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FERMENTE GIDA URUNLERI VE SAGLIK

Eda Elgin KILIC!

1. GIRIS

Son yillarda fermente gidalar, probiyotik bakteri, saglik
ve saghg tesvik eden bilesikler dikkat ¢ekmektedir. Fermente
gidalar genellikle istenen mikrobiyal biiyiime ve gida
bilesenlerinin enzimatik dontisimii ile Uretilen yiyecek ve
icecekler olarak tanimlanir (Dg¢binska ve Sozanska, 2022).
Fermente gidalar  binlerce  yildir  ¢esitli  kiiltiirlerde
tiiketilmektedir ve milyonlarca yildir insan diyetinin bir pargasi
olmustur (Spencer vd., 2022). Fermente gidalarin {iretimi
genellikle mikrobiyal reaksiyonlardan kaynaklanir ve yerel
cevresel kosullara, fermantasyon uygulamalarina ve gidalarin
hazirlanma ve tiiketilme sekline baglidir (Flachs ve Orkin,
2021). Bu siirecte, fermantasyon, gidalarin kalitesini artirmak ve
korumak i¢in kullanilan bir yontemdir (Sivamaruthi vd., 2018).
Eski zamanlarda var olan etkili bir koruma yontemi olan
fermantasyon, besin maddelerinin tiiketimi ve genellikle organik
asitler veya etanol gibi inhibit6r bilesiklerin ve kisa zincirli yag
asitleri veya bakteriyosinler gibi diger bilesiklerin iiretimi
yoluyla drdnleri korur (Hu vd., 2020). Duyusal 6zelliklerin, raf
Omriiniin ve besin degerinin iyilestirilmesinin yani sira toksik ve
antinutrisyonel gida faktorlerinin azaltilmasinda 6nemli bir rol
oynar. Fermantasyon, mikroorganizmalarin etkisiyle biiyiik
organik molekdllerin daha basit molekullere pargalanmasina
yardimct olan bir siirectir.  Gida bilesenleri iizerindeki
mikrobiyal veya enzimatik degisimler gidayr fermente etme

! Ogr. Gor. Dr.,, Gaziantep Universite, Naci Topguoglu Meslek Yiiksekokulu, Gida
Isleme Boliimii, edakilic@gantep.edu.tr, ORCID: 0000-0002-9887-8377.



Gida Bilimleri ve Miihendisligi Calismalari

egilimindedir ve gidada onemli degisikliklerden sorumlu arzu
edilen biyokimyasal degisikliklere yol acar. Fermantasyon,
vitaminleri, temel amino asitleri, proteinleri, gida goriinimiind,
tatlar1 ve gelismis aromay1 iyilestirmenin dogal bir yoludur.
Fermantasyon ayrica pisirme i¢in gereken enerjinin
azaltilmasina ve daha giivenli bir iiriin elde edilmesine yardimci
olur (Nkhata vd., 2018). Fermente gidalarin ¢esitli avantajlari
vardir (1) Fermente gidalar orijinal gidalara gére daha uzun raf
omrine sahiptir. (2) Organoleptik ozelliklerin gelistirilmesi;
Ornegin, peynir tat agisindan substrati olan siitten daha gelismis
organoleptik  Ozelliklere sahiptir. (3) Zararli/istenmeyen
bilesenlerin hammaddelerden uzaklagtirilmasi 4)
Fermantasyonda etkili olan mikroorganizmalarin varligi
nedeniyle besinsel ozelliklerin gelistirilmesi. (5) Fermantasyon
sirecinin gidanin pisme siiresini  kisaltmasi. (6) Fermente
urinlerin daha yuksek in vitro antioksidan kapasiteye sahip
olmasi. Ornegin fermente siit ve yogurt, siit proteinlerinin,
ozellikle a-kazein, a-laktalbumin ve B-laktoglobulinin
proteolizini takip eden biyopeptitlerin salinimi séz konusu
oldugundan, siite kiyasla daha yiiksek antioksidan ozelliklere
sahiptir (Meline vd., 2019).

Kullanilan  substratlarin ~ bilesimi  ve  fermente
mikroorganizmalar  fermente  gidayr  etkileyen  baslica
faktorlerdir. Ayrica, gida isleme ve isleme sirasindaki
fermantasyon siiresi de gida fermantasyonunu etkiler (Okafor,
2009). Tanimlanan tim fermente gida ve igecekler igin laktik
asit bakterileri (LAB) baskin mikrobiyotadir ve fermente
gida/igeceklerde faydali etkilere sahip oldugu kabul edilmistir.
Fermentasyonu saglayan  mikroorganizmalar  c¢ogunlukla
Enterococcus, Streptococcus, Leuconostoc, Lactobacillus ve
Pediococcus gibi LAB. (Mokoena,2017) ve Debaryomyces,
Kluyveromyces,  Saccharomyces,  Geotrichium,  Mucor,
Penicillium ve Rhizopus tirleri gibi maya ve Kkifleri icerir
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(Anukom, 2017). Gidalardaki mikroorganizmalar, fermantasyon
sirasinda faydali etkiler yaratmalarinin yani sira, fermantasyon
stirecinde bircok zararli kimyasalin ve mikroorganizmanin
Oonlenmesine de yardimci olurlar. Bu mikroorganizmalar ayni
zamanda sindirime yardimci olan yeni enzimlerin iiretiminden
de sorumludur. Mikroorganizmalar, gidanin raf 6mriinii artirmak
icin organik asitler, antimikrobiyal maddeler ve alkoller gibi
gesitli  biyolojik  drlinler dretir (Sharma vd., 2020).
Mikroorganizmalar, enzimlerin etkisiyle buyuk organik
molekdlleri daha basit molekullere parcalar. Bu nedenle,
mikroorganizma aktivitesi, fiziksel ve kimyasal Ozelliklerdeki
degisiklikler nedeniyle gidanin modifikasyonunda énemli bir rol
oynar (Dimidi vd., 2019). Fermantasyon sureci, vitaminler,
esansiyel amino asitler, enzimler, proteinler, aromalar Ureterek
gida tirlinlerinin besleyici degerini artirir (Elhalis vd., 2021). Bu
nedenle fermente gidalarin diizenli olarak tiiketilmesi,
homeostaz ve organizma fonksiyonlarina bir¢ok yonden katkida
bulunabilir. LAB ile fermente edilmis gidalarin tiiketilmesi ile
saglik arasinda bir baglantt oldugu, Metchnikov'un Balkan
niifusun ortalama yasam siiresindeki artisin laktik fermente st
tilketiminden kaynaklandig1 yoniindeki sezgisinden bu yana
varsayllmaktadir. Ginlmize kadar, bircok c¢alisma, siklikla
saglik yararlar ile iligskilendirilen gidalarin fermantasyonundan
sorumlu farkli LAB'ye probiyotik statiisii verilmesine yol
acmistir (Liceaga vd., 2020). Bir¢ok fermente gida, tiiketicilerin
genel saglik diizeyini artiran mikroorganizmalar icerdiginden
fonksiyonel gidalar olarak kabul edilmektedir (Orisakwe vd.,
2020).

Probiyotik bakteriler ise, yeterli miktarda
tiketildiklerinde konakgiya saglik agisindan fayda saglayan
canli mikroorganizmalar olarak tanimlanmaktadir (Wong vd.,
2015). Bu Dbakteriler sindirim  saghginin, bagisiklik
fonksiyonunun ve genel refahin iyilestirilmesinde 6nemli bir rol
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oynamaktadir (Kailasapathy, 2006). Probiyotiklerin
gastrointestinal sistemden gecerek bagirsak mikrobiyotasini
olumlu yonde etkiledigi ve patojenik bakterilerin biiylimesini
engelledigi bilinmektedir (Oberoi vd., 2021). Ayrica bagirsak
iltihabin1 6nlemeye, bagisiklik sistemini modiile etmeye ve
potansiyel olarak antikanserojenik 6zellikler sergilemeye
yardimc1 olabilmektedir. Laktik asit bakterileri, g¢esitli siit
tirtinlerinde bulunan yaygin bir probiyotik grubudur ve saglig
gelistirici  etkileriyle bilinirler (Hossain vd., 2021). Bircok
fermente gida uzun siiredir probiyotiklerle desteklenmektedir ve
artik probiyotiklerin agiz yoluyla alindiginda insanlara saglik
acisindan fayda sagladigi bilinmektedir (Mota de Carvalho vd.,
2018). Nem ve sicaklik gibi mikrobiyal biiylime degiskenlerinin
diizenlenmesi, ¢esitli peynir, ekmek, sarap, bira, eksi maya,
fermente sosis ve kimchi dahil olmak {izere genis bir fermente
gida yelpazesi iiretir.

2. FERMENTE GIDA URUNLERI

Fermantasyon slreci neredeyse farkli topluluklar
tarafindan kullanilmis ve farkli bolgelerde mevcut temel gidalari
yansitacak sekilde bitkisel (meyveler, tohumlar ve diger bitkisel
ve bitkisel olmayan gidalar dahil) ve hayvansal (et, siit, balik ve
yumurta dahil) gidalar {izerinde uygulanmistir. Temel olarak
fermente gidalari; fermente sebze iirtinleri, fermente et triinleri,
fermente sit Grtnleri, fermente tahil tirtinleri ve fermente alkollii
icecekler olarak siniflandirmak miimkiindiir. Siit, tahil, et ve
diger substratlarin sagligi gelistirici 6zelliklere sahip fermente
gidalar Uretmek (zere fermentasyonu Asya, Afrika, Avrupa,
Orta Dogu ve Giiney Amerika'nin birgok bolgesine Ozgiidiir
(Marsh vd., 2014).
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2.1.Fermente Sut Urtnleri
2.1.1.Yogurt

Yogurt, diinya ¢apinda genis bir kabul géren en popiiler
fermente siit {irlinlerinden biri olup, besinsel ve saglik agisindan
faydalar1 yiizyillardir bilinmektedir. Yogurdun kdkeni, Orta
Asya'daki Neolitik insanlarin besin toplayiciligindan besin
ureticiligine gectikleri ve hayvanlarimi sagmaya basladiklar
M.O. 6000l yillara kadar uzanmaktadir. Yogurt da dahil olmak
Uzere fermente sut Grtnlerinin, situ koyun derisi torbalarda
saklarken tesadiifen kesfedildigi ve ylizyillar i¢inde ticari yogurt
yapimina doniiserek cesitli tat, bicim ve dokulara sahip ticari
olarak mevcut farkli ¢esitlerin Oniinii agtig1 genel olarak kabul
edilmektedir. Yogurt, laktik asit iireten bakteriler, Lactobacillus
bulgaricus ve Streptococcus thermophilus iceren karakteristik
bir bakteri kiiltiirii ile tek basina veya kombinasyon halinde
kullanilan krema, siit, kismen yagsiz siit ve yagsiz siit gibi istege
bagli siit bilesenlerinden bir veya daha fazlasinin
kiiltiirlenmesiyle iiretilen bir gida olarak tanimlanabilir (FDA,
2013). Geleneksel olarak yogurt inek, manda, keci ve koyun
stitiinden yapilir (Weerathilake vd., 2014)

2.1.2. Kefir

Kefir, sitiin kefir taneleri ile fermente edilmesiyle
tiretilir. Siit kefiri geleneksel bir Kafkas fermente siit igecegidir.
Saglhig1 gelistirici nitelikleri nedeniyle insan beslenmesinde
yaygin olarak kullanilmaktadir. Kefir geleneksel olarak siitiin
cesitli mikrobiyal tiirlerden olusan kefir taneleri ile fermente
edilmesiyle yapilir. Siit kefir danelerinin sahipleri ¢ogunlukla
laktik asit bakterileridir (LAB), ancak kefirde mayalar ve asetik
asit bakterileri (AAB) de bulunur. Kefirin onlarca yildir sagliga
bircok faydasi oldugu diisiiniilmektedir ve dogal bir ilag olarak
da kullanilmistir (Nejati vd., 2020) Kefir icecegi inek, keci,
manda gibi farkl siit kaynaklarindan yapilir (Farag vd., 2020).
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Kefirde bulunan bakteri cinsleri arasinda Lactococcus,
Leuconostoc, Lactobacillus ve Streptococcus bulunur (Bourrie
vd., 2016).

2.1.3.Ayran

Ayran, yogurda su eklenerek (ev yapimi) veya
Streptococcus  thermophilus  ve L. delbrueckii  subsp.
bulgaricus'un fermantasyon igin standartlastirilmis  siite
eklenmesiyle (endustriyel olarak Gretilen) UGretilen icilebilir
fermente bir sit drunuaddr (TFC, 2009). Ayran Turkiye'de
ozellikle yaz mevsiminde yaygin olarak tliketilmektedir.
Ayranin kimyasal bilesimi, kullanilan siitiin tiirline, yag
uzaklastirma verimliligine ve seyreltme oranina baglhidir (Kabak
ve Dobson, 2011). Ayran kolay sindirilebilir ve yiksek vitamin
ve kalsiyum igerigi ile oldukca degerli bir icecektir. Kefir ve
yogurt gibi diger fermente gidalarla birlikte ayran da icerdigi
canli yararlt bakteriler nedeniyle saglikli bir gida olarak
kullanilmaktadir (Celekli vd., 2019).

2.1.4. Yakult

Dinyada 6zellikle Japonya’da ¢ok yiiksek tiiketimi olan
Yakult, Lactobacillus paracasei subsp. paracasei Shirota
bakteri kiltiiri kullanilarak iiretilen fermente bir icecektir.
Yakult, 1935 yilinda Dr. Minoru Shirota tarafindan gelistirilen
ve Yakult ad1 altinda piyasaya siirlilen uygun fiyath ve lezzetli
bir probiyotik siit icecegidir (Chonan, 2021). Yakult icecegi
ingredientleri; su, rekonstitiie yagsiz siit, glukoz surubu ve
cesitli aromalardir. Bu ingredientler karistirilarak ve 37°C’de L.
paracasei subsp. paracasei Shirota bakteri kiltlr( inokulasyonu
ile 16-18 saat fermente edilerek Uretilmektedir (Kogak ve Tas,
2013). Yakult tiiketimi, yiiksek konsantrasyondaki kisa zincirli
yag asidi seviyeleri nedeniyle sindirime fayda saglar ve
bagisiklik sistemini giiclendirir (Chen vd., 2019).
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2.1.5. Kimiz

Kimiz, Mogol bozkirlarinda uzun bir tiiketim ge¢misine
sahip, dogal olarak fermente edilmis bir kisrak siitiidiir. Adini,
1235 yilina kadar Orta Asya bozkirlarinda bir Kumane Nehri
kabilesi olarak varligini siirdiiren Kumanlardan almistir. Kimiz,
Mogol geleneksel tibbinda bazi1 hastaliklarin  tedavisinde
kullanmilmistir (Bilige vd., 2004). Kimizmn, belirli laktik asit
bakteri (LAB) ve maya tirleriyle sindirim saglhigini iyilestiren ve
tiiberkiiloz, bronsit ve anemi gibi ¢esitli kronik hastaliklar
tedavi etmek i¢in kullanilan ¢ok cesitli saglik yararlari oldugu
sOylenmektedir (Kondybayev vd., 2021). Kimiz iki asamali bir
fermantasyon siireci ile iretilir. Bu icecegin hazirlanmasi igin,
laktik asit fermantasyonu icin LAB kullanilir ve daha sonra
alkolik fermantasyon i¢in maya kullanilir (Afzaal vd., 2021).

2.2 . Fermente Tahil Uriinleri

2.2.1. Tarhana

Tarhananin uzun bir gegmisi vardir. Tarihi kayitlara gore
ilk olarak Orta Asya'da Tiirkler tarafindan iiretilmis ve daha
sonra diinyanin farkli bolgelerine yayillmistir. Fermente edilmis
tahil bazl bir gidadir ve basit¢e yogurt, tahil unlari, maya, farkl
sebzeler, otlar ve baharatlarin karistmi olarak tanimlanabilir.
Tarhana iiretimi sirasinda hem laktik asit bakterileri (LAB) hem
de maya fermantasyonu ayni anda ger¢eklesir. Bu nedenle
tarhana, maya aromasiyla birlikte eksi ve asidik bir tada sahiptir.
Ev yapimi diizeyinde giineste kurutulur veya ticari diizeyde
firnda  kurutulur. Isleme yontemine veya kullanilan
hammaddelere  bagli  olarak  ¢esitli  tarhana  tiirleri
siniflandirilabilir (Ozdemir vd., 2007).

2.2.2.Boza

Boza, Balkan Yarimadasi'nda iiretilen diisiik pH'li ve
diistik alkollii tahil bazli bir igecektir. Arnavutluk'ta misir ve



Gida Bilimleri ve Miihendisligi Calismalari

bugdaydan, Tiirkiye'de fermente bugdaydan, Bulgaristan ve
Romanya'da ise bugday veya daridan yapilan malt bir igecektir.
Koyu kivamli, diisiik alkol igerikli (genellikle %1 civarinda) ve
hafif asidik tatli bir tad1 vardir. Boza tiiketiminin kanitlanmis
probiyotik etkileri, fermantasyonunda rol alan
mikroorganizmalara olan ilginin artmasina neden olmustur.
Boza, gastrointestinal kosullarda hayatta kalan ve bir dizi
patojene karst aktif bakteriyosinler iireten zengin bir probiyotik
LAB kaynagidir (Todorov vd., 2008). Bozadan izole edilen
Lactobacillus suslarinin tiir ¢esitliligi arasinda L. sanfrancisco,
L. coryniformis, L. fermentum, L. confusus (Hancioglu ve
Karapinar, 1997), L. plantarum (Gotcheva vd., 2000), L.
paracasei, L. pentosus, L. brevis ve L. rham-nosus
bulunmaktadir (Botes vd., 2007; Petrova vd., 2010).
Hazirlanmasi  alti  asamadan  olusur:  Hammaddelerin
hazirlanmasi, kaynatma, sogutma, siizme, seker ekleme ve LAB
ve maya ile fermantasyon. Boza'daki probiyotik bakterilere bagh
olarak tiretilen cesitli metabolitler: B vitamini, laktik asit,
lipidler, proteinler, amino asitler, ferulik asit, fenolik asit ve
inositoldir (Cuvas-Limon vd., 2021).

2.3.Fermente Icecekler
2.3.1.Sake

Sake, piringten yapilan geleneksel bir Japon alkolli
icecegidir  (Okuda, 2019).  Mikroorganizmalarin  ve
pastorizasyon igleminin kesfinden once bile Sake, Japon halki
tarafindan hazirlanmakta ve tiiketilmektedir (Nishida, 2021).
Sake, bira gibi iceceklere kiyasla daha yliksek alkol oranina
sahiptir (Anal, 2019). Kalite, pirincin parlatma derecesine
baghdir. Demleme islemi, piring nisastasin1 sekere doniistiiren
ve daha sonra ayni maya tarafindan sirasiyla etanole doniisen
koji ve maya eklenerek yapilir (Akaike vd., 2020). Pirinci
mayalamak icin en yaygmn kullanilan mikroorganizmalar
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Saccharomyces cerevisiae ve Aspergillus oryzae'dir (Zhang vd.,
2020). Fermantasyon siirecine farkli koji tiirlerinin eklenmesi
nedeniyle farkli sakeler ve farkli tatlar tretilmektedir (Akaike
vd., 2020)

2.3.2.Kvas

Kvas, Dogu Avrupa iilkelerinde geleneksel olarak cavdar
ve arpa malti, ¢avdar ve bayat cavdar ekmeginden f{iretilen
alkolsiiz bir tahil igecegidir. Ana hammadde olarak bayat eksi
mayali ekmek veya malt kullanan iki ana kvas yapim teknigi
mevcuttur. Bayat eksi mayali ekmekten kvas fermentasyonunda,
maya fermantasyonu icin gereken tiim sekerler ekmek yapim
siirecinden elde edilir, ikinci teknikte ise jelatinlesmis nisasta
malt enzimleri tarafindan pargalanir. Fermantasyondan oOnce,
kvas hamuru kaynar suda seyreltilir ve c¢okeltme yoluyla
berraklastirilir (Korolev, 1963). Kvas mayasina sakkaroz eklenir
ve firinct mayasi veya Onceki bir kvas hamuru eklenerek
fermantasyon baglatilir. Fermantasyon, besinler tiikenmeden
once {riniin 4°C'ye sogutulmasiyla sonlandirilir. Son (iriin,
hammaddeden kaynaklanan veya mikrobiyal faaliyet sonucu
olugsan karbonhidratlar, proteinler ve amino asitler, laktik ve
asetik asitler ve vitaminler igerir. Baskin karbonhidratlar maltoz,
maltotrioz, glukoz ve fruktozdur.

Eksi mayali ekmek ve ilgili fermente tahil iiriinlerinin
aksine, kvas fermantasyondan sonra hicbir 1s1l isleme tabi
tutulmaz ve bu nedenle canli maya ve laktik asit bakterilerinin
yiiksek hiicre sayilarmi igerir. Kvas fermantasyonunun mikro
florasini laktik asit bakterileri ve Saccharomyces cerevisiae'dan
olusmaktadir (Dlusskaya vd., 2008) ancak fermantasyon
tekniklerindeki ve hammaddedeki farkliliklar nedeniyle tiir
diizeyindeki bilesimin olduk¢a degisken olmas1 beklenmektedir.
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2.3.3.Bira

Bu fermente igecek biiylik olasilikla binlerce yil 6nce
tesadiifen yaratilmistir. Eski bira {iretimini giinlimiiziin ytliksek
teknolojili bira fabrikalarindan ayiran muazzam teknolojik
gelismeye ragmen, geleneksel iiretimindeki siire¢ tamamen
degismeden kalmistir. Bununla birlikte, atalarimiz hamur ve
tahillardan ilkel biralar yapabilseler de, siirece dahil olan
biyokimyasal adimlar1 bilmiyorlardi. Baz1 tarihgiler Cin'de bira
benzeri igeceklerin M.O. 7000 gibi erken bir tarihte iiretildigini
One siirmektedir (Bai ve ark. 2012), ancak bira tiiketimine iligkin
ilk yazili kayitlar Mezopotamya'da M.O. 2800 yilina aittir.
Bununla birlikte, “bira “nin insanoglunun daha yerlesik bir
yasam i¢in gogebeligi biraktigi Neolitik Devrim (Pires ve
Branyik, 2015) sirassnda MO 9000 gibi erken bir tarihte
dogduguna dair giiclii kanitlar vardir. Bira geleneksel olarak
malthik arpa, su ve serbet¢iotundan Saccharomyces cerevisiae
kullanilarak mayalanir ve mayse fermantasyonu sirasinda
aroma-aktif maddeler Ureterek biraya aromatik o6zelligini
kazandirir. Tiirk Gida Kodeksi Bira Tebligi’ne gore bira, sadece
maltin veya malt ve ekstrakt maddelerinin 6giitiiliip, sicak su ile
belirli yontemlerle islenmesi ile elde edilen siranin, serbetciotu
ile kaynatilmasi ve daha sonra sogutulmasi, bira mayasi ile
fermente edilmesi ve dinlendirilmesinden sonra, filtre edilerek
veya edilmeyerek, pastorize edilerek veya edilmeyerek Uretilen
icinde ¢Oziinmiis karbondioksit bulunan bulanik veya berrak
ickiyi ifade etmektedir (Kocaadam ve Tek, 2016).

2.4.Fermente Et Urtnleri

Kiirlenmis ve fermente edilmis et drilinlerinin
hazirlanmas1 ve tiiketimi binlerce yildir Avrupa'da koklii bir
kiiltiiriin parcas1 olmustur. Tarihsel olarak Babilliler M.O.
1500'lerde kiyilmis hayvan etini bagirsaklara doldurarak sosis
hazirlamislardir (Pederson, 1979). "Salam" Kibris'n dogu
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kiyisinda bulunan Salamis'ten gelmis olabilir (Liicke, 1988).
Sosis benzeri drdinlerin Gretimi Roma déneminde Giiney Avrupa
ve Akdeniz'e yakin diger bolgelere yayilmistir (Hutkins, 2019).
Doguda, yaklasik ayni zamanlarda Asya'da da benzer iirlinler
ortaya c¢cikmistir. Cesitli evcillestirilmis hayvanlarin etlerinin
biitin  parcalar1  veya  dilimleri  geleneksel  olarak
tiitsiileme/glineste kurutma veya diger kurutma yontemleriyle
muhafaza edilir. Bazi etler sosis yapmak i¢in hayvan bagirsagina
doldurulur ve bu iriinlerin ¢ogu organoleptik ve muhafaza
ozelliklerini gelistirmek icin fermente edilir (Plavsic vd., 2015;
Zakpaa vd., 2009). Parcalanmig, dogranmis veya kiyilmis etlerin
muhafaza malzemesi (genellikle hayvan bagirsaklarl) igine
doldurulmasi ve ardindan fermantasyon, Bati'da islenmis et
tirtinlerinin tiikketildigi en popiiler yontemdir (Adams,1998;
Franciosa vd., 2018) Et fermantasyonlarinda bulunan baskin
mikrobiyal grup laktik asit bakterileridir, Lactobacillus sakei,
Lb. curvatus, Lb. plantarum, Pediococcus pentosaceus,
Enterococcus faecium, Leuc. carnosum, Leuc. gelidum, Leuc.
pseudomesenteroides ve Weissella suslaridir (Dias vd., 2015;
Laranjo vd., 2017). Diger ana bakteri grubu ise Kocuria,
micrococci ve koagulaz-negatif stafilokoklardir (Sanchez vd.,
2017). Bu mikroplar 6zellikle nitrat1 nitrite indirgemekte ve
fermente sosislere lezzet katmaktadir.

2.5.Fermente Sebzeler
2.5.1. Fermente Tursu

Geleneksel olarak, sebzeler gibi fermente gida iirtinleri
tuz, alkol, laktik asit ve laktik asit bakterileri (LAB) ile bir
fermantasyon siireci ile stabilize edilerek fermente tursu iiretilir
(El Sheikha, 2018; Nuraida, 2015). Tursu, sebzelerden yapilan
geleneksel fermente bir Tlrk Urinudir. Lahana, salatalik, havug,
pancar, biber, salgam, patlican ve fasulye gibi {iriinlerin
fermantasyon siirecinde en ¢ok karsilagilan mikroorganizmalar
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Lb. plantarum, Lb. brevis, Ln. mesenteroides ve Pediococcus
pentosaceus'tur (Cetin, 2011; Irkin ve Songun, 2012). Ornegin,
Lb. plantarum NCULI005, diger probiyotik mikroorganizmalara
ek olarak gelistirilmis kalite, tat ve aroma o6zellikleri ile tursu
icin degerli bir starter kiiltiir olarak kabul edilmistir. Tursu,
gidalar1 korumak, lezzeti artirmak ve raf dmriinii uzatmak i¢in
hazirlanir (Behera vd., 2020) .

2.5.2. Kimchi

Kimchi Kore, Cin ve Japonya'da iyi bilinen ve yaygin
olarak tiiketilen fermente edilmis geleneksel bir gidadir (Patra
vd., 2016). Kimchi, tuzlanmis lahana, turp ve salatalik gibi
sebzelerin kirmizi biber tozu, sarimsak, zencefil ve diger
malzemeler de dahil olmak {izere ¢esitli baharatlarla fermente
edilmesiyle yapilan geleneksel bir Kore gida {irlintidiir.
Tuzlanmig ve fermente edilmis deniz iriinleri ve diger
baharatlarin eklenmesi istege baghdir (Lee vd., 2015). Kimchi,
laktik asit bakterileri (LAB) tarafindan diisiik sicakliklarda
fermente edilerek uygun olgunlasma ve koruma saglanir (CAC.,
2001). Karbonhidratlardan organik asitlerin Gretimi ve bunun
sonucunda pH'in diismesi, depolama sirasinda sebzelerin
tazeligini korur.

2.5.3.Sarap

Sarap  fermentasyonu,  insanoglunun en  eski
teknolojilerinden biridir ve gilinlimiizde ticari a¢idan en basarili
biyoteknolojik sureclerden biridir. Sarap yapim teknigi,
medeniyetin baslangicindan beri bilinmektedir ve insan ve
tarimsal ilerlemeyi takip etmistir. Fermente iceceklerde bitki
katki maddelerine iliskin en eski biyomolekiiler arkeolojik
kanitlar, ilk bitki ve hayvanlarin evcillestirildigi ve karmasik bir
toplum ve kalic1 yerlesimlerin temelini olusturdugu Cin ve Orta
Dogu'daki erken Neolitik doneme dayanmaktadir. Sarap, iiziim
suyunun fermente edilmesiyle elde edilen alkollli bir igecektir.
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Meyve sular1 fermente edilerek alkollii bir igecek olan sarap elde
edilir. Uziimler genellikle iiziim suyunun dogal kimyasal
dengesi nedeniyle tercih edilir, bu da seker, asit, enzim veya
diger besin maddeleri eklenmeden fermantasyon slirecine
yardimci olur (Saranraj vd., 2017). Ancak muz, salatalik, ananas
ve diger meyveler de sarap iiretiminde kullanilmaktadir
(Obaedo, 2015). Ev yapimi sarap iiretimi elma, armut ve gilek,
kiraz, erik, muz, ananas, portakal, salatalik, karpuz gibi ¢esitli
meyvelerle gerceklestirilmektedir. Meyve sularindaki sekeri
alkole ve organik asitlere doniistiren S. cerevisiae tlrleri
kullanilarak, bunlar daha sonra aldehitler, esterler ve sarabin
korunmasina yardimei olan diger kimyasal bilesikler olusturmak
Uzere reaksiyona girmektedir (Fleet, 2013; Duarte vd., 2014).
Sarap yapilabilen meyveler bilindik meyvelerden (bogiirtlen ve
ananas) egzotik meyvelere (durian ve mangostan) kadar
uzanmaktadir. En yaygin olarak dretilen iiziim disi meyve
saraplarindan biri, fermente elmalardan yapilan elma sarabidir.
Elma saraplar1 Ingiltere ve Birlesik Krallik'm geri kalanmin yani
sira Almanya, Fransa (Brittany ve Normandiya), Ispanya
(Asturias, Bask Bolgesi ve Galigya), Irlanda, Arjantin
(Patagonya ve Mendoza) ve Avustralya'da (Tazmanya)
uretilmektedir.

2.5.4.Salgam

Salgam, iiretiminde siyah havug, bulgur unu, eksi maya,
tuz, salgam ve su kullanilan geleneksel bir laktik asit fermente
icecegidir. Kirmiz1 renkli, bulanik ve eksi bir mesrubattir ve
cogunlukla Tiirkiye'nin giiney bolgelerinde tiiketilir, ancak diger
bolgelerde de tiiketimi artmaktadir. Salgam endiistriyel 6lgekte
uretilmektedir. Endiistride standart bir diretim teknigi
olmamasina ragmen, salgam firetimi i¢in iki yontem oldugu
sOylenebilir:  Gelencksel yontem ve dogrudan ydntem.
Gelencksel yontem eksi maya fermantasyonu ve havug
fermantasyonundan olugmaktadir. Dogrudan yontemde ise eksi
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maya fermantasyonu atlanmakta ve sadece havu¢ fermantasyonu
uygulanmaktadir. Fermantasyon sirasinda, esas olarak laktik asit
bakterileri laktik asit, etanol ve diger baz1 organik bilesikler
tireterek salgama tipik tadin1 ve lezzetini verir (Erten vd., 2008;
Kabak vd., 2011).

2.6.Fermente Baklagiller

Fermente gidalarin iiretiminde kullanilan baslica baklagil
soya fasulyesidir. Bu Urlnler Asya kaltarinin, diyetinin ve
mutfaginin 6nemli bir bilesenini olusturmaktadir. Siyah fasulye
ve kegiboynuzu fasulyesi de dahil olmak iizere diger fasulyeler
sirastyla Hint kitasinda ve Afrika'da daha yaygindir. Yerel veya
bolgesel halklarin etnik ve mutfak uygulamalarina bagli olarak,
uc genel fermente soya fasulyesi gidasi tiirii tiretilmektedir

2.6.1. Tempeh

Tempeh (tempe olarak da bilinir), Rhizopus turleri
kullanilarak soya fasulyesinin fermantasyonu ile f{iretilen
geleneksel bir Endonezya fermente gidasidir. (Romulo ve Surya,
2021). Tempeh, soya fasulyesinin kati kiiltiir fermentasyonu ile
tiretilen besleyici bir fermente gidadir. Kati  kiiltiir
fermantasyonu (KKF), besin kalitesini artirmak ve lezzetli
duyusal 6zelliklere sahip yenilebilir iiriinler elde etmek amaciyla
cok cesitli baklagillerin ve/veya tahillarin islenmesi ig¢in
teknolojik bir alternatiftir. Tempeh, soya fasulyesinin KKF'si ile
iiretilen besleyici bir fermente gidadir. Tempeh hazirlamak igin
diger bazi substratlar da (fasulye, nohut, kolza tohumu, aci
bakla, ev fasulyesi, yer fistigi, bugday, misir/soya fasulyesi)
yaygin olarak kullanilmaktadir (Angulo-Bejarano vd., 2008).
Genel olarak KKF, Rhizopus sp. mantarlarn ile
gergeklestirilebilir. Fermantasyon sirasinda mantarin énemli bir
islevi, substrat bilesenlerinin bazilarini hidrolize eden ve {iriiniin
arzu edilen doku, lezzet ve aromasinin gelisimine katkida
bulunan enzimlerin sentezlenmesidir.
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2.6.2.Miso

Cin veya Japon kokenli kokusho olarak bilinen miso
yaklagik 1000 yildir kullanilmaktadir. Bu miso temel olarak
soya fasulyesinden soya sosu eklenerek yapilan fermente bir
gidadir (Kusumoto vd., 2021). Piring misosu ve soya fasulyesi
misosu en yaygin tiiketilen miso c¢esitleridir. Baglangicta, tiim
malzemeler suda islatilir, daha sonra buharda pisirilir, su ve
tuzla karistirilir ve son olarak, nihai iiriinii elde etmek icin tuza
toleransli maya veya laktik asit bakterisi eklenir. Fermantasyon
sirasinda mikroorganizmalar iiriine benzersiz bir doku, lezzet ve
besin bilesimi katar. Uriin protein, yiiksek amino asit icerigi,
izoflavonlar ve E ve K vitaminleri ile zenginlestirilmistir (Saeed
vd., 2022).

2.7.Fermente Cay trunleri
2.7.1. Kombuca

Kombuga, maya ve asetik asit bakterileri (AAB)
tarafindan fermente edilen yesil caydan yapilan Asya kokenli
fermente bir icecektir (Gaggia vd., 2018). Kombucha,
antimikrobiyal, antioksidan, antikarsinojenik, antidiyabetik,
mide Ulseri tedavisi ve yuksek kolesterol gibi tedavi edici
etkileri nedeniyle Bati'da popiilerlik kazanmistir. Ayrica
bagisiklik tepkisi ve karaciger detoksifikasyonu lizerinde de
etkisi oldugu gosterilmistir (Chakravorty vd., 2016). Geleneksel
icecek, orijinal olarak tatlandirilmis siyah caym (Camellia
sinensis) fermantasyonundan yapilir. Bununla birlikte, diger
caylarin da  hazirlanmasi  i¢in  kullanilabilir.  Cayimn
fermantasyonu, bir seliiloz film igine yerlestirilmis simbiyotik
bir bakteri ve maya kolonisinin dranadir. Bu seliloz film
SCOBY (Simbiyotik Bakteri ve Maya Kolonisi) olarak
adlandirilir. Bununla birlikte, ¢ay mantar1 veya kombuga anasi
olarak da bilinir (De Filippis vd., 2018; Santos, 2016).
Ozmofilik mayalar caydaki sekeri fermente ederek etanol
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tiretirken, bakteriler alkolii oksitleyerek asetik asit olusturur
(Teoh vd., 2004). Asetik aside ek olarak glukonik, laktik, malik,
sitrik ve tartarik gibi diger organik asitler de olusur ve bunlar
antibakteriyel aktiviteye sahiptir ve kombu ¢ayin patojenik
bakteriler tarafindan kontaminasyonunu onler (Neffe-Skocinska
vd.,, 2017). Kombuchamin faydali etkileri probiyotik
mikroorganizmalarin (asetik ve laktik bakteriler),
antibiyotiklerin, amino asitlerin, caydan elde edilen
polifenollerin, sekerlerin, organik asitlerin, etanoliin, suda
¢Oziinen vitaminlerin ve fermantasyon sirasinda liretilen c¢esitli
mikro besinlerin varligina baglanmaktadir (Fu vd., 2014).
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OXIDATION MECHANISM OF OZONE WITH
FOOD LIPIDS

Hicran UZUN KARKA!?

1. INTRODUCTION

Ozone, a tri-atomic oxygen molecule, is a crucial
component present in the stratosphere (Basudan et al., 2022). It is
formed through various processes, such as ozone synthesis from
oxygen in dielectric barrier discharges, where physical processes
in micro-discharges interact with the chemistry of ozone
formation (Eliasson et al., 1987). Ozone can be applied in gaseous
form or as an aqueous solution, making it versatile in different
applications (Cahyana et al., 2018). Ozone's interaction with
pollutants in swimming pool water, for instance, affects the
formation of volatile disinfection by-products, highlighting its
impact on water quality (Hansen et al., 2016). Furthermore,
ozone's role as an oxidizing agent in treating carbon-based
materials like graphene oxide demonstrates its versatility in
various chemical processes (Yang et al., 2014).

Ozone's application in modifying the properties of starch
and other food materials showcases its potential in food science
and processing (Handarini et al., 2020). Additionally, ozone's
involvement in reactions leading to the formation of radical
species like hydroxyl radicals highlights its significance in water
purification processes (Padhye et al., 2011). Overall, application
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of ozone in chemistry, food processing, environmental science,
and materials science underscore its importance in various fields.
Its unique properties especially as oxidizing agent and reactivity
make it a valuable tool in different industrial processes.

2. OZONE

Ozone, a molecule composed of three oxygen atoms (O3),
plays a crucial role in various chemical and environmental
processes (Basudan et al., 2022). Ozone is formed in the Earth's
atmosphere through the interaction of oxygen molecules (02)
with ultraviolet (UV) radiation. This process leads to the
dissociation of oxygen molecules into oxygen atoms, which can
then react with additional oxygen molecules to form ozone
(Eliasson et al., 1987). Ozone is a powerful oxidizing agent and
is commonly used in water treatment, air purification, and
industrial processes due to its ability to react with and neutralize
contaminants (Hansen et al., 2016). The reactivity of ozone makes
it a valuable tool in various chemical processes. Ozone can be
used for the oxidation of organic compounds, water disinfection,
and the removal of odors and colorants in industrial applications
(Yang et al., 2014). Ozone's ability to react with a wide range of
substances, breaking down complex molecules into simpler
compounds, makes it a versatile agent in chemical synthesis and
environmental remediation.

3. APPLICATION OF OZONE IN FOOD
INDUSTRY

Ozone plays a significant role in the food industry due to
its versatile applications in food processing, preservation, and
safety. Ozone is a potent oxidizing agent that is commonly used
in the food industry for various purposes, including food
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preservation, equipment sterilization, and deodorization. Ozone
Is considered a safe antimicrobial agent and is widely used for
sanitizing, deodorizing, and preserving food commodities
(Giizel-Seydim et al., 2004; Sroy et al., 2019). Its strong
antimicrobial properties make it effective in controlling spoilage
and pathogenic microorganisms, contributing to the overall
quality retention of food products (Wani et al., 2015). In the food
industry, ozone is utilized for extending the shelf life of products,
preserving food quality, and ensuring food safety. Ozone
treatments have been applied to a wide range of food items,
including fruits, vegetables, meat products, and beverages, to
reduce contamination and enhance microbiological safety (Patil
etal., 2010; Cullen et al., 2010). Moreover, ozone technology has
been employed in food surface hygiene, sanitation of food plant
equipment, and the reuse of wastewater in food processing
facilities. Ozone treatments have been shown to lower the
biological oxygen demand (BOD) and chemical oxygen demand
(COD) of food plant waste, contributing to environmental
sustainability in the food industry (Sroy et al., 2019). Ozone's
ability to decompose into oxygen makes it an environmentally
friendly tool for food processing, minimizing the accumulation of
inorganic compounds on food surfaces and reducing potential
risks to human health. In conclusion, ozone's applications in the
food industry are diverse and essential for ensuring food safety,
quality, and sustainability. Its antimicrobial properties,
effectiveness in food preservation, and environmentally friendly
nature make ozone a valuable technology for various food
processing and preservation applications. Ozone's role in
enhancing food safety, extending shelf life, and maintaining
product quality underscores its importance in modern food
processing practices.
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4. OVERVIEW OF FOOD LIPIDS: TYPES,
SOURCES, AND FUNCTIONS

Food lipids are a wide range of molecules that have critical
functions in nutrition, flavour, texture, and overall food quality.
Below is an overview of food lipids, including their Kkinds,
sources, and functions.

4.1.Types of Food Lipids

Triglycerides are the most common type of lipid found in
foods. They consist of three fatty acids attached to a glycerol
molecule. Triglycerides can be classified based on the types of
fatty acids (Piispa et al., 1996). Saturated fats are solid at room
temperature and are primarily found in animal products such as
butter, cheese, and fatty cuts of meat. They are also present in
some plant-based oils like coconut oil and palm oil.
Monounsaturated fats are liquid at room temperature but may
solidify when refrigerated. They are found in foods like olive oil,
avocados, and nuts (e.g., almonds, peanuts). Polyunsaturated fats
are also liquid at room temperature and include omega-3 and
omega-6 fatty acids. Sources of polyunsaturated fats include fish
(e.g., salmon, mackerel), flaxseeds, soybean oil, and sunflower
oil (Simopoulos, 2008). Phospholipids are a type of lipid that
forms the structural components of cell membranes. They are
found in foods like egg yolks, soybeans, and peanuts. Sterols are
another type of lipid, with cholesterol being the most well-known
sterol. While cholesterol is primarily synthesized in the body, it is
also found in animal-based foods such as eggs, meat, and dairy
products.

4.2. Sources of Food Lipids

Vegetable oils (olive oil, canola oil, sunflower oil), nuts
and seeds (almonds, walnuts, chia seeds), avocados, and olives
are rich sources of plant-based lipids. Fats which are obtained
from meat and poultry, dairy products (butter, cheese, milk), and
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seafood (fish oils, omega-3 fatty acids from salmon and trout) are
animal-based fats.

4.3. Functions of Food Lipids

Lipids serve as a concentrated source of energy, providing
more than twice the energy per gram compared to carbohydrates
and proteins. They are crucial for building cell membranes and
maintaining cell integrity and function (Meer et al., 2008). Fat-
soluble vitamins (A, D, E, K) require lipids for absorption in the
digestive system. Lipids serve as precursors for the synthesis of
various hormones, including steroid hormones like testosterone
and estrogen. Moreover, they contribute to the flavor, aroma, and
texture of foods, enhancing their palatability (Piispa et al., 1996).

4.4. Oxidation Mechanism of Food Lipids

The oxidation of food lipids is a significant concern in the
food industry because it can lead to rancidity, off-flavors, and a
decrease in the nutritional quality of food products. The oxidation
process in food lipids involves several steps and can be influenced
by factors such as temperature, light exposure, oxygen levels, and
the presence of pro-oxidants (Amaral et al.,, 2018). Lipid
oxidation is a complex process that can be divided into three main
stages: initiation, propagation, and termination (Dai et al., 2021;
Watanabe, 2015).

Initiation: The oxidation of food lipids often begins with the
initiation step, where reactive oxygen species (ROS) or free
radicals are generated. This can occur through various
mechanisms, such as exposure to oxygen in the air, heat, light, or
the presence of metal ions (pro-oxidants). During the initiation
stage, free radicals or other oxidants attack lipids containing
carbon-carbon double bonds, particularly polyunsaturated fatty
acids (PUFAs) (Ayala et al., 2014). This attack leads to the
formation of lipid radicals, which are highly reactive and can
initiate a chain reaction of lipid oxidation.
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Propagation: Once initiated, lipid oxidation enters the
propagation phase. During this phase, lipid radicals react with
oxygen molecules to form peroxyl radicals. These peroxyl
radicals can then react with other lipids, creating a chain reaction
that leads to the formation of lipid hydroperoxides and aldehydes
(Watanabe, 2015). Lipid hydroperoxides are primary oxidation
products that are formed during the propagation phase. They are
unstable and can further decompose into secondary products such
as aldehydes, ketones, and other volatile compounds. These
secondary products contribute to the development of off-flavors
and rancidity in food.

Termination: The oxidation chain reaction can be
terminated by various mechanisms. Antioxidants, either naturally
present in food or added as preservatives, can act as scavengers
of free radicals, preventing further oxidation. Additionally, the
formation of non-reactive end products through reactions
between radicals can also terminate the oxidation process
(Watanabe, 2015).

4.5. Effects of Lipid Oxidation in Food

The oxidation of food lipids can have several undesirable
effects,

Off-Flavors and Odors: Oxidation products contribute to
the development of off-flavors and odors, often described as
rancid or stale.

Nutritional Loss: Essential nutrients such as vitamins
(e.g., vitamin E) and polyunsaturated fatty acids can be degraded
during lipid oxidation, leading to a decrease in nutritional quality.

Texture Changes: Oxidation can also affect the texture
and mouthfeel of food products, leading to changes in texture,
crispness, or softness.
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Health Concerns: Some oxidation products, such as lipid
hydroperoxides and aldehydes, may have negative health effects
and contribute to oxidative stress in the body.

To prevent or slow down lipid oxidation in food products,
various strategies are employed in the food industry, including the
use of antioxidants, packaging techniques that minimize oxygen
exposure, storage at appropriate temperatures, and the selection
of stable lipid sources. The antioxidants have important role in
inhibiting lipid oxidation and maintaining the oxidative stability
of lipid-containing foods (Shahidi & Zhong, 2010). Natural and
synthetic antioxidants can act as free radical scavengers, retarding
the oxidation process and preserving the quality of the food
(McClements & Decker, 2017). The location and effectiveness of
antioxidants within the food matrix are critical factors in their
ability to inhibit lipid oxidation (Decker et al., 2017).

4.6. Mechanisms of Lipid Oxidation by Ozone

The reaction of ozone (O3) with unsaturated fatty acids
involves a chemical reaction in which ozone reacts with a double
bond in an unsaturated compound, such as an unsaturated fatty
acid, to form ozonides and other products. The reaction
mechanism is described by Criegee (1975). The initial pathway
of formation of the primary ozonide is a 1,2,3 trioxolane. Pryor,
(1994) suggests that a diradical intermediate is produced from the
primary trioxolane by a O-O bond scission. The diradical can
decompose into an aldehyde and a carbonyl oxide. In an agueous
environment, the carbonyl oxide can form a
hydroxyhydroperoxide, which breaks down to an aldehyde and
hydrogen peroxide. In the relatively anhydrous environment, the
primary ozonide rearranges to form the secondary ozonide (1,2,4
trioxolane), which can decompose to a hydroperoxide and an
aldehyde. The hydroperoxide can initiate lipid peroxidation
(Figure 1). Several oxygenated compounds such as
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hydroperoxides,  ozonides, aldehydes, peroxides, and
polyperoxides are produced by the Criegee mechanism.

Figure 1. Classic Ozone Additions to Carbon-Carbon Double
Bond of Polyunsaturated Fatty Acids
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Research has shown that ozone reacts with unsaturated
fatty acids in both free and esterified forms, such as those found
in skin lipids and vegetable oils, resulting in the generation of
carbonyls, dicarbonyls, and hydroxycarbonyls (Wisthaler &
Weschler, 2010). This reaction has been investigated in various
contexts, including the heterogeneous reaction of ozone with
liquid unsaturated fatty acids like oleic and linoleic acids, which
are common components of organic aerosols (Moise & Rudich,
2002). The reaction between ozone and unsaturated fatty acids
has been found to produce reactive oxygen species, hydrogen
peroxide, ozonides, and lipid peroxides, impacting the oxidative
stability of lipid-containing products. Moreover, studies have
demonstrated that the ozonation of unsaturated fatty acids yields
aldehydes and hydrogen peroxide as products, which may have
implications for ozone toxicity (Pryor et al., 1991). The oxidative
cleavage of the C=C double bond in unsaturated fatty acids into
aldehydes or carboxylic acids has been explored for biomass
valorization (Spannring et al., 2014). Additionally, the ozonation
of oils containing unsaturated fatty acids has been investigated for
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its antibacterial properties, suggesting potential applications of
ozonated oils in various fields (Besen et al., 2017).

4.7. Analytical Techniques for Determination of Lipid
Oxidation by Ozone

Assessing lipid oxidation in food is crucial for
determining product quality, safety, and shelf life. Several
methods are commonly used for this purpose, each offering
unique advantages and insights into the extent of lipid oxidation.

4.7.1.Peroxide Value (PV)

PV measures the concentration of peroxides, which are
primary oxidation products formed during the initial stages of
lipid oxidation. It involves the reaction of peroxides with an
iodide ion, followed by titration with a standard thiosulfate
solution to determine the peroxide concentration. PV provides
information about the early stages of lipid oxidation but may not
capture later oxidation products (Skinner et al., 2021).

4.7.2. Anisidine Value (AV)

AV measures secondary oxidation products, primarily
aldehydes (e.g., malondialdehyde), which are formed during the
later stages of lipid oxidation. It involves the reaction of
aldehydes with p-anisidine in acidic conditions, followed by
spectrophotometric measurement of the absorbance at specific
wavelengths. AV provides information about the extent of lipid
oxidation and the development of off-flavors and odors in food
products (Kerr et al., 2015).

4.7.3. Thiobarbituric Acid Reactive Substances
(TBARYS)

TBARS assay quantifies the concentration of
malondialdehyde (MDA) and other thiobarbituric acid reactive
substances, which are secondary oxidation products. It involves
the reaction of MDA with thiobarbituric acid (TBA) under acidic
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conditions to form a colored complex, which is measured
spectrophotometrically. TBARS assay is widely used for
assessing lipid oxidation in various food products, particularly
those containing high levels of polyunsaturated fatty acids (Kerr
etal., 2015).

4.7.4.Conjugated Dienes and Trienes

Measurement of conjugated dienes and trienes involves
detecting the formation of conjugated double bonds during lipid
oxidation. UV-visible spectroscopy is commonly used to monitor
changes in absorbance at specific wavelengths corresponding to
the formation of conjugated dienes and trienes. This method
provides qualitative and semi-quantitative information about the
progress of lipid oxidation Skinner et al. (2021).

4.7.5. Antioxidant Capacity Assays

Antioxidant capacity assays, such as oxygen radical
absorbance capacity (ORAC) and Trolox equivalent antioxidant
capacity (TEAC), assess the ability of food components to inhibit
lipid oxidation. These assays measure the scavenging activity of
antioxidants against free radicals generated during lipid
oxidation, providing insights into the overall antioxidant potential
of food products (Tafulo et al., 2010).

4.8. Spectroscopic and Chromatographic Approaches
for Lipid Oxidation Analysis

Various instrumental methods are used for studying the
characterization of ozonated vegetable oils e.g. 1H and 13C
NMR, FT-IR, GC.

4.8.1. Nuclear Magnetic Resonance (NMR)
Spectroscopy

NMR is a powerful technique used for the characterization
of organic compounds, including ozonated vegetable oils. Both
proton (*H) and carbon-13 (**C) NMR spectroscopy can provide
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valuable information about the structure and composition of these
oils after ozonation (Uzun et al., 2018). (*H) and carbon-13 (**C)
NMR spectroscopy can be used in the characterization of
ozonated vegetable oils for following purposes;

Double Bond Analysis: Ozonation often leads to the
cleavage of double bonds in unsaturated fatty acids. *H NMR can
be used to determine the degree of unsaturation before and after
ozonation by analyzing changes in the chemical shifts and
integration of signals corresponding to hydrogen atoms in the
vicinity of double bonds.

Oxidation Products: *H NMR can detect the presence of
oxidation products such as aldehydes and ketones formed during
ozonation. These products typically appear as characteristic peaks
in the NMR spectrum.

Identification of Functional Groups: Hydrogen atoms
attached to different functional groups (e.g., hydroxyl groups,
ester groups) can be identified based on their chemical shifts in
the 'H NMR spectrum, aiding in the determination of the types of
reactions occurring during ozonation.

Degree of Unsaturation: Similar to *H NMR, *C NMR
can provide information about the degree of unsaturation in the
vegetable oils before and after ozonation. Changes in the
chemical shifts of carbon atoms in the vicinity of double bonds
can indicate the cleavage of double bonds during ozonation.

Identification of Carbon Types: Different carbon types
(e.g., carbonyl carbons, alkyl carbons, carbon-carbon double
bond carbons) have characteristic chemical shifts in the *C NMR
spectrum. Analysis of these shifts can help identify the presence
of oxidation products and other structural changes induced by
ozonation.
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Quantitative Analysis: Integration of peaks in the °C
NMR spectrum can provide quantitative information about the
relative abundance of different carbon types in the ozonated
vegetable oils, aiding in the characterization of the ozonation
products.

4.8.2. Fourier Transform Infrared (FT-IR)
Spectroscopy

FT-IR is another valuable technique for characterizing
ozonated vegetable oils. It provides information about the
functional groups present in the molecules by measuring the
absorption of infrared radiation as a function of frequency. FT-IR
spectroscopy can be used in the characterization of ozonated
vegetable oils for following purposes;

Identification of Functional Groups: FT-IR spectroscopy
can identify various functional groups present in ozonated
vegetable oils. For example:

O-H Stretching: Peaks in the region of 3200-3600 cm™
indicate the presence of hydroxyl (O-H) groups, which may be
formed as a result of ozonation-induced oxidation.

C=0 Stretching: Peaks around 1700-1800 cm cm™ are
characteristic of carbonyl (C=0) groups, which can be indicative
of the formation of aldehydes or ketones during ozonation.

C-H Stretching: Peaks in the region of 2800-3000 cm cm’
! correspond to stretching vibrations of carbon-hydrogen (C-H)
bonds, providing information about the types of hydrocarbon
chains present in the oils.

Ozone Absorption Bands: In some cases, specific
absorption bands associated with ozone itself (such as the O=0
stretching vibration around 1100 cm cm™) may be observed,
providing evidence of ozonation.
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Degree of Oxidation: Changes in the intensity or position
of absorption bands corresponding to functional groups can
provide insights into the degree of oxidation undergone by the
vegetable oils during ozonation. Increased intensity of carbonyl
peaks, for example, may indicate higher levels of oxidation.

Comparative Analysis: FT-IR spectra of ozonated
vegetable oils can be compared with those of untreated oils to
identify spectral differences induced by ozonation. This
comparative analysis helps in understanding the chemical
modifications occurring in the oils upon ozonation.

Quantitative Analysis: FT-IR spectroscopy can also be
used for quantitative analysis, allowing researchers to quantify
the extent of certain functional groups (e.g., carbonyl groups)
present in the ozonated oils.

FT-IR spectroscopy provides valuable information about
the chemical changes occurring in ozonated vegetable oils,
including the formation of oxidation products and modifications
to functional groups. This characterization is essential for
assessing the suitability of ozonated oils for various applications,
such as in the food, pharmaceutical, and cosmetic industries
(Uzun et al., 2018).

4.8.3. Gas Chromatography (GC)

GC is a powerful tool for characterizing ozonated
vegetable oils, providing detailed information about their fatty
acid composition, oxidation products, and other volatile
components. This characterization is essential for understanding
the chemical changes induced by ozonation and evaluating the
suitability of ozonated oils for various applications (Uzun et al.,
2018).

GC can be used in the characterization of ozonated
vegetable oils for following purposes;
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Fatty Acid Composition Analysis: GC can determine the
fatty acid composition of ozonated vegetable oils by converting
the fatty acids into volatile derivatives (such as fatty acid methyl
esters, FAMESs) through derivatization prior to analysis. Each
fatty acid methyl ester has a characteristic retention time,
allowing for identification and quantification of individual fatty
acids present in the oils.

Detection of Oxidation Products: GC can detect oxidation
products formed during ozonation, such as aldehydes, ketones,
and hydroperoxides. These oxidation products can be volatile and
are amenable to analysis by GC. By comparing the
chromatographic profiles of ozonated oils with those of untreated
oils, researchers can identify and quantify the extent of oxidation
induced by ozonation.

Quantitative Analysis: GC is highly quantitative, allowing
for precise quantification of individual compounds present in the
ozonated oils. Calibration curves prepared using standard
compounds can be used to determine the concentrations of
specific components, providing quantitative information about
the composition of the oils.

Characterization of Volatile Components: In addition to
fatty acids and oxidation products, GC can also identify and
quantify other volatile compounds present in the ozonated oils,
such as terpenes, sterols, and aroma compounds. This information
is valuable for assessing changes in the flavor and aroma profiles
of the oils due to ozonation.

4.9. Ozone Treatment in Food Preservation

4.9.1. Applications of Ozone in Food Preservation and
Safety

Ozone, with its powerful oxidative properties, finds
several applications in food preservation and safety. Ozone is
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used to disinfect water used in food processing, ensuring that the
water used for washing fruits and vegetables or in food production
is free from harmful microorganisms. It can be applied to the
surfaces of fruits, vegetables, and meat products to Kill bacteria,
viruses, molds, and yeasts, thereby extending their shelf life and
reducing the risk of foodborne illnesses. Ozone treatment can be
used to disinfect the air inside food storage facilities or
refrigerators, inhibiting the growth of spoilage microorganisms
and extending the shelf life of perishable foods (Kim et al., 1999).

Ozone can be dissolved in water and used to wash fruits,
vegetables, and seafood. This helps to remove pesticides,
herbicides, and pathogens present on the surface of the produce,
thereby improving food safety. It can be used to sanitize food
processing equipment, such as conveyor belts, cutting tools, and
containers, reducing the risk of cross contamination during food
production (Dubey et al., 2022).

Also, ozone treatment can be effective in reducing or
eliminating mycotoxins, which are toxic compounds produced by
molds that can contaminate food products such as grains, nuts,
and spices (Temba et al., 2016). By controlling microbial growth
and oxidation reactions, ozone can extend the shelf life of various
food products, including fruits, vegetables, meats, and seafood,
reducing food waste and improving economic efficiency. Further,
applications of ozone in cold storage rooms control ethylene
production, which is responsible for ripening and spoilage in
fruits and vegetables, thereby prolonging their freshness and shelf
life. In food processing plants, ozone can be used to treat
wastewater, eliminating organic contaminants and pathogens
before discharge, thereby reducing environmental pollution and
ensuring compliance with regulatory standards. In addition,
ozone can be used to sterilize food packaging materials, such as
containers, films, and wraps, ensuring that they are free from
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microbial contamination before coming into contact with food
(Guo et al., 2020; Dubey et al., 2022).

4.9.2. Effects of Ozone Treatment on Lipid Oxidation
and Nutritional Quality

Ozone treatment has been extensively studied for its
effects on lipid oxidation and nutritional quality in various food
products. Ozone is a powerful oxidizing agent, and prolonged or
excessive exposure to ozone can promote lipid oxidation in foods.
Lipid oxidation can lead to the formation of off-flavors, off-odors,
and the degradation of essential fatty acids, vitamins, and other
nutrients, thereby reducing the nutritional quality of the food.
Some fat-soluble vitamins and antioxidants may be sensitive to
oxidation induced by ozone treatment. Prolonged exposure to
ozone can lead to the degradation of these nutrients, reducing the
overall nutritional value of the food (lanni et al., 2019). The
concentration of ozone used and the duration of treatment
significantly influence its effects on lipid oxidation and
nutritional quality. Higher concentrations and longer exposure
times are more likely to induce lipid oxidation and nutrient
degradation. The composition and characteristics of the food
matrix can affect its susceptibility to ozone treatment. Foods with
higher lipid content may be more prone to lipid oxidation, while
the presence of antioxidants and other protective compounds can
mitigate oxidative damage. Research indicates that ozone
treatment can lead to an increase in lipid oxidation, which is
influenced by factors such as the type of fats in the diet. For
instance, meat samples obtained from animals fed with vegetable
fats showed higher lipid oxidation compared to those fed with
animal fats, likely due to the increase in polyunsaturated fatty
acids, which are more susceptible to peroxidation (lanni et al.,
2019). Additionally, ozone exposure has been found to promote
lipid oxidation in chicken and duck breast meat, further
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highlighting its impact on lipid quality in food products (Muhlisin
etal., 2016).

Ozone treatment can result in the formation of oxidation
byproducts, such as aldehydes and ketones, which may have
negative health implications. Studies have shown that ozone
treatment can induce lipid peroxidation by generating reactive
oxygen species and lipid oxidation products, such as hydrogen
peroxide and lipid peroxides (Tizaoui, 2020). This oxidative
effect of ozone on lipids has been observed in various food items,
including fresh-cut lettuce and Nile tilapia, where ozone
treatment led to the oxidation of lipids rich in unsaturated fatty
acids (Beltran et al., 2005). Furthermore, the exposure time of
ozone treatment has been found to influence the oxidative
stability of lipid-containing products, such as milk cream,
emphasizing the importance of optimizing ozone treatment
parameters to minimize lipid oxidation (Perna et al., 2022).
Consequently, the research suggests that while ozone treatment
can be effective in extending the shelf life of food products and
improving food safety by reducing microbial contamination, it
also has implications for lipid oxidation and nutritional quality.
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AROMA AND AROMA-ACTIVE COMPOUNDS
OF OLIVE OIL

Hicran UZUN KARKA!
Songil KESEN?

1. INTRODUCTION

The components of aroma in olive oils play a crucial role
in determining their sensory characteristics and overall quality.
These compounds are essential for creating the distinctive aroma
and flavor profiles that differentiate various olive oil varieties.
The importance of aroma components in olive oils is multifaceted
and influences consumer preferences, culinary applications, and
the overall perception of olive oil products. The flavor
components of olive oil, including aroma compounds, are
influenced by factors such as cultivation of olives, origin,
ripening of fruit, storage status, and processing methods of fruit.
These aroma compounds are key determinants of the taste and
aroma of olive oil, making them essential for consumer
acceptance and choice.

2. AROMA COMPOUNDS IN OLIVE OILS

Aroma compounds in olive oils are crucial in determining
their sensory characteristics and overall quality especially their
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distinctive scent and taste. Among these, aldehydes such as
hexanal, trans-2-hexenal, and trans-2-hexen-1-ol are notable
compounds which are lending a fruity essence. Alcohols,
including ethanol, impart an aromatic character, giving fruity and
floral odor. Esters, such as hexyl acetate and ethyl acetate, add to
the fruity odor, enriching the olfactory experience. Lactones
contribute a creamy undertone, enhancing the oil's sensory
profile. Ketones, like 6-methyl-5-hepten-2-one and 1-penten-3-
one, play a role in shaping the overall aroma complexity.
Terpenes, exemplified by a-terpineol and [-sitosterol, gives
herbal and floral odors . Meanwhile, phenols, including tyrosol
and hydroxytyrosol, underscore the oil's bitterness and pungency.
The concentration of these compounds varies depending on some
factors such as olive variety, maturity at harvest, and processing
techniques. The aroma profile of olive oils is firstly affected by
volatile organic compounds, with C6 and C5 volatile components
being highlighted as major contributors to the positive green
sensory attributes in extra virgin olive oil (Brahim et al., 2018).
These compounds, derived from linolenic acid, play an important
role in shaping the aroma of olive oils, with some of them having
high odor activity values that significantly impact the overall
aroma (Garcia-Vico et al., 2017). Aldehydes and alcohols have
also been identified as significant compounds which are known
arama active in olive oils (Kesen et al., 2014). Z-3-hexenal, E-2-
hexenal, Z-3-hexenyl acetate, and Z-3-hexenol are responsible
specific green-smell in olive oils, particularly extra virgin olive
oil (Dierkes et al., 2011). These compounds, along with others
identified through gas chromatography-mass spectrometry
analyses. The olive oil extraction process, particularly the
crushing of olives, triggers the lipoxygenase (LOX) pathway,
leading to the production of volatile compounds that conduced to
the characteristic aromas of olive oils (Jiménez et al., 2017). The
enzymatic reactions involved in this pathway, stimulated during
the processing of olives, are essential for generating the aroma
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compounds that are retained in the oil (Blatchly et al., 2014).
Additionally, the aroma and flavor of olive oils are influenced by
some parameters such as the olive variety, maturity index, and the
oil production process, all of which impact the formation of
volatile organic components responsible for the aroma (Olmo-
Cunilleraetal., 2022). Furthermore, the ripening process of olives
plays a crucial role in the development of aroma components in
olive oils. Studies have shown that aroma components are formed
during the ripening stage, with enzymatic reactions converting
linoleic and a-linolenic acids through the lipoxygenase pathway,
ultimately influencing the flavor profile of the resulting olive oil
(Blatchly et al., 2014). The presence of chlorophylls extracted
into oil, as observed when olive leaves are added during oil
production, can lead to the generation of specific odoriferous C6
and C5 volatile components that contribute to the fruity and green
characteristics of olive oil aroma (Novoseli¢ et al., 2021). In
addition to volatile components, phenolic compounds also play a
significant role in shaping the aroma and taste of olive oils. While
volatile compounds are primarily responsible for the typical
aroma characteristcs of olive oil, phenolic compounds influence
both taste, particularly bitterness and pungency, and the oil
oxidation stability (Gonzalez-Gamallo et al., 2021). The presence
of phenolic compounds in extra virgin olive oil contributes to its
positive attributes, such as bitterness and pungency, which are
highly valued in high-quality olive oils (Asensio et al., 2012).

3. EXTRACTION METHODS OF AROMA
COMPOUNDS IN OLIVE OIL

To extract aroma components from olive oil, various
methods have been employed in research to isolate and analyze
these volatile components. Aroma extract dilution analysis
(AEDA) has been a commonly used technique to determine the
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compounds which known as aroma active present in olive oils
(Kesen et al., 2014). This method involves isolating aroma
extracts from the oil samples to identify the key compounds
responsible for the characteristic aromas. Gas chromatography-
mass spectrometry (GC-MS) coupled with olfactometry has also
been utilized to analyze the volatile compounds, providing
insights into the specific active aroma compounds present
(Amanpour et al., 2016). Solid-phase microextraction (SPME)
and dynamic headspace coupled to GC-MS have been employed
to quantify aroma active components in olive oil samples,
allowing to identify and quantify of these compounds (Dierkes et
al.,, 2011). Additionally, solvent-assisted flavor evaporation
(SAFE) and SPME have been used to isolate aroma compounds
from olive oils for analysis by GC-MS/olfactometry, providing a
comprehensive understanding of the volatile profile of the oils
(Zhou et al., 2019). The lipoxygenase (LOX) pathway, which is
involved in the biosynthesis of aroma components in olive oil, has
been a focal point in extraction methods. Enzymatic extracts from
olive pulp have been used to characterize LOX activity which has
important role in the formation of volatile compounds that
contribute to the aroma compounds of extra virgin olive oil
(Ridolfi et al., 2002). Furthermore, the attendance of the LOX
pathway in the biosynthesis of C6 and C5 compounds, which
significantly impact the aroma of olive oil, has been established
through various extraction and analysis techniques (Padilla et al.,
2009; Luaces et al., 2007). In the extraction process of olive oil,
the accumulation of aroma compounds begins at the processing
of olive fruits and continues throughout the extraction,
highlighting the importance of extraction methods in retaining
these volatile compounds (Sakouhi et al., 2019). The use of purge
and trap extraction systems, as well as gas chromatography-
olfactometry mass spectrometry (GC-MS/O), has been effective
in characterizing key odorants in olive oils, providing valuable
insights into the aroma components present (Sevindik et al.,
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2019). Moreover, the interaction of olive oil phenolic compounds
with whey proteins has been studied to understand their influence
on aroma release, emphasizing the importance of considering
various components in the extraction and analysis of aroma
components in olive oils (Genovese et al., 2015).

3.1. Aroma Extract Dilution Analysis (AEDA) of The
Aroma-Active Compounds Present in Olive Oils

AEDA is a technique used to identify and characterize
aroma-active components present in various substances,
including olive oils. This method involves the isolation of aroma
extracts from the sample of interest, followed by a series of
dilutions for determination the flavor dilution (FD) factors of the
components present Kesen et al. (2014). By subjecting these
diluted samples to sensory evaluation, the most potent odorants
can be identified based on their aroma intensity, allowing for the
determination of key aroma components contributing to the
overall sensory profile of the sample (Ferreira et al., 2003).
Aroma Extract Dilution Analysis (AEDA) is a powerful tool in
chemistry related with flavor for assessing the sensory properties
of food products.

In AEDA method following steps apply;

Sample Preparation: The olive oil sample is first diluted
with a solvent to create an extract. This extract contains the
volatile aroma componentss responsible for the oil's aroma.

Gas Chromatography-Olfactometry (GC-O): The extract
is then analyzed using gas chromatography coupled with
olfactometry (GC-O). In GC-O, the volatile compounds are
separated by their chemical properties as they pass through a
chromatographic column. The eluting compounds are then
presented to a trained panel of sensory assessors who sniff and
identify the aroma compounds based on their perception.
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Dilution Series: AEDA involves creating a dilution series
of the extract. The extract is successively diluted with the solvent
to create a range of dilutions with decreasing concentrations of
aroma compounds.

Sensory Evaluation: The diluted extracts are then
subjected to sensory evaluation using GC-O. The panel of
assessors smells each dilution and identifies the aroma
compounds that they perceive at each dilution level.

Odor Dilution Factor (ODF): The highest dilution at
which an aroma compound can still be perceived is recorded as
its Odor Dilution Factor (ODF). Compounds with higher ODF
values are considered to have greater sensory impact.

Identification and Quantification: Based on the ODF
values, the aroma-active components are identified and graded
according to their perceived intensity. Further quantitative
analysis can be performed using techniques like gas
chromatography-mass spectrometry (GC-MS) to quantify the
amount of each component.

AEDA allows for the determination of aroma components
that conduced significantly to the overall aroma profile of olive
oils. By combining sensory evaluation with analytical techniques,
AEDA provides valuable comprehension into the flavor
chemistry of olive oils, helping to understand their sensory
characteristics and optimize their production processes. In the
context of olive oils, AEDA has been instrumental in elucidating
the key aroma compounds that define the characteristic aromas of
different types of olive oils. By applying AEDA to olive oil
samples, researchers have been able to identify and quantify the
aroma-active components responsible for the distinct sensory
attributes of these oils (Yang et al., 2019). Through this analysis,
compounds such as vanillin, wine lactone, and linalool have been
identified as significant contributors to the aroma profile of olive
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oils, with varying flavor dilution factors indicating their relative
importance in the overall aroma (Sellami et al., 2018). By
conducting AEDA on olive oil samples, researchers have been
able to differentiate between cultivars and harvest times based on
the presence and intensity of specific aroma compounds,
highlighting the utility of this technique in quality control and
flavor profiling of olive oils (Sun et al., 2020). The application of
AEDA in the analysis of olive oils has also enabled the
characterization of volatile componentsds derived from the
lipoxygenase (LOX) pathway, which play a crucial role in
shaping the aroma of these oils (Brahim et al., 2018). By
characterizing the aroma-active compounds using AEDA,
researchers have gained a valuable information related to the
biochemical pathways involved in the formation of key odorants
in olive oils, contributing to the overall sensory experience of
these products (Amanpour et al., 2016). By conducting AEDA on
oils obtained through different extraction methods, researchers
have been able to assess the influence of processing parameters
on the retention of aroma compounds, providing valuable insights
into optimizing extraction processes to preserve the desired
sensory attributes of olive oils (Schuh & Schieberle, 2005).

3.2. Biosynthesis of Aroma Compounds in Olive Oil by
Lipoxygenase (LOX) Pathway

Lipoxygenase (LOX) pathway is a significant
biochemical route involved in the fatty acids metabolism and the
production of various bioactive compounds in plants and animals.
The LOX pathway is catalyzed by lipoxygenase enzymes that
initiate the degradation of free fatty acids and esterified lipids
through of the pathway (Farahani & Taghavi, 2015). These
enzymes play a crucial role in the oxidation of polyunsaturated
fatty acids, leading to the generation of oxylipins, which are
important molecules involved in plant defense responses
(Farmaki et al., 2006). In plants, lipoxygenases (LOXs) are
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widely distributed and abundant in various plant cells, including
legumes, cucumbers, bananas, and soybeans (Shi et al., 2020).
These enzymes are involved in diverse functions, such as
resistance to biotic and abiotic stress, as well as in the regulation
of plant-pathogen interactions (Song et al., 2016). The LOX
pathway in plants is essential for the biosynthesis of volatile
compounds that influence the aroma of fruits and oils, such as
extra virgin olive oil (Luaces et al., 2007). Additionally, LOX
genes are expressed in response to various stimuli, including
powdery mildew infection and defense-related signal molecules,
highlighting their role in plant defense mechanisms (Oh et al.,
2014).

The lipoxygenase (LOX) pathway is crucial in the
biosynthesis of aroma components in olive oil. This pathway
leads to the production of volatile compounds that related to the
unique aroma profile of olive oils. Specifically, C6 and C5
compounds are enzymatically generated from polyunsaturated
fatty acids during the LOX pathway (Brahim et al., 2018).
Enzymes within the LOX pathway catalyze the oxygenation
reaction of polyunsaturated fatty acids, generating signaling and
defense molecules known as phytooxylipins, which contribute to
aroma development. The LOX pathway is activated during olive
oil extraction, releasing enzymes involved in volatile compound
synthesis (Morales et al., 1997). The level of LOX activity and
substrate availability influence the generation of aroma
components in olive oil during the extraction process (Muzzalupo
et al., 2012). The enzymatic activities within the LOX pathway
are linked to fruit ripening and play a critical role in determining
the aromatic structure of olive oils (Muzzalupo et al., 2012). The
formation of C6 compounds in olive oil aroma is initiated by cell
disruption during fruit milling and continues throughout the
extraction process. Understanding the LOX pathway is essential
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for unraveling the chemistry behind the sensory attributes of olive
oils.

4. ALDEHYDIC COMPOUNDS IN OLIVE OILS

Aldehydic compounds are crucial in shaping the aroma
and flavor profile of olive oils. Various aldehydes have been
identified as significant contributors to the sensory characteristics
of olive oils. For example, compounds like (E)-2-heptenal and
(E,Z2)-2,4-decadienal have been recognized for their high odor
activity values in olive oil (Kesen et al., 2013). Additionally,
hexanal, (E)-2-hexenal, nonanal, (E)-2-nonenal, and (E,E)-2,4-
decadienal are most known aroma components in olive oils
harvested from different geographic origins (Kesen et al., 2014).
These aldehydes impart distinct sensory notes such as green,
citrus, apple, and paper-like, also, fatty characteristics to the oils.
Hexanal, a C6 compound known as a "green volatile,” is
particularly notable for its prevalence and importance in olive oil,
serving as a marker of fresh quality (Harzalli et al., 2022).
Furthermore, the dialdehydic form of elenolic acid linked to
hydroxytyrosol, specifically 3,4-DHPEA-EDA, is a major
phenolic compound in olive paste, playing a significant role
during the oil extraction process (Gémez-Rico et al., 2009). In the
realm of aroma, aldehydes have been extensively studied for their
influence on the sensory perception of olive oils. For instance,
(E)-2-hexenal is known as a significant aroma-active compound
in various olive oils (Amanpour et al., 2016). Monovarietal virgin
olive oils can be differentiated based on specific compounds like
(E)-2-hexenal, contributing to their unique aroma profiles
(Zaneti¢ et al., 2021). The emission of volatile aldehydes during
the heating of cooking oils, including olive oil, underscores the
role of temperature in generating these compounds (Fullana et al.,
2004). The aroma fingerprint of extra virgin olive oil has been
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analyzed by using gas chromatography-mass spectrometry-
olfactometry, with compounds like hexanal identified as potent
aromatic active compounds (Brahim et al., 2018). Additionally,
volatile compounds emitted by different olive oil varieties have
been characterized, showcasing the diversity in aroma profiles
based on geographic origins and cultivars (Ogras et al., 2018).
Aldehydes like trans-2-hexenal are highlighted in the volatile
component profiles of olive oils, contributing to their distinct
sensory characteristics (Ogras et al., 2018). Furthermore, research
has explored the impact of blending proportions on the phenolic
of olive oils, revealing variations in the levels of aldehydic forms
of oleuropein aglycon based on blending ratios of different olive
oil varieties (Ouni et al., 2014). The importance of olive seeds in
the aroma of virgin olive oil has also been investigated,
emphasizing the importance of aldehydes and alcohols in creating
the aroma characteristic of the oil (Luaces et al., 2003).
Aldehydes and alcohols with six straight-chain carbons are
identified as crucial components in the aroma of virgin olive oil
(Pérez et al., 2003).

Table 1. Some Aldehydic Compounds Commonly Found in Olive

Oil
Aldehydic Aroma characteristics Research
compounds
hexanal fresh, green aroma Kesen et al., 2014; Zanetié et
' al., 2021
(E)-2-hexenal green, grassy scent Amanpour et al., 2016
nonanal floral, waxy scent. Ogras et al., 2018
octanal a fruity, citrus-like aroma. Ogras et al., 2018
(E,E)-2,4- deep, fatty, and slightly spicy | Kesen et al., 2013; Kesen et
decadienal aroma al., 2014
decanal a sweet, orange-like aroma Ogras et al., 2018
benzaldehyde sweet, almond-like aroma Ogras et al., 2018

4.1. Formation Mechanisms of Aldehydic Compounds

in Olive Oil

Aldehydic compounds in olive oil derive primarily from
two distinct pathways; lipid oxidation and enzymatic reactions.
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Lipid Oxidation: The breakdown of unsaturated fatty
acids, notably linoleic and linolenic acids, instigates the
production of volatile aldehydes. This oxidative process is
triggered by various environmental factors such as exposure to
light, elevated temperatures, and contact with atmospheric
oxygen.

Enzymatic Reactions: The activity of enzymes,
particularly lipoxygenase, facilitates polyunsaturated fatty acids
oxidation, leading to the formation of aldehydic compounds. This
enzymatic pathway is particularly pronounced during the stages
of olive crushing and malaxation.

4.2. Effects of Aroma Compounds on Quality of Olive
Oil
Aroma and Flavor: Aldehydic compounds play a pivotal
role in shaping the sensory attributes of olive oil, contributing

significantly to its perceived freshness, fruitiness, and overall
flavor complexity.

Oxidative Stability: While certain aldehydes enhance the
desirable flavor profile of olive oil, excessive oxidation can result
in the development of off-flavors and rancidity, indicative of
diminished oil quality.

Health Implications: The presence of aldehydic
compounds, particularly those arising from oxidative processes,
may pose potential health concerns at elevated concentrations.
However, in the context of high-quality olive oils, where these
compounds are present in moderate amounts, their health impact
remains negligible and is overshadowed by the overall nutritional
benefits of the oil.

4.3. Alcoholic Compounds in Olive Oils

Some alcoholic compounds commonly found in olive oils
include propanol, amyl alcohols, 2-hexenol, hexanol, and
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heptanol, which are known to characterize the aroma of olive
cultivars (Kiritsakis, 1998). Additionally, 2-phenylethanol has
been characterized as a potent alcohol present in olive oils,
contributing to their aroma profile (Kesen et al., 2014). Phenethyl
alcohols such as hydroxytyrosol and tyrosol are among the most
plentiful phenolic component in olive oils, known for their
aromatic and antioxidant properties (Romero & Brenes, 2012).
Furthermore, long-chain fatty alcohols like tetracosanol,
hexacosanol, octacosanol, and docosanol are significant
constituents of olive oil, particularly in pomace olive oil
(Fernandez-Arche et al., 2009). The research has revealed that the
presence of aliphatic alcohols derived from waxes, with
compounds such as C24 alcohol from lignoceryl palmitate being
predominant in high-quality extra-virgin olive oils (Mariani et al.,
2018). Alcohols like hexanol, cis-3-hexenol, and trans-2-hexenol
have been identified as an important compounds in French and
Spanish olive oils, contributing to their aroma profiles (Ogras et
al., 2018). Additionally, the presence of triterpene alcohols like
24-methylene cycloarenol and cycloarenol has been reported in
olive oils from different varieties and regions (Benrachou et al.,
2016). The transformation of minor components during olive oil
processing can lead to changes in fatty alcohols, sterols, and
waxes, with trends observed in the levels of hexacosanol,
tetracosanol, and octacosanol during processing (Lopez-L6pez et
al., 2018). Ethyl esters, which can form due to the esterification
of free fatty acids with alcohols, are also monitored in olive oils
to assess quality and shelf life. The waxy fraction of olive oils
contains long-chain aliphatic aldehydes and alcohols, which
contribute to the overall composition and characteristics of the
oils (Pérez-Camino et al., 2012).
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Table 2. Some Alcoholic Compounds Commonly Found in Olive

Oils
Alcoholic Aroma characteristics Research
compounds
1-Pentanol mild, balsamic aroma (Kiritsakis (1998).
1-Hexanol green, woody, and grassy osac ot al. 2018).
aroma

(E)-2-Hexen-1-ol freshly cut grass aroma (Ogras et al., 2018).

. _— (Lépez-Lopez et al.,
Octanol a fruity, citrus-like aroma 2018).
1-Octen-3-ol mushroom-like, earthy aroma (ZIB(ig()ez-Lopez et al,
2-Phenylethanol floral, rose-like aroma (Kesen et al., 2014).

4.4. Formation of Alcoholic Compounds in Olive Oils

Alcoholic compounds in olive oil are formed through
various biochemical pathways:

Lipoxygenase Pathway: During the crushing and
malaxation of olives, the lipoxygenase enzyme catalyzes the
oxidation of polyunsaturated fatty acids, leading to the generation
of hydroperoxides, which are subsequently converted into
alcohols by hydroperoxide lyase and alcohol dehydrogenase
enzymes.

Fermentation: Some alcohols can be produced through the
fermentation processes that occur during the storage of olives
before oil extraction, involving the activity of yeast and other
microorganisms.

Thermal Degradation: Heat applied during processing can
also lead to the formation of alcoholic compounds, although this
is less desirable as it may indicate over-processing.

4.5. Effects of Alcoholic Compounds on Olive Oil

Quality

Aroma and Flavor: Alcoholic compounds are key
contributors to the complex and desirable sensory characteristics
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of olive oil. They can enhance the freshness, fruitiness, and
overall aromatic profile of the oil.

Oxidative Stability: While alcohols themselves do not
significantly impact oxidative stability, they can be indicative of
the freshness and proper handling of olives and oil. Higher
alcohol content can signal good quality processing and storage
conditions.

Health Implications: Alcoholic compounds in olive oil are
typically present in small amounts and are not considered
harmful. They are natural components of the oil's flavor and
aroma profile and contribute to the overall sensory experience
without adverse health effects.

5. CONCLUSION

The extraction of aroma components from olive oil
involves a combination of sophisticated techniques such as
AEDA, GC-MS, SPME, and LOX pathway characterization to
isolate and identify the volatile components related with the
characteristic aromas of olive oils. These methods provide
valuable insights into the characterization and quality of olive
oils, contributing to a good understanding of the sensory
attributes of these products. By utilizing AEDA, researchers can
identify and quantify the key odorants that contribute to the
unique aroma profiles of different olive oil varieties. This
technique allows for a detailed examination of the volatile
components of olive oils, shedding light on the specific
compounds responsible for their sensory attributes. LOX pathway
is essential for the synthesis of volatiles in olive oil, influencing
its aroma and flavor profile. Understanding the role of
lipoxygenase enzymes in the production of volatile organic
compounds is crucial for assessing the quality and sensory
attributes of olive oil products.
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AROMA EXTRACTION METHODS

Songul KESEN?

1. INTRODUCTION

Extraction is the process of separating or extracting one
substance from another substance using chemical or physical
methods. This process is usually carried out fort he purpose of
obtaining the desired components of the primary material or to
remove unwanted components from it. Extraction is widely used
to isolate useful components from raw materials derived from
nature, chemical reaction products or industrial residues. A
solvent is usually used in this process because it can dissolve and
separate the target component. For example, vegetable materials
are processed by extraction to obtain vegetable oils. Depending
on the nature of the target components and the properties of the
source material, various extraction procedures are used. For
instance, in the realm of analytical sciences, extraction methods
play a crucial role in isolating specific compounds or substances
from complex mixtures (Dean, 2010).

The characteristics of the material being extracted, the
type of solvent used, and the extraction period are some of the
variables that might affect the extraction process. Researchers
have explored the impact of solvent types on extraction processes,
highlighting that the choice of solvent, whether water, organic
solvents, or supercritical CO, can significantly influence the
efficiency and yield of the extraction process. The duration of the
extraction process has been shown to affect the outcome, with
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longer extraction times often leading to increased yields of the
desired components (Kusumaningrum et al., 2023).

Extraction is a widely used technique in many different
areas of chemistry. It is used, for instance, in the food sector to
extract flavors or oils, in the petroleum industry to refine crude
oil, in the pharmaceutical industry to isolate active substances,
and in numerous other fields.

1.1. Aroma Extraction

Aroma extraction is a critical process in the analysis of
various products to identify and characterize key aroma
compounds. Researchers have employed various extraction
methods like Solvent Assisted Flavor Evaporation (SAFE), Purge
and Trap (P&T), and Simultaneous Distillation Extraction (SDE)
and to obtain representative aroma extracts from different food
products (Sénmezdag et al., 2019). These extraction methods are
highly popular for isolating the volatile chemicals giving samples
their distinct scents.

The quantitative and qualitative identification of aroma
compounds are essential for determining the aroma profiles of
products such as Chinese rice wine and black garlic. Studies have
utilized a combination of gas chromatography-mass spectrometry
(GC-MS) and some aroma extraction methods (such as solid
phase micro extraction, flavour dilution) were used to determine
aroma-active compounds. (Chen et al., 2013; Yang et al., 2019).

Similarly, other researchers have extracted aroma
compounds from green tea and lime using techniques such as
Porapak Q sorbent and headspace solid phase micro extraction
(HS/SPME) and determined a wide range of aroma compounds
that contribute to the characteristic flavours of these products.
(Baldermann et al., 2014; Xiao et al., 2021).
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Aroma extraction plays an important role in sensory
evaluation and quality assessment of various food products. By
employing advanced extraction techniques and analytical
methods, researchers can identify, quantify, and understand the
key aroma compounds that define the unique sensory
characteristics of different food items.

1.1.1. Important Points in Aroma Extraction

The description of volatile chemicals that contribute to the
distinctive scents of samples depends critically on the use of
suitable extraction techniques. These techniques such as solvent
assisted flavour evaporation (SAFE) and solid phase micro
extraction (SPME) and are vital in obtaining representative
flavour extracts from different products and ensure that a
comprehensive profile of aroma active compounds is defined
(Munafo et al., 2014).

The significance of aroma extraction lies in the utilization
of advanced analytical techniques, quantitative measurements,
careful selection of extraction methods, and sensory evaluations.
All of these factors contribute to a clear and accurate
understanding and identification and quantification of volatile
compounds in various products, enabling researchers to unravel
the complex sensory characteristics that define the unique
flavours of different food and beverage ingredients.

1.1.2. Aroma Extraction Methods

Aroma extraction methods are essential for isolating and
identifying key odorants in various products. Several techniques
are employed to extract aroma compounds effectively. When
analyzing the aroma components in different products, extraction
methods—from conventional ones like SDE to more recent ones
like SPME and SAFE—are crucial because they allow
researchers to pinpoint and measure the main odorants that
contribute to the overall aroma profile.
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Based on the data provided in the references, SPME
emerges as a preferred aroma extraction method due to its
efficiency, simplicity, and widespread application in aroma
analysis. SPME method has been mentioned in many studies
(Wada et al., 2018; Wieczorek et al., 2020; Xu et al., 2007) as a
solvent-free, efficient, and widely used technique for aroma
extraction. It offers advantages such as speediness, simplicity,
little sample request, and effectiveness in isolating aroma
compounds from various samples. The references emphasize the
suitability of SPME for obtaining representative extracts of aroma
compounds in different products, including liquors, apple cider,
broccoli, and essential oils. While Gas Chromatography-
Olfactometry (GC-O) and SAFE method are also mentioned in
the references, SPME stands out as the most preferred method due
to its versatility, ease of use, and effectiveness in capturing aroma
compounds from a wide range of samples.

The most commonly used aroma extraction methods are;

1- Solvent-Assisted Flavor Evaporation (SAFE)

Solvent-Assisted Flavor Evaporation (SAFE) is a method
commonly used for aroma extraction in various studies (figure 1).
This method involves the use of solvents to extract volatile
compounds, ensuring a comprehensive profile of aroma-active
compounds is captured (Sénmezdag et al., 2019). The references
highlight the effectiveness of SAFE in capturing aroma
compounds from different products, such as olive oil (Suzuki et
al., 2021), hazelnut oil (Kesen et al., 2022), litsea pungens fruit
(Pu et al., 2021), pistachios (Sonmezdag et al., 2019), peanuts
(Schirack et al., 2006), pomegranates (Mayuoni-Kirshinbaum et
al., 2012), and goat milk (Siefarth & Buettner, 2014).

The SAFE approach is recommended for identifying
aroma components and the overall scent profile in lipid-rich
products, and it is especially appropriate for samples with high
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lipid content. It is notable for its ability to remove non-volatiles
from extracts, but there may be a matrix effect during distillation
that may affect its performance (Suzuki et al., 2021). In the
studies, the SAFE method has been used in combination with
techniques such as GC-O and GC-MS to determine aroma-active
compounds in different samples (Mayuoni-Kirshinbaum et al.,
2012).

Figure 1. Apparatus of SAFE Method

[Water bath (40 °C) .

Non-volatiles

Source: Schlumpberger et al. (2022)

2- Simultaneous Distillation Extraction (SDE)

For the extraction of aromatic chemicals, other volatile
compounds, and essential oils from diverse matrices, the SDE
method (figure 2) is frequently utilized (S6nmezdag et al., 2019).
This technique, first discovered in 1964 by Likens and Nickerson,
is also known as the Likens and Nickerson method. This method
is a continuous solvent extraction by hydrodistillation of volatile
compounds from a sample and accumulates the compounds
dissolved in the aqueous distillate (Ribeiro et al., 2021). SDE is a
practical method for aroma analysis since it is very good at
separating volatile chemicals from intricate liquid matrices (Liao
etal., 2019).

Aroma-active compounds can be effectively separated
from samples using the SDE method, which combines
simultaneous extraction of volatile compounds with distillation.
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Prior research has effectively employed this technique to extract
volatile compounds from various foods such as Pu-erh tea (Gu et
al., 2009), garlic (Lee et al., 2003) and olive oil (Kesen et al.,
2013). The simultaneous performance of distillation and
extraction makes SDE a versatile and practical technique for the
analysis of volatile compounds in different samples.

In previous, SDE has been used in combination with GC-
MS and GC-O to determine and analyse aroma-active compounds
in various products, such as Pu-erh tea, garlic, and French beans
(Barra et al., 2007). The method's ability to efficiently extract and
analyze volatile compounds makes it a valuable tool in aroma
research and flavor analysis. Microwave-assisted (figure 3) and
modified versions (figure 4) of this method are also available.

Figure 2. Schematic Diagram of Simultaneous Distillation
Extraction
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Figure 3. Microwave Assisted Simultaneous Distillation and
Extraction

53

The parts are: 1. Water bath; 2.
Extract; 3. Meeting part of water
vapour and sample vapour; 4.
" Intensifier; 5.  Section of
o] 4 extraction; 6. Cooling part; 7.
Phase  separation  chamber;
8.Valve; 9. Vessel of reaction; 10.
Microwave oven; 11. Control
screen. (Chen et al., 2015)

0.00

Figure 4. Modified Simultaneous Distillation Extraction
Apparatus

addition funnel

200mL vol. //
three neck flask S00mL wol
flasic

Source: Kobayashi et al. (2008)
3- Purge and Trap (P&T)

This method is a well-established extraction method that
offers high sensitivity and reproducibility, making it a preferred
choice for the volatile compounds analysis in various food
matrices (figure 5). P&T extraction method involves purging
volatile compounds from a sample and trapping them for further
analysis, aiding in the identification of key odorants (Zhang et al.,
2016; Sarhir et al., 2022). One popular extraction technique for
quantifying volatile compounds at trace quantities is the "purge
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and trap" method. In order to liberate the volatile components
from the sample and trap them on an adsorbent material for
concentration and further analysis, this procedure requires
purging the sample with an inert gas. The references highlight the
effectiveness of P&T in preconcentrating VOCs for various
applications, including the identification of odors in water, the
analysis of gasoline components in groundwater, and the
extraction of volatile compounds from biota.

Purge and Trap is known for its high sensitivity and ability
to preconcentrate volatile compounds, making it a valuable tool
in environmental monitoring, water analysis, and the assessment
of odorants. The method has been used in conjunction with GC -
MS for the accurate determination of VOCs in different matrices,
demonstrating its versatility and reliability in capturing and
analyzing volatile compounds.

Figure 5. Purge and Trap Apparatus

To M
+ ()]
X/

GO column

Source: Agilent

4- Headspace Solid Phase Microextraction (HS-SPME)

In HS-SPME method (figure 6) aroma compounds are
isolated from the headspace of a sample using a fiber, enabling
the capture of aroma-active compounds (Gracka et al., 2018; L
et al., 2011). This method is a widely preferred sample
preparation technigue because it does not use solvents. It involves
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introducing a fused silica fiber coated with a polymeric organic
liquid into the headspace above a sample, allowing the volatile
compounds to partition between the sample matrix and the fiber
coating. The references highlight the simplicity, speed, and non-
destructive nature of HS-SPME, making it a valuable tool in
various fields for the analysis of aromatic compounds.

HS-SPME is known for its efficiency in extracting volatile
compounds from a wide range of samples, including grape and
wine (Panighel & Flamini, 2014), Platostoma palustre (Kung et
al., 2019), and Schizonepetae Spica (Li et al., 2022). The
technique is non-destructive, avoiding artifact formation and
solvent impurity contamination, which is advantageous for
preserving the integrity of the sample (Kung et al., 2019). HS-
SPME has been widely used for the extraction of essential oils
from plants, the analysis of aroma compounds in foods, and the
determination of volatile components in various matrices. The
method has been applied in geographical discrimination studies,
metabolomic profiling, and the analysis of volatile compounds in
various plant species, demonstrating its versatility and
effectiveness in determinig aroma profile.

Figure 6. Headspace Solid Phase Microextraction Apparatus
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Source: Mishra et al. (2021)
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5- Solid Phase Microextraction (SPME)

SPME is a method (figure 7) where volatile compounds
are extracted using a fiber coated with an adsorbent material,
facilitating the capture of aroma compounds (Hu et al., 2019).
This method is a sample preparation technique that uses sorbents
dispersed on the surface of small fibres to separate and
concentrate analytes solvent-free from a sample matrix. SPME is
a simple, sensitive, rapid, and efficient method that was invented
by Pawliszyn in 1989 (Vas & Veékey, 2004). This method
involves exposing an immobilized stationary phase to a sample
matrix that may contain solid, liquid, or gaseous analytes. The
analytes are then thermally desorbable in the gas chromatograph
injector (Pérez et al., 2002).

SPME is widely utilized across several industries,
including food and environmental analysis, and pharmaceutical
preparations. The method is known for its versatility and wide
scope, offering advantages such as low cost, high enrichment
factor, rapidness, and the removal of potentially interfering
matrices.

Figure 7. Solid Phase Microextraction Apparatus

Needle
Septum
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Source: Tholl et al. (2006)
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6- Supercritical Fluid Extraction (SFE)

SFE method (figure 8) involves using supercritical fluids
to extract aroma compounds, offering a rapid and efficient
extraction process (L0 et al., 2011). This method utilizes
supercritical fluids, such as carbon dioxide (CO.) above its
critical temperature and pressure, as a solvent for extracting
compounds from various matrices. Low toxicity, great selectivity,
and the capacity to extract a variety of substances without leaving
behind solvent residues are just a few benefits of this approach.
The supercritical fluid behaves both as a gas and a liquid,
allowing it to penetrate the sample matrix and dissolve the target
compounds effectively.

SFE is widely employed in many different sectors, such
as extracting perfumes and flavors from plants (Capuzzo et al.,
2013), determination of carotenoids in various matrices
(Giuffrida et al., 2018), and extraction of uranium and thorium
from solutions (Lin etal., 1995). The technique has also been used
to extract fatty acids, phenolic compounds, and bioactive
substances from different materials, supplying premium extracts
for a range of uses in the food, cosmetic, and pharmaceutical
industries.

Figure 8. Schematic Diagram of SFE Method

Pump Back pressure regulator
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CO; Methanol  Preheated  Extraction  Collection
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Source: Juliasih et al. (2015)
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1.1.3. Features that Distinguish Aroma Extraction
Methods from Each Other

Some of the distinguishing features of aroma extraction
methods include:

Extraction Efficiency: Different aroma extraction methods
vary in their efficiency in isolating volatile compounds from
samples. Methods like SPME are known for their high efficiency
in capturing aroma compounds due to the direct extraction of
volatiles from the headspace of a sample (Hu et al., 2019; Zhang
etal., 2016).

Selectivity: The selectivity of an extraction method refers
to its ability to target specific compounds or classes of
compounds. Techniques like GC-O coupled with AEDA are
selective in identifying aroma-active compounds based on their
odor characteristics (Sevindik et al., 2019; Xiao et al., 2021).

Sample Matrix Compatibility: Certain sample matrices are
better suited for particular extraction techniques. For example,
SDE is appropriate for extracting essential oils from plant
materials, whereas SAFE works well with samples that are high
in lipids (Mayuoni-Kirshinbaum et al., 2012).

Sensitivity: The sensitivity of an extraction method
determines its ability to detect trace levels of aroma compounds.
Purge and Trap is known for its high sensitivity in
preconcentrating volatile compounds for analysis (Sonmezdag et
al., 2019).

Complexity of Operation: The complexity of the
extraction method can also distinguish one technique from
another. Methods like HS-SPME are relatively simple and easy
to operate compared to techniques like SDE (Zhang et al., 2016).

Quantitative vs. Qualitative Analysis: Certain techniques
are better suited for quantitative analysis of aroma components,
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while others are better for qualitative analysis. For example,
AEDA is commonly used for qualitative assessment of key
odorants based on their odor activity values (Chen et al., 2022).

Thermal Stability: The thermal stability of aroma
compounds can influence the choice of extraction method.
Techniques like Supercritical CO extraction are preferred for
heat-labile compounds to prevent thermal degradation during
extraction (Moreira et al., 2023).

2. CONCLUSION

Based on the characteristics of the intended components
and the properties of the source material, various extraction
procedures are used. In order to detect and describe important
aroma molecules in a variety of products, aroma extraction is an
essential step in the analytical process. There are a number of
important characteristics that set apart different aroma extraction
techniques and influence their effectiveness, suitability, and
results. By taking into account these differentiating
characteristics, researchers can choose the best aroma extraction
technique for their particular needs, sample type, and target
molecules.
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CONTAMINATION IN FRESH FRUITS AND
VEGETABLES

Zeynep Sebnem YAKAR!?

1. INTRODUCTION

Fruits and vegetables are significant for body health.
Because they contain high amount of mineral, vitamin, water and
nutrition. They are usually bought from greengrocers or
cultivators and are rarely cultivated in your garden. With adequate
fruit and vegetable consumption, the risk of many chronic
diseases such as carcinoma, digestive illnesses, heart diseases and
hypertension can be decreased. The issue is consuming food
safely. It is possible for raw gardenstuff to become dirty pending
harvesting, transportation processes and in warehouses.
Generally these food kinds are consumed fresh. There isn’t any
heat operation to destroy m/o's at the production steps. When a
gardenstuff has microbe on its outer surface, it becomes
contaminated and can cause food poisoning. “The majority of
diseases associated with theese products are firstly fecal-oral
transferred diseases and they were contaminated at any point in
production” (DeRoever, 1998).

Sources of contamination:

1- Presence of heavy metals, toxic substances or animal
manure in the soil if they are grown near any industrial
establishment. Chemical risks are important causes of
foodborne diseases. “They include natural toxins such as

L Lecturer., Gaziantep University, Naci Topguoglu Vocational School, Food Processing
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mycotoxins, environmental metals such as mercury, lead,
dioxin, and cadmium in foods, natural chemicals in plants
such as the glycoalkaloid found in potatoes, residues of
pesticides and veterinary drugs, and food additives”
(WHO, 2002).

2- Pollution of water due to sewage mixing with irrigation
water

3- Contamination from harvest equipment
4- Contamination from patient or carrier personnel

5- Coexistence with the defective product in storage and
Ccross contamination

6- Inappropriate warehouse temperature and humidity
conditions

7- Biological pollution due to unpackaged storage
8- Inappropriate or dirty packaging material
9- Pollution occurring during retail sales

To prevent contamination, hygiene rules must be followed
at every stage from field to table. This is primarily achieved
through the use of good manufacturing practices (GMP). The
main purpose of GMP is to ensure that products are effective and
safe as labeled, without harming human health. These standards
include the design of production facilities, hygiene standards,
procedures, quality control and certification processes. GMP
rules cover every stage of production processes. These include
steps such as raw material procurement, preparation, production,
packaging, storage and transportation. GMP helps to advance the
quality and security of products by imposing certain requirements
on manufacturers. The implementation of GMP is closely tied to
legal regulations in relevant industries. In many countries, it is a
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legal obligation for businesses operating in relevant industries to
comply with GMP standards.

Factors such as training personnel on personal hygiene
and hygienic production, ensuring appropriate storage conditions,
maintaining hygiene standards at retail sales points and raising
consumers' awareness on this issue are also taken into
consideration when taking precautions.

2. DEVELOPMENT OF M/O IN FRESH FRUIT
AND VEGETABLE PRODUCTS

When microorganisms contaminate fresh products, it is
difficult to remove them by washing. Because of this, it is
substantial to prohibit dirt initially. Laving with clean water may
decrease the amount of microbes, but this does not certify that
pathogens are absent. Pathogens can cause disease even in
subdued amount. To reduce foodborne diseases, control of the
soil in which they are cultivated, water and atmosphere
conditions, handling, hiding, transportation, wrapping processes
and equipment, personal hygiene, appropriate heat practices and
purifying/sanitization methods are very significant.

Food poisoning caused by microbes can occur in two
different ways. Some influence the intestines, inducing fester,
difficulty of sucking nourishment and water, and leading to
diarrhea. Others generate toxins in sustenance that are toxic to the
human digestive tract. Nausea and vomiting, kidney illnesses, and
even death can be seen. Intercalarily to microbes, pesticide and
herbicide residuals can also have toxic effects on humans.

2.1.Bacterias

The plurality of sicknesses relating to fresh fruits and
vegetables are diseases, transmitted mainly through the fecal-oral
way. Since fruits and vegetables cultivated in the plantation are
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constantly in contact with soil, air and water, there are many
bacteria and pollutants on their outer surfaces. Soil and bacteria
can be removed from food when washed with plenty of water. If
deformation occurs in some products during transportation,
filling, transportation and storage, bacterias can accumulate in
these damaged areas and begin to live and multiply. Eventually
degradation and toxin production occur. Pre-treatments such as
washing of fruits and vegetables may cause bacterias to extend
throughout the crop. Radiated or reused water will rise the
microorganism charge. In addition, through the washing process,
the product surface reaches the moisture level suitable for the
improvement of m/o.

Separating decayed fruits or vegetables or shearing the
rotten parts removes microbes, but these manual operations harm
the product and make it more susceptible to spoilage. If they are
marketted instantly without processing, no more contamination
will come off. Nevertheless, keeping in dirty utensils or other
carriers, mechanical damage, washing, sorting, classification,
packaging and contact with the hands of sellers and customers
cause the spread of m/o. Spraying pesticides, especially to give
vegetables a fresh appearance, may increase the number of
microorganisms. In addition, every piece of the hardware that
comes into touch with food is a significant resource of
microorganisms if it is not pured and sterilized. Pathogenic
microorganisms, viruses and parasites can survive for months in
soil or vegetables contaminated with sewage.

Toxin formation in fresh fruits and vegetables can occur
because of various situations:

1- Development of microorganisms: Some microorganisms
found in fresh gardenstuff can produce toxins throughout
unhygienic processing as well inappropriate keeping
temperature and humidity conditions. For example, some
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pathogens, such as Salmonella or Escherichia coli, can
multiply and produce their toxins under certain conditions
of temperature, humidity and nutrients.

Natural toxic compounds: For example, natural compounds
such as cyanide found in some fruits and vegetables can
become toxic under certain conditions and when consumed
in high amounts.

Pesticides and Chemicals: Agricultural pesticides can leave
residues on fruits and vegetables in some cases. These
residues can cause health problems when consumed.
Unnatural Sources: In the processing of fresh fruits and
vegetables, it is possible to come into contact with other
substances that are not caused by contamination, but can
create toxins. For example, some chemicals found in
packaging materials can pass into food and cause toxic
effects.

Pathogens can be found in fruits and vegetables.

Pathogens are microorganisms that can cause disease, and
pathogens found in fresh fruits and vegetables can pose health
risks commonly associated with human consumption.

Here are the pathogens and types of spoilage found in

some common fruits and vegetables:

1-

Salmonella: Can be found in raw or contaminated fruits and
vegetables. Salmonella can cause infections, especially in
products such as tomatoes, green leafy vegetables (such as
lettuce, spinach), and cucumber. Drainage or plant wastes
and watering of field with dirty water also cause its
development. Tomatoes, bean seeds, watermelon,
unpasteurized orange and apple juice are instances of this
group.

Escherichia coli (E. coli): Some E. coli strains can cause
disease in humans. E. coli may be present in fruits and
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vegetables that come into contact with contaminated water
or fertilizer. Escherichia coli is normally found in the skin
of humans and some animals. Fruits and vegetables can be
contaminated with E. coli species in the land or the next
step picking. This causes intestinal ilnesses. Dust particles
from contaminated manure can pose airborne risks to fruit
on trees. Workers working in the land or in wrapping units
can also be a source of E. coli. Contaminated unripe
vegetables like carrots, lettuce, red radishes, melons and
watermelons are considered to cause such ailments.
Listeria monocytogenes: These bacteria can be found
especially in unpasteurized dairy products and fresh fruits
and vegetables. Raw fruits as well vegetables may carry a
risk of Listeria infection, especially for high-risk groups
(pregnant women, the elderly, individuals with weakened
immune systems).

Norovirus: Norovirus can be found in fruits and vegetables
contaminated with the feces of infected people. It can cause
norovirus infections, especially in fruits and vegetables
irrigated with contaminated water.

Shigella species: It is found in drain and human intestines
and causes infection by consuming green vegetables and
fruits polluted with feces. Shigella infection is transmitted
through straight touch by humans, fecal-oral contamination
because of green salad, water, and food.

Bacillus cereus: Present in most soil kinds. Some Bacillus
species can grow at fridge temperatures. It has been
observed in soybean and cress exiles.

Vibrio cholerae: It is the basic reason of cholera. The most
significant way of diffusion is by contaminated people.
Water dirtied with manure and greens that are cleaned and
disinfected with this water are different route for cholera to
spread.
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8- Enteric viruses: They can survive in fresh gardenstuff for
days at fridge temperature. Therefore, if contamination has
comprised before buying, there is always a danger of
infection for the user.

9- Clostridium botulinum and its toxin: If mold formation
occurs in stored tomatoes, it can be seen. Bacterial soft rot
may occur. A wet appearance occurs, the softening is
mushy. A bad odor occurs in the product.

10- Anthracnose: It is caused by Colletotrichum
lindemuthianu, C. coccodes and other species.
Deterioration occurs in leaves, fruit or seed coats. It is
mostly seen in tomatoes.

11- Wet soft rot: Its main source is Sclerotina sclerotiorum and
is mostly seen in vegetables.

12- Saprophytic microorganisms: Microbial spoilage can occur
in stems, leaves, flowers or roots through plant pathogens.
They spread to the environment secondarily after the plant
pathogen, or these types of microorganisms can infect
healthy fruits and vegetables, can grow on the surface and
even increase in number by developing in a moist
environment.

2.2.Mycotoxins

Molds have become increasingly important, especially in
recent years, due to the toxic substances they create. These
substances created by molds that have a poisonous effect on
developed living things are called "mycotoxins”. Mycotoxins
formed in herbal products as a result of mold growth; While it can
be transmitted to animals and humans through animal products
from this source, it can also be transmitted directly to humans
through plant products. Today, there are more than 300 types of
mycotoxins. Most of the important mycotoxins are caused by
Aspergillus, Penicillium and Fusarium molds. Mycotoxins
occurring in food and feed pose a significant danger to food safety
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in most of the food producing regions of the world today. It has
been determined that some mycotoxins cause poisoning in
humans, liver cancer and changes in the heredity structure, disrupt
the body's hormone balance, cause infertility and birth defects,
weaken bones, reduce body resistance and make the body
vulnerable to diseases. Different mycotoxins are produced by
different molds. One of the most common and dangerous of these
Is aflotoxins.

Aflatoxins; It occurs when molds develop in appropriate
temperature, moisture and nutrient environments. Hard-shelled
oily-dried fruits (hazelnuts, peanuts, pistachios, etc.), some dried
fruits (dried figs, raisins, etc.), oily seeds (cotton seeds), grains,
especially corn, sesame, and spices (red pepper, black pepper,
coconut, etc.) are risky products in terms of aflatoxin.

Table 1. Spoilage in Fruits

Distortion Type Factor Affected

Alternaria decay Alternaria Citrus

Bitterdecay (anthrancnose) | Colletotrichum musae Banana
Aspergillus niger Onion,

Black decay Ceratocystis fimriata Sweetpotatoe

Brown decay Monilinia fructicola Peach

Collectotrichum musae
Fusarium roseum
Self decay (crown rot) Verticillium theobromae Banana

Ceratocystis paradoxa

Grey mold decay Botyris cinerea Grape
Pineapple black decay Ceratocystis paradoxa Pineapple
Sour decay Geotrichum candidum '(I;(_)matoe
itrus
Cryptosporiopsis malicorticus | Apple
Repellent decay Phylctaena vagabunda Pear
Green mold decay Penicillium digitatum Citrus
Blue decay Penicillium Orange
. . Peach
Cladosporium decay Cladosporium herbarum Cherry

Source: Spoilage of Vegetables and Fruits (2024) (Accessed on 16/06/2024 from
http://docs.neu.edu.tr/staff/serdar.susever/8Sebze%20ve%20meyvelerin%20bozulmas
_189.pdf).
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Table 2. Spoilage in Vegetables

Distortion Type Factor Affected
Black mold decay Aspergillus Onion

. Carrot
Black decay Alternaria Cauliflower
Hairy mold decay (downy mildew) E@g‘)‘;hora 'S-gf;”a‘;%
Fusarium decay Fusarium Asparagus
Grey mold decay Botrytis Cabbage
Rhizopus soft decay Rhizopus Green beans
Spotted decay (Anthracnose) Colletotrichum | Onion
Tuber decay Fusarium Potatoe
Juicy soft decay Sclerotinia Celery
Discoloration (wilt) Pythium Green beans
Drying decay (blight) Phomopsis Aubergine

Source: Spoilage of Vegetables and Fruits (2024) (Accessed on 16/06/2024 from
http://docs.neu.edu.tr/staff/serdar.susever/8Sehze%20ve%20meyvelerin%20bozulmas
_189.pdf).

Precautions That Can Be Taken

1. Production should be started by using seeds that are not
contaminated with molds and that are resistant to mold
growth.

2. Care should be taken to avoid mechanical injury during
harvest, and appropriate harvesting methods should be
used.

3. Harvested products should be transported with equipment
that is free of mold contamination and prevents
contamination from the environment.

4. Care should be taken to ensure that the places to be used as
storage are cool, dry and ventilated. The maximum
humidity limit should be 14% to prevent mold growth. If
the water content of the raw material exceeds this value, it
becomes difficult to prevent mold growth. Molds generally
develop best at temperatures between 20-35°C.

5. For drying products, the drying process should be carried
out in closed systems instead of natural drying in the sun.
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6. One way to prevent molds in foods is to use chemical
preservatives. However, their doses must be used
consciously.

7. In order to be protected from the damage caused by mold
and toxins, consumers incorrect practices such as cutting
off the moldy parts of the food and throwing it away, giving
it to animals, or consuming parts that are considered
healthy. The right thing to do is not to consume food that
has mold on it, if possible (Gurgen, 2005).

2.3.Pesticides

Another pollution is the excessive use of pesticides. They
are widely used in agriculture to rise efficiency, develop quality
and extend the storage life of food products. Pesticides preserve
food crops against pests and illnesses. The goal is positive, but
from time to time the outcomes are negative. Pesticide ruins can
cause acute or chronic toxicity in humans after usage. It can cause
toxic effects, especially when fresh product consumption exceeds
the maximum allowed grade. “Sometimes home processing ways
such as cleaning and boiling lift pesticide ruins, but this is not the
case. Washing and boiling may not completely remove
pesticides” (Barnett, 1997).

It is reported that least exposure to pesticides in the
surrounding and pesticide residues eaten by food and water tend
to cause chronic health diseases years later. “Other researchers
have reported a wide range of human health hazards, from short-
term effects such as headaches and nausea to chronic effects such
as cancer, reproductive damage, and endocrine disruption”
(Nollet, 2004). Pre-harvest processing is the most significant
stage in pesticide use. The kind of plant on which the practice is
made, the chemical construction and properties, the dosage and
the formulation of the active substance, the time between
application and harvest. Tap water, chlorine dioxide solution,
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sodium carbonate solution, acetic acid solution, sodium
hypochlorite solution and glycerol solutions can be handled to
remove pesticide residues.

3. RESULT

Raw fruits and vegetables bought from the market may be
related to pathogenic microbial charge that must be healed before
usage. FDA, India (Food and Drug Association) does not
recommend using any soap, cleaning agent or detergent to clean
fruits and vegetables, but washing thoroughly with fresh water
can help to decrease the number of microbial groups. It can also
help to increase the shelf life of gardenstuff in the refrigerator.
Greens that are kept without any special processing are quickly
cooled and stored at nominal temperatures. Like vegetables, fruits
may become contaminated from transporters and faulty decayed
fruit between harvest and processing, and should be avoided from
contamination as much as possible. Most vegetables and fruits
have some degree of acidity and skin-deep dryness, are also
deficient in B vitamins, and more mold growth in these products
causes spoilage. Another factor is the structure of the food. Tubers
such as carrots, radishes, potatoes and beets come into direct
contact with the soil when they are moist and become
contaminated from there.

Fruits are often treated with pesticides and fungicides
before harvest, and such treatments can change the flora on the
fruit. There is widespread use of pesticides on plants. However,
unconscious use causes residues. To protect the consumer from
health problems, pesticide residues must be removed or
destroyed. In order to avoid pesticide ruins formation, necessary
precautions should be taken before application, practitioners
should be trained and senseless usage should be prevented.
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Because there are not many ways to eliminate residues from fresh
fruits and vegetables.
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GIDALARDA REOLOJIK OZELLIKLER

Dilek BUYUKBESE YAYLA'

1. GIRIS
1.1. Reolojinin Tanimi

Reoloji, maddelerin deformasyon ve akis davraniglarini
inceleyen bilim dalhdir. ik olarak 20. yiizyilin baslarinda
gelistirilen reoloji, kati maddelerin elastik ve viskoelastik
davraniglari ile stvi maddelerin viskoz davraniglarini tanimlamak
icin kullanilir. Reolojinin 6nemi, cesitli sanayi dallarinda,
ozellikle gida, polimer, biyomedikal ve ingaat sektorlerinde
bliyiik bir yer tutar. Gidalarin reolojik ozellikleri, gidalarin
tiikketici kabuliinii, islenebilirligini ve raf omriinii belirleyen
onemli faktorlerden biridir (Steffe, 1996; Barnes, Hutton, &
Walters, 1989).

Gidalarin reolojik 6zellikleri, 6zellikle gidalarin dokusal
ozellikleriyle dogrudan iligkilidir. Ornegin, bir yogurdun
akigkanligy, tliketicinin algisini ve iiriiniin kalitesini dogrudan
etkiler. Benzer sekilde, bir ¢ikolatanin erime davranisi, tiiketici
memnuniyeti ve liretim siireci agisindan kritik 6neme sahiptir. Bu
nedenle, gida reolojisi, gida bilimi ve teknolojisinde énemli bir
arastirma alanidir (Steffe, 1996).

1.2. Reolojinin Tarihcesi

Reoloji terimi, Yunanca "rheos" (akis) kelimesinden
tiretilmistir ve 1929'da Eugene C. Bingham tarafindan ilk kez
kullanilmistir. Bingham, reolojiyi "sekil degistiren maddelerin
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akis ve deformasyonunu inceleyen bilim" olarak tanimlamistir.
Ik reolojik calismalar, Newtonian akigkanlarin viskoz
davraniglarini incelemekle baglamis, daha sonra non-Newtonian
akigkanlar ve katilarin viskoelastik davranmislar1 {izerine
yogunlagmistir (Bingham, 1922).

1.3. Gida Reolojisinin Onemi

Gidalarin reolojik Ozellikleri, gidalarin iiretim, isleme,
depolama ve tiiketim siireclerinde biiyiik bir rol oynar. Ornegin,
gida trlinlerinin karigtirilmasi, pompalanmasi, paketlenmesi ve
depolanmasi gibi islemler, bu iirlinlerin reolojik 6zelliklerine
baghdir. Ayrica, tiiketicilerin gidalar1 algilama sekilleri de bu
Ozelliklerden etkilenir. Bir {riiniin dokusu, viskozitesi ve
akiskanligi, tiiketicilerin liriin hakkindaki genel memnuniyetini
ve algisin1 dogrudan etkiler (Rao, 2014).

1.4. Reolojinin Gida Endiistrisindeki Uygulamalari

Gida reolojisi, ¢esitli gida triinlerinin formiilasyonu ve
gelistirilmesinde kritik bir rol oynar. Ham madde islenmesi,
karistirma, sekillendirme ve paketleme gibi islemler, gidalarin
akis ve deformasyon davranislarina dayanir (Rao, 2014).
Ornegin, dondurma iiretiminde, iiriiniin viskozitesi ve hava tutma
kapasitesi, dondurmanin kremamsi dokusunu ve erime
Ozelliklerini  belirler. Benzer sekilde, ekmek hamurunun
viskoelastik 6zellikleri, ekmegin kabarma ve pisme siirecini
etkiler ya da diistik yagh tirtinler gelistirilirken, yagin ¢ikarilmasi
sonucu olusabilecek doku ve kivam degisikliklerinin telafi
edilmesi i¢in reolojik modifikasyonlar yapilir (Rao, 2014). Bu
nedenle, gida miihendisleri ve bilim insanlari, gida reolojisini
kullanarak {iirtin kalitesini ve tiiketici memnuniyetini artirmay1
hedefler (Tabilo-Munizaga & Barbosa-Canovas, 2005).
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1.5. Reolojinin Gelecegi ve Gelisen Arastirma Alanlar:

Reoloji  alanindaki aragtirmalar, gida bilimi ve
teknolojisinde  yeni ufuklar ag¢maktadir. Nanoteknoloji,
biyoteknoloji ve ileri reolojik modelleme teknikleri, gida
reolojisinde yeni uygulamalarin gelistirilmesine olanak tanir.
Ornegin, nano dlgekte reolojik ozelliklerin incelenmesi, gida
tirlinlerinin mikroyapisinin daha iyi anlasilmasina ve optimize
edilmesine yardimeci olabilir. Ayrica, biyoteknolojik yaklagimlar,
gida reolojisinin molekiiler diizeyde incelenmesini saglayarak,
yeni ve yenilikg¢i gida tirlinlerinin gelistirilmesine katkida bulunur
(Mezger, 2006).

2. GIDALARIN REOLOJIK OZELLIKLERI
2.1. Temel Reolojik Ozellikler

2.1.1. Viskozite: Newtonian ve Non-Newtonian
Akiskanlar

Viskozite, bir stvinin akisa kars1 gosterdigi direng olarak
tanimlanir ve gida reolojisinin temel taglarindan biridir.
Viskozitenin temel kavramlari, Newtonian ve Non-Newtonian
akiskanlardir. Newtonian akigkanlar, sabit viskoziteye sahip olup,
kesme hizina bagh olarak viskoziteleri degismeyen sivilardir. Su
ve bitkisel yaglar Newtonian akigkanlara 6rnek olarak verilebilir
(Barnes, 2000). Bu tiir akigkanlar, basit ve lineer bir akis davranisi
sergiler, bu nedenle endiistriyel uygulamalarda kolaylikla tahmin
edilebilir ve yonetilebilirler (Rao, 2014).

Non-Newtonian akigkanlar ise, viskozitenin kesme hizina
bagli olarak degistigi sivilardir. Bu tiir akigkanlar, farkli stres ve
gerilme kosullarinda farkli viskozite degerleri sergilerler. Non-
Newtonian akigkanlar, gida endiistrisinde yaygin olarak bulunur
ve onlarin davranislarinin anlasilmasi, islenmeleri ve kalite
kontrolii agisindan kritik 6neme sahiptir (Rao, 2014). Ketcap,
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yogurt ve c¢ikolata gibi gida iirlinleri non-Newtonian davranig
gosterir. Bu tiir akiskanlar, baglica dort kategoriye ayrilir.
Dilatant akigkanlar, kesme hiz1 arttikca viskozitesi artan
akigkanlardir. Misir nisastasi ve su karisimi bu duruma ornektir
(Steffe, 1996). Pseudoplastik akiskanlar ise, kesme hizi1 arttik¢a
viskozitesi azalan akigskanlardir; mayonez ve domates sosu gibi
rtinler bu kategoride yer alir (Steffe, 1996; Mezger, 2006).
Viskoelastik akigkanlar, hem viskoz hem de elastik 6zellikler
sergiler. Bu tiir akigkanlar, uygulanan stres ortadan kalktiktan
sonra kismen eski sekline donebilir. Peynir, et emiilsiyonlar1 ve
jelatin cozeltileri bu kategoriye 6rnektir (Rao, 2014). Bingham
plastik akigkanlar, belirli bir gerilme esiginin iizerinde akmaya
baslar. Bu esigin altindaki stresler altinda akis géstermeyen bu tiir
akigskanlar, mayonez ve bazi domates soslar1 gibi gidalarda
bulunur (Steffe, 1996).

Newtonian ve non-Newtonian akiskanlar arasindaki
farklar, gida tirlinlerinin iglenmesi ve tliketici deneyimi lizerinde
onemli etkilere sahiptir. Non-Newtonian akiskanlarin karmagik
viskozite davranislari, iiretim siire¢lerinde daha hassas kontrol ve
optimize edilmis isleme yontemleri gerektirir (Morrison, 2001).
Ornegin, bir ketcap iiretim hattinda viskozite degisimleri, dolum
hizin1 ve ambalaj kalitesini etkileyebilir. Bu nedenle, non-
Newtonian akigkanlarin reolojik 6zelliklerini dogru bir sekilde
anlamak ve modellemek, iiriin kalitesinin ve verimliliginin
artirllmasinda kritik bir rol oynar (Tarrega & Costell, 2006).

Gida  endiistrisinde,  viskozitenin  Olglilmesi  ve
yonetilmesi, {irlin formiilasyonlarinin ve isleme parametrelerinin
optimize edilmesine yardimci olur. Rotasyonel viskozimetreler
ve kapiler reometreler gibi cihazlar, Newtonian ve non-
Newtonian akiskanlarin viskozite Olgiimlerinde yaygin olarak
kullanilir (Rao, 2014). Bu cihazlar, gida tiretiminde kullanilan
malzemelerin ve Urinlerin reolojik o6zelliklerini anlamak ve
kontrol etmek icin temel araglardir.
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2.1.1.1. Elastikiyet ve Plastik Davramslar

Elastikiyet, bir malzemenin uygulanan bir kuvvet
kaldirildiginda orijinal sekline donme yetenegidir. Elastik
davranig gosteren gidalar, belirli bir kuvvet altinda sekil degistirir
ancak bu kuvvet kaldirildiginda eski haline geri doner. Jelatinli
tathlar ve ekmek hamuru elastik davranis sergileyen gidalara
ornek olarak verilebilir (Ferry, 1980). Ekmek hamurunun
elastikiyeti, gluten proteinlerinin olusturdugu ag yapisindan
kaynaklanir ve hamurun yogurma ve fermentasyon siireclerinde
sekil almasmna ve kabarmasina olanak tanir (Tunick, 2010).
Elastik ozellikler, gidalarin ¢igneme ve yutma sirasindaki
hissiyatint  dogrudan etkiler ve bu nedenle tiiketici
memnuniyetinde énemli bir faktérdir (Morrison, 2001).

Plastik davranislar ise, bir malzemenin belirli bir gerilim
seviyesinin tizerinde kalic1 deformasyon gostermesi durumudur.
Margarin ve tereyagi gibi gidalar plastik davranis 6rnekleridir. Bu
tirtinler, belirli bir stresin altinda akmaya baglar ve bu stres
kaldirildiginda kalict bir sekil degisikligi gosterirler (Barnes,
2000). Plastik davranislar, gida iiriinlerinin isleme ve depolama
kosullarina nasil tepki verecegini belirlemede kritik Oneme
sahiptir (Mezger, 2006).

Gidalarin  elastikiyet ve  plastik  davraniglarinin
anlagilmasi, iiriin gelistirme ve kalite kontrol siire¢lerinde 6nemli
bir rol oynar. Ornegin, ekmek hamurunun elastik 6zellikleri,
firinlanma siirecinde kabarma ve nihai {iriiniin dokusunu etkiler.
Benzer sekilde, margarin gibi drinlerin plastik 0Ozellikleri,
yayllma ve saklama kosullarina baghh olarak degisiklik
gosterebilir (Steffe, 1996). Bu nedenle, elastikiyet ve plastik
davraniglarin dogru bir sekilde 6l¢iilmesi ve modellenmesi, gida
uretim sureclerinin optimize edilmesine yardimci olur (Rao,
2014).
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Gida miihendisliginde kullanilan gesitli 6l¢iim teknikleri,
elastik ve plastik davraniglarin degerlendirilmesinde Snemli
araglar sunar. Dinamik mekanik analiz (DMA) ve tekstur analiz
cihazlari, gidalarin elastik ve plastik 6zelliklerini belirlemek icin
yaygin olarak kullanilir. Bu teknikler, gidalarin mekanik
Ozelliklerini karakterize ederek, {iriin gelistirme ve kalite kontrol
siireclerinde degerli bilgiler saglar (Mezger, 2006).

2.1.1.2. Zamana Bagh Reolojik Davranislar:
Tiksotropi ve Reopeksi

Zamana bagli reolojik davraniglar, bir malzemenin
zamanla nasil tepki verdigini ve degistigini ifade eder. Tiksotropi,
bir malzemenin sabit kesme hiz1 altinda viskozitesinin azalmasi
ve dinlenme durumunda viskozitesinin artmasidir. Bu 6zellik,
ozellikle ketcap ve yogurt gibi gida irilinlerinde yaygindir
(Barnes, 2000). Tiksotropik davranislar, gida {riinlerinin
islenmesi ve tiiketiciye sunulmasinda énemli rol oynar. Ornegin,
bir ketcap sisesinin ¢alkalanmasi, iiriiniin akisini kolaylastirarak
tiiketici deneyimini iyilestirir (Steffe, 1996).

Reopeksi, tiksotropinin tersine, bir malzemenin sabit bir
kesme hizi altinda viskozitesinin artmasi ve dinlenme durumunda
viskozitesinin azalmasidir. Reopektik davraniglar daha nadir
goriiliir, ancak bazi nisasta bazli ¢ozeltilerde ve jellerde bu tiir
davraniglar gozlemlenebilir (Rao, 2014). Reopeksi, gida
tirlinlerinin islenmesi sirasinda istenmeyen tikanmalarin ve akis
problemlerinin  6nlenmesi igin dikkat edilmesi gereken bir
Ozelliktir (Mezger, 2006).

Tiksotropi ve reopeksi gibi zamana bagli reolojik
davraniglar, gida {riinlerinin stabilitesi ve raf omrii iizerinde
onemli etkilere sahiptir. Bu o0zelliklerin dogru bir sekilde
anlagilmasi, iiriin formiilasyonlarinin ve isleme parametrelerinin
optimize edilmesine yardimci olur. Ornegin, tiksotropik bir
yogurt iiretiminde, {riiniin viskozitesinin zamanla nasil
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degistigini anlamak, tiretim siirecinin ve son iriiniin kalitesini
tyilestirmek icin kritiktir (Morrison, 2001).

Gida reolojisinde zamana bagli davranislarin dl¢tilmesi ve
analizi, 0zel test cihazlar1 ve protokoller gerektirir. Rotasyonel
viskozimetreler ve reometreler, tiksotropi ve reopeksi gibi
davraniglart degerlendirmek i¢in yaygin olarak kullanilir. Bu
cihazlar, gida friinlerinin zamana bagl reolojik O6zelliklerini
belirlemek ve bu Ozelliklerin isleme kosullarina ve tiiketici
beklentilerine uygun olup olmadigin1 degerlendirmek igin kritik
araglardir (Steffe, 1996).

Sonug olarak, viskozite, elastikiyet, plastik davranislar ve
zamana bagli reolojik 6zellikler, gida iirlinlerinin fiziksel ve
duyusal o6zelliklerini belirler. Bu 6zelliklerin dogru bir sekilde
anlasilmas1 ve modellenmesi, gida iiretim siireglerinin optimize
edilmesine ve daha yiiksek kaliteli tirlinlerin gelistirilmesine
olanak tanir. Gida reolojisi, hem bilimsel arastirmalar hem de
endistriyel uygulamalar i¢in Onemli bir alan olup, gida
mithendisligi ve teknolojisinin geleceginde kritik bir rol
oynamaya devam edecektir (Rao, 2014).

3. GIDALARIN REOLOJIK OZELLIKLERI
3.1. Reolojik Ozellikleri Belirleyen Faktorler

Bir gidanin reolojik davranisi, tiiketicinin algiladigi doku
ve kivam gibi 6zellikleri etkileyerek, {iriinlin kabul edilebilirligini
dogrudan belirler.

Reolojik  Ozellikleri  belirleyen  bircok  faktor
bulunmaktadir. Bu faktorler arasinda gidanin kompozisyonu,
isleme yontemleri, saklama kosullart ve ortam sicakligi gibi
degiskenler yer alir. Her bir faktor, gidanin reolojik o6zellikleri
tizerinde farkli derecelerde etki yapabilir ve bu etkilerin
anlasilmasi, gida tiretim siirecinin optimize edilmesine yardimei
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olur. Ornegin, bir gidanm su icerigi ve yag miktar, iiriiniin
viskozitesini ve akis 6zelliklerini belirlemede temel rol oynar.

3.1.1. Kompozisyon

Gidalarin reolojik Ozelliklerini belirleyen en temel
faktorlerden biri, bilesenlerinin kompozisyonudur. Gidalarin ana
bilesenleri olan su, yag, protein ve karbonhidratlar, {iriiniin
viskozitesini, elastikiyetini ve akis 6zelliklerini dogrudan etkiler.

3.1.1.1. Su icerigi

Su, gidalarin reolojik 6zelliklerinde 6nemli bir rol oynar.
Su igerigi, gidanin akiskanligini ve viskozitesini belirler (Steffe,
1996). Ornegin, yiiksek su igerigi, genellikle diisiik viskozite ve
daha akiskan bir yap1 ile sonuglanir. Bu durum, ¢orbalar ve soslar
gibi s1v1 gidalarda belirgin bir sekilde gozlenebilir (McClements,
2015).

3.1.1.2. Yag

Yag, gidalarin doku ve kivamini belirlemede kritik bir
bilesendir. Yag molekiilleri, gidalarin kremams: yapisin1 ve
agizda dagilma ozelliklerini etkiler. Ornegin, yiiksek yag
icerigine sahip dondurma, daha piiriizsiiz ve kremsi bir dokuya

sahip olur (Sikorski, 2007).
3.1.1.3. Protein

Proteinler, gidalarin yapisal 6zelliklerini ve jellesme
kapasitesini etkiler. Ozellikle et Grlnleri ve sut Griinlerinde,
proteinlerin reolojik davranisi, iirliniin dokusal 6zelliklerini
belirler. Proteinler, 1sitma veya pH degisiklikleri ile denatiire
olarak, gidanin viskozitesinde ve elastikiyetinde degisikliklere
neden olabilir (Damodaran, 2008).

3.1.1.4. Karbonhidratlar

Karbonhidratlar, gidalarin viskozitesini ve jel yapisini
belirler. Nisasta ve seliiloz gibi polisakkaritler, suyu baglayarak
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viskoziteyi artirir ve gidanin kivami belirler. Ornegin, nisasta
icerigi yiiksek olan bir sos, daha kalin ve yogun bir yapiya sahip
olacaktir (BeMiller, 2007).

3.1.2. Sicaklik ve Basing

Gidalarin reolojik 6zellikleri, sicaklik ve basing gibi
fiziksel kosullardan da etkilenir. Sicaklik degisiklikleri, gidanin
molekiiler yapisin1 ve akis Ozelliklerini etkileyerek reolojik
davranista degisikliklere neden olur.

3.1.2.1. Sicakhk

Sicaklik, gidalarin viskozitesini ve elastikiyetini dogrudan
etkiler. Genellikle, sicaklik arttik¢a gidanin viskozitesi azalir ve
akiskanlhig1 artar. Ornegin, ¢ikolata {iretiminde sicaklik kontrolii,

tirtinlin akigkanligini ve temperleme siirecini etkiler (Afoakwa,
2011).

3.1.2.2. Basing

Basing, ozellikle sivi gidalarin reolojik ozelliklerini
degistirebilir. Yiiksek basin¢ uygulamalari, gidalarin molekiiler
yapisini degistirerek viskoziteyi ve jel olusumunu etkileyebilir.
Bu durum, 6zellikle yiiksek basingli islem gérmiis meyve sular
ve sut driinlerinde gozlenir (Rastogi, 2003).

3.1.3.isleme Yontemleri

Gidalarin reolojik 6zelliklerini belirleyen bir diger 6nemli
faktor, uygulanan isleme yontemleridir. Karistirma, 1sitma ve
sogutma gibi islemler, gidanin yapisal 6zelliklerini ve reolojik
davranigin1 6nemli dlciide etkileyebilir.

3.1.3.1. Karistirma

Karigtirma, gidalarin homojenligini ve doku 6zelliklerini
belirlemede kritik bir rol oynar. Yetersiz karistirma, gidalarin
yapisinda diizensizliklere ve istenmeyen doku 6zelliklerine neden
olabilir. Ornegin, hamurun karistirma siiresi ve hizi, ekmek
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yapisinda ve dokusunda belirleyici olabilir (Hamlet & Sadd,
2004).

3.1.3.2. Isitma

Isitma islemi, gidalarin protein denatiirasyonunu, nigasta
jelatinizasyonunu ve yag erimesini etkileyerek reolojik
ozelliklerde degisikliklere yol acar. Ornegin, et iiriinlerinin
pisirilmesi sirasinda proteinlerin denatlire olmasi, T{riiniin
tekstiirel 6zelliklerini belirler (Gerrard, 2002).

3.1.3.3. Sogutma

Sogutma, gidalarin reolojik 6zelliklerini stabilize etmek
ve istenilen dokuya ulasmak icin kullamilir. Ozellikle
dondurulmus gidalarda, sogutma hiz1 ve kosullari, {iriiniin kristal
yapisini ve dokusunu etkiler (Reid, 1998).

3.1.4.Saklama Kosullari

Gidalarin reolojik 6zellikleri, saklama kosullarindan da
etkilenir. Nem, sicaklik ve 1s1k gibi faktorler, gidalarin yapisal
biitiinliiglinii ve reolojik davranisini etkileyebilir.

3.1.4.1.Nem

Nem, gidalarin su aktivitesini ve dolayisiyla reolojik
ozelliklerini etkiler. Yiiksek nem igerigi, gidalarin yumusamasina
ve viskozitesinin diismesine neden olabilir. Bu durum, 6zellikle
biskiivi ve kraker gibi kuru gidalarda 6nemlidir (Peleg, 1993).

3.1.4.2.S1caklik

Saklama sicakligi, gidalarin reolojik  Ozelliklerini
korumada kritik bir faktordir. Yiksek sicaklik, gidalarin
bozulmasina ve yapisal degisikliklere neden olabilir. Ornegin, siit
tiriinlerinin soguk zincirde saklanmasi, iirlinlin viskozitesini ve
stabilitesini korur (Fox, 2000).
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3.1.4.3.Isik

Isik, ozellikle yag icerigi yiiksek gidalarda oksidasyona
neden olarak reolojik 6zelliklerde degisikliklere yol acabilir. Bu
nedenle, 1518a duyarh gidalarin uygun ambalajlarda saklanmasi
onemlidir (Frankel, 2005).

4. REOLOJIK OZELLIKLERIN OLCUM
TEKNIKLERI

Rotasyonel viskozimetreler, kapiler reometreler, duyusal
analiz yontemleri ve tekstiir analiz cihazlar1 gibi araglar, gida
urtinlerinin viskozite, elastikiyet ve dokusal 6zelliklerini 6lgmede
kritik rol oynar. Her bir teknik, gidalarin iiretim, depolama ve
tiketim sureclerinde kalite kontrolli ve optimizasyon icin gerekli
verileri saglar. Ornegin, yogurdun viskozitesinin rotasyonel
viskozimetre ile Ol¢lilmesi, balin kapiler reometre ile karakterize
edilmesi, ¢ikolatanin duyusal analizlerle degerlendirilmesi ve
ekmegin tekstiir analiz cihazlar1 ile test edilmesi gibi
uygulamalar, bu tekniklerin gida endiistrisindeki Onemini
vurgulamaktadir.

Bu reolojik 6l¢iim teknikleri, gida bilimcileri ve tireticileri
icin vazgecilmez araglardir. Gidalarin tiiketici beklentilerini
karsilayacak sekilde gelistirilmesi, kalite kontrol siireglerinin
tyilestirilmesi ve f{irlinlerin piyasada rekabet edebilirliginin
artirilmasi agisindan bu teknikler hayati énem tasir. Her bir
yontemin  sundugu ayrmtili  veriler, gida {rilinlerinin
formiilasyonunu ve isleme parametrelerini optimize etmek igin
kullanilir. Bu sayede, tiiketici memnuniyeti artirilirken, gidalarin
besin degerleri ve duyusal dzellikleri korunur.
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4.1. Ol¢iim Teknikleri ve Ornekler
4.1.1.Rotasyonel Viskozimetreler

Rotasyonel viskozimetreler, viskoziteyi 06lgmek igin
yaygin olarak kullanilan reolojik cihazlardir. Bu cihazlar, bir
numune i¢inde bir probun dondiiriilmesi sirasinda numunenin
gosterdigi direng miktarini 6lgerek calisir. Viskozimetrelerin bu
tdrd, Newtonian ve non-Newtonian sivilarin reolojik 6zelliklerini
belirlemek i¢in oldukga uygundur.

4.1.1.1. Cahisma Prensibi

Rotasyonel viskozimetreler, temel olarak iki bilesenden
olusur: donen bir prob (spindle) ve bu probu belirli bir hizla
dondiiren bir motor. Numune, cihazin numune kabina yerlestirilir
ve prob numune i¢ine daldirilir. Prob dondiiriilmeye
baslandiginda, numunenin viskozitesi, probun donmesine karsi
gosterdigi direng ile belirlenir. Bu direng, motorun probu
dondiirmek i¢in harcadigi tork (momentum) ile orantilidir. Cihaz,
bu tork degerini viskozite birimlerine ¢evirerek sonug verir.

4.1.1.1.1. Ornekler ve Uygulamalar
1. Yogurt Viskozitesinin Olciilmesi:

Yogurt, bircok faktdrden etkilenen kompleks bir reolojik
yapiya sahiptir. Yogurdun piiriizsiizliigii ve akiskanligi, tiiketici
kabull icin 6nemli bir kriterdir. Rotasyonel viskozimetreler,
yogurdun viskozitesini 6lgmek i¢in kullanilir. Bu o6l¢iimler,
yogurdun tiretim surecinde kalite kontroll ve standardizasyonu
icin Kritiktir. Cihaz, belirli bir hizda donen bir prob kullanarak
yogurdun viskozitesini Olger. Elde edilen veriler, yogurdun
yapisal stabilitesini ve tiiketici memnuniyetini degerlendirmede
kullanilir (Ahmed, Barau & Roy, 2023).
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2. Bal Viskozitesinin Olguilmesi:

Bal, yiiksek viskoziteli bir sividir ve viskozitesi, balin
kalitesi ve islenebilirligi i¢in Onemlidir. Rotasyonel
viskozimetreler, balin viskozitesini 6l¢gmek i¢in yaygin olarak
kullanilir.  Yapilan Ol¢iimler, balin {iretim ve paketleme
stireclerinde kalite kontrolii i¢in kullanilir (Tavakoli & Tang,
2017).

3. Sut Uranleri Viskozitesinin Olgtlmesi:

Sat ve sut drdnlerinin  reolojik 0Ozellikleri, tiketici
tarafindan algilanan kaliteyi etkileyen onemli faktorlerdir. St
urtinlerinin viskozitesini 6lgmek igin rotasyonel viskozimetre
kullanilabilir. Bu cihaz, siit iriinlerinin homojenligini ve
stabilitesini degerlendirmek igin idealdir. Ozellikle kremalarn
viskozite Olc¢limleri, lirlinlin agizda biraktig1 his ve tiliketici
memnuniyeti agisindan dnemlidir (Steffe, 1996).

Bu baglamda, rotasyonel viskozimetreler, gida
endiistrisinde genis bir uygulama alanina sahip olup, lirlinlerin
reolojik 6zelliklerini belirlemede kritik bir rol oynar. Bu cihazlar,
gidalarin  kalite kontrolii, {iretim optimizasyonu ve tiiketici
memnuniyetinin saglanmasi i¢in vazgecilmezdir.

4.1.2.Kapiler Reometreler

Kapiler reometreler, sivilarin reolojik ozelliklerini,
ozellikle viskozite ve akis davraniglarini belirlemek igin
kullanilan hassas 6l¢lim cihazlaridir. Bu cihazlar, bir sivinin dar
bir kapiler tiip boyunca akmasini saglayarak, sivinin viskozitesini
ve diger reolojik parametrelerini Olger. Kapiler reometreler,
ozellikle yliksek kesme hizlarinda reolojik ozelliklerin
belirlenmesinde etkilidir.

4.1.2.1. Cahsma Prensibi

Kapiler reometreler, bir numunenin sabit bir basing
altinda dar bir kapiler tiip boyunca akisini 6l¢er. Numune, cihazin
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haznesine yerlestirilir ve basing uygulanarak tlipten gecirilir.
Numunenin tlipten akma hizi ve uygulanan basing, sivinin
viskozitesini ve diger reolojik 0Ozelliklerini belirlemek icin
kullanilir. Kapiler reometreler, akiskanin Newtonian veya non-
Newtonian olup olmadigini belirlemek i¢in de kullanilabilir.

4.1.2.2. Ornekler ve Uygulamalar
4.1.2.2.1. Baln Viskozitesinin Olciilmesi

Bal, yiiksek viskoziteye sahip bir gida maddesidir ve
viskozitesi, balin kalitesi ve islenebilirligi agisindan kritik 6neme
sahiptir. Kapiler reometreler, balin viskozitesini 6lgmek i¢in
yaygin olarak kullanilir. Balin farkli sicakliklarda viskozitesini
Olcerek, balin depolama ve isleme kosullarinin optimize
edilmesine yardimci olur. Elde edilen veriler, balin raf 6mrii ve
tiketici kabull icin 6nemlidir (Tavakoli & Tang, 2017).

4.1.2.2.2. Polimer Cozeltilerinin Reolojik
Ozelliklerinin Belirlenmesi

Polimer ¢ozeltileri, birgok endiistriyel ve gida
uygulamasinda kullanilir. Kapiler reometreler, bu ¢ozeltilerin
viskozite ve akis 6zelliklerini belirlemek i¢in etkili bir yontemdir.
Bir gida ambalaji iiretiminde kullanilan polimer ¢ozeltilerinin
viskozitesini 6lgmek icin kullanilan kapiler reometre, polimer
cozeltilerinin iretim siirecindeki performansini degerlendirmek
icin gereken reolojik verileri saglar (Morris, 1984).

4.1.2.2.3. Surup ve Soslarin Viskozitesinin Olciilmesi

Surup ve soslar, gida endiistrisinde yaygin olarak
kullanilan yiiksek viskoziteli sivilardir. Kapiler reometreler, bu
tiir tiriinlerin viskozitesini ve akis 6zelliklerini belirlemek igin
kullanilir. Ketgap gibi bir sosun viskozitesini Olgmek igin
kullanilan kapiler reometre, ketcabin farkli kesme hizlarindaki
viskozitesini  Olgerek, driiniin tiiketici tarafindan nasil
algilanacagini ve islenebilirligini degerlendirir (Steffe, 1996).
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4.1.3.Tekstiir Analiz Cihazlar (TPA)

Tekstiir analiz cihazlari, gidalarin fiziksel 6zelliklerini
mekanik olarak oOlgen cihazlardir. Bu cihazlar, gidalarin
sikigtirma, germe, kesme, kopma ve diger mekanik testler yoluyla
dokusal oOzelliklerini belirler. Gidalarin tekstiirel o6zellikleri,
tiketici tarafindan algilanan kalite ve kabul edilebilirlik agisindan
bliyiik 6nem tasir. Tekstiir analiz cihazlari, gida lireticilerine liriin
kalitesini kontrol etme ve iyilestirme konusunda kritik bilgiler
saglar.

4.1.3.1. Cahsma Prensibi

Tekstiir analiz cihazlari, numunenin belirli bir kuvvet
altinda gosterdigi tepkiyi Olcer. Cihaz, genellikle bir prob veya
plaka kullanarak numuneye mekanik bir test uygular. Test
sirasinda, kuvvet ve deformasyon miktar1 kaydedilir ve bu veriler
kullanilarak numunenin tekstiirel 6zellikleri hesaplanir. En
yaygin kullanilan test yontemleri arasinda sikistirma testi, kesme
testi, germe testi ve penetrasyon testi yer alir.

4.1.3.2. Ornekler ve Uygulamalar
4.1.3.2.1. Ekmek Tekstiiriiniin Analizi

Ekmek, dokusu itibariyle tuketici beklentilerini
karsilamasi gereken bir tirtindiir. Ekmek kabugunun sertligi ve i¢
yapisinin  yumusakligi, tiiketici tarafindan algilanan kaliteyi
etkiler. Tekstiir analiz cihazlari, bu 6zellikleri belirlemek igin
kullanilir. Ekmek numunelerinin sikistirma testi i¢in kullanilan
tekstiir analiz cihazinda, ekmek diliminin Gsttine belirli bir kuvvet
uygulanir ve ekmegin sikistirma sirasinda gosterdigi direnci
Olger. Elde edilen veriler, ekmegin kabuk sertligi ve i¢ yapisinin
yumusakligini belirlemek i¢in kullanilir (Scanlon & Zghal,
2001).
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4.1.3.2.2. Et Uriinlerinin Tekstiir Analizi

Et ve et {lrilinleri, tiikketici tarafindan algilanan kalite
acisindan dokusal ozelliklere biiylik 6nem verir. Etin sertligi,
cignenebilirligi ve sulu yapisi, tekstiir analiz cihazlar ile
degerlendirilebilir. Et numunelerinin kesme testi i¢in kullanilan
tekstlir analiz cihazi, numuneyi bir bigak veya bigak seti ile
keserek, etin kesme direncini ve kopma kuvvetini olger. Bu
Olciimler, etin yumusaklik ve c¢ignenebilirlik 6zelliklerini
belirlemek i¢in kullanilir (Tornberg, 2005).

4.1.3.2.3. Meyve ve Sebzelerin Tekstiir Analizi

Meyve ve sebzelerin dokusal 0zellikleri, tuketici
tarafindan algilanan tazelik ve kalite acisindan 6nemlidir. Tekstiir
analiz cihazlari, bu iiriinlerin sertlik, kirilganlik ve sulu yap1 gibi
Ozelliklerini  belirler. Elma gibi bir meyvenin teksturel
oOzelliklerini analiz etmek icin kullanilan tekstiir analiz cihazi,
elmanin belirli bir kuvvet altinda sikistirilmasi veya delinmesi
sirasinda gosterdigi tepkiyi olcer. Elde edilen veriler, elmanin
sertligi ve kirllganlik 6zelliklerini degerlendirmek i¢in kullanilir
(Harker & Maindonald, 1994).

Bu cihazlar, tiriinlerin tiiketici beklentilerini karsilayacak
sekilde gelistirilmesine yardime1 olur ve gida kalitesini artirir.

5. GIDALARDA REOLOJININ UYGULAMA
ALANLARI

Gida reolojisi, gida maddelerinin akis ve deformasyon
davraniglarini anlamamiza yardimci olur.

5.1. Uygulama Alanlari ve Ornekler
5.1.1.Gida Isleme: Karistirma ve Homojenizasyon

Gida isleme sirasinda reolojik ozellikler, karistirma ve
homojenizasyon gibi islemler iizerinde dogrudan etkilidir.
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Karigtirma islemi, malzemelerin homojen bir karisim olusturmasi
amaciyla yapilirken, homojenizasyon islemi, gida bilesenlerinin
esit dagilimini saglar. BOylece gida bilesenlerinin birlesmesini ve
istenen doku ile lezzetin elde edilmesini saglar. Homojenizasyon,
ozellikle sivi gidalarda, bilesenlerin mikroskobik diizeyde esit
dagilimini saglamada kullanilir. Bu stiregler, gidalarin raf 6mriinti
uzatmak ve tiketiciye daha tutarli bir tirtin sunmak i¢in kritiktir.

Yogurt Uretimi: Yogurt iiretiminde, siit ve yogurt
kiiltiirlerinin homojen bir karisim olusturmasi i¢in karistirma ve
homojenizasyon islemleri yapilir. Bu islemler, yogurdun
plirlizsiiz bir dokuya sahip olmasint ve istenen viskoziteye
ulagmasini saglar (Gonzalez-Tomas & Costell, 2006).

Dondurma Uretimi: Dondurma iiretiminde, siit, seker ve
diger bilesenlerin homojen dagilimin1  saglamak igin
homojenizasyon uygulanir. Bu, dondurmanin kremsi dokusunu
ve piiriizsiiz yapisini korur (Marshall, Goff & Hartel, 2003).

Mayonez Uretimi: Mayonez iiretiminde, yag ve su
fazlarinin emiilsifikasyonu sonucu olusan {riiniin doku ve
kivami, reolojik &zellikler kullanilarak optimize edilir. Iyi bir
mayonez, belirli bir viskoziteye sahip olmali ve agizda hos bir his
birakmalidir (McClements, 2005).

Ekmek Uretimi: Ekmek hamurunun yogrulmasi
sirasinda  hamurun reolojik 06zellikleri, ekmegin kabarma
kapasitesini ve son Urlndn dokusunu belirler. Bu siirecte gluten
gelisimi ve su tutulumu gibi reolojik faktorler 6nemli rol oynar
(Rosell, Rojas, & Benedito de Barber, 2001).

5.2. Kalite Kontrol: Uriin Standardizasyonu

Gida tiriinlerinin iiretim siire¢lerinde, belirli bir kalite
standardinin korunmasi i¢in reolojik testler yapilir. Bu testler,
triinlerin viskozite, elastikiyet ve akis Ozelliklerini olgerek,
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tiretim stirecinde herhangi bir sapma olup olmadigini belirlemeye
yardimci olur.

Ketcap Uretimi: Ketcap tretiminde, Griintn belirli bir
akiskanlik ve kivamda olmasi gerekir. Bu, tiiketici beklentilerini
karsilamak i¢cin Onemlidir. Reolojik testler, ketcapin
viskozitesinin siirekli olarak kontrol edilmesini saglar (Steffe,

1996).

Cikolata Uretimi: Cikolata iiretiminde, {iriiniin akis
ozellikleri ve kivami reolojik testlerle kontrol edilir. Bu,
cikolatanin dogru sekilde kaliplanmasini ve son iiriiniin istenen
ozelliklere sahip olmasini saglar (Afoakwa, 2010).

5.3. Gidalarda Reolojik Modelleme ve Simiilasyon
Calismalan

Gida endiistrisi, iirtin kalitesini ve isleme verimliligini
artirmak i¢in reolojik modelleme ve simiilasyon tekniklerine
giderek daha fazla O6nem vermektedir. Gidalarin reolojik
Ozelliklerinin dogru bir sekilde modellenmesi hem Uretim
streclerinin optimizasyonu hem de tiketici memnuniyetinin
artirtlmas1 acisindan kritik bir rol oynamaktadir. Reolojik
modelleme ve simiilasyon, gida miihendisliginin geleceginde
onemli bir yere sahiptir ve yenilik¢i iirlinlerin gelistirilmesine
olanak tanimaktadir (Steffe, 1996).

Gidalarda reolojik modelleme, {riinlerin  akis ve
deformasyon davraniglarini anlamak ve tahmin etmek igin
matematiksel modellerin kullanilmasidir. Bu modeller, gidalarin
viskozite, elastikiyet ve plastisite gibi reolojik 0Ozelliklerini
tamimlayarak, isleme ve depolama kosullarinda nasil
davrandiklarini éngérmeye yardimer olur. Ozellikle, karmasik
gida matrislerinin davranisim1 tahmin etmek i¢in kullanilan
modelleme teknikleri, Gretim slreclerinin optimize edilmesine
olanak tanir (Rao, 2014). Ornegin, yogurt ve dondurma gibi
fermente  sGt  Grunlerinin - viskoelastik  6zelliklerinin
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modellenmesi, iiriin kalitesinin ve stabilitesinin korunmasinda
biiylik 6nem tagir (Tarrega & Costell, 20006).

Simiilasyon ¢aligmalari, gida {riinlerinin  isleme
kosullarinda nasil davrandigin1 gorsellestirmek ve analiz etmek
icin  bilgisayar destekli araglarin  kullanilmasini igerir.
Simiilasyon teknikleri, 06zellikle akigkan dinamigi (CFD)
modelleri, gidalarin {iretim siireglerinde karsilasabilecekleri
zorluklart Ongérmek ve bu siiregleri optimize etmek igin
kullanilir. Ornegin, bir gida karisiminin bir boru hatt1 boyunca
akisinin simiile edilmesi, iiretim hattindaki tikanikliklarin
Onlenmesine ve enerji verimliliginin artirilmasima yardimci
olabilir (Datta, 2016). Bu tiir simiilasyonlar, ayn1 zamanda yeni
iriin formiilasyonlarinin gelistirilmesi ve mevcut iiriinlerin
tyilestirilmesi i¢in de kullanilir (Marangoni & Narine, 2002).

Gidalarda  reolojik  modelleme ve  simiilasyon
caligmalarinin bir diger 6nemli alani, gida giivenligi ve kalite
kontroliidiir. Reolojik o6zellikler, {iriinlerin mikro yapisini ve
bilesimini etkileyerek, gida giivenligi ve raf Omrii iizerinde
dogrudan etkiye sahiptir. Ozellikle, jelatinlesme, koagiilasyon ve
nigasta retrogradasyonu gibi reolojik degisimlerin modellenmesi,
gidalarin depolama kosullarina ve tiiketici beklentilerine uygun
olarak tasarlanmasini saglar (Ross-Murphy, 1995). Bu, gida
ureticilerinin Griin Kkalitesini tutarli bir sekilde saglamasina ve
gida israfin1 azaltmasina olanak tanir (Campbell & Mougeot,
1999).

Gelecekteki arastirmalar, gidalarda reolojik modelleme ve
simiilasyon tekniklerinin daha da gelistirilmesine odaklanacaktir.
Ozellikle, gelismis bilgisayar modelleri ve yapay zeka
algoritmalarinin entegrasyonu, reolojik davranislarin daha dogru
ve hizli bir sekilde tahmin edilmesine olanak taniyacaktir (Chen,
Ramaswamy & Alli, 2001). Ayrica, nanoteknoloji ve
biyoteknoloji alanlarindaki ilerlemeler, gidalarin reolojik
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ozelliklerinin daha detayli incelenmesini ve yeni iiriin gelistirme
stireclerinin hizlandirilmasini saglayacaktir (Mezger, 2006). Bu
gelismeler, gida endiistrisinde yenilik¢i ve yiiksek kaliteli
irlinlerin iiretilmesine 6nemli katkilar saglayacaktir.

6. SONUC

6.1. Gida Reolojisinin Onemi ve Gida
Endiistrisindeki Rolii

Gida reolojisi, akigkanlarin ve yumusak katilarin
deformasyon ve akis davraniglarini inceleyen bir bilim dalidir.
Gida endiistrisinde, iriinlerin fiziksel Ozelliklerini ve igleme
davraniglarini anlamak ve kontrol etmek i¢in reoloji bilgisi kritik
bir rol oynar. Viskozite, elastikiyet ve plastik davraniglar gibi
temel reolojik 6zellikler, rtnlerin kalitesi ve tiketici deneyimi
tizerinde dogrudan etkiye sahiptir. Reolojik 6zelliklerin dogru bir
sekilde anlasilmasi, gida iiretim siireclerinin optimize edilmesine

ve daha yiiksek kaliteli {iriinlerin gelistirilmesine olanak tanir
(Rao, 2014).

Gida reolojisi, ayn1 zamanda iiriin standardizasyonu ve
kalite kontrol siireclerinde de onemli bir rol oynar. Uriinlerin
reolojik Ozelliklerinin duzenli olarak 6l¢lilmesi ve izlenmesi,
tiretim siirecindeki sapmalarin erken tespit edilmesini ve
diizeltilmesini saglar. Bu, tiikketici memnuniyetini artirmak ve
piyasa rekabetinde avantaj saglamak icin kritiktir. Ayrica,
reolojik analizler, yeni iiriin formiilasyonlarinin gelistirilmesinde
ve mevcut lrilinlerin iyilestirilmesinde degerli bilgiler sunar
(Steffe, 1996).

6.2. Gelecek Planlar1 ve Reolojik Bilgilerin
Kullamiminin Onemi

Gida reolojisinin gelecekteki arastirma alanlar1 ve
gelismeler, bu alanin daha da genislemesini ve derinlesmesini
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vaat etmektedir. Yeni reolojik dl¢lim cihazlarinin gelistirilmesi,
daha hassas ve dogru dl¢limler yapmay1 miimkiin kilarak, {irtin
kalitesini ve isleme verimliligini artiracaktir. Ozellikle, mikro ve
nano Ol¢eklerde reolojik 6zelliklerin incelenmesi, gida biliminde
onemli yeniliklere yol agabilir. Bu tiir gelismeler, sadece gida
tirtinlerinin fiziksel 6zelliklerini iyilestirmekle kalmayacak, ayni
zamanda yeni iirlinlerin ve isleme yontemlerinin gelistirilmesini
de destekleyecektir (Mezger, 2006).

Reolojik  bilgilerin  biyoteknolojik  uygulamalarda
kullanim1 da biiyiik bir potansiyele sahiptir. Biyomateryallerin ve
biyoteknolojik iiriinlerin reolojik 6zelliklerinin anlasilmasi, tibbi
ve endiistriyel uygulamalarda dnemli iyilestirmeler saglayabilir.
Ornegin, biyomalzemelerin viskoelastik ézelliklerinin optimize
edilmesi, doku miihendisligi ve ilag tasiyici sistemlerde daha
etkin c¢oziimler sunabilir. Bu tiir yenilikler, gida reolojisinin
sadece gida endiistrisinde degil, ayn1 zamanda biyoteknoloji ve
tip alanlarinda da 6nemli bir rol oynayacagini gostermektedir
(Langer & Peppas, 2003).

6.3. Bilimsel Arastirmalarin ve Teknolojik
Gelismelerin Katkisi

Bilimsel arastirmalar ve teknolojik gelismeler, gida
reolojisi alaninda Onemli ilerlemeler saglamaktadir. Gelismis
reolojik Ol¢iim cihazlari ve simiilasyon teknikleri, gida
tirlinlerinin akis ve deformasyon davraniglarini daha detayli ve
dogru bir sekilde incelemeyi miimkiin kilar. Bu tiir teknolojiler,
gida lretim siireclerinin ve iiriin formiilasyonlarinin optimize
edilmesine olanak tanir. Ayrica, bilgisayar destekli simiilasyonlar
ve modelleme teknikleri, gida {iriinlerinin isleme kosullarinda
nasil davrandigii 6ngorerek, tiretim verimliligini artirmak ig¢in
degerli bilgiler sunar (Datta, 2016).

Gelecekte, yapay zeka ve makine Ogrenimi
algoritmalarinin reolojik analizlerde kullanilmasi, reolojik
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verilerin daha hizli ve dogru bir sekilde islenmesini ve
yorumlanmasini saglayacaktir. Bu, gida tiretim siireclerinde daha
esnek ve uyarlanabilir sistemlerin gelistirilmesine katkida
bulunacaktir.  Ayrica, nanoteknoloji ve  biyoteknoloji
alanlarindaki ilerlemeler, gida reolojisinin daha genis bir
yelpazede uygulanmasini miimkiin kilacaktir. Bu gelismeler, gida
endiistrisinin karsilastig1 zorluklara yenilik¢i ¢oziimler sunarak,
gida bilimi ve teknolojisinde Onemli bir doniim noktasi
olusturacaktir (Bhushan, 2017).
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GENETIGI DEGISTIRILMIS ORGANIZMALAR
(GDO'LAR): TARIM VE HAYVANCILIK
UYGULAMALARI, POTANSIYEL FAYDALAR
VE OLASI RiSKLER

Ozen SOKMEN!
Ayse Neslihan DUNDAR?

1. GIRIS

Genetigi degistirilmis organizmalar, birtakim
biyoteknolojik yontemlerle canlilarin sahip oldugu gen
dizilimlerinin degistirilmesi yoluyla canlilara yeni 6zellikler

kazandirilmast sonucu elde edilen farkli nitelikteki
organizmalardir (Beyatli, 2000; Kula¢ vd., 2006; Kaynar, 2009).

Genetik miihendisligi teknolojisi kullanilarak {iretilen
organizmalar, literatiirde genetigi degistirilmis organizmalar
(GDO), genetik olarak modifiye edilmis organizmalar (GMO), ve
canli modifiye organizmalar (LMO) gibi c¢esitli adlarla
tammlanmaktadir  (Uzogara, 2000; Ozdemir 2004). Bu
organizmalara aktarilan genler ise transgen olarak ifade
edilmektedir (Cellini vd., 2004). Transgenler, hedef organizmada
istenen Ozelliklerin ortaya c¢ikmasmi saglayan genetik
materyallerdir (Gilingér ve Demiryiirek, 2021). Bu teknolojinin
kullanimiyla, bitkilerin hastaliklara kars1 direnci artirilabilir,
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besin degerleri iyilestirilebilir ve hatta ila¢ {iretimi yapilabilir
(Cui vd., 2019; Demirel, 2020).

GDQO’larin yayginlagmasi hem olumlu hem de olumsuz
pek c¢ok tartismayr beraberinde getirmistir. Destekleyenler,
GDOQO’larn, besin kalitesinin ve sagliga yonelik faydalari, meyve
ve sebzelerin raf omrii ile organoleptik kaliteleri, bitkisel ve
hayvansal Urlin verimini artirma hatta yenilebilir as1 tretimi
potansiyelini vurgularken; elestirenler, besin kalitesindeki
degisiklik, gida giivenligi ve saglik etkileri, alerjik reaksiyonlar
ve toksik etkiler, antibiyotige direng¢ olusumu ve cevre {lizerine
olumsuz sonuglar hakkinda endiselerini dile getirmektedirler. Bu
baglamda, GDO’larin giivenligi ve etik boyutlar1 lizerine yapilan
arastirmalar ve tartismalar devam etmektedir (Ozer, 2003; Pusztai
vd., 2003; Costa-Font ve Mossialos, 2007; Celik ve Balik, 2007).

2. GDO’LARIN TARIHCESI

Genetigi degistirilmis organizmalarin (GDO) tarihgesi,
DNA molekiiliiniin 1953 yilinda kesfedilmesiyle baslar. Bu kesif,
gen bilimine yeni bir boyut kazandirmis ve genetik miithendisligi
alaninda devrim niteliginde gelismelere kap1 aralamigtir
(Wieczorek, 2012).

1972 yilinda, ilk rekombinant DNA molekiili elde
edilmistir. Bu 6nemli adim, genetik miithendisligi teknolojisinin
temellerini atmis ve 1973 yilinda ilk basarili DNA klonlama
deneyi gercgeklestirilmistir. 1980 yilina gelindiginde, Amerika
Birlesik Devletleri'nde petrol yiyen bir bakteriye patent
verilmistir. Bu, biyoteknoloji alaninda bir ilki temsil etmektedir
(Demir vd., 1999; Bakirci, 2012).

1982 yilinda, rekombinant DNA teknolojisi kullanilarak
iiretilen insiilin hormonu, Amerikan Gida ve ila¢ Dairesi (FDA)
tarafindan satisa sunulma onay1 aldi. Ayni1 yil, Avrupa'da
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rekombinant DNA teknolojisi ile iiretilen ilk hayvan asisinin
kullanim1 da onaylandi. Bu gelismeler, biyoteknolojinin saglik
alanindaki  uygulamalarmin  hizla yaygimnlastigini  ortaya
koymaktadir (Walsh, 2014).

1983 yilinda, genetigi degistirilmis plazmidler bitkilerin
transformasyonu i¢in kullanilmistir. Bu yontem, bitkilerin
genetik yapisim1 degistirerek tarimsal verimliligi artirmak ig¢in
onemli bir adim olmustur (Yilmaz, 2012). 1985 yilinda, bocek,
bakteri ve viriislere direngli bitkilerin toprakta yetistirilmesi
calismalar1 baslamistir (Denli, 2012).

1986 yilinda, ilk rekombinant as1 olan Hepatit B asis1
tiretilmistir. Bu, biyoteknoloji alaninda onemli bir kilometre
tagidir. 1990 yilinda, ABD'de peynir iiretimi i¢in rekombinant
kimozin kullanilmaya baglanmistir. Bu, gida iiretiminde
biyoteknolojinin kullaniminin bir 6rnegidir (Denli, 2012; Elpe,
2021).

1994 yilinda, genetik miihendisligi ile gelistirilmis ilk
domates, Diinya Gida Orgiitii tarafindan kabul edilmistir. Bu
domates, daha uzun raf omrii ve dayaniklilik gibi 6zelliklere
sahiptir. 1995 yilinda, Bacillus thuringiensis (Bt) geni iceren
musirin ilk kez ekimi yapilmistir. Bu misir, zararli boceklere karsi
dogal bir savunma mekanizmas1 gelistirerek tarimda devrim
yaratmustir (Demir vd., 2006).

1996 yilinda, genetik olarak degistirilmis bitkiler ticari
amagla bliylik Olcekte ekilmeye baglanmistir. Bu, GDO’larin
kiiresel tarimda yaygin olarak kullanilmaya baslandig1 donemin
baslangicini isaret etmektedir (Demir vd., 2006). 1997 yilinda,
koyun Dolly klonlanmistir. Dolly, klonlama teknolojisinin
potansiyelini gosteren ilk memelidir (Hemmer, 2005).

2000 yilinda, 'Altin piring' olarak bilinen ve provitamin A
ireten piring gelistirilmistir. Bu piring, besin degerinin artirilmasi
amaciyla genetik miihendisligi kullanilarak {retilmis olup,
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ozellikle gelismekte olan tilkelerdeki vitamin A eksikligine bagh
saglik sorunlarinin giderilmesine ydnelik onemli bir adim
olmustur (Zdlal, 2000; Zulal, 2003).

Genetik miihendisligi ve biyoteknoloji alanindaki bu
onemli gelismeler, GDO'larin tarim, saglik ve gida iiretiminde
genis capta kullanilmasina olanak saglamis ve giinlimiizde de bu
teknolojiler hizla gelismeye devam etmektedir.

3. GDO’LARIN TARIM ALANINDA KULLANIM

Genetigi degistirilmis organizmalar (GDO'lar), tarim
sektoriinde cesitli avantajlar saglamak amaciyla yaygin bir
sekilde kullanilmaktadir. Bu teknolojinin hedefleri, tarimsal
tretimi artirmak ve siirdiiriilebilirligi  saglamak amaciyla
bitkilerin ¢esitli olumsuzluklara karsi dayanikliligini artirmaktir.
GDO'larin tarimda kullanimi, asagidaki amaglara hizmet
etmektedir:

3.1. Herbisit ve Boceklere Kars1 Dayanikliik

GDO'larin tarimda en yaygin kullanim alanlarindan biri,
bitkilerin herbisit ve boceklere kars1 dayanikliligini artirmaktir.
Genetik miihendisligi ile gelistirilen bitkiler, zararl otlara kars1
kullanilan herbisitlere kars1 dayaniklidir, bu da ciftcilerin herbisit
kullanimlarin1 daha etkin hale getirir ve {iriin verimini artirir. Ayni
sekilde, boceklere karsi direncgli bitkiler gelistirilerek, pestisit
kullaniminin azaltilmasi1 ve c¢evreye olan olumsuz etkilerin
minimize edilmesi saglanir. Ornegin, Bacillus thuringiensis (Bt)
geni eklenen misir ve pamuk, zararli boceklere karsi dogal bir
savunma mekanizmas1 gelistirerek bocek zararlarimi Onemli
dl¢iide azaltmaktadir (Ince vd., 2013).
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3.2. Virusler, Fungus, Bakteri ve Bitki Parazitlerine
Kars1 Direnclilik Kazandirilmasi

GDO'lar, bitkilerin viriisler, fungus, bakteri ve diger bitki
parazitlerine kars1 diren¢ kazanmasini saglar. Bu direng, bitkilerin
hastaliklara kars1 korunmasini ve saglikli biiytimesini destekler.
Ozellikle tropikal ve subtropikal bolgelerde yaygimn olan bitki
hastaliklarina kars1 direngli c¢esitlerin gelistirilmesi, tarimsal
tiretimi ve gida glivenligini artirir (Cabuk vd., 2005).

3.3. Cevresel Faktorlere Dayanikhilik

Genetik miihendisligi, bitkilerin ¢evresel streslere karsi
dayanikliligini artirmada da 6nemli bir rol oynar. Kuraklik,
tuzluluk ve asir1 sicaklik gibi ¢evresel stres faktorlerine dayanikli
bitkiler, olumsuz iklim kosullarinda bile yiiksek verim
saglayabilir. Bu 06zellik, tarimin siirdiiriilebilirligini  ve

verimliligini artirarak, gida iiretiminde istikrar1 saglar (Meseri,
2008).

3.4. Geg¢ Olgunlasma

GDO'lar, bitkilerin olgunlagsma siiresini kontrol ederek,
hasat zamanini uzatabilir ve tiriinlerin raf Omriinii artirabilir. Geg
olgunlagsan meyve ve sebzeler, tasima ve depolama sirasinda daha
az bozulur, bu da gida israfini azaltir ve taze liriinlerin tiiketiciye
daha uzun siire boyunca ulagsmasimi saglar (Uzogara, 2000;
Kiyak, 2004)

3.5. Besinsel Ozelliklerin Gelistirilmesi

Genetik miihendisligi, bitkilerin besinsel 0Ozelliklerini
iyilestirerek, vitamin ve mineral igeriklerini artirabilir. Ornegin,
'Altin Piring' olarak bilinen, provitamin A (beta-karoten) igerigi
yiiksek piring, A vitamini eksikligini gidermeye yonelik bir
¢Oziimdiir. Bu tiir besinsel iyilestirmeler, 6zellikle gelismekte
olan iilkelerdeki beslenme yetersizliklerine karst 6nemli bir
¢6zUm sunar (Zalal, 2000; Zulal, 2003).
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3.6. Sekonder Metabolit, ilac ve As1 Uretimi

GDOQ'lar, tarimda sadece gida iiretimi i¢in degil, ayni
zamanda sekonder metabolitler, ilaglar ve agsilar gibi
biyoteknolojik {iriinlerin iiretimi i¢in de kullanilmaktadir.
Bitkiler, genetik olarak modifiye edilerek, tibbi ve endiistriyel
acidan degerli bilesenler iiretmek iizere kullamlabilir. Ornegin,
bitkilerde insiilin, bliyime hormonu ve as1  gibi
biyofarmasoétiklerin iiretimi, bu teknolojinin saglik sektoriindeki
potansiyel kullanim alanlarin1 gdstermektedir (Demir, 2006;
Velimirov vd., 2008).

GDO'larin  tarimda  kullanimi, tarimsal  verimliligi
artirmanin yani sira, c¢evresel siirdiiriilebilirligi destekler ve
kiiresel gida giivenligine 6nemli katkilarda bulunur. Ancak, bu
teknolojinin glivenligi, etik boyutlar1 ve ¢evresel etkileri {izerine
yapilan aragtirmalar ve tartigmalar devam etmektedir. Bu
baglamda, GDQ'larin sorumlu ve kontrollii kullanimi hem
tarimsal Uretimin siirdiiriilebilirligi hem de insan saglhigi ve
cevrenin korunmasi agisindan kritik dneme sahiptir.

4. GDO’LARIN HAYVANCILIK ALANINDA
KULLANIMI

Genetigi  degistirilmis  organizmalar  (GDO'lar),
hayvancilik alaninda cesitli amaglarla kullanilmaktadir. Bu
teknolojinin uygulanmasi, hayvanlarin genetik 6zelliklerini
degistirerek verimliligi artirmak, hastaliklara kars1 direng
saglamak ve insan sagligina yonelik faydalar sunmak gibi genis
bir yelpazede ©Onemli avantajlar sunar. Iste GDO'larin
hayvancilikta kullanimiyla ilgili baz1 detaylar:

Ornegin, Polly isimli ilk genetigi degistirilmis kuzuya,
insanlarda eksikliginde hemofiliye neden olan kan pihtilastiric
faktor-9'u kodlayan insan geni aktarilmistir. Bu sayede bu
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proteinin hayvan suttinde ticari anlamda bol miktarda Uretilmesi
miimkiin olmustur. Bu tiir uygulamalar, ilag ve tedavi iiretimi igin
biyoteknolojik hayvanlarin kullanimina yonelik onemli bir
adimdir (Celik ve Balik, 2007).

GDO'larin hayvancilikta kullannomiyla elde edilmek

istenen baslica hedefler sunlardir:

Insan icin Onemli Proteinlerin Uretimi: Insanlar icin
onemli olan proteinlerin Gretimi, genetik olarak modifiye
edilmis hayvanlar kullanilarak artirilabilir. Bu proteinler,
ila¢ ve tedavi amagl kullanilabilir (Stryjewska vd., 2013).

Organ ve Doku Nakilleri: Organ ve doku nakilleri icin
uygun  hayvanlarin  {retilmesi, transplantasyon
stireglerinde kullanilabilir (Uzogara, 2000).

Insan Siitiine Benzer Inek Siitii Yapimi: Insan siitiine
benzer inek siitii liretilmesi, bebek beslenmesinde ve tibbi
amagclarla kullanilabilir (Cetinkaya vd., 2015).

Et ve Siit Uretim Artis1: Hayvanlarin et ve siit iiretim
verimliligini artirarak, tarimsal {iretimin stirdiiriilebilirligi
saglanabilir (Celik ve Balik, 2007).

Ozellik lyilestirmesi ve Hastalik Direnci: Hayvanlarmn
genetik  Ozelliklerini iyilestirerek, hastaliklara kars1
direncli ve verimli hayvanlar elde edilebilir (Celik ve
Balik, 2007).

4.1. Et Verimlerinin Artirilmasi:

Genetik miihendislik ile hayvanlarin et verimleri

artirtlarak, daha fazla et iiretimi saglanabilir. Bu, ozellikle et
iretiminin maliyetini diiglirerek, daha fazla miktarda ve kaliteli et
elde edilmesine olanak tanir (Celik ve Balik, 2007).
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4.2. Siit Uretiminin Artirilmasi

Biiytime hormonu {iretimini tesvik eden genlerin ineklere
aktarilmasi, siit Uretiminin artirtlmasina yardimer olabilir. Bu
sayede daha ylksek verimli sit inekleri elde edilerek, st Gretimi
ve sit {irtinleri iiretimi artirilabilir (Celik ve Balik, 2007).

4.3. Diisiik  Kolesterollii Yumurta Ureten Kiimes
Hayvanlar

Genetik miihendisligi ile diisiik kolesterollii yumurta
tireten kiimes hayvanlari elde edilebilir. Bu tiir yumurtalar, kalp
saglig1 acisindan daha faydali olup, saglikli beslenmeye katki
saglar (Celik ve Balik, 2007).

5. POTANSIYEL FAYDALAR

Genetigi degistirilmis organizmalar (GDO'lar), tarim ve
hayvancilikta sagladigi verimlilik artisi ve hastaliklara karsi
direng gibi avantajlarin yan1 sira, insan sagligina ve beslenmeye
yonelik ¢esitli faydalar da sunmaktadir.

5.1. Besin Kalitesinin ve Saghga Yonelik Faydalarin
Arttirllmasi

GDOQ'lar, besin kalitesini ve saglik tizerindeki olumlu
etkilerini artirmak i¢in kullanilmaktadir. Monsanto sirketi
tarafindan {retilen nisasta igerigi arttirilmis Russert Burbank
patatesleri, kizartma islemi sirasinda daha az yag ¢ekerek, pisirme
siiresi ve maliyetini azaltmaktadir. Bu tiir yenilikler, hem tiiketici
sagligini koruyarak hem de ekonomik tasarruf saglayarak dnemli
avantajlar sunar (Whitney, 2004).

Gen aktarim teknolojisi ile besinlerin protein kalitesi
artirilabilir. Ornegin, proteinin esansiyel amino asit igerikleri
ylukseltilebilir. Bu durum, o6zellikle gelismekte olan iilkelerde
protein yetersizligi sorununa ¢oziim sunabilir (Uzogara, 2000).
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Ayrica, antioksidan vitaminler (vitamin A, C, E),
karotenoidler ve flavonoidler gibi besin dgelerinin miktar1 da
artirtlmaktadir. Bu tiir biyoyararl bilesenler, kanser hiicrelerinin
gelisimini  engelleme  potansiyeline  sahiptir.  Genetigi
degistirilmis iiriinlerde bu vitamin ve minerallerin artirilmasi,
saglikli  beslenme aliskanliklarim1i  destekleyerek, kronik
hastaliklarin 6nlenmesine katki saglar (Uzogara, 2000).

5.2. Meyve ve Sebzelerin Raf Omru ile Organoleptik
Kalitelerinin Arttirilmasi

GDO'lar, meyve ve sebzelerin raf émrinl uzatmada ve
organoleptik (tat, koku, doku) kalitelerini artirmada 6nemli rol
oynamaktadir.  Ozellikle domateslerde  yapilan  genetik
modifikasyonlar, bu Urinlerin raf émrinl uzatarak, taze olarak
daha uzun sure saklanabilmesini saglamistir. Bu tiir uygulamalar,
gida israfim1 azaltarak, tiiketiciye daha kaliteli ve dayanikli
uranler sunar (Uzogara, 2000).

5.3. Bitkisel ve Hayvansal Uriin Veriminin
Arttirllmasi

GDOQ'lar, bitkisel ve hayvansal {riin verimliligini
artirmada da biiyiik potansiyele sahiptir. Carnegie Mellon
Universitesi'nde yapilan bir calismada, Bt musir {iretimiyle
birlikte iirlin veriminin arttig1, pestisit kullaniminin azaldig1 ve
pestisitten kaynaklanan is¢i hastaliklarinin ortadan kalktigi
belirtilmistir. Ayrica, Bt misir liretimi sayesinde misir kalitesinin
arttigit ve bu etmenlerin toplam gelirde %12 artisa olanak
sagladig1 rapor edilmistir. Bu tlir verimlilik artiglari, tarimsal
uretimin  surddrulebilirligini  ve  ekonomik  karliligim
artirmaktadir (Uzogara, 2000).

5.4. Yenilebilir as1 tiretimi

GDOllar, yenilebilir asilarin uretiminde de
kullanilmaktadir. Ozellikle, ¢ig olarak tiiketilen muz gibi bazi
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tropikal meyveler, hepatit, kuduz, dizanteri, kolera ve ishal gibi
hastaliklara kars1 koruyucu proteinler iiretmek amaciyla genetik
olarak degistirilebilmektedir. Bu tiir yenilebilir asilar, diisiik
maliyetli ve kolay erisilebilir olduklar1 i¢in gelismekte olan
iilkelerde halk sagliginin korunmasinda o6nemli bir rol
oynayabilir. (Uzogara, 2000).

6. OLASI RiSKLER

6.1. Besin Kalitesindeki Degisiklik, Gida Giivenligi ve
Saghk Etkileri

Genetigi Degistirilmis Organizma (GDO) igeren misir
tiiketiminin saglik tizerindeki ve 6zellikle uzun vadede ortaya
cikabilecek etkileri hakkinda heniiz kesin ve net bir bilgi
bulunmamaktadir. Bu konudaki belirsizliklere ragmen, sicanlar
tizerinde yapilan bazi bilimsel caligmalar, GDO'lu misir
tikketiminin baslica bobrek ve karaciger iizerinde olumsuz etkiler
yarattigin1 gostermektedir. Bu arastirmalar, 6zellikle bobrek ve
karaciger fonksiyonlarinda bozulmalar, hiicre yapisinda
degisiklikler ve bazi enzim seviyelerinde dengesizlikler gibi
bulgulara ulagmistir. Ancak, bu bulgularin insan sagligi
tizerindeki etkilerini tam olarak anlamak i¢in daha fazla arastirma
yapilmasi gerekmektedir (Atsan ve Kaya, 2008).

6.2. Alerjik Reaksiyonlar ve Toksik Etkiler

1996 yilinda, Brezilya kestanesinden soya fasulyesine
aktarilan 2S geni iceren iriinler bu kestaneye alerjisi olan
kisilerde alerjik reaksiyonlara neden oldugu i¢in marketlerden
toplatilmigtir.  Ayrica, 2000 yilinda Bt geninin misira
aktarilmasiyla iiretilen ve kogan kurduna dayanikli olan StarLink
adli transgenik musir ¢esidi de alerjiye sebep oldugu igin
toplatilmis ve sadece hayvan yemi olarak kullanilmasi izin
verilmistir. Bu 6rnekler, genetik modifikasyonlarin alerjik
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reaksiyonlara neden olabilecegine dair somut kanitlar arasindadir
(Batalion, 2000).

6.3. Antibiyotige Direnc

Antibiyotige diren¢ geninin bitkilere aktarilmasi, bu
bitkileri tiiketen canlilarin saglig1 agisindan ciddi bir tehlike
olusturabilir. Bunun nedeni, bu direng genlerinin, bitkileri tiiketen
canlilarin viicutlarinda bulunan bakterilere yatay gen transferi
yoluyla gecebilmesidir. Bu durum, vicutta bulunan bakterilerin
de antibiyotiklere karsi diren¢ kazanmasma yol agabilir (de
Vendmadis, 2009). Sonug olarak, antibiyotige diren¢ kazanan
bakteriler, hastalik yapan bakteriler haline geldiklerinde, bu
bakterilere kars1 kullanilan antibiyotiklerin etkisi azalir. Bu da
enfeksiyonlarin tedavisini zorlastirir ve halk sagligi agisindan
ciddi bir risk olusturur. Antibiyotiklerin etkinliginin azalmasi,
ozellikle agir enfeksiyon hastaliklarinin tedavisinde biiytik
sorunlara yol agabilir. Bu nedenle, antibiyotige direng genlerinin
bitkilere aktarilmasi konusundaki endiseler olduke¢a ciddidir
(Kulag, 2006).

6.4. Cevresel Etkileri

Genetigi degistirilmis organizmalarin (GDO'lar) cevre
tizerinde ¢esitli olumsuz etkileri olabilir. Bu etkileri:

v" Dogal Tiirlerin Ortadan Kalkmasi

Stiper Yabani Tiirlerin Ortaya Cikmasi

Yeni Antibiyotik Direncgli Bakteri Tiplerinin Olugmasi
Hedef Olmayan Turlerin Zarar Gormesi

Gen Kagcis1 ve Genetik Kirlenme

Biyogesitlilige Etkileri

Toprak ve Su Ekosistemine Etkileri olarak
siralanabilmektedir (Atsan ve Kaya, 2008).

AN NN NN
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6.5. Sosyo-Ekonomik, Etik ve Dini Kaygilar ile
Bilinmeyen Korkular

GDO'lar ve klonlama teknolojileri, c¢esitli sosyo-
ekonomik, etik ve dini kaygilar1 beraberinde getirmektedir. Bu
kaygilar;

v' Transgenik Tohumlarin Yenilenmesi Zorunlulugu
v Kiiresel Gida Arzinin Kontrolii
v' Insan Klonlama ve Etik Kaygilar

Dini ve Etik Endiseler

Bazi dini ve etik inanglar, GDO'larla ilgili ciddi endiseler
tagimaktadir. Misliimanlar ve Yahudiler, domuz geni tasiyan
tahillara karsidirlar ve helal ve kosher gidalarda bu genlerin
bulunmamasmi &nemserler (Giinay ve Ozdemir, 2016).
\ejetaryenler hayvan geni iceren meyve ve sebzelere karsidirlar
ve bitkisel gidalarin hayvan genleriyle degistirilmesini istemezler.
Bu endiseler, dini ve etik inanclarla dogrudan ¢atisma yaratmakta
ve bu tir gidalarin kabul edilmesini zorlagtirmaktadir
(Subrahmanyan ve Cheng, 2000).

7. DUNYADA GDO URETIMi

GDO tarimiyla ilgili son verilere gore diinya genelinde 24
tilkede 189.8 milyon hektarlik bir alan kullanilmaktadir (ISAAA,
2018). GDO fireten iilke sayis1 2010'da zirveye ulasarak 29
iilkeye c¢ikmis, ancak bu sayr zamanla azalmistir. Diinya
genelinde iilkelerin %88'inde GDO tarimi1 yapilmamaktadir.
Avustralya'nin GDO tarimi alani kiiciiktlir ve iilkenin toplam
tarim alaninin sadece %0.2'sini olusturmaktadir (Paull ve Hennig,
2019).

GDO'lar ticarilestirildigi ilk yillardan bu yana hizla
bliyliyen bir pazar olmustur. ISAAA'nin 2015 verilerine gore,
1996-2015 doneminde kiiresel biyotek iiriin ekim alam 1.7
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milyon hektardan 179.7 milyon hektara yilikselmistir. Bu, 100
katlik carpici bir artis1 temsil etmektedir. Biyotek {iriinleri iireten
ilke sayist ise 1996'da 6 iken 2015'te 28'e ¢ikmustir, yani dort
katindan fazla artis gostermistir. Bu iilkeler genellikle soya
fasulyesi, misir, pamuk ve kanola gibi iiriinler yetistirmektedir.

2015 yilinda Latin Amerika (Brezilya, Arjantin), Asya
(Hindistan, Cin) ve Afrika (Glney Afrika) bolgeleri, kiresel
biyotek {irlinlerin yarisindan fazlasini (%54) iiretmistir. Bu biiyilik
tireticiler arasinda 20 gelismekte olan {ilke ve 8 sanayilesmis iilke
bulunmaktadir. ABD, Brezilya, Arjantin, Kanada ve Hindistan,
en biiylik bes biyotek iirlinii {ireticisi olarak 6ne ¢ikmaktadir.
Diinya genelinde GDO ekim alanlarinin %86.4'linlin Amerika
kitasinda oldugu belirlenmistir (ISAAA, 2015).

ABD, genetik miihendislik tirtinleri iretiminde 6nde gelen
bir tlkedir. 2017 yilinda ISAAA'ya gore, diinya genelindeki
biyotek iiriinlerin liretiminde %39'luk bir paya sahip olup, 75
milyon hektarlik bir alanda biyotek iirlinler yetistirmistir.
Hindistan, Pakistan, Brezilya, Bolivya, Sudan, Meksika,
Kolombiya, Vietnam, Honduras ve Banglades gibi toplam 19
tilke, biyoteknoloji iriinleri ekim alanlarini artirmis ve g¢iftgilere
gida iretiminde biyoteknoloji kullannmi konusunda destek
olmaya devam etmistir (ISAAA, 2018).

ABD, Brezilya, Arjantin, Paraguay, Giliney Afrika,
Bolivya ve Uruguay gibi iilkeler, genetik olarak degistirilmis
(%90'dan fazla) soya fasulyesi yetistirmekte; ABD, Brezilya,
Arjantin, Kanada, Giiney Afrika ve Uruguay gibi iilkeler de
genetik  olarak  degistirilmis  (%90'dan  fazla) musir
yetistirmektedir. ABD, Arjantin, Hindistan, Paraguay, Pakistan,
Cin, Meksika, Gliney Afrika ve Avustralya gibi iilkeler, genetik
olarak degistirilmis (%90'dan fazla) pamuk yetistirmekte; ABD
ve Kanada ise genetik olarak degistirilmis (%90'dan fazla) kanola
yetistirmektedir. Bu {ilkeler, 6zellikle gelismekte olan iilkelerin
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hayvan ve balik protein {iiretimi i¢in yem gereksinimlerini
karsilamalarina yardimer olarak diinya genelinde gida ihracatina
katkida bulunmaktadir (ISAAA, 2018).

Avrupa Birligi'nde GDO'lu tiriinlerin diizenlenmesinde en
yetkili kurumlar Avrupa Komisyonu (EC) ve Avrupa Gida
Giivenligi Otoritesi (EFSA) olarak belirlenmistir. Her {iye
devletin katilimiyla, GDO'lu iiriinlerin piyasaya siiriilmeden once
EFSA tarafindan risk degerlendirmesi yapilmaktadir. 2015
Agustos itibariyle AB'de toplam 67 {iriin, bunlar arasinda 31
misir, 12 soya fasulyesi, 11 pamuk, 6 kolza, 4 c¢icek, 2
mikroorganizma ve 1 seker pancar1 bulunmak iizere, "Gida ve
yem" veya "ithalat ve isleme" kapsaminda tescil edilmistir (EC,
2015).

8. BIYOGUVENLIK PROTOKOLU

Cartagena Biyoguvenlik Protokolii, GDO simir Gtesi
hareketlerini diizenlemek amaciyla olusturulmus uluslararasi bir
anlagsmadir (Kivileim, 2012). Protokoliin ana noktalar1 ve tarihleri
asagida belirtilmistir (Anonim, 2003):

Baslangic ve Tamamlanma: Protokol ¢aligmalart 1996
yilinda baglamigstir. 29 Ocak 2000 tarihinde tamamlanmistir. 24
Mayis 2000 tarihinde imzalanmaya baslanmustir.

Yiiriirliige Girme Tarihleri:

Dinya genelinde 11 Eylil 2003 tarihinde yiiriirlige
girmigstir. TUrkiye'de 24 Ocak 2004 tarihinden itibaren yiiriirliige
girmistir.

Protokolun Genel Cercevesi:

On Bildirim: GDO'larin sinir tesi hareketi dncesinde "6n

bildirim" yapilmas1 zorunludur. Ithalatin kabul edildigi
GDOQO'larin "etiketlenmesi" gerekmektedir.

148



Gida Bilimleri ve Miihendisligi Calismalari

Risk Degerlendirmesi: Gida ve hayvan yemi olarak
kullanilacak GDO fiiriinlerinin ithalatindan 270 giin 6nce risk
degerlendirmesi yapilmalidir. GDO'larin ekolojik riskleri ile
ticareti arasindaki dengeleme ongoriilmektedir.

Bu protokol, GDO'larin giivenli bir sekilde ticaretini
saglamak ve ¢evresel riskleri minimize etmek amaciyla 6nemli
duizenlemeler getirmektedir. Ozetle, Cartagena Biyogiivenlik
Protokolii, GDO'larin uluslararas: ticaretinde dikkat edilmesi
gereken prosedirler ve 6nlemler hakkinda kapsamli bir gergeve
sunmaktadir.

9. TURKIYEDE YASAL DUZENLEMELER

1988 yilinda yaymmlanan “Tohumluk Ithalat Uygulama
Genelgesi”, tohum ithalati konusundaki diizenlemeleri ele alan
ilk genelge olmustur. Bu genelge, Tirkiye'de tarimsal liretimde
kullanilan tohumlarin ithalatina yonelik bir ¢er¢eve sunmustur
(Celen, 2014).

Takip eden yillarda, GDO ve drlnlerine yonelik
diizenlemeler de giindeme gelmistir. 14 Mayis 1998 tarihinde
yiirtirliige giren “Transgenik Kiiltiir Bitkilerinin Alan Denemeleri
Hakkinda Talimat”, GDO’larin iilkemize ithal edilmeden Once
alan denemesine tabi tutulmasini zorunlu kilmistir. Bu talimat,
genetigi degistirilmis {irtinlerin Tirkiye'de iiretilip tiiketilmeden
once belirli sartlar1 saglamasit gerektigini Ongdrmektedir.
Ormnegin, bu iiriinlerin gelistirildikleri iilkelerde tescil edilmis
olmalart ve en az 5 yildir iretilip tiiketiliyor olmalar
gerekmektedir (Soykan, 2007).

Bu gelismeler 1s18inda, Tiirkiye'de biyogiivenlik
konusunda daha kapsamli bir diizenleme ihtiyact dogmustur. Bu
ihtiyac dogrultusunda, 16 Aralik 2009 tarihinde “Ulusal
Biyogiivenlik Kanunu Tasarisi” TBMM  Bagkanligi’na
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sunulmustur. Biyogiivenlik Kanunu, GDO ve iirlinlerine dair bir
dizi yasak ve dizenlemeyi icermektedir. Kanunun 5. maddesi,
GDO ve iirlinlerinin belirli kosullar altinda piyasaya siiriilmesini
ve kullanilmasini yasaklamaktadir (Dogan ve Isiktas, 2023). Bu
yasaklar sunlar1 kapsamaktadir:

v  GDO ve iriinlerinin, onay alinmadan piyasaya
sunulmas.

v' GDO ve {riinlerinin, Kurulun kararlarina aykiri bir
sekilde kullanilmasi veya kullandirilmasi.

v" Genetigi degistirilmis bitki ve hayvanlarin tiretimi.

v GDO ve firiinlerinin, Kurul tarafindan belirlenen
amaglar ve alanlar disinda kullanilmasi

v GDO ve irinlerinin, bebek mamalari, bebek
formiilleri, devam mamalar1 ve bebekler ile kiigiik
cocuklar icin ek gidalarda kullanilmas.

Biyogiivenlik Kanunu'na gore, GDO'lu iirlinler belirli
sartlar altinda etiketlenmelidir. Ancak, hayvansal iiriinlerin
tiretiminde kullanilan hayvanlarin GDO igeren veya GDQO'lardan
olusan yemlerle beslenmesi durumunda, bu hayvansal iiriinlerin
etiketlenmesine dair bir ibare bulunmamaktadir. Ayrica, bir
liriiniin analiz edilmesi sonucunda %0,9 veya daha diisiik oranda
GDO tespit edilmesi durumunda, bu durum "GDO bulagam"
olarak degerlendirilir ve ayr1 bir etiketleme gerektirmez (Artemel,
2016).

Son olarak, 2014 yilinda Biyogiivenlik Kurulu'nun izinleri
dogrultusunda ithal edilen GDO'lu {iriinlerin piyasaya siiriilmesi
gerceklesmistir. Bu diizenlemeler, Tiirkiye'nin biyogiivenlik
konusundaki yaklagimint ve GDO'lu f{iriinlerin y&netimini
sekillendirmistir (Dogan ve Isiktas, 2023).
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10. SONUC

Biyoteknolojik drtnlerin, gelecekte tarimsal iiretimden
cok daha genis bir alanda hayatimizda o©nemli bir rol
oynayabilecegi diisiiniilmektedir. GDO'lar izerinde devam eden
arastirmalar, heniiz yeterli deneysel kanit olmadigi icin bu
tirlinlerin yararlar1 veya zararlari hakkinda kesin bir sonuca
varilmasint zorlastirmaktadir. Dolayisiyla, bu teknolojilerin
cevremize ve gelecek nesillere potansiyel etkilerini ve risklerini
en aza indirmek i¢in acil onlemler alinmalidir. Bu tiir {irlinler,
bilimsel arastirmalar tamamlandiktan sonra tiiketime sunulmali
ve dizenli olarak yasal denetimlerden gegirilmelidir.
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NANOYAPILAR: MEVCUT KULLANIMLARI
VE GIDA BIiLIMINDEKI GELECEK
UYGULAMALARI

Ozen SOKMEN!
Ayse Neslihan DUNDAR?

1. GIRIS

Nanoteknoloji, 1-100 nanometre Ol¢eginde degisen
Olciilerde yapilan islemler, 6l¢iimler, tasarimlar, modellemeler ve
diizenlemelerle ilgilenen, yeni ve hizla gelisen bir bilim ve
teknoloji alamidir (Tolochko 2009). Bu alandaki calismalar,
maddelere atom ve molekil diuzeyinde miidahale ederek onlara
gelismis veya tamamen yeni fiziksel, kimyasal ve biyolojik
Ozellikler kazandirmayir amaglar. Bu sayede, maddelerin
islevselligi 6nemli Olciide artirilabilir (Kut ve Giinesoglu, 2005).
Nanoteknoloji, malzeme miihendisligi, biyoteknoloji, tip,
elektronik ve gida gibi ¢esitli disiplinlerde yenilik¢i ¢oziimler
sunarak, mevcut teknolojileri gelistirme ve tamamen yeni
teknolojiler yaratma potansiyeline sahiptir (Serena, 2016; Tuylek
2021). Atom ve molekiil 6l¢eginde maddeyi manipiile ederek,
bilim insanlar1 ve miihendisler, daha 6nce miimkiin olmayan

Ozelliklere ve performanslara sahip malzemeler gelistirebilirler
(Tuylek, 2021).
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Nanoteknolojinin gida bilimindeki uygulamalari, gida
sektorliinde gida gilivenligini ve yeni gida iirlinleri konusunda
hayati 6nem tagimaktadir (Tarhan vd., 2010). Fiziksel, kimyasal
ve Dbiyolojik  Ozellikleri igeren bu nanoyapilarin  ve
nanomalzemelerin benzersiz oOzellikleri, gida sistemlerindeki
biyolojik ve fiziksel olusumlarin geleneksel yaklasimlara gore
oldukga farklilik gosterir (Moghis, 2012) .

Nanoteknolojideki son gelismeler, gida sektoriinde yeni
ve yenilik¢i uygulamalarin oniinii agarak, gida ambalajlamadan
biyolojik bilesenlerin kontrollii salimina kadar genis bir
yelpazede 6nemli ilerlemeler saglamistir (Sozer ve Kokini). Bu
baglamda, nanosensorler, yeni ambalaj malzemeleri ve
kapstillenmis gida bilesenleri gibi nanoyapili malzemeler, gida
bilimi alaninda devrim niteliginde yenilikler sunmakta ve
gidalarin iiretimi ve depolanmasi sirasinda aktif bilesenlerin
korunmasina, biyoyararlanimin artirilmasina ve kontrollii salima
olanak tanimaktadir (TUylek, 2021).

Son c¢aligmalara gore, gida giivenligini gelistirmek,
ambalajlamayr  gelistirmek ve fonksiyonel gidalar igin
nanoteknolojinin  potansiyel uygulamalarmi belirlenmistir.
Gidanin raf Omriinii arttirma (koruma), gida giivenligi,
renklendirme, lezzetlendirme, besin katki maddeleri, gida
ambalajlarinda antimikrobiyal bilesenlerin kullanilmasi, gida
endustrisinde  nanoteknolojinin ~ 6nemli  uygulamalarindan
bazilaridir (Siirengil ve Kiling, 2011; Tarhan vd., 2010)

Nanoteknoloji, gida sektoriinde yenilik¢i Tirlinler ve
strecler tretme konusunda biyik bir potansiyele sahip olsa da
gida bilimi ve teknolojisinde asilmasi gereken bircok zorluk
vardir. Baslica zorluklar; insan tiiketimi ve giivenligi igin etkili
bir formulasyon, ekonomik isleme operasyonlarini kullanarak
yenilebilir ambalaj iiretimi baslica zorluklardandir. Ote yandan,
nanoyapilar basit ve ekonomik yaklasimlar kullanarak (tabaka-
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tabaka teknigi gibi) gida sinifi igeriklerden Uretile bilinir (Tuylek,
2021).

2. NANOYAPILARDA KULLANILAN
YONTEMLER

Nanomalzemeler, belirli uygulamalara uygun benzersiz
Ozelliklere sahip olduklarindan, hem yukaridan asagiya (top-
down) hem de asagidan yukariya (bottom-up) yaklasimlar
kullanarak sentezlenir ve iretilirler. Bu iki yaklagim,
malzemelerin nano boyuta indirilmesi veya atom ve molekul
seviyesinde birlestirilmesi yoluyla olusturulmalarini ifade eder
(Wolfgang, 2007).

2.1. Yukaridan Asagiya Yaklasim (Top-Down
Approach)

Bu yaklagim, mevcut biiyiik boyutlu malzemeleri alarak
onlar1 nano 6l¢ekli parcalara bélme stirecini kapsar.

Islem Adimlar:

v' Mekanizma: Bu yodntemde, blyik boyutlu dokme
malzemeler c¢esitli mekanik islemlerle, genellikle
frezeleme veya oOglitme kullanilarak, daha kiiglik
boyutlara indirgenir. Bu islemler sonucunda
nanometre Olgeginde pargaciklar elde edilir (Koch,
2003; Luther, 2004; Menceloglu ve Kirca, 2008).

v’ Stabilizasyon: Elde edilen bu nanomalzemeler,
kolloidal ¢ozuctler ve koruyucu ajanlar eklenerek
stabilize edilir. Bu adim, nanomalzemelerin bir arada
kalmasim1  ve c¢ozelti icinde homojen olarak
dagilmasini saglar (Ates ve Bahgeci, 2015).
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Dezavantajlar:

v Seri Uretim Uygunlugu: Yukaridan asagiya
yaklagimi, biliylik miktarlarda malzemenin nano
Olcekte islenmesini gerektirdigi i¢in seri liretime pek
uygun degildir. Uretim siireci genellikle karmasik ve
maliyetlidir (Atik ve Bilgin, 2018).

v' Kirlenme: Mekanik islemler sirasinda kullanilan
ekipmanlardan veya cevreden gelen Kkirleticiler,
nanomalzemelere  karisabilir. Bu  kirlenme,
malzemelerin safliginm1 ve performansim diistirebilir
(Edelstein ve Cammarata, 2001).

v 1¢ Stres: Islem sirasinda meydana gelen mekanik
baskilar, nanomalzemelerde i¢ stres olusmasina
neden olabilir. Bu stres, malzemelerin stabilitesini ve
mekanik 6zelliklerini zayiflatabilir (Edelstein ve
Cammarata, 2001).

v’ Malzeme Israfi: Biyik boyutlu malzemelerin kiigiik
parcalara ayrilmasi sirasinda Onemli miktarda
malzeme israfi olabilir. Bu, siiregteki verimliligi
azaltir (Atik ve Bilgin, 2018).

2.2. Asagidan Yukariya Yaklasim (Bottom-Up
Approach)

Bu yaklasim, malzemelerin atom ve molekiil diizeyinde
bir araya getirilmesiyle nanoyapilar olusturmay1 hedefler.

Islem Adimlar:

v Mekanizma: Asagidan yukariya yaklagimda,
atomlar ve molekiller bir araya getirilerek daha
bliylikk nanoyapilar olusturulur. Bu, genellikle
kimyasal reaksiyonlar ~ veya  kendiliginden
diizenlenme siiregleri yoluyla gergeklestirilir (Andreo
vd., 2022).
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v Kontrol ve Hassasiyet: Bu yaklasim, malzemelerin
ozelliklerinin ve yapilarinin atomik diizeyde kontrol
edilmesine olanak tanir. Bu sayede, belirli
uygulamalar icin istenilen &zelliklere sahip
nanomalzemeler tasarlanabilir (Andreo vd., 2022).

Dezavantajlar:

v" Yavas ve Karmasik Siirecler: Asagidan yukariya
yaklasim, malzemelerin atomik diizeyde insa
edilmesini gerektirdigi icin genellikle yavas ve
karmasik stiregleri igerir (Neikov, 2009; Li ve Chen,
2010; Abid vd., 2021).

v’ Diisiik Olceklenebilirlik: Bu yontemle biiyik
miktarlarda nanomalzeme Uretmek zordur. Bu, seri

tiretim i¢in bir dezavantaj olusturabilir(Neikov, 2009;
Li ve Chen, 2010; Abid vd., 2021).

v' Kontaminasyon Riski: Kimyasal reaksiyonlar
sirasinda  kullanilan  reaktifler ve coziiciiler,
nanomalzemeleri kontamine edebilir (Neikov, 2009;
Li ve Chen, 2010; Abid vd., 2021).

Her iki yaklagimin da kendi avantajlar1 ve dezavantajlar
bulunmaktadir. Spesifik uygulama gereksinimlerine bagh olarak,
uygun yaklasim  secilerek  nanomalzemelerin  iiretimi
gerceklestirilmektedir.

3. GIDALARDA NANOYAPILI MALZEMELER

Nanoteknoloji, gida bilimine o6nemli yenilikler
getirmektedir. Dogal ve sentetik nanomalzemeler, gida
tirtinlerinde c¢esitli roller oynar, gidalarin besleyici degerini ve
biyoyararlanimin1  artirir, ayrica  biyoaktif  bilesenlerin
korunmasina yardimei olur. Iste bu nanomalzemelerden bazilar
ve gidalardaki fonksiyonlari:
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3.1. Dogal Nanomalzemeler

Gida Proteinleri:

Birgok gida proteini, 10 nanometre (nm) ila 100 nm
arasinda degisen kiiresel yapilara sahiptir. Ornek: Bu, proteinlerin
cok kiiciik, yuvarlak sekillerde oldugu anlamina gelir (Bugusu
vd., 2005).

Polisakkaritler ve Lipitler:

Polisakkaritler (kompleks sekerler) ve lipitler (yaglar),
cogunlukla kalinligi 1 nm’den daha az olan dogrusal polimer
zincirleri seklindedir. Bu yapilar tek boyutlu nanoyapilar olarak
adlandirilir ¢linkii sadece bir yonde uzundur (Bhupinder, 2010).

Siit ve Sut Uriinleri:

Siit proteini olan kazein, dogal bir nanoyapiya sahiptir.
Kazein molekiilleri, siit ve siit iirlinlerinde bulunan kii¢iik yap1
taglaridir (Bugusu vd., 2005).

3.2. Sentetik Nanoyapih Sistemler
Polimerik Nanopartikiller (NP'ler):

Polimerik  nanopartikdller, uzun, zincir  benzeri
molekiillerden (polimerlerden) yapilmis kiiclik taneciklerdir. Bu
partikiiller, gidalardaki polar olmayan molekiilleri (6rnegin,
lipitler, vitaminler ve antioksidanlar) kapsulleyebilir. Miseller,
cap1 5-100 nm arasinda olan ve bu tiir molekulleri i¢ine alabilen
kiiresel yapilardir. Suda ¢Ozlinmeyen bilesenler, miseller
kullanilarak  ¢Oziinebilir hale getirildiginde, bu yapilar
mikroemiilsiyonlar olarak adlandirilir (Mozafari vd., 2008; Zohri
vd., 2009; Zigoneanu vd., 2008; Hilty vd., 2009).

Lipozomlar:

Lipozomlar, fosfolipid benzeri bilesenlerden olusan
kiiciik, yuvarlak yapilardir. Bu yapi, gida endiistrisinde
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fonksiyonel bilesenleri kapsiillemek ve biyoyararlanim saglamak
amaciyla kullanilir (Mozafari vd.,2008).

Nanoemiilsiyonlar:

Nanoemiilsiyonlar, ¢ok kiiclik damlaciklardan olusan
karigimlardir. Damlacik boyutlar1 genellikle 50 nm ila 100 nm
arasinda degisir. Bu yapi, koloidal dispersiyon olarak bilinir.
Aromali yaglar, salata soslar, kisisellestirilmis icecekler,
tatlandiricilar ve diger islenmis gidalarin iiretiminde kullanilir
(Weiss vd., 2006; Gharsallaoui vd., 2007; Drusch, 2007; Weiss
vd., 2008).

Mikroemiilsiyonlar:

Mikroemdilsiyonlar, nanoemdiilsiyonlardan daha blyik
damlaciklar iceren karigimlardir. Gidalardaki  biyoaktif

bilesenlerin korunmasina ve ¢oziiniirliigiin artirilmasina yardimei1
olurlar (Weiss vd., 2008).

Dogal nanoyapilar ve sentetik nanomalzemeler, gida
tirtinlerinde ¢ok o©nemli roller oynar. Bu yapilar, gidalarin
biyoyararlanimini artirabilir, biyoaktif bilesenlerin korunmasina
yardimct olabilir ve gidalarin ¢oziiniirliigiinii iyilestirebilir.
Nanoteknolojinin gida bilimine entegrasyonu, gida kalitesini ve
besleyici degerini artirmada biiyiik bir potansiyele sahiptir.

4. GIDA ENDUSTRISINDE NANOYAPI
UYGULAMALARI

Nanoteknolojinin  gida bilimi ve teknolojisindeki
potansiyel uygulamalari, genellikle dort ana kategoriye ayrilir:
ambalajlama, isleme teknolojisi, antimikrobiyal maddeler ve gida
bilesenleri.
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Ambalajlama:

Nanomalzemeler, gidalarin raf Omriinii uzatmak ve
kalitesini korumak icin akilli ve aktif ambalajlarda kullanilabilir.
Bu ambalajlar, gida iiriinlerinin bozulma belirtilerini izlemek ve
patojenlerin varligini tespit etmek gibi islevler saglayabilir. Ayni
zamanda c¢evresel degisikliklere cevap verme yetenegi saglayarak
triiniin durumu hakkinda bilgi verebilir. Bu ambalajlar,
antimikrobiyal veya antioksidan ajanlar gibi serbest hareket eden
molekiilleri icerir ve gaz temizleyiciler olarak islev goriir.
Antimikrobiyaller ve oksijen tutucular, enzim sistemlerinin
calismasini engeller. Ayrica, mineraller, probiyotikler ve
vitaminler gibi fonksiyonel katki maddeleri kontrollii saliniml
ambalajlar yapilarak gidanin raf dmriinii uzatabilir. Ornegin,
glimiis nanopargaciklar (NP'ler), ambalaj malzemelerinde 6
dakika i¢ginde mikroorganizmalar1 6ldiirerek yiyecegi daha uzun
siire korur. Naylon nanokompozitler, oksijen ve karbondioksit

akisini engelleyerek gida ambalajinda tazeligi korur ve kokulari
Onler (Brody, 2006; Arora ve Padua, 2010).

Antimikrobivaller:

Nanomalzemeler, gidalarda mikrobiyal biiyiimeyi
engelleyebilecek antimikrobiyal Ozelliklere sahip olabilir. Bu,
gidalarin  gilivenligini artirmada o©Onemli bir adim olabilir
(Sorrentino vd., 2007; Vartiainen vd., 2005)

Gida Bilesenleri:

Nanoteknoloji,  gidalarda  kullanilan  bilesenlerin
islevselligini artirabilir. Ornegin, vitaminler, omega-3 yag asitleri
ve polifenoller gibi biyoaktif bilesenler nanoyapilar kullanilarak
daha etkili bir sekilde gidalara entegre edilebilir ve viicut
tarafindan daha iyi emilebilir (Garti ve Aserin, 2007; Quintanilla-
Carvajal vd.,2009).
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Bu uygulamalar, gidalarin kalitesini, gilivenligini ve
besleyici degerini artirmada onemli rol oynar. Gida bilimine
nanoteknolojinin entegrasyonu, gida {irlinlerinin islenmesi,
depolanmas1 ve tiiketiciye sunulmasi siireclerinde devrim
yaratabilir.

Bu sekilde nanoteknoloji, gida bilimi ve teknolojisinde
hem dogrudan gidalarda hem de dolayli olarak ambalaj ve sensor
teknolojilerinde genis bir kullanim yelpazesine sahiptir.

4.1. Nanosensorler

Nanosensorler, gida giivenligini ve kalitesini izlemek igin
kullanilan ileri teknoloji cihazlardir. Genellikle polimerler ve
nano Slgekteki bilesenlerle birlestirilirler.

Akilli Ambalajlama:

Nanosensorler, akilli ambalajlama sistemlerinin  bir
parcasi olarak, depolama ve tasima sirasinda gida patojenlerini ve
kimyasallar1 izlemek ic¢in kullanilir. Bu, gidalarin giivenli ve
saglikli kalmasini saglar. Ayn1 zamanda, akilli ambalajlar, gida
paketinin hasar gérmemesini ve i¢indeki iiriiniin sahte olmadigini
garanti eder. Ayrica, bu sensorler zaman, sicaklik ve son kullanma
tarihi gibi 6nemli bilgileri de izleyebilir. (McClements, 2009;
Augustin ve Sanguansri, 2009; Sanguansri ve Augustin, 2006;
Bouwmeester ve Sips, 2007).

Toksin ve Patojen Tespiti:

Yakin zamanda yayinlanan raporlar, nanosensorlerin
ambalajdaki toksinleri ve gida patojenlerini tespit edebildigini
gostermistir. Bu, gidalarin gilivenligini artiran Onemli bir
gelismedir (Shrivastava, 2009; Yegenoglu vd., 2013).

Yivecek Analizi ve Klinik Teshisler:

Nanosensorler, yiyeceklerin analiz edilmesi, aroma
kontrolii ve igme suyunun kalitesinin belirlenmesi ig¢in
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gelistirilmistir. Bu sensdrler ayn1 zamanda klinik teshislerde de
kullanilabilir, bu da saglik sektoriinde onemli bir uygulama
alanidir (Ivnitski vd., 1999; Gracias ve McKillip, 2004; Yeh ve
Haggerty, 2005).

Nanosensorler, gida giivenligi ve kalitesini izleme
konusunda devrim yaratmaktadir. Bu ileri teknoloji cihazlar, gida
patojenlerini, toksinleri ve diger onemli degiskenleri hizli ve
etkili bir sekilde tespit edebilir. Akill ambalajlama sistemlerinin
bir pargast olarak kullanildiklarinda, gida {iriinlerinin
biitiinliiglinii ve orijinalligini saglama konusunda biiyiik bir
avantaj sunarlar. Nanosensorlerin bu genis kullanim alanlari, gida
giivenligi ve kalitesinin gelecekte nasil gelisecegine dair 6nemli
ipuclar1 sunmaktadir.

5. TOKSIKOLOJIiK YONLER

Insanlar giinliik yasamlarinda havadaki nanomateryallere
maruz kalmaktadir. Nanopartikiiller; duman, uyusturucu, boya,
kozmetik iirlinler, sabun, sampuan, deterjan, glines kremi, tenis
raketleri, video ekranlari, kaplamalar, katalizorler, beton,
lastikler, elektronik pargalar, kumaslar, giysiler, dizel yakat,
benzin, teller, tiipler, komiir madenleri, imalat fabrikalari,
endiistriyel tesisler, piller, yakit hiicreleri, volkanlar, cevre
kirliligi, bakteriler, wvirlisler ve insan yapimi nanoyapili
malzemelerde bulunabilir. Nanoyapili malzemelerin birgok
kaynagi ve genis bir yelpazesi vardir. Bu malzemelerin {iretim
stirecleri ve toksisitesi, ilk kez Zhao ve Nalwa tarafindan
“Nanotoksikoloji” baslikli kitapta belgelenmistir (Zhao ve
Nalwa, 2007). Son zamanlarda, nanoyapili malzemelerin insan
saglig1 ve cevre iizerindeki toksik etkileri biiyiik ilgi gormektedir.
Bilim camiasi, genel halk ve politika yapicilar, bu yeni nesil nano
Olcekli malzemelerin biyouyumlulugu ve olumsuz etkileri
hakkinda bilgi sahibi olmak istemektedir. Insan yapim
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nanopartikillerin, duman, gida, ilaclar, bakteriler, virtsler ve cilt
bakim tiriinleri gibi ¢esitli kaynaklardan insan viicuduna girip
girmedigi merak konusudur. Nanoyapili malzemeler yiyecek,
icecek ve ilag¢ yoluyla viicuda girerek beyin, karaciger, bobrek,
kalp, kolon, dalak, kemik, kan gibi organ ve dokulari
etkileyebilmektedir. Solunan nano o6lg¢ekli pargaciklar burun
sinirleri yoluyla beyne ulasabilmekte ve nanopartikiiller sindirim
sistemi, deri veya enjekte edilen ilaglar yoluyla kan dolasimina
katilabilmektedir (Singh ve Nalwa, 2007)

Nanoteknolojinin gida sektdriindeki faydalarina ragmen,
bazi nanoyapilarin potansiyel toksik etkileri de goéz ardi
edilmemelidir.

Toksisite Mekanizmalar1 ve Potansiyel Riskler:

v Nanoyapilarin genis yiizey alan1 ve yiiksek reaktivitesi,
insan ve diger organizmalar icin saglik tehditleri
olusturabilir.

v (Gida sektdriindeki nanoyapilar dogrudan bir saglik riski
yaratmasa da nano olgekli ozellikleri istenmeyen yan
etkilere neden olabilir (Medina vd., 2007; Tse vd.,2010).

v Nanomalzemeler, reaktif oksijen tirleri (ROS)’un sebep
oldugu oksidasyon yoluyla DNA hasari, diizensiz hiicre
sinyallemesi, hiicre hareketliliginde degisiklikler, hiicre
oliimleri ve kanser baslangicina yol agabilir (Cushen,
2012; Gaillet ve Rouanet, 2015; Johnston vd.,2010).

Nanotoksisitenin kritik belirleyicileri, nanopartikillerin
insan saglhig1 ve ¢evre iizerindeki potansiyel etkilerini anlamak
icin 6nemli bilgiler saglar. Bu belirleyiciler arasinda nanopartikiil
boyutu ve sekli bulunur; kiiciik boyutlu ve farkli sekilli
partikiller, hiicre zarlarin1 daha kolay gegebilir ve hiicre igi
organeller Tlizerinde etkili olabilir. Ayrica, partikiil yilizey
Ozellikleri, nanopartikiillerin hiicrelerle etkilesimini belirler;
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hidrofobik veya hidrofilik yiizeyler, hiicrelerle farkli sekillerde
etkilesime gegebilir. Partikiil yiizeyindeki pozitif yiikler ve
kimyasal gruplar, nanopartikiillerin hiicre zarlarina baglanma
yetenegini artirabilir ve biyolojik molekiillerle spesifik
etkilesimlere yol acabilir. Bunlarin yan1 sira, partikiil
¢Oziinlirliigli, nanopartikiillerin biyolojik ortamlarda ¢oziinerek
metal iyonlar1 salmasina ve toksik etkiler olusturmasina neden
olabilir. UV 151k aktivasyonu, partikiillerin reaktif oksijen tiirleri
uretmesine ve hiicre hasarina yol agabilecek potansiyelini
artirabilir. Partikiil agregasyonu da énemlidir ¢iinkii kiimelenmis
partikiiller, tek bagina olanlardan farkli toksisite 6zelliklerine
sahip olabilir. Son olarak, nanopartikiillerin hiicre i¢ine alinma
sekli, hiicre i¢i toksik etkilerin derecesini belirler ve biyolojik
sistemler tizerindeki etkilerini sekillendirir. Bu belirleyiciler,
nanotoksisitenin arastirilmasinda ve nanopartikiillerin glivenli
kullaniminin degerlendirilmesinde kritik 6neme sahiptir. (Plata
ve ark., 2008; EPA 2009).

6. SONUC

Nanoteknoloji, gida endiistrisinde énemli potansiyellere
sahiptir, ancak uygulamalarimin ¢ogu hala gelistirme
asamasindadir ve genellikle yiiksek degerli iirlinlere
odaklanmaktadir. Bu teknoloji, gida lezzetini ve dokusunu
tyilestirmek, besin maddelerini kapsiillemek, yag icerigini
azaltmak veya raf omriinii uzatmak i¢in kullanilabilir. Ayrica,
nanomateryallerin kullanildig1 akilli gida ambalajlari, tiiketiciye
icindeki gidanin durumu hakkinda bilgi saglayabilir ve gidanin
bozulma sirecini izleyebilir. Nanoteknoloji, gida ambalaj
endiistrisini degistirme potansiyeline sahiptir, ancak bu durum
hem hukumetler hem de endistri icin dizenleme ve givenlik
konularinda zorluklar yaratmaktadir. FDA gibi diizenleyici
kurumlarin giivenlik kilavuzlar1 olusturmasit ve nanogidalarin
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giivenilirligini  saglamasi gerekmektedir. Nanoteknolojiyle
tiretilen gidalarin  dogal gidalardan farkli  oldugu ve
giivenliklerinin ayrica test edilmesi gerektigi unutulmamalidir.
Nanoteknolojinin potansiyel riskleri ve faydalar1 hakkinda daha
fazla bilimsel arastirma ve standart test prosediirleri gelistirilmesi
onemlidir. Sonu¢ olarak, nanoteknolojiyle iretilen gida
trtinlerinin, tliketicilere sunulmadan once detayli bir sekilde
degerlendirilmesi gerekmektedir, bu da potansiyel etiketleme ve
duzenleyici gereklilikleri beraberinde getirebilir.
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