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GIDA ENDUSTRISINDE YAPAY ZEKA
UYGULAMALARI

Giilten SEKEROGLU!
Ahmet KAYA?

1. GIRIS

Yapay zeka, (Artificial Intelligence: Al), tipik olarak
insan zekas1 gerektiren gorevleri yerine getirebilen bilgisayar
sistemlerinin gelistirilmesini bir bagka deyisle bilgisayarlarin ve
makinelerin insanlar gibi diisiinmesini, 6grenmesini, karar
vermesini ve sorunlart ¢ézmesini saglayan bir bilim dalidir
(Chowdhary, 2020). Teknolojinin hizla gelistigi giinlimiizde
yapay zeka, makinelerin, bilgisayar programlarinin ve sistemlerin
problem ¢ézme, karar verme ve sonug¢ c¢ikarma gibi yaratici

islevlerini bagimsiz olarak yerine getirmesini saglamaktadir
(Rozhkova vd., 2022).

Alan Turing'in 1950 yilinda Mind dergisinde yayimlanan
"Computing Machinery and Intelligence" baslikli makalesi yapay
zeka tarihinde dontim noktasi olarak kabul edilmektedir (Turing,
2009). Turing testi olarak adlandirilan bu fikirle Alan Turing,
bilgisayar bilimlerinin temel taslarin1 olusturmus ve makinelerin
de insanlar gibi diisiiniip diisiinemeyeceginin sorgulanmasina yol
acmustir. Turing’e gore, makineye (bilgisayara) sorulan herhangi
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bir soruya makine insaninkinden ayirt edilemeyecek derecede
cevap verebiliyorsa makine ger¢ekten diisiinmektedir. Turing’in
bu sorusunun cevabim ise, 1956 yilinda J. McCarthy, M. L.
Minsky, N. Rochester ve C. H Shannon adli bilim adamlari
Dartmouth  Konferansinda cevaplandirmaya ¢alismiglardir
(McCarthy, 2007; Coskun vd., 2021).

Baker ve Smith’e, (2019) gore yapay zeka; 6grenme ve
problem ¢6zme siirecine dayali olarak, genellikle insan zihniyle
iligkilendirilmis biligsel islevleri olan bilgisayarlar olarak
tanimlanmakta iken Zeide’e (2019) gore ise Al insan aklinin
irinii olarak c¢alisan makineler ve bu makinelere verilen
komutlarin bir biitlinii olarak ifade edilmektedir. Yapay zekanin
alt dallar1 da kendi igerisinde olduk¢a 6nemli olup, her bir alanda
calismalar siiratle artmaktadir. Bu alt dallara 6rnek olarak makine
ogrenmesi (Machine Learning), yapay sinir aglari, derin
o0grenme, bulanik mantik, bilgisayarli gomii, goriintii isleme
yontemleri verilebilir. Yapay zeka teknolojileri, gida kalite
kontroliinde, gidalarin siniflandirilmasinda, iiretim agamalarinin
kontrolii ve otomasyonun saglanmasi gibi siire¢lerde etkili olmus
ve gida endiistrisinde talebin artmasina yol agmistir (Mavani vd.,
2021).

Bu calismada, teknolojinin hizli ilerleyisine paralel
olarak, yenilik¢i ve akilli teknolojileri kullanarak hizli bir
doniisiim yasayan gida endiistrisinde yapay zeka teknolojisinin
kullanim1 incelenmistir. Ozellikle artan niifusla beraber gittikce
artan gida talebini karsilamak, toplum ve gelecek i¢in gida
giivenligini saglamak, siirdiiriilebilir gida sistemleri uygulamalari
icin yapay zekanin bu sisteme nasil entegre olacagi konulari ele
alinmistir.  Gida endiistrisinde yapay zeka teknolojilerinin
devreye girmesiyle beraber, geleneksel Uretim ydntemlerinin
yaninda yapay zekanin sistemdeki sorunlara nasil ¢oziim
bulduguna dair ¢esitli arastirma ve uygulamalarla konuya ag¢iklik
getirilmeye ¢aligilmistir.
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2. GIDA ENDUSTRIiSINDE YAPAY ZEKA
UYGULAMALARI

2.1. Gida Endiistrisindeki Temel Sorunlar

Niifusun hizli artis1, kaynaklarin azalmasi, iklim Krizi ile
beraber tarimda yasanan sorunlar, degisen beslenme
aligkanliklari, saglikli beslenmeye olan talebin artmasi, gida
uretiminin daha verimli ve sirddrulebilir hale getirilmesini
zorunlu kilmaktadir. Kovid-19 pandemisi sonrasinda yasanan
toparlanma sirecinin diinyanin her yerinde esit bir seyir
izlemedigi belirtilmektedir. Ayrica yasanan savaglar, guvenli ve
besleyici gidalara erisimi de olumsuz yonde etkileyerek diinya
genelinde gida iiretim miktarlarin1 da olumsuz etkilemistir
(Saxena & Suman 2021).

Birlesmis Milletler Gida ve Tarim Orgiitii (FAO), mevcut
egilimlerin devam etmesi halinde, Siirdiiriilebilir Kalkinma
Amaglar arasinda yer alan ‘2030 yilina kadar agligin sona
erdirilmesi’ hedefine ulagmanin miimkiin olamayacagi yoniinde
cesitli uyarilarda bulunmaktadir. Son aragtirmalar, aclikla karsi
karsiya kalan insan sayisinda artis meydana geldigini, 2019
yilinda 613 milyon olan bu saymin 2023 yilinda yaklasik 735
milyona ulastigin1 géstermektedir. Buna bir de 2050 yilina kadar,
yaklagik on kisiden yedisinin kentsel niifusa dahil olacagi
ongoriisti eklendiginde, yasanan aclik, gida giivensizligi ve
dengesiz beslenmeyle miicadele alaninda kentlesme egilimlerinin
de dikkate alinarak bu alanda da tedbirlerin alinmasi1 gerektigine
vurgu yapilmaktadir.

Gida alanindaki en biiyiik sorunlardan birisi kiiresel niifus
artis1 olup, Birlesmis Milletler diinya niifusunun 2050’ye kadar
9,7 milyar olacagin1i oOngormektedir. 2023 yili verileri
incelendiginde yaklasik 800 milyon insanin kronik aglik yasadigi,
2 milyara yakin insanin da c¢esitli vitamin ve mineral
eksikliginden kaynakli beslenme yetersizligi ile miicadele ettigi
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belirtilmektedir. Buna gittik¢e artan yaklasik 2 milyara yakin
obez ve asir1 kilolu insan niifusunun basta saglik olmak {izere
yasadigi sorunlar eklenmektedir. Gida ile ilgili temel sorunlardan
birisi de bir yandan aglik ¢eken insanlar varken diger taraftan
obezite ile miicadele eden niifusun oldukca hizli bir sekilde artis
gostermesidir. Dolayisiyla gidanin esit olarak paylastirilamamasi
sonucu bazi insanlar gidaya erisim saglayamazken diger taraftan
ihtiyacindan fazlasini tiikettigi icin obezite ve buna bagh
hastaliklarla miicadele eden insanlar bulunmaktadir.

Gida alanindaki diger 6nemli problemlerden birisi de,
gida atiklar1 ve israfi konusudur. Gida israfi, gidanin
tiikketilmeden ¢Ope gitmesi veya tiiketicinin ihtiyacindan fazlasini
satin alarak tiiketememesi sonucu olusan kayiplar olarak
tanimlanabilir. Gida atiklar1 ise genel olarak, Uretimin ara
basamaklarindaki kayiplar, gidanin taginmasi veya tiiketiciye
ulagincaya kadar olan kayiplar seklinde tanimlanabilir (Soni &
Saxena, 2020) . Bir de bunlara evlerde, restoranlarda gidalarin
depolanmasi, pisirilmesi ve hazirlanmasi sirasindaki kayiplari
eklersek, lretilen gidanin yaklasik iigte biri bu asamalarda
maalesef israf olmaktadir. Gidada bu amagla baslatilan 6nemli
calismalardan birisi de sifir atik uygulamasi olup, bu uygulama
insanlarin tiikketecegi kadar almasini, gidayr iyi saklamasini,
hazirlanan ve pisirilen porsiyonlara dikkat ederek gidanin tim
kisimlarindan faydalanmasini 6ngdrmektedir.

Bu yiizden ¢oziilmesi gereken ¢ok sayida problemle karsi
karstya kalan tarim ve gida sektoriinun, verim agisindan daha
kazangli, faaliyet acisindan etkili, c¢evresel degisime karsi
dayanikli ve gelecekte insanlar i¢in stirdurilebilir olabilmesi igin
¢oziim yollar1 bulmasi gerekmektedir. Bilgisayar bilimlerinde
yeni bir ¢i1g1r acan yapay zeka (Al), bu yeni diinya goriisliniin
zorluklarin1 ele alma yetenegine sahiptir. Gida endiistrisinde
yapay zeka ihtiyacinin ortaya ¢ikmasinin ana nedenleri de
bunlardir.
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2.2. Yapay Zeka Uygulamalari

Yapay zeka (Al), insan zekasinin ve yeteneklerinin
makineler, 0Ozellikle bilgisayar sistemleri, dijital ve robotik
sistemler gibi makineler tarafindan taklit edilmesiyle ortaya ¢ikan
bir bilim dalidir (Ben Ayed & Hanana, 2021). Yapay zeka
uygulamalari incelendiginde, makine 6grenmesi, derin 6grenme,
veri mithendisligi, dogal dil isleme, yapay sinir aglart gibi
uygulama alanlar1 ve metotlara bagl olarak farkli uygulamalarla
gerceklestigini soylemek mimkindur. Bu kategoriler, yapay zeka
teknolojilerinin genis uygulama alanlari1 ve farkli teknik
yaklagimlarmi kapsar. Her bir alt kategori, farkli problemlerin
¢cozimine yonelik 6zel teknikler ve araclar sunar.

2.2.1.Makine Ogrenmesi

Makine Ogrenimi, acikca programlanmadan
deneyimlerden otomatik olarak Ogrenen ve uyum saglayan
bilgisayar sistemlerinin gelistirilmesini ifade etmektedir. Bir
baska deyisle makinelerin (bilgisayarlarin) degisik veri tiirlerine
uygun olarak yaptig1 islemlerden 6grenmesini olanakli kilan
algoritmalarin tasarim ve gelistirme siireclerini kapsamaktadir.

Bu sistemin amaglarindan birisi analiz edilemeyecek
kadar ¢ok biiylik miktarlardaki verinin analizinin yapilmasini
miimkiin kilmak ve ge¢misteki veya eldeki verileri kullanarak
gelecek i¢in tahminlerde bulunmaktir. Bununla ilgili olarak bir
bagka teknik de veri madenciligi adi verilen, verilerin
incelenerek, icerisinden ise yarayan bilginin ¢ikarilarak
ayiklanmasidir. Makine 6grenmesinde, makine ne kadar ¢ok veri
ile analiz ederse, basarisi da o kadar ¢ok artmaktadir.

Gida miihendisliginde makine 6greniminin
uygulamalaria ornek verilecek olunursa; Zhang ve arkadaslari
(2022), yaptiklar1 galismada makine 6greniminin gida tedarik
zincirinin hiperspektral goéruntileme (HSI) teknolojileriyle
entegrasyonunu incelemis ve kalite ve givenlik denetimindeki
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rolini  arastirmiglardir.  Hiperspektral —goriintiilleme, gida
tirtinlerinin biitlinligiiniin korunmasinda kritik dneme sahip olan
tahribata yol agmadan gidalarin kalite degerlendirmesine izin
verdigi i¢in bu ayrica dnem tasiyan bir gorilintiilleme yontemi
olarak  bilinmektedir. Bu c¢alisma, makine &grenimi
algoritmalarinin ayiklama, paketleme ve depolama siireclerinde
nasil kullanilabilecegini ve nihayetinde gida giivenligi ve kalite
degerlendirmesini nasil iyilestirebilecegini ana hatlartyla ortaya
koymaktadir (Zhang vd.,2022). Mohd Ali vd., (2021) yaptiklari
calismada, gida ve tarim triinlerinin kalite denetimi i¢in makine
O0greniminin kullanimini aragtirarak, siniflandirma ve tahmine
dayali modelleme i¢in kullanilan destek vektor makineleri, yapay
sinir aglar1 gibi gesitli algoritmalar1 incelemislerdir (Mohd Ali
vd., 2021).

Saha ve Manickavasagan (2021) ise yaptiklari ¢aligmada,
gida kalitesini  belirlemek igin hiperspektral gorintilere
uygulanan makine Ogrenimi tekniklerinin kapsamli  bir
incelemesini sunarlarken, bulanik mantik ve karar agaglari da
dahil olmak iizere ¢esitli algoritmalarin gida {iriinlerinin
analizindeki etkinligini aragtirmiglardir (Saha &
Manickavasagan, 2021).

Yapilan calismalarda, gida giivenligi ve kalite kontrol
siireglerini  iyilestirmek i¢in makine Ogreniminin c¢esitli
uygulamalar1 da mevcuttur. Ornegin Pandey ve arkadaslarmin
yaptiklar1 aragtirmada (2023), makine 6grenimi algoritmalarinin
gida tiretim siireglerini nasil optimize edebilecegini, israfi nasil
azaltabilecegini ve gida trendlerini nasil tahmin edebilecegini ve
boylece gida endiistrisinde daha verimli operasyonlara nasil
katkida bulunabilecegini ele almislardir (Pandey vd., 2023).
Yavuzer'in (2023) makine 6grenimi kullanarak balik kalitesinin
hizli tespiti {izerine yaptig1 arastirma ise, bu tekniklerin gidalarin
tazeligini nasil degerlendirebilecegini ve gida ile dogrudan temas
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etmeden israfi nasil onleyebilecegini gostermesi agisindan onem
tagimaktadir (Yavuzer, 2023).

2.2.2.Derin Ogrenme

En basit tanimiyla derin 6grenme, ¢ok katmanli sinir
aglarima verilen ad olarak tanimlanabilir. Derin 6grenmeyi
bilgisayarlarin daha karmasik sorunlar1 ¢6zmesini saglayan bir
makine 6grenimi altkiimesi olarak da siniflandirmak miimkiindiir.
Derin 6grenme modelleri kendi kendilerine yeni 6zellikler de
olusturabilir. Derin O6grenme, bilgisayarli gorii ve ses tanima,
dogal dil isleme, tibbi goriintii analizi ve oyun stratejileri gibi
cesitli alanlarda basariyla kullanilmaktadir (Zhou vd., 2019).
Ayrica, otomotiv, eglence, finans ve saglik gibi sektorlerde de
onemli rol oynar. Yapay sinir aglarinin yapisinda birden ¢ok
katman bulundugundan dolay1 6grenme siireci derindir. Her bir
katman bir onceki katmandaki ¢iktiyr girdi olarak almaktadir.
Burada 6grenme Ozellikler cikarilarak gergeklesir. Ozellikler
daha sonraki adimlarda model egitimi i¢in kullanilmaktadir.

Derin 6grenmenin en dikkat ¢ekici 6zelliklerinden birisi,
cesitli alanlarda giderek daha fazla kullanilabilir hale gelen biiyiik
miktarda veriyi isleme kapasitesidir. Ornegin, bilgisayarla
gormede derin 6grenme, Evrisimsel Sinir Aglarinin (CNN)
kullanimiyla goriintii siniflandirma, nesne algilama ve yiiz tanima
gibi gorevlerde devrim yaratmistir (Voulodimos vd., 2018). CNN
yapisi temel olarak evrisimli katman, havuzlama katmani ve tam
baglantili katman olmak {izere ili¢ katmandan olusur. Bu
katmanlardan gecen gorsel, farkli islemlerden gegirilerek derin
o0grenme modeline girecek hale gelir. Bu aglar 6zellikle etkilidir
¢linkii goriintiilerdeki uzamsal hiyerarsileri yakalayabilir ve basit
kenarlardan karmasik nesnelere kadar farkli soyutlama
diizeylerindeki 6zellikleri 6grenmelerine olanak tanir.

Son yillarda derin 6grenme; goriintii siniflandirma, nesne
algilama ve dogal dil isleme gibi alanlarda kayda deger bir basari
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gostererek gida ile ilgili verileri analiz etmek i¢in gii¢lii bir arag
haline gelmistir. CNN'lerin, goriintiilere dayali olarak gida
maddelerini tamimlamak ve kategorize etmek i¢in kullanildigi
gida goriintiilerin siniflandirilmast dikkate deger bir uygulama
alam olarak one ¢ikmaktadir. Ornegin Begum ve Hazarika
(2021), gida teknolojisindeki derin 6grenme uygulamalarina
iliskin kapsamli bir inceleme yapmis ve CNN mimarilerinin,
ozellikle diyet takibi ve gida kalitesi degerlendirmesi i¢in yararl
olan goriintiilerden yemeklerin igerigini nasil otomatik olarak
taniyabildigini ortaya koymustur (Begum & Hazarika, 2021).
Arastirmalari, derin 6grenmenin gida siniflandirma sistemlerini
tyilestirme, daha verimli ve dogru hale getirme potansiyelini
ortaya koymasi agisindan son derece onemlidir.

Bir diger ornek ise, tedarik zincirini boyunca gida
kalitesinin korunmasinin kritik 6nemini ortaya koyan Hamza vd.
(2022) tarafindan gergeklestirilen ¢aligmadir. Bu c¢alismada,
tarimsal {riinlerdeki, 6zellikle de patatesteki hastaliklart tespit
etmek ve smiflandirmak i¢in derin 6grenme tekniklerinin
kullanim1  arastirllmistir.  Calismalari, derin  0grenme
algoritmalarinin hastaliklar1 ve zararlilar1 tanimlamak ig¢in
goriintiileri nasil analiz edebilecegini ve bdylece iiriin yonetimini
ve gida glivenligini nasil iyilestirebilecegini gdstermistir (Hamza
vd., 2022).

Pan ve arkadaslar1 (2017), yaptiklar1 ¢alismada, goriintii
tyilestirme tekniklerini derin 6grenme ile birlestirerek yeni bir
“g1da tanima yaklagim1” ortaya koymuslardir. Caligmalari, derin
o0grenme modellerinin saglamligin1 artirmak igin, gerekli olan
goriintli doniistiirme yoluyla veri kiimesinin boyutunu artirarak
gida smiflandirma  sistemlerinin  dogrulugunu artirmaya
odaklanmigtir (Pan vd., 2017). Calismalari, gida tanimaya
yardimei olmalarinin yani sira, gida endistrisinde daha iyi
envanter yoOnetimi, daha gilicli smiflandirma ve atiklarin
azaltilmasina katkida bulunmasi agisindan énemlidir.
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2.2.3.Veri Madenciligi

Veri madenciligi  kavrami, biiyiikk veri kiimelerini
derinlemesine  inceleyip,  belirli ~ bir amaca yonelik
degerlendirmeye uygun veriyi bulma islemi olarak ifade edilir.
Veri madenciligi, isletmelerin verimliligini artiran 6nemli bir
teknolojidir. Kurumlar veri madenciligini kullanarak, is
stireglerine deger katacak kiymetli verilere ulasmaya calisirlar.
Ote yandan cok biiyiik veri setlerinin islenmesi, depolanmast,
ayiklanmasi ve analiz edilmesi ig¢in gerekli olan teknik ve
yontemleri arastirir.

Gida endiistrisinde veri miihendisligi uygulamalari,
ozellikle gida isleme ve depolama asamalarinda 6nemli avantajlar
sunmaktadir. Bunun yaninda, gida atiklarinin yonetimi gibi
stirdiiriilebilir uygulamalar da veri miihendisligi teknikleri ile
desteklenmektedir. Gida endiistrisinde veri miihendisligi, hem
ekonomik kayiplar1 azaltmak hem de cevresel siirdiiriilebilirligi
artirmak i¢in kritik bir aragtir (Baciuliené vd., 2023; Bajac vd.,
2023).

2.2.4.Goriintii isleme

Her ne kadar goriintii isleme calismalariyla yapay zeka
caligmalarinin birbirinden bagimsiz olarak basladigi diisiiniilse de
ginimizde birbirleriyle i¢ ige gegmis olarak uygulandigin
sOylemek daha gercekei bir yaklasim olacaktir. Goriintii igleme,
bir goriintiiyli dijital bir forma doniistiirme ve ondan bazi yararh
bilgiler elde etmek i¢in belirli islemleri gerceklestirme siirecidir.

Gida endiistrisinde gorlintii isleme, gida kalitesini,
giivenligini ve iiretim verimliligini artirmay1 amaglayan bir dizi
uygulamayi kapsar. Bu teknoloji, gida goriintiilerini analiz etmek
icin c¢esitli teknikler kullanarak gida maddelerinin otomatik
olarak tamimlanmasim1  ve smiflandirilmasmi, kalitenin
degerlendirilmesini ve liretim siireclerinin izlenmesini saglar
(Céardenas-Pérez vd., 2017). Goriintii islemenin yapay zeka ve
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makine 6grenimi ile entegrasyonu bu uygulamalar1 6nemli dl¢iide
gelistirerek daha dogru ve verimli sistemlerin ortaya ¢ikmasini
saglamistir.

Goriintl isleme teknigi kullanilarak, meyve ve sebzeler
agirliklarina, boyutlarina ve renk 6zelliklerine gore siniflandirilir.
Gelistirilen sistem, hat basina saniyede 15 meyve isleme
yetenegine sahiptir (Pla vd., 2001). Goriintii analizi, gida
endustrisinde ayrica biyofilm olusumunun izlenmesi ve kontrolii
icin de kullanilmaktadir. Biyofilm, gida {iretiminde hijyen
sorunlarina yol agabilen bir durumdur ve goriintii isleme
teknikleri ile bu olusumlarin tespiti ve analizi saglanabilmektedir
(Tutar & Dinger, 2017). Ayrica, gida endiistrisinde goriinti
analizi, Urlinlerin otomatik smiflandirilmas: ve kalite kontrol
siireglerinde de 6nemli bir rol oynamaktadir. Ornegin, misir
yapraklarindaki hastaliklarin tespiti i¢in goriintii isleme teknikleri
ve yapay zeka algoritmalar1 kullanilmakta, bu sayede
hastaliklarin hizli bir sekilde tespit edilmesi saglanmaktadir
(Buttner, 2023).

Goriintii isleme teknikleri, gida Urdnlerinin olgunluk
derecesi ve hasat zamanini belirlemek icin de yaygin olarak
kullamilmaktadir. Ornegin, Ji ve arkadaslann (2012) muz
olgunlugunu o6lgmek i¢in dijital bir goriintiilleme yontemi
gelistirmis ve goriintii isleme yazilimlarimin muzun olgunluk
derecelerini geleneksel spektrofotometrik yontemlerden daha
dogru bir sekilde tahmin edebildigini gostermistir (Ji vd., 2012).

2.3.Yapay Zeka Uygulamalarimin Gida Endustrisinde
Kullanim Alanlari ve Avantajlari

Gida endiistrisi, gidalarin iiretimi, islenmesi, tasinmasi ve
depolanmasi gibi pek ¢ok islemi biinyesinde barindiran, tarim,
hayvancilik ve balik¢ilik gibi ilgili endstriler de dahil olmak
lizere ¢ok cesitli alanlar1 kapsayan, liretimden tiiketime kadar tiim
gida deger zincirini i¢eren biiylik bir kiiresel endiistridir. Bu
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endustri kolu, tlketicilerin taleplerine giderek daha zengin
secenekleri, gida gilivenligini dikkate alarak sunmaktadir.

Endlstri 6.0, yapay zeka ve teknolojinin insan
becerileriyle daha derin bir uyumunu ifade eden bir baska deyisle
makinelerin yetenekleriyle insanlarin yaraticiligini birlestiren bir
donem olarak ele alinmaktadir. (Kuosmanen, vd., 2021). Yapay
zeka, biiyiik veri, 3D bask1 teknolojisi ve blok zinciri teknolojisi
gibi bazi yeni teknolojiler gida sektoriinde yaygin olarak
kullanilmakla beraber Endiistri 6.0 sanayi evresi ile daha da
yayginlasacaktir.

Yapay zeka uygulamalarinin gida endustrisinde tarladan
sofraya gelinceye kadar pek ¢ok uygulama alant mevcut olup
teknolojinin gelismesine bagl olarak bu uygulama alanlar
gittikge artmakta ve c¢esitlenmektedir (Sekil 1).

Yapay zeka teknolojileri, gida triinlerinin {iretim ve
isleme siireglerinde Gzellikle kalite kontrol ve denetim
prosediirlerini biiyiik 6l¢iide gelistirmistir. Yapay zeka destekli
sistemler, gidalardaki kusurlar ve hatalar1 bulmak igin gida
urtnlerinin resimlerini ve videolarmi inceleyebilir, Urtnlerin
gorsel 6zelliklerini belirlenen standartlarla karsilagtirarak hizli ve
kesin bir sekilde anormallikleri tespit edebilir. Bozuk veya hasarli
tirlinlerin tiiketicilere ulasmasinin dnlenmesi, tutarl iirtin kalitesi
ve glvenliginin garanti edilmesine yardimci olur. Yapay zeka
destekli kalite kontrol sistemleri, insan kaynakli olusabilecek
hatalar1 ortadan kaldirarak islemleri hizlandirir, iggiicii, enerji ve
ekonomik tasarruf saglarlar.

Yapay zeka, tarim driinlerinde verimliligi artirmak,
maliyetleri diistirmek, ¢evresel etkileri azaltmak ve {iriinlerin
tiikketiciye ulasmasinda en 6nemli kriterlerden birisi olan glivenli
gida saglamak i¢in yenilik¢i ¢ozlimler sunar. Yapilan ¢alismalar,
yapay zeka uygulamalarinin = yayginlasmasiyla  Dbirlikte,
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strdirilebilirlik ~ ve  verimliligin daha da  artacagim

ongormektedir.

Sekil 1. Yapay Zeka Uygulamalarinin Gida Endiistrisinde

Kullamildig1 Alanlar

Ank
Yiénetimi

Gada
Tasnifi

Kalite
Kontrol
Siirecleri

_Gida
Uretimi

Yapay Zeka Uygulamalarimn
Gida Endiistrisinde Kullanim
Alanlan

Gida

Giivenligi

.. Yeni
Uriinlerin
Uretimi

Perakende
Satis

Gida

giivenliginin ~ saglanmasi1  i¢in  uygulanan

teknolojilerden birisi de blok zinciri teknolojisidir. Blok zinciri
teknolojisi, oncelikle iiretici ve tiiketici arasinda izlenebilirligi ve
seffaflig1 saglamak, genel tedarik zincirinde verimliligi artirmak

amaciyla gida

endiistrisinde doniistiiriicii bir gii¢ olarak ortaya

cikmistir. Ozellikle gidanin menseinin bilinmesi, tarladan sofraya
kadar olan siirecte yolculugunun takip edilmesi agisindan 6nemli
bir uygulamadir. Blok zinciri uygulamalar siirdiiriilebilir gida
sistemlerinin saglanmasi, sirketler arasi rekabeti tesvik ederek
daha kaliteli ve ekonomik {iriinler sunmasi, verimlilik agisindan
fayda saglamasi gibi avantajlara sahiptir (Gerdan vd., 2020).
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Gida dreticileri agisindan yapay zeka uygulamalariin
avantajlart1 ele alinacak olunursa su faydalar1 sagladig
sOylenebilir. Yapay zeka uygulamalar1 ile toprak analizleri
yapilarak, en uygun f{iriiniin yetismesi i¢in gerekli kosullar
belirlenebilir, toprak sicakligi ve nemi kontrol edilebilir. Uriiniin
yeterli ve uygun zamanda sulanmasi saglanabilir, su israfinin
Oniline gegilebilir. Bitkide gelisen hastaliklarin erken evrede
tespiti  miimkiin  olabilir, =zirai miicadele basariyla
gerceklestirilebilir. Uriin i¢in en uygun hasat zamani tespit
edildigi gibi, hasat sonrasi sevkiyat islemleri planlanabilir. Yapay
zeka ayrica meteorolojik kosullarin  tespit edilmesinde
kullanilarak tireticileri bilgilendirmede kullanilabilir.

Bu yeni teknolojilerin uygulanmasi tiretimde verimliligi
artirabilir, gida atiklarin1 ve israfin1 azaltabilir, glivenli gidaya
ulagmanin Oniinii agarak gidanin kalitesini iyilestirebilir ve
tilkketicilerin beklentilerine daha biiylik 6lgiide hizli ¢oziimler
uretebilir. Yapay zeka algoritmalart ile tiiketici isteklerini analiz
ederek kisiye Ozel beslenme planlari olusturmak, beslenme
gereksinimlerine gore saglikli meniiler olusturmak da miimkiin
olabilir. Bu ¢ercevede yapay zeka uygulamalar yiiksek iiriin
standartlarinm1  saglayarak, tiiketici memnuniyetini saglayan,
giivenli gida tliretimini de saglayabilecektir.

3. SONUC

Gida endiistrisinde Yapay Zekanin (Al) kullanilmaya
baglanmas1 ile gida drlinlerinin kalite degerlendirmesini
kolaylastirdig1 goriilmektedir. Al uygulamalari ile, gida iiretimini
daha yetkin, giivenli ve kazancli hale getirmek i¢in bircok
gelismis uygulama bulunmaktadir. Yapay zeka, geleneksel
yontemlere gore bir¢cok avantaj sundugu i¢in gida sektdriinde de
yaygin olarak kullanmilmaktadir. Tiim algoritmalarin dogru ve
giivenilir oldugu bilinmektedir, ancak algoritmalarin avantajlari
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ve sinirlamalar1 gz oniinde bulundurularak gida endiistrisindeki
belirli bir uygulama i¢in dikkatli bir se¢im yapilmalidir. Bir bagka
deyisle farkli algoritmalarin kendilerine gore giiglii ve zayif
yonleri vardir, belirli bir uygulama i¢in algoritma se¢imi duruma
gore degerlendirilmelidir.
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OXIDATION MECHANISM OF OZONE WITH
FOOD PROTEINS

Hicran UZUN KARKA!

1. INTRODUCTION

Ozone is generated in the Earth's atmosphere through the
interaction of oxygen molecules (02) with ultraviolet (UV)
radiation. This interaction induces the dissociation of oxygen
molecules into individual oxygen atoms, which subsequently
react with additional oxygen molecules to form ozone. Ozone's
potent oxidizing properties render it a valuable agent in water
treatment, air purification, and industrial processes, due to its
capability to react with and neutralize contaminants (Turhan,
2018). The high reactivity of ozone makes it an essential tool in
numerous chemical processes. It is utilized for the oxidation of
organic compounds, water disinfection, and the removal of odors
and colorants in industrial applications.

Ozone, a powerful oxidizing agent, interacts with cellular
constituents, including proteins, in food matrices, leading to
diverse outcomes. Ozone treatment alter the secondary and
tertiary structures of proteins, leading to a reduction in protein
levels and potential changes in the functional properties of
proteins in foods.

L Dr. Ogr. Uyesi Hicran Uzun Karka, Gaziantep Universitesi, Naci Topguoglu Meslek
Yiiksekokulu, Gida Isleme Béliimii, Gaziantep/Tiirkiye, hicranuzun@gantep.edu.tr,
ORCID: 0000-0003-1098-3197.
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2. CHEMICAL AND PHYSICAL PROPERTIES OF
OZONE

Ozone, a triatomic oxygen molecule composed of three
oxygen atoms, is a powerful oxidizing agent with a redox
potential of 2.08 eV (Gupta, 2024; Kumar & Chandni, 2021). It
is slightly soluble in water but more so in inert solvents like
carbon tetrachloride and fluorocarbons. Physically, ozone is a
pale blue gas at room temperature, condensing to a dark blue
liquid and a violet-black solid at lower temperatures, and it has a
sharp odor reminiscent of post-lightning storm air. Its boiling and
melting points are -112 °C and -193 °C, respectively, with a gas
density of 2.14 g/l at 0 °C and 1 atm, and a liquid density of 1.572
g/cm3 at -182 °C. It exhibits broad-spectrum antimicrobial
properties, making it a strong oxidizing biocide effective against
bacteria and viruses (Appelgrein et al., 2016). Ozone is known for
its role in atmospheric chemistry, where its formation from the
photodissociation of oxygen molecules is crucial (Niwa et al.,
1997). The molecule has a peak UV absorption wavelength at 254
nm (Le &Tao, 2011) and can be utilized in various applications
such as bleaching, disinfection, and pollutant removal (Turhan,
2018; Venne et al., 2020; Afsah-Hejri et al., 2020).

3. CHEMICAL REACTIONS OF OZONE WITH
BIOMOLECULES

Ozone (0O3) possesses several chemical properties that
make it highly reactive with biomolecules, including its strong
oxidizing potential, ability to generate reactive oxygen species
(ROS), and molecular structure. As one of the most powerful
oxidizing agents known, ozone has a high oxidation potential (2.07
V), enabling it to react with a wide range of biomolecules, such as
proteins, lipids, and nucleic acids by accepting electrons from other
molecules, leading to their oxidation. In aqueous environments,
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ozone decomposes to produce various ROS, such as hydroxyl
radicals (*OH), superoxide (O2+—), and hydrogen peroxide (H202),
which are highly reactive and cause significant oxidative damage
to biomolecules. Ozone's bent molecular structure, with a bond
angle of about 117°, contributes to its high reactivity by making the
molecule susceptible to reactions with nucleophiles. As an
electrophile, ozone attracts and reacts with electron-rich sites in
biomolecules, making it particularly reactive with double bonds
and sulfhydryl groups in amino acids and other biomolecules. It
readily reacts with double bonds found in unsaturated fatty acids
and other organic compounds, leading to the formation of
ozonides, disrupting cell membranes and other lipid-containing
structures. The process of ozonolysis breaks double bonds and
forms aldehydes, ketones, and peroxides, which can further react
with other biomolecules (Rakovsky, et al., 2013).

Ozone can also react with specific amino acids, such as
cysteine, methionine, and tryptophan, leading to the oxidation of
these residues and resulting in alterations to protein structure and
function, including the formation of carbonyl groups, which are
markers of oxidative damage. Additionally, ozone can cause
oxidative damage to DNA and RNA, leading to strand breaks, base
modifications, and cross-linking, which interfere with replication
and transcription processes. Ozone exposure can also deplete
cellular antioxidant defenses, such as glutathione (GSH) and
superoxide dismutase (SOD), making cells more susceptible to
oxidative damage (Birben et al., 2012).

4. BASICS OF PROTEIN STRUCTURE:
PRIMARY, SECONDARY, TERTIARY, AND
QUATERNARY

Proteins, essential macromolecules in living organisms,
exhibit a hierarchical structure comprising four levels: primary,
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secondary, tertiary, and quaternary structures. The primary
structure refers to the linear sequence of amino acids linked by
peptide bonds. This sequence determines the protein's unique
identity and influences its folding pattern (Clark & Pazdernik,
2013). Secondary structure involves the local folding patterns of
the polypeptide chain, primarily forming alpha helices and beta
sheets stabilized by hydrogen bonds between amino acids. These
structures contribute to the protein's stability and functionality
(Greenfield, 2006). Tertiary structure represents the three-
dimensional arrangement of secondary structural elements,
forming the overall shape of the protein. It is crucial for the
protein's function as it determines the active sites and binding
regions. Tertiary structure is stabilized by various interactions like
hydrophobic interactions, disulfide bonds, and electrostatic forces
(Jumper et al., 2021). Quaternary structure refers to the
arrangement of multiple protein subunits in a complex. Proteins
with quaternary structure consist of two or more polypeptide
chains known as subunits. The interactions between these
subunits, such as hydrogen bonding and hydrophobic
interactions, contribute to the stability and functionality of the
protein complex (Brinda et al., 2005).

5. TYPES OF PROTEIN OXIDATION BY OZONE:
CARBONYLATION, SULFHYDRYL
OXIDATION, ETC.

Ozone-induced protein oxidation encompasses several
specific types of modifications, each with distinct mechanisms
and implications. Carbonylation involves the introduction of
carbonyl groups (aldehydes or ketones) into protein side chains,
typically affecting amino acids like lysine, arginine, proline, and
threonine. This modification is often mediated indirectly by
ozone through the generation of reactive oxygen species (ROS),
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leading to altered protein structure and function and serving as
markers of oxidative stress. Sulthydryl oxidation refers to the
modification of thiol groups (-SH) in cysteine residues, which are
highly reactive to ozone. Ozone oxidizes these thiol groups to
form disulfides, sulfenic acid, sulfinic acid, and sulfonic acid,
impacting protein folding and function, and potentially causing
enzymatic activity loss and protein aggregation. Methionine
residues are particularly sensitive to ozone and are oxidized to
methionine sulfoxide and further to methionine sulfone, altering
protein structure and function and affecting enzyme activity and
protein-protein interactions. Aromatic amino acids like
tryptophan, tyrosine, and phenylalanine can be oxidized by
ozone, leading to the formation of various oxidative products,
such as kynurenine and N-formylkynurenine from tryptophan,
dityrosine from tyrosine, and hydroxylated derivatives from
phenylalanine, which can disrupt protein structure and function,
and cause protein cross-linking.

Ozone can also cause cleavage of the peptide backbone,
leading to protein fragmentation, typically seen in regions with
high oxidative stress, resulting in loss of protein function and
generation of smaller peptides that might aggregate or be
degraded by cellular mechanisms (Cataldo, 2003). Additionally,
nitration and nitrosylation involve the addition of a nitro group (-
NO2) to tyrosine residues and a nitroso group (-NO) to cysteine
or other residues, respectively, often resulting from ozone's
interaction with nitrogen oxides in the environment and forming
reactive nitrogen species. These modifications can alter enzyme
function and affect signal transduction pathways and protein-
protein interactions. Detection and analysis of these oxidative
modifications are facilitated by mass spectrometry, which
identifies specific oxidative changes on amino acids,
spectroscopy techniques like UV-visible and fluorescence
spectroscopy, western blotting for detecting carbonylated proteins
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using specific antibodies, and chromatography for separating
oxidized protein fragments (Corpas et al., 2021).

6. EFFECTS OF OZONE TREATMENT ON
PROTEINS

Ozone, a powerful oxidizing agent, interacts with cellular
constituents, including proteins, in food matrices, leading to
diverse outcomes. Ozone affects microbial cells by oxidising the
sulthydryl and amino acid groups of enzymes, which alter the
proteins within the cells (Kinsella, 1979). Additionally, ozone
treatment has been shown to alter the properties of starch and
flour, affecting their pasting properties, which may be attributed
to the interaction with proteins present in these food components.
Furthermore, ozone exposure negatively affects the S-
nitrosylation status of leaf proteins, indicating a direct impact on
the post-translational modification of proteins in plant tissues
(Khana et al., 2021).

Ozone treatment has also been stated to alter the secondary
and tertiary structures of proteins, leading to a reduction in protein
levels and potential changes in the functional properties of proteins
in foods (Kosti¢ et al., 2015). Moreover, 0zone treatment has been
demonstrated to inhibit cellular respiration intensity, reduce the
production of ethylene, and enhance the activity of some
antioxidant enzymes, which may affect the oxidative state and
functional properties of proteins in food systems (Zayas, 1997).
Additionally, ozone exposure has been associated with increased
abundance of proteases and proteasome subunits, which are
responsible for the degradation of proteins damaged by reactive
oxygen species (ROS) during oxidative stress (Huffman & Harper,
1999). Furthermore, ozone has been used as a food disinfectant,
affecting the microbial and physicochemical quality of various
food products, which may indirectly impact the proteins present in
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these foods (Taha et al., 2022). Overall, the effects of ozone on
proteins in foods are diverse and can influence protein structure,
functionality, and microbial interactions, thereby impacting food
quality, safety, and shelf life.

6.1. Effects of Ozone Application on Structural
Properties of Proteins

The effect of 0zone application on the structural properties
of proteins in foods is diverse and can significantly affect various
aspects of food quality and safety. Ozone treatment has been
reported to alter the secondary and tertiary structures of proteins,
leading to changes in protein levels and potential modifications
in protein functionality (Sagai & Bocci, 2011). Additionally,
ozone treatment has been associated with changes in the
physicochemical properties of myofibrillar proteins, potentially
altering protein functionality (Cahyana et al., 2018). Furthermore,
ozone treatment has been shown to affect the physicochemical
properties of wheat proteins, suggesting potential modifications
in protein functionality. Moreover, ozone treatment has been
reported to affect the physicochemical properties of whole grain
flour, indicating its potential impact on the functional
characteristics of proteins in food systems (Zhang et al., 2014).

Additionally, ozone treatment has been shown to
influence the pasting properties of waxy rice flour and waxy rice
starch, indicating its impact on the functional properties of these
proteins (Chan et al., 2009). Overall, the effects of ozone
treatment on the structural properties of proteins in foods are
diverse and can have implications for food quality, texture, and
shelf life.

6.2. Effects of Ozone Application on Functional
Properties of Proteins

The effects of ozone treatment on the functional properties
of proteins in foods are diverse and can significantly impact various
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aspects of food quality and safety. Ozone treatment has been
reported to alter the functional properties of proteins in wheat flour,
affecting the quality characteristics of fresh noodles, including
chewiness and starch properties (Dinget et al., 2012). Additionally,
ozone treatment has been shown to enhance the functional
properties of various starches, such as shear and temperature
stability, low syneresis, pH stability, gelling, and pasting properties
(Thakur et al., 2023). Furthermore, ozone treatment has been
demonstrated to affect the physicochemical and functional
properties of whole grain flour, indicating its potential impact on
the functional characteristics of proteins in food systems (Obadi et
al., 2018). Ozone treatment has also been associated with changes
in the physicochemical properties of myofibrillar proteins from
silver carp during frozen storage, potentially altering protein
functionality (Zhang et al., 2017).

Moreover, ozone treatment has been reported to affect the
physicochemical properties of wheat proteins, suggesting potential
modifications in protein functionality In addition, the modified
proteins have different functional properties from those of their
unmodified molecules; their emulsifying, foaming, gelling, and
water binding properties may be affected as well as the texture of
food changed (Obadi et al., 2016). Additionally, ozone treatment
has been shown to influence the pasting properties of waxy rice
flour and waxy rice starch, indicating its impact on the functional
properties of these proteins (Ding et al., 2014). Overall, the effects
of ozone treatment on the functional properties of proteins in foods
are diverse and can have implications for food quality, texture, and
shelf life.
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7. THE ADVANTAGES OF OZONE APPLICATION
IN THE FOOD INDUSTRY

The use of ozone in the food industry offers numerous
advantages, making it a valuable tool for various applications.
Some of the main benefits of 0zone application in the food industry
include:

Disinfection and Decontamination: Ozone is effective
disinfection agent for decontaminating produce, equipment, food-
contact surfaces, and the processing environment (Khadre et al.,
2001).

Extended Shelf Life: Ozone is an important oxidant and
disinfecting agent, used as an innovative food processing

technology, which enhances shelf life and guarantees food safety
(Ummat et al., 2018).

Environmental Friendliness: Ozone has been accepted as
an ecologically friendly technology since it does not leave toxic
residues in food products or on contact surfaces, making it a
sustainable alternative disnfection agent for food processing
(Panebianco et al., 2022).

Water Treatment: Ozone treatment is particularly useful
for decreasing the biological and chemical oxygen demand of
water used in processing and washing, thereby contributing to
enhanced water quality in the food sector. (Dubey et al., 2022).

Microbial Control: Ozone gas spraying reduces bacterial
growth, slowing down quality degradation due to decay and
extending the shelf life of food products.

Versatile Applications: Ozone has broad applications in
fruit processing, providing an effective means of preserving the
quality of fruits and vegetables (Sroy et al., 2022).
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Oxidative Stability: Ozone treatment promotes the
physicochemical properties and antioxidant capacity of food
products, contributing to improved oxidative stability and quality
attributes (Zhang et al., 2005).

Eco-Friendly Technology: Ozone is an environmentally
suitable method against microbial biofilm in food processing
plants. It has been offered an effective and sustainable approach
to maintaining hygiene and quality standards (Panebianco et al.,
2022).

Effective Disinfection: Ozone is effective against a wider
range of microorganisms and is free of chemical residues, making
it a preferred choice for disinfection in the food industry (Zhang et
al., 2005).

Food Safety: Ozone application is an alternative
disinfection method for maintaining the quality and safety of food
products, providing an effective method for microbial control and
preservation.

These advantages highlight the diverse and beneficial
applications of ozone in the food industry, ranging from
disinfection and preservation to environmental sustainability and
food safety. Ozone's effectiveness in extending shelf life,
controlling microbial growth, and maintaining food quality makes
it a valuable agent in food processing and preservation.

8. DAMAGES OF THE OZONE APPLICATION ON
FOOD CONSTITUENTS

The application of ozone on food constituents can have
various effects on food quality, safety, and nutritional attributes.
Some potential damages of ozone application on food constituents
are:
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Lipid Oxidation: Ozone can affect lipid oxidation, leading
to the production of undesirable aromas and potential degradation
of lipid components in food constituents (Perna et al., 2022).

Reduction in Nutritional Parameters: Ozone treatment
may lead to reductions in nutritional value of food components,
such as their antioxidant capacity, polyphenol content, flavonoid
content, and ascorbic acid concentration (Panigrahi et al., 2020).

Degradation of Bioactive Compounds: Ozone treatment
can result in the degradation of bioactive compounds such as
phenols, flavonoids, and ascorbic acid in food constituents,
potentially impacting their health-promoting properties (Panigrahi
et al., 2020).

Oxidative Damage: Persistent ozone exposure can cause
irreversible oxidative damage to plants and reduce crop yield,
potentially affecting the nutritional quality of food constituents
(Kim et al., 2020).

Impact on Color and Texture: Ozone treatment may affect
the color characteristics and texture of food constituents,
potentially leading to changes in their sensory attributes and overall
quality (Perna et al., 2022).

Reduction in Antioxidant Capacity. Ozone treatment may
lead to a reduction in the antioxidant capacity of food constituents,
potentially impacting their ability to against oxidative stress and
maintain stability (Perna et al., 2022).

Microbial Reduction: While ozone treatment can
effectively reduce microbial load, it may also affect the natural
microbial flora in food constituents, potentially impacting their
functional and sensory attributes (Varga & Szigeti, 2016).

Degradation of Biofilm-Forming Bacteria: 0Ozone
treatment may cause the degradation of biofilm-forming bacteria,
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potentially impacting the microbial ecology and stability of food
constituents (Panebianco et al., 2022).

Reduction in Shelf Life: Ozone treatment may lead to a
reduction in the shelf life of food constituents, potentially

impacting their storage and preservation characteristics
(Sukarminah et al., 2017).

Impact on Physicochemical Characteristics: Ozone
treatment may affect the physicochemical characteristics of food
constituents, potentially leading to changes in texture, and total
soluble solids content (Ummat et al., 2018).

These potential damages highlight the importance of
carefully considering the application of ozone in the food industry
and conducting thorough assessments of its impact on food
constituents to ensure food safety, quality, and nutritional integrity.

9. CONCLUSION

The oxidation mechanism of ozone with food proteins
plays a important role in food preservation and quality
deterioration. The reaction between ozone and protein containing
compounds primarily involves the generation of reactive oxygen
species (ROS), which can lead to structural modifications of
proteins, including denaturation and fragmentation. These
oxidative changes can adversely affect the functional properties
of proteins, such as solubility, emulsification, and gelation,
ultimately influencing the sensory attributes of food products.

Understanding the specific pathways and kinetics of
ozone-induced oxidation is crucial for optimizing its application
in food processing. Furthermore, this knowledge can guide the
development of techniques to reduce the adverse effects of ozone
on protein quality, enhancing the effectiveness of ozone as a
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preservative while preserving the nutritional and sensory
characteristics of food.
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NANOTECHNOLOGICAL APPLICATIONS IN
FOOD SCIENCE AND TECHNOLOGY

Songul KESEN?

1. INTRODUCTION

The multidisciplinary field of nanotechnology focuses on
the engineering and manipulation of materials at the nanoscale,
which is commonly defined as dimensions ranging from 1 to 100
nanometers. This scale is significant because materials exhibit
distinct physicochemical attributes that differ from their bulk
equivalents, resulting to new uses across different fields,
including medicine, electronics, and materials research (Salas et
al., 2023). According to Bayda et al. (2019), the word
"nanotechnology” denotes to a variety of methods and uses,
showing its development from a specialized field of science to a
key component of contemporary technological advancement.

These qualities have wide-ranging ramifications that
allow for improvements in many different sectors. Within the
food sector, nanotechnology has emerged as a disruptive force,
providing cutting-edge solutions in several areas, like processing
food, preservation, safety, and packaging. Nanotechnology
application in food science is distinguished by its capacity to
modify substances at the nanoscale, resulting in improved
characteristics and functions that are unattainable using
conventional techniques.

L Assoc. Prof. Dr., Gaziantep University, Naci Topcuoglu Vocational High School,
Food Processing Department, songulkesen27@hotmail.com, ORCID: 0000-0003-
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Food packaging is a primary areas where nanotechnology
is used in the food industry. The addition of nanomaterials, such
as nanoparticles and nanocomposites, improves the mechanical
strength, antibacterial activity, and barrier properties of packaging
materials. For instance, it’s been proven that the application of
silver nanoparticles has strong antibacterial qualities, increasing
food product shelf life and decreasing spoiling (Duncan, 2011;
Sousa, 2023). Furthermore, food integrity must be maintained
during storage and transit. Nanotechnology makes this possible
by enabling the development of smart packaging solutions that
can monitor food quality and safety by detecting contamination
or spoiling (Rossi et al., 2014; Sousa, 2023).

Through the use of nanoencapsulation techniques,
nanotechnology makes it easier to incorporate natural
preservatives and bioactive chemicals into food preservation. By
improving these chemicals' stability and bioavailability, this
technique makes food product preservation more successful. As
stated by Brandelli et al. (2023) and Shafiq et al. (2020), the
capacity to release antibacterial agents under controlled
conditions can greatly minimize the requirement for synthetic
preservatives, in line with customer desires for natural
ingredients. Additionally, the application of nanosensors in food
processing allows for real-time monitoring of viruses, toxins, and
pesticide residues, improving food safety (He & Hwang, 2016;
He et al., 2019).

Furthermore, food items' nutritional worth can only be
improved with the use of nanotechnology. By employing
nanoemulsions and nanoencapsulation, vital nutrients and
bioactive chemicals can be given more effectively, enhancing
their absorption and efficacy in the human body (Nile et al., 2020;
Sahoo et al., 2020). This is especially important when creating
functional meals to treat certain health issues like obesity or
dietary inadequacies (Pathakoti et al., 2017; Bajpai et al., 2018).
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One application of nanotechnology is in agricultural areas
as well as the food industry, with the potential to improve crop
yield and sustainability. In order to increase crop yields and lessen
their negative effects on the environment, researchers are working
to produce nanopesticides and nanofertilizers. (Sampathkumar et
al., 2020; He et al., 2019). The potential of nanotechnology to
address global concerns connected to food security and safety is
highlighted by this holistic approach, which takes into account the
entire food supply chain from production to consumption (Rossi
et al., 2014; Sousa, 2023).

1.1.Nanotechnologic Application in Food
Preservation and Packaging

With its sophisticated techniques for extending food
items' shelf lives and ensuring their safety, nanotechnology has
become a key invention in food preservation. The use of
nanotechnology in this domain primarily revolves around the use
of nanomaterials that have special qualities including higher
surface area, better reactivity, and stronger antibacterial activity,
which collectively contribute to more effective preservation
techniques.

Food packaging has come a long way thanks to
nanotechnology, which offers cutting-edge solutions that boost
food safety, prolong the shelf life and enhance the general quality
of the goods. The creation of smart and active packaging that can
react quickly to changes in the food and ambient conditions is the
result of incorporating nanoparticles into systems for packaging.

Nanotechnology is used in active packaging to include
materials that engage in active interaction with the food item or
its surroundings. To prolong food products' shelf life, for
example, nanoparticles can be incorporated into packaging
materials to release antimicrobial compounds that prevent
microbial development (Duncan, 2011; Albanie, 2019). This
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method satisfies consumer preferences for natural ingredients by
maintaining food quality while lowering the requirement for
artificial preservatives (Sharma et al., 2017). Additionally,
nanoparticle integration enhances the mechanical and barrier
qualities of packaging, increasing its efficacy in thwarting the
intrusion of oxygen and moisture, two major contributors to food
spoiling (Sousa, 2023). For example, the incorporation of zinc
oxide (ZnO) nanoparticles into packaging materials has been
shown to significantly improve the microbial purity and texture
of perishable items like cod fillets, effectively extending their
shelf life (Mizielinska et al., 2018; Biswas et al., 2022). Similarly,
the incorporation of silver nanoparticles into food packaging
materials can inhibit the growth of bacteria and fungi, thereby
preserving food quality and safety (Duncan, 2011). Likewise,
chitosan-based bionanocomposite films have been developed,
which not only provide excellent barrier properties but also
possess inherent antimicrobial properties that help preserve food
quality (Stoleru et al., 2019; Sousa, 2023).

On the other hand, intelligent packaging systems use
nanosensors that track the state of the food and deliver up-to-date
data on its safety and freshness. By monitoring pH, temperature,
and the presence of spoiling signs, these sensors can warn
consumers of possible problems before they are consumed
(Shafiq et al., 2020; Nile et al., 2020). These kinds of technologies
improve food safety while also giving consumers more
information to help them make better judgments about what to
buy (Young et al., 2020).

Not to mention, food packaging with nanotechnology has
significant environmental benefits. It is possible to create lighter,
more effective nanostructured materials, which will minimize
waste and lower overall resource consumption (Sousa, 2023;
Hamad et al., 2018). Moreover, the development of biodegradable
nanocomposites is gaining popularity, which may result in more

43



Gida Bilimleri ve Miihendisligi

environmentally friendly packaging options that don't pollute the
environment (Salgado et al., 2021). Although nanotechnology has
shown great promise in food packaging, debates over customer
attitudes and safety issues continue. Research suggests that
although nanotechnology is becoming more widely accepted for
non-ingested uses, including packaging, there is still doubt about
its implementation in food products themselves (Stampfli et al.,
2010; Young et al., 2020).

The application of nanotechnology also extends to the
development of nanosensors that monitor food quality and safety
in actual time. These sensors are able to identify spoilage
indicators, such as pH variations or the existence of particular
microorganisms, thus giving critical information that can prevent
food waste and ensure consumer safety (Omerovic¢ et al., 2021;
Nile et al., 2020). The integration of such intelligent packaging
systems represents a significant leap forward in food
preservation, enabling proactive measures to be taken before
spoilage occurs.

Furthermore, it is impossible to ignore how food
preservation using nanotechnology improves the environment.
Nanotechnology plays an important role in creating more
sustainable food systems by increasing the effectiveness of
packaging materials and decreasing food waste. According to
Hamad et al. (2018), the lightweight -characteristic of
nanostructured materials also results in decreased transportation
costs and carbon footprints.

Notwithstanding the intriguing uses of nanotechnology in
food preservation, it is critical to address any possible safety
issues pertaining to the usage of nanomaterials. To fully
understand the long-term effects of these elements on the
ecosystem and human well-being, further investigation is needed
(Sahoo et al., 2020; Bajpai et al., 2018). To guarantee that the
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advantages of nanotechnology are achieved without sacrificing
safety, regulatory structures must also change.

As a result, using nanotechnology in food production has
significant environmental benefits. By improving food processing
effectiveness techniques and reducing waste, nanotechnology
contributes to more sustainable food systems. For instance, the
use of nanomaterials can enhance the efficiency of extraction
processes for natural flavors and nutrients, reducing the harm that
conventional approaches do to the environment (Rossi et al.,
2014; Peters et al., 2016).

1.2. Nanotechnology Contribution to Enhancing the
Nutritional Qualities of Food Products

A significant role is played by nanotechnology in
enhancing the nutritional profile of food products through various
innovative applications. Researchers and food technologists can
treat nutritional deficiencies and enhance overall food quality by
enhancing the bioavailability, stability, and transport of critical
nutrients by materials manipulation at the nanoscale.

Nanotechnology facilitates the encapsulation of bioactive
compounds, vitamins, and flavors, enhancing their stability and
bioavailability. Nanoencapsulation techniques allow for the
protection of sensitive nutrients from degradation during
processing and storage, ensuring that they remain effective when
consumed (Prakash & Sonkar, 2021; Bajpai et al., 2018). This is
particularly relevant for functional foods that aim to deliver health
benefits beyond basic nutrition. For example, encapsulated
probiotics can be effectively delivered to the gut, where they exert
their beneficial effects (Bajpai et al., 2018). By encasing essential
nutrients inside nanocarriers, this approach both protects and
improves their absorption by the human body. Using polymeric
and lipid-based systems, for example, carotenoids which are
crucial for human health can be stabilized and rendered more
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accessible by nanoencapsulation (Flieger, 2024). According to
Huang et al. (2010), this technique guarantees that the chemicals
are efficiently transported to the intended locations inside the
body in addition to enhancing their stability during processing
and storage.

Additionally, controlled nutrition release made possible
by nanotechnology makes delivery systems more effective and
capable of meeting the physiological demands of the end user.
This is especially advantageous for functional foods, which are
meant to offer unique health advantages like strengthened
immunity or better intestinal health. To ensure that active
ingredients are released at the appropriate times and in the
appropriate amounts, nanoparticles have been studied for
application in the delivery of nutraceuticals (Salvia-Trujillo et al.,
2018). These developments may result in the creation of
customized food items that address the unique nutritional
requirements of certain demographics, such as children, the
elderly, and people with certain medical conditions (Biswas et al.,
2022; Pandey, 2024).

Nanotechnology also plays a role in enhancing the sensory
attributes of food products. By manipulating the texture and
flavor profiles at the nanoscale, food technologists can create
products that are not only healthier but also more appealing to
consumers (Prakash & Sonkar, 2021; Sekhon, 2010). This is
crucial in the development of functional foods, where maintaining
desirable sensory qualities while fortifying with additional
nutrients can be challenging. Food scientists can produce goods
that are more consumer-friendly and healthier by altering food
structures at the nanoscale (Shafiq et al., 2020). This is especially
crucial when it comes to functional foods, where it might be
difficult to preserve sensory aspects while boosting nutrition
content (Dhawan, 2017).
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One noteworthy use of nanotechnology in food
processing is the use of nanoparticles to improve the
antimicrobial properties of food products. Nanoparticles such as
silver, zinc oxide, and titanium dioxide have been shown to
exhibit strong antimicrobial effects, which can help in reducing
spoilage and extending the shelf life of food items (Duncan,
2011). Moreover, the creation of novel food products with
enhanced nutritional profiles may result from the application of
nanotechnology in food processing. For instance, the use of zinc
oxide nanoparticles has been examined for dietary fortification in
yogurt, suggesting potential benefits in boosting the nutritional
value of dairy products (Karmakar et al., 2022). These uses
demonstrate how versatile nanotechnology is in treating a range
of nutritional issues in diverse food matrices.

Notwithstanding  the intriguing advantages of
nanotechnology for food enrichment, safety and legal
considerations must be made. To make sure that these
developments do not pose health concerns to consumers,
extensive research and evaluation are necessary due to the
potential risks linked with the intake of nanomaterials (Peters et
al., 2016). In order to allay these worries and optimize the
advantages of nanotechnology in food science, it will be
imperative that scientists, policymakers, and members of the
public have continuing conversations as the subject develops.

Furthermore, the integration of nanosensors in food
processing allows for real-time monitoring of food quality and
safety. These sensors can detect spoilage indicators, such as
changes in pH or the presence of specific pathogens, enabling
proactive measures to be taken before food becomes unsafe for
consumption (Yu et al., 2018; Nile et al., 2020). This capability is
essential for making sure food is safe at every stage of the supply
chain, from production to retail.
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1.3. Nanotechnologic Agricultural Applications

In agriculture, nanotechnology has become a disruptive
force, bringing creative solutions to improve food security,
sustainability, and production. This industry uses nanotechnology
for many objectives, including the production of nanopesticides,
nanofertilizers, and nanosensors, all of which improve
agricultural methods through increased efficiency.

The creation of nano-fertilizers is among the most
significant applications of nanotechnology in farming. These
fertilizers use nanoparticles to enhance plant uptake and delivery
of nutrients. Conventional fertilizers frequently have inefficient
use of nutrients, which pollutes the environment and lowers crop
yields. On the other hand, Mukhopadhyay (2014) and Solanki et
al. (2015) discuss how nano-fertilizers might improve nutrient
solubility and availability, enabling more precise application and
decreased waste. To promote healthier growth and larger yields,
for example, the regulated release of nutrients by nano-
encapsulation techniques guarantees that plants receive the
essential nutrients over a prolonged length of time (Mohanty,
2024).

In a similar way, nano-pesticides are a major development
in pest control. In comparison to traditional pesticides, these
formulations use nanoparticles to increase the efficacy of the
active components, enabling lower application rates and a smaller
environmental impact (Tang, 2023; Periakaruppan, 2023). A
significant issue in contemporary agriculture can be addressed by
the targeted delivery of nano-pesticides, which can decrease the
exposure of non-target organisms and lower the possibility of
pesticide resistance in pests (Worrall et al., 2018). Moreover,
including nanotechnology into the composition of pesticides can
increase their efficacy and stability, extending their duration of
action (Mohanty, 2024).
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Additionally, nanosensors are essential to contemporary
agricultural methods. These tools can track crop health, soil
conditions, and environmental variables in real-time, giving
farmers useful information to help them make decisions (Worrall
et al., 2018; Halake & Haro, 2022). For instance, pathogens,
nutrient content, and soil moisture levels can all be detected by
nanosensors, enabling precision agriculture techniques that
improve crop management and maximize resource utilization
(Mohanty, 2024; Worrall et al., 2018). By minimizing input use
and environmental impact, this data-driven strategy not only
increases crop yields but also supports sustainable agricultural
practices.

Furthermore, the creation of biocompatible materials for
agricultural purposes can be facilitated by nanotechnology. For
example, adding nanomaterials to soil amendments can
strengthen the soil's structure and increase its ability to hold water,
both of which are advantageous in arid areas (Solanki et al., 2015;
Periakaruppan, 2023). Furthermore, in line with the ideas of
sustainable agriculture, nanotechnology can help develop
biodegradable materials for packaging and crop protection
(Pavankumar, 2023; Zamri, 2023).

Even though nanotechnology has many prospective uses
in agriculture, there are still issues and worries that need to be
resolved. To guarantee the safe and efficient application of these
technologies, concerns about the possible toxicity of
nanomaterials, their influence on the environment, and regulatory
frameworks must be carefully taken into account (Iavicoli et al.,
2017; Mwaanga, 2018). To assess the long-term impacts of
nanotechnology on ecosystems and human health and to create
guidelines for its appropriate application in agriculture, more
study is necessary (lavicoli et al., 2017; Halake & Haro, 2022).
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Some nanotechnological studies applied in the food
industry and the purpose of these studies are summarized in Table

1.
Table 1. Some nanotechnological studies applied in the food
industry and their objectives.
Scope Purpose Reference
Encapsulation of Better absorption and Huang et al.,
1 | nutraceuticals controlled release of nutrients | 2010; Nile et
in the human body al., 2020
The incorporation of Reducing microbial Prakash &
2 | nanoparticles into contamination of silver Sonkar, 2021
packaging materials nanoparticles on food surfaces
Using nanoparticles in Improving the yield of a wheat | Yasmeen et al.,
3 | agriculture quality crop of iron and cupper 2017
improvement nanoparticles
Using Use of nanoemulsions and Biswas et al.,
4 nanoencapsulation nanocapsules to improve the 2022;
technique delivery of flavors and Mohammad et
nutrients al., 2022
5 Using nanosensors Preventing foodborne illnesses | Shafiq et al.,
and ensuring consumer safety | 2020
The use of active Increasing the shelf life of Sharma et al.,
6 packaging systems food items by assisting in the 2017
suppression of microbiological
development
Adding Reducing the taste and smell Serfert et al.,
7 | microencapsulated fish of fish oil 2010
oil to breads
Utilization of zein Determination of its use as a Torres et al.,
8 | nanomaterial, a major flavoring agent and in dietary 2007
protein found in maize supplements
Developing products for | Encapsulation of - Rao et al., 1994
lactose intolerant galactosidase enzyme in
patients by liposomes to prevent high-
9 . .
encapsulation sugar taste resulting from the
breakdown of lactose into
glucose and galactose
Determination of Addressing public concerns Kogovsek et
consumer perception of and making sure that al., 2017;
nanotechnology in food | information about the Dimitrijevic et
10 | applications advantages and dangers of al., 2015

nanotechnology in food
applications is communicated
clearly
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2. CONCLUSION

Nanotechnology has several useful applications in the
food sector, from enhanced food safety and nutrient delivery
systems to cutting-edge packaging solutions. An important
development in the food sector is the use of nanotechnology in
food packaging, which offers creative solutions that support
sustainability by enhancing safety, extending shelf life, and
promoting environmental sustainability. Furthermore, through
improved bioavailability, regulated nutrient distribution, and the
creation of novel food formulations, nanotechnology provides
revolutionary possibilities for enhancing the nutritional profile of
food products. The issues associated with global nutrition may be
significantly mitigated by the incorporation of these technologies
into food systems. Conversely, nanotechnology presents a great
deal of potential for enhancing nutrient delivery, controlling pests,
and enabling real-time monitoring in agricultural techniques. In
summary, food processing might greatly benefit from the
application of nanotechnology, which could improve food safety,
quality, and nutritional value.
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GIDA KATKI MADDELERI

Songul KESEN!
Hicran UZUN KARKA?

1. GIRIS

Gida katki maddeleri, lezzet, goriiniim, doku ve raf dmrii
gibi belirli 6zellikleri gelistirmek igin iiretim, isleme veya
paketleme sirasinda gida iriinlerine eklenen maddelerdir. Bu
katki maddeleri, islevlerine gore koruyucular, lezzet arttiricilar,
renklendiriciler, emiilgatorler ve tekstiirize ediciler gibi cesitli
kategorilerde smiflandirilabilir (Gokce vd., 2018; Abedi-
Firoozjah, 2024). Gida katki maddelerinin kullanimi, bu
maddelerin tiiketim i¢in glivenli olmasim1 ve gida {iretiminde
teknolojik bir amaca hizmet etmesini saglayan Codex
Alimentarius ve ulusal diizenleyici kurumlar da dahil olmak Gzere
cesitli kurumlar tarafindan diizenlenmektedir (Abedi-Firoozjah,
2024).

Gida katki maddelerinin baslica islevleri arasinda
gidalarin korunmasini iyilestirmek, besin degerini arttirmak ve
gida riinlerinin  duyusal o6zelliklerini  giiglendirmek yer
almaktadir. Ornegin, koruyucular bozulmay1 énlemek ve gidanin
raf Omriinii uzatmak ic¢in kullanilirken, lezzet arttiricilar ve
renklendiriciler gidalar tiiketiciler i¢in daha cekici hale getirmek
icin kullanilmaktadir (Abedi-Firoozjah, 2024; Nyirenda &

L Assoc. Prof. Dr., Gaziantep University, Naci Topcuoglu Vocational High School,
Food Processing Department, Gaziantep/Ttrkiye, e-mail:
songulkesen27@hotmail.com, Orcid: 0000-0003-0587-1721.
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Kumwenda, 2023). Ayrica, bazi gida katki maddeleri dogal
kaynaklardan elde edilirken, digerleri sentetiktir ve her iki tiiriin
de gida kalitesi ve giivenligi lizerinde onemli etkileri olabilir
(Zhou vd., 2023; Kane, 2023).

Faydalarina ragmen, gida katki maddelerinin kullanima,
Ozellikle uzun sureli maruziyetten kaynaklanan potansiyel
olumsuz etkilerle ilgili olarak tiiketiciler arasinda saglik
endigelerine yol agmistir. Bazi c¢alismalar, belirli katki
maddelerinin alerji ve intolerans gibi saglik sorunlarina katkida
bulunabilecegini gostermistir (Zhou vd., 2023; Hayder vd.,
2011). Ornegin, yapay renklendiriciler ve koruyucular hassas
bireylerde alerjik reaksiyonlarla iligkilendirilmistir (Hayder vd.,
2011). Bu nedenlerle, halk saghig: ve giivenligini saglamak igin
gida katki maddelerinin siirekli arastirilmasi1 ve izlenmesi

gereklidir.
1.1. Gida Katki Maddelerinin Siniflandirilmasi

Gida katki maddeleri, gida tirtinlerindeki islevsel rollerine
gore simiflandirilabilir. Bu smiflandirma, amaglarinin ve gida
isleme ve muhafazasinda sagladiklar1 faydalarin anlagilmasina
yardime1 olur. Gida katki maddelerinin baslica kategorileri
sunlardir:

- Koruyucular: Bu katki maddeleri bozulmay1 onlemek,
gida {irilinlerinin raf omriinii uzatmak ve gida kalitesini
korumak i¢in kullanilir. Mikroorganizmalarin biiyiimesini
engelleyerek gidanin bozulmasina yol agan kimyasal
degisiklikleri yavaglatirlar. Yaygin Ornekler arasinda
sodyum benzoat ve potasyum sorbat bulunur (Kane, 2023;
Abedi-Firoozjah, 2024).

- Lezzet Artiricilar: Bu maddeler gidanin tadini arttirmak
icin eklenir. Mutlaka kendileri lezzet katmazlar, ancak
gida {driinlerindeki mevcut lezzetleri giiclendirirler.
Monosodyum glutamat (MSG) c¢esitli mutfaklarda
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kullanilan 1iyi bilinen bir lezzet arttiricidir (Abedi-
Firoozjah, 2024).

Renklendiriciler: Gida renklendiricileri, gida tiriinlerinin
rengini 1iyilestirmek veya eski haline getirmek igin
kullanilir ve bu da onlar tiiketiciler i¢cin daha cekici hale
getirir. Dogal kaynaklardan (pancar suyu gibi) elde
edilebilir veya sentezlenebilirler (yapay boyalar gibi).
Yaygin renklendiriciler arasinda karmin ve tartrazin
bulunur (Abedi-Firoozjah, 2024; Chazelas vd., 2020).

Emulgatorler ve Stabilizatorler: Bu katki maddeleri,
bilesenlerin ayrilmasimmi  Onleyerek gida {iriinlerinin
dokusunu ve kivamimi korumaya yardimci olur.
Emiilgatorler yag ve suyun karigmasmi saglarken,
stabilizatorler istenen dokunun korunmasina yardimci
olur. Emilgatorlere o6rnek olarak lesitin ve pektin
verilebilir (Abedi-Firoozjah, 2024; Mortensen vd., 2017).

Tekstiirlestiriciler: Bu katki maddeleri gida iiriinlerinin
dokusunu degistirerek agiz hissine ve kivamina katkida
bulunur. Siit {irlinlerinin kremasini veya atistirmaliklarin
citirhigini artirabilirler. Yaygin tekstiirlestiriciler arasinda
modifiye nisastalar ve jelatin bulunur (Abedi-Firoozjah,
2024).

Besin Katki Maddeleri: Bunlar, besin degerini artirmak
icin gidaya eklenen vitamin ve mineralleri igerir.
Popllasyondaki eksiklikleri 6nlemek igin 0Ornegin, D
vitamini genellikle siite, demir ise tahillara eklenir
(Abedi-Firoozjah, 2024; Etwaroo et al., 2019).

Antioksidanlar: Bu maddeler, eksime ve besin kalitesi
kaybina yol acabilecek oksidasyonu dnlemek i¢in eklenir.
Gida iirlinlerinin lezzetini ve rengini korumaya yardimeci
olurlar. Yaygin antioksidanlar arasinda askorbik asit (C
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vitamini) ve tokoferoller (E vitamini) bulunur (Abedi-
Firoozjah, 2024; Etwaroo vd., 2019).

Gidalarda yaygin olarak kullanilan katki maddeleri ve
kullanildig1 gidalar Tablo 1 ve Tablo 2’de verilmistir.

Tablo 1. Gidalarda Yaygin Kullamlan Dogal Katki Maddeleri

Dogal koruyucular

Koruyucu Kullanildig gidalar islevi

Tuz (Sodyum kloriir) | Et, balik ve salamura Kiif, maya ve bakteri olusumunu
Urdnleri engellemek

Seker Regel, jole, surup ve Kiif, maya ve bakteri olusumunu
sekerleme engellemek

Sirke (Asetik asit) Tursu Antibakteriyel

Limon suyu (Sitrik

Meyve ve sebze

Kiif, maya ve bakteri olusumunu

asit) engellemek

Alkol Bazi fermente yiyecek ve Kiif, maya ve bakteri olusumunu
icecekler engellemek

Yag Pesto veya sos gibi urtinler Oksidasyonu 6nlemek

Biberiye 0zl Etler ve yaglar Oksidasyonu énlemek

Askorbik asit (C Meyve ve meyve uriinleri Oksidasyonu 6nlemek

Vitamini)

Bal Bazi iirlinler Antimikrobiyal

Tablo 2. Gidalarda Yaygin Kullamlan Sentetik Katki Maddeleri

Sentetik koruyucular

Koruyucu Kullanildig1 gidalar islevi

Sodyum Benzoat Salata soslari, gazhi | Bakteri ~ve  mantar
icecekler ve meyve | cogalmasini engellemek
sulari

Potasyum Sorbat Sut  drdnleri,  unlu | Kif, maya ve bakteri

mamuller ve sarap

olusumunu engellemek

Sodyum Nitrit ve Sodyum Nitrat Pastirma ve jambon gibi | Bakteri Uremesini
islenmis etler onlemek  ve rengi
korumak
Sulfur Dioksit ve Siilfitler Kurutulmus meyveler, | Oksidasyonu ve
sarap, meyve sulari mikrobiyal ~ buylmeyi
Onlemek
Butillenmis Hidroksianisol (BHA) ve | Tahillar,  atigirmalik | Eksimeyi ve
Butillenmig Hidroksitoluen (BHT) gidalar ve yaglar oksidasyonu 6nlemek
Sorbik Asit Peynir, sarap ve unlu | Kif olusumunu
mamuller engellemek
Kalsiyum Propiyonat Unlu mamuller Kuf ve bakteri

olusumunu 6nlemek

Propiyonik Asit

mamuller

Ekmek ve diger unlu

Kiflenmeyi engellemek

Tert-Butylhydroguinone (TBHQ)

Sivi ve kat1 yaglar

Oksidasyonu 6nlemek
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1.2. Gida Katki Maddelerinin Saghk Uzerine Etkileri
1.2.1.Olumlu Etkiler

Gida katki maddeleri, uygun sekilde kullanildiklarinda
saglik acisindan cesitli olumlu faydalar da saglayabilmektedir.
Gida katki maddelerinin faydali yonlerini vurgulayan bazi
calismalar yapilmistir. Birgok gida katki maddesi, gidalar1 temel
vitamin ve minerallerle guclendirmek ve boylece beslenme
profillerini iyilestirmek i¢in kullanilmistir. Bu zenginlestirilmis
gidalar, Ozellikle c¢ocuklar ve yaslilar gibi hassas
populasyonlardaki beslenme eksikliklerini gidererek halk
sagliginda 6nemli bir rol oynamaktadir (Alkhatib vd., 2017).
Yapilan bir ¢alismada, siit tirtinlerine ve tahillara A, D ve B12 gibi
vitaminler eklenerek, populasyondaki eksikliklerin
giderilebilecegi incelenmistir (Ozen vd., 2012).

Baz1 gida katki maddeleri, temel beslenmenin 6tesinde
saglik yararlar1 saglayan biyoaktif bilesikler iceren fonksiyonel
gidalar olarak smiflandirilir.  Ornedin, probiyotikler ve
prebiyotikler bagirsak sagligini desteklemek ve bagisiklik
sistemini giiclendirmek igin ¢esitli gida trtinlerine eklenmistir
(Sharma vd., 2017). Fonksiyonel gidalarin tiikketimi, antioksidan
ve anti-inflamatuar 0zellikleri nedeniyle tip 2 diyabet ve
kardiyovaskiiler hastaliklar da dahil olmak tizere kronik hastalik
risklerinin azalmasiyla iligkilendirilmistir (Alkhatib vd., 2017).
Tiiketiciler arasinda saglik bilinciyle beslenmeye yonelik artan
egilim, faydali katki maddeleri igeren fonksiyonel gidalarin daha
fazla kabul gormesine yol agmistir (Baker vd., 2022; Seo vd.,
2014 ). Ornegin, ¢esitli gida iiriinlerine siklikla eklenen omega-3
yag asitleri, kardiyovaskiiler faydalari nedeniyle iyi bilinmekte ve
saglik bilincine sahip tiiketiciler tarafindan aktif olarak
aranmaktadir (Annunziata & Mariani, 2019).

Bitki ve baharatlardan elde edilen dogal koruyucular gibi
gida katki maddeleri, gida iiriinlerinin besin kalitesini korurken
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raf omrinu de uzatabilmektedir. Ornegin, tokoferoller (E
vitamini) ve askorbik asit (C vitamini) gibi dogal antioksidanlar
sadece bozulmay1 O6nlemekle kalmayip, ayn1 zamanda gidanin
genel saglik yararlarina da katkida bulunmaktadir (Kumar, 2023).

Diger taraftan, baz1 katki maddelerinin kullanimi, zararl
bakterilerin ve patojenlerin biiylimesini engelleyerek gida
giivenligini artirabilir. Ornegin, sodyum nitrit gibi koruyucular,
islenmis etlerde Clostridium botulinum'un biiyiimesini 6nlemede
etkilidir ve boylece gida kaynakli hastalik riskini azaltir
(Christidis vd., 2011).

1.2.2.0lumsuz Etkiler

Gida katki maddeleri, c¢esitli faydali amaclara hizmet
etseler de, dikkat edilmesi gercken onemli saglik endiseleri de
vardir. Gida katki maddeleri ile ilgili temel endiselerden biri,
olumsuz saglik etkilerine neden olma potansiyelleridir. Ornegin,
monosodyum glutamat (MSG) gibi baz1 sentetik katki maddeleri,
hassas bireylerde bag agrisi ve alerjik reaksiyonlar da dahil olmak
Uzere ¢esitli saglik sorunlartyla iliskilendirilmistir (Joshi, 2023).
Lezzet arttiric1 olarak yaygin bir sekilde kullanilan MSG'nin,
Ozellikle biiyiik miktarlarda tiiketildiginde hepatotoksisite ve
nefrotoksisite riskleri olusturdugu gosterilmistir (Joshi, 2023).
Benzer sekilde, yapilan bir calismada inorganik fosfat katki
maddelerinin kullanimi, artan saglik komplikasyonlar1 riskiyle
iligkilendirilmis ve kamu giivenligini saglamak i¢in daha fazla
aragtirma yapilmasi gerektigi vurgulanmistir (Anukam & Agu,
2017.

Uzun sdreli ve yilksek dozda gida katki maddelerine
maruz kalmanin toksik, genotoksik ve mutajenik etkilere yol
acabilecegi gosterilmistir (Atalay, 2024; Karatepe & Ekerbicer,
2018). Ayrica, bazi1 katki maddeleri alerjik reaksiyonlara neden
olabilmekte ve bu durum 6zellikle cocuklarda daha belirgin hale
gelmektedir (Ertokus, 2018). Bu nedenle, gida katki maddelerinin
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kullanim1 sik1 yasal diizenlemelere tabidir ve tiiketicilerin bu
maddeler hakkinda bilingli olmalar1 6nemlidir (Sahin, 2024).

Ayrica, genellikle yiliksek konsantrasyonda gida katki
maddesi igceren ultra islenmis gidalarin tiikketimi, obezite, diyabet

ve kardiyovaskiiler hastaliklar dahil olmak tizere artan hastalik
riski ile iliskilendirilmistir (Clark vd., 2019; Liang, 2023).

Dogrudan saglik etkilerine ek olarak, gida katki maddeleri
genel saglikta c¢ok oOnemli bir rol oynayan bagirsak
mikrobiyomunu da etkileyebilir. Caligmalar, baz1 katki
maddelerinin bagirsak mikrobiyotasinin bilesimini ve iglevini
degistirebilecegini, potansiyel olarak gastrointestinal sorunlara ve
daha genis saglik etkilerine yol agabilecegini gostermistir (Sun
vd., 2022; Yu & Zuo, 2021).

Potansiyel risklere ragmen, tiim gida katki maddelerinin
zararli olmadigimi1 kabul etmek gerekir. Bir¢ok katki maddesi,
belirlenen yasal siirlar dahilinde kullanildiginda giivenli kabul
edilmektedir. ~ Gida  katki  maddelerinin  giivenligini
degerlendirmek ve tiiketicileri potansiyel saglik etkileri
konusunda egitmek igin siirekli izleme ve arastirma gereklidir
(Polak, 2024; Mwale, 2023). Diizenleyici kurumlar, gida katki
maddelerinin giivenli ve etkili bir sekilde kullanilmasini
saglamada kritik bir rol oynamakta, gida koruma ve gelistirmenin
faydalar1 ile halk sagligini koruma ihtiyacin1 dengelemektedir.

1.3. Gida Katki Maddelerinde E Kodlarinin Onemi

E kodlari, ambalaj ilizerinde yer alan katki maddelerinin
kimyasal adinin uzun olmasi ve yiizlerce ¢esit katki maddesi
bulunmasi nedeniyle, hangi amagla kullanildigi konusunda
tiikketiciye kolaylik saglamak amaciyla Avrupa Birligi tarafindan
her bir gida katki maddesi i¢in belirlenen kod numaralaridir. Gida
katk1 maddelerine iliskin kodlarin énemi ¢ok yonludur; givenlik,
diizenleme, tiiketicinin korunmasi ve halk sagligini kapsar. Bu
kodlar, gida katki maddelerinin kullanimi, degerlendirilmesi ve
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etiketlenmesine rehberlik eden, gida giivenliginin saglanmasi,
tiketicilerin  korunmasi, halk saghiginin desteklenmesi ve
uluslararasi ticaretin kolaylastirilmasi igin temel araglar olarak
hizmet ederler.

Giivenlik ve diizenleme kapsaminda Codex Alimentarius
ve FAO/WHO tarafindan olusturulanlar gibi gida katki maddeleri
kodlar1, gida katki maddelerinin giivenlik degerlendirmesi ve
yonetimi i¢in kapsamli bilgiler sunar. Bu kodlar, toksikolojik
calismalar ve kabul edilebilir giinliik alim seviyeleri dahil olmak
tizere katki maddelerinin giivenligini degerlendirmek i¢in gerekli
veri gereksinimlerini ana hatlariyla belirtir (Xu, 2013; Magnuson
vd., 2013). Duzenleyici kurumlar bu kodlara bagli kalarak gida
tirtinlerinde yalnizca giivenli katki maddelerine izin verilmesini
saglayabilir ve boylece tiiketicileri zararli maddelerle iligkili
potansiyel saglik risklerinden koruyabilir.

Tiiketicinin korunmasi amaciyla olusturulan kodlar, gida
katk1 maddeleri ile ilgili agik etiketleme ve bilgi ifsasini zorunlu
kilarak tiiketicinin korunmasinda kritik bir rol oynamaktadir. Bu
seffaflik, tiiketicilerin satin aldiklart ve tiikettikleri iiriinler
hakkinda bilingli secimler yapmalarmi saglar. Ornegin,
diizenlemeler genellikle gida katki maddelerinin iiriin
etiketlerinde listelenmesini gerektirerek tiketicilerin alerjik
olabilecekleri veya diyetlerinde sinirlamak isteyebilecekleri katki
maddelerini belirlemelerini ve bunlardan kagimmalarini saglar
(Xu, 2013; Magnuson vd., 2013). Bu tir onlemler, tiketici
giivenini artirmak ve bireylerin saglik ihtiyaglarina uygun
beslenme tercihleri yapabilmelerini saglamak i¢in gereklidir.

Yetki alanlart arasinda standartlastirma kapsaminda
Uluslararast kodlarin varligi, farkli tilkelerde gida katki
maddelerinin degerlendirme ve onay stireglerinin
standartlastirilmasina yardimer olmaktadir. Bu standardizasyon,
triinlerin ~ genellikle  uluslararas1  ticaretinin  yapildig1
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kiiresellesmis bir gida pazarinda ¢ok dnemlidir. Ulkeler yerlesik
kodlar takip ederek gida glivenligi diizenlemelerini uyumlu hale
getirebilir, gida {irilinlerinin tutarli giivenlik standartlarini
karsilamasin1 saglarken ticareti kolaylastirabilirler (Magnuson
vd., 2013). Bu 6zellikle gida kaynakli hastaliklarin 6nlenmesi ve
diinya c¢apindaki tiiketicilerin giivenli gidaya erisiminin
saglanmasi acisindan 6nemlidir.

Diger taraftan, gida katki maddeleri ile ilgili kodlar,
beslenme kalitesini artiran faydali katki maddelerinin kullanimini
tesvik ederek halk sagligi girisimlerine de katkida bulunur.
Ornegin, temel gidalarin  vitamin  ve  minerallerle
zenginlestirilmesi genellikle bu uygulamalarin gilivenli ve etkili
olmasimi saglayan duzenleyici kodlar tarafindan yonlendirilir
(Xu, 2013). Bu kodlar, sagligi gelistiren katki maddelerinin
kullaniminm1 tesvik ederek, besin eksiklikleri ve diyetle ilgili
kronik hastaliklar gibi halk sagligi sorunlarinin ele alinmasina
yardimct olabilir.

izleme ve uyum cercevesinde, gida giivenligi
standartlarina uyumun izlenmesi i¢in konulmus kodlar genel bir
cerceve saglar. Diizenleyici kurumlar bu kodlar1 kullanarak gida
tireticilerini denetleyebilir ve katki maddelerinin kullanimina
iliskin belirlenmis kodlara uymalarin1 saglayabilir (Xu, 2013;
Magnuson et al., 2013). Bu gdzetim, duzenleyici standartlardan
sapmalarin tespit edilip diizeltilmesine yardimci oldugu i¢in gida
giivenligi ve kalitesinin korunmasi agisindan hayati O6nem
tasimaktadir.

2. SONUC

Sonug olarak, gida katki maddeleri gida giivenligini ve
kalitesini artirabilirken, potansiyel saglik etkileri dikkatle
degerlendirilmelidir. Katki maddelerinin rollerini ve islevlerini
anlamak, tiiketicilerin tiikettikleri gidalar ve bunlarin potansiyel
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saglik etkileri hakkinda bilingli se¢cimler yapmalarina yardime1
olabilir. Gida katki maddelerinin olumlu etkileri, 6zellikle toplu
gida iiretimi ve dagitimi baglaminda halk saglig1 agisindan ¢ok
onemlidir. Yapilacak yeni arastirmalar ve diizenleyici gozetim,
zararli katki maddeleri ile iliskili riskleri azaltmak ve bilingli
tiikketici se¢imlerini tesvik etmek icin cok onemlidir.
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PROBIYOTIiK BAKTERILERIN
MIKROENKAPSULASYONU

Eda Elgin KILIC?

1. GIRIS

Probiyotikler, sagliga faydalar1 bilinen canli mikrobiyal
takviyelerdir (Rajam vd., 2015). Lactobacillus ve Bifido cinsi
bakteriler yillar boyunca probiyotik olarak kullanilmistir ve esas
olarak insan gastrointestinal sistemi ile iligkilidir (Anal ve
Singh, 2007). Son yillarda, Lactobacillus plantarum'un
probiyotik suslari, saglik yararlari i¢in bircok fermente gidada
siklikla kullanilmaktadir: solunum ve irogenital sistemler,
bagirsakta  kolonizasyon  yolu, laktoz  metabolizmasi,
karsinogenezin inhibisyonu, kalsiyum emilimi ve vitamin
sentezi vb. (Zommiti vd., 2020). Probiyotik etkinligi, gida
matrisindeki metabolik stabilite ve asidik mide ortaminda
hayatta kalma yetenegi de dahil olmak iizere, canlilifa ve
uygulama dozuna baglidir, ¢linkii alinan probiyotik hicrelerin
Oonemli bir kismi, gastrointestinal (GI) sistemden gegisi ve
depolanmasi sirasinda sindirim sirasinda canliliklarini kaybeder.
Bu nedenle, probiyotik suslarin kapsiillenmesi, onlar1 zorlu
isleme kosullarindan korumak ve fonksiyonel gidaya dahil
edildiginde nihai duyusal o6zelligi iyilestirmek i¢in gereklidir
(Burgain vd., 2011). Probiyotik kavramina iliskin bilimsel
kanitlar, yirminci yiizyilin baslarinda Rus bilim insan1 Elie
Metchnikoffun teorileriyle ortaya ¢ikmistir. Bilim adami
Metchnikoff, Bulgar ¢iftcilerin ¢ok fazla fermente sut
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tiketmeleri nedeniyle daha uzun ve saglkli yasadiklarimni
gbzlemlemistir. Insan viicudunun gastrointestinal sistemdeki
patojenler tarafindan iiretilen toksik maddeler tarafindan yavas
yavas zehirlendigini ve bdylece viicudun patojenlerin
yasamasina kars1 direncinin zayifladigini1 6ne stirmiistiir.

Bu hipotezden kisa bir siire sonra Lactobacillus ve
Bifidobacterium  suslar1  gida iiriinlerinde  kullanilmaya
baglanmistir.  Ornegin, 1905 yilinda Prof.  Grigoroff
Lactobacillus bulgaricus'u ticari ‘“kiselomleko” (eksi siit)
tretimi i¢in starter kiiltlir olarak kullanmistir. Daha sonra,
Lactobacillus acidophilus'un birkag susunun insan bagirsak
sisteminde kolonize oldugu tespit edilmistir. Bu bulgular,
Lactobacillus acidophilus susu tarafindan fermente edilen gida
urtinlerine ticari ilgiyi tetiklemistir (Vasiljevic ve Shah, 2008).
Daha sonra, 1930 yilinda Japonya'da bilim adami Minoru
Shirota, gastrointestinal sistemin zararli ¢evresel kosullarinda
hayatta kalma potansiyeline sahip bir Lactobacillus susu kiiltiirii
izole etmis ve gelistirmistir. Glnimuzde, probiyotik
mikroorganizmalarin  giinlik ~aliminin  yararli  bagirsak
mikroflorasini iyilestirmeye ve korumaya yardimci oldugu ve
boylece cesitli gastrointestinal enfeksiyonlari onledigi kabul
edilmektedir. Probiyotiklerle ilgili caligmalar ilk zamanlarda
baslamis olsa da, probiyotiklerin sagliga faydalarini belirlemeye
yonelik yogun ¢abalar biiyiik olgiide 1980°de baslamistir.
Aragtirma hacmi 2000'li yillarin basinda hiz kazanmis ve
bugiine kadar 30.000'den fazla arastirma ve inceleme makalesi
ve 2000'den fazla probiyotik iirin ortaya ¢ikmigtir Rajam ve
Subramanian, 2022).

1.1.Probiyotiklerin Tanim

Probiyotik bakteriler, yeterli miktarda uygulandiklarinda
konak¢iya  saglik  agisindan  fayda  saglayan  canli
mikroorganizmalar olarak tanimlanmaktadir. Diinya Saglik
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Orgiitii (WHO) ve Gida ve Tarim Orgiitii (FAO) tarafindan
onaylanan bu tanim, bu mikroorganizmalarin faydali etkilerini
gosterebilmeleri icin canli olmalari gerekliligini
vurgulamaktadir (Alagawany vd., 2020). Probiyotikler esas
olarak Lactobacillus ve Bifidobacterium cinslerinden belirli
bakteri suslarindan olusur, ancak Lactococcus, Streptococcus
gibi diger cinsler ve Escherichia coli ve Bacillus'un bazi
patojenik olmayan suslar1 da probiyotik olarak siniflandirilabilir
(Porovié vd., 2018).

1.2.Probiyotiklerin Saghk Uzerine Etkileri

Probiyotiklerin etkilerini gosterdikleri mekanizmalar gok
yonliidiir. Yapisma bolgeleri ve besinler i¢in patojen bakterilerle
rekabet ederek bagirsak mikrobiyal dengesini gelistirebilir ve
bdylece zararl mikroorganizmalarin biiylimesini
engelleyebilirler (Matsuzaki ve Chin, 2000). Probiyotikler
ayrica kisa zincirli yag asitleri ve bakteriyosinler gibi
metabolitler Ureterek patojenik bakterileri daha da inhibe
edebilir ve bagirsak sagligini gelistirebilir (Ahmadnejad ve
Dolatabadi, 2021). Ek olarak, probiyotiklerin bagisiklik
tepkilerini modiile ettigi, potansiyel olarak iltithab1 azalttig1 ve
viicudun enfeksiyonlara karst savunma mekanizmalarini
gelistirdigi gosterilmistir (Wedajo, 2015). Probiyotik bakteriler,
yeterli miktarda uygulandiklarinda konakgiya saglik yararlar
saglayan canli mikroorganizmalardir. En yaygm kullanilan
probiyotik bakteriler arasinda, saghgi gelistirici Ozellikleri
acisindan kapsamli olarak incelenmis olan ¢esitli Lactobacillus
ve Bifidobacterium suslar1 bulunmaktadir. Lactobacillus
acidophilus, Lactobacillus rhamnosus ve Lactobacillus
plantarum gibi Lactobacillus tiirleri, 6zellikle bagirsak saghigi
ve  bagisiklik  fonksiyonu  iizerinde  faydali  etkiler
gosterebilecekleri  gastrointestinal sistemde hayatta kalma
yetenekleriyle dikkat cekmektedir (Elgendy vd., 2018; Pundir
vd., 2013; Ding ve Shah, 2007).
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Lactobacillus acidophilus, yogurt gibi siit iriinlerinde
siklikla kullanilan en iyi bilinen probiyotik suglardan biridir.
Bagirsak mikrobiyotasini dengelemeye yardimci oldugu, laktoz
sindirimini artirdig1 ve patojenlere karsi antimikrobiyal etkiler
sagladigr gosterilmistir (Ahn vd., 2002; Pundir vd., 2013).
Benzer sekilde, Lactobacillus rhamnosus gastrointestinal
enfeksiyonlarin 6nlenmesi ve irritabl bagirsak sendromu ile ilgili
semptomlarin hafifletilmesi ile iliskilendirilmistir (Elgendy vd.,
2018; Babu, 2023). Bir diger 6nemli tiir olan Lactobacillus
plantarum, antimikrobiyal maddeler tiretme ve bagirsak bariyer
fonksiyonunu iyilestirme kabiliyetiyle tanmnir, bdylece genel
bagirsak saglhigina katkida bulunur (Lavasani vd., 2010; Pundir
vd., 2013). Bifidobacterium bifidum ve Bifidobacterium longum
gibi Bifidobacterium tdrleri de probiyotik formilasyonlarda
yaygindir. Bu bakteriler, diyet liflerinin fermantasyonunda ve
kolon sagligi i¢in faydali olan ve kolorektal kanserin
Onlenmesine yardimci olabilecek kisa zincirli yag asitlerinin
tiretiminde 6nemli bir rol oynamaktadir (Ali vd., 2018; Pundir
vd., 2013). Bifidobakteriler, anne siituyle beslenen bebeklerin
bagirsak mikrobiyotasinda baskin olduklar1 ve saglikli bir
bagisiklik sisteminin gelisimine katkida bulunduklar i¢in
yasamin erken donemlerinde 6zellikle dnemlidir (Elgendy vd.,
2018; Pundir vd., 2013). Lactobacillus ve Bifidobacterium'un
yani sira Saccharomyces (maya) ve Enterococcus gibi diger
cinsler de probiyotik uygulamalarinda kullaniimaktadir.
Saccharomyces  boulardii, antibiyotikle iliskili  ishalin
onlenmesinde ve gastrointestinal bozukluklarin ydnetiminde
etkili oldugu gosterilen bir maya probiyotiktir (Elgendy vd.,
2018; Pundir vd., 2013). Enterococcus faecium, antibiyotik
direnci ile ilgili endiseler nedeniyle kullanimi1 bazen tartismali
olsa da, bagirsak sagligindaki potansiyel faydalar1 i¢in ¢alisilan
bir bagka tiirdiir (Wong vd., 2015; Rowles, 2017).
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Ticari kullanom igin probiyotik suglarin  seg¢imi,
gastrointestinal geciste hayatta kalma, bagirsak mukozasina
yapisma ve konake¢r Tlzerinde faydali etkiler gdsterme
yeteneklerine dayanmaktadir (Collado vd., 2007; Ding ve Shah,
2007). Probiyotiklerin etkinligi, sus spesifikligi, dozaj ve faydali
bakteriler i¢in gida gorevi goren prebiyotiklerin varligi gibi
faktorlerden etkilenebilir (Elgendy vd., 2018; Ding ve Shah,
2007; Pundir vd., 2013). Genel olarak, bu probiyotik bakterilerin
kullanim1 hem klinik hem de tiiketici baglaminda biiyiik ilgi
gormils ve diyet miidahaleleri yoluyla saglik sonuclarimni
iyilestirme  potansiyellerini  vurgulamigtir.  Tuketicilerin
bilinglenmesi nedeniyle probiyotik bazli fonksiyonel gidalara
olan talep hizla artmustir (Tripathi ve Giri, 2014) ve ¢ogu siit
triinleri sektorii fonksiyonel gidalarin formiile edilmesinde
probiyotik  kiltirlere  glvenmektedir. Son  zamanlarda
probiyotikler i¢in yogurt (Lim vd., 2020), cesitli peynir tiirleri
(Langa vd., 2021), fermente sit, dondurma, slt tozu, sitli
cikolata (Aspri vd., 2020) olmak iizere genis bir gida malzemesi
listesi incelenmistir.

2. PROBIYOTIKLERIN
MIKROENKAPSULASYONU

Mikroenkapsiilasyon, kati1 partikiiller, sivi damlaciklar
veya gaz kabarciklar1 gibi aktif maddelerin koruyucu bir
kaplama veya matris icine alinmasini iceren gelismis bir
tekniktir. Bu siireg, kapsiillenmis malzemelerin
immobilizasyonu,  korunmasi,  kontrolli  salinimi  ve
islevsellestirilmesi de dahil olmak {izere bir¢ok amaca hizmet
eder. Genellikle ¢ekirdek veya aktif bilesen olarak adlandirilan
cekirdek malzeme, polimerik bir madde veya diger inert
malzemeler olabilen bir duvar malzemesi ile cevrelenir ve
mikrokapsiil olarak bilinen yapi olusturulur (Xiao vd., 2013;

79



Gida Bilimleri ve Miihendisligi

Ordofez-Garcia, 2024; Ang vd., 2019). Mikroenkapsulasyonun
temel amaglar1 arasinda hassas bilesiklerin oksidasyon, nem, 11k
ve 1s1 gibi bozulmaya yol acabilecek cevresel faktorlerden
korunmast yer almaktadir (Djeki¢ ve Ciri¢, 2022; Desai ve Park,
2005). Farmasotik uygulamalarda mikroenkapsiilasyon, ilaglart
gastrointestinal sistemin zorlu kosullarindan koruyarak ve
kontrollii salimi1 kolaylastirarak ilaglarin stabilitesini  ve
biyoyararlanimimi artirir (Djeki¢ ve Ciri¢, 2022; Yan, 2024).

Mikroenkapsiilasyon teknikleri ¢ok c¢esitlidir ve ilag,
gida, tarim ve kozmetik dahil olmak iizere ¢esitli endiistrilerdeki
belirli  uygulamalara gore uyarlanabilmektedir. Yaygin
yontemler arasinda piskiirtmeli kurutma, koaservasyon,
dondurarak kurutma ve ekstriizyon yer almaktadir (Yan, 2024;
Bakry vd., 2015).

Probiyotik bakterilerin mikroenkapsiilasyonu, bu faydali
mikroorganizmalarin  stabilitesini, canliliint  ve  zorlu
ortamlarda, Ozellikle de gastrointestinal (Gl) sistemde iletimini
arttirmaytr amaglayan kritik bir teknolojidir. Bu siirec,
probiyotiklerin depolama ve isleme sirasinda ve ayrica midenin
asidik kosullarindan ve bagirsaklarin enzimatik ortamindan
gecis sirasinda hayatta kalma kabiliyetlerini 6nemli 6lcilide
artirabilen koruyucu bir kaplama icine alimmasini igerir
(Mahmoud vd., 2020; Pupa vd., 2021; Tabaar vd., 2021).
Mikroenkapsiilasyonun birincil amaci probiyotik hiicreleri 1si,
nem ve oksijen gibi hiicre 6liimiine ve islevsellik kaybina yol
acabilecek olumsuz kosullardan korumaktir (Giil ve Dervisoglu,
2016; Tabaar vd., 2021). Mikroenkapsiilasyon i¢in g¢esitli
malzemeler  kullanilmakta  olup, aljinat ve  kitosan
biyouyumluluklar1 ve stabil jel olusturma yetenekleri nedeniyle
en yaygin kullanilanlar arasindadir (Pupa vd., 2021;). Calismalar
aljinat kullanilarak yapilan mikroenkapsulasyonun,
probiyotiklerin simiile edilmis bagirsak sularinda serbest
hiicrelere kiyasla hayatta kalma kaybmi oOnemli Olgilide
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azalttigii ve bdylece canliliklarini artirdigini gostermistir (Gtil
ve Dervisoglu, 2016; Qi vd., 2019; Tabaar vd., 2021).

Probiyotiklerin dagitimin1 optimize etmek igin sprey
kurutma, ekstriizyon ve emiilsiyon gibi farkli
mikroenkapsiilasyon teknikleri aragtirilmigtir (Murta-Pagola
vd., 2020; Ramadhani vd., 2022). Ozellikle sprey kurutma,
canliliklarin1  korurken mikro kapsiillenmis probiyotiklerin
biiyilk 0Olcekli {iretimine izin veren verimliligi ve maliyet
etkinligi ile dikkat ¢ekmektedir (Maciel vd., 2014; How vd.,
2022). Kapsiilleme islemi sadece probiyotikleri korumakla
kalmaz, ayn1 zamanda mikroorganizmalarin bagirsaklara aktif
bir durumda iletilmesini saglayarak kontrollii salima da izin
verir  (Igbal wvd., 2018; Pech-Canul vd., 2020).
Mikroenkapsiilasyon islemi sirasinda prebiyotiklerin dahil
edilmesinin probiyotiklerin stabilitesini ve islevselligini daha da
artirdigr ve bagirsak sagligini destekleyen sinbiyotik bir etki
yarattigi gosterilmistir (Murtia-Pagola vd., 2020; Kavas vd.,
2022). Probiyotikler ve prebiyotikler arasindaki sinerjik
etkilesim, saglik sonuglarinin 1iyilestirilmesine yol acgarak
mikroenkapsiilasyonu  fonksiyonel gidalarin  ve  diyet
takviyelerinin gelistirilmesinde degerli bir strateji  haline
getirebilir (Pupa vd., 2021; Mhatre ve Gurav, 2020).

Probiyotiklerin mikroenkapsulasyonu i¢in enkapstlasyon
yontemleri ekstrizyon, emdalsiyon ve kurutma gibi l¢ ana
kategoriye ayrilir. Enkapsiile probiyotiklerin endiistriyel {iretimi
icin sprey kurutma, liyofilizasyon, emiilsiyon, lipid bazl
dagitim sistemi, koaservasyon ve ekstriizyon gibi teknikler
yaygin olarak kullanilmistir. Her teknik, nem igerigi,
mikrokapsul boyutu, kapsiilleme etkinligi ve sindirim sirasinda
salmmm acisindan farkli ozelliklere sahip mikrokapsiiller
uretmektedir.
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2.1.Sprey Yontemi

Probiyotik  bakteriler  igin  mikroenkapsilasyon
yontemleri, bu faydali mikroorganizmalarin stabilitesini,
canliligini ve dagitimini artirma potansiyelleri nedeniyle biiyiik
ilgi gormistiir. Her birinin kendine 06zgii avantajlar1 ve
uygulamalari olan ¢esitli teknikler gelistirilmistir.

Probiyotik bakterilerin sprey mikroenkapsulasyonu,
isleme ve depolama sirasinda probiyotiklerin canlilifini ve
stabilitesini arttirmay1 amaglayan, gida bilimi ve biyoteknolojide
yaygin olarak kullanilan bir tekniktir. Bu yontem, probiyotik
hiicrelerin tipik olarak bir polimer veya karbonhidrattan olusan
koruyucu bir matris icinde kapsillenmesini igerir ve bu da bir
sprey kurutma islemi ile elde edilir. Kapstilleme, probiyotikleri
cevresel stres faktorlerinden korumakla kalmaz, ayn1 zamanda
faydali etkilerini gosterebilecekleri gastrointestinal sisteme
iletilmelerini de kolaylastirir (Fritzen-Freire vd., 2012; Gl ve
Atalar, 2018). Piskiirtmeli  kurutmanin  en  Onemli
avantajlarindan biri, endiistriyel uygulamalar i¢in uygun hale
getiren verimliligi ve Olgeklenebilirligidir. Proses, sivi
probiyotik kiiltiirlerin ¢esitli gida {iriinlerine kolayca dahil
edilebilen kuru tozlara hizli bir sekilde doniistiiriilmesini saglar
(Zhou wvd., 2023) Mikroenkapsule probiyotiklerin zorlu
depolama kosullarinda bile wuzun siire yiiksek canlilik
seviyelerini (6 log CFU/g'm 1lizerinde) koruyabildigini
gostermistir (Fritzen-Freire vd., 2012; Kiekens vd., 2019).
Kapsiilleyici maddelerin se¢imi, sprey kurutma islemi sirasinda
probiyotiklerin hayatta kalmasini énemli Ol¢iide etkiler. Yaygin
olarak kullanilan malzemeler arasinda, sadece koruyucu bir
bariyer saglamakla kalmayip ayni zamanda nihai iirliniin
fonksiyonel o6zelliklerini de gelistirebilen maltodekstrin, peynir
alt1 suyu proteini ve iniilin yer almaktadir (Giil ve Atalar, 2018;
Slavutsky vd., 2016). Maltodekstrinin probiyotikleri piskurtmeli
kurutma sirasinda karsilasilan yiiksek sicakliklardan ve kesme
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kuvvetlerinden etkili bir sekilde korudugu ve bdylece hayatta
kalma oranlarin1 artirdigi gosterilmistir (Anekella ve Orsat,
2013).

2.2.Dondurarak Kurutma

Dondurarak kurutma veya liyofilizasyon, probiyotik
bakterileri korumak i¢in yaygin olarak kullanilan bir tekniktir ve
bu mikroorganizmalarin canliliklarim1  ve islevselliklerini
korurken uzun siireli depolanmasina izin verir. Bu yontem,
stblimasyon yoluyla bakteri hiicrelerinden suyun
uzaklastirilmasini igerir, bu da hiicresel yapilara verilen zarar1 en
aza indirir ve depolama ve tasima sirasinda probiyotiklerin
stabilitesini artirir (Nguyen vd., 2022; Kang vd., 2012).

Dondurarak kurutmanin en 6nemli avantajlarindan biri,
sprey kurutma gibi diger kurutma yontemlerine kiyasla
probiyotik  hiicrelerin  biitlinliigiinii koruma kabiliyetidir.
Calismalar, dondurarak kurutmanin tipik olarak probiyotiklerde
daha diisiik canlilik kaybina yol actigim1 ve canli hiicre
sayisindaki azalmalarin puskiirtmeli kurutmada
gozlemlenenlerden 6nemli 6l¢iide daha az oldugunu gostermistir
(Gul ve Atalar, 2018; Celik ve O'Sullivan, 2013). Arastirmalar,
dondurularak kurutulmus Lactobacillus casei
mikrokapsullerinin canliliklarinda daha az azalma sergiledigini,
spreyle kurutulmus muadillerinin ise daha 6nemli kayiplarla
karsilagtigini  gostermektedir (Giil ve Atalar, 2018). Bu,
probiyotiklerle iliskili saglik faydalarinin siirdiiriilmesi i¢in
ozellikle onemlidir, ¢iinkli saglik etkileri saglamak i¢in canli
sayilarinin belirli esiklerin {izerinde kalmasi gerekir (Buahom,
2023).

Probiyotik bakterilerin hayatta kalmasini artirmak ig¢in
dondurarak kurutma isleminde kriyoprotektanlarin  dahil
edilmesi ¢ok Onemlidir. Yaygin kriyoprotektanlar arasinda,
dondurarak kurutma islemi sirasinda hiicre zarlarii stabilize
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etmeye ve buz kristali olusumunun neden oldugu hasari
azaltmaya yardimci olan trehaloz, maltodekstrin ve peynir alti
suyu protein izolati (WPI) bulunur (Nguyen vd., 2022; Mahmud
vd., 2022). Trehaloz kullaniminin, dehidrasyon ve oksidatif
strese karst koruma sagladigi i¢in dondurarak kurutma sirasinda
laktik asit bakterilerinin hayatta kalma oranlarini énemli 6l¢iide
artirdig1 gosterilmistir (Nguyen vd, 2022; Mahmud vd., 2022).
Ayrica, nisasta gibi polisakkaritlerin dondurarak kurutma
sirasinda  koruyucu  etkiler  saglayarak  kapsiillenmis
probiyotiklerin canliligin1 daha da artirdigi bildirilmistir (Niro,
2023). Arastirmalar, probiyotiklerin canliligini en st diizeye
cikarmak icin sicaklik ve basing gibi dondurarak kurutma
kosullarim1  optimize etmenin O&nemini de vurgulamistir.
Dondurarak kurutmada kullanilan diisiik sicakliklar, diger
kurutma yontemlerinde kullanilan yiiksek sicakliklara kiyasla
hassas bakteri suslari icin genellikle daha az zararhdir (Kang
vd., 2012). Ayrica, dondurarak kurutma islemi sirasinda
mannitol ve sorbitol gibi uyumlu c¢oézlcilerin eklenmesinin,
proteinleri ve hiicresel yapilar1 stabilize ederek probiyotik
kiiltiirlerin hayatta kalmasini arttirdigi gosterilmistir (Chen vd.,
2017; Kim vd., 2018).

2.3.Koaservasyon

Kompleks koaservasyon probiyotiklerin kapstllenmesi
icin kullanilan bir diger yaygin yontemdir. Bu teknik, probiyotik
hiicrelerin etrafinda koruyucu bir kabuk olusturmak icin tipik
olarak bir protein ve bir polisakkarit olmak Uzere iki veya daha
fazla polimerin faz ayrimimi igerir. Koaservasyon, yliksek
kapstilleme verimliligi ve kapsiillenmis probiyotiklerin kontrollii
saliminmi saglama kabiliyeti ile dikkat ¢ekmektedir (Paula vd.,
2021; Zhang vd., 2023). Peynir alt1 suyu proteini ve arap zamki
gibi malzemelerin koaservasyonda kullanilmasinin,
probiyotiklerin ¢esitli ¢evresel kosullar altinda stabilitesini
artirdig1 gosterilmistir (Bosnea vd., 2017; Ho vd., 2018).
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2.4.Ekstrizyon

Probiyotiklerin ve uygun bir matrisin bir karisiminin
boncuklar veya peletler olusturmak icin bir kaliptan
gecirilmesini icerir. Elde edilen mikrokapsuller daha sonra
stabilitelerini artirmak i¢in kurutulabilir. Ekstriizyon, ¢esitli gida
urinlerine dahil edilebilecek daha blylk mikrokapsuller
olusturmak i¢in ozellikle yararhidir (Corona-Hernandez vd.,
2013). Ekstriizyon siireci, probiyotiklerin kapsiilleme sirasinda
ve sonrasinda canli kalmasini saglamak igin optimize edilebilir.

2.5.Elektrospinning

Bir polimer c¢ozeltisini probiyotikleri kapsulleyebilen
ince liflere ¢ekmek icin bir elektrik alani  kullanir.
Elektroegirmenin probiyotiklerin  termal stabilitesini  ve
canliligin1 artirdigt ve mikroenkapsiilasyona benzersiz bir
yaklagim sagladigi bildirilmistir (Ragavan ve Das, 2020; Feng
vd., 2018). Uretilen nanolifler probiyotikleri zorlu cevre
kosullarindan koruyabilir ve bu yontemi gelismis stabilite
gerektiren uygulamalar igin uygun hale getirir.

2.6.Emdlsifikasyon

Probiyotik kiiltliriin hidrofobik bir tasiyic1 malzeme ile
emilsiyonunun olusturulmasimi ve ardindan mikrokapsiiller
olusturmak i¢in katilastirilmasimni igerir. Emiilsifikasyon,
probiyotiklerin kapsiilleme verimliligini ve canliligin1 artirmak
icin sprey kurutma gibi diger tekniklerle birlestirilebilir
(Corona-Hernandez vd., 2013; Gao vd., 2022).

3. SONUC

Mikroenkapsiilasyon, fonksiyonel gidalarda
probiyotiklerin stabilitesini ve etkinligini saglamak i¢in hayati
bir stratejidir. Mikroenkapsiilasyon, bu mikroorganizmalari
zorlu cevre kosullarindan koruyarak ve canliliklarini artirarak
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probiyotiklerin  tiiketicilere =~ saglik  acisindan  fayda
saglayabilecek  bir formda  sunulmasmmi  kolaylastirir.
Mikroenkaspiilasyon islemi, koruyucu bir ortam saglayarak,
kontrollii salimmmi kolaylastirarak ve duyusal 6zellikleri
gelistirerek probiyotiklerin tiiketiciler i¢in saglik faydalarini en
iist diizeye ¢ikarmada ¢ok 6nemli bir rol oynamaktadir.
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THE NUTRITIONAL CONTENT OF HEMP
(CANNABIS SATIVAL.) AND ITSUSEAS A
FUNCTIONAL FOOD

Fatma Zehra YAKUT!?
Mukaddes KILIC BAYRAKTAR?

1. INTRODUCTION

Cannabis is a significant plant that is employed in
numerous industries. This species is dioecious, annual, and
possesses both male and female structures. Indian hemp
(Cannabis indica) and industrial hemp (Cannabis sativa L.) are
the two primary types. The resin extracted from the female
flowers of the indica plant is what gives it its characteristic
potency. Sativa is the most common species, yields relatively
little resin, and is grown for its hardy fibers. Hemp appears to be
a potential substitute crop in the event of the anticipated future
reduction in food supplies (Rusu et al., 2021).

The characteristics of hemp (Cannabis sativa L.) have
drawn more attention in recent years. The food sector makes
extensive use of hemp seeds, which are acknowledged as a
nutrient-dense food source (Zahari et al., 2020). According to
Gambud et al. (2020), hemp seeds are high in calcium, iron,
phosphorus, zinc, magnesium, protein, fiber, and oil (25-35%).
With more than 80% unsaturated fatty acid content, hemp oil is
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especially rich in linoleic (50-70%), a-linolenic (15-25%), and
y-linolenic (3-5%) acids. It has a good nutritional value because
it also has a 3:1 ratio of omega-3 to omega-6 fatty acids (Andre
et al., 2016). Cannabis contains anti-inflammatory, antibacterial,
and antioxidant qualities. It is rich in substances including
phytosterols, tocopherols, polyphenols, carotenoids,
phospholipids, and cannabidiol (CBD) (Markowska et al., 2021;
Teleszko et al., 2022). Its high concentration of antioxidant-rich
phenolic components, including as ferulic acid, caffeic acid,

chlorophyll, and carotenoids, makes it a useful diet (Gambud et
al., 2020).

2. POTENTIAL USES OF INDUSTRIAL HEMP
SEED

The high-quality, fiber-rich stalks of industrial hemp were
once the main source of its economic value. Recently, however,
new hemp industrial sectors have emerged with the recognition
of the medicinal properties of cannabinoids found in hemp flower
buds and the use of hemp seeds as food. Cannabinoids are
cannabis-derived compounds with diverse biological effects
produced in the trichromes of medicinal and industrial cannabis
genotypes, especially flower buds. More than 100 different
phytocannabinoids have been shown to be present in the
trichromes in cannabis flowers, buds and leaves. The two most
important cannabinoids are cannabidiol (CBD) and delta-9-
tetrahydrocannabinol (THC). However, cannabinoids are found
in trace amounts in hemp seeds (Adesina;2020).

The main cannabinoid of industrial hemp genotypes is
CBD, while the main phytocannabinoid of medical hemp
genotypes is THC. THC (the main cannabinoid in cannabis) is a
psychoactive substance (Cherney and Small; 2016). However,
THC has the ability to alleviate the side effects of chemotherapy
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and radiation, especially in the management of HIV and cancer.
In addition to killing cancer cells, it is also used in the treatment
of many diseases such as heart disease, epilepsy, rheumatism,
asthma, MS, insomnia, stomach and spinal disorders. As a non-
psychoactive cannabinoid, CBD has been shown to have
therapeutic potential in the treatment of a wide range of
conditions, including inflammation, anxiety, arthritis, infantile
epilepsy, and neurodegenerative illnesses. Today, specific
genotypes have been developed to produce maximum levels of
CBD, which can be used in a variety of products and is gaining
increasing popularity in the industry (Cherney and Small; 2016,
Leonard et al., 2020).

The oil obtained from crushed hemp seeds can be used in
many areas such as nutritional supplements, biofuels, personal
care products as well as food. Hemp seed oil contains
considerable levels of dietary antioxidant components, including
sterols, tocopherols, and polyphenols, in addition to its high
quantity of polyunsaturated fatty acids (Cherney and Small,
2016). Since hemp flour is a high-protein byproduct that is left
over after the oil is recovered, it can be used as a starting point to
extract hemp proteins. Hemp protein concentrate (HPC), hemp
protein isolate (HPI), and hemp protein hydrolysate (HPH) are the
three main categories of hemp protein products. Hemp protein has
gained significant traction in the food industry as a functional
food component due to its remarkable nutritional quality,
biological activity, functionality, and aromatic qualities (Shen et
al., 2020).

3. HEMP AS AHUMAN FOOD

In recent years, hemp has become a significant food
source in many nations due to its great nutritional content. In Asia
and Eastern Europe, hemp seeds and products are gaining
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increasing attention as a nutritious source for humans and animals
(Andre, 2016). Plant-based protein can be obtained from hemp
seeds. A few tablespoons of hemp seeds provide about 11 grams
of protein containing amino acids such as cysteine, lysine, and
methionine (Rehman, 2021). Hemp seeds contain 20-25%
protein, 25-35% fat, 20-30% carbohydrates, 10-15% insoluble
fiber and important minerals such as phosphorus, potassium,
sodium, magnesium, sulfur, calcium, iron and zinc. Its biological
value is high, just like chicken egg whites.

Non-medical quantities of psychoactive substances are
found in cannabis seeds, with less than 0.3% of the psychoactive
substance A-9-tetrahydrocannabinol (A-9-THC or THC) among
them. The high concentrations of polyunsaturated fatty acids
(PUFASs) in hemp seed are linked to its health advantages
(Kolodziejczyk et al., 2012). Although hemp seed oil lacks
psychotropic properties, its ideal ratio of »-6 linoleic acid to ®-3
alpha-linolenic acid (3:1), which is recommended in a healthy
diet, makes it demonstrate health-promoting activity. Other
significant elements in hemp oil are the fat-soluble vitamins D
and E. Many food items high in protein can be made from the
waste left over after hemp seed oil extraction. Water-soluble
albumin makes over 75% of the storage proteins found in hemp
seeds. Hemp has more nutritional value because of its high
arginine and sulfur-rich protein fractions in the seed protein.
Thus, hydrolysates and proteins from hemp seeds can be utilized
to create functional meals (Siudem et al., 2019; Aluko et al.,
2017).

Several approved foods with high nutritional value
contain hemp flour and oil because of its high mineral, vitamin
(particularly complexes A, C, and E), carbohydrate, protein, and
fat content. Bread made with hemp flour has higher protein and
antioxidant levels. Additionally, it's utilized in the making of
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bread without gluten. Hemp flour, however, can make wheat
bread thinner.

Studies on hemp seeds or sprouts as a functional diet
should be conducted because they exhibit favorable impacts on
cells of humans and yeast. According to a current research by
Kladar et al., children should not eat foods containing hemp since
hemp seed oil may pose serious health hazards due to its high A9-
THC content. Moreover, strains with high A9-THC content can
be used to make hemp tea (Frassinetti et al., 2018; Kladar et al.,
2021).

This assessment’s objective is to outline what is known
about hemp's nutritional qualities, with an emphasis on how it fits
into vegetarian diets. The characteristics of hemp that might be
useful for a vegetarian diet are outlined in Table 1.

Table 1. Certain Characteristics and Associated Advantages of

Hemp
HEMP
PROPERTIES BENEFITS
A vegetarian diet lacking animal sources can nonetheless obtain an
Protein acceptable amount of protein thanks to the excellent nutritional value

of hemp protein.
Vegetarian diets have limited sources of omega-3 fatty acids (EFAS).
Hemp oil's advantageous n6/n3 ratio can contribute to a balanced

Essential Fatty

Acids consumption of polyunsaturated fatty acids.
The calcium-containing foods in a vegetarian diet devoid of milk and
Calsium dairy products are restricted. Utilizing a range of plant-based foods,

such as cannabis, can assist in meeting the RDA for calcium.

Since there are few high-bioavailable sources of iron in a vegetarian
Iron diet, it is advisable to consume a variety of foods high in this mineral,
including cannabis.

Although plant-based meals generally have high levels of dietary
fiber, the beneficial qualities of hemp's insoluble fiber may promote
hemp usage.

In a plant-based setting, hemp eating might be encouraged by its high

Fiber

Fitochemicals

concentration of bioactive compounds with potential health benefits.

Environmental
Impact

The minimal environmental effect of hemp farming may promote the
use of hemp as an environmentally benign plant-based resource,
especially considering the widespread desire to switch to a vegetarian
diet.

Multifunctionality

Hemp seeds can be utilized to create a range of industrial products ,
some of which are interesting for vegetarian diets, like plant-based
dairy and meat substitutes. Hemp can also have promising qualities.
Additionally, hemp derivatives can be added to supplements and
baked foods as fortifiers.
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4. CHEMICAL COMPOSITION OF INDUSTRIAL
HEMP SEED

Hemp oil, flour, protein powder and milk from hemp seed
have high protein and amino acid profiles, a rich combination of
vitamins and minerals and good sensory properties. They also
have a healthy fatty acid composition. On average, hemp seed
contains 35.5% fat, 24.8% protein and 27.6% dietary fiber, of
which 22.2% is indigestible and 5.4% digestible fiber. It also
contains 5.6% ash and 6.5% moisture. The properties of hemp
seed include a high concentration of minerals (calcium, iron,
sodium, phosphorus, magnesium, potassium and vitamins B1,
B2) and high amounts of B-carotene (Callaway., 2004).

5. HEMP SEED OILS

The oil derived from hemp seeds, namely Cannabis sativa
L. seeds, is renowned for its nutritive and health-promoting
qualities as well as its bioactive constituents. It has a higher
concentration of both n-3 and n-6 essential fatty acids than other
vegetable oils. According to Mikulcova et al. (2017), it has a high
concentration of the omega-3 fatty acid alpha-linolenic acid (18:3
n-3, 20 wt%) and the omega-6 fatty acid linoleic acid (18:2 n-6,
55 wt%).

While the quantity of stearidonic acid (18:4 n-3) varies
from 0.5-2% by weight, that of gamma-linolenic acid (18:3 n-6)
ranges from roughly 1-4% by weight.Hemp seed oil has moderate
to high concentrations of minerals, phytosterols, phospholipids,
carotenes, and tocopherols and tocotrienols (100-150 mg per 100
grams of oil). Because of these advantageous qualities, hemp seed
oil can be used as a component in functional meals and has a wide
range of potential uses in the management of different health
issues. Reducing hypertension and elevated cholesterol are two
significant instances of applications (Raikos et al., 2014). The key
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factor contributing to hemp seed oil's health advantages is its 3:1
ratio of n-3 to n-6 fatty acids, which is optimal for human
nutrition. Research has indicated a connection between an
imbalanced intake of omega-3 and omega-6 fatty acids and a
number of diseases, such as diabetes, heart disease, and cancer.
Compared to other common seed oils, hemp seed oil has a
distinctive composition that presents prospects for the creation of
specialized nutritional formulations (Raikos and Ranawana,
2017). Nevertheless, there is still debate regarding hemp seed oil's
antimicrobial, particularly antibacterial, properties despite its
well-established nutritional and health benefits. According to a
very recent study, hemp seed oil contains antibacterial properties
that can be employed against Gram-positive bacteria. To clarify
the poorly understood limiting variables affecting the bioactivity
of crop oils obtained from hemp, more investigation is necessary.
The fabrication of oil-in-water (O/W) emulsions made of mineral
or synthetic oils has been the subject of several studies published
in the literature; however, the development of these emulsions
when vegetable oils are present has received less attention
(Mikulcova et al., 2017). The majority of uses for vegetable oil-
based emulsions include cottonseed, peanut, coconut, palm,
sunflower, rapeseed, rapeseed, palm kernel, and olive oil. The
bioavailability of accessible unsaturated fatty acids can be
enhanced by putting oil into nanoemulsions because of their high
surface-to-volume ratio and smaller droplet sizes.

Hemp seed oil is an organic supplier of antioxidants that
can be used in diets to help protect against oxidation and reactions
with other chemicals. This can help prevent disease and promote
health (Raikos et al., 2017). Limited research has been done on
hemp seed oil emulsions (water-in-oil). In one study, hemp seed
oil and emulsion composition, characterization, and anticipated
antibacterial capabilities were examined. With a 3:1 ratio of
necessary fatty acids to non-essential fatty acids, hemp seed oil is
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very rich in vital fatty acids. It is thought to be ideal for human
nutrition. Consequently, it has been demonstrated that these kinds
of prepared emulsions can strengthen food items (Mikulcova et
al.,, 2017). Furthermore, because of their non-toxic,
biodegradable, and ecologically friendly qualities, oils derived
from plants are often used in non-food businesses like both
cosmetic and medicinal ones (Reichert et al., 2019).

Because hemp oil has a high concentration of a-linolenic
acid (ALA), linoleic acid (LA), and y-linolenic acid (GLA), it is
a highly valued component in cosmetic and cosmeceutical goods.
In actuality, skin conditions including psoriasis, acne, and atopic
dermatitis can be brought on by a lack of these fatty acids,
particularly GLA (Kowasalska et al., 2015).

6. APPLICABILITY OF HEMPAND ITS BY-
PRODUCTS IN FOODS

Improved products like hemp powder, concentrate, cake,
and isolate made using various technologies are used in bakery
goods, snacks, beverages, dairy products, processed meat
products, and many other products because of hemp protein's
abundant nutritional value and the positive sensory notes it adds
to food. Products created with hemp protein have been discovered
to have a higher nutritional content and to offer certain
technological advantages, in contrast to the widely used casein,
whey powder, and soy protein in the food sector (Dabija et al.,
2018).

Gluten-free crackers with up to 40% hemp cake were
found to have higher protein, dietary fiber, minerals and essential
fatty acids (Q2-3, Q-6) and lower carbohydrate levels compared to
brown rice flour. It was also found that the ratio of Q-6 and Q-3
fatty acids in all crackers was between 1.7 and 1.83, with an
excellent balance. As the proportion of hemp cake in the cracker
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formulation increased, the amounts of monounsaturated fatty
acids (MUFA) and polyunsaturated fatty acids (PUFA) also
increased. Similarly, a steady increase in Ca, Fe, Mn, Mg and Zn
was observed, with K being the highest mineral content (Radocaj
etal., 2014).

It was discovered that adding hemp cake to wheat flour
bread at various ratios (0%, 5%, 10%, and 20%) affected the
bread's volume, color, and structural characteristics as well as
how quickly the dough developed. Proteins and macro- and
microelements, especially iron, were increased, while gluten
content was decreased in bread enriched with hemp cake.
However, the use of more than 20% hemp cake negatively
affected the rheological properties of the dough. According to the
results of the study, consumption of 300 grams of bread enriched
with 20% hemp flour could theoretically meet the daily
recommended iron intake (Poji¢ et al., 2015).

7. USE OF HEMP SEEDS IN FUNCTIONAL
FOODS

The food industry uses hemp seeds (43.60%) from
Cannabis sativa L. as the most common cannabis plant ingredient
because of their high protein content and lipid profile, which
makes them a great source of nutrition (Rizzo et al., 2023).
Furthermore, because of their better nutritional profile, hemp
seeds and goods derived from them have become increasingly
popular with customers. Hemp seeds can be eaten raw, shelled, or
combined with other food ingredients to create a vast array of
hemp seed-derived products (Raihan and Bijoy, 2023).

Produced from Cannabis sativa L., hemp seed oil has
become well-known in the marketplace as a natural product with
increasing awareness of its potential benefits as a dietary
supplement and in medicine (Pannico et al., 2022). Atopic
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dermatitis, chronic inflammation, oxidative stress, and red blood
cell composition are examples of degenerative diseases that have
been the subject of numerous research investigating the potential
of hemp seed components to treat them. These properties are
attributed to their antioxidant and anti-inflammatory qualities.
Overall, the research that were examined show that hemp seeds
and derivatives have promise as health-promoting dietary
supplements (Schwab et al., 2006, Yildirim and Akgay, 2023).

Energy bars are a popular dietary supplement that people
take in order to meet their caloric needs or to make up for not
getting enough protein in underdeveloped or nutritionally
deficient countries. This is especially true for athletes and people
who engage in intense physical activity (Akcay etal., 2023, Gébel
et al.,2022).

The findings indicate that hemp seeds can be combined
with other ingredients to create rice/hemp extrudates or used
independently as powders and additives. According to
Dewettinck et al. (2008), both variations successfully add more
protein to food and enhance its qualities.

According to recent studies, hemp seed flour has the
potential to boost the nutritional value of food products and is a
more nutritious alternative to wheat flour. In trials on bread
manufacture, the addition of hemp flour had a notable impact on
the end product's quality, leading to a decrease in volume and an
increase in protein and fat content, particularly when the hemp
flour concentration was 20%. Texture and scent were affected,
particularly at 30% and 50% hemp flour additions, according to
sensory evaluation, which also revealed a decline in the quality of
sensory experience (Mikulec et al., 2019). In samples of bread
made with hemp flour, there was a noticeable drop in the amount
of yeast and mold, which improved the product's energy value. Its
proprietary hemp seed oil and method for using hemp seeds to
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make bread and pastries demonstrate how versatile hemp seeds
can be when used to make creative products. Additionally, hemp
flour has been used to make baked goods devoid of gluten or to
lower the gluten level in bread. The nutritional value of the bread
was greatly enhanced by the inclusion of hemp seeds, flour, and
proteins, resulting in notable increases in the amount of protein
and fiber. The findings imply that hemp flour and proteins can
greatly enhance the formulations of baked goods, improving their
nutritional value, acceptability to the senses, and flexibility in
handling different dough types (Teleszko et al., 2022).

Hemp seeds are a great way to increase the lower
nutritional content of gluten-free products because they don't
contain natural gluten. This is primarily because total dietary
fiber—which comprises both soluble and insoluble fractions—as
well as total protein, fat, and minerals, have increased
significantly. A specific focus has been placed on the insoluble
component. According to Farinon et al. (2020), these results
demonstrate how hemp seeds may enhance the nutritional profile
of gluten-free goods.

Farinon et al. (2020) looked at the impact of using hemp
seed flour in place of regular flour in cookie dough. The mixture's
overall hydration qualities were significantly improved,
according to the results. In terms of the cookies, substituting hemp
flour for regular flour resulted in a rise in hardness and a fall in
volume, with cookies enhanced with 60% hemp flour achieving
the maximum value. As the amount of hemp seed substituted in
the cookies and biscuits increased, the color of the cake and
crumb deepened, which improved the product's sensory appeal
(Farinon et al., 2020). Wolf et al. (2017) created a method for
baking cakes using cannabis seed oil obtained from Cannabis
sativa L., which resulted in the development of a productive
method for the evaluation and assurance of the quality of edible
products containing cannabis. In addition, he wanted to create
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gluten-free cuisine. He concentrated on making biscuits with
decaffeinated green tea leaves and wholesome hemp flour. The
product was significantly enhanced by its superior nutritional
qualities, which included proteins, crude fiber, minerals, and
essential fatty acid properties. These attributes also demonstrated
hemp flour's potential as a functional ingredient for the
production of wholesome, easily accessible, and possibly
functional food products—particularly for those who suffer from
celiac disease (Farinon et al., 2020).

Hemp seed milk, derived from the Cannabis sativa L.
plant, is a well-liked substitute for cow's milk, ideal for people
who have allergies, are lactose intolerant, or are vegetarians or
vegans. In order to prepare hemp seed milk at home, a solution of
hemp seeds and water is created that contains an essential omega-
3 fatty acid called alpha-linoleic acid and 0.83 g of protein per
100 mL This hemp milk has an earthy flavor and creamy texture,
with less fat and less calories, protein, and carbs than cow's milk.
It is adaptable and provides a delightful and nutritious substitute
for other ingredients in a range of recipes, including cereals,
coffee, and smoothies (Dewettink et al., 2008).

By using high-pressure homogenization (HPH) and pH
change treatment, it is possible to produce heatly untreated hemp
"milk" that is stable, has a decreased microbial population, and is
physically resistant to oxidative deterioration. These results
suggest that hemp "milk" has the potential to replace milk.
Additionally, Ferdouse et al. (2024) created a method to produce
hemp "milk™ that doesn't get bitter or change color when it's
pasteurized. In order to create cutting-edge goods, the food sector
is concentrating on utilizing the nutritional potential of hemp
seeds from Cannabis sativa L. Businesses that emphasize the
nutritional and health advantages of cannabis seeds have
developed a diverse range of food products under brands
including Allive®, Nutiva®, Manitoba Harvest®, and Canah®.
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Meanwhile, companies like Turn®, Cannabia®, Mandrin®,
Coors Light®, and Appenzeller HanfbliteTM provide a range of
hemp-based goods, such as protein shakes, infused beers and
wines, hemp cocktails (like Hempfy gin and tonic), spirits
(flavoring with hemp seeds), lemonades (like Hempfy Martini)
and teas (like HempTea).

The products are especially based on plant-based nutrition
claims and do not contain gluten, added sugars, or genetically
engineered components (Dewettink et al., 2008). Additionally, the
CANNUSE database, which can be accessed at
http://cannusedb.csic.es, offers an extensive and well-structured
source of data regarding the usage of hemp seeds from Cannabis
sativa L., with possible dietary and medicinal benefits (Zajac et
al., 2019).

8. NUTRITIONAL ASPECTS

In terms of nutritional value, hemp seeds and subsequently
the fruits of C. sativa are the most commonly used parts of the
plant for human use. Botanical theory states that hemp seed is an
achene, just like quinoa, amaranth, buckwheat, and strawberry
achenes, which are dried fruits with an internal seed that is not
adhered to by the hardened pericarp (Naraine et al., 2020). Unless
otherwise indicated, when we discuss using cannabis as a plant
material for nutritional purposes in this book, we are referring
typically to cannabis seeds. Although the plant's other anatomical
parts, like its flowers and leaves, may be edible, cannabis has very
little nutritional value other than as seeds. As a result, the food
products that are produced don't contain any cannabinoids and
aren't legally forbidden (Kwas Lnica et al., 2020).

Hemp was mostly used for textiles in earlier ages, and the
seeds were thought to be waste. It wasn't until lately that there
was a significant interest in hemp for nutritional
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purposes.Roughly fifty distinct types of hemp with varying
macronutrient contents are cultivated for nutritional purposes.
The percentage of protein is not more than 30%, the percentage
of dietary fiber is between 30% and 40%, and the percentage of
fat is between 25% and 30%.

The majority of the dietary fibers in seeds are eliminated
during the hulling process, which is concentrated in the exterior
integuments of the seed (House et al., 2010). Shelled seeds have
over 46% oil content and over 35% protein content, respectively.
Conversely, the polysaccharide component is virtually
exclusively composed of dietary fiber, hence the amount of carbs
is typically quite small and insignificant (see special section
below). But hemp also contains additional phytochemicals
including sterols and polyphenols, as well as bioactive peptides
that have antioxidant properties (Malomo et al., 2014). These are
intriguing nutritional characteristics of hemp. Hemp seed has
versatility and promise, and the nutritional composition of hemp-
derived products can satisfy consumer demands. They can be
eaten whole, shelled, or as flour, oil, or separate proteins. The
process of seed germination enhances the nutritional profile by
making accessible phytochemicals more bioavailable. This can
boost the health benefits of seeds because of their stronger
antioxidant and anti-inflammatory properties. According to Karus
et al. (2004), the USDA database is presently the largest
repository on food composition.

9. SUSTAINABILITY

The media and scientific publications have raised
awareness of the environmental impact of food, which has led to
an increase in debate on the subject. It is commonly known that
human activities affect the environment by releasing molecules
that contribute to the greenhouse effect and contaminate soil and
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water, as well as by exploiting resources that are not sufficiently
replenished to ensure an adequate turnover. Recent research has
shown that, among other things, the production of food
contributes to environmental effect, and that, when examined
throughout all supply chains, the exploitation of food resources
has a significant impact on the environment (Dixon et al., 2023).
The decision to become vegetarian is influenced by a variety of
issues, including ethics and health, but sustainability in the
environment and ecology is only one facet of a larger idea that
also takes social and human health sustainability into account.
Because hemp can be a valuable plant-based food source to
support health and nutritional needs, as well as because its
cultivation may have positive benefits on agriculture's
environmental impact, using hemp for food can be consistent with
a vegetarian diet. With its quick growth and effective carbon
sequestration, hemp looks to have a smaller environmental impact
than other crops. The requirement for herbicides, fungicides, and
other pesticides used to manage weeds and pests is reduced by
rapid growth (Rupasinghe et al., 2020).

Hemp is also a great crop for crop rotations to prevent
over-exploitation of the soil because of its quick exfoliation,
which enables effective restoration of farmed soils. Furthermore,
hemp requires less irrigation (Ranalli et al., 2004).

There have been reports of using hemp as a
phytoremediation method especially to get rid of heavy metals.
However, using hemp for both simultaneous food use and soil
decontamination poses questions due to the transmission of heavy
metals like cadmium to seed. The usage of fertilizer exacerbates
this occurrence (Mihoc et al., 2012).
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10. CONCLUSION

As a result, it is observed that industrial hemp production
and usage areas are increasing day by day in the world. Especially
the medical hemp sector is rapidly developing and attracting great
interest. In addition, as the demand for hemp products increases
in many areas from organic-based food products to clothing and
shelter, the preference rate of these products is also increasing. In
our country, significant developments have been recorded in
recent years regarding hemp utilization areas. The deepening
global food crisis, which has led to the search for alternative
products, allows us to examine the potential and current
applications of hemp more closely. Research has shown that hemp
seed, oil and flour have great potential for both social and
economic gain in the food sector. Scientific studies have also
determined that products such as bread, cookies, cakes, chips,
cakes, biscuits and pasta can be made with hemp additives.
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PHYSICOCHEMICAL AND ORGANOLEPTIC
PROPERTIES OF PEKMEZ (TRADITIONAL
TURKISH FRUIT MOLASSEYS)

Cemile Buse COPUR?
Edibe Seda ERTEN?

1. INTRODUCTION

Traditional foods are defined as foods that are prepared
with local foods and ingredients, accepted by public, and have
potential health effects which are tested over time (Otles et al.
2016). For a food to be counted as ‘traditional’, it should not
only contain traditional ingredients but also be
prepared/processed according to the traditional recipes and/or
with traditional methods (Guiné et al. 2021). Traditional foods,
which vary based on the cultural prosperity of a country, play
important role on local identity, consumer behavior, preserving
and transferring the cultural heritage to the next generation
(Salik et al. 2021). Furthermore, the interest of both consumers
and food manufacturer in to the traditional food increases with
apprehension of specific organoleptic properties and health-
improving properties of these foods (Tamer et al. 2019).

In Turkiye, pekmez (Turkish fruit molasses) is a
traditional food and it is produced by fruits such as grapes,
mulberries, carob, dates, figs and plums (Korkmaz 2023b).
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Pekmez is an intense sweet syrup with a 70-80% total soluble
content and it is produced by pressing sweet fruits, and
afterward clarifying and boiling them (Heshmati et al. 2020;
Satil & Selvi 2022). In Turkish Food Codex Grape Pekmez
Communiqué, grape pekmez is defined as a viscous food
product from unfermented fresh grapes or raisin extracts
produced by proper techniques of concentrating under vacuum
condition or open (atmospheric) systems after reducing the
acidity and clarifying with proper techniques (2017).

Export surplus fruits and legumes are utilized by
producing pekmez out of them in Tirkiye. On the one hand,
with its high sugar content (monosaccharides such as glucose
and fructose), it readily provides energy for especially people
who needs high energy intake (i.e. athletes, pregnant women,
etc.). On the other hand, with its high mineral and organic acid
content it has a long shelf life and high nutrition value; at the
same time, it has high antioxidants and phenolic contents which
are considered as beneficial to human health (Aykas et al. 2023;
Sen et al. 2020).

The quality of pekmez varieties generally related to their
physicochemical properties (such as °Brix, acidity, pH, etc.),
content of sugars, organic acids and volatile compounds as well
as their degrees of non-enzymatic browning (Korkmaz 2023a).
In pekmez, non-enzymatic reactions occur via caramelization
and Maillard reactions. Even though these reactions responsible
with desirable color and flavor formation in heat-treated foods,
further treatment usually results in degradation of components
and lowering the nutritional value of the foods. Thermal
treatments cause reactions of amino acids, peptides, and proteins
with reducing sugars and other carbonyl groups. Increased
concentration of compounds such as 5-hydroxymethyl furfural
(HMF) may indicate the degree of high thermal treatment levels
(Kuscu & Bulantekin 2016). HMF level in heat-treated foods is
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the most important quality indicator in foods with high sugar
content because of its risk on human health with its potential
carcinogenic and toxic effects (Korkmaz 2023b).

The wusual flavor of pekmez originated from the
harmonious effect of high sugar content and volatile compounds
that are formed from various pathways during pekmez
processing (Samborska et al. 2021). Flavor compounds from
non-enzymatic browning reactions are responsible for the
formation of typical desirable pekmez aroma (Coklar & Akbulut
2020).

Other quality indicators in foods are sensory properties
and/or organoleptic properties which are affected by the type of
foods, environmental conditions and individual consumers.
Consumer acceptance is a situation based on desires of
consumers and it is affected by sensory properties of foods and
several other factors (Al-Bachir & Othman, 2023). In this
chapter, recent studies on physicochemical and organoleptic
properties of traditional Turkish pekmez varieties were
reviewed.

2. TYPES OF PEKMEZ

Traditional Turkish pekmez varieties are mainly
produced from several fruits such as grapes (Vitis vinifera L.),
mulberries (Morus alba L. and Morus nigra L.), dates (Phoenix
dactylifera L.), figs (Ficus carica L.) and plums (Prunus
domestica L.), and fruits of carob (Ceratonia siliqua L.)
(Korkmaz 2023Db).

3. TRADITIONAL PEKMEZ PRODUCTION

In traditional pekmez production, first, fresh fruits are
washed thoroughly and then transferred to concrete or wooden
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vats in which the fruits are trampled by workers with clean boots
and the juice (grape must) is extracted. Afterwards, pekmez
earth or calcium carbonate (CaCOs) is added and filtered.
Pekmez earth is a white soil which naturally contains calcium
carbonate and it is used to precipitate tartaric and malic acids as
calcium salts (calcium tartrate and calcium malate) to reduce the
acidity of the grape must. To make pekmez earth to start
working efficiently and quickly, to prevent yeast to acts and to
speed up the clarification, the grape must is heated to 70 °C. It is
cooked in open air vats until it becomes a viscous liquid. The
foams that are formed during boiling are collected and a clear
pekmez is obtained at the end of the process (Akan 2018;
Karababa & Isikli 2005; Ozkan et al. 2023).

4. PHYSICOCHEMICAL PROPERTIES OF
PEKMEZ VARIETIES

Quality parameters of pekmez varied with the type of the
fruit, harvest time, climate changes and the amount and type of
acidity regulator that is used during pekmez production (Erbil
2020). Studies on several pekmez types has been investigated
and physicochemical properties such as total soluble solids, pH,
total acidity, HMF, ratio of glucose to fructose and total sugar
content parameters are shown in Table 1.

A total of 24 grape pekmez samples that are produced by
traditional and commercial methods (12 samples each) were
investigated by Erbil (2020) and °Brix values were found in the
range of 60.1-77.95 and 62.7-82.1, respectively. In addition;
carob, mulberry, juniper berry, apple and pear pekmez samples
were also investigated in the same study and the °Brix values
were ranged 72.3-81.6, 72.9-81.5, 69.1-78.2, 54.1-67.4 and
65.6-76.0, respectively. The reasons for these wide ranges were
concluded as results of insufficient clarification, filtration, and
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boiling, and/or uncontrolled concentration by boiling at high
temperatures for a long time. In another study, carob pekmez
samples that were produced by traditional methods and
ultrasonic method were compared and there was no significant
difference in °Brix values (Eroglu 2020). Grape pekmez samples
were also produced by traditional concentration and vacuum
concentration and their Brix values were measured as 75.6 and
75.8, respectively (Korkmaz 2023a). According to Turkish Food
Codex Grape Pekmez Communiqué (2017), total soluble solid in
grape pekmez must be at least 68%. These values were
acceptable based on Turkish Food Codex. Apart from fruit
pekmez types, traditionally produced pine cone (Pinus nigra and
Pinus brutia) pekmez samples were also investigated and °Brix
values ranged from 64.6 to 78.7 (Gamli 2022; Incemehmetoglu
2021). Since those samples were home-made; researchers
concluded that the reason for this wide range caused by different
boiling durations, usage of different sugars and decision of the
final product thickness and cooking levels by sight only.

Table 1. Physicochemical properties of various Turkish pekmez

Pekmez TSs? pH TA" HMF® Glucose Fructose FIG Total References.®
(°Brix) (9/100) (mg/kg) (9/100) (9/100) (9/100) sugar
(9/100)
Grape 60.1- 35-  0.2- 5.9- 17.1- 0.6-35.4  0.6- 49.3- [1,2,3,4,5]
7 8.4 1.9 380.1 36.4 1.2 711
Mulberry  70.9- 48- 05- 38.2- 1.9- 13.8- 0.4- 49- [2,3]
84 5.8 0.9 7735 32.7 36.2 15 718
Carob 64- 45- 04 0.3- 6.1- 8.0-32.7  0.6- 46- [3.6]
81.6 5.8 05 4829 295 19 63.1
Pinecone  64.6- 3.4-  1.2- 36-745 17.2- 59-30.3 0.4- 49.3- [7.8]
78.7 4.8 3.2 36.5 0.9 75.8
Juniper 69- 48- 0.1- 0.08- 10.0- 49-26.6 0.7- 35.4- [2,3]
berry 79.5 5.7 0.9 153.2 25.9 12 56.0
Apple 54- 35-  03- 235.3- 14.5- 17.4- 0.7- 38.3- [3,9]
74.8 5.7 0.4 2244 24.5 25.3 17 49.9
Pear 65.5- 42-  0.9- 141- 16.7- 30.7- 1.6- 53.6- [3]
76.0 4.5 1.2 627 19.8 36.8 2.9 58.8

a: Total Soluble Solids, b: Total acidity, c: 5-Hydroxymethyl furfural d: Ratio of glucose to fructose, e: References (1: Korkmaz,
2023a; 2: Aykas et.al. 2023, 3: Erbil, 2020, 4: Tirkben et.al. 2016; 5: Ozcan et.al. 2015 6: Eroglu, 2020, 7: Gamli, 2022, 8:
incemehmetoglu, 2021, 9: Kuscu & Bulantekin, 2016).

The pH value and total acidity ranges of pekmez samples
were wide in most samples, especially in grape pekmez samples
(Table 1). Even though these ranges might be influenced by
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used fruit type from different varieties and regions of Turkiye;
producing the pekmez with traditional method without any pH
measuring device, the amount of acidity regulator or usage of
other additives (as in food adulteration) might also be reasons
(Turkben et al. 2016; Erbil 2020; Ozcan et al. 2015; Korkmaz
2023a). In Turkish Food Codex Grape Pekmez Communiqué
(2017), pekmez that have pH values between 5.0 and 6.0 are
counted as sweet, while pekmez that has pH values between 3.5
and 4.9 are counted as sour. If this rule was applied to all
pekmez samples; carob pekmez would be considered as sweet
and fig, pine and pear pekmez would be considered as sour;
while grape, mulberry, juniper berry and apple pekmez would be
considered as both sweet and sour.

As a Maillard reaction product, 5-hydroxymethyl furfural
(HMF) is formed during pekmez production and since at high
levels it shows negative effects on human health (Bas and
Gurkan 2021), the levels in pekmez is limited to 75 mg/kg
(Turkish Food Codex, 2017). It is used as a quality indicator for
an appropriate heat treatment in pekmez samples (Batu et al.
2014). Traditional production of pekmez results in formation of
almost 10-20 times higher levels of HMF (as compared to
commercial production because it uses open vats and boils at
high temperature (Erbil 2020; Gamli 2022). There are few
methods to reduce HMF formation such as adding zeolite and
using vacuum evaporation (Sen et al. 2020; Altiok et al. 2021).
The loss of mineral and phenolic compounds during pressing
and clarification might also reduce HMF level (Kus¢u &
Bulantekin, 2016). Usually, industrial production results in
formation of lower levels of HMF, however; usage of
ultrasonication was found to increase the levels of HMF in carob
pekmez presumably because of the effect of ultrasound on
amino acids and sugars (Eroglu 2020).
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According to Turkish Food Codex Grape Pekmez
Communiqué (2017), grape pekmez cannot be produced under
the names of fruity sweet syrup, grape dessert and grape pekmez
syrup by diluting and increasing the volume with added glucose,
fructose or other sugars. The legal level of fructose/glucose ratio
is in between 0.9-1.1. There are several studies on F/G values of
pekmez samples (Table 1). For example, pekmez samples were
collected from both traditional and industrial samples by Erbil
(2020) and the F/G ranges were found 0.6-1.2 and 0.8-1.1,
respectively. It was concluded that samples that did not comply
with legal limits of F/G values, might be because of food
adulteration.

Table 2. Mineral content of various traditional Turkish pekmez

(mg/100g)
Minerals Grape Mulberry  Fig Pine cone Juniper Apple
berry

Phosphorus (P) 306.6-492.4 54 42-52 69.8-80.4 1445 -
Iron (Fe) 53.4-132.1 0,9 1.6-1.9 7.6-10.8 0.6 20.1-21.6
Copper (Cu) 1.6-16.5 0,4 0.3-0.5 - 0.3 3.1-33
Zinc (Zn) 1.2-6.4 0,4 0.4-0.7 6.1-9.9 1.2
Potassium (K) 1811.7- 438 535- 586.4- 1884 7754-

9581.3 596 645.4 7914
Sodium (Na) 153.1-248.8 52 72-88 44.3-59.2 35 -
Magnesium 187.3-332.3 67 87 94.2-101.3 84.3 482-510
(Mg)
Calcium (Ca) 940.1-14916 96 496- 522.7- 149.9 3511-

562 608.2 3684

References [1] [2] [3] [4] [2] [5]

References: 1: Ozcan et.al. 2015; 2: Karababa & Isikli 2005; 3: Beykaya & Artik 2020; 4: Gamli 2022, 5:
Kusgu & Bulantekin 2016.

In Table 2, minerals contents of grape, mulberry, fig,
pine cone, juniper berry and apple pekmez were shown from
publications. There is no info on Turkish carob and pear pekmez
mineral contents. According to Turkish Food Codex Grape
Pekmez Communiqué (2017), maximum levels of certain
minerals are as follows: 25 mg/kg for iron, 5 mg/kg for copper,
0.2 mg/kg for arsenic, 0.3 mg/kg for lead and 5 mg/kg for zinc.
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Mineral content of traditionally produced pekmez might be
related to the high temperature treatment; while some mineral
content may increase and some others may decrease during
production (Incemehmetoglu, 2021). Furthermore, high levels of
calcium might be caused by addition of pekmez earth or CaCOs3
(Kusgu & Bulantekin 2016). The variety in concentration of
these minerals might be affected by factors such as different
climate conditions, production methods, boiling time and
temperatures, fruit types and varieties and peel properties of
fruits, etc. (Gamli 2022).

Table 3. Organic acid contents of traditional Turkish Pekmez

Malic acid Tartaric acid Citric acid Fumaric acid References
(9/100g) (mg/100g) (mg/100g) (mg/100g)
Grape 0.3-35 7.4-308.6 7.3-90.9 - [1]
Mulberry  0.4-1.2 - 30.2-238.4 29.2-518.7 [1]
Apple 0.4-2.9 31.6-54.5 46.5-81.6 - [1,2]
Pear 0.3-1.3 - 6.1-76.1 - [1]

References: 1: Turkmen, 2022; 2: Kus¢u & Bulantekin, 2016.

Organic acids are effective on taste (sourness and
tartness) of fruit juices and the unique taste of the fruits (Kusgu
& Bulantekin 2016). There are two studies on organic acid
levels on Turkish pekmez from grape, mulberry, apple and pear
(Table 3). There is no information of organic acid contents of
Turkish carob, fig, plum, pine cone or juniper berries. According
to Turkish Food Codex Grape Pekmez Communique (2017), the
ratio of tartaric to malic acid levels must be >1. Tiirkmen (2022)
found that some of the pekmez samples did not comply with this
value due to low levels or absence of tartaric acid; caused by
adulteration on those samples. In addition, Kus¢u ve Bulantekin
(2016), found that organic acid values decreased with increased
storage time due to precipitation of tartaric and malic acids as
tartrate and malate by reacting with CaCOs that is added during
pekmez production.
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Table 4. Color values of traditional Turkish Pekmez

L* a* b* References
Grape 23.1-55.3 2.1-18.7 -0.1-47.5 [1,2]
Mulberry 19.1-32.6 8.2-17.6 2.4-9.1 [3]
Carob 13.2-16.1 9.4-10 -1.1-1.2 [4]
Pine cone 0.4-29.1 6.5-44.1 3.1-36.5 [5,6]
Juniper berry 14.3 8.4 2.3 [7]
Apple 24.2-28.2 0.6-4.6 0.2-4.8 [8]
Pear 24.2-25.2 0.8-1.2 -0.1-1.2 [8]

References: 1: S_imsek et. al. 2022; 2: Ozcan et. al. 2015; 3: Salik et. al. 2021; 4: Eroglu 2020; 5:
Gamli 2022; 6: Incemehmetoglu 2021; 7: Safkan et. al. 2021; 8: Turkmen 2022.

Color is another psychochemical property of food
products and the value of L* means lightness; value of a* means
green in negative and red in positive numbers; value of b*
means blue in negative and yellow in positive numbers. When
the L* is at its maximum value (i.e. 100), it means a complete
permeability of the light (Eroglu 2020). Color values of
traditional Turkish pekmez from various studies are shown in
Table 4. The color of pekmez formed by browning reactions
caused by heat treatment during production. Type of production
method and duration of production also affects the color. The
sugar in pekmez partially burns and results in an increase in a*
value and a decrease in L* value with darkening of the color.
Non-enzymatic browning reactions are also affecting the color
of pekmez during storage (Incemehmetoglu 2021). Furthermore,
the type of fruit affects the color. For example, in a study, L*
values from red, black and white grapes were measures as 43.2,
55.3, and 37.5, respectively (Ozcan et al. 2015). High quality
pekmez samples were reported to have lower a* and b* values,
Higher values were also indicated the increased HMF content in
pekmez (Ereli 2021).
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5. ORGANOLEPTIC PROPERTIES OF PEKMEZ

5.1.Volatile Compounds and Aroma-Active
Components in Pekmez Varieties

Food aromas are mixture of various substances that are
volatile compounds and have a complex relationship with their
odor properties (Johnson et al. 2019). The general aroma profile
of pekmez originated from the effect of amino acid content, high
sugar content, and the high temperatures during production
which results in  Maillard reaction and caramelization
(Samborska et al. 2021). The main volatiles of pekmez consist
of aldehydes, alcohols, acids, esters, lactones, terpenes, and
compounds from miscallenous groups (Table 5). Since alcohols
and acids have high odor thresholds, they usually do not directly
affect the aromaof pekmez. Alcohols are precursors of
aldehydes and esters. While aldehydes are generally responsible
for fruity and roasted flavor; esters give characteristic fruity and
floral aroma. Short-chained aliphatic esters usually have fruity
odors, however, longer chained-esters have fatty, soapy and
even metallic odors. Esters are usually formed by esterification
of carboxylic acids and alcohols Lactones usually gives creamy,
fatty, and fruity flavor and they are either formed by cyclization
of corresponding hydroxy carboxylic acids or by oxidation of
unsaturated aldehydes. Terpene compounds are usually found in
essential oils and consist of monoterpene and sesquiterpene
hydrocarbons and alcohols and diterpenes. They are also used as
antimicrobial agents in food industry. Sulfur and nitrogen-
containing heterocyclic compounds are generally formed via
Maillard reaction and because of their low odor thresholds,
small amounts affect the quality of aroma characteristics of
foods (Safkan et al. 2021; Surburg & Panten 2006).
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Table 5. Volatile compounds of Turkish molasses and odor

properties
Compounds Odor Grape Grape Juniper Apple Apple
properties?® (TCM)® (VCM)® berry? (VE)® (OPE)’

(1g/kg) (Hg/kg) (Hg/L) (%) (%)
Aldehydes
2-Methylbutanal Chocolate-like 1.35 -9 - 17.0 29
3-Methylbutanal Chocolate-like 3.39 - - - -
2-Methyl propanal Aldehydic - - - - 3.6
1-penten-3-ol Green 4.1 -
Nonanal Aldehydic 4.05 2.19 - - -
Benzaldehyde Cherry, bitter 1214 4.09 88.4 - -

almond

Furfural Caramel-like 97.29 33.19 1050 8.2 185
5-Hydroxymethyl Caramellike, - - 1817 - -
furfural fatty
5-Methylfurfural Caramel-like 4.42 - - - -
Alcohols
Ethanol Fruity 3.97 8.49 - - -
3-Methylbutanol Etheric - 8 - - -
2-Ethylhexanol Citrus 0.75 6.92 - - -
3-Penten-2-ol Green vinyl - - 355 - -
4-Methyl-2-pentanol Pungent - - 244 - -
2,3-Butanediol Buttery - - 1869 - -
Furfuryl alcohol Caramel-like - - 427 - 26
Benzy! alcohol Floral - - 72.2 - -
2-Furanmethanol Caramel-like 4.28 - - -
Acids
Acetic acid Acidic - 25.24 299 41.0 272
Butanoic acid Cheesy - 8.38 69.8 - -
Hexanoic acid Fatty - - 928 - -
Nonanoic acid Waxy 19.65 40.82 118 - -
Decanoic acid Fatty - 8.82 - - -
Ketones
3-Octanone Herbal 1.73 2.08 - - -
3-Hydroxy-2- Buttery - - 495 - -
butanone
2-Hydroxy-2- Caramel-like - - 492 - -
propanone
2-Propanone Etheric - - - 15.3 56
2-Pentanone Fruity - - - - 343
Hydroxyacetone Caramel-like 4.6 - - - -
Ester
Ethyl acetate Etheric 3.72 6.6 - - -
Metil-2-furoate Fruity 5.95 - 352 - -
Lactones
Y-Butyrolactone Creamy - - 599 - -
Pantolactone - - - 138 - -
Terpenes
D-Limonene Citrus 11.69 - 279 - -
(Z)-Limonene oxide Citrus - - 855 - -
a-pinene Pine - - - 6.4 05
Carvone Minty 6.72 9.52 - - -
Eucalyptol Herbal - - - 76 14
Miscellaneous
2-Acetylpyrrole Musty 1.12 - 180 - -
2-Formylpyrolle Musty - - 102 - -
2-Acetylfuran Balsamic 5.15 - - 11
3-Methoxypyridine - - - 154 - -
Vanillin Vaanilla - - 40.4 - -

a:0dor properties of compounds were obtained from www.thegoodscentscompany.com; b:Traditional
concentration method, Korkmaz 2023b; c:Vacuum concentration method, Korkmaz 2023b; d:Safkan
et.al. 2021; e: Vacuum evaporation, Kuscu & Bulantekin, 2016; f: Open pan evaporation, Kuscu &
Bulantekin, 2016, g:not detected.

There are few methods to determine volatile and aroma-
active compound profile of food products. Gas
chromatography-mass spectrometry (GC-MS) and headspace
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solid phase microextraction with gas chromatography mass
spectrometry (HS-SPME-GCMS) are used to detect volatile
compounds; meanwhile, gas-chromatography olfactometry
(GCO) is an equipment that is used to differentiate odorous
volatile compounds from non-odorous volatile compounds by
utilizing human nose as a detector. In addition, aroma extraction
dilution analysis (AEDA) is an effective and comprehensive
method to determine and characterize aroma-active compounds
(Yao et.al. 2021). Along with these methods, solvent-assisted
flavor analysis (SAFE) together with liquid-liquid extraction is
an advantageous method for analysis of aroma compounds in
pekmez because of using low temperatures and compatibility
with different food groups (Safkan et al. 2021).

Korkmaz (2023b) analyzed volatile compounds by
SPME-GCMS in grape pekmez produced with two different
methods (traditional concentration method (TCM) and vacuum
concentration method (VCM) as it seen in Table 5. Relatively
high concentrations were found from aldehydes, acids, and
terpenes. Compound with the highest concentration was furfural
which forms by heat treatment of sugar and has a caramel-like
odor. It was the highest in TCM because of longer time and
higher temperature during production. This was applied to the
other compounds as well. In addition, several compounds might
be lost during heat treatment. Six aldehydes, 4 alcohols, 4 acids,
2 ketones, 2 terpenoids, 2 esters and 2 other compounds were
detected, however, not all compounds were seen in both type of
pekmez. For example, from aldehyde groups, 2 and 3-methyl
butanals were only found in TCM; however, nonanal and
benzaldehyde were detected in both samples. While nonanal
levels were close to each other, TCM contained more
benzaldehyde. Similarly, from terpenoids, while carvone was
detected in both samples, D-limonene was only detected in
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TCM. Ethanol was higher in VCM, while ethyl acetate was
higher in TCM.

Volatiles of apple pekmez were also analyzed by
comparing two methods: open pan evaporation (OPE) which is
the traditional production method and vacuum evaporation (VE)
(Kuscu ve Bulantekin 2016) (Table 5). The analysis was
perfomed using SPME-GCMS and the samples were taken
twice, upon production and after 4 month-storage. At the first
sampling, VE contains 2-propanone, 2-methyl propanal, 2-
methyl butanal, furfural, acetic acid, 1-penten-3-ol, and
eucalyptol. As a result of storage, 2-methyl propanal was found
to be lost; while alpha-pinene and furfural was formed. In OPE,
at the beginning, compounds mainly found were such as 2-
propanone, furfural, 2-methyl propanal, 2-methyl butanal, acetic
acid, and 2- acetyl furan. As a result of storage, main
compounds found in OPE were acetic acid, 2-methyl propanal,
2-methyl butanal, furfural and 2-acetyl furan. In both methods
(VE and OPE) compounds from fresh apples were not found in
pekmez samples. OPE had more volatiles than VE because of
the highness and duration of treatment. In general, predominant
compounds were found to be ketones after furfural and acetic
acid.

Juniper berry pekmez was analyzed for its aroma-active
compounds using combination of methods which are liquid-
liquid extraction, SAFE and GCO and GC-MS by Safkan et.al.
(2021). Predominant compounds were found to be 2,3-
butanediol, 5-hydroxymethyl furfural, hexanoic acid, and (2)-
limonene, respectively (Table 5). Another compound with high
concentration is furfuryl alcohol which might ve formed both
via enzymatic degradation of furfural and via sugar degradation.
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Table 6. The composition of essential oil constituents of Turkish
pinecone pekmez

Compounds Odor properties? Concentration (ppm)
a-Terpineol Citrus, pine 1863.4-1944.2
Terpinen-4-ol Musty 909.9-924.3
B-Terpinol Woody 287.4-298.4
endo-Borneol Balsamic 183.4-194.3
Levo-verbenone Spicy 132.7-142.7
fenchol Camphoraceous 90.5-91.7
2-Bornanone Fruity 73.8-76.2
d-Cadinene Herbal 75.8-77.2
a-Curcurmene Herbal 55.4-57.2
Sorbic acid Acidic 45.2-49.8
p-Cymen-8-ol - 13.4-14.1
a-Dihydroterpineol Herbal 43.9-46.2

2 Odor properties of compounds were obtained from www.thegoodscentscompany.com.

Source: (Gamli, 2022).

In a study, essential oil content of Turkish pine cone
pekmez was analyzed (Gamli 2022) and alpha-terpineol,
terpinen-4-ol, B-terpineol, endo-borneol, levo-verbenone,
fenchol, 2-bornanone, 6-cadinene, a-curcurmene, sorbic acid, p-
cymen-8-ol, and o-dihydroterpineol were detected (Table 6).
These compounds in the essential oil were reported to have
antimicrobial, antifungal and antioxidant properties.

Overall, caramel-like, waxy, fruity and citrus flavors in
grape pekmez; buttery, caramel-like, fatty and citrus flavors in
juniper berry pekmez, caramel-like and fruity flavors in apple
pekmez; and citrus and pine flavors in pine cone pekmez were
predominant. Also, flavor concentrations were higher in juniper
berry pekmez compared to other varieties.

5.2.Sensory Properties and Sensory Evaluation of
Turkish pekmez

Sensory properties of foods are affected from the type of
food, environmental conditions, and individual consumers.
Consumer acceptability is situation directly related to desire to
consume and other sensory properties of food, along with other
several factors. Color, flavor, taste, and texture properties are
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important quality parameters in pekmez. While these properties
are mainly affected by flavors formed from non-enzymatic
browning reactions, flavonoid and phenolic content of pekmez
are important contributors of the flavor, as well (Al-Bachir &
Othman 2023; Altiok et al. 2021; Coklar & Akbulut 2020).

There are few studies on sensory evaluation on Turkish
pekmez. Organoleptic properties and overall liking were
examined on different scales. For example, two grape pekmez,
which is produced by vacuum concentration method (VCM) and
traditional concentration method (TCM), were evaluated by 9
trained panelists (Korkmaz 2023b). The evaluation criteria were
color, odor, taste, flavor, tartness, aftertaste, viscosity, and
overall acceptability on a 10-point scale (0: too weak to10: too
strong). No significant difference was found between samples
on flavor and overall liking; however, color, odor and flavor
values were relatively lower in VCM and higher in TCM. It was
concluded that because of longer heat treatment, flavors from
Maillard reaction and caramelization caused higher scores in
TCM.

Another example on sensory evaluation on Turkish
pekmez was conducted on apple pekmez (Bulantekin 2014). As
in previous example; apple pekmez produced by two methods,
open pan evaporation (OPE) and vacuum evaporation (VE),
were compared and evaluated by panelists. Ten trained panelists
used a 5-point scale (the lowest property: 0 to the highest
property: 5) to evaluate samples on appearance, odor, viscosity,
flavor, and overall properties of pekmez. Especially in
appearance, viscosity and overall properties, OPE sample had
the highest scores. Even though VE samples were liked by
panelists; as in previous example, pekmez that produced by
traditional method was preferred more because of familiarity of
product, long heat treatment and caramelization.

135



Gida Bilimleri ve Miihendisligi

Finally, the last example on sensory evaluation on
pekmez was conducted on juniper berry pekmez (Ereli 2021).
Pekmez produced by traditional open pan evaporation,
commercial open pan evaporation, and vacuum evaporation
methods were evaluated by 9 panelists in a descriptive analysis
on a 10-cm line scale. The beginning of line indicated the lowest
score and the end of the line indicated the highest score. Pekmez
samples were evaluated based on their color, odor, taste,
appearance, viscosity, foreign matter, flavor, cooked flavor,
acidity, clarity, tartness, and overall properties. In acidity,
vacuum evaporated samples had the highest score, while odor
and flavor scored higher in both vacuum evaporated and
traditional open pan evaporated pekmez. In clarity scores, both
commercial open evaporated and vacuum evaporated samples
received similar scored. The pekmez produced with traditional
open pan method received highest scores on appearance,
viscosity, cooked flavor, and tartness by panelists. As indicated
from previous examples, panelists gave higher score to the more
familiar and longer cooked samples. In addition, tartness might
be caused by abundance of phenolic compounds.

6. CONCLUSION

Pekmez is an important traditional food product in
Turkiye with its rich nutritional content and produced from
different fruits from all over Turkiye and with different
methods. For these reasons, it is crucial to control and monitor
chemical composition and quality parameters to ensure its
authenticity and typical organoleptic properties. As it seen
previously, physicochemical and organoleptic properties of
pekmez, mainly affected by production methods. When
traditional methods used, phenolic compounds, furan-derivatives
and especially HMF were found higher. The cooked taste and
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flavor were more familiar in sensory analysis which provided
higher liking scores and the high phenolic content increased the
tartness.

In conclusion, flavor of pekmez is mainly influenced by
the plant used and the production method; therefore, it directly
affects the acceptability of the product. In this chapter,
physicochemical and organoleptic properties of Turkish pekmez
were investigated and the absence of information on many other
types of pekmez was noticed. For the future research, it is
recommended to evaluate other pekmez types to expand the
knowledge of physicochemical and organoleptic properties on
traditional Turkish pekmez which is a nutritional food product
with commercial importance.
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