon c¢ozeltisi arasindaki mesafeye baglidir
(Anal vd., 2003; Anal ve Stevens, 2005). Cesitli arastirmacilar
(Chandramouli, Kailasapathy, Peiris ve Jones, 2004; Lee, Cha
ve Park, 2004) aljinat ve CaCl, konsantrasyonlari, boncuklarin
sertlesme zamanlamasi1 ve probiyotiklerin enkapsiilasyonu
tizerindeki hiicre konsantrasyonlar1 gibi boncuk hazirlamayi
etkileyen faktorleri incelemislerdir. Kalsiyum kloriir (CaCly)
icinde sodyum aljinat igeren geleneksel kapsiilleme yontemi, bu
organizmay1 mide sivisindaki sert asidik kosullardan korumak
amaciyla L. acidophilus'u kapsiillemek i¢in kullanilmistir.
Cesitli arastirmalar probiyotik bakterilerin aljinat veya peynir
altt suyu proteinleri ile mikroenkapsiilasyonunun onlar1 asit
stresine kars1 korudugunu, hiicrelerin midede hayatta kalmasina
ve bagirsaklara iletilmesine izin verdigini gostermistir (Gerez
vd., 2012; Doherty vd., 2012).
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1.3. Probiyotiklerin seliiloz asetatftalat (CAP) icinde
enkapsiilasyonu

Iyonize olabilen ftalat gruplari nedeniyle, bu seliiloz
tiirevi polimer pH 5 ve altindaki asit ortamlarinda ¢oziinmez,
ancak pH 6'dan yiiksek oldugunda ¢oziiniir. Buna ek olarak,
CAP in vivo olarak uygulandiginda fizyolojik olarak inerttir ve
bu nedenle bagirsak hedefli dagitim sistemleri i¢in ¢ekirdek
maddelerin salinimi i¢in enterik bir kaplama malzemesi olarak
yaygin sekilde kullanilmaktadir. Rao, Shiwnarain ve Maharaj
(1989) bir emiilsiyon teknigi kullanarak B. pseudolongum'un
CAP icinde kapsiillendigini bildirmistir. Mikrokapsiillenmis
bakteriler asidik ortamda kapsiillenmemis organizmalara kiyasla
daha fazla sayida (109 cfu/mL) hayatta kalmis ve 1 saat boyunca
simiille edilmis mide ortamina maruz birakildiklarinda
canliliklarin1  koruyamamuslardir. Favaro-Trindale ve Grosso
(2002) B. lactis ve L. acidophilus'u piiskiirtmeli kurutma
yontemi kullanarak CAP polimeri icinde kapsiillemistir. Bu
calismada, mikroenkapsiile mikroorganizmalarin asit ve yiiksek
safra tuzu konsantrasyonlarindaki direnci degerlendirilmistir. B.
lactis ve L. acidophilus igeren spreyle kurutulmus CAP
mikrokapsiilleri, insan midesindekine benzer pH degerlerine
sahip ortamlara agsilandiginda bu mikroorganizmalarin her
ikisini de korumada etkili olmustur.

1.4. Probiyotiklerin nisasta icinde kapsiillenmesi

Bir diyet bileseni olarak nisasta, glikozidik baglarla
birbirine baglanmis D-glikoz birimlerinden olusur ve kolorektal
kansere kars1 koruyucu role sahiptir (Cassidy vd., 1994). Direncli
nisasta, probiyotik bakterilerin kalin bagirsaga ulasmasi icin
korunmasinda kullanilmistir. L. rhamnosus ve nisastali
bifidobakterilerin insan gastrointestinal sisteminden gecerken
hayatta kaldig1 gosterilmistir (Lian vd., 2003). Hi-Maize
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nisastasinin  dahil edilmesi, nisasta olmadan kapsiillenen
bakterilere kiyasla canli bakterilerin kapsiillenmesini gelistirmistir
(Iyer ve Kailasapathy, 2005; Sultana vd., 2000). Arastirmacilar,
laktik asit bakterilerinin (LAB) nisasta (gézenekli yap1 elde etmek
icin enzimatik olarak islenmis biiyiik patates nisastasi graniilleri)
ile kapsiillenmesinin bu organizmalarin hayatta kalma kabiliyetini
artirabilecegini  bulmuslardir  (Mattila-Sandholm  vd., 2002)
Talwalkar ve Kailasapathy (2003), L. acidophilus ve B. lactis'in
aljinat-nisasta sistemlerinde kapsiillenmesinin (aljinat-nisasta-
bakteri karisimmin CaCl2 koagiilasyon banyosuna birakilmast)
bakterileri oksijen toksisitesinden korudugunu bildirmistir.
Sultana ve digerleri, (2000) probiyotik bakterilerin aljinat-nisasta
ile kapsiillenmesinin etkilerini simiile edilmis gastrointestinal
kosullarda ve yogurtlarda degerlendirmislerdir. Sonug olarak,
kapstillenmis L. acidophilus ve Bifidobacterium spp. kiiltiirlerinin
hayatta kalmasi, 8 haftalik bir siire boyunca canli sayisinda
yaklasik 0,5 log'luk bir diisiis gosterirken, yogurtlara serbest
hiicre olarak dahil edilen kiiltiirlerde yaklasik 1 log'luk bir diisiis
olmustur.

1.5. Probiyotiklerin proteinler icinde kapsiillenmesi
ve polisakkarit karisimlar:

Jelatin, kapsiilleme i¢in termal olarak tersine ¢evrilebilir
bir jellestirme maddesi olarak kullaniglidir. Amfoterik dogasi
nedeniyle, gellan sakizi gibi anyonik-jel  olusturucu
polisakkaritlerle birlestirmek i¢in de miikemmel bir adaydir. Bu
hidrokolloidler pH >6'da karigabilir, ¢iinkii her ikisi de net
negatif yiik tasir ve birbirlerini iterler. Bununla birlikte, pH
izoelektrik noktasinin altina ayarlandiginda jelatinin net yiikii
pozitif hale gelir ve negatif yiikli jellan sakizi ile giiglii bir
etkilesime neden olur (King, 1995). Hyndman, Groboillot,
Poncelet, Champagne ve Neufeld (1993), biyokiitle iiretimi i¢in
toluen-2,4-diizosiyanat ile gapraz baglama yoluyla Lactobacillus
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lactis'i kapsiillemek i¢in yiiksek konsantrasyonlarda jelatin (%24
w/v) kullanmistir. Bifidobacterium hiicrelerinin aljinat, pektin ve
peynir alti suyu proteinlerinden olusan karisik bir jel icinde
kapstillenmesi arastirilmistir (Guerin vd., 2003). Sonug olarak,
kapstillenmis hiicreler, simiile edilmis gastrik pH ve safra
soliisyonlarinda serbest hiicrelerden daha iyi hayatta kalmistir.
Annan vd (2008) aljinat kapli jelatin mikrokiirelerdeki
kapsiillemenin probiyotik B. adolescentis 15,703 T'nin simiile
edilmis gastrointestinal kosullara maruz kalmasi sirasinda
hayatta kalmasini iyilestirdigini bildirmistir.

1.6. Probiyotiklerin kitosan icinde enkapsiilasyonu

Polisakkarit ~ kitinin  N-deasetillenmis iriinii  olan
biyopolimer kitosan, benzersiz polimerik katyonik karakteri, iyi
biyouyumlulugu, toksik olmamasi ve biyolojik olarak
pargalanabilirlii nedeniyle gida ve ila¢c alaninda Onem
kazanmaktadir.  Kitosan  kabuklu deniz  hayvanlarinin
kabuklarindan, bocek kiitikiillerinden ve mantarlarin zarlarindan
izole edilebilir. Kitosanin o6zellikleri kaynagina goére degisir.
Kitin ve kitosan terimleri belirli bilesikleri degil, sirasiyla
anhidro-N-asetil-D-glukozamin ~ ve  anhidro-D-glukozamin
monomer kalintilarini igeren iki tiir kopolimeri ifade eder. Kitin,
b-(1-4)-2-asetamido-2- deoksi-D glukopiranoz polimeridir ve
bakteriyel hiicre duvarinin ana yapisal polimeri olan seliiloz ve
mureinden sonra yerylizinde en bol bulunan organik
maddelerden biridir. Yeterli stabiliteyi elde etmek i¢in kitosan
jel boncuklar ve mikrokiireler polifosfatlar (Anal ve Stevens,
2005) ve sodyum aljinat ile iyonik olarak ¢apraz baglanabilir
(Anal vd., 2003). Krasaekoopt, Bhandari ve Deeth (2003, 2004),
depolama sirasinda yogurt ve UHT ile geleneksel olarak
islenmis siit icinde kitosan kapli aljinat boncuklarina
kapsiillenmis probiyotiklerin hayatta kalmasin1 degerlendirdiler.
Calismalar1 i¢cin model organizmalar olarak L. acidophilus 547,
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L. casei 01 ve B. bifidum 1994 kullandilar. Kaplanmis
bakterilerin hayatta kalma orani, serbest hiicrelerin hayatta
kalma oranindan yaklasik 1 log daha yiiksek oldugu belirlendi.
Probiyotik bakterilerin sayisi, depolama siiresi boyunca
laktobasiller i¢in onerilen terapdtik minimumun (107 cfu/g)
tizerinde tutuldu, ancak bifidobakteriler ise daha diisiik oldugu
tespit edildi. Lee vd., (2004), benzer bir calisma gergeklestirdi
ve geleneksel aljinat boncuklarin1 kaplamak i¢in gesitli
kitosanlar1 (farkli molekiiler agirliklar) karsilastirdi. Chitosan
aljinat mikropartikiillerinin L. bulgaricus KFRI763'in simiile
edilmis mide asidinde ve simiile edilmis bagirsak sivisinda
hayatta kalmasi lizerindeki etkilerini ve 4 ve 22 °C'de depolama
sirasinda stabilitelerini arastirdilar.

Aljinat mikro parcaciklarina yiiklenen probiyotik, bir
atomizasyon cihazi kullanarak sodyum aljinat ve hiicre kiiltiirii
karigimint bir CaCl,-kitosan ¢ozeltisine piiskiirterek hazirlandi.
Mikroorganizma mide sivisina (pH 2.0) 1 saat maruz
kaldiginda, higbiri hayatta kalmadig1 belirlendi. Buna karsilik,
puskiirtiilen parcaciklar kitosan ile kaplandiginda etkileyici ve
yiiksek bir hayatta kalma orani elde edildi. LAB'nin aljinat ile
mikroenkapsiilasyonu ve kitosan kaplamasi, canli bakteri
hiicrelerini kolona ulastirmanin ve bu hiicrelerin buzdolabinda
saklanirken hayatta kalmalarini saglamanin etkili bir yontem
oldugu bildirildi.

2. SONUC

Mikroenkapsiilasyon, bakteri gibi aktif maddelerin
koruyucu bir kaplama igine alinmasini igeren ¢ok yonlii bir
teknolojidir. Bu teknik gida, ilag, tarim ve kozmetik basta olmak
tizere farkli sektorlerde yaygin olarak kullanilmaktadir.
Mikroenkapsiilasyon, yogurt, siitlii igecekler ve fonksiyonel
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gidalar gibi gida iirlinlerinde probiyotik bakterileri korumak igin
yaygin olarak kullanilmaktadir. Bu teknoloji, isleme ve
depolama sirasinda probiyotiklerin canliligini artirarak yeterli
sayida canli hiicrenin gastrointestinal sisteme ulasmasini saglar.
Sektor yenilikler yapmaya ve mikroenkapsiilasyonla ilgili
zorluklar1 ele almaya devam ettikge, c¢oziimlerin giderek
yayginlagsmasi ve tiiketicilerin daha saglikli ve daha islevsel
tiriinlere yonelik taleplerini karsilamasi acisindan Onemlidir.
Cekirdek malzemelerin korunmasini saglayan duvar polimer
sistemlerin se¢imi probiyotiklerin nem, oksijen, 151k ve 1s1 gibi
cevresel faktorlerden korunmasini saglayarak, probiyotiklerin
depolama, tasima ve gastrointestinal sistemde canliligin1 ve
salmmmin1 saglamasi agisindan Onemlidir. Gida i¢in uygun
polimer sistemin secilmesi besinsel ve duyusal olarak gidalarin
bilesimi i¢in gereklidir. Bu konuda calismalar son yillarda 6nem
kazanarak hizla artmaktadir.
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GELATIN

Ayse SEVGILI!

1. INTRODUCTION
1.1. Definition and Sources of Gelatin

The Latin word gelatos, which means "stiff/frozen," is
where the term "gelatin™ originates (Rather vd., 2022). Only
animal tissues contain the unique substance known as gelatin
(Said, 2020). The protein known as gelatin, which can be white
or yellowish, is made soluble by hydrolyzing collagen found in
animal bones, hides, skin, and connective tissue (Hartel vd.,
2018; Lu et al., 2022). Gelatin is a high molecular weight
polypeptide derived from collagen (Poppe, 1992).

Gelatin has been recognized as an anthropogenic product
since very early times (Mikhailov, 2023). The earliest
documentation of animal glues dates back to 4000 BC in ancient
Egypt. In the following centuries, adhesive substances and
rudimentary gelatin extracts with inferior organoleptic properties
were produced by boiling fragments of bone and hide, followed
by cooling the solution to achieve gelling. In the late seventeenth
century, the initial commercial production of gelatin commenced.
At the onset of the nineteenth century, advancements in
commercial production techniques progressively enhanced the
ability to produce high molecular weight collagen extracts that
exhibited superior quality compared to traditional gelatin gels
(Sebastian, 2024). The ability of gelatins to produce
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nonpermanent physical gels at room temperature is well
established, alongside their extensive use in various sectors of the
food industry (Joly-Duhamel et al., 2002).

There are generally three sources of gelatin: mammalian
gelatin, fish gelatin and insect gelatin. Mammalian gelatins
(porcine and bovine), are the most popular and widely used.
Fish gelatin is derived from the skin and skeletal remains of fish.
Notably, the byproducts generated during the fish filleting
process can represent up to 75% of the overall weight of the
catch. Aspongopus viduatus (melon bug) and Agonoscelis
pubescens (sorghum bug), commonly known in Sudan as
Umbugga and Dura andat, respectively. In certain regions of
Sudan, the harvested insects were processed to extract oil, which
was subsequently utilized for culinary purposes as well as for
various medicinal applications (Mariod & Adam, 2013).

There are commercially two different types of gelatin
that can be produced by manipulating the processing conditions:
Type A and Type B as seen in Figure 1 (Noor vd., 2021). The
production of Type A gelatin involves an acid pretreatment
conducted before the extraction phase. This approach has a
negligible effect on the amide groups of glutamine and
asparagine, and it yields a molecular distribution profile that is
more homogeneous, featuring increased levels of low molecular
weight fractions. On the other hand, the extraction of type B
gelatin involves an alkaline treatment that induces the hydrolysis
of asparagine and glutamine, converting them into aspartate and
glutamate, respectively. Different from type A, it has higher
proportions of high molecular weight chains (Rigueto vd.,
2021).
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Type A Gelatin Type B
Porcine skin, fish Qpoozoees Sources "t » Bovine hide and
skin bone
Pretreatment with p— . Alkali pretreatment
acid ECleeton with alkali
: Strongly
Weakly crosslinked Raw .
collagen L SR T » crosslinked
matrices collagen
8-9 L RIS Isoel‘ectric ,,,,,,,, » 4.8-55
points
Wider distributions The central part of the
of molecular weight — Molecular » molecular weight
gggt(')%"g b $10,000- weight fractions is in the region
- a af 100.000 Da.
Mostly similar to the Amino-acid Differs  from  parent
parent collagen oz composition * collagen, especially in the

content of glutamic acid

molecule
and aspartic acid

Figure 1. Types of gelatin

Gelatin possesses a range of unique characteristics
that are challenging to replicate with other
hydrocolloids. Consequently, an optimal substitute
for gelatin should ideally exhibit all or a subset of the
following attributes:

‘“‘Melt-in-the-mouth’> property: Gelatin's physical
attributes, particularly its melting point, which occurs
slightly below the physiological temperature of the
human body, create a notable "melt-in-mouth”
sensation that enhances the release of flavors and
aromas (Karim & Bhad, 2008). When subjected to
temperatures ranging from 30°C to 40°C, the gel
undergoes a conversion to a solution, resulting in the
tendency of gelatin gels to melt upon contact with the
mouth (Mariod & Adam, 2013).
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o Thermally reversible gel: Gelatin creates thermally
reversible gels in the presence of water, with a gel-
melting temperature that is lower than body
temperature (less than 35°C). This characteristic
imparts  distinctive organoleptic properties and
enhances flavor release in gelatin-based products
(Baziwane & He, 2003).

e The surface activity: The formation of surface-active
gelatin occurred via the covalent linkage of
hydrophobic groups to the gelatin molecules
(Toledone & Magdassi, 1997).

e Versatile, multi-functional hydrocolloid: Gelatin is
regarded as one of the most versatile hydrocolloids
utilized within the food industry. Gelatin is
characterized by its multifunctionality, serving as a
gelling, thickening, water-binding, emulsifying,
foaming, and film-forming agent. This unique
combination of properties is unmatched by any other
single hydrocolloid (Karim & Bhat, 2008).

o Tailor-made application: The presence of gelatin in
multiple sizes and varying gel strengths facilitates its
application in more specific contexts (such as 100,
150, 200, 250, 300 bloom).

o Gelatin is easy to used: The fact that gelatin does not
require any substance for gelation makes it easy to
use.

1.2. Gelatin Production Process

Gelatin is recognized as one of the most adaptable
biopolymers, finding extensive use across various sectors,
including food, confectionery, pharmaceuticals, cosmetics, and
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technical applications. This is additionally demonstrated by the
fact that more than 300,000 metric tonnes of gelatin are
produced globally each year (Haug and Draget, 2009). The
global production of gelatin is predominantly concentrated in
Europe and America, which account for 78% of the total output,
while the remaining 22% is produced in countries such as China,
India, Russia, and Pakistan. In the production of gelatin, the raw
materials are sourced from 55% porcine origins and 45% from
bovine and fish sources. The Gelatin Manufacturers Institute of
America (2019) reports that the distribution of gelatin usage is
as follows: 63% is allocated to the food industry, 31% is utilized
in the medical field, and 6% is applied in technical or other
sectors. Additionally, from a marketing perspective, the kosher
or halal certification serves as the principal criterion in a market
that is sensitive to the use of mammalian gelatin (Alipal et. al.,
2021).

Gelatin is not a protein that is found in nature (Jones,
2004). Figure 2 demonstrates that the manufacturing of gelatin
is comprised of three essential phases. The initial phase involves
the elimination of all contaminants, minerals, and substances
that do not contain collagen. The subsequent phase involves
conducting hydrolysis to transform collagen into gelatin,
followed by the final phase of isolating the resultant product,
which is gelatin (Noor et al., 2021). These steps:

- Pre-treatment (remove all impurities): The initial
treatment phase is crucial for conditioning the
collagenous matrices prior to hot-water hydrolysis, a
process referred to as 'swelling' (Noor et al., 2021).

- Extraction (perform hydrolysis to convert the
collagen into gelatin): The extraction phase, during
which the expanded materials undergo hot-water
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denaturation, requires careful oversight to ensure the

release of gelatin that meets the
specifications (Noor et al., 2021).

desired

- Recovery (recover the final product): The extracts
obtained are subsequently gathered and refined
through a series of processes that include sequential
filtration, clarification, deionisation, and drying

(Noor et al., 2021).

Raw material « Porcine skin
« Fish skin
« Bovine hide and bone
« Poultry
« Other marine sources

o1 Pre-treatment
" « Remove all impurities (non-collagenous
protein and fat)
« Demineralization

02 Extraction
" « Perform hydrolysis to convert the collagen into
gelatin
« Hot-water extraction

Recovery

03.

« Recover the final product
« Filtration

« Clarification

« Deionisation and

« Drying

€

Figure 2. The procedure involved in conversion collagen into

gelatin

1.3. Physical and Chemical Properties of Gelatin

Gelatin is made up of a combination of proteins,
peptides, and nucleic acids (Hameed et al., 2018). The gelatin is
composed of 18 distinct varieties of complex amino acids
(Alipal vd., 2021). The composition of gelatin includes about
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88% protein, 10% moisture, and a small percentage of salts,
ranging from 1 to 2%. When assessed on a dry-weight basis, the
protein concentration ranges from 98% to 99% (Rather et al.,
2022).

Amino acid composition of gelatin shows in Table 2 the
presence of amino acids from 0.2% tyrosine to 30.05% glycine.
The five most common amino acids are glycine: 26.4-30.5%;
proline: 14.8-18%; hydroxyproline 13.3-14.5%; glutamic acid:
11.1-11.7%; and alanine: 8.6-11.3%. The residual amino acids
arranged from highest to lowest are arginine, aspartic acid,
lysine, serine, leucine, valine, phenylamine, threonine,
isoleucine, hydroxylysine, histidine, methionine and tyrosine
(Sebastian, 2014).

Table 2. Amino acid composition of gelatin

Amino acid Content (%)
Glycine 26.4-30.5
Proline 14.8-18
Hydroxyproline 13.3-145
Glutamic acid 11.1-11.7
Alanine 8.6-11.3

Investigations into the chemical composition of gelatin
have indicated that it contains approximately 1% sugar. The
specific types, characteristics, and quantities of sugars reported
differ among various researchers, influenced by the gelatin's
source and the analytical techniques employed. The sugars
identified include galactose, glucose, mannose, lactose, and
xylose (Djagny et al., 2001).
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1.4. Gelatin Applications in the Food Industry

The food industry extensively employs gelatin as an
ingredient, owing to its remarkable functional and technological
properties (Ratnasari et al., 2013). In the context of the food
industry, gelatin is one of the water-soluble polymer utilized for
its properties as a gelling, thickening, or stabilizing agent
(Baziane & He, 2003). Food applications (Ahmad et al., 2023):

¢ Muscle foods

Dairy products

Confectionary and desserts

Beverages

Bakery products

The bloom strength is a key factor in determining the
grade of gelatine. In commercial, gelatines are available with
bloom strengths ranging from 50 to 300. Various gel strengths
are suited for specific applications. For instance, Type B
gelatine, which has a gel strength between 125 and 250, is
frequently utilized in confectionery products. Conversely, Type
A gelatine, characterized by a lower gel strength of 70 to 90, is
often employed in the fining processes of wine and juice
(Mariod & Adam, 2013). It is possible to substitute a gelatin of
one bloom strength with another gelatin that possesses a
different bloom strength, thereby achieving equivalent gel
firmness through the adjustment of gelatin concentration as seen
in Table 3 (Hartel et al., 2018).
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Table 3. The varying concentrations of gelatin with distinct
inherent bloom strengths can be adjusted to produce a gel that
exhibits a uniform bloom strength

Bloom 100 150 200 250 300
100 1 0.80 0.68 0.58 0.51
150 1.25 1 0.85 0.73 0.64
200 1.47 1.17 1 0.87 0.76
250 1.69 1.33 1.16 1 0.88
300 1.90 1.45 1.32 1.13 1

Kaynak: Hartel vd.., 2018.

Gelatin serves a significant role in food packaging,
offering various advantages. The functional use of gelatin-based
edible composite films in food preservation includes minimizing
weight loss, preserving nutrients and color, delaying browning,
prolonging shelf life, and inhibiting microbial growth (Lu et al.,
2022).

1.5. Gelatin Alternatives

Gelatin serves various functional purposes in the
processing and formulation of food products. Several
alternatives to gelatin that have been proposed for the food
industry are polysaccharides, which create gels via cation-
induced junction zones. Substances like gellan, alginate, and
carrageenan-derived gels do not demonstrate the unique melt-set
attributes that are typically found in gelatin. Polysaccharide-
based alternatives to gelatin typically exhibit molecular
backbones that are less flexible, resulting in higher viscosities
when compared to gelatin (Karim & Bhat, 2008).
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Alternative sources:

Animal-based gelatin: Gelatin derived from animals
is primarily sourced from pigs and cattle, although it
can also be extracted from fish and poultry. The
extensive utilization of pigs and cows in the
production of gelatin is primarily due to the
economic advantages they offer (Elyasi et al., 2020).

Plant-based gelatin: The use of plant-based gelatin
alternatives presents multiple benefits, including
their acceptance as halal and their contribution to
environmental  sustainability by  potentially
decreasing carbon footprints (Mahamud et al., 2023).

Agquatic animal-derived gelatin: Fish gelatin is
obtained from the collagen-rich elements found in
fish, including scales, skin, and bones. The methods
used to extract gelatin from these fish sources are
adapted to the specific qualities of fish collagen. This
gelatin type is distinguished by its significant gel
strength, minimal viscosity, and enhanced solubility,
making it well-suited for a variety of applications
(Reza & Annissa, 2023).

Microbial and fungal sources: Microorganisms, such
as bacteria and yeast, can be genetically modified to
synthesize gelatin-like proteins via fermentation
techniques. Xanthan gum, a hydrocolloid, is
produced by the bacterium Xanthomonas campestris.
Its applications include the formulation of frozen
dairy desserts and jellies for food 3D printing
(Mahamud et al., 2023).

Synthetic and recombinant gelatins: Synthetic and
recombinant gelatins are obtained from polypeptides
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and the yeast Komagataella phaffii, which was
formerly referred to as Pichia pastoris (Mahamud et
al., 2023).

1.6. Gelatin and Innovative Food Technologies

Innovations in the food industry are made possible by
new food technology (Siegrist, 2008). In the food industry,
innovation encompasses both technological breakthroughs and
advancements in social and cultural dimensions (Earle, 1997).
Gelatin is used in the production of innovative food products
and studies have been conducted on this. For example,
according to Ramos et al., (2016), the application of gelatin-
based edible films and coatings offers an innovative approach to
the development of new food packaging materials. Instances of
additional research regarding the application of gelatin in the
development of innovative food products:

- Using gelatin with 3D printing: 3D printing is a
manufacturing technique with great potential as it
allows three-dimensional objects to be created layer
by layer, with complete freedom in form and design
(Herrada-Manchon et al., 2020). When we look at the
literature, we see the use of gelatin with 3D printing
in medicines, tablets and gummy candies.
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Table 4. Some studies on the use of gelatin in 3D printing

Product Methods Gelling agents  References
Gummy oral Syringe-based Gelatin (from  (Herrada-
dosages extrusion 3D porcine skin) ~ Manchon et
printing al., 2020)
Gummy drug Semi-solid Gelatin (Tagami et al.,
formulations extrusion 2021)
Gummy candies - k-carrageenan (Qiuetal.,
2024)
Metformin Semi-solid Gelatin, (antamaria et
paediatric extrusion xanthan gum, al., 2024)
gummies and agar-agar
Gummy Semi-solid Gelatin and (Zhuetal.,
chewable tablets extrusion carrageenan  2022)
Isoniazid- Semi-solid Gelatin (from  (Holkunde,
Pyridoxine- extrusion porcine skin)  2024)
loaded gummies (Master’s
Thesis)
Children starch - Corn starch (Niuetal.,
gummies with 2023)
precise and
special shape
Hybrid hydrogels Self-built Gelatin (Type (Kuoetal.,
extrusion-based  B) and alginate 2021)
Pellets and Semi-solid Gelatin (Rouaz-El
gummies extrusion Hajoui et al.,
2023)

- Gelatin in functional foods: Gelatin is classified as
a polyampholyte, possessing both positive and
negative charges, and it is characterized as an
amphiphilic molecule that includes both hydrophilic
and hydrophobic groups. Consequently, gelatin can
engage with biopolymers that carry opposite charges
or can adsorb at the interface between oil and water.
This characteristic positions gelatin as a flexible
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encapsulating agent suitable for the development of
various nanocarriers (Tan et al., 2023). Tan et al.,
(2023) were studied gelatin functions as a bioactive
nanodelivery mechanism for the purposes of
functional food utilization. As noted Tan et al., there
has been a notable expansion in the area of gelatin-
based nanocarriers in recent years. Another study on
gelatin as an innovative food was done by Li et al.,
(2009). This study is related to the encapsulation of
probiotic bacteria using alginate and gelatin, along
with an examination of its properties.

Gelatin and sustainability in the food industry:
There has been a growing interest in the development
and potential use of biodegradable films for food
packaging as substitutes for conventional food
packaging polymers. This trend is driven by their
sustainable attributes, diverse and plentiful sources,
compostability, positive environmental image, and
compatibility with food items. Gelatin is one such
material that has gained prominence, serving as a
unique and frequently employed hydrocolloid in the
food sector, owing to its inherent qualities, which
may facilitate a broad spectrum of additional and
innovative industrial applications (Hanani et al.,
2014). Gelatin is one of the primary biopolymers
utilized in the production of biodegradable films
(Rigueto et al., 2022).
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GIDALARDA JELATIN KULLANIMI

Dilek BUYUKBESE YAYLA?

1. GIRIS

Jelatin, gida endiistrisinde genis uygulama alanina sahip,
jellestirici, kivam artiric1, emiilsifiye edici ve stabilizator
ozellikleriyle 6ne c¢ikan bir biyopolimerdir (Karim & Bhat,
2009). Kolajenin kismi hidrolizi sonucu elde edilen bu protein
bazli madde, gida irlinlerinin doku, stabilite ve duyusal
ozelliklerini iyilestirme potansiyeli sayesinde kritik bir role
sahiptir (Gémez-Guillén vd., 2011). Sekerlemeler, siit iiriinleri,
et lriinleri ve igecekler gibi cesitli {iriinlerde kullanim alam
bulmaktadir.

Jelatinin gida endiistrisindeki 6nemi yalnizca teknolojik
islevselligiyle sinirli kalmamakta, ayn1 zamanda besleyici degeri
ile de o6ne c¢ikmaktadir. Yiiksek protein igerigi ve kolay
sindirilebilir yapist sayesinde 6zellikle diisiik kalorili ve protein
acisindan zengin gida formiilasyonlarinda tercih edilmektedir
(Schrieber & Gareis, 2007). Bununla birlikte, jelatinin kaynagi
ve lretim yoOntemi, elde edilen {iriiniin Ozelliklerini 6nemli
Olciide etkilemektedir. Geleneksel olarak sigir, domuz ve balik
gibi hayvansal kaynaklardan elde edilen jelatine ek olarak, son
yillarda bitkisel alternatiflere olan ilgi artis gostermektedir
(Mariod & Adam, 2013). Jelatinin fizikokimyasal 6zellikleri,
gida uygulamalarindaki performansi iizerinde belirleyici bir
etkiye sahiptir. Jel kuvveti (Bloom degeri), viskozite, erime
noktast ve jellesme sicakligi gibi parametreler, jelatinin
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kalitesini ve uygunlugunu belirlemektedir (Muyonga vd., 2004).
Bu 6zellikler, jelatinin amino asit kompozisyonu ve molekiiler
agirhk dagilmi gibi yapisal faktdrlerden etkilenir. Ornegin,
balik jelatininin diisiik erime sicaklii, soguk ortamlarda
jellesme gerektiren uygulamalarda avantaj saglarken, memeli
jelatinlerinin yiiksek jel kuvveti, sekerleme iiretiminde daha
uygun bir tercih olarak degerlendirilmektedir (Alfaro vd., 2015).

Gida giivenligi ve kalite kontrolii agisindan, jelatinin
karakterizasyonu ve standartlastirilmast onemli bir gereklilik
olarak one ¢ikmaktadir. Reolojik Ol¢timler, termal analiz
teknikleri ve spektroskopik yontemler, jelatinin fonksiyonel
ozelliklerini ve kalitesini degerlendirmek amaciyla yaygin
olarak kullanilmaktadir (Gilsenan & Ross-Murphy, 2000).
Ayrica, jelatinin alerjenite potansiyeli ve dini/kiiltiirel
kisitlamalar  nedeniyle kaynaginin  dogru  bir  sekilde
tanimlanmast ve etiketlenmesi gerekmektedir. Bu baglamda,
analitik yontemlerin gelistirilmesi ve uygulanmasi, jelatinin
giivenli ve etik kullanimini saglamak acisindan kritik bir 6neme
sahiptir (Nur Hanani vd., 2014). Gelecekte, jelatinin gida
uygulamalarindaki  kullaniminin  daha da  genislemesi
ongoriilmektedir. Nanoteknoloji ve biyoteknoloji alaninda
kaydedilen gelismeler, jelatinin fonksiyonel 06zelliklerinin
tyilestirilmesine ve yeni uygulama alanlarinin kesfine olanak
saglamaktadir (Gomez-Estaca vd., 2009). Buna ek olarak,
stirdiirtilebilir ve ¢evre dostu tliretim tekniklerine yonelik artan
talep, alternatif jelatin kaynaklarinin ve yenilik¢i {iretim
yontemlerinin arastirilmasini tesvik etmektedir.
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2. JELATIN BIYOKAYNAK
KARAKTERIZASYONU

Jelatin eldesinde en sik tercih edilenler sigir derisi ve
kemigi, domuz derisi ve balik atiklaridir (Karim & Bhat, 2009).
Sigir ve domuz kaynakl jelatinler, yiiksek jel kuvveti ve termal
stabilite gibi 0Ozellikleri sayesinde gida uygulamalarinda
oncelikli olarak kullanilmaktadir. Ancak dini ve Kkiiltiirel
kisitlamalar ile saglik endiseleri, alternatif kaynaklarin
aragtirtlmasini gerekli kilmaktadir (Gémez-Guillén vd., 2011).
Balik jelatini, son yillarda 6nemli bir alternatif olarak one
cikmaktadir. Balik derisi, pullart ve kemikleri gibi atik
iriinlerden elde edilen jelatin, diisiik erime sicaklig1 ve benzersiz
reolojik Ozellikleri sayesinde oOzellikle soguk ortamlarda
jellesme gerektiren uygulamalarda avantaj saglamaktadir
(Alfaro vd., 2015). Balik jelatininin amino asit kompozisyonu,
memeli jelatinlerinden farklilik gostermekte ve genellikle daha
diisiik prolin ve hidroksiprolin igermektedir. Bu durum, balik
jelatininin jel kuvveti ve termal stabilitesini azaltmaktadir
(Muyonga vd., 2004). Jelatinin  karakterizasyonunda
fizikokimyasal 6zellikler 6nemli bir yer tutmaktadir. Jel kuvveti
(Bloom degeri), amino asit kompozisyonu, molekiiler agirlik
dagilimi, izoelektrik noktasi (pl), termal ve reolojik 6zellikleri
jelatinin yapisiyla ilgili temel bilgi eldesini saglayabilmektedir.

Jel  kuvvett (Bloom degeri), jelatinin kalite
gostergelerinden biri olarak kabul edilmektedir ve olusturulan
jelin sertligini ifade etmektedir. Yiiksek Bloom degerine sahip
jelatinler genellikle sekerleme ve kapsiil iiretiminde tercih
edilirken, diisiik Bloom degerli jelatinler emiilsifiye edici ve
kopiik stabilize edici Ozellikleri nedeniyle kullanilmaktadir
(Schrieber & Gareis, 2007). Jelatinin amino asit kompozisyonu,
fonksiyonel 0Ozelliklerini dogrudan etkilemektedir. Prolin ve
hidroksiprolin igerigi, jel olusturma kabiliyeti ve termal stabilite
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tizerinde belirleyici bir etki gostermektedir. Memeli
jelatinlerinde bu oran genellikle %20-25 arasinda iken, balik
jelatinlerinde %15-20 civarindadir. Bu farklilik, balik jelatininin
daha diisiik jellesme sicakligi ve erime noktasina sahip olmasina
yol agmaktadir (Gomez-Guillén vd., 2011). Jelatinin molekiiler
agirlik dagilimi da 6nemli bir karakterizasyon parametresidir.
Yiiksek molekiiler agirlikli fraksiyonlar, daha giiclii jeller
olusturma egilimindedir. Jel elektroforezi ve boyut dislama
kromatografisi gibi teknikler, molekiiler agirlik dagilimini
belirlemede kullanilmaktadir (Mariod & Adam, 2013). Jelatin
molekiillerinin  iicli sarmal yapist ise dairesel dikroizm
spektroskopisi aracilifiyla karakterize edilebilmektedir. Jelatinin
izoelektrik noktast (pI), c¢ozinirlik ve emiilsifiye edici
ozellikler iizerinde 6nemli bir rol oynamaktadir. Tip A jelatin,
asit islemiyle iiretildiginde 7-9 arasinda bir izoelektrik noktasina
sahipken, alkali islemle iiretilen Tip B jelatin i¢in bu deger 4.8-
5.2 arasinda degismektedir (Schrieber & Gareis, 2007). Termal
analiz teknikleri de, jelatinin erime sicakligi, termal stabilitesi ve
bozunma 06zellikleri hakkinda bilgi saglamaktadir. Diferansiyel
taramali kalorimetri (DSC) ve termogravimetrik analiz (TGA),
jelatinin termal davranigini degerlendirmede kullanilan baslica
tekniklerdir (Nur Hanani vd., 2014). Reolojik ozellikler ise
jelatinin gida uygulamalarindaki performansini belirlemektedir.
Dinamik reolojik testler, viskoelastik davranisin karakterize
edilmesini saglar. Depolama modiilii (G') ve kayip modiilii (G")
Olctimleri, jel kuvveti ve jellesme kinetigi hakkinda 6nemli
veriler sunmaktadir (Gilsenan & Ross-Murphy, 2000). Jelatinin
biyolojik kaynaklarmin ve fizikokimyasal o6zelliklerinin
kapsamli bir sekilde karakterize edilmesi, gida endiistrisinde
iriin gelistirme ve kalite kontrol agisindan kritik bir rol
oynamaktadir.
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3. JELATIN KAYNAKLARINA ALTERNATIF

Jelatinler, gida endiistrisinde kivam artirici, jellestirici ve
stabilizator olarak yaygin sekilde kullanilmaktadir. Genel olarak
ifade edilen jelatinler, hayvansal kaynakli olup, kolajenin asit
veya alkali hidrolizi sonucu elde edilmektedir. (Karim & Bhat,
2009; Gomez-Guillén vd., 2011). Domuz derisi, sigir derisi ve
kemikleri gibi yan iirtinlerden iiretilmektedir ve yiiksek protein
icerigi ile dikkat ¢cekmektedir. Termal geri doniisiimlii jellesme
Ozelligi  sayesinde, gida {riinlerinde yaygin  olarak
kullanilmaktadir. Sekerlemelerde agizda erime hissi yaratmasi
ve siitlii tatlilarda piirtizsiiz bir yap1 saglamasi, bu jelatin tiirliniin
tercih edilme nedenleri arasindadir (Schrieber & Gareis, 2007).
Bununla birlikte, dini ve etik hassasiyetler, belirli tiiketici
gruplarinda hayvansal kaynakli jelatinlerin kullanilmasim
sinirlamaktadir (Mariod & Adam, 2013). Bu nedenle son
yillarda “vejeteryan jelatin” olarakta isimlendirilen bitkisel
kaynakl jelatinlere olan talep artmaktadir. Hayvansal ve bitkisel
kaynakli jelatinler, tiretim kaynaklari, kimyasal yapilar1 ve
fonksiyonel Ozellikleri bakimindan  belirgin  farkliliklar
gostermektedir. Hayvansal jelatin, kolajenin asit veya alkali
hidrolizi sonucu elde edilmekteyken, bitkisel jelatin olarak
tanimlanan maddeler genellikle deniz yosunlarindan tiiretilen
agar-agar, karragenan ve meyve-sebzelerden elde edilen pektin
gibi hidrokolloidlerdir (Karim & Bhat, 2008; Gomez-Guillén
vd., 2011). Agar-agar, kirmiz1 deniz yosunlarindan elde edilen
bir jellestirici olarak 6ne ¢ikmakta ve yiiksek jellesme sicaklig
ile sert jel yapist ile karakterize edilmektedir. Bu 6zellikleri
nedeniyle regel, marmelat ve tathlarda kullanimi yaygindir
(Saha & Bhattacharya, 2010). Karragenan, 6zellikle siitlii tatlilar
ve dondurma gibi {irlinlerde kivam artirici olarak islev
gormekte; pektin ise meyve bazli iriinlerde jellestirici
ozellikleriyle dikkat cekmektedir (Imeson, 2010).
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Hayvansal ve bitkisel jelatinler arasindaki en Onemli
farkliliklardan biri, jellesme mekanizmalaridir. Hayvansal
jelatinler termal olarak geri doniigiimlii bir yapiya sahipken,
bitkisel kaynakli jellestiriciler ¢ogunlukla termal olarak geri
doniisiimsiizdiir. Ornegin, agar-agar sogutulduktan sonra tekrar
isitildiginda  ¢oziinmezken, hayvansal jelatin bu 6zelligi
gosterebilmektedir (Gilsenan & Ross-Murphy, 2000). Bu
durum, hayvansal jelatinlerin daha esnek kullanim olanaklari
sunmasini  saglamaktadir. Fonksiyonel 0Ozellikler agisindan
degerlendirildiginde, hayvansal jelatinlerin su baglama
kapasitesi oldukga yiiksektir. Bu 6zellik, et iiriinlerinde nemin
korunmasimi saglayarak raf Omriiniin uzatilmasina katkida
bulunmaktadir (Muyonga vd., 2004). Buna karsilik, agar-agar
gibi bitkisel alternatifler daha sert yapili jeller olusturmakta ve
pastacilik {rlinlerinde yaygin olarak tercih edilmektedir
(Imeson, 2010). Besin degerleri bakimindan
degerlendirildiginde, hayvansal jelatinler protein agisindan
zengin bir yapiya sahiptir. Protein igerigi genellikle %85-92
arasinda degismekte iken, bitkisel alternatifler karbonhidrat
agirliklidir ve lif bakimindan zengindir. Bu durum, hayvansal
jelatini protein takviyesi gereken diyetler i¢in daha uygun bir
secenek haline getirmektedir (Mariod & Adam, 2013).

Maliyet agisindan ele alindiginda, hayvansal jelatin
tiretimi genellikle daha diisiik maliyetlidir. Uretim siirecinde yan
uriinlerin degerlendirilmesi, maliyet avantaji saglamaktadir.
Buna karsin, agar-agar gibi bitkisel alternatiflerin tiretimi daha
karmasik olup, hammadde temininin smirliligi nedeniyle
maliyetler yiikselmektedir (Karim & Bhat, 2009). Duyusal
ozellikler agisindan da farkliliklar gozlenmektedir. Hayvansal
jelatin, renksiz ve kokusuz yapisiyla gida iriinlerinin dogal
lezzet profilini bozmadan kullanilabilmektedir. Buna karsilik,
bazi bitkisel alternatifler hafif bir tat veya koku birakabilmekte
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ve bu durum, hassas tat profiline sahip iiriinlerde kullanimini
siirlamaktadir (Schrieber & Gareis, 2007). Bu o6zellikleri
dogrultusunda hayvansal ve bitkisel jelatinlerin, kendilerine
0zgii avantajlara sahip oldugu ortaya c¢ikmaktadir. Hayvansal
jelatinler, ¢ok yonlii kullanim imkanlar1 ve yiiksek protein
igerigi sunarken, bitkisel alternatifler vegan diyetlere uygun
coziimler saglayarak etik ve kiiltirel hassasiyetleri
karsilamaktadir. Gida endiistrisinde hangi tiiriin tercih edilecegi,
tirtiniin 6zellikleri, tiiketici beklentileri ve maliyet faktorleri goz
ontinde bulundurularak belirlenmelidir.

4. JELATIN EKSTRAKSiYON YONTEMLERI

Jelatin  ekstraksiyonu i¢in  kullanilan  yontemler,
hammaddenin tlirline ve istenen son iiriin Ozelliklerine bagh
olarak cesitlilik gostermektedir. Geleneksel yontemler arasinda
asit ve alkali ekstraksiyon yontemleri 6ne ¢ikmakta olup, bu
yontemler hammaddenin 6n islemden gegirilmesi ve ardindan
sicak su ile ekstraksiyonunu igermektedir (Karim & Bhat, 2009).
Asit yontemi, daha az ¢apraz bagli kollajen iceren domuz derisi
gibi hammaddeler i¢in uygun goriiliirken, alkali yontem daha
kompleks yapili sigir derisi ve kemiklerinde etkili olmaktadir
(Gomez-Guillén vd., 2011). Asit ekstraksiyonunda, hammadde
genellikle 0.05-0.1 M hidroklorik asit ¢ozeltisinde 24-48 saat
isleme tabi tutulmaktadir. Bu islem, kollajen yapisindaki ¢apraz
baglarin kismi hidrolizini saglayarak jelatinin ekstraksiyonunu
kolaylagtirmaktadir (Schrieber & Gareis, 2007). Alkali
ekstraksiyon yonteminde ise hammadde, 0.1-0.2 M sodyum
hidroksit ¢ozeltisinde 3-4 hafta siireyle muamele edilmekte ve
bu uzun siireli alkali islem, gii¢lii ¢capraz baglarin daha etkili
parcalanmasini saglamaktadir (Muyonga vd., 2004).
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Son yillarda, geleneksel yontemlere alternatif olarak
enzimatik ekstraksiyon yontemleri gelistirilmistir. Bu yontemde,
kollajenaz veya pepsin gibi spesifik enzimler kullanilarak
kollajen yapisinin kontrollii pargalanmasi saglanmaktadir (Rasli
vd., 2018). Enzimatik ekstraksiyonun daha diisiik sicakliklarda
gerceklestirilebilmesi ve daha kisa siirede tamamlanabilmesi,
enerji verimliligi agisindan avantaj sunmaktadir. Ayrica, bu
yontemle elde edilen jelatinin fonksiyonel 0Ozelliklerinin
genellikle daha {istiin oldugu bildirilmektedir (Gomez-Guillén
vd., 2011). Ultrason destekli ekstraksiyon, son donemde
gelistirilen yenilik¢i yontemlerden biri olarak 6ne ¢ikmaktadir.
Yiiksek frekansli ses dalgalari kullanilarak hiicre duvarlarinin
parcalanmasi ve kiitle transferinin artirilmasi saglanmakta, bu
sayede ekstraksiyon siiresi kisalmakta ve verim yiikselmektedir
Ultrason  uygulamasmin, daha  diisik  sicakliklarda
gerceklestirilebilmesi,  jelatinin  termal  degradasyonunu
minimize ederek kaliteyi korumaktadir (Usman vd., 2023).
Mikrodalga destekli ekstraksiyon ise hizli ve etkili bir alternatif
olarak dikkat ¢ekmektedir. Mikrodalga enerjisi ile hiicre i¢i
stvinin -~ hizli  sekilde 1sitilmast  ve hiicre duvarlarmin
parcalanmas1 saglanmaktadir (Sai-Ut vd., 2015). Bu yontem,
ekstraksiyon siiresinin onemli Olciide kisalmasina ve enerji
tilketiminin azalmasina olanak tanimaktadir. Ancak, yliksek
sicakliklara uzun slire maruz kalinmasi durumunda jelatinin
yapisal biitlinliigii zarar gorebilmektedir (Usman vd., 2023). Her
bir yontemin kendine 6zgii avantaj ve dezavantajlar1 bulunmakta
olup, hammaddenin tiiri, hedeflenen son iirtin 6zellikleri ve
iiretim maliyetleri gibi faktorler goz onilinde bulundurularak en
uygun ekstraksiyon yontemi secilmelidir.

200



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

5. JELLESME TERMODINAMIGIi VE
REOLOJISI

Jellesme termodinamigi ve reolojisi, jelatin  gibi
biyopolimerlerin gida sistemlerindeki davranisini  anlamada
krittk bir rol oynamaktadir. Jellesme siireci, jelatin
molekiillerinin konformasyonel degisimleri ve intermolekiiler
etkilesimleri ile tanimlanan karmasik bir olgu olarak
degerlendirilmektedir (Schrieber & Gareis, 2007). Bu siireg,
sicaklik, konsantrasyon, pH ve iyonik kuvvet gibi g¢evresel
faktorlerden dogrudan etkilenmektedir (Gilsenan & Ross-
Murphy, 2000). Termodinamik agidan, jellesme entropik olarak
yonlendirilen bir faz gecisi seklinde tanimlanmakta olup,
sogutma sirasinda hidrojen baglar1 ve hidrofobik etkilesimlerin
artmasi1 sonucunda {i¢lii sarmal yapilarin olusmasi ve jel aginin
kurulmasiyla sonug¢lanmaktadir (Gémez-Guillén vd., 2011).
Jellesme kinetigi, reolojik oOlgiimler araciligiyla karakterize
edilebilmektedir. Dinamik reolojik testler, jelatinin viskoelastik
davranis1 ile jel olusum siirecini incelemede yaygin olarak
kullanilmaktadir (Muyonga vd., 2004). Depolama modiili (G')
ve kaylp modiilii (G") ol¢iimleri, jellesme siirecinin farkli
asamalarinin tanimlanmasina olanak saglamakta; jellesme
noktas1 ise G' ve G" degerlerinin kesistigi nokta olarak
belirlenmektedir. Bu nokta, jel agiin olusumunun basladig:
kritik agsamay1 temsil etmektedir (Fonkwe vd., 2003). Jellesme
kinetigi, Avrami denklemi ve Power Law modeli gibi
matematiksel modeller kullanilarak tanimlanmakta ve jellesme
hiz1 degerlendirilebilmektedir (Clark & Ross-Murphy, 1987).

Jelatinin termal Ozellikleri, diferansiyel taramali
kalorimetri (DSC) ve termogravimetrik analiz (TGA) gibi
tekniklerle analiz edilmektedir. DSC analizleri, jelatinin erime
sicaklig1 ve entalpi degerlerini belirlerken; TGA, termal stabilite
ve bozunma kinetigi hakkinda bilgi sunmaktadir (Nur Hanani
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vd., 2014). Termal analizlerin kullanimi, farkli kaynaklardan
elde edilen jelatinlerin ozelliklerini karsilastirmak ve bu
jelatinlerin gida uygulamalarindaki performanslarini tahmin
etmek acisindan bilyilk 6nem tasimaktadir. Ornegin, balik
jelatinlerinin diisiik erime sicakligl, soguk ortamlarda jellesme
gerektiren uygulamalar i¢in avantaj saglarken; memeli
jelatinlerinin yiiksek erime sicakligi, sicak ortamlarda stabilite
gerektiren Uriinler i¢in daha uygun goriilmektedir (Karim &
Bhat, 2009). Reolojik 6zellikler agisindan, jelatinin davranisi;
konsantrasyon, molekiler agirlik dagilimi ve amino asit
kompozisyonu gibi faktorlerden etkilenmektedir. Daha yiliksek
molekiiler agirlikli fraksiyonlar, daha giicli jel yapilar
olusturmaktadir (Mariod & Adam, 2013). Ayrica, prolin ve
hidroksiprolin igerigi, jelatinin jel olusturma kabiliyeti ve termal
stabilitesi lizerinde dogrudan bir etkiye sahiptir. Memeli
jelatinlerinde prolin ve hidroksiprolin orani genellikle %20-25
arasinda iken, balik jelatinlerinde bu oran %15-20 civarinda
seyretmektedir (Gomez-Guillén vd., 2011). Bu farklilik, balik
jelatinlerinin daha diisiik jellesme sicakligi ve erime noktasina
sahip olmasina neden olmaktadir. Reolojik ol¢iimler, jelatinin
viskoelastik 0Ozelliklerini degerlendirme ve akis davranisini
karakterize etmede kullanilmaktadir. Akis egrileri, jelatinin
kayma incelmesi davranigini ortaya koyarken, frekans tarama
testleri jel kuvveti ve stabilite hakkinda bilgi saglamaktadir
(Gilsenan & Ross-Murphy, 2000).

Jellesme termodinamigi ve reolojisi lizerine yapilan
calismalar, nanoteknoloji ve biyoteknoloji uygulamalari ile yeni
boyutlar =~ kazanmaktadir.  Jelatin  nanopartikiilleri ~ ve
nanokompozitler, 6zellikle kontrollii salim sistemleri ve akilli
ambalajlama gibi uygulamalar icin gelistirilmektedir (Gomez-
Guillén vd., 2011). Bu yeni malzemelerin termodinamik ve
reolojik  Ozellikleri,  geleneksel jelatinlerden  farklilik
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gostermekle  birlikte, 0zel karakterizasyon tekniklerinin
kullanilmasmi gerekli kilmaktadir. Ayrica, rekombinant DNA
teknolojisi ile spesifik fonksiyonel 6zelliklere sahip jelatinlerin
iiretilmesi, jellesme davranisinin kontrollii bir sekilde optimize
edilmesine olanak saglamaktadir (Olsen vd., 2003). Bu
gelismeler, jelatinin  gida sistemlerindeki performansini
artirmakta ve yeni uygulama alanlarinin kesfedilmesine olanak
sunmaktadir.

6. JELATININ FONKSIiYONEL OZELLIKLERI

Jelatin, gida endiistrisinde ¢ok yonlii islevleri ve {istlin
teknolojik ozellikleri nedeniyle yaygin olarak kullanilan bir
katki maddesidir. Hayvansal kolajenin kontrollii hidrolizi
yoluyla elde edilen bu protein, jellestirici, kivam artirict, su
baglayic1 ve emiilsifiye edici ozellikleriyle dikkat ¢ekmektedir
(Boran, 2011; GoOmez-Guillén vd., 2011). Jelatinin gida
tirtinlerinde kullanimina yonelik tercih, sagladigi teknolojik ve
duyusal faydalarla dogrudan iliskilidir.

Jelatinin benzersiz avantajlarindan biri, termal olarak
geri doniisiimlii bir jel olusturabilmesidir. Bu ozellik, iiretim
sirecinde ve tliketim sirasinda esneklik saglamaktadir
(Schrieber & Gareis, 2007). Ozellikle agizda erime hissi
gerektiren sekerlemeler ve siitlii tatlilar gibi tirtinlerde, bu termal
davranig tercih sebebi olmaktadir (Muyonga vd., 2004). Dokusal
tyilestirme, jelatinin gida iriinlerindeki en 6nemli katkilarindan
biridir. Jelatin molekiilleri, {i¢ boyutlu ag yapis1 olusturarak
triinlere istenilen kivam ve stabiliteyi kazandirmaktadir
(Djabourov vd., 1988). Bu 6zellik, siitlii tatlilar, dondurmalar ve
sekerlemeler gibi iirlinlerde tiikketici memnuniyetini artiran bir
faktor olarak one c¢ikmaktadir (Karim & Bhat, 2009). Su
baglama kapasitesi (SBK), jelatinin gida kalitesi iizerindeki
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etkisini belirleyen onemli bir o&zelliktir. Proteinler, SBK
tizerinde en biiyiik etkiye sahip olan makromolekiiller olarak
Oone ¢ikmaktadir. Proteinlerin su tutma kapasiteleri, amino
asitlerin polar gruplar1 ile su molekiilleri arasinda olusan
hidrojen baglarma dayanmaktadir. Ozellikle kollajen gibi
yapisal proteinlerin yiiksek SBK'ya sahip oldugu bilinmektedir.
Kollajenin hidrolizi ile elde edilen jelatin, agirliginin birkag kati
kadar suyu baglama yetenegine sahiptir ve bu 6zelligi ile gida
tiriinlerinde nem kontroliinde etkili bir rol oynamaktadir
(Schrieber & Gareis, 2007). Kollajen kokenli yapisi sayesinde,
jelatin kendi agirliginin birka¢ kat1 suyu baglayabilmekte ve bu
durum {irlinlerin nem igerigini koruyarak raf Omriinii
uzatmaktadir (Muyonga vd., 2004). Ozellikle et iiriinleri,
corbalar ve soslar gibi nem icerigi yliksek gidalarda bu 6zelligin
etkisi belirgindir (Gémez-Guillén vd., 2011).-Berraklastirict ajan
olarak kullanimi da jelatinin dnemli fonksiyonlar1 arasinda yer
almaktadir. Meyve sular1 ve alkollii igeceklerde bulanikligi
gidermesi sayesinde, iriiniin gorsel kalitesi artirilmaktadir
(Burey vd., 2008). Bu uygulama, ozellikle sarap ve bira
tiretiminde yaygin olarak tercih edilmektedir (Schrieber &
Gareis, 2007). Emiilsifiye edici 6zellikler de jelatinin kullanim
alanimi genisleten faktorler arasindadir. Jelatin molekiilleri, yag
ve su fazlarini stabilize ederek homojen bir yap1 olusturmakta ve
bu o6zellik, kremalar, soslar ve siit bazli i¢eceklerde onemli bir
rol oynamaktadir (Muyonga vd., 2004; Karim & Bhat, 2009).
Besinsel a¢idan degerlendirildiginde, jelatinin diistik kalorili bir
protein kaynagi oldugu goriilmektedir. Bu 0Ozelligi, diyet
triinlerinde yag ve karbonhidrat icerigini azaltirken protein
miktarin1 artirmaya olanak tanimaktadir (Gomez-Guillén vd.,
2011). Bu durum, obezite ve diyabet gibi saglik sorunlarina
yonelik 6zel gida liretiminde jelatini onemli bir bilesen haline
getirmektedir (Muyonga vd., 2004). Duyusal o6zellikler
acisindan bakildiginda, jelatinin renksiz ve kokusuz yapisi,
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irtinlerin dogal lezzet profillerini bozmadan kullanilmasin
saglamaktadir  (Boran, 2011). Ayrica, agizda kolayca
¢cOziinebilmesi tiiketici deneyimini olumlu yo6nde -etkileyen
Oonemli bir avantajdir (Schrieber & Gareis, 2007).

Ekonomik acidan degerlendirildiginde, jelatinin maliyet
etkin bir katki maddesi oldugu goriilmektedir. Hayvansal yan
iirinlerden elde edilmesi sayesinde, {iretim maliyetlerinin diistik
olmasi ve genis Olgekte temin edilebilmesi gida iireticileri igin
ekonomik bir ¢6ziim sunmaktadir (Djabourov vd., 1988).
Jelatinin ¢ok yonlii kimyasal yapisi da farkli formiilasyonlara
kolayca adapte olabilmesini saglamaktadir. Farkli Bloom
degerlerine sahip cesitleri sayesinde, spesifik uygulamalara
yonelik ¢oziimler sunulmaktadir (Karim & Bhat, 2009). Bu
esneklik, jelatini gida endiistrisinin vazge¢ilmez bilesenlerinden
biri haline getirmistir.

7. JELATININ ENDUSTRIYEL KULLANIM

Jelatin, ¢ok yonlii fonksiyonel ozellikleri sayesinde gida,
ilag, kozmetik ve fotograf¢ilik gibi cesitli endiistrilerde yaygin
sekilde kullanilan bir biyopolimerdir. Gida endiistrisinde jelatin,
jellestirici, kivam artiric1, emiilsifiye edici ve stabilizator olarak
onemli bir rol oynamaktadir (Karim & Bhat, 2009). Sekerleme
tirtinlerinde jelatin, yumusak ve elastik bir doku saglayarak agizda
erime hissi yaratmaktadir (Burey vd., 2008). Siit iiriinlerinde,
ozellikle yogurt ve dondurmalarda, su baglama kapasitesi ve
stabilizasyon ozellikleri nedeniyle tercih edilmektedir (Gomez-
Guillén vd., 2011). Et irlinlerinde ise jelatin, su tutma
kapasitesini artirarak doku iyilestirmeye katkida bulunmaktadir
(Schrieber & Gareis, 2007). Ilag endiistrisinde jelatin, kapsiil
uretimi,  tablet  kaplamalart ve  mikroenkapsiilasyon
uygulamalarinda yaygin sekilde kullanilmaktadir (Olsen vd.,
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2003). Yumusak ve sert jelatin kapsiiller, ilag etken maddelerinin
kontrollii salimini saglayan ideal tasiyici sistemler olarak kabul
edilmektedir (Mariod & Adam, 2013). Jelatin bazli hidrojeller ise
doku miihendisligi ve yara iyilesmesi gibi biyomedikal
uygulamalarda kullanilmaktadir (Echave vd., 2017). Ayrica,
jelatin nanopartikiilleri, hedefli ilag salim1 ve gen terapisi igin
umut verici tastyicilar olarak gelistirilmektedir (Elzoghby, 2013).

Kozmetik endiistrisinde jelatin, cilt bakim {irlinlerinde
nemlendirici ve film olusturucu ajan olarak yer almaktadir
(Schrieber & Gareis, 2007). Jelatin hidrolizatlarinin, sa¢ bakim
iriinlerinde sag¢ tellerini giiclendirme ve parlaklik saglama
amaciyla kullanildigr bilinmektedir (Goémez-Guillén vd., 2011).
Jelatin bazli mikrokapsiiller ise parfiim ve esansiyel yaglarin
enkapsiilasyonu i¢in kullanilarak, {riinlerin raf Omriini
uzatmakta ve kontrollii koku salimi saglamaktadir (Prata &
Grosso, 2015). Fotografeilik endistrisinde jelatin, geleneksel
olarak  fotograf filmleri ve  kagitlarimin  iiretiminde
kullanilmaktadir (Schrieber & Gareis, 2007). Jelatin, glimiis
halojeniir kristallerini tasiyan ve koruyan bir matris gorevi
gormektedir. Dijital fotografciligin  yayginlasmasi ile bu
kullanim alan1 azalmis olsa da, jelatin hala 6zel fotograf¢ilik
uygulamalar1  ve holografi {retiminde kullanilmaktadir
(Bjelkhagen & Brotherton-Ratcliffe, 2013). Son yillarda,
jelatinin  endiistriyel —uygulamalari, siirdiiriilebilirlik  ve
biyouyumluluk talepleri dogrultusunda genislemektedir. Jelatin
bazli biyoplastikler ve yenilebilir filmler, gida ambalajlama
sektoriinde  petrol  bazli  plastiklere  alternatif  olarak
gelistirilmektedir (Nur Hanani vd., 2014). Bu malzemelerin
biyobozunur ozellikleri ve gidalarin raf Omriinii uzatma
potansiyelleri, onlar1 cazip kilmaktadir. Jelatin bazli akilli
ambalajlama sistemleri, pH ve sicaklik degisimlerine duyarl
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indikatorler icererek gida tazeligi ve giivenligini izleme amacl
kullanilmaktadir (Yam vd., 2005).

3D baski teknolojisinin gelisimiyle birlikte, jelatin bazli
biyomiirekkeplerin, doku miihendisligi ve kisisellestirilmis ilag
tiretimi gibi alanlarda kullanimi yayginlagsmaktadir (Gopinathan
& Noh, 2018). Bu yenilik¢i uygulamalar, jelatinin endiistriyel
kullaniminm1 doniistiirmekte ve yeni arastirma alanlarinin ortaya
cikmasini  saglamaktadir. Jelatin, ¢ok yonli islevselligi,
biyouyumlulugu ve siirdiiriilebilirligi ile bir¢ok endiistriyel
alanda kullanilabilmektedir.

8. JELATIN INOVASYONU VE
SURDURULEBILIRLIK

Jelatinin gida endiistrisindeki gelecegi, stirdiiriilebilirlik,
tiketici  tercihleri ve teknolojik yenilikler dogrultusunda
sekillenmektedir. Geleneksel hayvansal kaynakli jelatin
tretiminin yani sira, alternatif kaynaklar ve yenilik¢i iiretim
yontemleri giderek 6nem kazanmaktadir. Bu baglamda, balik
jelatini dikkat ¢eken bir alternatif olarak one ¢ikmaktadir. Diisiik
erime sicaklig1 ve benzersiz reolojik 6zellikleri sayesinde balik
jelatini, oOzellikle soguk ortamlarda jellesme gerektiren
uygulamalar i¢in uygun bir secenek sunmaktadir (Karim &
Bhat, 2009). Ayrica, dini ve kiiltiirel agidan daha genis bir kabul
gormesi, bu tiir jelatinin 6nemini artirmaktadir. Biyoteknolojik
yontemler, jelatinin gelecekteki {iretiminde Onemli bir rol
iistlenmektedir. Rekombinant DNA teknolojisi araciligiyla
tretilen jelatin, standart Ozelliklere sahip, hayvansal
kaynaklardan bagimsiz bir alternatif sunmaktadir (Olsen vd.,
2003). Bu teknoloji, spesifik fonksiyonel 06zelliklere sahip
jelatinlerin  tasarlanmasint  miimkiin  kilmakta ve gida
endiistrisinin 6zel ihtiyaglarina cevap verebilmektedir. Bununla
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birlikte, rekombinant jelatin iretiminin ticari  Olgekli
uygulanabilirligi ve maliyet etkinligi, {izerinde c¢aligilmasi
gereken konular arasinda yer almaktadir. Sirdiriilebilirlik,
jelatin iiretiminde 6nemli bir odak noktasi haline gelmistir. Gida
endiistrisinden elde edilen yan iirlinlerin ve atiklarin jelatin
iiretiminde degerlendirilmesi, kaynak verimliligini artirarak atik
yonetimi acgisindan Onemli faydalar sunmaktadir (Gomez-
Guillén vd., 2011).

Nanoteknoloji, jelatinin gida uygulamalarinda yeni
firsatlar yaratmaktadir. Jelatin nanopartikiillerinin, biyoaktif
bilesenlerin enkapsiilasyonu ve kontrolli salimi i¢in etkili
tasiyic1 sistemler olarak kullanildigi bilinmektedir (Gomez-
Guillén vd., 2011). Bu uygulama, fonksiyonel gidalarin ve
nutrasotiklerin  gelistirilmesine olanak saglamaktadir. Ayrica,
jelatin bazli nano-yapilar, gida ambalajlama teknolojilerinde
yenilik¢i ¢ozlimler sunarak raf omriinliin uzatilmasini ve gida
giivenliginin saglanmasini desteklemektedir. Jelatin
hidrolizatlar1 ve biyoaktif peptitler de gida endiistrisinde giderek
artan bir ilgi gormektedir. Antioksidan, antimikrobiyal ve
antihipertansif O6zelliklere sahip bu {irlinler, fonksiyonel gida
bilesenleri olarak kullanilmaktadir (Gomez-Estaca vd., 2009).
Gelecekte, belirli biyoaktif 6zelliklere sahip jelatin peptitlerinin
gelistirilmesi, kisisellestirilmis beslenme ve saglik iiriinlerinin
uretimini destekleyecektir. Jelatin bazli akilli ambalajlama
sistemleri, gida giivenligi ve kalite kontroliinde Onemli
yenilikler sunmaktadir. pH ve sicaklik degisimlerine duyarh
indikatorler, jelatin filmlerine entegre edilerek gidalarin
tazeliginin ve gilivenliginin gercek zamanli olarak izlenmesine
olanak saglamaktadir (Yam vd., 2005). Bu uygulamalar, gida
israfin1 azaltma ve tliketici gilivenini artirma potansiyeline
sahiptir. 3D bask1 teknolojilerinin gida iiretiminde kullanimiyla
birlikte, jelatin bazli biyomiirekkeplerin onemi artmaktadir.

208



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Jelatinin biyouyumlulugu ve termal geri doniisiimlii jellesme
ozelligi, bu teknolojide ideal bir malzeme olarak kullanilmasini
saglamaktadir (Godoi vd., 2016). Bu uygulama, kisisellestirilmis
gida tlretimi ve yenilik¢i gida tasarimlarmin gelistirilmesine
olanak tamimaktadir. Jelatin bazli yenilebilir kaplamalar ve
filmler, siirdiiriilebilir gida ambalajlama ¢6ziimleri arasinda yer
almaktadir. Bu kaplamalarin, gidalarin raf Omriinii uzatarak
besin degerini korudugu bilinmektedir (Nur Hanani vd., 2014).
Gelecekte, antimikrobiyal ve antioksidan dzelliklere sahip aktif
jelatin  kaplamalarmin  gelistirilmesi, gida gilivenligi ve
kalitesinin artirillmasina katki saglayacaktir. Jelatinin gida
endiistrisindeki gelecegi; siirdiiriilebilir iiretim yontemleri,
biyoteknolojik yenilikler ve nanoteknoloji uygulamalar ile
sekillenecektir.  Bu  gelismeler, jelatinin  fonksiyonel
ozelliklerinin ¢esitlendirilmesine, yeni uygulama alanlarinin
kesfedilmesine ve daha siirdirilebilir gida sistemlerinin
olusturulmasina olanak saglayacaktir.
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APPLICATIONS OF GENOMIC EDITING IN
FOOD SAFETY AND QUALITY: ANALYZING
THE POTENTIAL AND ETHICAL
CONSIDERATIONS

Yusuf ESEN*
Pmar SEKERCi KELES?

1. INTRODUCTION

CRISPR/Cas and other genome editing technologies
have become game-changing tools that are altering several
industries, including food production and agriculture. The
capacity to accurately alter genetic material has sparked a
paradigm change in the development of disease-resistant crops,
improved food safety, and higher nutritional quality. This
review explores the related ethical issues and their societal
ramifications while critically analysing the diverse applications
of genome editing in the context of food safety and quality.
Recent developments highlight the potential of genome editing
to address global food concerns. Research has shown that
CRISPR-based genome editing has enormous potential for
eradicating nutrient deficits in crops, assuring food security for
growing populations (Kumar et al., 2022). Simultaneously, Ray
et al., (2023) studied about CRISPR-Cas9 and its use in
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sustainable food production, stressing how unique it is from
other gene editing technologies and how suitable it is for
guaranteeing food sustainability in the long run.

The future trajectory of agriculture and food production
hinges on embracing CRISPR-edited agriculture, as highlighted
by Meyer & Dastgheib-Vinarov (2021). The study underscores
the diverse trait modifications achieved through CRISPR
technology in agricultural crops, emphasizing its versatility
across various agricultural domains. Furthermore, Ahmad
(2023) focus on the transformative potential of genome editing
techniques, particularly CRISPR-Cas, in advancing plant
breeding strategies. These studies accentuate how such
techniques might significantly contribute to sustainable food
production by 2050 through the development of climate-ready
crops and improved crop quality parameters.

The potential of genome editing to improve food safety
is a crucial aspect of agricultural innovation. The capacity to
precisely alter genes has consequences for reducing pollutants
and infections in food items. According to Kumar et al., (2022),
CRISPR-Cas could correct nutrient shortages in crops,
increasing the nutritious content and hence promoting food
safety. In a similar vein, Nayak & Dutta (2023) studied about
the antibacterial qualities of CRISPR-Cas and how it can
improve food safety by specifically targeting vital genes and
getting rid of bacteria that cause spoiling. Although genome
editing technologies present encouraging prospects, moral issues
dominate its use in the food sector. There is much discussion on
the moral ramifications of changing an organism's genetic
makeup. In his exploration of the range of trait modifications
made possible by CRISPR technology, Meyer & Dastgheib-
Vinarov, (2021) draws attention to the various ethical issues that
are raised by these adjustments. Additionally, Fiaz et al., (2021)
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address the development and use of genome editing methods,
highlighting the necessity for a sophisticated strategy to
guarantee food and nutritional security while resolving ethical
issues. In addition to ethical considerations, regulatory
frameworks and societal implications constitute significant
pillars in assessing the adoption of genomic editing in food
production. Ahmad, (2023), emphasize the importance of
genomic editing regulations and the challenges in establishing
comprehensive frameworks governing genetically modified
foods. Tang et al., (2023), discuss the societal implications of
CRISPR/Cas technology in crop breeding, highlighting the
necessity of public engagement, education, and transparency to
address consumer perceptions and choices.

In summary, the developing potential of genomic editing
technologies, particularly CRISPR/Cas, presents unprecedented
opportunities in enhancing food safety, nutritional quality, and
crop development. However, ethical considerations, regulatory
challenges, and societal implications warrant comprehensive
scrutiny to ensure responsible and sustainable integration into
the food industry. The main objective of this review article is to
critically analyse the various applications of genomic editing in
the context of food safety, nutritional quality, and crop
development. It aims to focus on the multifaceted impacts of
these technologies on enhancing the safety of food products,
elevating their nutritional value, and the development of crops
with improved traits. Owing to a comprehensive examination of
relevant studies and case examples, this review seeks to provide
a balanced assessment of the potentials and limitations of
genomic editing in the food industry.
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2. ADVANCEMENTS IN GENOMIC EDITING
TECHNOLOGIES

The CRISPR/Cas (Clustered Regularly Interspaced Short
Palindromic  Repeats/CRISPR-associated proteins) system
stands at the forefront of revolutionary genetic editing
technology. It has transformed the landscape of genetic
manipulation by offering precise, efficient, and versatile genome
editing capabilities (Ray et al., 2023). The system's
functionality, derived from microbial adaptive immunity
mechanisms, provides researchers with a powerful tool for
modifying DNA sequences across various organisms (Ahmad,
2023). CRISPR/Cas allows targeted alterations in genetic
material, enhancing the precision of genome editing processes
(F. Zhang et al., 2023). This technology's precision stems from
its ability to specifically target desired sequences within the
genome. The CRISPR/Cas system comprises two key
components: the guide RNA (gRNA) and the Cas endonuclease.
The gRNA guides the Cas enzyme to the target DNA sequence,
enabling precise modifications by introducing deletions,
insertions, or replacements (Cardi et al., 2023). This precision in
gene editing minimizes off-target effects, reducing unintended
alterations within the genome (Joshi et al., 2023).

Efficiency characterizes the CRISPR/Cas system,
allowing rapid and straightforward alterations in genetic
material. Its streamlined design facilitates ease of use and
accessibility, contributing to its widespread adoption across
diverse research fields. Additionally, its efficiency lies in its
multipurpose nature, accommodating a wide range of
modifications in various organisms, accelerating scientific
advancements (Ahmad, 2023; Ray et al., 2023). Versatility
remains a hallmark of CRISPR/Cas, offering diverse
applications in genetic editing. This system's adaptability spans
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beyond mere gene editing, enabling fundamental research,
disease modelling, and potentially therapeutic interventions. In
agriculture, CRISPR/Cas tools foster crop improvement
strategies by targeting specific genes associated with desirable
traits like disease resistance, yield enhancement, and nutritional
quality improvement (F. Zhang et al., 2023).

With previously unobtainable levels of accuracy,
effectiveness, and adaptability in genetic material modification,
the CRISPR/Cas system has completely changed the field of
genetic engineering (D. Zhang et al., 2020). Fundamentally,
CRISPR/Cas functions as an exact molecular scissor that can
accurately target DNA sequences. The Cas enzyme finds and
cleaves the appropriate DNA sequence under the direction of a
brief RNA molecule, enabling the insertion, deletion, or
modification of genetic material (Montecillo et al., 2020).
Because of its extreme precision, scientists can edit genes with
previously unheard-of accuracy and prevent side effects that can
result in unintentional genetic modifications (Chen et al., 2019).
This precision, efficiency, and versatility in modifying genetic
material using CRISPR/Cas have translated into numerous
successful applications in various fields. For instance,
CRISPR/Cas has been pivotal in crop breeding and agricultural
practices, allowing for the development of disease-resistant
crops, improved nutritional content, and increased yield
potential (Liu et al., 2021). Additionally, its role in gene
function studies and therapeutic applications holds promise for
treating genetic disorders and advancing biomedical research
(Chen et al., 2019; Montecillo et al., 2020). The precision,
efficiency, and versatility of CRISPR/Cas and related genomic
editing tools have transformed genetic engineering, offering
unprecedented accuracy and speed in modifying genetic
material. With ongoing advancements, these tools continue to
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shape various fields, from agriculture to medicine, fostering
innovation and advancements in science and technology.

The agricultural and food production industries have
undergone substantial transformations due to the numerous and
effective applications of CRISPR/Cas and related genomic
editing techniques, which have resulted in remarkable
breakthroughs. One noteworthy use is in crop improvement,
where the development of disease-resistant crops has been made
possible by CRISPR/Cas technology. Scientists have improved
plant resilience to a variety of infections by precisely editing
genes, which lessens the need for chemical pesticides and
supports sustainable agriculture methods.(Chen et al., 2019;
Montecillo et al., 2020; D. Zhang et al.,, 2020). Moreover,
CRISPR/Cas has been pivotal in modifying crops to improve
their nutritional content. Through targeted editing, scientists
have enhanced the nutritional value of crops, increased their
vitamin content, or altered fatty acid composition to improve
health benefits. For example, rice fortified with increased iron
and vitamin A aims to combat nutrient deficiencies in regions
where these deficiencies are prevalent (Chen et al., 2019; Liu et
al., 2021). Additionally, CRISPR/Cas technology has facilitated
accelerated breeding programs, allowing for rapid crop
development. Traditional breeding methods are time-consuming,
but with genome editing tools, targeted modifications can be
made within a significantly shorter timeframe, accelerating the
introduction of new crop varieties with desired traits. This speed
in crop development is crucial in addressing global food security
challenges by producing resilient, high-yielding, and nutritious
crops (Liu et al., 2021).

Furthermore, precision in genome editing has enabled
the development of seedless fruits by modifying the genes
responsible for seed formation, meeting consumer preferences
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and potentially reducing post-harvest waste. Similarly,
improvements in fruit ripening, flavor, and shelf life have been
achieved through gene editing, leading to increased quality and
longer storage durations. CRISPR/Cas has also found
applications beyond crop improvement, notably in livestock
breeding. Gene editing tools have been utilized to enhance
disease resistance and productivity traits in livestock, potentially
improving animal welfare and food quality (Chen et al., 2019;
Montecillo et al., 2020; D. Zhang et al., 2020).

3. ENHANCING FOOD SAFETY AND
NUTRITIONAL QUALITY

A possible method for improving food safety by
reducing pollutants or pathogens in crops is targeted gene
editing. Recent research has demonstrated how precise genetic
alterations made possible by gene editing techniques can greatly
improve food safety standards. Pixley et al., (2022) performed
research that examines the advantages of gene editing, including
decreased food waste and increased food safety. The purpose of
the deliberate crop modifications is to confer disease resistance,
which will lessen the demand for chemical pesticides and, in
turn, minimize consumer health hazards. Another research by
Sharma et al., (2023) emphasizes the significance of targeted
gene editing to enhance food safety. By employing gene editing
tools, researchers aim to fortify crops against spoilage and
contamination, thus ensuring safer and healthier food products
for consumers.

The potential of gene editing to decrease foodborne
toxins and pathogens in multiple ways is highlighted by these
studies. Genes that confer resistance to poisons or infections can
be specifically changed or rendered inactive. With this method,
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the danger of foodborne illnesses after intake is reduced since
crops can fend off contamination from toxic or hazardous
microbes. Gene editing technology is also offering a sustainable
substitute for traditional pollutant reduction techniques in
agriculture. Gene editing can produce crops with inherent
defences against viruses or pollutants, negating the need for
chemical treatments. Chemical residues and the hazards they
pose are lessened thanks to this focused strategy that lessens
dependency on outside agents. Furthermore, advances in gene
editing may be able to solve issues provided by emerging
pathogens or pollutants. The versatility of gene editing
technologies allows for rapid changes in crop genetics, allowing
farmers and scientists to respond effectively to emergent
challenges in real time. To summarize, targeted gene editing is a
viable method for improving food safety by eliminating
pollutants or pathogens in crops. The findings listed highlight
the potential of gene editing techniques to reinforce crops
against spoilage, infections, or toxins, providing safer and
healthier food products for customers. As this technology
advances, it holds great promise for tackling food safety
concerns and contributing to a more secure and sustainable food
supply chain.

Crop improvement strategies via genetic modifications
have garnered attention for enhancing nutritional content and
mitigating allergens. Several studies focus on this area,
revealing insights into the manipulation of specific genes to
elevate nutrient levels or reduce allergenic factors in crops.
Genetic engineering techniques enable the fortification of crops
with increased nutrient content, addressing global malnutrition
concerns. Hefferon et al. showcased the constitutive expression
of invertase, elevating starch content in transgenic kernels,
demonstrating the potential of gene modifications to enhance
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nutritional aspects of crops (Hefferon, 2015). Additionally,
Gaikwad et al., (2020) highlighted biofortification methods
enriching crop content with vitamins and minerals through
genetic and agronomic interventions, amplifying nutritional
quality.

The studies explore strategies to reduce allergens,
contributing to food safety. Ghimire et al., (2023) emphasized
the use of biotechnology, breeding, and agronomic practices to
diminish allergenic factors in crops, enhancing their nutritional
values. Ku & Ha, (2020) discussed genome editing's role in
improving crop quality, specifically targeting allergenic
components, demonstrating potential advancements in reducing
allergens. An essential aspect of genetic modifications in crops
is their impact on global food security and sustainability. Abdul
Aziz et al., (2022) highlighted genome editing's impact on
quality traits such as nutrition, starch content, and storage
quality of crops, signifying potential contributions to sustainable
agriculture. Recent advancements also address ethical concerns
associated with genetically modified crops. Farre et al., (2011)
discussed genetically modified techniques aiming to improve
nutrition and health content in foods while considering ethical
dilemmas. The assessment of benefits and risks is crucial to the
acceptance and ethical implementation of these technologies.
The alteration of specific genes in crops holds promise for
enhancing nutritional content and reducing allergenic factors.
These studies highlight the potential to increase essential
nutrients, decrease allergens, and contribute to global food
security and sustainability. Nevertheless, ethical considerations,
risk assessments, and public acceptance are integral for
responsible and widespread implementation of genetic
modifications in crop improvement.
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Genetic  engineering  has  revolutionized  food
biotechnology, vyielding successful outcomes in industrial
settings. Oba Ilter & Yildirim, (2021) highlight the effective
results of genetic engineering in various biotechnologies,
although specific case studies in food safety or nutritional
quality enhancement are not provided. de Santis et al., (2018)
emphasize the strict authorization process for genetically
modified organisms (GMOs), ensuring their safety for human
health, animal health, and the environment. While lacking
specific case studies, this underscores the importance of
stringent safety protocols in successful applications of genetic
modification. Progress in biotechnology has led to significant
strides in generating nutritionally improved food. Hefferon,
(2015) discuss the progress made in biotechnology, particularly
in generating nutritionally improved food. However, specific
case studies illustrating the practical outcomes are not presented.

Ghimire et al., (2023), summarize the risks and benefits
of genetically modified plants and products, highlighting
potential case studies related to health hazards from transformed
products. Understanding these risks is crucial in successful
applications of genetic modification to ensure food safety.
Genetic manipulation has been successful in enhancing the
nutritional quality of crops. Das et al., (2020) discuss the success
achieved in enriching crucial crop plants through genetic
engineering. Although specific case studies are not detailed, this
showcases the potential for improving nutritional quality. While
the cited literature provides comprehensive insights into the
advancements and potential of genetic modification in food
safety and nutritional quality enhancement, specific case studies
illustrating successful applications are limited. Nevertheless,
these publications collectively emphasize the strides made in
biotechnology, underlining the importance of stringent safety
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protocols and the promising potential for future advancements in
food safety and nutritional quality through genetic
modifications.

4. DEVELOPMENT OF DISEASE-RESISTANT
CROPS

Genomic editing has emerged as a revolutionary tool in
agricultural biotechnology, offering promising avenues for
creating disease-resistant crops. This technology provides a
range of options, enabling precise alterations in plant genomes
to confer resistance against prevalent diseases. Abdallah et al.,
(2015) highlight the potential of genome editing by emphasizing
the alteration of a few nucleotides among billions within living
genomes, demonstrating its precision in modifying plant DNA
to enhance disease resistance. The application of genetic
modification techniques, including CRISPR/Cas and other
editing tools, offers immense possibilities in engineering crops
with enhanced disease resistance. van Esse et al., (2020)
underscore the urgency of increasing food production while
maintaining sustainability. Genomic editing presents itself as an
essential strategy to address this challenge by providing the
means to create disease-resistant crops.

Genetic modifications in crops present an innovative
approach to combatting diseases while maintaining nutritional
integrity. A study illustrates that genetic engineering allows for
biofortification without compromising nutritional quality,
enabling crops to be fortified with essential nutrients. These
modifications can serve a dual purpose by enhancing resistance
to diseases while ensuring crops retain their nutritional value
(Hefferon, 2015). One prime example of genetic modification
preventing crop diseases is the development of disease-resistant
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plants without altering their nutritional content. Through genetic
engineering techniques, crops can acquire resistance against
diseases such as bacterial blight or fungal infections while
maintaining their nutritional profiles. This ensures that the crops
remain healthy and nutritious for consumption (Hirschi, 2020).

Moreover, genetic modifications focus on fortifying
plants against pests and pathogens without compromising their
nutritional value. Genetic engineering techniques enable the
introduction of resistance genes that confer robust protection
against diseases without influencing the nutritional attributes of
the crops. This ensures that the crops remain both resistant to
diseases and nutritionally beneficial. Transgenic crops serve as
another exemplar in preventing diseases without compromising
nutritional value. These crops are engineered to resist pests or
diseases through genetic modifications while preserving their
essential nutritional composition. This highlights the ability of
genetic engineering to create resilient crops that remain
nutritionally valuable for consumption (Devos et al., 2008). In
essence, genetic modifications in crops play a pivotal role in
enhancing disease resistance without altering their nutritional
content. These advancements allow for the development of
resilient crops that can withstand diseases while providing
essential nutrients for human consumption. Through targeted
genetic engineering techniques, it becomes feasible to fortify
crops against diseases without compromising their nutritional
value, paving the way for a sustainable and healthy food supply.

Crops that are resistant to disease are an essential
component of sustainable agriculture; they present several
advantages as well as challenges. In addition to greatly
advancing sustainable agriculture, Ghimire et al., (2023)
emphasize the significance of disease-resistant crops in
increasing yields and enhancing environmental stress tolerance.
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Their resistance to several diseases, which boosts agricultural
output and guarantees food safety, is their main advantage. By
lowering the need for chemical pesticides, these crops protect
the environment and maintain its ecosystem (S. Das et al.,
2023). Disease-resistant crops play a primary role in making
agricultural systems more sustainable, as they allow for greater
efficiency in resource utilization. Through reducing crop loss
caused by diseases, these crops help conserve valuable resources
such as water, energy, and land. Furthermore, they help
sustainable pest management by reducing the need for excessive
pesticide use, in this way minimizing potential harm to the
environment. These crops promote the development of healthier
soils by decreasing assurance on synthetic chemicals, leading to
a more sustainable and resilient agricultural ecosystem (Abdul
Aziz et al., 2022; Nadarajah & Abdul Rahman, 2023; Rani et al.,
2023).

However, challenges persist in the adoption and
implementation of disease-resistant crops. S. Das et al., (2023)
highlights the need for continual research and innovation to
address emerging diseases and evolving pathogens that might
overcome plant resistance. In addition, ensuring genetic
diversity in these crops is crucial to prevent the risk of
widespread susceptibility to new diseases (Ghimire et al., 2023).
The socio-economic aspect also presents challenges. Farmers
require access to affordable disease-resistant seeds and adequate
knowledge and training for their proper utilization. Additionally,
addressing public concerns and regulatory hurdles surrounding
genetically modified disease-resistant crops remains a challenge,
impacting their widespread adoption (Abdul Aziz et al., 2022).
In summary, disease-resistant crops offer immense benefits to
sustainable agriculture, including increased yield, reduced
chemical usage, and improved resource efficiency. However,
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challenges related to evolving pathogens, genetic diversity,
socio-economic  factors, and public perception need
consideration for their widespread adoption.

5. ETHICAL CONSIDERATIONS

Genomic editing, notably CRISPR-Cas9 technology,
presents a revolution in agriculture, enabling precise
modifications in crops to enhance traits like yield, nutritional
value, and disease resistance. However, it evokes profound
ethical dilemmas that require careful examination. Firstly,
ethical concerns arise concerning the unintended consequences
of altering the genome. The potential for off-target effects and
genetic alterations, unintended in the original editing objective,
raises significant concerns about the safety of edited crops for
consumption (Lorenzo et al., 2022). Moreover, questions arise
regarding equity and access to genetically modified foods.
Although gene editing can improve crop quality, concerns
remain about equitable distribution and access to these foods. In
addition, social acceptance of genetically modified organisms in
the food supply chain is an important ethical consideration.
Public perception and trust to take up seriously genetically
modified organisms play a crucial role in their successful
integration into the market. The ethical implications of using
genome editing technologies in farmed animal breeding also
warrant attention (Ayanoglu et al., 2020; Niemiec & Howard,
2020).

Ethical issues also extend to the moral responsibility
surrounding the potential uses of CRISPR-Cas9 in food
production. The ethical dimension of "playing God" by altering
the genetic makeup of organisms raises ethical concerns,
particularly related to the moral agency and stewardship of the
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environment and nature. Besides, there are concerns about the
potential misuse of genomic editing techniques for profit or
unethical practices, emphasizing the need for responsible and
transparent applications of this technology in agriculture
(Bechtold, 2018; Lorenzo et al., 2022). Ethical frameworks
around the regulation and governance of genomic editing
techniques require refinement. Establishing more effective
policies and regulations is very important to address ethical
concerns, ensuring the safe and ethical use of genomic editing in
food production. Ethical considerations should be integrated into
the regulatory processes, encompassing risk assessment, public
engagement, and ethical oversight (Niemiec & Howard, 2020).
The implementation of genomic editing in food production is
accompanied by multidirectional ethical concerns. It is
important to balance the benefits of technological advances with
ethical considerations surrounding safety, equity, social
acceptance, and environmental management. Ethical debates
and regulatory frameworks should evolve alongside
technological advancements to ensure responsible and ethical
applications of genomic editing in agriculture.

Genome editing technologies have emerged as powerful
tools in agricultural biotechnology, offering immense potential
for enhancing crop traits, increasing yield, and improving
resistance to diseases and environmental stressors. While these
innovations hold promise, they raise pertinent concerns
regarding potential environmental impacts and unforeseen
consequences that necessitate careful evaluation and
management. One of the primary considerations when
employing genome editing in agriculture is the environmental
impact of these modifications. The safety and sustainability of
such technologies hinge on the specificity and precision of the
alterations introduced into the plant genome. Efforts aimed at
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directing changes to predetermined sites hold the potential to
minimize or even eliminate unintended alterations, thereby
significantly reducing environmental risks (Lassoued et al.,
2019). However, contrasting perspectives exist concerning the
extent of unintended changes introduced through genome
editing compared to conventional breeding methods. Some
studies propose that genome editing may result in fewer
unintended  modifications than conventional  breeding,
suggesting a potential advantage in terms of precision and
specificity. Nevertheless, continuous, and rigorous risk
assessments remain imperative to discern and address any
unintended consequences effectively (Eckerstorfer et al., 2023).

An essential aspect of evaluating genome editing
techniques involves examining potential unintended effects.
These assessments are fundamental and should mirror the
scrutiny applied to traditional plant breeding methodologies. A
comprehensive appraisal aids in understanding and managing
any unanticipated alterations or consequences that may arise due
to genetic modifications (Troadec & Pages, 2019). Moreover,
the post-release monitoring of genetically modified crops
becomes crucial. Strategies must be devised to detect and assess
unforeseen effects that might surface over time. Monitoring the
long-term stability and behaviour of modified plants within the
ecosystem is essential to ensure minimal ecological disturbance
and to safeguard biodiversity. Challenges persist in the precise
integration of editing reagents into the plant genome, especially
when using approaches involving random integration. This
random integration may vyield undesirable genetic changes,
emphasizing the need for refined techniques that ensure
precision and specificity to prevent unintended outcomes
(Gomez et al.,, 2023; Tripathi et al, 2022). Furthermore,
discussions on regulatory frameworks underscore the
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importance of addressing unintended effects in genome editing
applications. Regulatory sessions emphasize the need for
comprehensive and meticulous consideration and management
of potential unintended consequences, especially concerning
environmental safety and sustainability. The adoption of
genome editing technologies in agriculture requires a
comprehensive and rigorous approach to address potential
environmental impacts and unintended consequences. Precise
editing methodologies, continuous risk assessments, post-release
monitoring, and robust regulatory frameworks play pivotal roles
in ensuring the safe, ethical, and sustainable application of
genome editing in agriculture.

Access to genetically modified (GM) foods presents a
complex interplay of social, economic, and ethical
considerations. Equity, particularly in the context of GM foods,
revolves around ensuring fair access to these products across
different societal strata and geographic regions. It involves
providing equal opportunities and benefits to diverse
populations while addressing potential disparities and ensuring
social justice. Research indicates that the adoption of GM crops
could influence farmers' income, potentially impacting their
access to food resources. Smallholder farmers, constituting a
significant portion of agriculture, might face economic
implications affecting their food access, highlighting the
importance of equitable distribution mechanisms (Qaim &
Kouser, 2013). However, societal acceptance of GM foods plays
a crucial role in determining equitable access. Acceptance is
multifaceted, influenced by a myriad of factors, including
consumer perceptions, cultural beliefs, environmental concerns,
and perceived risks and benefits. A study emphasized that
societal acceptance of GM foods is not solely dependent on
scientific evidence but is influenced by broader social, cultural,
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and economic contexts (Wolsink, 2018). Understanding and
addressing concerns about GM foods' safety, environmental
impact, and the role of multinational corporations in their
production are integral to fostering societal acceptance. Efforts
to engage diverse stakeholders, including consumers,
policymakers, farmers, and scientists, are pivotal in enhancing
transparency, trust, and informed decision-making (Yali, 2022).

Equitable access to information about GM foods is also
essential. Ensuring that individuals have accurate information
enables them to make conscious choices regarding their
consumption. Educational attempts and public dialogues help
spread knowledge and better understanding of GM foods.
Addressing equity in access to GM foods requires balancing
financial considerations, social acceptance, and ethical
responsibilities. Establishing this balance involves not only
providing fair access but also respecting individual preferences,
environmental sustainability, and cultural diversity. Regulatory
frameworks need to develop to address these complexities,
ensuring that equitable access to GM foods aligns with social
values and ethics (Friedrichs et al., 2019). Achieving equity in
GM food access involves reconciling economic considerations
with societal acceptance while respecting ethical norms and
individual choices. Stakeholder engagement, transparent
communication, and evolving regulatory frameworks are key to
fostering equitable access to GM foods while navigating diverse
societal perspectives and concerns.

6. REGULATORY CHALLENGES

Genomic editing has spurred discussions globally
regarding regulatory frameworks to ensure its safe and
responsible application. Current regulations governing genomic
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editing in agriculture and food production vary across regions
and countries, shaping the development and deployment of
edited crops. These regulations encompass diverse aspects,
including risk assessment, approval processes, labelling, and
oversight mechanisms. Regulatory approaches often differ based
on the jurisdictional context and the nature of the edited
organisms. For instance, in the United States, gene editing in
agriculture involves federal agencies such as the U.S.
Department of Agriculture (USDA), the Environmental
Protection Agency (EPA), and the Food and Drug
Administration (FDA). These agencies collaboratively oversee
the safety, environmental impact, and food safety aspects of
genome-edited crops. Europe has a stringent regulatory
landscape, where genome-edited crops generally undergo strict
assessments similar to genetically modified organisms (GMOSs).
The European Union's approach emphasizes a case-by-case
evaluation, considering the method employed, potential risks,
and benefits associated with the edited crop. In many regions,
including some Asian countries, regulations often focus on the
final product's characteristics rather than the process used for
genome editing. This approach aims to ensure safety while also
promoting innovation in agriculture (Entine et al., 2021).

However, challenges persist in harmonizing these
regulatory  frameworks globally. Discrepancies among
regulations across countries can create trade barriers and hinder
international collaboration in agricultural research and
development. Additionally, the evolving nature of genomic
editing technologies demands adaptable and responsive
regulatory systems that balance innovation and safety. Ethical
considerations are integral to regulatory discussions concerning
genomic editing. Ensuring that regulations are not only effective
but also ethically sound poses significant challenges. Questions
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about societal values, equity in access to benefits, and
environmental impact assessments often intersect with
regulatory decisions (Mbaya et al., 2022; Pixley et al., 2022).
Going forward, there appears to be increasing recognition of the
need for more comprehensive and agile regulatory frameworks.
These frameworks should facilitate scientific progress while
assuring safety, promoting equitable access to beneficial
technologies, and addressing societal concerns. International
cooperation and dialogue among stakeholders are crucial for
establishing harmonized and ethical regulations that ensure the
responsible use of genomic editing in agriculture and food
production (Mbaya et al., 2022). The -current regulatory
landscape governing genomic editing in agriculture and food
production is diverse and evolving. It reflects varying
approaches across regions, balancing safety, innovation, and
societal considerations. Harmonizing these regulations globally
while addressing ethical concerns remains a significant
challenge in enabling the safe and responsible application of
genomic editing technologies in agriculture.

Establishing comprehensive and ethical regulatory
frameworks for emerging technologies such as genomic editing
presents multifaceted challenges. One prominent challenge lies
in the rapid evolution of technology outpacing regulatory
adaptation. Novel editing techniques and their diverse
applications necessitate adaptive regulations that stay abreast of
scientific advancements (Entine et al., 2021). The complexity of
genome editing presents considerable hurdles for regulatory
authorities. The distinction between various editing procedures
and the diverse range of modified species hampers the
development of universally applicable regulatory standards.
Balancing innovation and safety remain a major problem for
authorities. Ethical factors complicate the regulatory landscape.
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Equitable access to benefits, potential environmental
consequences, and public acceptability of modified items all
present ethical concerns that must be addressed in regulatory
frameworks. Crafting policies that meet these concerns while
allowing for scientific breakthroughs is a huge problem (Amini
et al., 2023; Sprink et al., 2022). Additionally, harmonizing
regulations across different regions and countries poses a major
obstacle. Different regulatory approaches and disparate social
values among nations hinder the development of unified global
standards. These discrepancies create trade barriers and impede
international collaboration in research and development.
Moreover, public perception and acceptance significantly
influence regulatory decisions. Bridging the gap between public
perception and regulatory decisions is challenging and requires
addressing concerns, ensuring transparency, and engaging
stakeholders in meaningful dialogue (Entine et al., 2021; Gerke
et al., 2020). Furthermore, resource constraints and limited
expertise within regulatory agencies pose challenges in
evaluating the safety and environmental impact of edited
organisms. Specialized knowledge and infrastructure are needed
for rigorous risk assessments, adding complexity to the
regulatory process (Cavazza et al., 2023).

International perspectives on regulatory frameworks for
emerging technologies like genomic editing underscore the need
for standard and harmonic guidelines. The governance of
research and clinical trials involving human genome editing
emphasizes the importance of an international foundation for
ethical and regulatory oversight. A growing consensus
advocates for a global approach to address the ethical, legal, and
safety concerns associated with genomic editing technologies
(Kong, 2004). Several challenges exist due to divergent
regulations across nations. The patchwork of international
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regulations related to genome editing is complex and
challenging to harmonize. This lack of harmonization poses
obstacles to scientific collaboration, trade, and the application of
innovative technologies across borders. Therefore, there is a
clear need for a cohesive regulatory framework that transcends
geographical boundaries. Moreover, the development of
standardized criteria and definitions for key concepts related to
genomic editing is imperative. Clear and uniform definitions for
terms like disease, susceptibility, and safety parameters are
crucial for effective and consistent regulations worldwide.
Standardization aids in promoting a common understanding
among stakeholders and streamlines the assessment of risks and
benefits associated with genomic editing applications (Ramos et
al., 2023; Tachikawa & Matsuo, 2023).

7. CONCLUSION

Unquestionably, the introduction of CRISPR/Cas9 and
associated genome editing technologies has transformed food
safety, agriculture, and nutritional quality. Precision agriculture
has entered a new era thanks to these developments, which have
made it possible to create crops with better nutritional profiles,
increased disease resistance, and environmental flexibility. The
critical need for sustainable food systems that can sustain
expanding populations and lessen the effects of climate change
is addressed by such technical advancements.

A prime example of the revolutionary potential of
contemporary biotechnology is CRISPR/Cas9. This approach
has proven effective in creating disease-resistant crops and
fortifying staple crops with vital nutrients by enabling precise
gene modifications. For example, rice that has been biofortified
with more iron and vitamin A shows how genome editing can be
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used to fight malnutrition in areas where nutrient deficiencies
are severe. Furthermore, CRISPR technology shortens the time
needed to create and launch new crop types into the agricultural
environment by speeding up breeding cycles. By lowering the
amount of pollutants and pathogens in agricultural products,
genome editing has been crucial in improving food safety in
addition to crop enhancement. CRISPR/Cas9 contributes to a
more sustainable food supply chain by reducing foodborne risks
and extending the shelf life of perishables by targeting particular
bacteria genes. Its use in livestock breeding emphasizes its
adaptability even more, as it may lead to better animal welfare
and disease resistance.

Although genome editing has incredible potential
benefits, there are significant ethical concerns. The ability to
change an organism's genetic composition raises ethical
concerns over humanity's role in tampering with nature. A
cautious approach is required due to concerns about "playing
God" and the unforeseen ecological repercussions of introducing
genetically modified organisms into the ecosystem. Important
consideration must also be given to equity and access to genome
editing technology. There is a chance that these breakthroughs
will only be available to more affluent countries or businesses,
which could worsen already-existing inequalities in global food
security. Future research and policy initiatives must be centered
on ensuring that these developments help underserved areas and
smallholder farmers. Public perception of genome-edited foods
significantly  influences  their  adoption.  Transparent
communication and public engagement are imperative to build
trust and address misconceptions surrounding the safety and
ethics of genetically modified foods. Educational initiatives and
participatory governance can bridge the gap between scientific
innovation and societal acceptance.
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Robust regulatory frameworks are essential for balancing
innovation and safety in the application of genome editing
technologies. Regulatory systems must evolve to address the
unique challenges posed by CRISPR and similar tools, including
off-target effects, potential ecological impacts, and the need for
equitable access. Harmonizing international regulations is
particularly critical to facilitate trade, foster collaboration, and
prevent fragmented adoption of these technologies across
borders.

Moreover, post-release monitoring of genome-edited
crops is vital for detecting long-term ecological and health
effects. Regulatory agencies must work closely with scientists,
policymakers, and industry stakeholders to create adaptive and
inclusive frameworks that promote responsible use of genome
editing. The integration of CRISPR/Cas9 into agriculture offers
a glimpse of what the future holds for food systems. Continued
investment in research and development is needed to enhance
the precision, efficiency, and affordability of genome editing
tools. Addressing ethical concerns and fostering global
cooperation will be critical in ensuring the equitable distribution
of benefits. Additionally, interdisciplinary collaboration across
fields such as genomics, agronomy, bioethics, and public policy
will be pivotal in maximizing the positive impact of genome
editing technologies. Future efforts should focus on expanding
the scope of applications, from mitigating allergenic compounds
in food to developing crops tailored to specific regional climatic
conditions.

Genome editing represents a paradigm shift in the way
humanity approaches food production and sustainability. By
unlocking the potential to address some of the most pressing
challenges in agriculture, this technology has the power to
transform global food systems. However, its responsible
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implementation requires a careful balance of innovation, ethics,
and equity. Through transparent communication, rigorous
regulation, and inclusive collaboration, the promise of genome
editing can be realized for the benefit of all.
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COCUK VE ERGEN BESLENMESINDE
DIYET LiFiN ONEMIi VE ALIM ONERILERI

Cavidan DEMIR GOKISIK*

1. GIRIS

Diyet lifi, insan saglig1 i¢in hayati onem tasiyan insan
diyetinde olmasi gereken temel bir besin bilesenidir. Cok ¢esitli
saglik yaralart ile ilgili ¢ok fazla kanit bulunmaktadir. Diski
hacmini artirma gibi bir dizi islevsel fayda ve bagirsak
mikrobiyomu tarafindan cesitli lif tiplerinin fermente edilmesiyle
kolesterol diistirme, glisemik kontrol ve kilo kontrolii gibi
fizyolojik faydalar saglar. Lifin bagirsakta fermente edilmesinin
yan lrilinleri, bagirsaklarin Otesine uzanan bagisiklik sistemi,
karaciger, bobrekler ve beyin gibi organlara kadar uzanan saglhiga
yararlar1 vardir. Diyette lif eksikligi, fonksiyonel ¢ocukluk cagi
kabizligy, irritabil bagirsak sendromu (IBS), alerjiler ve bagisiklik
ile 1lgili bozukluklar dahil olmak {izere ¢ocuklarda cesitli
bozukluklarla iliskilendirilmistir. Pediatrik uygulamada, 6zellikle
beslenme destegi alan cocuklar icin gereksiz kisitlamalara yol
acabilen diyet lifi tolerans1 konusunda endiseler bulunmaktadir.
Bunun bir nedeni, tarihsel olarak kullanilan terminoloji olabilir.
Diyet Lifi, genellikle fizyolojik etkileri/iglevselligi (fermente
edilebilirlik, hacim olusturma etkileri) yerine fiziko-kimyasal
ozellikleri (¢oziiniirliik, viskozite) acisindan tanimlanir. Diyet lifi
bu son terimlerle tanimlamak, oynadig1 6nemli rolii daha acik bir
sekilde gosterir. Cogu uluslararasi kilavuz, saglik icin gerekli olan
lifin kalite yOniinden bahsetmeden giinliik lif miktarmi

1 Dr. Ogr. Uyesi, Giresun Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi,
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onermektedir (Hojsak ve ark., 2022). Bu boliimde, saglikl
cocuklar, beslenme destegine ihtiya¢ duyanlar ve fonksiyonel
gastrointestinal bozukluklar1 olanlar i¢in giinliik lif alimlarina
iligkin mevcut Onerilere ve verilere dayanarak, ¢ocuklarda lif
tiikketiminin 6nemini ele alintyor. Ayrica bagirsak mikroflorasinin
Onemini ve diyet lifin bagirsak mikrobiyal sagligin1 korumadaki
rolii ve bagirsak otesinde sagliga faydalarindan bahsediyoruz.

Diyet lifi alimmin kronik hastaliklar iizerindeki etkisi
yetiskinlerde arastirillmistir ancak c¢ocuklarda biiylik oOlgiide
bilinmemektedir. Cogunlukla yetiskinlere yonelik ¢alismalardan
elde edilen mevcut veriler, daha yiiksek diyet lifi tiiketimiyle
obezite, diyabet ve kabizlik icin Oonemli Olciide daha diisiik
risklerin  beklenebilecegini  gostermektedir. Mevcut alim
calismalari, ¢ocuklarin diyet lifi tiiketimini artirmaya yonelik tim
cabalarimn tesvik edilmesi gerektigini ileri siirmektedir. Ancak, bu
varsayimlari desteklemek icin farkli seviyelerde diyet lifi tiiketen
cesitli yaslardaki ¢ocuklarda yapilan klinik calismalardan elde
edilen veri eksikligi vardir. Cocuklar i¢in mevcut lif Onerileri
celiskilidir, sasirtict bir durumdur ¢linkii daha yiiksek diyet lifi
alimiyla iligkili saglik yararlari yetiskinlerde iyi bilinmektedir.
Mevcut pediatrik lif alim1 6nerilerinin bir kismini veya tamamin
desteklemek veya cilirlitmek ic¢in kesin kanit saglayan veriler
eksiktir. Cocuklarmn saghigini iyilestirme firsatt bir oncelik
olmalidir ¢iinkii bu aynt zamanda yasamlarmin ilerleyen
donemlerindeki sagliklariyla da ilgilidir. Bu boliimde 6zetlendigi
gibi, diyet lifi alimmnin bilinen saglik yararlari, artan diyet lifi
yoluyla ¢ocuk sagligina yonelik potansiyel yararlarin incelenmesi
thtiyacinin daha fazla farkinda olunmasimi gerektirmektedir
(Kranz ve ark., 2012). Diyet lifinin siirdiiriilebilir saghgi
desteklemedeki rolii onlarca yildir incelenmektedir ve
yetiskinlerde yiiksek lifli gidalar agisindan zengin diyetlerin kalp-
damar hastaliklar1 ve kanser dahil olmak iizere kronik hastalik
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riskini azalttigima dair ok sayida iyi kanitlar vardir. Yiiksek 2lifli
bir diyetin kalp hastaligi, diyabet, divertikiiler hastalik, kabizlik
ve kolon kanseri dahil olmak iizere ¢esitli rahatsizliklarin gelisme
riskini azalttigi bilinmektedir. Diyet lifin, sindirim sisteminin
sagliglt ve kolesterolii diistirmek i¢in tiiketilmesi gerektigini
hemen biitiin calismalar bildirmektedir.
https://www.ucsfhealth.org/education/increasing-fiber-  (erisim
tarihi: Aralik 2024).

Cocukluk cagindaki diyet lifi aragtirmalari, yiiriitiilen
calismalarin sayisini ve tiiriinii ve dolayisiyla diyet yonergeleri ve
tavsiyelerinin dayandirilacagi kanitlart  kisitlayan sorunlarla
doludur. Diyet lifinin tanimi, bazi ilkelerde kullanilan farkli
yaklasimlarla onlarca yildir biiyilik bir tartisma konusudur ve bu
da calismalarin karsilastirilmasini ¢ok zorlastirir. Ayrica etik ve
pratik nedenlerle cocuklarda ve ergenlerde diyeti incelemek
zordur. Bu, gozlemsel ¢aligmalarin az ve miidahale ¢alismalarinin
sayisinin ¢ok sinirli oldugu anlamina gelir. Diyet lifi icin diyet
onerileri de cogunlukla yetiskin verilerinin kaynagina veya enerji
alimlarina dayanmaktadir. Baslangicta yiiksek lifli bir diyetin
yetersiz enetji alimina ve mikro besin emiliminin engellenmesine
neden olabilecegi korkusu vardi. Bu, sindirilebilirligi diisiik
yiyeceklerle cok zayif diyet yapanlarda hala gecerli olabilir.
Ancak, cocukluk caginda obezitenin arttigi bir diinyada, bu
faktorler daha az Onemlidir ve diyetin enerji yogunlugunu
azaltmanin ve kronik hastaliklar1 6nlemenin yollarim1 bulmak
daha onemli hale gelir. Bu, ¢ocuklar i¢in diyet lifi 6nerilerinin
yeniden degerlendirilmesine yol agmistir ancak c¢ogu sey hala
saglam kanitlardan ziyade c¢ikarimlara dayanmaktadir. Buna
paralel olarak, diyet lifi tanim1 ve akut ve kronik rahatsizliklarin

2 Dr. Ogr. Uyesi Cavidan DEMIR GOKISIK, Giresun Universitesi, Miihendislik
Fakiiltesi, Gida  Miihendisligi, ORCID ID:  0000-0001-7273-3156,
cavidan.gokisik@giresun.edu.tr, 05355550601.
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bir dizisinde bagirsak mikrobiyomunun 6nemi konusunda artan
farkindalik hakkindaki devam eden tartigmalar, ¢ocuklukta diyet
lifinin stirdiriilebilir saglik olusturma ve kronik hastaliklarin
Onlenmesindeki roliiniin anlasilmasina i1vme kazandirmistir
(Edwards 2015). Diyet lifi, yetiskinlerde oldugu gibi saglikli bir
cocugun diyetinin temel bir bileseni olarak kabul edilir. Yeterli
diyet lifi alimina sahip saglikli cocuklarin diyetleri, diisiik diyet
lifi alimina sahip ¢ocuklarin diyetlerine kiyasla daha yiiksek diyet
kalitesi, daha yiiksek besin yogunlugu ve daha yiiksek vitamin ve
mineral alimi ile karakterize edilir. Bununla birlikte, ¢ocuklarin
onemli bir kismi Onerilen diyet lifi alimmi karsilamaz. Bu
Ozellikle bobrek hastaligt olan ¢ocuklarda gegerlidir, c¢linkii
bobrek hastaliklarindaki geleneksel diyet onerileri agirlikli olarak
enerji ve protein miktarlarina odaklanmis ve genellikle potasyum
ve fosfati kisitlarken diyetin kalitesini ve cesitliligini goéz ardi
etmistir. Ortaya cikan kanitlar, diyet lifinin ve buna baglh olarak
tipik olarak daha yiiksek diyet lifi igerigine sahip bitki bazli bir
diyetin bobrek hastaligi olan ¢ocuklar i¢in saglikli ¢ocuklar kadar
onemli oldugunu gostermektedir. Diyet lifi, kabizligin 6nlenmesi
ve daha az gastrointestinal semptom, azalmis inflamatuar durum
ve bagirsaktan kaynaklanan tiremik toksinlerin {retiminin
azalmas1 gibi ¢esitli saglik yararlart saglar. Son calismalar,
yiikksek diyet lifi aliminin bdbrek hastaligi olan cocuklarda
hiperkalemi veya beslenme eksiklikleri riskini artirdigi
diisiincesine meydan okumustur (Snauwaert ve ark., 2023).

Diyet lifi tanimi, diyet lifinin neyi olusturduguna dair
cesitli tanmimlar kullanilmaktadir. Tip Enstitiisii, Gida ve
Beslenme Kurulu, diyet lifini ‘bitkilerde dogal ve bozulmamis
olarak bulunan sindirilemeyen karbonhidratlar ve lignin’ olarak
tanimlar. WHO ve Codex Alimentarius Komisyonu, diyet lifi
tanimii  ‘insanlarmn  ince bagirsaginin endojen enzimleri
tarafindan hidrolize edilmeyen, on veya daha fazla monomerik
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tiniteye sahip karbonhidrat polimerleri’ olarak, son olarak,
Uluslararas1 Karbonhidrat Kalite Konsorsiyumu diyet lifini
‘emilmeyen bitki karbonhidratlari’ olarak tanimladi. Bu
tanimlar, glnliik Onerilen diyet alimim1 tanimlamak ve gida
etiketleme gerekliliklerine rehberlik etmek i¢in kullanilir. Ancak
yaygin olarak kabul gérmesine ragmen, bu tanimlar potansiyel
diyet lifi kaynaklarinin ¢esitliligini ve faydalarim1 dikkate almaz
(Hojsak ve ark., 2022).

Diyet lifinin genel ve kapsamli tanimi ise; bitkilerin
destek dokusunu olusturan, insanlarda diyet lifi sindirecek
enzimlerinin eksikligi nedeniyle insan ince bagirsaginda
sindirilemeyen ancak bazilar1 kalin bagirsakta bagirsak
bakterileri tarafindan fermente edilebilen karbonhidratlar
grubudur (Dai ve Chau, 2017). Avrupa Gida Giivenligi Otoritesi
(EFSA), diyet lifini "sindirilemeyen karbonhidratlar art1 lignin"
olarak tanimlar.Bunlara nisasta dis1 polisakkaritler seliiloz,
hemiseliilozlar, pektinler, hidrokolloidler (yani zamklar,
miisilajlar ve B-glukanlar), direngli oligosakkaritler, direngli
nisasta (fiziksel olarak kapali nisasta, baz1 ham nisasta graniil
tipleri, retrograd amiloz, kimyasal ve/veya fiziksel olarak
modifiye edilmis nisastalardan olusur) ve diyet lifi
polisakkaritleriyle iligkili lignin dahildir (Venter ve ark., 2022).
Diyet lifi, bitkilere 6zgilidiir ve suda ¢oziiniirlik 6zelliklerine
gore ¢Oziliniir veya ¢ozlinmez lifler olarak simiflandirilir. Her biri
farkli 6zelliklere ve karakteristik yapiya sahiptir. Suda ¢oziinen
lifler arasinda pektin, zamklar, musilaj, fruktanlar ve baz1
direngli nisastalarin ¢esitli mekanizmalarla kan kolesteroliinii
diistirdligi gosterilmistir (Lairon ve ark., 2005). Suda ¢0ziinen
lifler sindirim sirasinda suyu emerek digki hacmini artirir,
kolesterol emilimini azaltarak toplam kan kolesterol seviyelerini
disiirdiigiic ve diyabetli kisilerde kan sekeri seviyelerini
tyilestirdigi gosterilmistir. Coziiniir lif meyvelerde (elma,
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portakal ve greyfurt gibi), sebzelerde, baklagillerde (kuru
fasulye, mercimek ve bezelye gibi), arpada, yulafta ve yulaf
kepeginde bulunabilir. (Kranz et al., 2012). Suda ¢oziinmeyen
lifler sindirim sirasinda de§ismeden kalir. Suda ¢oziinmeyen
lifler, lignin, seliiloz ve hemiseliiloz, hizli mide bosalmasina
sahiptir ve bu nedenle bagirsak gecis siiresini kisaltir ve digki
hacmini artirarak kalin bagirsaktan bozulmadan atilarak
sindirimi diizenler (Abutair ve ark., 2016; Soliman, 2019).
Selilloz gibi fermente edilemeyen kisim, bagirsak isini ve
bosalmasini hizlandirarak bagirsak sagligi, ozellikle bagirsak
kanseri i¢in 6nemli bir bilesendir. Céziinmeyen lifler yenilebilir
kabuklu veya c¢ekirdekli meyvelerde, sebzelerde, tam tahilli
tiriinlerde (tam bugday ekmegi, makarna ve kraker gibi), bulgur
bugdayinda, tasta 6giitiilmiis misir unu, tahillarda, kepekte, yulaf
ezmesinde, karabugdayda ve esmer piringte bulunabilir
(Wegermann ve Roper, 2020). Bitkilerde bulunan diyet lif
cesitleri ve viicudun faydalanma oranlart ile beraber diyet lifin
siniflandirilmasi Tablo 1’ de verilmistir.

Cocuklarda, 6zellikle 5 yas alt1 cocuklarda diyet lifi ile
ilgili endise ve tartismalardan ¢ikarilan sonug, diyet lifi saglikli
bir ¢ocugun diyetinin temel bir bileseni olarak kabul edilir.
Yeterli diyet lifi alimimna sahip saglikli cocuklarin diyetleri,
diisiik diyet lifi alimina sahip ¢ocuklarin diyetlerine kiyasla daha
yiiksek diyet kalitesi, daha yiliksek besin yogunlugu ve daha
yiiksek vitamin ve mineral alimi ile karakterize edilir. Bununla
birlikte, ¢ocuklarin 6nemli bir kismi, genellikle gelismis
iilkelerde, onerilen diyet lifi alimmi karsilamaz. Bu 6zellikle
bobrek hastaligi olan ¢ocuklarda da gegerlidir, ¢ilinkii bobrek
hastaliklarindaki geleneksel diyet onerileri agirlikli olarak enerji
ve protein miktarlarina odaklanmis ve genellikle potasyum ve
fosfati kisitlarken diyetin kalitesini ve cesitliligini g6z ardi
etmistir. Ortaya ¢ikan kanitlar, diyet lifinin ve buna bagli olarak
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tipik olarak daha yiiksek diyet lifi icerigine sahip bitki bazli bir
diyetin bobrek hastaligi olan cocuklar icin saglikli ¢ocuklar
kadar 6nemli oldugunu gostermektedir (Dai ve Chau, 2017).

Tablo 1. Diyet lifin siniflandirilmasi

Bagirsak
bakterisi
Simfi Lif ve yap1 tarafindan | Gida kaynaklar
fermente
edilebilirlik
Seliiloz (dogrusal) Tahillar, meyveler,
B(1 — 4) bagh D- %10-%30 sebzeler ve kuruyemisler.
glikoz birimleri
Hemiseliilozlar Hububat
(Dallanmig) B-(1 — %50-%70
Nisastasiz 4)-ba}gh Ksilanlar
polisakkaritler Pelftlnler, a-(1 — 4)-. ~94100 Meyve ve sebzeler
bagl galakturonik asit
. . . Zamklar: bitki salgilari,
H|dr0k0l|0|fjl.er,.yan| tohumlar ve deniz
zamklar, miisilajlar, ~%100 1
B-glukanlar 0 yosunlan
Musilaj: Dogal sakizlar
Tahillar
Fruktooligosakkaritler 9100 FOS: meyve, sebze ve
(FOS) tahillar
Gglakto- _ %100 GOS: Meyve ve sebzeler
oligosakkaritler (GOS)
Direngli Ksilo-oligosakkaritler XOS: Bambu filizleri,
oligosakkaritler %100 meyveler, sebzeler, siit ve
(X0S) bal
Diger direncli Rafino; oligosakkaritl.eri:
oligosakkaritler) %2100 Baklagiller,ebegiimeci ve
hardal tohumlar1
Fiziksel olarak kapali Tam tahillar, baklagiller,
nisasta (a-(1 — 4)- pismis ve sogutulmus
Direngli nisasta | bagl glikoz mono- ~%100 makarna, patates ve
merleri), modifiye piring, olgunlasmamus
edilmis nisastalar muz.
Karmasik ve degisken
yapilara sahip, yiiksek
Lignin molekiil agirlikli, %0 Kereviz ve tahillar
¢oziinmeyen bitki
polimerleri

Kaynak: Venter ve ark., 2022.
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Diyet lifi, kabizligin Onlenmesi ve daha az
gastrointestinal semptom, azalmis inflamatuar durum ve
bagirsaktan kaynaklanan iiremik toksinlerin liretiminin azalmasi
gibi c¢esitli saglik yararlar1 saglar. Son calismalar, yiiksek diyet
lifi aliminin bobrek hastaligi olan gocuklarda hiperkalemi veya
beslenme eksiklikleri riskini artirdig1 fikrine meydan okumustur.
Bobrek hastaligi olan ¢ocuklarda diyet lifi alimini ele alan yeni
calismalara ve revize edilmis kilavuzlara acil ihtiya¢ vardir
(Snauwaert ve ark., 2023).

2. COCUK VE ERGENLER iCIN DIYET LiF
ALIM ONERILERI

Cocuklar i¢in diyet lifi alimina dair Oneriler, Diinya
Saghk Orgiti (WHO) ve Avrupa Gida Giivenligi Otoritesi
(EFSA) gibi uluslararas1 saglik ve gida giivenligi kuruluglar
tarafindan yapilmaktadir. Bunu yaninda birgok iilke kendi alim
Onerilerini olusturmustur. Bu Oneriler, ¢ocuklarin saglikli
biiyiime ve gelisimi i¢in énemli bir rehber sunar. Diinya Saglik
Orgiitii (WHO), saghikli bir diyetin pargasi olarak, ¢ocuklarin
yeterli miktarda lif almasin1 onermektedir. Diyet lifi i¢in diyet
alimi Onerileri ¢esitli yetkili kuruluglar arasinda biiyiik
farkliliklar gostermektedir (Tablo 2).

258



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

Tablo 2. Cocuklar ve ergenler i¢in giinliik lif alimina iliskin
oneriler (Hojsak ve ark., 2022).

Ulke Kaynak Oy’z;’l” Giinlitk diyet lif Gnerisi
Ingiltere Beslenme 2-Syas arasil5 g/giin
L. Bilim Danisma 5-11yasg arast: 20 g/giin
Ingiltere Komitesi 2015 11-16 yas arasi: 25 g/giin
(SACN, 2015) 16-18 yas arasi: 30 g/giin
1-3 yas: 10 g/giin
Avrupa | Avrupa Gida 2019 4-6 yas: 14 g/giin
Birligi Giivenligi Otoritesi 7-10 yas: 16 g/giin
11-14 yas: 19 g/giin
Yas art1 2 yas iistii igin
Williams ve ark. ggnqe n(51 gi (()mi?nll(lug?
(1995) 1995 |V glz‘ ide 1 gra kada
Amerika (maksimum
Stephen ve ark. 2005 1-3 yas: 1000 kcal basina
(2017) 194
4-8 yas: 1000 kcal basina
25¢

WHO (2015), 5 yas ve iizeri ¢ocuklar i¢in giinliik 15-25
gram arasinda lif alinmasini1 6nermektedir. WHO'nun 6nerilerine
gore, diyet lifi alimimin artirilmasi, kalp-damar hastaliklari,
obezite, diyabet ve sindirim sistemi hastaliklar1 gibi kronik
hastaliklarin riskini azaltabilir.

Avrupa Gida Giivenligi Otoritesi (EFSA), ¢ocuklarin
sagliklarmi desteklemek icin diyet lifi alimimi 6nemli bir faktor
olarak kabul etmektedir. EFSA' nin 6nerileri, ¢ocuklarin saglikli
bliylimelerini ve gelisimlerini desteklemek i¢in lif alimin1 dogru
seviyelerde tutmayi amaclamaktadir. EFSA (2010), ozellikle
cocuklar ve ergenler i¢in asagidaki diyet lifi alim miktarlarim

onermektedir:

1-3 yas: Glinliik 12-15 gram

4-6 yas: Gilinliik 15-20 gram
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7-10 yas: Giinliik 20-25 gram
11-14 yas: Giinliik 25-30 gram

EFSA, lif aliminin gida ¢esitliligi ile saglanmasini,
Ozellikle meyve, sebze, tam tahillar, baklagiller ve
kuruyemislerin  beslenmede yer almasmi  Onermektedir.
Cocuklarin saglikli biiylime ve gelisimi i¢in yeterli diyet lifi
almas1 6nemlidir. WHO ve EFSA, cocuklarin yaslarina uygun
ginlik 1lif alm  miktarlarim1i  belirleyerek,  diyetin
cesitlendirilmesi  ve dogal lif kaynaklarmin tiiketilmesi
gerektigini vurgulamaktadir. Lifin bol miktarda bulundugu
gidalarin diyetinize dahil edilmesi, cocugunuzun genel sagligini
tyilestirebilir ve uzun vadeli saglik sorunlarini engellemeye
yardimc1 olabilir.

Amerikan Pediatri Akademisi (AAP) ise 3 yas iizeri
cocuklarda, cocugun yas1 + 5 g ek diyet lif onermektedir. Diyet
lifi i¢in diyet alim Onerileri cesitli otoriter bedenler arasinda
yaygin olarak farklilik gosterir. Bu Onerilere ragmen, bircok
cocugun Onerilen lif alimm karsilayamadig belirtilmektedir.
Ornegin, Birlesik Krallik Ulusal Diyet ve Beslenme Anketi, 4-
10 yas arasindaki cocuklarin sadece %14'liniin SACN’in 20
g/glin  Onerisini  karsiladigimi  ortaya koymustur. Tim yas
gruplarinda ortalama 1if alimi, Onerilen seviyelerin altinda
kalmaktadir. Ancak, cocuklar icin diyet lif Onerileri igin
sorulmas1 gereken soru; Kalite mi, Miktar m1? (Hojsak ve ark.,
2022), bu sorunun cevabi heniiz net degildir, bunun i¢in daha
cok veriye ihtiyac vardir. Hojsak ve ark. (2022) gore ¢ocuklarda
diyet lif kalitesi onemlidir. Ciinkii, ¢ocuklarda diyet lif sekli
suda ¢oziinen yani kalin bagirsak bakterileri tarafindan fermente
edilebilen diyet lif (prebiyotik) olmasi, g¢ocuklarin bagirsak
bakteri florasinin gelismesi ve saglikli olmast i¢in gereklidir.
Hem fermente edilebilir hem de hacim kazandirici lifler, saglikli
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bir bagirsak (veya saglikli kolon) saglamaya yardimci olur ve
bagirsaklarin 6tesinde saglik yararlari saglar, bu nedenle diyette
her ikisinin bir kombinasyonuna ihtiyag vardir. Yeterli lif alim1
onemli olsa da, ¢ok yiiksek lifli diyetler konusunda gencg
cocuklar i¢in baz1 endiseler vardir. Bu ¢ocuklar, diyetlerinin
biiyiik 6l¢iide lif agisindan zengin gidalar (sebzeler, baklagiller,
tam tahillar) ile dolu olmasi durumunda yeterli enerji aliminda
zorluk yasayabilirler. Bu durum, kalori alimimin sinirlt olmasi
nedeniyle optimal biiyiimeyi engelleyebilir.

3. DIYET LiFiN COCUK VE ERGENLERDE
SAGLIGA FAYDALARI

Yasamin ilk yillart saglikli bir kolon mikroflorasinin ve
iyl beslenme aligkanliklarinin olusturulmasi i¢in kritik olabilir.
Cocukluk ¢aginda diyet lifi alimina dair net ve saglam temellere
dayanan kilavuzlarin olmamasi her iki faktorii de engelleyebilir.
5 yasindan kiiglik cocuklarda yiiksek lifli bir diyetin biiyiime
geriligine ve mineral dengesizligine yol agacagi yoniindeki
korkular, 6zellikle gelismis tilkelerdeki ¢ocuklar i¢in, literatiirde
yeterince desteklenmemektedir. Gergekten de, artan obezite
seviyeleriyle birlikte, lif alim1 enerji alimimni azaltmada faydali
olabilir. Distik lifli bir diyet ayrica ¢ocukluk cagi kabizlig1 ve
apandisit etiyolojisinde de rol oynayabilir. Diyet lifinin tanimi
i¢in en son Oneriler, prebiyotik gorevi gorebilen oligosakkaritleri
icerir. Bebeklerin ve cocuklarin diyetlerine oligosakkaritleri
dahil etmenin potansiyel saglik yararlari vardir, ancak uzun
vadeli etkileri degerlendirmek i¢in daha fazla arastirmaya
ihtiya¢ vardir. Bebegin olgunlagmamis bagirsagi ayrica siitten
kesme sirasinda daha fazla nisastanin kolona girmesine neden
olabilir ve bu nisasta artik yeni tanimlara gore diyet lifi olarak
kabul edilecektir. Uygun yas grubunda toplanan verilere
dayanarak cocuklukta diyet lifi alimina iligkin yeterli onerilere
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izin vermek i¢in ¢ok sayida yeni arastirmaya ihtiya¢ vardir
(Edwards ve Parrett, 2003).

Diyet lifin kronik hastaliklar {izerindeki etkileri
yetigskinlerde i1yi belgelenmistir, ancak lif ve ¢ocukluk sagligi
arasindaki iliski konusunda muazzam bosluklar vardir. Obezite
ve diyabet ¢ocuklarda ciddi halk sagligi sorunlar1 olarak kabul
edilir; ancak lif alimiyla iligkili bagka bir durum olan kabizlik,
Bati iilkelerindeki birgok ¢ocugu etkiler ve bir cocugun refahi ve
akademik performansi lizerinde 6nemli bir etkiye sahip olabilir.
Kronik kabizlig1 olan ¢ocuklarin, inflamatuar bagirsak hastaligi
veya gastrik reflii olan cocuklardan bile daha diisiik yasam
kalitesi puanlaria sahip oldugu bildirilmektedir (Kranz ve ark.,
2012).Cocuklarda lifin ¢oklu sistem yararlar1 hakkinda benzer
veriler eksik olsa da, daha yiiksek diyet lifi alimina sahip saglikli
cocuklarin, biiylime ve saglikli ve aktif bir yasam icin enerji ve
tiim temel besinleri saglayan cesitlendirilmis, dengeli ve saglikli
bir diyet olarak tanimlanan gelismis bir diyet kalitesine sahip
oldugu gosterilmistir (Snauwaert ve rak.,2023

3.1. Kabizhk Uzerindeki Etkileri

Cocuklarda diyet lifi ve kabizlik konusu, pediatrik saglik
alaninda Onemli bir yer tutmaktadir. Diyet lifi, sindirim
sisteminin ~ saglikli  c¢alismasim1  destekleyen,  viicutta
sindirilmeyen  karbonhidratlar ve  bitkisel bilesiklerdir.
Cocuklarda yeterli diyet lifi alimi, kabizlik gibi sindirim
sorunlarini 6nlemeye yardimci olabilir. Kabizlik, ¢ocuklarda
yaygin goriilen bir sindirim problemi olup, genellikle zayif diyet
lifi alimi, siv1 yetersizligi veya hareketsiz yasam tarzi ile
iligkilidir (Liu ve ark., 2014).

Amerikan Gastroenteroloji Dernegi, kabizligi “tatmin
edici olmayan bir diskilama olarak tanimlanan ve seyrek
bagirsak hareketi, zor digski gecisi veya her ikisi ile karakterize

262



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

edilen semptom bazli bir bozukluk” olarak tanimlar. Diinya
Gastroenteroloji Orgiitii, fonksiyonel kabizigin ydnetimi igin
miishil ve davranigsal miidahalelerle birlikte tam lifli gidalara
odaklanarak giinliik lif tiilketiminde kademeli bir artisin (birkag
hafta boyunca) tesvik edilmesini 6nermektedir (Sharma, 2020;
Wiodarczyk ve ark., 2021). Avrupa Pediatrik Gastroenteroloji,
Hepatoloji ve Beslenme Dernegi (ESPGHAN) ve Kuzey
Amerika Pediatrik Gastroenteroloji, Hepatoloji ve Beslenme
Dernegi'nin (NASP-GHAN) onerileri, fonksiyonel kabizlig1 olan
¢ocuklar i¢in normal bir lif alimini 6nermektedir. Ancak bu
cocuklar icin en faydali olabilecek lif tiirii veya kaynagi
hakkinda herhangi bir 6zel kilavuz bulunmamaktadir. Dahast,
cocuklarda bu bozuklugun fonksiyonel bilesenini ele alma alma
acisindan faydali olabilecek lif tiirleri i¢in sistematik veri
eksikligi bulunmaktadir (Hojsak ve ark., 2022).

Birgok calisma, diyet lifinin ¢ocuklarda kabizlik iizerinde
olumlu etkiler sagladigini gdstermektedir. Ornegin, He ve ark.,
(2015), diyet lifi aliminin artmasmin kabizlik belirtilerini
azalttigini  bulmuslardir. Calismada, yiiksek lifli gidalarin
(0zellikle sebzeler, meyveler ve tam tahillar) sindirim sistemini
diizenledigi ve diskilamay iyilestirdigi vurgulanmigtir.

Diyet lifi, suyu emerek digkinin hacmini artirir ve
bagirsak hareketliligini tesvik eder. Bu mekanizma, kabizlik
tedavisinde 6nemli bir rol oynar. Slavin (2013), diyet lifinin
cocuklarda bagirsak saglig i¢in kritik 6neme sahip oldugunu
belirtmistir. Lif, diskinin daha yumusak olmasini saglayarak,
diskilama sirasinda agriy1 ve zorluklari azaltabilir. Bu,
cocuklarin kabizlikla ilgili sikayetlerini azaltan bir faktordiir.
Baz1 aragtirmalar, diisiik lifli diyetlerin kabizlik gelisimini
tetikleyebilecegini One siirmektedir. Parr ve ark., (2020)
tarafindan yapilan bir ¢alismada, ¢ocuklarin diyetlerinde diisiik
lif alimmin kabizlik ile iligkili oldugu bulunmustur. Ayrica,
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calismada lifli gidalarin kabizlik tedavisindeki etkinligi de
vurgulanmustir. Lif, 6zellikle pektin ve seliiloz gibi ¢oziinmeyen
lifler, bagirsak hareketlerini arttirarak kabizlik belirtilerinin
hafiflemesine yardimci olur. Diyet lifi tiiketiminin ¢ocuklarda
sadece kabizligi onlemekle kalmadigi, ayni zamanda sindirim
sisteminin genel sagligimi iyilestirdigi de rapor edilmistir.
Hoffman ve ark., (2021), lifin sindirim sistemini diizenlemeye
yardimct oldugunu ve bagirsak florasini dengede tutarak
sindirim sorunlarmi 6nledigini vurgulamaktadir. Bu da uzun
vadede kabizlik gibi sorunlarin dnlenmesinde 6nemli bir faktor
olabilir. Kansu ve ark.,(2018), protein- enerji yetersizligine bagl
yetersiz beslenen ¢ocuklarin tedavisinde diyet lif kullaniminin
bagirsak fonksiyonlarini  diizelttigini  bildirmislerdir. Bazi
calismalara gore, ¢ocukluk cagi kabizliginin tedavisinde lif
takviyesinin rolii belirsizligini korumaktadir ve bu ¢ocuklar igin
en faydali lif kaynaklarini ve giinliik toplam lif alimlarindaki
oranlarini daha iyi tanimlamak i¢in daha 1yi tasarlanmis, yiiksek
kaliteli randomize kontrollii ¢alismalara ihtiya¢c duyulmaktadir.
Bu tiir ¢alismalardan elde edilen veriler mevcut olana kadar,
diyet miidahaleleri tek basina ¢ocuklarda kronik kabizlik i¢in tek
veya birinci basamak tedavi olarak kullanilmamalidir. Ancak,
normal lif alimmin saglanmas tavsiye edilir (Tabbers ve ark.,
2014). Bunun disinda son yillarda, cocuklarda diyet lif ve
kabizlik konusunda daha fazla calisma yaynlanmistir. Genel
olarak fonksiyonel kabizlik teshisi konulan cocuklarda diyet lif
tilketimi, Onerilen miktarlarin ¢ok altinda bulunmustur. Bu
caligmalar ¢ocukluk c¢agi fonksiyonel kabizlik tedavisinde diyet
lifi aliminin olumlu bir etkisi oldugunu gostermistir (Kranz ve
ark., 2012; Hojsak ve ark., 2022). Tiim arastirmalar, diistik 1if
allmi ve kabizlik arasinda pozitif bir korelasyon oldugunu
gostermemektedir. Bugiline kadar, kanitlarin ¢ogunlugu
cocuklarda kabizligin gelisiminde onemli bir faktor olarak lif
alimin1 desteklemektedir. Ancak bazilari, mevcut caligmalarin,
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kabizligin tedavisinde lif takviyesi i¢in kesin bir Oneriyi
desteklemek i¢in ¢ok zayif oldugunu bildirmektedir. Ancak
pediatri uzmanlar1 kabizlik teshisi koyduklar1 ¢ocuklarda, diyet
lif alim1 ve su miktarlarinin artirilmasini 6nermektedir (Kranz ve
ark., 2022). Onerilen lif miktar1 ve ¢ocuklar i¢in en faydal
olabilecek lif tiirii izerinde belirlenmis bir anlasma olmamasina
ragmen, kanitlar lifin saglikli bir gastro-tatli fonksiyonun
korunmasia katkida bulundugunu ve g¢ocukluk kabizlagmay1
onledigi ve tedavi etmelerini destekler. Cocukluk kabizlagmay1
tedavi etmek icin bircok kilavuz, diyet lifi tiikketimini yavasca
artirmak i¢in birden fazla asamay igerir. Yazarlar, en az yas +
10 g / d lif aliminin iyilesme veya kabizligin iyilestirilmesi ile
iligkili oldugu sonucuna vardilar (Maffei ve Vicentini, 2011).

Sindirimde  saghk, 1lif gibi gida bilesenlerinin
gastrointestinal toleransi, diski formu, digkilama sikligi, gegis
stiresi ve bagirsak mikrobiyal bilesimi ve metabolik aktiviteyi
nasil etkiledigine olan ilgi nedeniyle beslenme arastirmalarinda
genisleyen bir alandir. Bununla birlikte, cocuklarda, diyet lifi ile
miidahale eden sindirim saglig1 calismalar1 yasal ve etik kaygilar
nedeniyle sinirlidir. Bununla birlikte, mevcut kanitlar kesin
degildir. Ayrica, yulaf gibi tiim tahilli diyet lifi kaynaklarinin
etkisi iizerinde smirli veriler vardir. Digki formu, gastrointestinal
tolerans ve digki frekansi gibi sindirim sagligi sonuglarinin, tam
tahill1 kaynaklarla c¢ocuk diyetlerinin lif igerigini artirarak
tyilestirilip iyilestirilmedigini belirlemek i¢in ek 1yi tasarlanmig
miidahale denemelerine ihtiya¢ vardir (Renee ve ark., 2017).
Bir¢ok c¢alisma, c¢ocuklarda kabizlik tedavisinde diyet lifi
aliminin olumlu bir etkisi oldugunu gdstermistir ve lif tiiketimini
artirmak saglikli ¢ocuklarda kronik kabizlik i¢in ilk tedavi
secenegidir.

265



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

3.2. Lif ve Bagirsak Mikrobiyomu

Insan bagirsak mikroflorasi, yaklasik 1000 farkli tiirii
temsil eden milyarlarca bakteri, viriis ve mantardan olusan bir
ekosistemdir. Mikroorganizmalarin tiir ve sus bilesimi, bireyler
arasinda ve bireylerin saglikli veya hasta olduklar1 donemlerde
degiskenlik gostermektedir. Bagirsak kolonizasyonunun en
erken asamalarindan itibaren, karbonhidratlar bagirsak
mikrobiyotasinin  bilesimini,  gelisimini ve  metabolik
aktivitelerini sekillendirir (Hojsak ve ark., 2022). Kolon florasi
dogumdan itibaren gelisir ve kolonizasyonun ilk asamalari
yalnizca bebegin sagligr i¢in degil ayni zamanda yetiskinlik
florasin1 olusturmak i¢in de O6nemli olabilir ve bu da daha
sonraki yasamda saglik {izerinde etkili olabilir. Bebek
bagirsaginin  kolonizasyonunda iki kritik asama oldugu
diisiiniilmektedir: (1) dogumdan hemen sonra; (2) siitten kesme
sirasinda. Dogumda bebek kolonu sterildir, ancak dogumdan
sonra hem anneden hem de ¢evreden gelen mikroplar tarafindan
hizla kolonize edilir (Yang ve ark., 2024).

Insan siitii oligosakkaritleri, anne siitiindeki en bol
ticlincii bilesen olup, insan enzimleri tarafindan sindirilmez ve
bagirsak bakterileri igin substrat olarak iglev goriir. Bu
oligosakkaritler, anne siitiiyle beslenen bebeklerde baskin
mikrobiyotayr olusturan bifidobakterileri segici olarak uyarir.
Daha sonra, kat1 gidalarda gesitli diyet liflerinin eklenmesiyle
tamamlayic1 beslenme doneminde daha karmasik ve ¢esitli bir
mikrobiyota gelisir. Bu siireg, lifin fizikokimyasal 6zellikleri ile
farkli bagirsak bakterilerinin enzimatik yetenekleri arasindaki
etkilesimlerle yonlendirilir.  Diyet lifinin  fermantasyonu
sirasinda farkli bakteriler arasinda yiiksek diizeyde isbirligi ve
karsilikli yarar saglayan davranislar goriilmektedir. Farkli
bakteri popiilasyonlari, farkli fermantasyon yan iiriinlerini ana
enerji kaynagi olarak kullanir. Bu sekilde, karsilikli beslenme

266



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

(cross-feeding), yaklastk 3 yasindan itibaren bagirsak
mikrobiyomu toplulugundaki yap1 ve yiiksek diizeyde 0z
diizenleme ile homeostazdan sorumludur (Axelrod ve Saps,
(2018).

Kisa zincirli yag asitleri (SCFA'lar), asetat, propionat ve
biitirat, bagirsak mikrobiyotasinin lif fermantasyonu ile olusan
ana son Uriinlerdir ve yaklasik 60:20:20 oraninda bulunur. Bu
organik asitler, hem bagirsak icinde hem de sistemik olarak
onemli fizyolojik etkilere sahiptir. Biitirat, bagirsak mukozasi
icin gereken gilinlik enerji gereksiniminin yaklasik %350'sini
saglar. Bagirsak mikrobiyomunun bozulmasi veya disbiyozisi,
SCFA oran1 ve konsantrasyonundaki azalma da dahil olmak
lizere, metabolik ve bagisiklik ile iliskili hastaliklarla
iligkilendirilmistir. Bagirsak mikrobiyotasinin bilesimi  ve
metabolik aktivitesi, biiyiik dlcilide lif fermantasyonu tarafindan
yonlendirilerek, hem kronik bulasici olmayan hastaliklarin
gelisiminde hem de enfeksiyon siklig1 ve siddetinde dnemli rol
oynamaktadir (Borthakur ve ark., 2012). Ancak, saghkli bir
bagirsak mikrobiyomunun bilesimini tanimlamak ve bu tiir bir
saglikli bagirsak mikrobiyomunu desteklemek icin gereken diyet
lifinin miktari, kaynagi ve bilesimi konusunda Onemli bir
arastirma zorlugu devam etmektedir. Ancak beslenme destegine,
ishal ihtiya¢ duyan cocuklarda diyet lif kullanimi yararlar
saglamaktadir. Lif igeren enteral formiiller, normal bagirsak
fonksiyonuna sahip olan ve beslenme destegi gerektiren
cocuklar icin genellikle rutin olarak kullanilmamaktadir; bu
formiiller genellikle belirli gastrointestinal durumlarin yonetimi
icin ayrilmistir. Ancak klinik c¢alismalar, enteral beslenme
formillerinde lif kullanimin1 desteklemektedir. Bu ¢alismalarda,
beslenme destegine ihtiyag duyan c¢ocuklar i¢in saglanan
faydalar arasinda sunlar bulunmaktadir: Lif, bagirsak
hareketlerini diizenleyerek ishalin azalmasina yardimci olabilir,
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Lifin sindirimi, digki pH''m1 dengeleyerek bagirsak sagligini
iyilestirebilir, lif aliminin artmasi, bagirsak hareketlerinin
diizenlenmesine  yardimci  olur. Diski  Orneklerinde
bifidobakterilerin oraninin artmasi, bagirsak mikrobiyotasinin
saglikli bir yapiya kavusmasina isaret eder (Holscher 2017).
Diisiik 1ifli diyetler tiiketen ve beslenme destegine baslanan
cocuklarda, giinliik lif alimmin agiz yoluyla ve enteral
formiillerle kademeli olarak artirilmasi, tolerans olusturmak igin
gerekli olabilir. Tiim ¢ocuklar, beslenme destegi alanlar da dahil
olmak tizere, ¢esitli kaynaklardan 1if alimindan fayda
saglayacaktir (Williams, 2006; Kranz ve ark., 2012: Naiman ve
ark., 2015; Durack ve Lynch, 2019).

3.3. Cocukluk Cag Obezitesi ve Diyet Lif Iliskisi

Cocukluk cag1 obezitesi ve diger diyetle iliskili kronik
hastaliklar ve durumlar ABD'deki ve gelismis iilkelerdeki bir¢cok
¢ocugu etkilemektedir. Saglik hizmetleri maliyetleri ve bunlarla
iliskili diistik yasam kalitesi nedeniyle, cocuklarin saglikli
kalmasina yardimc1i olmak i¢in etkili araglara ihtiyag
duyulmaktadir. Obezite ve diyabet ¢cocuklarda ciddi halk saglig
sorunlar1 olarak kabul edilmektedir (Hojsak ve ark., 2012).
Cocukluk cag1 obezitesi ve yetiskin obezitesi ile iliskisi, halk
saglig1 ve ulusun refahi icin bir tehdittir. Diyet lifi, ¢ocuklarda
tokluk hissini artirarak asir1 yemek yeme davraniglarim
engelleyebilir ve boylece obezite riskini azaltabilir. Slavin
(2013), diyet lifi aliminin artirilmasinin, 6zellikle ¢ocuklarda
daha diisiik viicut kitle indeksi (VKI) ile iliskili oldugunu
bildirmigtir. Lif, mideyi doldurarak daha uzun siire tok kalmay1
saglar, bu da yemek yeme sikliginin ve porsiyonlarin kontrol
altina alinmasina yardimci olabilir. Park ve ark.(2017), yiiksek
lifli diyetlerin, ¢ocuklarda kilo alimimi smirlayarak obezite
riskini 6nemli dl¢lide azalttigini bulmustur. Lifli gidalar, enerji
yogunlugu diisiik olup, kalori alimini kisitlamaya yardimci olur.
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Cocuklarda diyet lifi ve obezite arasindaki iliski, son
yillarda yapilan pek c¢ok arastirmanin konusu olmustur. Diyet
lifi, sindirim sistemini diizenlemeye yardimci olmasiin yani
sira, kilo kontrolii ilizerinde de oOnemli bir rol oynayabilir.
Cocuklarda obezite, diinya genelinde artan bir saghik sorunu
olup, bu sorunun ¢oziilmesinde diyetin rolii bliyiiktiir. Diyet lifi,
hem tokluk hissini artirarak kalori alimini sinirlamakta hem de
bagirsak florasin1 diizenleyerek metabolizmayr olumlu yonde
etkileyebilmektedir (Christine, 2006).Bir¢ok caligsma, diyet lifi
aliminin artirilmasinin cocuklarda obezite riskini
azaltabilecegini gostermektedir. Slavin (2013), diyet lifi
tilkketiminin viicut agirligini diizenlemeye yardimci olabilecegini
belirterek, lifli gidalarin mideyi doldurarak daha az kalori
alimina yol agtiginmi ifade etmistir. Lif, ayn1 zamanda glisemik
indeksi diistirerek, kan sekerinin hizli bir sekilde yiikselmesini
engeller ve insiilin seviyelerinin kontroliinii saglar. Bu da,
obeziteyi tetikleyen insiilin direncinin Onlenmesine yardimci
olabilir. Diyet lifi eksikligi, Ingiliz ¢ocuklardan olusan bir
orneklemde daha yiiksek viicut yaglanmasi ile iliskilendirilmistir
ve enerjisi kisith bir diyetle birlikte 15 g takviye lifin 2 kg daha
fazla kilo kaybiyla sonuglandigi bulunmustur. Digerleri diyet lifi
ile sismanlik arasinda Dbir iliski bulamamistir. Alman
cocuklardan olusan bir orneklemde yapilan uzunlamasmna bir
calismada, daha fazla lif yogunlugunun aslinda daha yiiksek
asir1 kilo/obezite riski ile iliskilendirildigi goriilmistiir (Yang ve
ark., 2024). Cocuklar arasinda diinya g¢apinda asir1 kilolu ve
obezite salgimmi goéz Oniine alindiginda, kanita dayali diyet
onerileri obezitenin Onlenmesi i¢in temelde &nemlidir. Insan
bagirsak mikrobiyomunun diyet ve obezitenin fizyolojik
etkilerini sekillendirmedeki ©Onemi, kesin kanitlar olmasada,
yaygin olarak kabul gormeye baslamistir. DF'ler obezitesi olan
cocuklarda bagirsak mikrobiyotasinin bilesimi, ¢esitliligi,
bollugu ve islevi iizerinde 6nemli bir etkiye sahiptir, ancak
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kanitlarin giicli yetersiz kalir (Zhao ve ark., 2019). Yiiksek bir
diyet lif alimim takiben, obezitesi olan c¢ocuklardaki tim bu
bakteriler olumlu yonde hareket ettigi bulunmustur (Yang ve
ark., 2024). Kolon mikrobiyotasi ve obezite diyet lif alimi ile
saglikli yonde degismistir. Ayrica obeziteye bagli instilin direnci
ve diyabet, lif alimi ile azaltilabilir (Kanz ve ark., 2012).

3.4. Cocukluk caginda diyet lifi ve kan kolesterolii

Cocukluk c¢aginda hiperkolesterolemi baslica diyet
degisikligi ile tedavi edilir ve ilag tedavisi, diisiik yogunluklu
lipoprotein (LDL) kolesterol seviyeleri tek basina 190 mg olan
veya diger koroner kalp hastaligi risk faktorleriyle birlikte daha
disik LDL seviyeleri olan 10 yas iistii ¢ok yiiksek riskli
cocuklara saklidir. Onerilen diyet, doymus yag ve kolesterol
tilkketiminin azaltilmasini ve bir¢ogu DF agisindan zengin olan
kompleks karbonhidrat aliminin artirilmasimi vurgular. Diyete
viskoz DF eklenmesinin, ila¢ tedavisine gerek kalmadan
cocuklarda LDL kolesterolii daha da diisiirdiigii gosterilmistir.
Genel olarak, bu g¢aligmalar giinde yaklasik 6 g viskoz lif
(6rnegin yulaf kepegi veya psyllium) eklemenin, diisiik doymus
yag ve diisiik kolesterol igceren bir diyetle elde edilenin {lizerinde
yaklastk %6k bir LDL kolesterol diislisii sagladigimi
gostermektedir. Ancak bir calisma higbir etki gdstermemistir
(Christine, 2006).

3.5. Lifin Bagirsak Saghgimin Otesindeki Faydalar

Epidemiyolojik ve miidahale caligmalari, diyet lifinin
kolesterol diisiirme, glisemik kontrol, kabizlik, kolon kanseri ve
divertikiiler hastaliklarin  6nlenmesi, kilo kontrolii ve son
zamanlarda ergenlik Oncesi ¢ocuklarda bilissel gelisim gibi
genis ve uzun vadeli saghk yararlarin1 tutarli bir sekilde
gostermistir. Kisa zincirli yag asitleri (SCFA'lar), 6zellikle asetat
ve propionat, kan dolasimima girerken, baZisiklik sistemi
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tizerinde faydali sistemik etkiler saglamakta; T hiicrelerinin
farklilagsmasin1 ve iligkili bagisiklik ile bagisiklik toleransini
tesvik etmektedir. SCFA'larin alerji gelisimine karsi koruyucu
olabilecegi ve otoimmiin hastaliklarin, diyabet, inflamatuar
artrit, inflamatuar gastrointestinal bozukluklar ve alerjik
hastaliklar gibi, 6nlenmesi veya hafifletilmesi agisindan daha
genis anti-inflamatuar etkiler sagladigi da disiiniilmektedir.
Ayrica, obezite ve iligkili patolojiler ile kanser gibi inflamatuar
dogaya sahip diger kronik hastaliklara karst da koruma
saglayabilirler. Asetat, karacigerde ve sistemik olarak onemli
roller oynar; kolesterol biyosentezinde, enerji kaynagi olarak,
epigenetik bir ajan olarak ve adiposit farklilasmasit ve
termojenezinin diizenlenmesinde iglev goriir. Propionat, biiyiik
Olclide karaciger tarafindan temizlenir ve karaciger kolesterol
biyosentezi ile glukoneogenezi diizenlemede Onemli bir rol
oynar (Hojsak ve ark., 2022).

Giincel Tiiketim Egilimleri: Bu oOnerilere ragmen,
bircok ¢ocugun Onerilen 1if alimin1  karsilayamadigi
belirtilmektedir. Ornegin, Birlesik Krallik Ulusal Diyet ve
Beslenme Anketi, 4-10 yas arasindaki cocuklarin sadece
%14'Uintin SACN’in 20 g/giin Onerisini karsiladigin1 ortaya
koymustur. Tiim yas gruplarinda ortalama lif alimi, Onerilen
seviyelerin altinda kalmaktadir.

Yiiksek Lifli Diyetler Hakkinda Endiseler: Yeterli lif
alimi 6nemli olsa da, ¢ok yiiksek lifli diyetler konusunda geng
cocuklar i¢in bazi1 endiseler vardir. Bu ¢ocuklar, diyetlerinin
biiyiik 6lciide lif agisindan zengin gidalar (sebzeler, baklagiller,
tam tahillar) ile dolu olmast durumunda yeterli enerji aliminda
zorluk yasayabilirler. Bu durum, kalori aliminin sinirlt olmasi
nedeniyle optimal biiylimeyi engelleyebilir. Cocuklar biiylime
donemindeyken yeterli kalori alimina ihtiyag duyarlar. Asir1 lifli
gidalarin tiiketimi, tokluk hissini artirarak cocuklarin yeterli
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miktarda kalori alimmi engelleyebilir. Lifli gidalarin fazla
tilketilmesi, ozellikle diisiik kalorili gidalarin fazla miktarda
tilketilmesi, ¢ocuklarin biiyiime i¢in gerekli olan enerji ve besin
Ogelerinin alimini sinirlayabilir. Bu durum, 6zellikle istah kaybi
ve yetersiz beslenme riski tasiyan cocuklar i¢in endise verici
olabilir (He ve ark., 2015).

4. SONUC

Diyet lifi, saglikli bir cocugun diyetinin temel bir
bileseni olarak kabul edilir. Yeterli diyet lifi alimina sahip
sagliklt cocuklarin diyetleri, diisiik diyet lifi alimina sahip
cocuklarin diyetlerine kiyasla daha yiiksek diyet kalitesi, daha
yiiksek besin yogunlugu ve daha yiiksek vitamin ve mineral
alimi ile karakterize edilir. Bununla birlikte, ¢ocuklarin 6nemli
bir kismi Onerilen diyet lifi alimini karsilamaz. Bu ozellikle
bobrek hastaligi olan c¢ocuklarda gecerlidir, ¢linkii bobrek
hastaliklarindaki geleneksel diyet oOnerileri agirlikli olarak
enerji ve protein miktarlarina odaklanmis ve genellikle
potasyum ve fosfati kisitlarken diyetin kalitesini ve ¢esitliligini
g6z ardi etmistir. Ortaya ¢ikan kanitlar, diyet lifinin ve buna
bagli olarak tipik olarak daha yiiksek diyet lifi icerigine sahip
bitki bazli bir diyetin bobrek hastaligi olan cocuklar igin
saglikli cocuklar kadar 6nemli oldugunu gostermektedir. Diyet
lifi, kabizligin 6nlenmesi ve daha az gastrointestinal semptom,
azalmis inflamatuar durum ve bagirsaktan kaynaklanan iiremik
toksinlerin {iiretiminin azalmasi gibi ¢esitli saglik yararlar
saglar. diyette lif eksikligi cocuklarda kabizlik, irritabl bagirsak
sendromu, alerjiler ve diger bagisiklik ile ilgili bozukluklar
dahil olmak fiizere c¢esitli bozukluklarla iligkilendirilmistir.
Diyet lifi, 6zellikle normal gevsekligi tesvik etmede ¢ocuklukta
onemli saglik yararlarina sahiptir. Calismalar ayrica, ¢ocukluk
cagindaki diyet lifin obeziteyi 6nlemede ve tedavi etmede ve
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ayrica kan kolesterol seviyelerini diisiirmede yararh
olabilecegini ve bunun her ikisinin de gelecekteki
kardiyovaskiiler =~ hastalik  riskini  azaltmaya  yardimci
olabilecegini gostermektedir. Yetiskinlerde, yiiksek lifli, diisiik
yagli bir diyet, kolon ve diger insan kanserlerinin oranlarinin
azalmasiyla iliskilendirilmistir ve bu rejimin ¢ocuklukta
baslatilmis olsaydi, bu faydanin daha da biiyiikk olmasi
muhtemel goriinse de, epidemiyolojik ve deneysel onay su
anda eksiktir. Cocuklarin tipik diyet lif tiikketimi iyi sagligi
korumak ve hastaliklar1 dnlemek icin yeterli olmayabilir. Bu
nedenle, ¢ocuklarin ve ergenlerin meyve, sebze, tahil ve diger
tahil {riinlerinin tiiketimini artirarak diyet lif alimim
artirmalarin1 6nermek ihtiyatl olacaktir.

Sonug¢ olarak, cocuklar icin diyet lifleri konusundaki
tartismalar, miktar ve kalite dengesinin saglanmasi gerektigi
onemli sorular1 giindeme getiriyor. Cocuklarin onerilen alimi
karsilamas1 kritik 6neme sahiptir, ancak bu, genel biliylime ve
gelisimlerini destekleyecek sekilde yapilmalidir. Bu endiseleri
kapsaml1 bir sekilde ele almak i¢in daha fazla arastirma ve
kilavuzlara ihtiya¢ duyuldugu bildirilmektedir. Cocuklar igin
diyet lifleri konusundaki tartigmalar, miktar ve kalite dengesinin
saglanmas1 gerektigi Onemli sorular1t glindeme getiriyor.
Cocuklarin o6nerilen alimi karsilamast kritik 6neme sahiptir,
ancak bu, genel biiylime ve gelisimlerini destekleyecek sekilde
yapilmalidir. Bu endiseleri kapsamli bir sekilde ele almak i¢in
daha fazla arastirma ve kilavuzlara ihtiya¢ vardir.
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SHELF LIFE DATING OF FOODS

Giilten SEKEROGLU*

1. INTRODUCTION

The Codex Alimentarius defines shelf life of foods as the
time during which a food product retains its microbiological
safety and suitability at a specified storage temperature and,
where applicable, storage and handling conditions (Codex
Alimentarius, 2018).

The emergence of shelf life is related to storing foods for
a long time without spoilage. Because they could not consume
the food obtained at once, they searched for ways to store it.
Each civilization has developed various methods to protect its
local food resources (Shephard, 2001).

Humans have consistently prioritized food preservation.
Since the prehistoric era, outdoor drying has been employed to
preserve meat from hunted animals, as well as collected plants
and roots. In antiquity, the sun and wind would have inherently
dried foods. Evidence indicates that Middle Eastern and Oriental
cultures involved in food drying as early as 12,000 B.C. utilizing
the intense sunlight. In addition, the Egyptians pioneered the
initial methods of salting and smoking. It was subsequently
discovered that ingredients like honey, vinegar, oil and fats
preserved food effectively, resulting in the development of jams,
pickled foods, and condiments. In other words, food processing
dates back to the prehistoric age when crude processing
including various types of cooking, such as over fire, smoking,

1 Dr. Ogr. Uyesi, Gaziantep Universitesi, Naci Topguoglu Meslek Yiiksekokulu,
Gida Isleme Boliimii, Gaziantep/Tiirkiye, sekeroglu@gantep.edu.tr, ORCID:
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steaming, fermenting, sun drying and preserving with salt were
in practice. In fact, since ancient times, mankind has started to
develop different food processing methods in order to extend the
shelf life of foods and to store foods in a safe, nutritious and
healthy way.

The shelf life is determined by factors including usage,
storage, code dating, and the storage conditions specified on the
labels of most prepackaged foods. A consumer's assessment of
shelf life can be significantly influenced by factors including
packaging, as well as environmental and design elements both
within the store and beyond its control (Jafarzadeh, 2021).

2. SHELF LIFE

The concept of shelf life is often a source of significant
concern and misunderstanding. A perceived necessity to maintain
competitive parity and to create the most appealing products for
the upcoming year, coupled with extended and intricate
distribution networks, may vyield a detrimental impact. Thus, the
maximum shelf life of products, coupled with consumer demand
for extended longevity, may result in irrational behavior, as the
interplay of prolonged shelf life, superior food quality, and low
cost cannot consistently function harmoniously, and there may be
instances when it fails to operate entirely (Trubetskaya, et.al,
2022; Visciano & Schirone, 2021).

Moreover, shelf life encompasses various legal
considerations, especially given the growing significance of the
terminology used to describe our products for sale. Nonetheless, a
perception persists that the implications of terms and definitions
pertaining to shelf life are not entirely comprehended, that some
may stem from marketing rather than scientific rigor, and that the
terminology used to denote quality degradation has become
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susceptible to facile critique. While consumers predominantly
assess quality based on the visual aesthetics and functionality of
the packaging, internal factors significantly influence quality, as it
can diminish even when the package's integrity is preserved.
Meeting consumer demand for premium products with an
extended shelf life remains a challenge (De Corato, 2019; Ahmed
et al., 2022; Soltani Firouz et al., 2021)

Shelf life is defined as the duration during which a
product remains suitable for consumption. Product quality, which
includes sensory and aesthetic characteristics, nutritional value,
and the absence of pathogens, is a crucial element of acceptability
that should be incorporated into the definition. The permissible
shelf life of a specific product is dictated by physical, chemical,
or microbiological factors related to the rate of degradation of the
product's characteristics. Storage and handling conditions of the
product are frequently incorporated in shelf life assessments
(Soltani Firouz et al., 2021; De Corato, 2019; (Diaz-Montes &
Castro-Muioz, 2021).

2.1. The Relationship Between Shelf Life and Food
Waste

Shelf life denotes the period during which a food product
retains its safety, quality, and nutritional characteristics under
designated storage conditions. This interval includes the duration
in which the food item is suitable for consumption and maintains
its intended sensory, physical, chemical, and microbiological
characteristics, in accordance with the manufacturer's
specifications (Piergiovanni & Limbo, 2019) Food loss and food
waste represent significant challenges for contemporary society.
Shelf life is a crucial factor in determining the extent of food
waste and loss (Santeramo & Lamonaca, 2021). Annually in
Europe, a growing quantity of food in satisfactory hygienic and
consumable conditions is wasted throughout the agri-food chain

282



Gida Bilimleri ve Miihendisliginde lleri Arasturmalar

(approximately 89 million tons - 179 Kkg per capita),
predominantly during distribution, retail, and consumption.

Only 6.4% of surplus food is allocated to non-profit
organizations (food banks, charities), 1.1% is directed to
secondary markets (discount stores), 11.5% is converted into
fertilizer or animal feed, and the remainder is discarded.
Approximately 10% of the 88 million tons of food waste
produced annually in the European Union is associated with
labeling dates (European Commission, 2018). Furthermore, 18%
of individuals in Europe lack a comprehensive understanding of
the terms "best before™ and "use by," which differ significantly,
thereby reinforcing the suggestion to implement a dual shelf-life
labeling system (best before and use by) (Micheli et al, 2023)

The assessment of food shelf life entails analyzing factors
such as microbial proliferation, chemical reactions, physical
alterations, and sensory degradation, thereby ensuring the
product's continued safety and acceptable qualities for consumers.
The precise assessment and efficient management of shelf life are
essential to guarantee consumer safety, reduce food waste, and
maintain economic viability in the food industry (Ucherek, 2004).

Open dating is compulsory in Europe. In the United
States, dating is not mandatory, except for infant formula and
baby foods; however, currently, US states mandate dating for
certain food categories. According to EU law, Regulation
1169/2011 (EC, 2011) stipulates that the date of minimum
durability of a food product is the date by which the food
maintains its specific characteristics when stored appropriately.
For highly perishable foods susceptible to microbial spoilage
during storage, which poses safety risks, the minimum durability
date is substituted with a "use by" date (EC, 2011).
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2.2. Shelf Life and Food Legislation

An expiration date denotes the duration required for a
selected quality attribute to deteriorate to an unacceptable level
under designated storage conditions (Corradini, 2018).

The shelf-life of a food product is the duration
commencing from the date of production and/or packaging,
concluding with either the 'use by date” or the 'best before' date.
In other words; the expiration date, often incorporating an
arbitrarily determined safety margin, is indicated on product
packaging to inform retailers and consumers through “use by
date” or “best before” labels for perishable or shelf-stable food
items (Wang & Li 2012).

The 'use by date” (i.e., the final day the food product
should be utilized). This pertains to food products that may,
after a brief duration, pose an immediate risk to human health
from a microbiological perspective (e.g., raw meat and fish,
chilled ready-to-eat foods, processed fruits and vegetables, fresh
fruit juices, etc.). Shelf-life refers to food safety in this situation
(Singh, 2000; Corradini, 2018; Ellis, 1994).

The 'best before' date, or 'date of minimum durability' as
defined in Regulation (EU) No 1169/2011 regarding food
information to consumers, is the date until which the food
maintains its specific characteristics when stored appropriately.
This pertains to food items including canned, dried, shelf-stable,
and frozen products where quality is a concern rather than
safety. In this context, shelf-life pertains to the quality of food
(for example; textural and sensorial properties) (EC, European
Commission, 2011).

The 'best before' date is the standard date mark mandated
by current legislation for the labeling of prepacked foods.
However, this must be substituted with a 'use by' date for foods
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that are microbiologically highly perishable and may pose an
immediate risk to human health after a brief period. Selling any
food past its ‘use by' date constitutes an offense (Corradini,
2018; Singh, 2000; Ellis, 1994).

3. FACTORS AFFECTING SHELF LIFE OF
FOODS

Every food item possesses a shelf life, regardless of
whether it is fresh, perishable, or non-perishable. Shelf life is the
duration post-production during which food remains safe for
consumption or the timeframe in which food can be utilized
while preserving its quality. Various factors influence the rate of
degradation or loss of the original quality of food (Table 2.1).
These factors can be categorized into two types: intrinsic (innate
to the food's nature) and extrinsic (external conditions affecting
the food) factors belonging to the structure of the food itself (Jay
et al., 2005; Food & Drug Administration, 2003).

Table 2. Factors affecting the shelf life of foods

Intrinsic factors Extrinsic factors

pH Storage temperature

Water activity Time-temperature profile of food

processing
Redox potential Relative humidity
Food composition Procedures based on HACCP
Nutrients Risk of microbial contamination

Total viable cell and

microflora of food Packaging atmosphere

Food additives Heat treatment

Microbiological quality of Good manufacturing and hygiene
foods and microflora practices
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Intrinsic factors are those that are inherent to the food
product or a direct result of the product and/or the reactions that
are part of the food product (texture, conformation, etc.).
Product composition, pH, water activity, oxidation potential,
presence of antimicrobials, presence of inhibitors, competitive
microbiota, and biological structure are some of the important
factors. Relatively homogeneous matrices are considered to be
easier to characterize, and microbial growth is more predictable
(Singh, 2000).

The type and form of food, packaging type, storage
conditions, distribution conditions, and marketing systems are
all determinants that influence the shelf life of perishable food
items. These factors pertain to the physical, chemical, and
biological transformations that transpire during food processing,
storage, and distribution. Ready-to-eat foods may frequently
become contaminated by factors such as exposure to various
materials, temperature, light, radiation, enzymes, active
substances, residual toxins, and pathogenic microorganisms. It is
essential to consider these materials when designing packages
intended to extend shelf life, thereby assessing the food
environment within the package that includes the food itself.
Consequently, it is essential to analyze the extrinsic factors that
encompass two significant environmental control elements
influencing the selection of both the type of food packaged and
the packaging itself. (Teixido, 2022; Singh, 2000).

The primary factors contributing to the degradation and
reduction of shelf life in food are active microorganisms. The
primary microorganisms responsible for spoilage in products
include molds and yeasts, lactic acid bacteria, aerobic and spore-
forming bacteria, Enterobacteriaceae, and significant
intermediates that contribute to the development of spoilage and
pathogenic microorganisms. The control of mechanical damage
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in products has been facilitated by the advancement of
packaging structures and systems designed for microbial growth
through the development of antimicrobial packaging systems.
The determination of shelf life begins with various stress
factors; specifically, it is essential to understand the required
temperature and duration of processing or storage conditions,
rather than merely considering sweating and fluctuations. The
storage and processing parameters should be modeled alongside
other physicochemical parameters and biochemical changes in
microorganisms to facilitate effective shelf-life storage
(Agriopoulou et al.2020; Qian et al.2021; Deak, 2004; Singh,
2000).

4. METHODS OF SHELF LIFE
DETERMINATION

To determine a food's predicted shelf-life, one must
comprehend the coordinated series of biochemical and
physicochemical reactions occurring in the food, and recognize
the mechanisms that lead to spoilage or degradation of desirable
attributes such as texture, flavor, aroma, and nutrients (Singh &
Cadwallader, 2004).

The shelf life of a product is determined using Hazard
Analysis Critical Control Points (HACCP) principles, following
the food safety management procedures required by law. Shelf
life tests are tests in which product quality, durability, and
reliability are tested under specific conditions. The defined shelf
life is expressed as ‘expiry date or ‘best before test’ as required
by EU food law (Man, 2016).

To obtain a swift estimation of the anticipated shelf-life
of the product, an Accelerated Shelf-Life Test (ASLT) may be
employed within the relevant range. Considering the constraints
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or potential deviations from the Arrhenius law, the test employs
the Arrhenius equation at elevated testing temperatures during a
comprehensive shelf-life analysis and extrapolates the kinetic
findings to standard, non-abusive storage conditions (Taoukis,
& Giannakourou, 2004).

ASLT states that the duration required to forecast a
standard storage time from a storage condition is ascertained
through the integral equation or the exponential model. The
shelf life and storage temperature are critical factors in
accelerated shelf life testing. Elevated temperatures over a brief
duration significantly enhance spoilage effects. The assessment
of chemical and physical changes may be more challenging than
microbiological tests. Tests should correlate with the
temperature at which spoilage occurs. Products are optimally
evaluated in their original form intended for storage and sale.
Enveloping the product in a moisture-vapor-impermeable film
can preserve humidity. Disregarding the influence of
temperature on moisture content in a product may undermine the
results of an accelerated shelf life assessment. Heat shock
adversely affects the abbreviated surface longevity of fruit. This
is due to enzymes being active and sensitive to fluctuations in
temperature. The optimal performance of the demand-controlled
ventilation system may necessitate a specific range of moisture
loss (Taoukis, & Giannakourou, 2004).

Real-time, dynamic shelf-life labeling and monitoring
exists; however, its implementation has not extensively reached
the consumer level. This testing has the advantage of mimicking
actual consumer use of the product. However, real-time shelf
life testing requires a substantial amount of time, especially if a
long shelf life is being claimed (Corradini, 2018).
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