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Genetigi degistirilmis organizmalar (GDO) veya diger ad1 ile transgenik iiriinler, organizmanin gen dizilimi-
nin degistirilmesi ya da organizmaya yeni bir gen aktarimi ve kendisinde bulunmayan bir 6zellik kazandiril-
mastyla olusan iiriinlerdir. Bu iriinlerin as1 ve ilag iiretiminde, organ naklinde ve hastaliklarin tedavisinde
kullanilmasi, bitkilerin zararlilara dayanikliliginin saglanmasi, uzun raf émrii ve gida kalitesinin artirilmasi
olumlu; alerjik reaksiyonlar, toksik etkiler, ekolojik ¢esitlilige zarar vermesi ise olumsuz etkilerindendir. Ger-
¢eklestirilen aragtirmada Personelin, GDO’lar ve insan sagligi lizerindeki etkileri hakkindaki farkindalik dii-
zeylerinin Sl¢iilmesi amaglanmistir. Bu kapsamda arastirmanin evrenini Sinop ilinde bulunan tiim kamu has-
taneleri olusturmakla birlikte 6rneklemini ise Sinop Atatiirk ve Gerze Devlet Hastanesinde galisan personel
olusturmaktadir. Aragtirmanin verileri olusturulan anket formu araciligiyla ve ylizyiize gériisme teknigi ve
tesadiifi 6rneklem metodu ile elde edilmistir. Bu kapsamda toplam 312 hastane ¢alisanindan elde edilen ve-
riler, SPSS 21 paket programi ile analiz edilmistir. Analiz sonucu arastirmaya katilanlarin GDO’lu gidalara
yonelik toplumsal farkindalik diizeyinin ve GDO’larin gidalardaki varligi ile zararlarina iligkin farkindalik-
larinin yiiksek oldugu belirlenmistir. Ek olarak katilimcilarin arastirma boyutlarini algilama diizeylerine gore
cinsiyet ve medeni durumlar1 bakimindan farkliklar oldugu belirlenmistir.

Anahtar Kelimeler: Genetigi Degistirilmis Organizmalar, Genetigi Degistirilmis Gidalar, Insan saglig1,
Saglik calisanlar

ABSTRACT

Determination of the genetically modified organism (GMO) awareness levels of hospital
workers: example of Sinop

Genetically modified organisms (GMO), or transgenic products, are products formed by changing the gene
sequence of the organism, or by transferring a new gene to the organism and giving it a feature that it does
not have. The use of these products in the production of vaccines and drugs, in organ transplants and in the
treatment of diseases, ensuring the resistance of plants to pests, long shelf life and increasing food quality are
positive; allergic reactions, toxic effects, and damage to ecological diversity are negative effects. In the rese-
arch, it was aimed to measure the awareness levels of the personnel about GMOs and their effects on human
health. In this context, the universe of the research is composed of all public hospitals in Sinop province, and
the sample is composed of personnel working in Sinop Atatiirk and Gerze State Hospital. The data of the
research were obtained through the questionnaire form created and by the face-to-face interview technique
and random sampling method. In this context, data obtained from a total of 312 hospital employees were
analyzed with the SPSS 21 package program. As a result of the analysis, it has been determined that the level
of social awareness of the participants in GMO foods and their awareness about the presence and harm of
GMOs in foods is high. In addition, it was determined that there were differences in terms of gender and
marital status of participants according to their perception level of research dimensions.

Keywords: Genetically Modified Organisms, Genetically Modified Foods, Human health, Health wor-
kers
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Giris

Diinya genelinde bebeklerde 6liim oranlarinin azalmasi, orta-
lama yasam siiresinin uzamasi, geri kalmis iilkelerde aile
planlamas1 kapsamindaki politikalarin ¢esitli nedenlerle uy-
gulanamamasi, insan sagligini1 koruyucu 6nlemlerin alinma-
sina yonelik ¢aligmalarin ileri seviyeye ulagmasi gibi etkiler
nedeniyle diinya niifusu siirekli artmaktadir. 1960’11 yillarin
baginda {i¢ milyar kisi olan diinya niifusu, 2020 yilinda sekiz
milyara ulagmig; 2050 yilinda ise bu sayinin on milyara yak-
lasacag1 tahmin edilmektedir. Diinya iizerinde artan niifus ile
birlikte pek ¢ok problemin yani sira insanlarin beslenme ihti-
yaclarmin kargilanmasi da ¢oziilmesi gereken onemli bir
konu haline gelmistir (Erbas, 2008). Ozellikle 20. yiizyilin
son ¢eyreginde gida iiretim endiistrisinde yer alan firmalar,
artan talebi karsilamak amaciyla ¢esitli arayislar igerisine gir-
misler; genetigi degistirilmis organizmalardan gida kaynagi
olarak faydalanmaya baslamislardir (Kiran ve Osmanaga-
oglu, 2011; Ozmert ve Yaman, 2011). Dogal besinlerin, sag-
likli gidalarin ve dogaya dost {irlinlerin yerini, giderek cesitli
kimyasal ve biyolojik miidahaleler ile farklilagtirilmis, doy-
mus ve trans yag igerigi yliksek, rafine edilmis katkili gidalar
ile kimyasal takviyelerle iiretilen sebze, meyve ve hatta et
tiriinleri almaya baglamistir. Gida katki maddelerinin kulla-
nimi ile genetigi degistirilmis organizmalar igeren iiriinlerin
ortaya ¢ikmasi ile gida {iretim sektorii farkli bir ivme kazan-
mis (Cebirbay ve Aktas, 2018), diinya genelinde bu tarz uy-
gulamalarin olumlu ve olumsuz 6zellikleri tartisiimaya agil-
mistir.

Diger taraftan biiyiiksehirlerdeki verimli tarim arazilerinin
cesitli nedenlerle (fazla go¢, konut ve yol yapimi, kamu bina-
lar1 vb.) giderek azalmasi da saglikli ve organik tarim yapil-
masini engellemeye basglamistir. Gida israfinin iist seviyelere
ulagmasinin yani sira tiikketim toplumunun gida ihtiyaglarina
yetisebilmek icin kimyasal ilaglarla daha ¢ok {iriin veren
sebze ve meyveler yetistirilmesi, et ihtiyacin1 karsilayabil-
mek icin gesitli bilesenlerden olusan yemlerle hayvanlarin
beslenerek kisa siirede daha ¢abuk biiylimesinin saglanmasi
gibi ¢esitli uygulamalar da bir ¢6ziim olarak gériilmeye bas-
lanmugtir.

Esasinda ilk baslarda “yesil devrim” olarak nitelendirilen ¢a-
lismalarla hem topragin hem de tarim iiriinlerinin kalitesi ve
verimini arttirmaya yonelik uygulamalarda bulunulmus,
sebze ve meyvelerde fireye neden olan tarim zararhilarimin et-
kinlikleri azaltilmaya caligilmistir. Daha sonra bu durum
1985-2005 yillar1 arasinda Biyoteknoloji Devrimi olarak ad-
landirilan ¢aligmalarla giderilmeye calisilmistir (Yilmaz,
2014). Biyoteknoloji ilk kullanilmaya baglandiginda doku
kiiltiirti, laboratuvar kosullarinda seleksiyon, meristem kiil-
tiirli, hiicre kiiltliri gibi canli organizmalarin gen yapisina

dogrudan miidahale etmeyen teknikler icermekteydi. Giinii-
miizde ise gen teknolojisi ve gen transferi gibi, tiirlere kendi
potansiyelleri diginda bazi1 6zellikler kazandirabilen teknik-
leri igermektedir. Klasik biyoteknoloji, yabani tiirlerin evcil-
lestirilmesi ve 1slah edilmesi ile giliniimiizdeki birc¢ok tiiriin
yetistirilmesine olanak saglarken; giiniimiiz biyoteknoloji-
sinde ise, genetigi degistirilmis organizmalar yetistirmeye
olanak saglamistir (Demir ve Pala, 2007).

Biyoteknoloji yontemleri ile gen veya genlerin bir organiz-
madan bagka bir organizmaya aktarilmasina gen transferi ve
bu organizmalara da “genetigi degistirilmis organizmalar
(GDO)” denilmektedir (Olhan, 2010; Kisoglu ve Keles,
2018). GDO, uluslararasi literatiirde kisaltilmig sekliyle
“GM” veya “GMO” olarak gecen “Genetically Modified Or-
ganisms”in Tiirk¢e karsiligidir. Genleri degistirilmis olup
hali hazirda yetistirilen birinci nesil bitkiler cogunlukla her-
bisitlere (tarimda yabani otlarla miicadele amaciyla kullani-
lan kimyasal ilaglar) direnclilik ve bocek, hastalik ve ¢evresel
stres kosullaria dayaniklilik gibi 6zelliklerin kazandirildigi
bitki tiirleridir. Verim ve beslenme kalitesinin artirilmasinin
hedeflendigi ikinci nesil bitki tiirleri ile insan tedavisinde kul-
lanilan ¢ok degerli as1 ve ilaglarin {iretilmesi hedeflenirken;
biyoyakit potansiyeli tagiyan ii¢lincii nesil genetigi degistiril-
mis bitkiler lizerinde aragtirma ve gelistirme ¢aligmalariysa
devam etmektedir (Koger, 2009). GDO teknolojisi uygula-
malar1 her ne kadar kiiresel bir strateji olmaktan ¢ok tarim
sektoriinde maliyetleri diigiiriip verimi artirarak kar oranini
yiikseltmek amaciyla baglatilmis olsa da, bu uygulamalarin
uzun vadede kiiresel besin sorununa da ¢éziim getirebilecegi
diisiiniilmektedir. Bu nedenle artan diinya niifusunun ve top-
lumlarin beslenme ihtiyaglarmin karsilanmasinda pek ¢ok
gida ve gida iiretiminde kullanilan hammaddelerin i¢eriginde
GDO’lu iiriinler yer almaya baglamistir. Tiim bu hususlar gii-
niimiizde basta kanser olmak iizere, immiin sistem hastalik-
lar, kalp ve damar hastaliklari, allerjenite, antibiyotiklere
kars1 direng (Atsan ve Kaya, 2008: 5), hormon hastaliklar1 ve
obezite vb. ¢esitli rahatsizliklarin da GDO’lu {irlinlerin tiike-
timinden kaynaklandigina yonelik toplum bireylerinin tepki-
sini ¢cekmeye baglamis, bu kapsamda yapilan arastirmalarda
GDO’lu iiriinlerin gesitli hastaliklara neden oldugu kanitlari
da tiiketicilerde farkindalik olusturmustur. Bu kapsamda tii-
keticilerin GDO’lu iirtinlere yaklasimini belirlemek tizere ¢a-
ligmalar literatiirde yerini almigtir (Radas vd., 2008; Bakshi,
2011; Temelli ve Kurt, 2011; Ozden vd., 2013; Kaya ve Akar,
2016; Cui ve Shoemaker 2017; Demiral ve Tiirkmenoglu,
2018; Lefebvre vd., 2019; Sun vd., 2019; Giines ve Yilmaz,
2019; Brosig ve Bavorova, 2019; Saka ve Saribag, 2019).
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Bu arastirmada ise, Sinop ilindeki saglik calisanlariin
GDO’lu gidalar ve insan sagligi iizerindeki etkileri hakkin-
daki farkindalik diizeylerinin dlgiilmesi amaglanmistir. Sag-
lik sektoriiniin igerisinde yer alan ancak diger taraftan birer
tilketici olan saglik ¢alisanlarinin GDO’lu gidalara kars: far-
kindaliklariin belirlenmesi 6nem arz etmektedir. Ayrica li-
teratiire de katki saglayacag diisliniilen bu arastirma ile sag-
lik sektdriinde galisan personelin genetigi degistirilmis orga-
nizmalar ve insan saglig1 iizerindeki etkileri hakkindaki far-
kindalik diizeylerinin belirlenmesi, iilkemizde bu konuda ya-
pilmis olan ¢aligmalara yeni bir boyut kazandirmasi yoniiyle
de 6nemlidir.

Materyal ve Metot
Arastirmanin Yontemi ve Orneklemi

Nicel arastirma yontemi 6zelligi tagiyan bu arastirmanin ve-
rileri, olusturulan anket formu araciligiyla ve yiizyiize go-
riisme teknigi ile tesadiifi 6rneklem metodu kullanilarak elde
edilmistir. Ankette yer alan ifadelerin anlasilabilirliginin be-
lirlenmesi ve giivenirliginin test edilmesi amaciyla 60 saglik
caligani ile On test yapilmis, geri doniisler 1s181inda gerekli dii-
zeltmeler yapildiktan sonra alan arastirmasina gecilmistir.
Aragtirmanin evrenini Sinop ilinde bulunan tiim kamu hasta-
neleri olugturmakla birlikte 6rneklemini ise Sinop Atatiirk
Devlet Hastanesi ve Gerze Devlet Hastanesinde calisan sag-
lik personeli olusturmaktadir. Bu kapsamda ilgili hastane-
lerde gérev yapan toplam 312 saglik ¢alisanindan elde edilen
veriler, SPSS 21 paket programu ile analiz edilmistir.

Arastirmamnin Etik Boyutu

Bu calisma; Sinop Universitesi Insan Arastirmalari Etik Ku-
rulu tarafindan 13.12.2018 tarih ve 2018/46 karar numarasi
ile onaylanmistir. Ayrica arastirmanin gerceklestirildigi has-
taneler icin Sinop 11 Saglik Miidiirliigi’niin 30.05.2019 tarih
ve 2078520-605.99 sayili onay1 ile kurumlarda anket uygula-
mast gerceklestirilmistir. Calismaya katilmada goniilliliik
esasina uyulmustur.

Arastirmanin Veri Toplama Aract

Aragstirma kapsaminda anket sorularinin hazirlanmasi igin li-
teratiir taramasi yapilmig, bu konuda yapilan arastirmalar ve
6lgme araglar1 incelenerek uzman goriisii esliginde anket
formu olusturulmustur. Anket formunun ilk béliimiinde kisi-
sel bilgilerin yer aldig1 5 adet demografik soru, ikinci bolii-
miinde ise GDO’lu gidalar hakkindaki farkindaligin 6lgiil-
mesi ile ilgili 17 adet 6nerme bulunmaktadir. Katilimcilarin
bu 6nermelere 5°li Likert dlgegi tiiriinde “1:Kesinlikle Katil-
miyorum, 2: Katilmiyorum, 3: Kararsizim, 4:Katiliyorum ve
5 Kesinlikle Katiliyorum” arasinda cevap vermeleri istenmis-
tir.

Arastirma Verilerinin Degerlendirilmesi

Anket formlar1 aracilifi ile elde edilen veriler SPSS 21 ista-
tistiki programi araciligi ile analiz edilmistir. Verilerin yo-
rumlanabilmesi i¢in aritmetik ortalama, standart sapma gibi
betimleyici istatistik yontemlerinin yani sira faktor analizi ve
boyutlarin katilimcilar tarafindan algilanabilirlik diizeyini
Olemek icin ise “bagimsiz orneklem #-test” ve “Tek yonlii
varyans analizi (ANOVA) testi” gergeklestirilmistir. Bu kap-
samda veri setinin faktor analizine uygunlugunun degerlen-
dirilmesi i¢in Kaiser-Meyer-Olkin (KMO) 6rneklem yeterli-
ligi ve Bartlett kiiresellik testi sonuglar1 incelenmistir. Veri
setinin faktor analizine uygun oldugunun kabul edilebilmesi
icin KMO degerinin 0,50’ nin {izerinde bir deger almasi, Bart-
lett Kiiresellik test sonucunun ise istatistiksel olarak anlamli
(p<0,05) olmasi1 gerekmektedir. Veri setinin KMO degeri
0,779, Bartlett Kiiresellik Degeri: x2=1854,55
p=0.000<0,001 bulundugundan faktdr analizine uygun ol-
dugu goriilmiistiir. Yapilan faktor analizleri sonucunda anket
sorular1 dort boyut altinda toplanmistir. Bu boyutlar;
“GDO’lara Yonelik Toplumsal Biling Diizeyi (TBD)”,
“GDO’lara Yonelik Resmi Bilgilendirme, Denetim ve Far-
kindalik (RBDF)”, “GDQO’larin Gida Sektoriindeki Kullanim
Zorunlulugu (GSKZ)” ve “GDQO’larin Gidalardaki Varligina
ve Zararma [liskin Farkindalik (GVZIF)” seklinde isimlendi-
rilmistir.

Bulgular ve Tartisma

Arastirmanin 6rneklemi Sinop Atatiirk Devlet Hastanesi ve
Gerze Devlet Hastanesi ¢alisanlari olarak belirlenmistir. Ca-
ligmaya katilan saglik ¢aliganlarinin cinsiyet, yas, meslek,
medeni durum ve ¢ocuk sahibi olma degiskenlerine yonelik
say1 (s) ve yiizde (%) tablosu Tablo 1’de verilmistir.

Katilimeilarin anket formunda bulunan ve dort boyut altinda
toplanan her bir dnermeye yonelik olarak “1:Kesinlikle Ka-
tilmiyorum, 2: Katilmiyorum, 3: Kararsizim, 4:Katiliyorum
ve 5 Kesinlikle Katiliyorum” ifadeleri arasindaki degerlen-
dirmelerine yonelik bulgular asagida 6zetlenmistir.

GDO’lara Yinelik Toplumsal Bilin¢ Diizeyi Boyutuna Ilis-
kin Degerlendirmeler

Cocuklarin okullarda GDO ile ilgili bilgilendirilmesi
gerekliligi

Cocuklarin okullarda GDO ile ilgili bilgilendirilmesi gerekti-
gini diigiiniiyorum ifadesine katilimcilarin %5.1°1 (n=16) ke-
sinlikle katilmiyorum, %2.6’s1 (n=8) katilmiyorum, %4.2’si
(n=13) kararsizim, %26.9’u (n=84) katiliyorum ve %61.2’si
(n=191) tamamen katiliyorum cevabini vermislerdir. Katili-
yorum ve tamamen katiliyorum cevabini veren 275 (84+191)
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kisi toplam katilimcilarin %88.1’ini olugturmaktadir. Bu ve-
rilere gore katilimcilarin %88.1°1 cocuklarm okullarda GDO
ile ilgili bilgilendirilmelerini istedikleri goriilmiistiir.

Insanlarin GDO ile ilgili bilgilenmelerini saglayacak kamu
spotu vb. olmasi gerekliligi

Insanlarin GDO ile ilgili bilgilenmelerini saglayacak kamu
spotu vb. olmas1 gerektigini diisiiniiyorum ifadesine katilim-
cilarin %5.4’i (n=17) kesinlikle katilmiyorum, %3.2’si
(n=10) katilmiyorum %5.4’ii (n=17) kararsizim, %28.2’si
(n=88) katiliyorum ve %57.7’si (n=180) tamamen katiliyo-
rum cevabini vermislerdir. Katiliyorum ve tamamen katiliyo-
rum cevabini veren 268 (88+180) kisi toplam katilimcilarin
%85.9’unu olusturmaktadir. Bu verilere gore katilimeilarin
%85.97u GDO ile ilgili bilgilendirilmek istedikleri goriilmiis-
tur.

GDO'’lu gidalar: farkinda olmadan tiiketme endisesi

GDO’lu gidalan farkinda olmadan tiiketmekten endigeleni-
yorum ifadesine ankete katilan toplam 312 kisinin %6.4’i
(n=20) kesinlikle katilmiyorum, %5.8°1 (n=18) katilmiyorum
%8.7’s1 (n=27) kararsizim, %31.7’si (n=99) katiliyorum ve
%47.4’0 (n=148) tamamen katiliyorum cevabini vermisler-
dir. Tamamen katiliyorum ve katiliyorum cevabini veren 247
(148+99) kisi toplam katilimcilarin %78.1°ini olustururken,
bu konuda endise tasimayan kisi sayis1 38 (18+20) dir. Elde
edilen sonuglara gore katilimcilarin biiyiik ¢cogunlugunun bu
konuda endiseli oldugu anlagilmaktadir.

GDO'’'lu tohumlarn tilke tarimina zarar durumu

GDO’lu tohumlarin iilke tarimina zarar1 oldugunu diisiintiyo-
rum ifadesine katilimeilarin %6,1°1 (n=19) kesinlikle katilmi-
yorum, %9.6’°s1 (n=30) katilmiyorum, %14.4’{i (n=45) karar-
sizim, %26.3’1 (n=82) katiliyorum ve %43.6’s1 (n=136) ta-
mamen katiliyorum cevabini vermislerdir. Katiliyorum ve ta-
mamen katiliyorum cevabini veren 218 (82+136) kisi toplam
katilimeilarin %69.9’unu olusturmaktadir. Bu verilere gore
katilimcilarin %69.9’u, GDO’lu tohumlarin iilke tarimina za-
rar1 oldugunu diistinmektedirler.

Satin alinan tiriinlerde GDO isareti varlig

Satin alacagim firiinlerde GDO’lu olduklarini belirten igaret-
ler olsa satin almam ifadesine ankete katilanlarin 9%9.6’s1 ke-
sinlikle katilmiyorum, %6.1°1 (n=19) katilmiyorum %14.1°1
(n=44) kararsizim, %23.1’1 (n=72) katiliyorum ve %47.1°1
(n=147) tamamen katiliyorum cevabini vermislerdir. Tama-
men katiliyorum ve katiliyorum cevabini veren 246 (152+94)
kisi toplam katilimcilarin %78.8’ini olustururken, triinde
GDO’1u oldugunu bildiren isaret olmasi durumunda satin ala-
bilecegini belirten 49 (19+30) kisi olmustur, bu 49 kisi top-
lam katilimcilarin %15.7’sine esittir. Elde edilen sonuglara
gore, katilimcilarin yaklagik dortte licli satin alacagi liriin-
lerde bu isaretler olmasi durumunda bu tarz iirlinleri almaya-
caklarini belirtmiglerdir.

Tablo 1. Aragtirmanin ¢aligma grubunu olusturan saglik ¢alisanlarinin degiskenlere gore dagilimi

Table 1. Distribution of the hospital workers who make up the survey group of the study by variables

Demografik Degiskenler s %o
Kadin 204 65.4
Cinsiyet Erkek 108 34.6
25 yas alt1 53 17.0
26-30 yas 71 22.8
31-35 yas 84 26.9
Yas 36-40 yas 46 14.7
41 yas iistii 58 18.6

Doktor/Dig hekimi/Eczact 17 54

Hemsire/Ebe 97 31.1
Saglik memuru/ATT 40 12.8

Tekniker 19 6.1

Teknisyen 24 7.7

Meslek Tibb1 Sekreter/Memur 44 14.1
Diger (lisans hemsirelik stajyerleri) 71 22.8
Evli 211 67.6
Medeni Durum Bekar 101 324
Evet 188 60.3
Cocuk Sayisi Hayir 124 39.7
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GDO'’lu gidalarin insan viicudundaki alerjik etkisi

GDO’lu gidalar insan viicudunda alerjik etki gosterebilir ifa-
desine ankete katilan toplam 312 kiginin %3.8’1 (n=12) ke-
sinlikle katilmryorum, %3.8’1 (n=12) katilmiyorum %23.7’si
(n=74) kararsizim, %32.7’si (n=102) katiliyorum ve %35.9’u
(n=112) tamamen katiliyorum cevabini vermislerdir. Tama-
men katiliyorum ve katiliyorum cevabini veren 214
(102+112) kisi toplam katilimcilarin %68.8’ini olustururken,
GDO’lu gidalarin insan viicudunda alerjik etki gostermeye-
cegini diigiinen 24 (12+12) kisi vardir. Bu sonuglarda en ¢ok
dikkat ¢eken kararsizim seklinde fikir beyan eden 74 kisidir.
Bu say1 toplam katilimcilarin yaklagik dortte birine tekabiil
etmektedir. Elde edilen verilere gore katilimeilarin yaklagik
%25’inin GDO’larin zararlar1 ve faydalar1 hakkinda ¢ok fazla
bilgiye sahip olmadiklari1 sonucuna varilabilir.

Hastaliklarin yayginlasmasinda GDO ’larin etkisi

Giliniimiizde bazi hastaliklarin yayginlagsmasinda GDO’larin
dogrudan etkisi vardir ifadesine katilimcilarin %6.1°1 (n=19)
kesinlikle katilmiyorum, %3.5’1 (n=11) katilmiyorum
%18,6’s1 (n=58) kararsizim, %26.6’s1 (n=83) katiliyorum ve
%45.2’si (n=141) tamamen katiliyorum cevabini vermisler-
dir. Katiliyorum ve tamamen katiliyorum cevabini veren 224
(83+141) kisi toplam katilimcilarin %71.8’ini olusturmakta-
dir. Bu verilere gore katilimeilarin %71.8’inin baz1 hastalik-
larin yayginlasmasinda GDO’larin dogrudan etkisi oldugunu
diistinmektedir.

GDO’lara Yonelik Toplumsal Biling Diizeyi Resmi Kurulus-
larca Yapilan Bilgilendirme, Denetimlerin Yeterliligi ve Has-
talarin Farkindaligi Boyutuna Iliskin Degerlendirmeler

Saghk kurumlarinda GDO ile ilgili bilgilendirme yapilmast

Saglik kurumlarinda GDO ile ilgili yeterli bilgilendirme ya-
pilmaktadir ifadesine katilimecilarin %31.4’i (n=98) kesin-
likle katilmiyorum, %14.7’si (n=46) kararsizim, %33.3’0
(n=104) katilmiyorum, %11.2°si (n=35) katiliyorum ve
%9.3’1i (n=29) tamamen katiliyorum cevabini vermislerdir.
Katilmiyorum ve kesinlikle katilmiyorum cevabini veren 202
(104+98) kisi toplam katilimcilarin %64.7’sini olusturmakta-
dir. Bu verilere gore katilimcilarin %64.7’si saglik kurumla-
rinda GDO ile ilgili bilgilendirme yapilmadigini diigiinmek-
tedir.

Tarim ve Orman Bakanligi 'min, iiriinlerin GDO lu olup
olmadigi konusunda etkin ve yeterli denetim varlig

Tarim ve Orman Bakanliginin, iiriinlerin GDO’lu olup olma-
dig1 konusunda etkin ve yeterli denetim yaptigini diistiniiyo-
rum ifadesine katilimcilarin %28.2°si (n=88) kesinlikle katil-
mryorum, %22.1°1 (n=69) katilmiyorum, %30.8’1 (n=96) ka-

rarsizim, %9’u (n=28) katiliyorum ve %9.9’u (n=31) tama-
men katiliyorum cevabini vermislerdir. Katilmiyorum ve ke-
sinlikle katilmiyorum cevabini veren 157 (69+88) kisi toplam
katilimeilarin 50.3’{inii olusturmaktadir. Bu verilere gore ka-
tilimeilarin %50.3°{ Tarim ve Orman Bakanligi’nca iiriinle-
rin GDO’lu olup olmadig ile ilgili etkin ve yeterli denetim
yapilmadigini diisiinmektedir.

Toplumun genetigi degistirilmis gidalar hakkinda
bilgilendirilmesi

Toplumun genetigi degistirilmis gidalar hakkinda yeterince
bilgilendirildigini diisiiniiyorum ifadesine katilimcilarin
%37,8’1 (n=118) kesinlikle katilmiyorum, %29,8’1 (n=93) ka-
tilmiyorum %11,5’1 (n=36) kararsizim, %11,2’si (n=35) ka-
tiliyorum ve %9,6’s1 (n=30) tamamen katiliyorum cevabini
vermislerdir. Katilmiyorum ve kesinlikle katilmiyorum ceva-
bmi veren 211 (93+118) kisi toplam katilimecilarin
%67,6’sin1 olusturmaktadir. Bu verilere gore katilimcilarin
%67,6’s1, toplumun GDO’lu gidalar ile ilgili yeterince bilgi-
lendirilmediklerini diisiinmektedir.

Saghk kuruluslarinda verilen tabldot yemeklerde ve kantin-
deki tiriinlerde GDO’lu tiriin kullanilmasi

Saglik kuruluslarinda verilen tabldot yemeklerde ve kantin-
deki iirlinlerde GDO’lu iiriin kullanilmadigini diistiniiyorum
ifadesine katilimeilarin %30.1°1 (n=94)kesinlikle katilmiyo-
rum, %20.2’si (n=63) katilmiyorum %33’{ (n=103) kararsi-
zim, %81 (n=25) katiliyorum ve %8.7’si (n=27) tamamen ka-
tiliyorum cevabini vermiglerdir. Katilmiyorum ve kesinlikle
katilmiyorum cevabini veren 157 (63+94) kisi toplam kati-
limcilarin %50.3’iinil olugturmaktadir. Bu verilere gore kati-
limeilarin %50.3°1 tabldot yemeklerde ve kantindeki {iriin-
lerde GDO’lu iiriin kullanildigini diisiinmektedir.

Hastalarin GDO ile Ilgili Farkindaliklar:

Hastalarin GDO ile ilgili farkindaliklarinin oldugunu diisiinii-
yorum ifadesine katilimcilarin %34.6’s1 (n=108) kesinlikle
katilmiyorum, %30.1°1 (n=94) katilmiyorum %23.4°li (n=73)
kararsizim, %7.7’si (n=24) katiliyorum ve %4.2’si (n=13) ta-
mamen katiliyorum cevabini vermislerdir. Katilmiyorum ve
kesinlikle katilmiyorum cevabini veren 202 (94+108) kisi
toplam katilimcilarin %64.7’sini olusturmaktadir. Bu verilere
gore katilimcilarin %64.7’si hastalarin GDO ile ilgili farkin-
daliklarinin olmadigini diisiinmektedir.
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GDO’lu Uriinlel.’in Gida Sektoriindeki Kullanim Zorunlu-
lugu Boyutuna lliskin Degerlendirmeler

GDO'’lu gidalarin diinyadaki ag¢ligi onlemek amaciyla
kullanimi

GDO’lu gidalarin diinyadaki agligi 6nlemek amaciyla kulla-
nim1 kagmilmazdir, ifadesine katilimcilarin %25.3°1 (79) ke-
sinlikle katilmiyorum, %20.2’si (n=63) katilmiyorum
%31.410 (n=98) kararsizim, %14,4’1i (n=45) katiliyorum ve
%8.7’si (n=27) tamamen katiliyorum cevabini vermislerdir.
Katilmiyorum ve kesinlikle katilmiyorum cevabini veren 142
(63+79) kisi toplam katilimcilarin %45.5’ini olugturmaktadir.
Bu verilere gore katilimcilarin %45.5’1 GDO’lu gidalarin
diinyadaki aglig1 6nlemek amaciyla kullaniminin kaginilmaz
olmadigini diigiinmektedir.

Topraklarin verimsizlesmesi ve ekolojik dengenin
bozulmasryla birlikte olusabilecek besin yetersizligine
GDO'’lu tarimin etkisi

Topraklarin verimsizlesmesi ve ekolojik dengenin bozulma-
styla birlikte olusabilecek besin yetersizligi GDO’lu tarim ile
telafi edilebilir ifadesine katilimcilarin %33’ (n=103) kesin-
likle katilmiyorum, %26’s1 (n=81) katilmiyorum, %22.4’ii
(n=70) kararsizim, %13.1°’i (n=41) katihyorum ve %5.4’ii
(n=17) tamamen katiliyorum cevabini vermislerdir. Katilmi-
yorum ve kesinlikle katilmiyorum cevabini veren 184
(81+103) kisi toplam katilimcilarin %59’unu olusturmakta-
dir. Bu verilere gore katilimcilarin %59°u besin yetersizligi
icin GDO’1lu tarim1 dogru bulmamaktadir.

Fiyatimin avantajli olmasi sebebiyle GDO lu iiriin satin
alinabilirligi

GDO’lu bir iiriiniin satin alinmasinda fiyatinin etkisini belir-
lemek icin yoneltilen ifadede katilimcilarin %38.8’1 (n=121)
kesinlikle katilmiyorum, %26.3’ti (n=82) katilmiyorum,
%20.8’1 (n=65) kararsizim, %9.6’s1 (n=30) katiliyorum ve
%4.5’1 (n=14) tamamen katiliyorum seklinde fikir beyan et-
mislerdir. Katilmiyorum ve kesinlikle katilmiyorum cevabini
veren 203 (121+82) kisi toplam katilimcilarin %65.1’ini
olusturmaktadir. Elde edilen sonuclara gére GDO’lu bir iirii-
niin satin alinmasinda avantajli fiyatinin etkisinin oldukca az
oldugu, arastirmaya katilan toplam 312 kisiden sadece
44°1inilin (%]14.1) bu iiriinleri satin alabilecegi anlasilmakta-
dir.

GDO’lu Gidalarin Hali Hazirda l?lkemizde Satilan
Gidalardaki Varligi ve Zarari lle 1igili Boyutlara Iligkin
Degerlendirmeler

GDO'’larin insan sagligi ve ¢evreye zarari

GDO’larin insan saglig1 ve ¢evreye zararli oldugunu diistinii-
yorum ifadesine katilimcilarin %10.9’u (n=34) kesinlikle ka-
tilmiyorum, %6.1°1 (n=19) katilmiyorum, %4.2’si (n=13) ka-
rarsizim, %22.1°1 (n=69) katiliyorum ve %56.7’si (n=177) ta-
mamen katiltyorum cevabini vermislerdir. Tamamen katili-
yorum ve katiliyorum cevabini veren 246 (177+69) kisi top-
lam katilimcilarin %78.8’ini olusturmaktadir. Buna gore ka-
tilimeilarin ¢ogunlugu GDO’larm insan sagligl ve g¢evreye
zararlt oldugunu diisiinmektedir.

GDO ' lu diriinlerin kullandigimiz gidalarda varlig

GDO’lu iiriinlerin kullandigimiz gidalarda var oldugunu dii-
stinliyorum ifadesine katilimcilarin %7.4’i (n=23) kesinlikle
katilmiyorum, %4.8’1 (n=15) katilmryorum, %9’u (n=28) ka-
rarsizim, %30.1°1 (n=94) katiliyorum ve %48.7’si (n=152) ta-
mamen katiltyorum cevabin vermislerdir. Tamamen katili-
yorum ve katiliyorum cevabini veren 246 (152+94) kisi top-
lam katilimcilarin %78.8’ini olusturmaktadir. Elde edilen so-
nuglara gore katilimcilarin biiyiik ¢cogunlugu GDO’larin in-
san saglig1 ve ¢evreye zararli oldugunu diistinmektedir.

Katihmcilarin GDO’lu Gidalara Yonelik Earkmdaltklart
ve Bilgi Diizeylerine Etki Eden Boyutlara Iligkin
Degerlendirmeler

Bu kisimda, arastirmanin 6rneklemini olusturan katilimcila-
rin GDO’lu Gidalara Yo6nelik Farkindaliklari ve Bilgi Diizey-
lerini olusturan boyutlarin neler oldugunu tespit etmek amach
analizler gerceklestirilmistir. Bu kapsamda veriler; faktor
analizi, standart sapma ve aritmetik ortalamalardan faydala-
nilarak incelenmistir.

Katilimcilarin GDO’lu Gidalara Yonelik Farkindaliklart
ve Bilgi Diizeylerine Etki Eden Boyutlarin Tespitine
Tliskin Aciklayict Faktor Analizi Bulgular

Katilmeilarin, GDO’lu Gidalara yonelik farkindaliklarr ve
bilgi diizeylerini olusturdugu diisiiniilen 6nermeler, alan ya-
zindan yararlanilarak hazirlanmistir. Veri setinin faktor ana-
lizine uygunlugunun degerlendirilmesi i¢in Kaiser-Meyer-
Olkin (KMO) 6rneklem yeterliligi ve Bartlett kiiresellik testi
sonuglar1 incelenmistir. Veri setinin faktor analizine uygun
oldugunun kabul edilebilmesi i¢in KMO degerinin 0,50 nin
iizerinde bir deger almasi, Bartlett Kiiresellik test sonucunun
ise istatistiksel olarak anlamli (p<0,05) olmas1 gerekmektedir
(Tablo 2).
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Tablo 2. Katilimcilarin GDO’lu gidalara yonelik farkindaliklar1 ve bilgi diizeylerine etki eden boyutlarin tespitine iliskin
aciklayici faktor analizi sonuglar

Table 2. Exploratory factor analysis results for determining the dimensions that affect the participants' awareness of GMO foods and their
level of knowledge

Genetigi Degistirilmis Organizmalara (GDO) Yonelik Boyutlar Faktor Yiikleri

Toplumsal Bilin¢ Diizeyi (TBD) 1 2 3 4
Cocuklarin okullarda GDO ile ilgili bilgilendirilmesi gerektigini diisiiniiyorum. .859
Insanlarm GDO ile ilgili bilgilenmelerini saglayacak kamu spotu vb. olmasi gerektigini .842
diisiiniiyorum.
GDO’lu gidalari farkinda olmadan tiiketmekten endiseleniyorum. 744
GDO’lu tohumlarin iilke tarimina zarar1 oldugunu diigiiniiyorum. .665
Satin alacagim {irlinlerde GDO’lu olduklarini belirten isaretler olsa satin almam. 575
GDO’lu gidalar insan viicudunda alerjik etki gdsterebilir. 570
Gilinlimiizde baz1 hastaliklarin yayginlasmasinda GDO’larin dogrudan etkisi vardir. 441
Resmi Bilgilendirme, Denetim ve Farkindalik (RBDF)
Saglik kurumlarinda GDO ilgili yeterli bilgilendirme yapilmaktadir. .809
Tarim ve Orman Bakanligy, tirtinlerin GDO’lu olup olmadigi konusunda etkin ve yeterli denetim 722
yaptigini diisiiniiyorum.
Toplumun genetigi degistirilmis gidalar hakkinda yeterince bilgilendirildigini diisiiniiyorum. 710
Saglik kuruluslarinda verilen tabldot yemekleri ve kantinde GDO’lu iiriin kullanilmadigini diigii- .645
nilyorum.
Hastalarin GDO ile ilgili ilgili farkindaliklarinin oldugunu diisiiniiyorum. .636
Gida Sektoriindeki Kullanim Zorunlulugu (GSKZ)

GDO’lu gidalarin diinyadaki a¢lik dnlemek amaciyla kullanimi kagiilmazdir. 753
Topraklarin verimsizlesmesi ve ekolojik dengenin bozulmasiyla birlikte olusabilecek besin ye- .623
tersizligi GDO’lu tarim ile telafi edilebilir.
Fiyatinin avantajli olmasi sebebiyle GDO’lu bir iiriinii satin alabilirim. 578
Gidalardaki Varhgina ve Zararina Iliskin Farkindahk (GVZIF)

GDO’larin insan saglig1 ve ¢evreye zararl oldugunu diisiiniiyorum. .844

GDO’lu iiriinlerin kullandigimiz gidalarda var oldugunu diistiniiyorum. .804
Ozdegerler 4.511 2.479 1.274 | 1.218
Faktor Varyansi Aciklama Oram (%) 19.569 | 15.473 | 9.243 | 9.080
Toplam aciklanan varyans (%) %353.365

KMO Degeri 0.779

Bartlett Kiiresellik Testi x*~1854.55 p=0.000<0.001

Cr. Alpha= .669

Tablo 2’de katilimcilarin GDO’lu gidalara yonelik farkinda- 1 6nermenin de (10) higbir boyut altinda yer alamadig: i¢in
liklar1 ve bilgi diizeylerine etki eden boyutlara yonelik olan Olgekten ¢ikarilmistir. Faktor analizinde ortaya konulan bo-
dnermelerin degerlendirilmesi ve ¢alismanin faktor analizine ~ yutlarn toplam varyans: agiklama oram %53.365 oldugu ve
uygun olup olmadigmin tespit edilmesi amaciyla gerceklesti- onermelerin faktor yiik degerlerinin ise 0.441 ile 0.859 ara-
rilen Kaiser-Mayer-Olkin (KMO) testi sonucunda, KMO de- sinda degisim gosterdigi gortilmustiir.

gerinin 0.779 ¢ikmasi 6rneklem biiytikligiinin faktor analizi Katilimcilarin GDO’lu Gidalara Yonelik Farkindaliklar
yapmak i¢in iyi derecede yeterli oldugu, verilere iligkin dagi- ve Bilgi Diizeylerine Etki Eden Boyutlar Algilama

Iimmn ¢ok degiskenli normal dagilima uygun oldugu Diizeylerine Iliskin Bulgular

(*p<0.001) ve oOlcegin gilivenilir oldugu (Cronbach’s
Alpha=.669) goriilmektedir. Faktor analizi yapilarak ortaya
¢ikan faktorler ‘“Varimax’’ rotasyonuna tabi tutulmustur. Ya-
pilan faktor analizi sonucunda 22 6nermenin 4’i (1,5,7,18
sira numarali) diistik faktor yiik degerlerine sahip oldugundan

Gergeklestirilen faktdr analizi sonra katilimeilarin 6lgekte yer
alan 6nermelere vermis oldugu cevaplar, GDO’lara yonelik
“Toplumsal Biling Diizeyi”; GDO’lar hakkinda “Resmi Bil-
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gilendirme, Denetim ve Farkindalik”; GDO’larin “Gida Sek-
toriindeki Kullanim Zorunlulugu” ve “Gidalardaki Varligina
ve Zararna {liskin Farkindalik” seklinde 4 boyut altinda top-
lanmistir. Bu boyutlara iliskin katilimcilarm algi diizeyleri,
asagidaki Tablo 3’de goriildiigii iizere aritmetik ortalama ve
standart sapma degerleri ile incelenmistir.

Arastirmanin ¢alisma grubunda yer alan katilimcilarin,
“GDO’lu Gidalara Yonelik Farkindaliklar ve Bilgi Diizeyle-
rine Etki Eden Boyutlar1 Algilama Diizeylerine iliskin Bul-
gular” yukarida yer alan Tablo 3’de verilmektedir. ilgili tab-
loya gore katilimeilarin farkindalik ve bilgi diizeyleri boyut-
lara gore incelendiginde, katilimeilarin en ¢cok GDO’lara yo-
nelik “Toplumsal Biling Diizeyi” boyutunda (x=4.07;
$s=.807), ve GDO’larin “Gidalardaki Varligina ve Zararina
[liskin Farkindalik” boyutunda (¥=4.07; ss=1.13) algiya sa-
hip oldugu; bunu GDO’larin “Gida Sektoriindeki Kullanim
Zorunlulugu” boyutu (x=2.35; $s=.886) ve GDO’lar hak-
kinda “Resmi Bilgilendirme, Denetim ve Farkindalik” boyu-
tunun (X=2.34; ss=.906) takip ettigi goriilmektedir. Bu nok-
tadan hareketle, katilimcilarin GDO’lu gidalara yonelik far-
kindaliklar1 ve bilgi diizeylerini etkileyen en diisiik boyutun

resmi bilgilendirmeler, denetim ve farkindalik boyutunda ol-
dugu goriilmektedir.

Diger taraftan 6nemli bir husus, katilimcilarin her bir boyutu
olusturan 6nermelere verdigi cevaplarin degerlendirilmesidir.
Bu kapsamda sirasiyla “GDO’lara yonelik “Toplumsal Biling
Diizeyi” boyutunu olusturan 6nermelere gore katilimcilarin
en yiiksekten en diisiik diizeye gore algilar1 “Cocuklarin okul-
larda GDO ile ilgili bilgilendirilmesi gerektigini diisiiniiyo-
rum (¥=4.07; ss=.807)”; “Insanlarm GDO ile ilgili bilgilen-
melerini saglayacak kamu spotu vb. olmasi gerektigini diisii-
niiyorum (x=4.29; ss=1.080)”; “GDO’lu gidalar1 farkinda ol-
madan tiiketmekten endiseleniyorum (x=4.08; ss=1.168)”;
“Giinlimiizde bazi1 hastaliklarin yayginlasmasinda GDO’larin
dogrudan etkisi vardir (x=4.01; ss=1.153)”; GDO’lu gidalar
insan viicudunda alerjik etki gosterebilir (X=3.92;
$s=1.046)”; Satin alacagim iirlinlerde GDO’lu olduklarini be-
lirten isaretler olsa satin almam (X=3.91; ss=1.311)” ve
“GDO’lu tohumlarin iilke tarimina zarari oldugunu diistinii-
yorum (X=3.91; ss=1.229)” seklinde siralanmaktadir.

Tablo 3. Katilimcilarin GDO’lu gidalara yonelik farkindaliklar1 ve bilgi diizeylerine etki eden boyutlar1 algilama diizeylerine

iligkin sonuglar

Table 3. Results of participants' awareness of GMO foods and their perception levels of dimensions affecting their knowledge level

Onermeler Art. Ort. St. Sapma
(69) (ss)
Cocuklarmn okullarda GDO ile ilgili bilgilendirilmesi gerektigini diisiiniiyorum. 4.36 1.043
Insanlarm GDO ile ilgili bilgilenmelerini saglayacak kamu spotu vb. olmasi gerektigini diisiiniiyorum. 4.29 1.080
GDO’lu gidalar: farkinda olmadan tiiketmekten endiseleniyorum. 4.08 1.168
GDO’lu tohumlarn iilke tarimina zarar1 oldugunu diisiiniiyorum. 3.91 1.229
Satin alacagim iiriinlerde GDO’lu olduklarini belirten isaretler olsa satin almam. 3.91 1.311
GDO’lu gidalar insan viicudunda alerjik etki gosterebilir. 3.92 1.046
Giiniimiizde bazi hastaliklarin yaygilagmasinda GDO’larin dogrudan etkisi vardir. 4.01 1.153
Toplumsal Bilin¢ Diizeyi (TBD) 4.07 807
Saglik kurumlarinda GDO ilgili yeterli bilgilendirme yapilmaktadir. 2.33 1.280
Tarim ve Orman Bakanligi, tiriinlerin GDO’1u olup olmadig1 konusunda etkin ve yeterli denetim yaptigini 2.50 1.262
diistiniiyorum.
Toplumun genetigi degistirilmis gidalar hakkinda yeterince bilgilendirildigini diisiiniiyorum. 2.25 1.323
Saglik kuruluslarinda verilen tabldot yemekleri ve kantinde GDO’lu iiriin kullanilmadigini diisiiniiyorum. 2.44 1.238
Hastalarin GDO ile ilgili ilgili farkindaliklarinin oldugunu diisiiniiyorum. 2.16 1.113
Resmi Bilgilendirme, Denetim ve Farkindalik (RBDF) 2.34 906
GDO’lu gidalarin diinyadaki a¢lik dnlemek amaciyla kullanimi kagiilmazdir. 2.60 1.247
Topraklarin verimsizlesmesi ve ekolojik dengenin bozulmasiyla birlikte olusabilecek besin yetersizligi 2.32 1.213
GDO’lu tarim ile telafi edilebilir.
Fiyatinin avantajli olmas1 sebebiyle GDO’lu bir iiriinii satin alabilirim. 2.14 1.169
Gida Sektoriindeki Kullanim Zorunlulugu (GSKZ) 2.35 .886
GDQO’larn insan saglig1 ve ¢evreye zararl oldugunu diisliniiyorum. 4.07 1.353
GDO’lu iiriinlerin kullandigimiz gidalarda var oldugunu diisiiniiyorum. 4.08 1.196
Gidalardaki Varhgina ve Zararina iliskin Farkindahk (GVZIF) 4.07 1.113
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Ikinci boyut olan GDO’larin “Gidalardaki Varligina ve Zara-
rma Iliskin Farkindalik” boyutunu olusturan énermelere gore
katilimcilarin en yiiksekten en diisiik diizeye gore algilari
“GDO’lu iiriinlerin kullandigimiz gidalarda var oldugunu dii-
stinliyorum (x=4.08; ss=1.196)”; ve “GDQO’larin insan sag-
lig1 ve gevreye zararli oldugunu disiiniiyorum (x=4.07;
ss=1.353)” seklinde siralanmaktadir.

Ucgiincii boyut olan “GDO’larin “Gida Sektdriindeki Kulla-
nim Zorunlulugu” boyutunu olusturan dnermelere gore kati-
limcilarin en yiiksekten en diigiik diizeye gore algilar
“GDO’lu gidalarn diinyadaki a¢lik dnlemek amaciyla kulla-
nimi kaciilmazdir (X=2.60; ss=1.247)”; “Topraklarin ve-
rimsizlesmesi ve ekolojik dengenin bozulmasiyla birlikte
olusabilecek besin yetersizligi GDO’lu tarim ile telafi edile-
bilir (x=2.32; ss=1.213)” ve “Fiyatinin avantajli olmasi sebe-
biyle GDO’lu bir iirlinii satin alabilirim (X=2.14; ss=1.169)”
seklinde siralanmaktadir.

Dordiincii boyut olan “GDO’lar hakkinda “Resmi Bilgilen-
dirme, Denetim ve Farkindalik” boyutunu olusturan 6nerme-
lere gore katilimcilarin en yiiksekten en diisiik diizeye gore
algilar1 “Tarim ve Orman Bakanligi, tirlinlerin GDO’lu olup
olmadig1 konusunda etkin ve yeterli denetim yaptigini diisii-
nliyorum (X=2.50; ss=1.262)”; “Saglik kuruluslarinda veri-
len tabldot yemeklerde ve kantindeki iiriinlerde GDO’lu iiriin
kullanilmadigim diisiiniiyorum (X=2.44; ss=1.238)”; “Saglik
kurumlarinda GDO ile ilgili yeterli bilgilendirme yapilmak-
tadir (x=2.33;ss=1.280)”; “Toplumun genetigi degistirilmis
gidalar hakkinda yeterince bilgilendirildigini diisiiniiyorum
(x=2.25; $s=1.323)” ve “Hastalarin GDO ile ilgili farkinda-
liklarinin oldugunu diisiiniiyorum (X=2.16; ss=1.113)” sek-
linde siralanmaktadir.

Katilimcilarin GDO’lu Gidalara Yonelik Farkindaliklar: ve
Bilgi Diizeyleri ile Demografik Ozellikleri Arasindaki Fark-
lilik Testlerine lliskin Bulgular

Bu kisimda aragtirma katilimcilarinin GDO’lu Gidalara Y6-
nelik Farkindaliklar1 ve Bilgi Diizeyleri boyutlar ile birtakim
demografik 6zellikleri arasinda herhangi bir fark olup olma-
digina iliskin analizler gerceklestirilmistir. lgili analizlerde
T-Testi ve tek yonlii varyans analizi (One-Way Anova) testi
kullanilmis, sonuglara iliskin bulgular tablolar halinde goste-
rilmis ve yorumlanmustir.

Bu kapsamda oncelikle hipoteze iliskin katilimcilarin
GDO’lu Gidalara Yonelik Farkindaliklar1 ve Bilgi Diizeyleri
boyutlar ile cinsiyetleri arasinda anlamli bir farklilik olup ol-
madigina iliskin sonuglar asagidaki Tablo 4’de gosterilmistir.

Tablo 4’de yer alan sonuglara gore katilimcilarin cinsiyetleri
ile GDO’lu gidalara yonelik “Toplumsal Biling Diizeyleri”
arasinda (sig.=0,948; p=0,05); “Resmi Bilgilendirme, Dene-
tim ve Farkindaliklar1” arasinda (sig.=0,783; p>0,05); “Gida
Sektoriindeki Kullanim Zorunlulugu” arasinda (sig.=0,337;
p=>0.05) anlamlilik degeri p>0,05 oldugu icin farklilik bulun-
mamaktadir. Diger taraftan katilimcilarin cinsiyetleri ile “Gi-
dalardaki Varligina ve Zararma Iliskin Farkindalik
(sig.=0.030; p<0.05) arasinda anlamlilik degeri p<0.05 ol-
dugu i¢in farklilik bulunmaktadir. Bu veriler kadin katilimci-
larin (x=3.4393), erkek katilimcilara (X=3.2861) oranla
GDO’larm “Gidalardaki Varligma ve Zararina iliskin Farkin-
daliklarinin daha yiiksek oldugunu gostermektedir.

Tablo 4. Katilimcilarin GDO’lu gidalara yonelik farkindaliklari ve bilgi diizeyleri boyutlar ile cinsiyetleri arasindaki farklilik-

lara iliskin bagimsiz 6rneklem t-Testi sonuglari

Table 4. Independent sample t-Test results regarding the differences between the participants' awareness of GMO foods and their level of

knowledge and gender
BOYUTLAR Grup | Cinsiyet s Ort. St. Levene testi
Sapma F Sig. t p

Tool | Bilinc Diizevi (TBD 1 Kadin 204 4.0476 .83392 004 | .948 -.798 45

oplumsal Biling Dizeyi (TBD) 2 Erkek | 108 | 4.1243 | 75494 -823 |-
Resmi Bilgilendirme, Denetim ve Farkin- 1 Kadin 204 | 23735 92384 076 | .783 | 870 185
dahk (RBDF) 2 Erkek 108 2.2796 .87496 .884 '
Gida Sektoriindeki Kullamm Zorunlu- 1 Kadin 204 2.3203 85567 924 | 337 | -1.061

< 290
lugu (GSKZ) 2 Erkek 108 | 24321 94089 -1.030
Gidalardaki Varh@ma ve Zararma iliskin 1 Kadin 204 | 4.1201 1.07664 4758 | 030 -890 374
Farkindalik (GVZIF) 2 Erkek 108 4.0000 1.23425 ' ’ .854 '

*p<0.05
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Tablo 5. Katilimcilarin GDO’lu gidalara yonelik farkindaliklar1 ve bilgi diizeyleri boyutlar ile medeni durumlar1 arasindaki

farkliliklara iligkin bagimsiz 6rneklem ¢ -testi sonuglari

Table 5. Independent sample t-test results regarding the differences between the participants' awareness of GMO foods and their level of

knowledge and marital status

BOYUTLAR Grup | Medeni | o1 o, | St.Sapma | LCvenetesti
Durum F Sig. t p

- I 1 Evli 211 | 4.0819 .83392 524 | 470 | 245
Toplumsal Biling Diizeyi (TBD) 2 | Bekar | 101 | 40580 | 7549 251 | 807
Resmi Bilgilendirme, Denetim ve Farkinda- 1 Evli 211 | 2.3763 92384 5273 | .022 993

- 321

ik (RBDF) 2 Bekar | 101 | 2.2673 .87496 1.071
Gida Sektoriindeki Kullamim Zorunlulugu 1 Evli 211 | 2.3207 .85567 1.312 | 253 | -1.103 271
(GSKZ) 2 Bekar | 101 | 2.4389 .94089 -1.134 |
Gidalardaki Varhgna ve Zararma Mliskin 1 Evli 211 | 4.0474 1.07664 3315 | 070 -.701 258
Farkindahk (GVZIF) 2 Bekar | 101 | 4.1436 1.23425 ] ] -.749 '
*p<0.05

Tablo 5°de yer alan sonuglara gore katilimcilarin medeni du-
rumlar1 ile GDO’lu besinlere yonelik “Toplumsal Biling Dii-
zeyleri” arasinda (sig.=0.470; p=0.05); “Gida Sektoriindeki
Kullanim Zorunlulugu” arasinda (sig.=0.253; p>0.05); “G1-
dalardaki Varligina ve Zararma Iliskin Farkindalik”
(sig.=0.070; p=0.05) arasinda anlamlilik degeri p>0.05 ol-
dugu i¢in farklilik bulunmamaktadir. Diger taraftan katilim-
cilarin medeni durumlari ile “Resmi Bilgilendirme, Denetim
ve Farkindaliklar1” arasinda (sig.=0.022; p<0.05) anlamlilik
degeri p<0.05 oldugu igin farklilik bulunmaktadir. Bu veriler
evli olan katilimeilarin (x=2.3763), bekar olan katilimcilara
(X=2.2673) oranla GDO’lara yonelik “Resmi Bilgilendirme,

Denetim ve Farkindaliklariin daha yiiksek oldugunu goster-
mektedir.

Tablo 6’da yer alan sonuglara gore katilimcilarin ¢ocuk sahibi
olma durumlari ile GDO’lu gidalara yo6nelik “Toplumsal Bi-
ling Diizeyleri” arasinda (sig.=0.425; p=>0.05); “Resmi Bilgi-
lendirme, Denetim ve Farkindaliklar1” arasinda sig.=0.097;
p=>0.05); “Gida Sektoriindeki Kullanim Zorunlulugu” ara-
sinda (sig.=0.324; p>0.05); “Gidalardaki Varligina ve Zara-
rina iliskin Farkindalik” (sig.=0.298; p>0.05) boyutlar ara-
sinda anlamlilik degeri p>0,05 oldugu i¢in herhangi bir fark-
lilik bulunmamaktadir.

Tablo 6. Katilimcilarin GDO’lu gidalara yonelik farkindaliklar1 ve bilgi diizeyleri boyutlari ile cocuk sahibi olma durumlari
arasindaki farkliliklara iliskin bagimsiz 6rneklem ¢ -testi sonuglari

Table 6. Independent sample t-test results regarding the differences between the participants' awareness of GMO foods and their level of

knowledge and their status of having children

BOYUTLAR Grup Cocuk . Ortalama Standart | Levene Te.sti
Durumu Sapma F Sig. t p
- I 1 Var 188 4.1208 .83392 .637 | 425 245

Toplumsal Bilin¢ Diizeyi (TBD) > Yok 24 2.0035 =5494 551 209
Resmi Bilgilendirme, Denetim ve Farkinda- 1 Var 188 2.3255 .92384 2.765 | .097 .993 711
hk (RBDF) 2 Yok 124 2.3645 .87496 1.071 |~
Gida Sektoriindeki Kullamm Zorunlulugu 1 Var 188 2.2926 .85567 977 | 324 | -1.103 103
(GSK7) 2 Yok 124 2.4597 .94089 -1.134 |
Gidalardaki Varhgmna ve Zararma iliskin 1 Var 188 4.0638 1.07664 1086 | 298 -.701 778
Farkindahk (GVZIF) 2 Yok 124 | 4.1008 1.23425 ' ‘ -749 |

*p<0.05
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Tablo 7. Katilimcilarin GDO’lu gidalara yonelik farkindaliklar1 ve bilgi diizeyleri boyutlari ile yaslar1 arasindaki farkliliklara
iligkin one-way anova testi sonuclari

Table 7. One-way ANOVA test results regarding the differences between the dimensions and ages of the participants' awareness and level
of knowledge about GMO foods

BOYUTLAR Yas s | Ortalama | Srdart | o g
Sapma
25 yag ve alt1 50 3.9514 76503
o 2630yas | 70 | 3.9592 90355
Toplumsal Bilin¢ Duzeyi 31-35 yas 83 4.0637 85547 1455 | 216
(TBD) 36-40 45 4.2127 81477
41 yas ve tstii 64 42121 .62451
Toplam 312 4.0742 .80706
25 yag ve alt1 50 2.4240 77369
o - 2630yas | 70 | 2.2086 76627
Resmi Bilgilendirme, Denetim ve Farkindahk 31-35 yas 83 23614 95583 576 680
(RBDF) 36-40 45 24222 1.02089
41 yas ve Ustii 64 2.3375 1.00214
Toplam 312 2.3410 90691
25 yas ve alt1 50 2.5933 90674
26-30 yas 70 2.4000 81175
Gida Sektoriindeki Kullanim Zorunlulugu 31235 va 3 2.2450 87897
K7 yas - : 1.343 | .254
(GSKZ) 36-40 45 23259 90590
41 yas ve iistii 64 2.3021 93288
Toplam 312 2.3590 .88619
25 yag ve alt1 50 4.0700 1.13843
26-30 yas 70 4.2214 .90744
Gidalardaki Varhigina ve Zararina iliskin Farkindalik | 31-35 yas 83 4.0482 1.16246 1104 | 355
(GVZIF) 36-40 45 4.2333 1.05852 ) )
41 yas ve tstii 64 3.8594 1.34066
Toplam 312 4.0785 1.13314

almayacagi; 1/4’tintin GDO’lu iirlinlerin alerjen etkisi konu-
sunda kararsiz olduklari; %45’inin hastaliklarin yayginlas-
masinda GDO’nun etkisi oldugunu diistindiikleri; %50’sine
yakininin Tarim ve Orman Bakanligi’nin GDO konusunda
denetim yetersizligi oldugunu; %68’ine yakininin GDO ko-
nusunda yeterince bilgilendirilme yapilmadigini diisiindiik-

Tablo 7’de yer alan sonuglara gore katilimcilarin yaslari ile
GDO’lu gidalara yonelik “Toplumsal Biling Diizeyleri” ara-
sinda (sig.=0.216; p=>0.05); “Resmi Bilgilendirme, Denetim
ve Farkindaliklar1” arasinda sig.=0,680; p>0.05); “Gida Sek-
toriindeki Kullanim Zorunlulugu” arasinda (sig.=0.254;
p>0,05); “Gidalardaki Varligina ve Zararma Iliskin Farkinda-

lik” (sig.=0.355; p>0.05) arasinda anlamlilik degeri p>0.05
oldugu i¢in farklilik bulunmamaktadir.

Genetigi degistirilmis organizmalar ve insan sagligi {izerin-
deki etkileri hakkinda farkindalik diizeylerinin 6lgiilmesi
kapsaminda Sinop ilinde bulunan kamu hastanelerinde ¢ali-
san personellere yonelik gergeklestirilen bu arastirmanin so-
nucunda, katilimcilarin %47.4’iinlin GDO’lu gidalan far-
kinda olmadan tiketmekten endiselendigi; %43.6’smin
GDO’lu tohumlarin {ilke tarimina zarari oldugunu diisiin-
diigii; %47’ sinin satin alinan tirlinlerde GDO isareti olmasi
gerektigini belirtmis ve isaret olsa 3/4'iniin bu iriinleri satin

leri; %59’unun besin yetersizligi i¢in GDO’lu tarim1 dogru
bulmadigi; %79 unun GDO’lu iirlinlerin insan saglig1 ve ¢cev-
reye zararlt oldugunu diigiindiikleri tespit edilmistir.

Calismada Radas vd. (2008)’nin sonuglarinda goriilen “tiike-
ticilerin hangi yiyeceklerde GDO oldugunu bilmedikleri”
bulgusuna benzer bir sonug goriilmiis, “GDO’lu gidalar: far-
kinda olmadan tiiketmekten endiseleniyorum” Onermesine
(Xx=4.08) yiiksek derecede katilmislardir. Kaynar’in (2009),
calismasinda ise tliketicilerin GDO’lu {iriinler hakkinda bilgi
sahibi olmak istedigi goriilmekle birlikte, yine bu ¢alismada
da “Insanlarm GDO ile ilgili bilgilenmelerini saglayacak

11


https://doi.org/10.3153/FH21001

12

Food Health 7(1), 1-14 (2021) e https://doi.org/10.3153/FH21001

kamu spotu vb. olmas1 gerektigini diisliniiyorum” 6nermesine
(X=4.29) yiiksek derecede katilmislardir.

Ozdemir ve Duran’in (2010) ve Sénmez’in (2011) ¢alismala-
rinda tiiketicilerin GDO’lardan biiylik 6l¢iide endiselendik-
leri ve bu iirlinlere yonelik olumsuz diisiincelere sahip olduk-
lar1 bildirilmistir. Benzer sekilde bu arastirmada katilimcila-
rin “GDO’larn insan sagligi ve ¢evreye zararli oldugunu dii-
stiniiyorum” onermesine (x=4.07), “Glinlimiizde baz1 hasta-
liklarin yayginlagmasinda GDO’larin dogrudan etkisi vardir”
onermesine (x=4.01) yliksek derecede katilmiglardir.

Temelli ve Kurt’un (2011) ¢alismasinda belirttigi tiiketicile-
rin genetigi degistirilmis organizmalar hakkinda bilgilendiril-
meleri gerektigi ifadesi galismamizda “Cocuklarin okullarda
GDO ile ilgili bilgilendirilmesi gerektigini diigiiniiyorum”
onermesi (X=4.36), ile “Insanlarin GDO ile ilgili bilgilenme-
lerini saglayacak kamu spotu vb. olmas1 gerektigini diigiinii-
yorum” (X=4.29) onermelerine yiiksek derecedeki katilim ve
“Hastalarin GDO ile ilgili ilgili farkindaliklarinin oldugunu
diisiiniiyorum” (X=2.16) onermesine ¢ok diisiik katilim ol-
mast ile desteklenmektedir.

Aydin (2012), ¢aligmasinda katilimcilarin %88 inin aldiklart
driinlerin etiketini kontrol ettiklerini, Wunderlich ve Gatto
(2015), ¢alismalarinda GDO’lu firiinler konusunda tiiketici
bilincinin diisiik oldugunu ayrica Lefebvre ve ark. (2019),
yaptiklari ¢aligmada GDO igeren ancak etiketsiz olan {iriinleri
satin alma olasiliklarinin daha yiiksek oldugunu tespit etmis-
tir. Tiiketicilerin GDO konusundaki korkularmi gidermek
icin gseffaflagmanin (6rnegin etiket belirtmenin) gerekli oldu-
gunu bildirmistir. Bu c¢alismalara benzer sekilde yapilan
arastirmada da katilimcilarin “Satin alacagim iiriinlerde
GDO’lu olduklarimi belirten isaret olsa satin almam” 6nerme-
sine (x=3.91) yiiksek derecede katilmislardir.

Cui ve Shoemaker (2018), yaptiklar1 ¢alismada katilimcilarin
cok az bir kisminin GDO teknolojisinin genel prensiplerini
anladigini, pek ¢cogunun ise “ndtr” ya da “olumsuz” goriise
sahip olduklar1 bildirilmistir. Benzer sekilde bu sonug gercek-
lestirilen arastirmada da katilimcilarin cevaplarinda yer alan,
“Toplumun genetigi degistirilmis gidalar hakkinda yeterince
bilgilendirildigini diislinliyorum” Onermesine (X=2.25) ve
““Saglik kurumlarinda GDO ilgili yeterli bilgilendirme yapil-
maktadir.”” 6nermesine (X=2.33) ¢ok diisiik 6l¢iide katilim-
lar1 ile benzerlik tagimaktadir.

Karaaslan (2017) galismasinda, GDO’lu besinlerle beslenen
canlilarin goriiniis veya yapisal olarak degistigini vurgulamas,
bir bagka calismada Giines ve Yilmaz (2019) ise GDO’larin
hastaliklarin olusmasi, insan émriiniin kisalmasi, mutasyon,
erken ergenlik, besin kalitesinin azalmasi, biyolojik ¢esitligin
azalmasi, dogal dengenin bozulmasi gibi konularda ise olum-
suz fikre sahip olduklarini ifade etmislerdir. Bu c¢aligmalara

Research Article

benzer sekilde bu aragtirmada ise katilimcilarin “GDO’lu gi-
dalar insan viicudunda alerjik etki gosterebilir” dnermesine
(X=3.92) yiiksek derecede katilmislardir.

Celik (2009) ¢alismasinda, GDO’lu bitkilerin 1slah edilmis ya
da evrimlesmis bitki ¢esitleriyle rekabet ederek onlarin yerini
alabilecegini ve yerel tohum tiirlerinin yok olma tehlikesinde
oldugunu belirtmistir. Ogur vd. (2017) calismalarinda ise ka-
tilimcilarin yaklagik %80’inin Tiirkiye’de GDO’lu tohum-
larla {iretim yapilmasint dogru bulmadigini sdylemislerdir.
Benzer sekilde ilgili arastirmalarin sonuclari, bu arastirmada
yer alan katilimcilarin “GDQO’lu tohumlarin {ilke tarimina za-
rarli oldugunu diisliniiyorum” 6nermesine (X=3.91) yiiksek
derecedeki katilimi ve “topraklarin verimsizlesmesi ve eko-
lojik dengenin bozulmasiyla birlikte olusabilecek besin yeter-
sizligi GDO’lu tarim ile telafi edilebilir’” (x=2.32) dnermele-
rine yonelik diisiik orandaki katilimlar1 nedeniyle desteklen-
mektedir.

Yalgin (2019), ¢alismasinda iilkemizde GDO’lu iiretim ve sa-
t1s ile alakali yapilan denetimleri yeterli ve seffaf bulmadigim
belirtmistir; bu sonu¢ benzer sekilde bu ¢alismada da ““Tarim
ve Orman Bakanlig1, tirlinlerin GDO’lu olup olmadigi konu-
sunda etkin ve yeterli denetim yaptigimi1 diistiniiyorum’’
onermesine (Xx=2.50) katilimilarin diisiik oranda katilimlari
nedeniyle desteklenmektedir.

Hidiroglu vd. (2013), yaptiklart ¢alismada katilimcilarin
%66.8'1 GDO'lu iiriiniin fiyat1 normal {iriinlerden daha ucuz
olsa da tirlinii satin almayacagini bildirmistir. Benzer sekilde
bu ¢alismada 6nermeler igerisinde en diisiik degere sahip olan
“Fiyatinin avantajli olmasi sebebiyle GDO’lu bir iirlinii satin
alabilirim” (x=2.14) 6énermesidir.

Sonug¢

Bu noktadan hareketle basta kamu kurumlar1 olmak iizere,
cesitli sivil toplum kuruluslarimin 6zellikle toplum sagligina
yonelik olarak hazirlanan gorsel ve isitsel yayinlarinda
GDO’lu gidalar kullanilmamasi, GDO’lu gidalarin insan sag-
l1g1 tizerine etkileri ve GDO’lu ile GDO’suz gidalarin nasil
fark edilebilecegine yonelik ayrmtilart vurgulamasi dnem arz
etmektedir.

Yetkililerin GDO’lu gidalarla ilgili gerekli yasal diizenleme-
leri yaparak, bu iiriinlerin denetimini etkili bir sekilde gercek-
lestirmesi olduk¢a onemlidir. Bu baglamda tek bir kontrol
mekanizmasinin yerine asamali ve ¢oklu kontrol yapilabilir.
Ozelikle okul ve kamu kurumu yemekhanelerinde yemek ya-
piminda kullanilan gidalarin kontrol edilerek, GDO’lu iiriin
kullanim1 6nemli 6l¢iide azaltilabilir.

Ayrica gelecek nesillerin de gesitli bilimsel arastirmalar ile
desteklendigi iizere GDO’lu gidalarin tiiketiminin insan sag-
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l1ig1 lizerine etkilerine yonelik bilinglendirilmesi i¢in ortadg-
retim ve liniversite diizeyinde egitim goéren genglere farkin-
dalik ve bilgi saglayan etkinlikler gerceklestirilmesi igin
basta Milli Egitim Bakanlig1 ve Yiiksekogretim Kurulu Bas-
kanlig1 isbirligi ile projeler yapilmalhidir. Bu noktada ders
miifredatlari i¢erisine de GDO’lu besinler hakkinda bilgilen-
dirici dersler eklenebilir.

Bu ¢aligmada elde edilen sonuglarin basta ilgili alanda arag-
tirma yapan bilim insanlar1 olmak {izere, arastirma alani ile
ilgili (gida, tarim ve hayvancilik, yiyecek icecek isletmeleri
vb.) kamu kurum ve kuruluslari ile gesitli sivil toplum o6rgiit-
leri ve ilgili isletmelere veri saglamasi hedeflenmistir. Ayrica
bu c¢alisma, konusunda bilgilenmek isteyenlere ve kamuoyu-
nun bilinglenmesine katki saglayacak, gelecekte yapilacak
caligmalara da yon gosterici olacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gercek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmislerdir.

Etik izin: Arastirma igin Sinop Universitesi insan Arastirmalar
Etik Kurulu Yonetim Kurulu’ndan 13.12.2018 tarih ve 2018/46 ka-
rar say1li etik onay alinmis olup, aragtirmanin gergeklestirildigi has-
taneler igin Sinop Il Saglik Miidiirliigii’niin 30.05.2019 tarih ve
2078520-605.99 sayi1li onay1 ile ¢aligma gergeklestirilmistir.

Finansal destek: -
Tesekkiir: -

Aciklama: Bu ¢alisma 23/01/2020 tarihinde tamamlanan “Hastane
Calisanlariin Genetigi Degistirilmis Organizmalar (GDO) ve Sag-
ligimiz Uzerindeki Etkileri Hakkindaki Gériisleri ve Farkindalik
Diizeylerinin Belirlenmesi: Sinop Ornegi” bashkli Yiiksek lisans
tezi esas alinarak hazirlanmistir.
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Hayvansal tirlinler arasinda yaygin bir sekilde tiiketilen si8ir eti kiymasi, hijyenik olmayan {iretim ve muha-
faza sartlarinda bakteri gelisimine uygun olabilmektedir. Aeromonas spp. ¢evrede yaygin bulunabilmekte ve
su ile iligkilendirilmektedir. Uretimde kullanilan kontamine suyla mikroorganizmalar iiriinlere gegmekte ve
halk saghg igin tehdit olusabilmektedir. Insanlar gogunlukla kontamine su ve et iiriinlerini tiiketmek sure-
tiyle enfekte olabilmektedir. Aeromonas spp. kusma, ishal ve gastroenterit gibi ¢esitli rahatsizliklara neden
olmaktadir. Ayrica, gocuklar ve yaslilar bu bakteriye daha duyarlidir. Yapilan bu ¢alismada, Afyonkarahisar
il merkezinde satiga sunulan 100 adet sigir eti kiymasinda Aeromonas spp. varligi klasik kiiltiir yontemi ile
aragtirilmustir. izole edilen bakteriler VITEK® 2 Compact ile tammlanmustir. Tespit edilen A. hydrophila
suslar1 PZR ile aerd ve hlyA gen varlig1 yoniinden arastirilmistir. Analiz sonucunda kiyma Orneklerinin
%3’linde 4. hydrophila identifiye edilmistir. Tanimlanan ii¢ bakterinin de aerd ve hlyA genlerinin her ikisine
de sahip oldugu tespit edilmistir. Ayrica identifiye edilen suglarin yalniz birer tanesinin amoksisiline ve nali-
diksik asite direngli oldugu belirlenmistir. Sonug olarak, ¢iftlikten catala tiim kirmizi et liretim asamalarda
gerekli hijyen tedbirlerin alinmasi, muhafaza ve 1s1l isleme dikkat edilmesi ve tiiketicilerin bilgilendirilmesi
onerilmektedir.

Anahtar Kelimeler: Aeromonas hydrophila, Halk saghgi, Kiyma

ABSTRACT
Investigation of Aeromonas spp. in ground beef marketed in Afyonkarahisar

Ground beef as commonly consumed among animal products may be suitable for bacterial growth under
unhygienic production and storage conditions. 4eromonas spp. can be widely found in the environment and
it is associated with water. With contaminated water used in production, microorganisms pass into products
and may pose a threat to public health. People are often infected by consuming contaminated water and meat
products. Aeromonas spp. causes various disorders such as vomiting, diarrhoea and gastroenteritis. In addi-
tion, children and older people are more susceptible to these bacteria. In this study, the presence of Aeromonas
spp. was investigated by classical culture method in 100 ground beef samples which were sold in Afyonka-
rahisar city centre. The suspected Aeromonas spp. were confirmed with VITEK® 2 Compact. The detected
A. hydrophila strains were further investigated by PZR in terms ofaer4 and hlyA genes. At the end of the
analysis, A. hydrophila was identified in 3% of the ground beef samples. It was detected that all three bacteria
have both the aerd and AlyA genes. In addition, only one of the identified strains was found to be resistant to
amoxicillin and nalidixic acid. As a result, it is recommended to take necessary hygiene measures in all stages
of red meat production according to farm to fork, to give attention to storage, heat treatment and inform
consumers.

Keywords: Aeromonas hydrophila, Public health, Ground beef
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Giris

Aeromonas spp. ¢evrede bulunabilen ve dagilim agisindan
kozmopolit bir bakteridir (Praveen ve ark., 2016). Aeromo-
nas spp, insanlarda ishalin yani sira 6zellikle bagisiklik sis-
temi baskilanmig bireylerde septisemi, ciddi yara enfeksi-
yonlari, peritonit, menenjit ile goz, eklem ve kemiklerde en-
feksiyonlara neden olabilmektedir (Abbott et al., 1992). Ae-
romonas turleri iki farkli gruptan olusmaktadir. Bunlardan bi-
rincisi hareketsiz psikrofilik 4. salmonicida ve diger grup ise
iic mezofilik hareketli olan 4. hydrophila, A. caviae ve A. sob-
ria’dan olugsmaktadir (Praveen ve ark., 2014).

Gida kaynakli bir patojen olma potansiyeline sahip olan Ae-
romanas hydrophila, ekotoksinler ve sitotoksinler dahil ol-
mak {izere farkli viriilans faktorlerini iiretmektedir. Ayni za-
manda psikotrof bir bakteri olan, A. hydrophila sogutma ve
soguk muhafaza sirasinda gidalarda gelismekte ve toksin
olusturabilmektedir. Bu nedenle, insan tiiketimi i¢in gida-
larda A. hydrophila varliginin kontrol edilmesi gerektigi tav-
siye edilmektedir (Daskalov, 2006).Yapilan ¢aligsmalarda et-
kenin 6zellikle igme, kullanma ve yiizey sularindan siklikla
izole edildigi, ayrica kanatl eti, kirmizi et, balik, siit ve siit
irlinleri gibi hayvansal gidalarda da yiiksek oranda bulun-
dugu bildirilmistir (Ibrahim ve Mac Rae, 1991; Gobat ve
Jemni, 1993; Sachan ve Agarwal 2000; Kiipiillii ve ark. 2000;
Isleyici ve ark., 2006). Yapilan ¢alismalarda da goriildiigii
gibi insan saglig1 i¢in son derecede 6nemli bir patojen bakteri
olan Aeromonas tiirlerinin et ve et iiriinlerinden siklikla izole
edilmektedir. Bu nedenle yapilan bu calismada halk saglig
acisindan 6nemli tehlike arz eden Aeromonas spp.’nin Af-
yonkarahisar ilinde tiilketime sunulan sigir kirymalarinda var-
lig1 ile identifiye edilen suslarin antibakteriyel ilag direngli-
likleri aragtirilmugtir.

Materyal ve Metot
Materyal

Afyonkarahisar ilinden tiiketime sunulan 100 adet sigir
kiyma 6rnegi, hijyenik kurallara uygun olarak 200 g'dan az
olmamak {izere steril posetlere alarak, soguk zincir altinda
laboratuvara taginarak analize alinmstir.

Research Article

Metot
Aeromonas spp. izolasyon ve identifikasyonu

Laboratuara getirilen sigir kiyma ornekleri ayni giin iginde
homojen bir sekilde 25’er g alinarak {izerine 225 mL alkali
peptonlu su ilave edilmis ve 2 dk stomacherde homojenize
edildikten sonra 30 °C’de 24 saat inkiibasyona birakilmustir.
Inkiibasyon sonunda bu zenginlestirme sivisindan bir 6ze do-
lusu alinarak 6nceden hazirlanmis Aderomonas agara (Conda-
lab Cat:1370, 5mg/l Ampicilin igeren) ¢izme yoOntemi ile
ekim yapilmistir. Ekimi yapilan petriler 30°C de 24 saat in-
kiibasyona brrakilmustir. Inkiibasyon sonunda siipheli koloni-
lerden; gram boyama, oksidaz test, katalaz test, hareketlilik
testi, Vibriostatik ajan O/129’ a direnglilik, NaCl igermeyen
ve % 5 NaCl i¢eren Nutrient Broth’da lireme sonucu Aero-
monas spp. oldugu tespit edilen kiiltlirlerden tiir tayini yapil-
mustir (Palumbo ve ark. 1992; Anonim 2000). Identifiye edil-
len A hydrophila suglar1t VITEK® 2 Compact (Biomerieux)
ile gram negatif identifikasyon kartlart kullanilarak tespit
edilmistir.

DNA izolasyonu ve PZR iglemi

Genetik analizler i¢in hazirlanmis bakteri orneklerinden
DNA izolasyonu ve PZR analizi yapilmstir. Izolasyon igin,
DNA izolasyon kiti (Qiagen DNeasy® DNA izolasyon Kiti,
Almanya) kullanilmstir.

Primer tasariminda NCBI web sitesinden A. hydrophila’ya
0zgii aerAd ve hlyA genine ait tasarlanan primerler, FastPCR
6.0 (Kalendar ve ark., 2009) bilgisayar paket programindan
faydalanilarak kontrol edilmistir (Tablo 1).

PCR karigimi1 Taq DNA Polimeraz (Ampliqon, Danimarka)
kullanilarak her bir 6rnek i¢in 25 pl’lik final hacimde olacak
sekilde hazirlanarak, PZR cihazinda analiz gerceklestirilmis-
tir (T100™ Thermal Cycler, Bio-Rad, ABD).Daha sona PZR
tirlinleri 1XTAE (Tris-Asetat-EDTA) soliisyo-
nunda %]1,5’luk agaroz jel elektroforezinde yiiriitiildiikten
sonra Safe DNA jel boyasi (Invitrogen, ABD) ile boyanarak
UV altinda jel goriintiileme ve analiz sistemi ile goriintiilen-
mistir (Vilber Lourmat, Fusion FX, Marine la Vale¢, France).

Tablo 1.4. hydrophila aerA ve hlyA’ya ait genlerin primer dizilimleri

Table 1.Primer sequences of the gene from A. hydrophila aerA and hilyA

Gen Oligoniikleotid Dizisi (5’-3°) Uriin Boyutu (b¢) Gen Bankasi No.
A ydrophita () £ OGCCGGTGGCCCGAA- 592 F7350%2.1
A. hydrophila (aerA) Ili %i%g%%%i%égié?g g 416 AF485772.1
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Antibakteriyel direncliligin belirlenmesi

[zole edilen biitiin Aeromonas hydrophila (3) suslarinin sekiz
adet antibiyotige karsi direnglilikleri Mueller-Hinton agar
kullanilarak disk difflizyon metoduna gore arastirilmustir.
Antimikrobiyel ajan emdirilerek hazirlanmis diskler (Oxoid,
Australia) kullanilmigtir. Bu amagla Amoksisilin (25 pg),
Erythromycin (5 pg) , Oksitetrasiklin (30 pg), Gentamicin
(10 pg), Nalidixic Acid (30 pg), Trimetoprim Sulfametaksa-
zol (1.25/23.75 ng), Neomisin (10 pg), Chloramphenicol (30
pg) kullanilmigtir. Sonuglar inkiibasyon sonunda tespit edi-
len son Ol¢iimleri yapilarak CLSI (2014)’nin 6nerdigi sekilde
degerlendirilmistir.

Marker R 1 2

1000bp

500bp

100bp

R: A. hydrophila (ATTC), 1-2-3 Pozitif Ornek
Resim 1. aerA Geni Pozitif Aeromanas hydrophila

Figure 1. aerdA Gene Positive Aeromonas hydrophila

Marker R 1 2

100bp

R: A. hydrophila (ATTC), 1-2-3 Pozitif Ornek
Resim 2. //yA Geni Pozitif Aeromanas hydrophila
Figure 2. hlyA Gene Positive Aeromonas hydrophila

Bulgular ve Tartisma

Yapilan ¢aligmada analize alinan 100 sigir kiyma 6rneginde
tespit edilen 3 Aeromonas tiirliiniin tamami 4. hydrophila ola-
rak identifiye edilmis ve VITEK® 2 Compact ile de tanilan-
mustir. Ayrica suslarin PZR ile aerd ve hly4 gen varligt yo-
niinden yapilan analizde izole ve identifiye edilen ii¢ bakteri-
nin de aerd (Resim 1) ve hly4 (Resim 2) genlerinin her iki-
sine de sahip oldugu tespit edilmistir.



https://doi.org/10.3153/FH21002
http://en.wikipedia.org/wiki/Nalidixic_acid
http://en.wikipedia.org/wiki/Chloramphenicol

18

Research Article

Food Health 7(1), 15-20 (2021) e https://doi.org/10.3153/FH21002

Yapilan ¢alismada izole edilen A. hydrophila suslarinin akti-
mikrobiyel ila¢ direnglilik ve duyarliliklart Tablo 2’de goste-
rilmistir. Analizlere gore A. hydrophila suslarinin yalniz birer
tanesinin Amoksisiline ve Nalidiksik asit’e direngli oldugu
tespit edilmistir.

Kiyma 6rneklerinde Aeromonas spp. varligina yonelik yapi-
lan farkli ¢aligmalar mevcuttur. Singh, (1996) Dogu Ka-
nada’da yaptig1 ¢calismada 19 sigir kiymasinin 15’inde, 4 do-
muz kiymasinin 4’{inde, 4 tavuk etinin 4’iinde, 4 hindi etinin
4’tinde ve 4 sosis drneginin de 4 {inde olmak iizere toplam 35
ornegin 31’inden Aeromonas spp. saptamislardir. Tespit edi-
len izolatlarin domuz kiymasinin %97’sinden ve s1gir kryma-
sinin %87’sinden A. hydrophila izole etmistir. Neyts ve ark.,
(2000)Belgika Flanders’te yaptiklar1 ¢alismada 14 tane kir-
miz1 et 6rneginin 9’unda, 3 et iirliniiniin ise 2’sinde 4eromo-
nas spp elde edilmistir. Et ve et lirlinlerinden tespit edilen Ae-
romonas tiirlerinin %37’°si A. hydrophila, %12’si A. caviae
olarak identifiye etmislerdir. Dallal ve ark., (2012) Iran’da
yapilan bir calismada rastgele perakende satis yerlerinden
alinmis 158 kiyma 6rneginin 27’sinden (%17) ve 92 tavuk
orneginin 53’iinden (%57.6) olmak iizere toplam 250 6rnegin
80’inden (%32) Aeromonas spp.bulmuslardir. Aeromonas
tiirlerinin identifikasyonunda ise 4. hydrophila %41, A. ca-
viae%41, Aeromonas sobria %15.3, Aeromonas jandaei
%1.8 ve Aeromonas veronii %0.9 oraninda izole edildigi bil-
dirilmistir.Gowda ve ark., (2015)’nin Hindistan’da yaptiklari
caligmada, 200 adet ¢ig etten (Sigir-Kegi-Domuz) 44 (%22)
Aeromonas spp. tespit etmislerdir. Tespit ettikleri Aeromoans
tirlerinin %81 A. hydrophila, %9u A. sobria; %6’s1 A. ca-
viae olarak identifiye etmislerdir. Enany ve ark., (2013) M-
sir’da yaptiklar1 ¢aligmada 50 kiyma 6rneginin 8’inde (%16),
50 ¢ig et drneginin 25’inde (%50) Aeromonas izole etmisler-
dir. Cig etten izole edilen 25 izolatin 12’si (%48) A. hydrop-
hila, 6’s1 (%24) A.caviae, 1’1 (%16.7) A. sobira, 6’s1 (%24)
A. schubertii olarak; 8 kiyma 6rneginden izole edilenlerin ise
3’1 (%37.5) A.hydrophila, 4i (%50) A.caviae, 1’1 (%12.5)
A. schubertii olarak identifiye edildigi bildirilmistir. Benzer
sekilde Misir’da yapilan bagka bir ¢alismada ise Abdel-Latef,
(2015) 25 kiyma orneginin 5 tanesinde (%20) A. hydrophila
tespit etmistir.

Ankara’da yapilan bir baska galigmada ise Kiipliili ve ark.,
(2000)100 adet kiymadan 73’tinde (73%) Aeromonas izole
etmisler; izole edilen tiirlerin %63’ Unli A.hydrophila,
%13.6’s1m1 A.sobria; %10.9’unu A.caviae tespit etmislerdir.
Alisarli ve Gokmen (2002)yaptiklart ¢alismada 100’er adet
s1g1r krymasi ve koyun kiymasi 6rneklerinden sigir kiyma 6r-
neklerinin 55’inde (55%), Aeromonas spp. izole bunlarmn 18’1
A.hydrophila, 6 (18.75%)’s1 A. caviae ve 8 (25%)’1 A. sobria
olarak tespit edilmistir. Koyun kiyma o6rneklerinin 48’inde
(48%) Aeromonas spp. izole edilmis ve bunlarin 13 (50%)’i

A. hydrophila, 6 (23.07%)’s1 A. caviae ve 7 (26.92%)’si
A.sobria olarak identifiye edilmistir.

Yiicel ve Citak (2003) Ankara’da yaptiklar1 ¢aligmada 59 kiy-
madan 40 tanesinde (67.7%) Aeromonas spp.’a saptamslar
ve bunlarin %80’ini A.hydrophila, %20’sini A.sobria olarak
identifiye etmislerdir. Arslan ve Kiigliksari, (2015) Bolu’da
yaptiklari ¢alismada 37 kiyma drneginin 4 tanesinde (10,8%)
Aeromonas spp. tespit etmisler ve izolatlarin tiimiini 4. ca-
viae olarak identifiye ettiklerini bildirmislerdir. Turgay ve
Ucgkardes (2011) Kahramanmaras’in degisik semtlerindeki
kasap ve marketlerden alinan 11 koyun ve 39 sigir kiymasi
ornegini Aeromonas spp. varligi yoniinden incelemislerdir.
Calismada, 11 koyun kiyma 6rneginin 1’inden (%9.1), 39 si-
gir kiyma Orneginin 10’undan (%25.6) Aeromonasspp. izole
etmislerdir. Sigir kiyma 6rnekerinden tespir edilen Aeromo-
nas tiirlerinin 6’smin (%60) A. hydrophila, 4’liniin (%40) A.
caviaeoldugunu; koyun kiyma drneginden tespit edilen bir tii-
rin ise A. hydrophila oldugunu identifiye etmisleridir.

Yapilan bu ¢alismadaidentifiye edilen Aeromanas spp. sevi-
yesi genel olarak diger aragtirmacilarin bulgularindan diisii-
korana sahiptir. Ayn1 zamanda bizim ¢aligmamizda sadece 4.
hydrophila identifiye edilirken diger ¢alismalarda farkli tiir-
lerde identifiye edilmistir. Yapilan c¢aligmalar arasindaki
oransal farkliliklar, analize alinan 6rnek sayilarina baglh ol-
makta birlikte tirtinlerin {iretim hijyenine, ham madde kalite-
sine, kontaminasyon durumuna, analizlerde ve onaylama-
larda kullanilan metot farkliliklarina bagli olarak sekillenmis
olabilmektedir. Ayrica Aeromonas tiirleri denizler ve tatl su-
larin yani sira lagim, nehir, kuyu, termal sular, klorlanmis ve
klorlanmamis igme sulari ile kaynak sularinda bulunabilmek-
tedir (Isleyici ve Sancak, 2009). Bu nedenle kiyma 6rnekle-
rinde A. hydrophila tespit edilemesin de isletmelerde karkas
yikama veya alet, ekipman ve ¢evre temizliginde kullanilan
sulardan karkas kontaminasyonu sekillenmis olabilmektedir.
Son yillarda, tiim diinyada antibakteriyel ila¢ direnginin yay-
ginlagmasina bagli olarak enfeksiyonlarin tedavisinde prob-
lemler yagsanmaktadir (Onuk ve ark., 2015). Nitekim yapilan
bu ¢alismada A. hydrophila suslarinin birer tanesinin Amok-
sisiline ve Nalidiksik asit’e direngli oldugu tespit edilmistir.
Identifiye edilen suslarin antibiyotik direngliligi diizensiz an-
tibiyotik kullanimina bagl olabilir.

Sonuc¢

Sonug olarak, analize alian sigir kiyma orneklerinde 3 adet
(%3) Aeromonas spp. izole edilmistir. izole edilen Aeroma-
nas spp’nin tamami (%3) A. hydrophila olarak identifiye edil-
mistir. Izole edilmis ve tamlanmus A. hydrophila suslarinda
aerAd ve hlyA genleri tespit edilmistir. Bundan dolay1 ¢iftlik-
ten g¢atala tiim kirmizi et tiretim asamalarda gerekli hijyen
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tedbirlerin alinmasi, kesim, par¢alama, kiyma, muhafaza is-
lemlerine dikkat edilmesi; iiretimde ve temizlikte kullanilan
su kalitesine 6nem verilmesi, tirlinlerin yeterli 1s1l islem uy-
gulanarak tiiketilmesi, antibiyotik uygulamalarinin kontrollii
olarak yapilmasi, yasal arinma siirelerine dikkat edilmesi, son
olarak tiiketicilerin bilgilendirilmesi ile periyodik kontrolle-
rin yapilmasi dnerilmektedir.

Etik Standart ile Uyumluluk

Cikar ¢atismasi: Yazarlar bu yazi igin gergek, potansiyel veya al-
gilanan ¢ikar ¢atigsmasi olmadigini beyan etmisglerdir.

Etik izin: Bu ¢aligma “Hayvan Deneyleri Etik Kurullarinin Ca-
lisma Usul ve Esaslarina Dair Yonetmelik” Madde 8 (k) geregi
HADYEK iznine tabi degildir.

Finansal destek: Bu calisma, Afyon Kocatepe Universitesi Bilim-
sel Arastirma Projeleri Koordinasyon Birimi tarafindan 18.KARI-
YER.236 proje numarasi ile desteklenmistir.

TesekKkiir: -

Agciklama: VIII. Ulusal/Il. Uluslararas1 Veteriner Gida Hijyeni
Kongresinde (2019) 6zet bildiri olarak sunulmustur.
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ABSTRACT

The present study evaluated the effect of extraction techniques (ultrasound-assisted extraction (U)
and shaking water bath extraction (WB)), solvents (ethanol, acetone and distilled water) and con-
centration (2.5% and 5%) on total phenolic content (TPC), antibacterial and antioxidant activities
of extracts obtained from feijoa leaves, peel and pulp. The antibacterial activity of feijoa extracts
were tested in vitro against 6 pathogens bacteria by the disc diffusion method and the antioxidant
activity was evaluated by 2,2 diphenyl-1-picrylhydrazyl radical assay. The results indicated that
leaves and peel extracts exhibited stronger antibacterial activity than that of pulp. In generally,
WB-A5%, WB-W5%, U-A5% and U-W 5% extracted with acetone (A) and water (W) at 5%
concentration from feijoa leaves, peel and pulp showed more antibacterial activity against all tested
pathogen bacteria. The leaves, peel, and pulp extracts had high antioxidant activity with 85.78-
90.82%, 89.86-91.60%, and 81.49-91.31%, respectively. Peel extracts had slightly higher antiox-
idant activity than leaves and pulp extracts. TPC of leaves, peel, and pulp extracts were in the
range of 488.99-554.00, 349.17-517, and 115.64-345.46 mg gallic acid equivalents (GAE)/100 g
of extract. The overall findings suggested that different part of feijoa (especially leaves and peel)
could be used as a natural antibacterial and antioxidant for functional foods.

Keywords: Antioxidant activity, Antibacterial activity, Plant extract, Total phenolic content,
Feijoa sellowiana
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Introduction

In the last decades, there has been a growing interest in the
use of natural additives in foods and cosmetics worldwide
due to the growing concern among consumers about potential
toxicological effects of synthetic antioxidants (Chew et al.,
2012). Plants are one of the most important sources of natural
additives because of their antioxidant and antimicrobial
agents (Basile et al., 1997). Also, plants are important part of
the human diet and they have been used for thousands of
years in traditional medicine and to enhance the flavor, aroma
and color of foods (Neilsen and Rios, 2000). Due to these im-
portant properties of plants, scientific studies are ongoing to
search for new antioxidants and antimicrobial substances
from various plant sources.

The feijoa (Feijoa sellowiana, synonym Acca sellowiana) be-
longs to the Myrtaceae family and commonly known as gua-
vasteen or pineapple guava, is a subtropical species whose
fruits are used for human nutrition. Feijoa is originally native
to South America; it is well acclimatized to some other parts
of the world such as USA, Turkey, Italy, France, Australia,
New Zealand and Iran (Zhu et al., 2018). The fruit is an ever-
green shrub and its pulp has sweet granular, acidulous and
aromatic flesh with seeds embedded in a jelly located in the
central. However, the peel is green, smooth, bitter, and sour.
In addition to its sweet aromatic fruits, thanks to its pleasant
taste and intense color, the petals of the flowers are being
eaten, usually in sweets, salads and as dish decorations
(Souza et al., 2016). Feijoa fruit is used to make ice cream,
smoothie, juice, yogurt, puree, jam, wine, muffin, bread
spread, chocolate, candy, smoothie, and wine (Sun-Water-
house, 2011). Feijoa is a good source of vitamin C (28
mg/100 g), low in calories and high in minerals, iodine and
fibre (Basile et al., 1997). Moreover, feijoa has high content
of polyphenols, especially the flavonoids. It has been reported
that F. sellowiana has various biological activities, such as
antimicrobial, antioxidant (Basile et al., 1997; Beyhan et al.,
2010; Elfarnini et al., 2018), antifungal (Vuotto et al., 2000),
anti-inflammatory (Rossi et al., 2007), anticancer (Bontempo
et al., 2007) and immunity-stimulating (Lapcik et al., 2005)
activities due to its composition rich in antioxidants flavo-
noids.

Food waste is a major problem facing humanity in environ-
mental, economic and social terms. The Food and Agriculture
Organization of the United Nations (FAO, 2015) reported
that 1.3 billion tonnes (represent US$ 1 trillion) of food in-
tended for human consumption are wasted. Almost half
(around 45%) of the vegetables and fruits produced all over
the world are wasted and thus discarding bioactive com-
pounds which have many health benefits, such as antioxidant,
anticancer, antiviral, anti-inflammatory and others (Santos et
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al., 2019; Vigano et al., 2015). In this respect, in order to pre-
vent this waste parts (such as leaves and peel) of the vegeta-
bles and fruits should be evaluated.

Different extraction techniques may be used to obtain fruit
waste extracts. Water, ethanol, methanol, propanol, acetone,
and ethyl acetate and their combinations are commonly used
as solvents for phenolic compound extraction (Aires, 2017).
The conditions for extraction in the herbal food and medical
industries can influence the isolation and characterization of
compounds. In fact, the variations in composition and antiox-
idant activity are related to technical practices in various la-
boratories (Yakoub et al., 2018). It is well known that the de-
termination of polyphenolic compounds is affected by their
chemical nature, the extraction technique/method used, sam-
ple molecule size and stocking time, period and conditions,
as well as the assay method (Poodi et al., 2018; Tanko et al.,
2005).

Although many researchers have focused on determining the
antimicrobial and antioxidant activity of feijoa (Basile et al.,
1997; Vuotto et al., 2000; Beyhan et al., 2010; Tuncel and
Yilmaz, 2015; Mosbah et al., 2018; Santos et al., 2019) little
information is available about the effect of different extrac-
tion methods and conditions on total phenolic content, anti-
microbial and antioxidant activities of extracts obtained from
different parts of feijoa. The aim of the present study was to
obtain extracts from feijoa leaves, peel and pulp by means of
different extraction techniques, solvents and extract concen-
trations, and to compare them in terms of total phenolic con-
tent, antibacterial and antioxidant activities.

Materials and Methods

Plant Material

The fresh feijoa (Feijoa sellowiana) were collected from
Stirmene county of Trabzon, Turkey. The mean weight and
length of feijoa were 27.72 £4.60 g and 51.73 £5.76 mm, re-
spectively. The plants for extraction were segregated into
three parts consisting of the pulp, peel and leaves.

Extracts Preparation

For extraction purpose, the feijoa pulp, peel and leaves were
dried in a drying oven (Pol-Eko-Aparatura sp. J., Poland) at
40 °C for 24 h and finely ground (18-20 mesh) using a blade
mixer to produce a powder that can pass through an 18 mesh
stainless steel sieve. After the drying process, total weight of
pulp, peel and leaves decreased 80.11%, 78.89% and 45.79%,
respectively. All the plants parts were extracted in 50 mL
beakers with different extraction techniques (ultrasound-as-
sisted extraction and shaking water bath extraction), solvents
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(ethanol, acetone and distilled water) and concentration
(2.5% and 5%). The shaking water bath extraction was con-
ducted in a shaking water bath for 24 h at 40 °C. For ultra-
sound-assisted extraction (UAE), the mixture was dispersed
by ultrasonication using a Vibra-Cell Ultrasonic Processor
(Model VC505, Sonics and Materials, Inc., USA) standard
probe at 20 kHz for 20 min. All extracts were filtered through
Whatman filter paper grade 1 for both extraction methods.
The collected filtrate of extracts obtained with ethanol and
acetone solvents was placed in a rotary evaporator under re-
duced pressure and controlled temperature (50 °C for acetone
and 70 °C for ethanol) for evaporation to dryness to remove
the solvent. The final residue was re-dissolved in water using
ultrasonic bath to obtain a final concentration of 50 mL. How-
ever, the samples extracted with water were not evaporated
using a rotary evaporator. All extracts were then stored at
-80 °C until analysis. Detailed information on extraction con-
ditions and relative codes for all extracts was given in Table
1.

Table 1. Extraction conditions and relative codes for feijoa
leaves, peel and pulp extracts

Sample code f::ﬁif:lﬁ:s Solvent Conc?(r);: ; ation
WB-E2.5%  Shaking water bath Ethanol (80%) 25
WB-E5% Shaking water bath Ethanol (80%) 5
WB-A2.5%  Shaking water bath Acetone (80%) 2.5
WB-A5% Shaking water bath Acetone (80%) 5
WB-W2.5% Shaking water bath Distilled Water 2.5
WB-W 5%  Shaking water bath Distilled Water 5
U-E2.5% Ultrasound-assisted Ethanol (80%) 2.5
U-E5% Ultrasound-assisted Ethanol (80%) 5
U-A2.5% Ultrasound-assisted Acetone (80%) 2.5
U-A5% Ultrasound-assisted Acetone (80%) 5
U-W2.5% Ultrasound-assisted Distilled Water 2.5
U-W5% Ultrasound-assisted Distilled Water 5

Determination of Total Phenolic Content

Total phenolic content of feijoa leaves, peel and pulp extracts
was measured using modified method of Singleton and Rossi
(1965). Briefly from the stock solution of (1 mg/mL metha-
nol) 100 pL of the extracts were made up to 3 mL with dis-
tilled water then mixed thoroughly with 250 pL of Folin—Ci-
ocalteu reagent for 3 min, followed by the addition of 750 pL
of 20% (w/v) sodium carbonate and 900 pL distilled water.
The mixture was incubated at 40 °C for 30 min in a water
bath and absorbance of the reaction mixtures was measured
at 760 nm. Quantification was done on the basis of the stand-
ard curve of gallic acid concentration range from 100 to 800
pg/ml (r* = 0.992). Total phenolic content calculated from the
calibration curve was expressed as mg of gallic acid equiva-
lent (GAE)/g of extract.

Antioxidant Activity
(2, 2-diphenyl-1-picrylhydrazyl (DPPH))

The radical scavenging activity of the plant extracts was
tested against 2,2-diphenyl-1-picryl-hydrazyl radical follow-
ing the method described by Brand-Williams et al. (1995)
with slight modification. 100 pL of each plant extract was
mixed with 3.9 ml DPPH working solution in test tubes. Then
the mixture was vortexed and the tubes incubated in dark for
60 min. The absorbance was read at 515 nm using a spectro-
photometer (Shimadzu UV-1208, Japan). A blank solution
containing the same amount of methanol and DPPH was pre-
pared and measured. All the measurements were taken in trip-
licate and the mean values calculated. The radical scavenging
activity was calculated using the following equation:

(Ablank — Aextract)

DPPH scavenging effect (%) = Ablank x100

Microorganism

Four Gram-negative bacteria strains (Escherichia coli ATCC
25922, Salmonella enterica ATCC 13076, Aeromonas hy-
drophila ATCC 7966 and Aeromonas sobria ATCC 43979)
and one Gram-positive strain (Staphylococcus aureus ATCC
25923) were used for antibacterial activity of the extracts.
The pure cultures were stored in cryogenic vials with 30%
(w/w) glycerol in Tryptic Soy Broth (TSB) at -80 °C.

Antimicrobial Screening by Disk Diffusion Technique

All of the bacterial strains were grown overnight on Mueller
Hinton Agar (MHA) at 37 °C. The bacteria were suspended
in sterile physiologic normal saline (0.9% NACI) and ad-
justed to the 0.5 McFarland's standard. 20 pL of the extracts
were impregnated into sterile paper discs (6 mm diameter)
and the paper discs were allowed to air dry under in a laminar
hood for 30 min. Then discs were placed on the MHA surface
previously inoculated with a sterile swab containing a sus-
pension of each type of microorganism. Also, deionized wa-
ter-loaded disc was used as negative control. Plates were in-
cubated at 37 °C for 24 h for E. coli, S. enterica and S. aureus
and 30 °C for 24 h for A. hydrophila and A. sobria. The inhi-
bition zones around the disk were measured and recorded at
the end of the incubation period.

Statistical Analysis

Results were expressed as the means and standard deviations.
Statistical comparisons between extracts were performed
with variance (ANOVA) and TUKEY test. Differences were
considered significant at P<0.05. Statistical analyses were
conducted using JMP 5.0.1 (SAS Institute, Inc., Cary, NC,
USA) software. All tests were performed in triplicate.

23


https://doi.org/10.3153/FH21003

Food Health 7(1), 21-30 (2021) e https://doi.org/10.3153/FH21003

Research Article

Results and Discussion

Antibacterial Activity

The disk diffusion method was used to determine the antibac-
terial effect of leaves, peel and pulp extracts of feijoa against

four Gram-negative (4. sobria, A. hydrophila, E. coli, S. en-
terica) and one Gram-positive (S. aureus) pathogen bacteria.

Antibacterial activity results of extracts from the different
parts of feijoa were given in Table 2.

Table 2. Antibacterial activity against pathogen bacteria of leaves, peel and pulp extracts of Feijoa sellowiana

Inhibitions zone (mm)

Microorganism Extracts
Leaves Peel Pulp
WB-E2.5% NI® NIP NI®
WB-E5% 7.61£0.35" NIP® NI®
WB-A2.5% 7.45+0.03P NIPP NIB®
WB-A5% 9.19£0.11¢ 7.69£0.11° NIBe
WB-W2.5% 7.42+0.03% NIP® NI®
A sobria WB-W5% 10.2620.1152 9.2740.374° 6.75+0.08"¢
U-E2.5% NI® NIP NI®
U-E5% 7.94+0.07° NIP® NI®
U-A2.5% 7.66%0.06" NIPP NIB®
U-A5% 9.04+0.23% 8.36+0.15%° NIBe
U-W2.5% 7.31£0.01° NIP® NI®
U-W5% 12.14+0.45% 7.9240.015<® NIBe
WB-E2.5% 7.46+0.20% NIP® NI
WB-E5% 8.21+0.1352 NIP® NI®
WB-A2.5% 7.89+0.565 NIP® NI
WB-A5% 9.82+0.134 7.4240.06° NI
WB-W2.5% 7.36+0.075 NIP® NI
. WB-W5% 8.20+0.165 7.84+0.0152 NI®
A. hydrophila
U-E2.5% NI¢ NIP NI
U-E5% NI¢ NIP NI
U-A2.5% 7.51+0.1252 NIP® NI®
U-A5% 9.23+0.274 8.2440.13A° NI
U-W2.5% 7.92+0.045 NIPP NI
U-W5% 9.3940.35% 7.88+0.115° NI
WB-E2.5% NI® NIP NI
WB-E5% 7.61£0.04<P NIP® NI
WB-A2.5% 7.56+0.04" NIP® NI
WB-A5% 8.83+0.224 6.82+0.04<° NI
WB-W2.5% NI® NIP NI
E coli WB-W5% 8.09£0.295¢ NIPP NI
U-E2.5% NI® NIP NI
U-E5% NI® NIP NI
U-A2.5% NIE NIP NI
U-A5% 8.31+0.015 7.81£0.154° NI°
U-W2.5% 7.52+0.14P2 NIP® NI®
U-W5% 8.87+0.15"° 7.5140.07%° NI
WB-E2.5% 7.43+0.03P NIP® NIB®
WB-E5% 7.79+0.11¢Pe NIP® NI®
WB-A2.5% 8.26+0.558¢Ps NIPP NIB®
WB-A5% 9.63+0.414 8.42+0.07%° 6.98+0.234¢
WB-W2.5% 7.47£0.17° NIP® NI®
S. enterica WB-W5% 7.884:0.42CP° 9.88+0.134 7.01£0.134°
U-E2.5% NI NIP? NIB2
U-E5% NIEe NIP? NIB2
U-A2.5% 7.65+0.09<P 7.68+0.10< NI®
U-A5% 8.94+0.06"52 8.31x0.07%° 6.83£0.014¢
U-W2.5% 8.11+0.165¢P2 7.59+0.04< NIB®
U-W5% 8.56+0.165 7.83+0.05° 6.96+0.08"°
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Table 2 continuing

WB-E2.5% NIP NI¢ NIB
WB-E5% 7.67+0.06 NI NIB®
WB-A2.5% 7.54+0.17¢ NI NIB®
WB-A5% 9.52+0.0452 7.38+0.115° NiIBe
WB-W2.5% NIP NI¢ NIB
WB-W5% 8.29+0.22¢ 7.97+0.244 NIB®
S. aureus

U-E2.5% NIb: NI 6.45+0.254°
U-E5% NIP? NI® 6.35+0.034°
U-A2.5% 7.97+0.11< 7.67+0.16"82 6.46+0.06°
U-A5% 10.14+0.4748a 7.75+0.224A80 NIBe
U-W2.5% 8.23+0.33¢ 7.33+0.015° NiIBe
U-W5% 10.82+0.13%2 7.74+0.2548° 6.63+0.24"°
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For each pathogen, different capital superscript letters in the same column represent significant differences (P<0.05) among the different
extracts in the same part of feijoa. Different lower case superscript letters in the same line represent significant differences (P<0.05) among

the same extracts in the different part of feijoa. NI: No inhibition.

The antibacterial effect against A. sobria of the leaves ex-
tracts was higher than those of peel and pulp extracts
(P<0.05). The leaves extracts except for WB-E2.5% and U-
E2.5% had inhibition zone on 4. sobria. The WB-A5%, WB-
W5%, U-A5% and U-W5% extracts from peel showed anti-
bacterial activity against A. sobria, however only WB-W5%
extract from pulp had an antibacterial activity against 4. so-
bria. According to the results, the antibacterial activity
against A. sobria and A. hydrophila of extracts prepared with
water and acetone were higher than ethanolic extracts which
have same concentration and extract method. The extracts
from the leaves against both bacteria had greater antibacterial
properties than the peel and pulp extracts (P<0.05). In partic-
ular, the WB-A5%, WB-W5%, U-A5% and U-W5% extracts
possessed the greatest antibacterial activity against A. hy-
drophila (P<0.05). The pulp extracts had no antibacterial ac-
tivity against A. hydrophila. WB-A5% and U-W5% extracts
from leaves showed statistically higher value than other ex-
tracts from leaves, peel and pulp (P<0.05). As shown in Table
2, the WB-A5%, WB-W5%, U-A5% and U-W5% extracts
were more effective (P<0.05) in inhibiting growth of E. coli
than other extracts from leaves, peel and pulp. No antibacte-
rial activity against E. coli was determined in pulp extracts.
The maximal inhibitions were observed at 5% for S. enterica
and the maximum inhibition zone of leaves, peel and pulp
extracts was determined as 9.63 mm, 9.88 mm and 7.01 mm,
respectively. On the other hand, the extracts of leaves except
for U-E2.5% and U-E5% exhibited the activity on S. enterica
compared to peel and pulp extracts (P<0.05). Extracts of pulp
at 2.5% concentration did not shown any antibacterial activity
against S. enterica. The maximum inhibition zone of feijoa
extracts against S. aureus was found in U-W5% (10.82 mm)
of leaves, WB-W5% (7.97 mm) of peel and U-W5% (6.63
mm) of pulp. Only WB-A5% and WB-W5% extracts ob-
tained from peel by water bath method had inhibitory effect
on S. aureus while none of the extracts from pulp by water
bath method exhibited the activity on S. aureus. According to

the results, the ultrasonic method was more effective than the
water bath method in preventing the growth of S. aureus.

This study determined that concentration of extract is an im-
portant parameter on antibacterial activity of extracts. Ac-
cording to the results, the 5% concentrations of all extracts
were more effective than the 2.5% to inhibit the growth of
pathogenic bacteria tested in the present study (P<0.05). In
general, WB-A5%, WB-W5%, U-A5% and U-W5% extracts
of feijoa leaves, peel and pulp on all tested pathogen bacteria
were found to be comparatively higher than other extracts
(P<0.05). The highest inhibition zone of the leaves, peel and
pulp extracts was determined in U-W5% (12.14 mm) against
A. sobria, WB-A5% (9.82 mm) against A. hydrophila, U-
W5% (8.87 mm) against E. coli, WB-W5% (9.88 mm)
against S. enferica and U-W5% (10.82 mm) against S. au-
reus. The pulp extracts did not exert visible effect on growth
of A. hydrophila and E. coli while WB-A5%, WB-W5%, U-
A5% and U-W5% extracts from pulp showed inhibitory ef-
fect against S. enferica. Also, the antibacterial activity of ex-
tracts from different part of feijoa against both tested Gram-
positive and Gram-negative strains was determined as
leaves>peel>pulp. Similarly, Phan et al. (2019) reported that
the methanolic extracts from different tissues of Australian
grown feijoa have the stronger antimicrobial activity than the
water extracts against E. coli, S. aureus and C. albians and
the inhibition zones of the methanolic extracts against the
three microorganisms were between 11.9-23.4 mm. Also,
they determined that peel extracts had higher antibacterial ac-
tivity than those of pulp and whole fruit. Vuotto et al. (2000)
reported that feijoa aquatic extracts showed inhibition against
all bacteria strains tested and MIC of the extracts were be-
tween 1-64 mg/L. Also, they determined that Gram-negative
bacteria were more sensitive to the extracts than Gram-posi-
tive bacteria. Conversely, Basile et al. (1997) reported that
the antimicrobial activity of extracts from fruit (Feijoa sel-
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lowiana, Actinidia chinensis, and Aberia caffra) was gener-
ally more active that extracts from vegetative plant parts. The
mode of antimicrobial action of feijoa extracts depends on the
types of bacteria with respect to the cell wall structure. Gram-
positive bacteria contain an outer peptidoglycan layer, which
is an ineffective permeability barrier (Baba and Malik, 2014;
Karsli et al., 2019). Also, the inhibitory activity of the plant
extracts against the bacteria might be due to iron deprivation
or hydrogen bonding with vital proteins needed for the
growth of the bacteria (Scalbert, 1991). In addition, Safari
and Ahmady-Asbchin (2019) reported that the antibacterial
activity of the extract could be attributed to the high content
of phenols and flavonoids. In the present study, we also de-
termined that the extracts with higher phenolic content had
higher antibacterial activity against tested pathogen bacteria.
In this regard, feijoa leaves and peel extracts showed stronger
antimicrobial efficacy than pulp extracts, which is well asso-
ciated with our observation that feijoa leaves and peel have a
higher total phenolic content than pulp.

Antioxidant Activity

The antioxidant activity of leaves, peel and pulp extracts of
F. sellowiana was evaluated by the DPPH radical scavenging
method and the results are shown in Figure 1. The feijoa fruit
and leaves have high levels of antioxidants since they contain
high levels of polyphenols (Beyhan et al., 2010). In the pre-
sent study, the extracts of the leaves, peel and pulp had DPPH
radical scavenging activity between 85.78-90.82%, 89.86-
91.60% and 81.49-91.31%, respectively. The peel extracts
demonstrated comparatively stronger antioxidant activity
compared to the leaves and pulp extracts. Similarly, Peng et
al. (2019) reported that antioxidant activity of New Zealand
grown feijoa peel extracts were significantly higher than the
whole fruit and flesh extracts. Amarante et al. (2017) reported
that the feijoa peel extracts exhibited stronger antioxidant ac-
tivity than the flesh extracts. In the present study, it was ob-
served that antioxidant activity of the feijoa extracts increased
with increasing the concentration of extracts and DPPH radi-
cal scavenging activity of 5% extracts were higher than 2.5%
extracts. Turkmen et al. (2006) reported that the effect of sol-
vent type is related to polarity of the solvents and the solubil-
ity of target compounds in them. In the present study, solvent
type also had significant impact on the antioxidant capacities
of feijoa leaves extracts. Indeed, the extraction with water
showed the lowest scavenging activity compared to the ex-
traction with ethanol and acetone (P<0.05). In terms of ex-
traction efficiency, no significant differences were observed
between acetone and ethanol used for extraction of different
parts of feijoa except for pulp (P>0.05). Tuncel and Yilmaz
(2015) reported that the acetonic (80%) feijoa extracts have

higher antioxidant activity than methanolic and ethanolic ex-
tracts. In this study, significant differences were also ob-
served among the extracts from different part of feijoa and
the different extracts from same part of feijoa (P<0.05). How-
ever, no statistical difference (P<0.05) was observed between
the extraction methods (ultrasonic and water bath extrac-
tions). The antioxidant activity of feijoa extracts may be
linked to the presence of various bioactive compounds such
as polyphenols and vitamin C (Cai et al., 2006).

Total Phenolic Content

The total phenols contents (TPC) of feijoa leaves, peel and
pulp extracts are presented in Table 3. Leaves extracts had
significantly (P<0.05) higher TPC than the peel and pulp ex-
tracts, while pulp extracts possessed the lowest TPC. In the
present study, TPC of pulp extracts was approximately two
to three times less than that of the leaves and peel. Similarly,
Tuncel and Yilmaz (2015) reported that TPC of the peel was
approximately two - three folds than that of the flesh. The
peel of feijoa fruit contains a higher total phenolic content
than flesh (Amarante et al., 2017). In this study, min and max
TPC of leaves, peel and pulp extracts was between 459.44-
554.00,349.17-517.19, and 115.64-345.46 mg GAE/100 g of
extract, respectively. TPC of leaves extracts showed signifi-
cant difference between ultrasound-assisted extraction (USE)
and shaking water bath extraction (WBE) (P<0.05). TPC
value of acetonic and water extracts of leaves obtained by
USE were higher than those of WBE, while TPC of ethanolic
leaves extracts obtained by USE was lower than those of
WBE. However, TPC value of peel and pulp extracts ob-
tained by USE were lower than those of WBE except for WB-
E2.5% and WB-A2.5% of peel and WB-A2.5% of pulp. Sol-
vents used for total phenolic extraction also significantly
(P<0.05) affected the total phenolic concentration of feijoa
extracts at equal volume of solvent. Water and acetone were
more effective in extracting phenolic compounds from feijoa
leaves, peel and pulp than ethanol. In this respect, water can
preferably be used to obtain more TPC from feijoa leaves,
peel and pulp than other organic solvents. In addition, the
concentration of extract was effective on the TPC of feijoa
extracts and TPC of 5% extracts was generally higher than
2.5% extracts. The total phenolic concentration, antioxidant
and antimicrobial activities observed in extracts of feijoa and
its different parts were positively correlated, which is con-
sistent with numerous studies. Pasquariello et al. (2015) re-
ported that TPC of 12 feijoa cultivars fruits in Italy is between
92.88-251.02 mg GAE/100 g FW). Cecilia et al. (2016) re-
ported that TPC of fresh fruit from 14 feijoa genotypes of
Uruguay is between 197-359 mg GAE/100 g, FW. Weston
(2010) has reported 59 mg of TPC in 100 g of feijoa fruit.
Tuncel and Yilmaz (2015) reported that TPC of feijoa flesh
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extracted with ethanol, methanol and mixture was found in
the range of 767 to 1856 mg GAE/100 g dw. Beyhan et al.
(2010) reported that TPC of leaf, dry fruit and fresh fruit of
feijoa was 68.69, 8.69 and 17.68 ug GAE/mg, respectively.
Mosbabh et al. (2019) reported that TPC of feijoa leaves is 948
mg/100 g extract. The results of the present study are higher
than the reported values of Pasquariello et al. (2015), Cecilia

et al. (2016) and Weston (2010), however lower than the val-
ues reported by Tuncel and Yilmaz (2015), Beyhan et al.
(2010) and Mosbah et al. (2019). The variation of results
probably due to the plant variety, extraction techniques, type
of solvent, geographical condition and the fruit size.
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Figure 1. Antioxidant activity of feijoa leaves (A), peel (B) and pulp (C) extracted with different techniques,

solvents and concentrations
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Table 3. The total phenolic contents of feijoa leaves, peel and pulp extracts

Research Article

Peel

Pulp

Extracts Leaves
WB-E2.5% 488.99+0.96¢"
WB-E5% 503.34+1.67pgr*
WB-A2.5% 500.30+5.01gF
WB-A5% 520.9142.155c°
WB-W2.5% 492.03+8.12°
WB-W5% 507.234+5.73cpE?
U-E2.5% 460.11+£1.195°
U-E5% 459.44+1.675"
U-A2.5% 503.17+1.91pgr?
U-A5% 530.19+2.395°
U-W2.5% 516.18+1.67gcp?
U-W5% 554.00+3.584%

351.2043.34¢
495.744+15.76 A8
365.72+11.46g"
511.6249.55,*
517.19+£12.18,%
514.9943.34,*
411.6542.87p°
349.17+8.12¢
438.16+3.10cp"
492.54+6.93 o5°
468.39+0,885c"
442.72+18.63¢p°

184.36+5.73p¢
276.73+7.885°
166.13+13.37¢*
327.22410.99,°
222.70+0.24¢°
345.46+£10.99,°
115.64+1.67¢¢
202.9445.25¢p°
177.61£5.25p5°
263.90+5.015°
162.2442.15¢°
271.50+6.215°

Different capital superscript letters in the same column represent significant differences (P<0.05) among the different extracts in
the same part of feijoa. Different lower case superscript letters in the same line represent significant differences (P<0.05) among

the same extracts in the different part of feijoa
Conclusions

The results of this study indicate that all part of feijoa was
found to be an effective antioxidant (ranged from 81.49 to
91.31%), however the peel extracts had slightly higher anti-
oxidant activity compared to the leaves and pulp extracts.
Also, solvent type showed significant impact on the antioxi-
dant capacities of feijoa leaves extracts. In general, the etha-
nolic and acetonic extracts have slightly higher DPPH radical
scavenging activity compared to the water extracts. The con-
centration of extract was effective on antibacterial and anti-
oxidant activity of extracts and 5% extracts had higher anti-
bacterial and antioxidant activity than the 2.5% extracts. Wa-
ter and acetone extracts were more effective than ethanol ex-
tracts in antibacterial activity and extraction of phenolic com-
pounds. In particular, WB-A5%, WB-W5%, U-A5% and U-
W5% extracts from feijoa leaves, peel and pulp had relatively
higher antibacterial activity against all pathogen bacteria
tested than other extracts. The leaves extracts possess the
highest total phenolic content as well as antibacterial activity.
Feijoa are not only interesting sources for antioxidant and an-
tibacterial activities but also potential sources of rich phenolic
compounds. Total phenolic content of leaves and peel ex-
tracts was higher two - three folds than that of the pulp. The
results suggest that feijoa leaves and peel might be used as a
potential source of natural antibacterial and antioxidant agent
for human health and industrial purposes.
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ABSTRACT

Padina pavonica (Linnaeus) Thivy 1960 is a brown algae that is antioxidant, antimicrobial, and
anticancer effects and is generally used in soup, salad, and other dishes. However, no studies have
been reported on safe consumption in humans to date. For this purpose, this study was conducted
to determine the cytotoxic and genotoxic effects of P. pavonica on lymphocytes cultured from
human blood. The water extract of P. pavonica was added into culture tubes at various concentra-
tions (0.5-1000 pg/mL). Cytotoxic effects were determined by MTT assay. Antioxidant/oxidant
status was evaluated by total antioxidant capacity (TAC) and total oxidative status (TOS) assays.
Genotoxic effects were investigated by sister chromatid exchanges and micronucleus assays. Our
results showed that P. pavonica had no genotoxic effects, even at higher concentrations. 1000
pg/mL concentration of P. pavonica caused an increase (P<0.05) TOS levels while significantly
reducing cell viability. However, low concentrations (50 and 100 pg/mL) significantly increased
(P<0.05) TAC levels. In conclusion, P. pavonica can be safely consumed with its non-genotoxic
and antioxidant properties in a manner dose-dependent.

Keywords: Algae, Antioxidant, Genotoxic, Oxidative stress, Padina pavonica



https://doi.org/10.3153/FH21004
mailto:ademeguner@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://jfhs.scientificwebjournals.com/
http://orcid.org/0000-0003-3295-3538
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3153/FH21004

32

Food Health 7(1), 31-38 (2021) e https://doi.org/10.3153/FH21004

Introduction

Algae is a group of photosynthetic organisms that can be
found almost anywhere on the earth, consisting of multi or
single-cell organisms without root, stem, and leaf differenti-
ation. Algae has superior survival ability despite different en-
vironmental stimuli (UV, temperature, pH, heat, etc.) in their
environment (Field et al., 1998; Giiner et al., 2015). These
features are often associated with secondary metabolites in
their structure. Numerous studies reported that active metab-
olites of algae have antioxidant, antimicrobial, anticancer, an-
ticoagulant, wound healing, and anti-inflammatory activities
and their significant part is used in many medicines, phar-
macy, agricultural, and cosmetics products (Mohamed et al.,
2012; Giiner et al., 2018; Giiner et al., 2019; Giliner et al.,
2020). Algae have been also consumed as a traditional food
ingredient in many countries since ancient times thanks to
amino acids, vitamins, protein, terpenoids, fatty acids, miner-
als, sterols, and phenolic compounds in its structure. For this
purpose, open and closed algae cultivation systems have been
developed to meet the needs in many countries, especially in
China and Japan. In particular, wakame (Undaria sp.), nori
(Porphyra sp.), and Kombu (Laminaria sp.) that are derived
from different algae family are among the most nutritious al-
gae foods (McHugh, 2003).

Padina pavonica L. is a brown algac from the
Dichtyophyceae family, is one of the common macro-algae
species worldwide. Its most characteristic feature is that it has
a calcareous structure and therefore it is a rich calcium car-
bonate deposit. Several studies revealed the antioxidant, anti-
fungal, and antimicrobial effects of P. pavonica (Khaled et
al., 2012; Stanojkovic et al., 2013). At the same time, Padina
sp. is widely used in cosmetics, pharmaceutics, and medicine
thanks to rich alginic acid and fucoidan ingredients. Padina
sp. is an important food supply in coastal countries. It is es-
pecially used to add flavor to soups, salads, and fritters. Also,
dried Padina flakes can be added are added to enrich the min-
eral content of many dishes such as omelet, potatoes, and sal-
ads (Pereira, 2016).

According to the literature data, over consumption of sea-
weeds can cause side effects such as digestive discomfort,
thyroid problems, and possible exposure to heavy metals
(Cherry et al., 2019). However, no information is available
on the safe consumption of edible P. pavonica. This study
was carried out to reveal whether P. pavonica causes cyto-
toxic, oxidative, and genotoxic effects on lymphocytes cul-
tured from human blood.

Research Article

Materials and Methods

P. pavonica was collected at a depth of 1-2 m, in a region of
high light intensity, from the coastline of Urla, Izmir. The
voucher specimen (number: 4133 1) was deposited in the Tox-
icology Laboratory of Ege University, Faculty of Science,
Department of Biology. The samples were washed three
times with tap water to remove salt, epiphytes, and sand at-
tached to the surface, then carefully rinsed with fresh water,
and maintained in a refrigerator at -20 °C.

Extraction

For water extraction of algae, 100 g sample was added to 500
mL distilled and boiling water using a magnetic stirrer for 15
min. Then the extracts were filtered over Whatman No. 1 pa-
per (Giiner et al., 2012).

Experimental Design

We obtained heparinized blood samples from two healthy
non-smoker men, with no history of genotoxic agent expo-
sure. Experiments were conducted with volunteer human sub-
jects according to the Helsinki Declaration. Each blood donor
was questionnaired to assess the history of exposure and
signed consent forms were obtained. Approximately 4 ml of
blood was collected by vein puncture from the participants on
an empty stomach to minimize the potential effects of nutri-
tional factors. Hematological and biochemical parameters
were analyzed for all volunteers and no pathology was de-
tected. Human peripheral blood lymphocyte cultures were es-
tablished based on the protocol previously described by
Giner et al., (2012). 3 mL of a fresh blood sample collected
into an EDTA tube was transferred to a 15 ml conical centri-
fuge tube containing an equal amount of Histopaque-1077
(Sigma-Aldrich, St Louis, MO) and then lymphocyte cells
were obtained according to the manufacturer’s product pro-
tocol. Subsequently, the lymphocyte suspension (500 uL)
was added to 7 ml of Chromosome Medium B (Biochrom,
Leonorenstr. 2—6.D-12247, Berlin) containing 100 U/mL
penicillin, 100 pg/mL streptomycin, and 0.005 ug/mL of phy-
tohemagglutinin (Biochrom). The compounds for determin-
ing biochemical analysis and genotoxic effects were incorpo-
rated into the blood cultures following methods as mentioned
below. However, mitomycin C (107 M) was used as the pos-
itive control in the cytotoxic and genotoxic assay. Hydrogen
peroxide (H,O,) (25 uM) and ascorbic acid (10 uM) were
used as the positive controls in oxidant and antioxidant anal-
ysis, respectively.
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Cell Viability

MTT [3—(4, 5- dimethyl-2-thiazolyl) —2, 5-diphenyl-2H-te-
trazolium bromide)] assay was set up according to a slight
modification of the previous protocol (Atmaca et al., 2020).
The cells were seeded at approximately 1x10* cells/well in a
final volume of 200 pl in 96-well flat-bottom microtiter
plates. After overnight incubation, cells were treated with the
various concentrations (0.5, 5, 25, 50, 100, 250, 500, and
1000 pg/mL) of P. pavonica and incubated for 24 h at 37 °C
in a 5% CO; incubator. At the end of incubation, 20 pL of
MTT solution was added to each well and the cells were in-
cubated for an additional 4 h. Then, the medium was removed
and the formed formazan crystals were dissolved by DMSO.
The amount of formazan proportional to the number of viable
cells was measured by using spectrophotometer recording
changes in absorbance at 570 nm (Tecan Infinite 200 PRO,
Switzerland).

Total Antioxidant Capacity (TAC) and Total Oxidative
Stress (TOS)

Measurements of TAC and TOS levels was carried out using
commercial kits according to the manufacturer's instructions
(Rel Assay Diagnostics, Gaziantep, Turkey). For these exper-
iments, another group of cells was treated with P. pavonica
at different concentrations (0.5-1000 ug/mL) and incubated
at 37 °C in humidified 5% CO, for 2 hours.

Potential antioxidants in the culture medium led to the reduc-
tion of the ABTS radical (2,2’-azino-bis 3-ethyl benzothia-
zoline-6-sulfuric acid) in TAC analysis. Briefly, 500 uL of
Reagent 1 solution was added to a quartz cuvette containing
30 uL of plasma sample and after 30 minutes, the initial ab-
sorbance was recorded at 660 nm. Then, 75 uL of Reagent 2
solution was added to the same cuvette and the absorbance
was measured at 660 nm after 5 min incubation. The test was
calibrated with Trolox and the obtained results were ex-
pressed in mM Trolox equivalent per liter (mmol Trolox
equiv./L).

The principle of TOS assay was based on the conversion of
the ferrous ion chelator complex to ferric ion by oxidants pre-
sent in the medium. The TOS level was determined by mixing
500 uL of Reagent 1 with 75 uL of each plasma sample and
the absorbance value of each sample was measured at 530 nm
after 30 minutes. 15 pL of Reagent 2 was then added to the
mixture, the absorbance was read at 530 nm again. Calibra-
tion of the assay was conducted with H>O, and the results
were expressed as uM H»O, equivalent per liter (umo H,O»
equiv./L).

Sister Chromatid Exchange (SCE) Method

5-bromo-20-deoxyuridine (Sigma, St Louis, Missouri, USA;
final concentration 20 mM) was added after culture initiation
to provide better visualization of SCEs (Evans and
O’Riordan, 1975). Exactly 70 hours and 30 minutes after the
initiation of incubations, colcemid (Sigma) was added to the
cultures to obtain a final concentration of 0.5 mg/L. After hy-
potonic treatment (0.075 M KCl) and three repetitive cycles
including fixation in methanol/acetic acid solution (3:1, v/v),
centrifugation, and resuspension, the cell suspension was
dropped onto chilled and grease-free microscopic slides.
Then slides were air-dried, aged, and stained differently for a
variety of SCE ratio according to fluorescence plus Giemsa
(FPG) preparation. For each treatment, 20 well-spread second
division metaphases were scored and calculated as SCEs per
cell.

Micronucleus (MN) Assay

The MN test was done by adding cytochalasin B (Sigma 1; 6
mg / mL final concentration) after 44 hours of culture. After
an incubation period of 72 hours, lymphocytes were fixed
with ice-cold methanol: acetic acid (3:1). The cells were fixed
directly on the slides using a cytospin and stained with
Giemsa. The scoring criteria for micronuclei were defined by
Fenech (1993). 2000 binucleated lymphocytes were screened
per concentration (two cultures for each concentration) for
the presence of one, two, or more micronuclei.

Statistical Analysis

Statistical analysis was performed using SPSS 18.0 (SPSS,
Chicago, IL, USA). The experimental data were analyzed by
one-way analysis of variance (ANOVA) and Duncan’s test
was performed to examine whether there were any differ-
ences between the application and control groups. The results
are presented as means = SD of at least three independent ex-
periments and P <0.05 was accepted as significant. All assays
were run in triplicate.

Results and Discussion
Cell Viability

The cytotoxic effects of different concentrations of P.
pavonica extract were evaluated by MTT assay (Figure 1).
The results showed that mitomycin C, as a positive control,
significantly decreased (P<0.05) cell viability with a fold de-
crease of 2.6 compared to untreated control. However, lower
doses (0.5, 5, 25, 50, 100, 250, and 500 ug/mL) of P.
pavonica did not cause (P>0.05) a change in cell viability
while 1000 pg/mL concentration significantly inhibited
(P<0.05) cell viability with a fold decrease of 2.6.
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TAC and TOS Activity

As shown in Figures 2 and 3, ascorbic acid and H,O, used as
a positive control, significantly increased (P<0.05) the TAC
and TOS levels with a 2.46 and 3.03-fold increase, respec-
tively. However, only 50 (1.3-fold increase) and 100 (2-fold
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increase) pug/mL concentrations of P. pavonica led to a statis-
tically significant increase (P<0.05) in TAC levels as com-
pared to untreated control cells. When oxidative status after
exposure treatments was investigated, the concentration of
1000 pg/mL of P. pavonica caused an increase (P<0.05) with
a fold change of 1.4 in TOS levels.
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Figure 1. Effect of different concentrations of Padina pavonica water extract on human
lymphocytes at 24 h. Values represent means + SD of at least three experiments.
Bars indicated by the different letters (a, b, c) show statistically significant dif-
ferences at the P < 0.05 level. Mitomycin C (1077 M) was used as a positive

control.
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Figure 2. The TAC levels in cultured human lymphocytes exposed to various concentrations
of Padina pavonica for 2 h. Values represent means + SD of at least three exper-
iments. Bars indicated by the different letters (a, b, c) show (a, b, c) statistically
significant differences at the P<0.05 level. Ascorbic acid (10 mM) used a positive

control.
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The TOS levels in cultured human lymphocytes exposed to various concentrations

of Padina pavonica for 2 h. Values represent means + SD of at least three exper-
iments. Bars indicated by the different letters (a, b, c) show statistically significant
differences at the P < 0.05 level. Hydrogen peroxide (H,0>) (25 mM) was used as

a positive control.

Genotoxicity Activities

The MN and SCE frequencies on lymphocytes exposed to P.
pavonica were depicted in Figure 4. P. pavonica did not in-
duce a significant (P>0.05) changes in MN and SCE, even at
the highest concentrations. However, mitomycin C, as a pos-
itive control, caused a significant increase (P<0.05) in MN
and SCE ratios as compared to the untreated control.

The present study revealed for the first time cytotoxic effects
of P. pavonica on human lymphocytes, in a dose-dependent
manner. Briefly, an increase in sample dose caused a reduc-
tion in cell viability. Mashjoor et al., (2016) reported that
Padina antillarum and Padina boergeseni showed cytotoxic
effects in different cell lines (Vero, MCF-7, and HeLa), in a
dose-dependent manner. Previous reports declared that a con-
centration of 50 pg/mL of Halopteris scoparia (brown algae)
significantly inhibited viability in HEK 293 cells, in accord-
ance with our findings (Giiner et al., 2019). Another study
showed that hexane, chloroform, and methanol extracts of
Sargassum swartzii and Cystoseira myrica brown algae ex-
erted cytotoxic effects in CaCo-2 and T47D while Colpome-
nia sinuosa did not cause any cytotoxicity on these cell lines
(Khanavi et al., 2010). Cystoseira compressa extracts had no
significant cytotoxic activity against Hep 3B cells in all
treated concentrations (Giiner et al., 2015). These different

cytotoxic activities may be related to the extraction/solvent
type used and the different sensitivity of the cells.

In a normal cellular process, there is a balance between anti-
oxidant and oxidant status. When cellular damage is induced
by different agents, this situation causes an increase in oxida-
tive radical levels and consequently, many dramatic events
occur for the cell. For this purpose, oxidative changes in lym-
phocytes after exposure to P. pavonica were determined by
TAC and TOS tests. The major advantage of these assays is
to measure all the antioxidant/oxidant capacity in the medium
and not just the oxidant/antioxidant level of a compound in a
culture sample (Kusano and Ferrari 2008). Lower concentra-
tions (50 and 100 ug/mL) of P. pavonica led to a statistically
significant increase in TAC levels as compared to untreated
control cells. In other words, the algae sample at the lower
dose acted as an antioxidant agent. Similarly, many studies
provided the antioxidant activity of algae species. Al-Enazi et
al., (2018) reported that P. pavonica extracts had an excellent
antioxidant activity with a value of IC50=5.59 pg/mL, in a
concentration-dependent manner. In another study compar-
ing the biological effects of different algae samples, P.
pavonica showed the highest antioxidant activity (Khaled et
al., 2012). Previous studies have shown a highly significant
correlation between antioxidant activity and polar contents
such as polysaccharides, ketones, amines, phenols, aldehydes
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in plants (Roopashree and Naik, 2019). The antioxidant ef-
fects of P. pavonica may be explained by the presence of sec-
ondary metabolites in the water extract. On the other hand, P.
pavonica (at 500 ug/mL and below concentrations) did not
cause any change in TOS levels while 1000 pg/ml treatment
significantly increased TOS levels in lymphocytes as com-
pared to control. Thus, the cytotoxic effects of P. pavonica
could be attributed, at least in part, to oxidative stress induced
by high algae contents.

When oxidative stress occurs, the evaluation of damages in
DNA is one of the most important outcomes. To this end,
whether the oxidative stress triggered by P. pavonica causes
genetic damage was evaluated by the SCE and MN methods.
SCE is considered to be a very simple and sensitive cytoge-
netic assay for evaluating the genotoxic effects of potentially
mutagenic and carcinogenic agents (Das 1988). The MN as-
say is also a very sensitive and rapid method that can detect
both clastogenic and aneugenic effects of agents (Migliore et
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Figure 4.

al. 1989). Our results showed that P. pavonica was non-gen-
otoxic. In other words, the algae sample did not cause any
significant increases in the levels of the SCE and MN in lym-
phocytes as compared to control values, even at the highest
concentrations. A previous study conducted by bacterial Vi-
totox® test and micronucleus assay reported that Dictyopteris
membranacea (brown algae) did not cause any genotoxic ef-
fects in human C3A cells, even at the highest concentrations
(Akremi et al., 2016). Similarly, another study related to the
genotoxic effects of algae species declared similar results that
algae species did not cause any clastogenic and DNA disrupt-
ing effects in mice bone marrow erythrocytes at the highest
dose of 2000 mg/kg body (Bello et al., 2019). Sulfated poly-
saccharides from brown algae are one of the potential com-
pounds used in medical applications. Previous studies have
reported that fucoidan obtained from different algae species
have no genotoxic effect in vivo and in vitro assay (Kim et
al., 2010; Song et al., 2012).

a 4 a d
"
100 250 500 1000

The frequencies of micronucleus (MN) and sister chromatid exchange (SCEs) values in human

lymphocyte treated with various concentrations of Padina pavonica for 72 h (Positive control:
Mitomycin C (1077 M). Values represent means + SD of at least three experiments. Bars indicated
by the different letters (a, b, c) show statistically significant differences at the P<0.05 level.


https://doi.org/10.3153/FH21004

Research Article

Food Health 7(1), 31-38 (2021) e https://doi.org/10.3153/FH21004

Conclusions

In conclusion, the present results clearly showed that P.
pavonica had no genotoxic effects on lymphocytes. Further-
more, this algae sample exhibited antioxidant properties de-
pendent on the applied concentration. In this context, P.
pavonica has the potential of being utilized as both novel bi-
oresources and safely consumed.
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Bu calismada Tiirk Gida Kodeksi’nde 6zel tibbi amagli diyet gidalar altinda yer alan enteral bes-
lenme {iriinlerinin Mezofilik Aerobik Bakteri ve C.sakazakii varlig1 yoniinden analizi yapilarak
pH degerlerinin incelenmesi amaglanmustir. istanbul ilindeki gesitli hastane eczanelerinden 20 adet
enteral beslenme iiriinii temin edilerek petriye yayma plak yontemiyle uygun besiyerlerine ekim
yapilmistir. Mikrobiyolojik analiz sonuglarina gore 6rneklerin hi¢cbirinde MAB ve C.sakazakii’ye
rastlanmamustir (%100; <1 log kob/mL). Uriinlerin ortalama pH degeri 6.68 +0.09 olarak bulun-
mustur. Arastirma sonucunda incelenen enteral beslenme iiriinlerinin mikrobiyolojik kontaminas-
yon diizeylerinin tamaminin (%100) kullanima uygun degerler igerisinde oldugu ve saglik riski
olusturmadigi goriilmistiir.

Anahtar Kelimeler: Enteral beslenme iirtinleri, Cronobacter sakazakii, Mezofilik aerobik bakteri,
pH

ABSTRACT

Investigation of enteral nutrition products for Mesophilic Aerobic Bacteria and Cronobacter
sakazakii contamination

In this study, it is aimed to analyze for the presence of Mesophilic Aerobic Bacteria (MAB), C.sa-
kazakii, and the pH values of the enteral nutrition products, which are categorized under the special
medicinal dietary products in the Turkish Food Codex. 20 enteral nutrition products were obtained
from various hospital pharmacies in the province of Istanbul, and the spread plate method was
carried out on suitable media. According to the results of microbiological analysis, no MAB and
C.sakazakii were found in any of the samples (100%; <1 log cfu/mL). The average pH of the
products was found to be 6.68 £0.09. As a result of the research, it has been seen that all the
microbiological contamination levels (100%) of enteral nutrition products are within the values
suitable for use and do not pose a health risk.

Keywords: Enteral nutrition products, Cronobacter sakazakii, Mesophilic aerobic bacteria, pH
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Giris

Enteral beslenme tiriinleri; Tiirk Gida Kodeksi’nde 6zel tibbi
amach diyet gidalar altinda yer alan, igerigi tanimlanmus, vii-
cudun gereksinim duydugu besin 6gelerini karsilayan, medi-
kal kullanima yo6nelik hazirlanmus, oral veya tiiple beslenme
yontemleriyle uygulanabilen ¢ogunlukla siit temelli formu-
lasyona sahip iiriinlerdir (TGK, 2001; Onal ve Ugurcan,
2017). Igeriginde protein kaynag: olarak siit kazeini bulun-
durmasi sebebiyle bu tip tirlinlerin siit tozu ve peynir alti suyu
tozu gibi diisiik su aktivitesi (aw) degerlerinde hayatta kalabi-
len bir bakteri olan Cronobacter sakazakii (C.sakazakii) agi-

sindan risk tasiyabilecegi belirtilmektedir (Beuchat ve ark.,
2009).

C.sakazakii, Enterobacteriaceae familyasinda yer alan gram-
negatif, spor olusturmayan, fakiiltatif anaerobik 6zellikteki
bir firsat¢1 patojendir (Koluman, 2011). Bu bakteri daha 6nce
Enterobacter sakazakii olarak adlandirilmig, ancak yapilan
yeni siniflandirma sonucu FAO/WHO komitesi tarafindan
Enterobacter sakazakii yerine C.sakazakii’nin kullanimimin
gerektigi belirtilmistir (FAO/WHO, 2008). Tiirk Gida Ko-
deksi, Mikrobiyolojik Kriterler Tebligi’'nde de 2011 yilina
kadar Enterobacter sakazakii (E. sakazakii) olarak ifade edi-
litken 2011 yilinda tebligde yapilan diizenlemeler sonucu C.
sakazakii adiyla kullanilmaya baglanmistir (TGK, 2011). Son
zamanlarda, molekiiler karakterizasyonlarin yayginlasma-
styla Cronobacter cinsine yeni tiirler de eklenmistir. Heper-
kan ve ark.’nin siit tozu, peynir alt1 suyu tozu ve bebek for-
miillerinde molekiiler tanimlama ile yapmis oldugu aragtir-
mada C.sakazakii %6.14 oraninda tespit edilmistir (Heperkan
ve ark., 2017).

Cronobacter sakazakii, bebeklerde, ¢ocuklarda ve yetiskin-
lerde, 6zellikle yash ve bagisikligi baskilanmis bireylerde en-
feksiyonlara neden olan bir patojendir. Hastalik, diinya ca-
pinda yenidogan ve kii¢iik bebeklerde yiiksek mortalite ora-
nina sahip olmasi nedeniyle dnemlidir (Friedemann, 2009).
Menenjit, bakteremi, sepsis ve nekrotizan enterokolit gibi
siddetli yenidogan enfeksiyonlarinda rol oynamistir (Patrick
ve ark., 2014). Yetiskinlerde, Cronobacter sp. pndmoni, sep-
tisemi, osteomiyelit, dalak apsesi ve yara enfeksiyonlarina
neden olabilmektedir (Healy ve ark., 2010).

Ozel tibbi amach kullanilan enteral beslenme iiriinlerinin
mikrobiyolojik agidan steril ve tiikketime uygun olmasi gere-
kir. Ozellikle kritik hastalarda diisiik bagisiklik sistemi, im-
mun yanitin yetersiz olmasi, en ufak bir mikrobiyolojik kon-
taminasyonda hastanin yasamini tehlikeye sokabilir ve mev-
cut durumun kétiilesmesine sebep olabilir (Aslantas ve Yil-
diz, 2008). Tiirk Gida Kodeksi Mikrobiyolojik Kriterler Teb-
ligi’nde 6zel tibbi amaclh diyet gidalar igin belirtilen sekilde
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kontrol edilmesi gereken mikroorganizmalar olarak Bacillus
cereus (B.cereus), Cronobacter sakazakii (C.sakazakii), Sal-
monella ve Listeria monocytogenes (L.monocytogenes) yer
almaktadir (TGK, 2011). Teknolojik uygulamalarla 6nlen-
meye c¢alisilsa da kurutma ve 1s1l islem basamaklarina karsi
dayanarak iki y1l boyunca siit tozunda hayatta kalabilen C.sa-
kazakii’nin enteral beslenme iirlinlerinde de izlenmesi gerek-
mektedir (Beuchat ve ark., 2009).

Bu sebeplerle planlanan ¢alismada Istanbul ili igerisinde bu-
lunan hastane eczanelerinden temin edilen enteral beslenme
riinleri Mezofilik Aerobik Bakteri (MAB) ve C.sakazakii
kontaminasyonu yoniinden incelenmis, pH degerleri 6lgiil-
miistiir. Elde edilen sonuglar Tiirk Gida Kodeksi kriterleri ile
karsilastirilarak degerlendirilmistir.

Materyal ve Metot
Ornek Toplama

Bu calismada Tirkiye’deki farkli firmalar tarafindan ithal
edilmis tiip, oral ve hem tiip hem de oral yolla kullanilabilen
enteral beslenme ({irlinlerinin Mezofilik Aerobik Bakteri
(MAB) ve C. sakazakii yoniinden mikrobiyolojik analizi ger-
ceklestirilmistir. Istanbul ili igerisinde Anadolu ve Avrupa
yakalarinda bulunan hastane eczanelerinden temin edilen
toplam 20 adet enteral beslenme iiriinii Mart-Haziran 2020
aylari arasinda toplanarak analize alinmugtir.

Mikrobiyolojik Analiz

Enteral beslenme tiriinlerinden, MAB ve Cronobacter saka-
zakii bulunma diizeyleri petriye ekim yapilarak incelenmistir.
MAB analizi i¢in Plate Count Agar besiyerine 0.1 mL nu-
mune alinarak yayma plak yontemiyle ekim gerceklestiril-
mistir. Petriler 37°C’de 48 saat aerobik olarak inkiibe edil-
mistir. C.sakazakii analizi igin ise numunelerden 1 mL alma-
rak 9 mL Enterobacteriaceae Enrichment (EE) Broth igceren
onzenginlestirme besiyeri tiiplerine aktarilmistir. Tiipler
37°C’de 24 saat aerobik olarak inkiibe edilmistir. Daha sonra
kromojenik Brillance Enterobacter sakazakii DF1 Agar’a
yayma plak yontemiyle ekilerek 37°C’de 20 sa inkubasyona
birakilmistir. Siipheli koloniler gram boyama ile mikroskop
altinda incelenmistir. Uygulanan yontem ve kullanilan besi-
yerleri referanslari ile Tablo 1’de yer almaktadir.

pH ve Sicaklik Olgiimii

Uriinlerin pH ve sicaklik degerleri Milwaukee pH/temp
marka pHmetre ile 3 tekrarli olarak o6l¢iilerek kaydedilmistir.
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Tablo 1. Caligmada mikrobiyolojik analizler i¢in kullanilan metotlar

Table 1. Methods used in the study for microbiological analysis

Arastirilan bakteri Metot Kaynak
MAB Plate Count Agar (Lab M) besiyerinde 37°C 24 sa acrobik inkubasyon. IS0, (2003)
Cronobacter sakazakii | 1 mL 6rnek ile 9 mL Enterobacteriaceae Enrichment Broth (Oxoid Thermo Fisc- | Cetinkaya ve
her, UK) suspansiyonunu 37°C’de 24 sa. inkubasyon. ark., (2013)
Kromojenik Brillance E.sakazakii DF1 Agar (Oxoid Thermo-Fischer, UK)’a ekim
ve 37°C’de 20 sa inkubasyon. Yesil-turkuaz renkli kolonilerden saf koloni izolas-
yonu i¢in E.sakazakii DFI Agar’a yeniden ekim ve 37°C’de 20 sa inkubasyon.
Her ornekten 3 siipheli izolat segilerek saflik diizeyinin belirlenmesi amaciyla
mavi-yesil renkli slipheli kolonilerden Tryptone Soya Agar (Oxoid Thermo Fisc-
her, UK)’a ekim.
Veri Analizi Tablo 3. Kullanim sekline gore iirtinlerin pH degerlerinin

Excel (MS Office, 2013) kullanilarak elde edilen bulgularin
ortalamasi alinmis, standart sapmalar1 ve kontaminasyon sik-
liklar1 yiizde degerler iizerinden hesaplanmis ve One way
Anova analizi ile iirlinlerin pH degerleri aras1 olasi farklilik
karsilastirilmigtir.

Bulgular ve Tartisma

Bu aragtirmada 5 adet tiip {iriinii, 7 adet oral {iriin, 8 adet hem
tiip hem de oral olarak kullanilabilen enteral beslenme iir{inii
incelenmistir. Incelenen 20 iiriinde MAB ve C. sakazakii kon-
taminasyonlarina rastlanmamistir (%100, <1 log kob/mL).
Uriinlerin ortalama pH ve sicaklik degerleri ise sirastyla 6.68
ve 23.89°C olarak belirlenmistir (Tablo 2). Uriinlerin kulla-
nim yolu a¢isindan pH degerleri karsilastirildiginda istatistiki
olarak herhangi bir farkliligin olmadig1 goriilmiistiir (p>0.05;
Tablo 3).

Tablo 2. Mikrobiyolojik analiz sonuglar1 (log kob/mL; ko-
loni olusturan birim/gram), pH ve sicaklik 6l¢limii
ortalama deger ve standart sapmalari

Table 2. Microbiological analysis results (log cfu/mL; colony
forming unit/gram), pH and temperature mean values
and standard deviations

Ornek ad1 MAB | C. sakazakii | pH | Sicakhk
(°C)
Enteral beslenme <1 <1 6.68 23.89
iiriinleri (n=20) +0.09 +0.18

+ Standart Sapma

karsilastirilmasi

Table 3. Comparison of pH value of the products according to their

usage.
Kullanim sekli n pH ortalama p degeri
Tiip 5 6.75+0.09 0.130
Oral 7 6.61 +£0.05
Oral+Tiip 8 6.66 £ 0.07

+ Standart Sapma

MAB ek besin dgelerine ihtiya¢ duymadan ve farkli pH de-
gerlerinde rahatlikla iireyebilirler (Dogan ve Tiikel, 2000).
MAB sayis1 genel olarak bir gidada mikroorganizmanin ne
oranda bulundugu ile ilgili bilgi vermekte olup besin giiven-
ligi acisindan 6nemlidir. Tokatli (2009) yaptig1 calismada in-
celedigi 62 bebek mamasinin 54’iinde 6 kob/g ile 2.69 x 103
kob/g deger araliginda MAB tespit etmistir. Polat ve Halk-
man (2008), 40 adet bebek mamasin inceledikleri bir ¢alis-
mada MAB sayisin1 <10 — 1.95 x 10° kob/g aralifinda bul-
mustur. Aslantas ve Yildiz (2008) yaptiklar1 ¢alismada ince-
ledikleri 31 enteral beslenme {irliniiniin 1 tanesinde (%3.2)
MAB sayis1 yoniinden {ireme tespit etmisler ve oral olarak
kullanilan bu iiriindeki kontaminasyonu 5x10* kob/g olarak
belirlemislerdir. Ayni ¢alismada numunelerin 1’inde (%3.2)
2x10 kob/g sayida B. cereus tespit ederken, tirlinlerin hi¢bi-
rinde Escherichia coli, Pseudoimonas aeruginosa, Staphylo-
coccus aureus, koliform bakteri, Salmonella tirleri ve Clost-
ridium perfringens tespit edilmemistir (Aslantas ve Yildiz,
2008). Bu arastirmada incelenen 20 adet enteral {iriiniin tama-
minda MAB bulunmamis olmasi iiriinlerin sagliga uygun ve
giivenilir oldugunu isaret etmektedir.
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Yapilan birgok arastirmada besinlere ve i¢eceklere C.sakaza-
kii’nin bulasabilecegi belirlenmistir. Bu bulagsma kaynakla-
rina 6rnek olarak bebek formiil besinleri, mamalarin hazirlan-
masinda kullanilan kasik ve karistirict gibi kontamine ekip-
man yaninda siit tozu, su, piring, salata, peynir, ¢ig kiyma,
sucuk ve sebzeler verilebilir (Lehner ve Stephan, 2004).
Uziim (2006), ¢ig siit drnegi ile ilgili Ankara’da tiiketime su-
nulan 100 adet besinden elde ettigi 115 izolattan 17’sini Cro-
nobacter spp. (11 C.sakazakii, 6 C.cloacae) olarak tanimla-
mustir. Ayrica C.sakazakii’nin UHT siit fabrikasindaki tiretim
alanindan ve siitten izole edildigi saptanmistir (Lehner ve
Stephan, 2004). Yapilan diger arastirmalarda siit endiistrisi-
nin diginda cikolata fabrikalarindan, tahil, baharat, patates,
makarna ve tiirevleri iireten alanlarda da C.sakazakii izole
edilmistir (Kandhai ve ark., 2004; Lehner ve Stephan, 2004).

C.sakazakii ¢ok farkli besinlerden tespit edilebilmis olsa da
Tirkiye’de ve diinyada yapilan pek ¢ok arastirma bebek bes-
lenmesinde kullanilan mama ve formiil besinler (devam siitii)
ile siit tozunun kontaminasyon yoniinden halen incelenmesi-
nin gerekliligini géstermektedir (Giiltekin ve Demirel, 2006).
Cakmak (2012) ¢alismasinda C.sakazakii yoniinden incele-
digi 350 adet bebek mamasinin 4’iinde (%1.14) pozitif sonug
elde etmistir. Gurtler ve ark., bebek mamasi ve siit tozu 0Or-
neklerinin 25 graminda C.sakazakii’nin varligini incelemis
ve 170 adet siit tozu 6rneginin 7’sinde, 40 adet toz bebek ma-
masinin 1’inde tespit etmistir (Gurtler ve ark., 2005). Hol-
landa’da Cronobacter tiirlerinin 4 y1l boyunca arastirildigi bir
calismada 182 toz bebek mamasinin 1 tanesinde Enterobac-
ter tiirleri izole edilmistir (Kandhai ve ark., 2010).

Prematiire ve yenidogan bebekler basta olmak tizere C.saka-
zakii menenjit, ince ve kalin bagirsak iltihab1 ve birgok komp-
likasyona yol agmaktadir. Bu noktada enteral beslenme {iriin-
lerini kullanan bireyler i¢in 6zellikle tiiple beslenenlerin, ye-
nidoganlarin ve kronik hastaliga sahip olanlarin bagisiklik
sistemlerinin daha zayif oldugu ve besinle bulasan, mikrobi-
yolojik bir risklere kars1 daha hassas olduklari klinisyenler ta-
rafindan belirtilmektedir (Aslantas ve Yildiz, 2008). C.saka-
zakii kontaminasyonu ger¢eklesmesi durumunda gastrointes-
tinal sisteme yerlesmeyi takiben zehirlenme ve sepsis gibi
bir¢cok komplikasyon ortaya gikabilmektedir. Enteral besinle-
rin igerdigi zengin makro ve mikro besin 6geleri ile ayw ve pH
seviyeleri de mikrobiyal {ireme i¢in uygun ortami pekistir-
mektedir (Borges ve ark., 2011).

Ozellikle tiip iiriinlerinin ¢ogu icerdigi besin dgeleri, su akti-
viteleri ve pH gibi etmenlerden dolay1r mikrobiyolojik {ire-
meye uygun bir ortam saglamaktadir. pH’nin bakterinin opti-
mum tireme degeri civarinda olmasi1 bu noktada énemli bir
etmendir. C.sakazakii’nin asidik pH’ya direngli oldugu ve
iireyebildigi en diisiikk pH degerlerinin 3.9-4.1 oldugu (Dan-
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cer ve ark., 2009), optimum olarak da 6.5 pH’ya ihtiya¢ duy-
dugu bildirilmistir (Pina-Pérez ve ark., 2009). Nitekim ger-
¢eklestirilen bu arastirmada da incelenen {irlinlerin ortalama
pH degerlerinin 6.68+0.09 olmasi1 C.sakazakii kontaminas-
yonu olmas1 durumunda, {iremesinin de kolaylikla gergekle-
sebilecegini gostermektedir.

Enteral beslenme tirtinleri 6zellikle kritik hastalarda, malnut-
risyonlu bireylerde beslenme desteginin oral veya gastroin-
testinal sistem yolu ile saglanmasi i¢in kullanilan 6zel tibbi
amagh gidalardir (Demirkan ve ark., 2016). Basta bebekler
olmak {izere immun sistemi yetersiz olan, herhangi bir kronik
hastalig1 olan hastalarda gergeklesen mikrobiyolojik konta-
minasyonlar 6liime yol acabilir. Bu bakimdan enteral bes-
lenme triinlerinin icerikleri, sterilite durumu, hazirlik asama-
sinda yapilan islemler, bekletme siiresi gibi etmenler 6nemli-
dir (Gavi ve ark., 2008; Giilsen-Atalay ve ark., 2019). Dola-
yistyla bu iiriinler i¢in mikroorganizma kaynaginin belirlen-
mesi, gida kontaminasyonunu ve sonuglarini 6nlemek agisin-
dan kritiktir.

Sonug¢

Sonug olarak; Istanbul ilinden toplanan 20 adet enteral bes-
lenme {irlinii arasinda gergeklestirilen bu ¢alismada elde edi-
len mikrobiyolojik analiz sonuglar1 Tiirk Gida Kodeksi ile
karsilastirldiginda tiim 6rneklerin mikrobiyolojik degerleri
<1 log kob/g olarak bulunmus olup arastirilan bakteriler yo-
niinden risk igermedigi ortaya ¢ikmaktadir. Protein enerji
malnutrisyonu (PEM) veya kronik hastalik gibi durumlarda
kritik hastalarda kullanilan enteral beslenme triinleri, insan
sagligma etkide bulunacak bir mikroorganizmalari igerme-
melidir. Bu aragtirma sonuglar1 bu yonden iirinlerin glivenli
kabul edilebilir olduklarini gostermektedir. Ancak uygulama
agisindan bakildiginda besinlerin paketleri agilmadan 6nce
mikrobiyolojik agidan giivenilir olmalar1 yeterli degildir.
Acildiktan sonra kullanima hazirlanirken de kontaminasyon
gerceklesebilmektedir. Hazirlama esnasinda {irline eklenen
maddelerden, kullanilan ara¢ geregten, mevcut ortam kosul-
larindan ve hazirlayan kisi veya hastadan kaynakli kontami-
nasyonlar s6z konusu olabilir. Enteral beslenme {iriinleri ile
ilgili siirlt sayida ¢aligma bulunmakta olup yapilan ¢aligma-
lar cogunlukla bebek besinleri iizerinedir. Bu noktada incele-
nen enteral beslenme iiriinlerinde saglig1 tehdit edecek her-
hangi bir iiremenin goriilmemesi bu {iirinlerin iiretimi sira-
sinda uygulanan islemlerin uygunlugunu gostermektedir.
Yine de gecmis caligmalarda siit tozu gibi hammadde niteli-
gindeki iirlinlerde goriilen kontaminasyon degerlerine bakil-
diginda, benzer arastirmalarin siirdiiriilerek ileri molekiiler
biyolojik tekniklerle de dogrulanmasinin yerinde olacag dii-
siiniilmektedir.


https://doi.org/10.3153/FH21005

Short Communication

Food Health 7(1), 39-44 (2021) e https://doi.org/10.3153/FH21005

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmisglerdir.

Etik izin: Arastirma niteligi bakimindan etik izin gerektirmemek-
tedir.
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ABSTRACT

There are similar inflammatory reasons behind non-contagious chronic diseases. The prevalence
of these diseases increases everyday both in our country and around the world. That's why scien-
tists have begun looking for strong antioxidants that could help prevent and treat such inflamma-
tory diseases. Curcumin is one of those antioxidants. Curcumin is one of the components of tur-
meric, which belongs to the ginger family. Many studies showed that the curcuminoids in turmeric
can be used to prevent and treat cardiovascular, autoimmune and endocrine diseases, cancer as
well as various inflammatory diseases. With this study, we aim to interpret these recent studies
conducted with curcumin.
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Introduction

Curcumin is a component derived from turmeric, which is
used to add flavor and a yellowish color to dishes. First used
by ancient Greeks, curcumin is used as a spice mostly in India
and as a traditional medicine ingredient in Southeast Asia and
China (Nahar et al., 2015). Curcumin, used as E100 as a food
additive, can be found in mustards, cheese, canned fish, but-
ter, pastry, and other many similar processed food (Chin et
al., 2013). Curcumin is one of the main ingredients of turme-
ric and has anti-carcinogenic, antioxidant and anti-inflamma-
tory effects. Thanks to these properties, curcumin is known
to be effective in the protection against and treatment of many
inflammatory diseases (Kumar and Sharma, 2015).

Antioxidant Mechanism of Action of Curcumin

Oxygen consumption during cell growth leads to the produc-
tion of free radical oxygen intermediates as a result of a series
of reactions, such as superoxide anion radicals, hydroxyl rad-
icals, and hydrogen peroxide (H,O:). These radicals cause
damage to biomolecules that play a critical role in maintain-
ing life on Earth, including proteins, lipids, nucleic acids, and
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carbohydrates. Reactive oxygen species (ROS) lead to the de-
velopment of various diseases, if they are not effectively ex-
creted by cellular components. It is a known fact that ROS is
involved in the pathophysiology of many diseases (Neeraj et
al., 2008; Aksoy, 2018). Antioxidant defenses, including an-
tioxidant enzymes or functional food ingredients, are needed
to eliminate or repair these harmful effects of ROS. Func-
tional foods, also known as antioxidant compounds, have im-
portant functions in the body such as preventing the mecha-
nisms of free radical formation and removing the formed rad-
icals (Ak and Giilgin, 2008). Curcumin, one of these func-
tional foods, has been reported to be able to eliminate the
harmful effects of metal ions that contribute to free radical
formation by chelating them (Figure 1) and to increase anti-
oxidant capacity by transferring electrons to the produced
free radicals, or by creating a mechanism of inhibitor and ac-
tivator action on the enzyme activity that plays an important
role in metabolism (Ak and Gilgin, 2008; Asouri et al., 2013;
Tanvir et al., 2017).

Curcumin
+
3Fe 2+

CH,

Curcumin-Fe* complex
P

/Orliil__::e_F

Figure 1. Proposal reaction of iron ions chelated by curcumin (Ak and Giilgin, 2008)
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There are studies that support this information. For instance,
in a study in which Drosophila Melanogaster was exposed to
A’ metal ion, it has been reported that antioxidant parame-
ters such as catalase, glutathione S-transferase and glutathi-
one decreased and free radical precursors such as NO and
H,0O:> increased. The effect of this oxidative damage caused
by AI** ion was reported to be eliminated by the curcumin
molecule depending on the dose (Oyetayo et al., 2020).

Curcumin has been further shown to have very strong anti-
inflammatory effects in addition to its antioxidant properties.
In the literature, pro-inflammatory cytokines have been
shown to form the basis for the development of non-com-
municable chronic diseases, including diabetes, pancreatic

cell disorders, Alzheimer's disease, arthritis, cardiovascular
diseases, intestinal diseases, polycystic ovary syndrome, and
lipid disorders (Laveti et al., 2013). The phytochemical and
polyphenol properties of curcumin inhibit the structures caus-
ing inflammation in the body, such as TNF-a, IL-1p, IL-6,
MCP-1, Prostaglandin E,, Nuclear Factor Kappa Beta
(NFkB) Cyclooxygenase-2 (COX>), and 5-Lipoxygenase (5-
LOX). In contrast, curcumin has an activating or enhancing
effect on cellular signal molecules such as interleukin, chem-
okine, cytokine, growth factors, enzymes, transcription fac-
tors, Nrf2, B-catenin, signal transduction and transcription
(STAT), factors of the O class (FOXOs), and protein kinases
(Figure 2).

Adhesion molecules

Inflammatorycytokines
TN Fa],,lL-iE,],IL-Zl., IL-18}

ICAM-1], UCAM-L],

Protein kinases
ERK?Y, INKE, p384

IL-6), MCP-1{, MIP-1at}, IL-12 ELy Akt
Enzymes
iNOSY, COX-2}, 5-L0X{, Apoptotic proteins
HO-1}, MMP2|, MMPY, CURCUMIN - | Caspase3, 8, 94, bax?, bcl- 2}
bcl-xi}, AIF?t
} Transcriptionfactors
Endoplasmicreticulum '
trant rarkars Growth factorsand NF-k B}, Nrf2f, FOX03a 4
receptors STAT1{, Notch1}, p53%, p21%

GRP78{, ATF6}, IRE1f, CHOP?
XBP-14 GADD153 %
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Figure 2. Molecular targets of curcumin (Ghosh et al., 2015)
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Moreover, curcumin blocks the cell growth cycles in cancer
cells, and reduces free radicals and inflammation, both of
which can lead to cancer-causing cell mutations (Chen et al.,
2010). Curcumin, a polyphenol derivative, has been reported
to have positive effects on learning and verbal memory and
to have a protective and therapeutic effect on health problems
such as Alzheimer's and Parkinson's disease (Harish et al.,
2010).

Literature Search

In a study the researchers examined the effects of curcumin
on colon histology. They used azoxymethane to grow tumors
in one group of rats, separated them as control and study
group. Then they gave control group certain doses of curcu-
min along with their feed. The excrement of the rats were col-
lected once in every four weeks for microbiological analysis
and the rats were observed for 14 weeks. At the end of the
study, it was seen that the rats that were given feed with the
curcumin additive had higher survival rates, that the weight
and length of their colons reduced and the tumor burden re-
duced by 0.5%. In study rats, curcumin increased the micro-
bial richness, prevented age-related reduction in alpha diver-
sity, increased the relative abundance of Lactobacillales (by
genus Lactobacillus) and reduced the order of Coriobacteria-
les (Actinobacteria phylum). In other words, curcumin inhi-
bited the genes related to inflammation, reduced or comple-
tely removed the colonic tumor burden (McFadden et al.,
2015).

In another study, 20 female Wistar rats (20 months old) were
separated as control and study groups. The study group rats
were given curcumin extract for 12 days (300 mg/kg) in corn
oil with oral gavage. After 24 hours heart tissues are taken
ander anesthesia, and protein carbonyl (PC), Malondial-
dehyde (MDA) and Glutathione (GSH) levels were checked.
GSH level of rats that were fed curcumin supplement, was
found to be significantly higher compared to the study group
(p<0.05). PC and MDA levels were found to be low, albeit
not significantly (p>0.05). In other words, curcumin protec-
ted the heart issue of these old female rats from oxidative da-
mage and strengthened the antioxidants defense system (Bel-
viranli et al., 2012).

Since prostate cancer is the most diagnosed cancer and
among the biggest cause of death in the males in the USA,
many studies are conducted to understand the molecular basis
of the progression of this cancer. Also various efforts are un-
derway to achieve early diagnosis and to develop new treat-
ment strategies for the disease. Protein kinase D1 (PKD1), is
a multi-functional kinase that is produced in high amounts in
a normal prostate. The reduction of PKD1 expression is asso-
ciated with the progression of prostate cancer (Jaggi et al.,
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2007). It was shown that curcumin, an active component of
turmeric, activates PDK 1, which in turn blocks the transcrip-
tion activity of the nuclear B-katenin in prostate cancer cells
and increases [-katenin signal levels. In this study, the rats
with prostate cancer were divided into study and control gro-
ups and the study group were given intratumoral injection of
curcumin at certain times and dosages. It was seen that com-
pared to the control group, the tumor growth in the study
group which were given curcumin additive, was inhibited 2
times more. It was explained that this effect became possible
through improved membrane localization of B-katenin and
the reduction of cofilin activity downstream of PDK1 (Sund-
ram et al., 2012).

In another study, the researchers tried to understand the effect
of curcumin and Kaempferol on acute pancreatitis, which was
produced in rats using L-Arginine. 38 male rats were separa-
ted into 6 equal groups and the first group (control group) was
administered serum physiologic (SF-NaCl) through Intrape-
ritoneal injection (IP), the second group was administered L-
arginine through IP and the third group was administered di-
methyl sulfoxide (DMSO) through IP, the fourth group L-Ar-
ginine + Curcumine through IP, the fifth group L-arginine +
kaempferol (flavanol) through IP and the sixth group was
administered L-arginine+curcumint+kaempgerol through IP.
In acute pancreatitis, although it is not meaningful, it was
seen that antioxidant system indicators in treatment groups
were higher clinically and the oxidative stress indicators were
lower. It was also seen that cytoskeleton that was administe-
red curcumin and kaempferol antioxidant, were preserved
better compared to other groups (Turgut, 2019).

In a study was conducted to understand if the curcumin, a
phytochemical compound, was effective on the preservation
of remission in patients with ulcerative colitis (UC). 50 pati-
ents with active, mild and moderate UC was included in the
study using the simple clinical colitis activity index (SCCAI).
Patients that did not respond to non-steroidal anti-inflamma-
tory drug (NSAID) treatment, were divided into random gro-
ups and for four weeks, curcumin tables administered to 26
patients (3 g/day) and an identical placebo was administered
to 24 patients. After the study, it was seen that 14% of the
curcumin administered patients clinically recovered and none
of the patients in placebo group recovered. 17 patients in cur-
cumin group and 3 patients in placebo group, achieved clini-
cal response with 3-point reduction in their SCCAI scores. As
a conclusion, in the induction of clinic and endoscopic remis-
sion, the addition of curcumin in UC treatment, was found
more successful than the combination of placebo and mesa-
lamine (Lang et al., 2015).
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Another study sought to determine the effect of curcumin ta-
ken with a high-fat diet, on the antioxidant and oxidant ba-
lance in the testicles. To this end, rats were divided into four
groups. First group was fed with a normal diet where the 10%
of the energy came from fats, the second group with a high
fat diet (HFD), where the 60% of the energy came from fats,
the third group with a HFD where curcumin was added in the
feed (1 g/1 kg), and the fourth group with a normal diet with
a curcumin addition (1 g/1 kg). At the end of the study, reac-
tive oxygen sorts (ROS), malondialdehyde (MDA), Glutathi-
one (GSH), Glutathione peroxidase (GPx), Superoxide dis-
mutase (SOD) and glutathione transferase (GST) activities
were measured. HFD application increased the MDA levels
and decreased the GSH levels in the testicles. Curcumin given
together with HFD, decreased the MDA levels which rose
due to HFD and increased the GSH levels and GST activities.
However, curcumin addition to normal diet did not affect the
antioxidant and oxidant indicators. In ROS, SOD and GPx
values, no significant differences were observed between the
groups. To conclude, it was shown that curcumin addition ad-
ministered with a HFD, could preserve the antioxidant and
oxidant levels in the testicles (Seyithanoglu et al., 2020).

In a study conducted with overweight and obese female with
high blood lipid profiles, the effect of the turmeric on weight
loss and blood lipids was examined. Accordingly 70 females
were divided into study and control groups and the control
group were administered medical diet for loss weight of 0.5-
1 kg per week and the study group was given 4 g of curcumin
everyday in addition to the above. Biochemical parameters
were measured before and after the study which lasted 8 we-
eks. Although the female in the study group lost more weight,
these values were insignificant. Similarly, there was drop in
the fasting blood glucose, total cholesterol, high density li-
poprotein (HDL)-low density lipoprotein (LDL) cholesterol,
triglyceride but it was insignificant. Also, the effect of curcu-
min administered in addition to diets prescribed by dietitians
for individuals who had high blood lipid profile and who were
overweight and obese, was not found statistically significant.
However, considering individual differences and that the pe-
riod was limited to 8 weeks, it can be suggested that similar
studies can be repeated over longer periods (Atakan, 2017).

In a study, conducted to reveal if curcumin could be a treat-
ment for Psoriasis Area and Severity Index (PASI), 63 pati-
ents with mild and moderate Psoriasis Vulgaris (PASI<10),
and who are administered topical steroids, were randomly di-
vided into two groups. For 12 weeks, one group was given a
lecithin-based curcumin supplement (Meriva) of 2 grams
next to local drug therapy, while the other group was given a
placebo along with local drug therapy. Both groups saw sig-
nificant drop in PASI levels but the reduction in IL-22 level
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was found significant in the group that was administered Me-
riva in addition to local steroids, compared to placebo group
(p<0.001). It was shown that curcumin was effective as an
adjacent treatment for Psoriasis Vulgaris and significantly re-
duced the IL-22 serum levels (Antiga et al., 2015).

In a study conducted with prediabetic population, the researc-
hers wanted to determine the effect of the curcumin in dela-
ying the development of type 2 diabetes mellitus (DM). They
randomly divided 240 volunteers in two groups. For 9
months, one of the groups were administered curcumin cap-
sules of 1500 mg, and the other group was administered equal
amount of placebo. At the 3rd, 6th and 9th months, the parti-
cipants were monitored to determine the number of patients
that developed type 2 DM, the changes in B-cell functions
(homeostasis model evaluation [HOMA ]-b, C-peptit and pro-
insulin / insulin), insulin resistance (HOMA-IR), anti-inflam-
matory cytokine (adiponektin) and other parameters. After 9
months, 16.4% of the participants in placebo group were di-
agnosed with type 2 DM, but no patients that were treated
with curcumin were diagnosed with type 2 DM. In addition,
the group treated with curcumin, had higher HOMA-b, lower
C-peptide and better general functioning of 8 cells. The group
treated with curcumin, showed lower HOMA-IR levels and
higher adinopektine compared to placebo group. Therefore, it
was shown that curcumin administration could help predia-
betic people (Chuengsamarn et al., 2012).

Another study was designed to determine if curcuminoids
prevented myocardial infarction (MI) after coronary arterial
bypass grafting (CABG), based on previous studies that
showed curcuminoids reduced preinflammatory cytokines
during cardiopulmonary bypass surgery and that it reduced
the formation of cardiomiotic apoptosis after cardiac ische-
mic damage (Yeh et al., 2005). 121 patients that were subjec-
ted to CABG participated in the study. One group was given
4 g/day curcuminoid starting three days before the planned
surgery and other group was given same amount of placebo
and the administration continued until five days after the sur-
gery. The MI prevalence in the hospital reduced to 30.0% in
the placebo group and to 13.1% in curcuminoid group. Post-
operative C-reactive protein, malondialdehyde and N termi-
nal pro-B type natriuretic peptide levels were seen to be lower
in curcuminoid group compared to placebo groups (Wongc-
haroen et al., 2012).

In a study, 65 patients with metabolic syndrome was ran-
domly divided into study and control groups. For 12 weeks,
33 people were administered 630 mg curcumin capsules, and
32 people were administered placebo capsules three times a
day. 12 weeks after curcumin consumption, there was incre-
ase in HDL-C levels, and drop in LDL-C and triglyceride le-
vels. Curcumin consumption led to reduced cholesterol in
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males and increased HDL-C in females and in both groups, it
reduced T-Chol/HDL-C rates. Consumption of 1890 mg/day
curcumin for 12 weeks decreased lipids but was not found
significantly effective in treating weight and glucose home-
ostasis in metabolic syndrome patients. Daily consumption of
curcumin can be an alternative option to balance the relevant
parameters in metabolic syndrome patients (Yang et al.,
2014). In an article where various studies were discussed, it
was stated that curcumin had an anti-obesity effect (Moha-
med et al., 2014).

In a study designed to determine the effect of ginger supple-
ment on non-alcoholic fatty liver patients, study group was
administered 2 g/day ginger supplement in addition to their
diets which consisted of 52-55% carbohydrates, 30% fat, 15-
18% protein and 20-30 g/day fiber. The groups that was ad-
ministered ginger, showed significant drop in inflammatory
cytokines, and parameters like liver enzymes y-glutamyl
transferase (GGT), alanine aminotransferase (ALT) (Ra-
himlou et al., 2016).

In a randomized study designed to determine the effect of cur-
cumin on experimental ischemic and ischemic / reperfusion
(I/R) damage in rat ovaries, 48 female wistaria rats were used.
In groups that were administered curcumin, a significant re-
duction in the average levels of oxidant indicators of ovarian
tissues and their histopathological scores, was observed (Sak
etal., 2013).

Polycystic ovary syndrome (PCOS) is a very prevalent synd-
rome in female of reproductive age. It is often characterized
by obesity, insulin resistance, hyperandrogenemia, and hirsu-
tism (Deniz et al., 2012). In a study where curcumin supple-
ments effect on PCOS, 72 adult female wistar rats were used.
They were divided into groups of study group (healthy),
PCOS group and curcumin group. After 60 days of applica-
tion, ovaries were collected and analyzed for histological and
Immuno-Histochemical evaluations. In curcumin group,
number of corpus luteum (CL) increased, and IL-6 and C-re-
active protein (CRP) inflammatory markers significantly
dropped. While TNF-a expression and follicular fluid of fol-
licles and ovary cysts in PCOS group was higher compared
to control group, these expressions reduced in ovaries treated
with curcumin. This study is indicative of curcumin’s anti-
inflammatory and antioxidant effects on PCOS (Mohammadi
etal., 2017).

In a study that examined the effects of curcumin on body we-
ight, glisemic control and serum lipids, 18-40 year old fema-
les with 60 PCOS, were divided into curcumin (n=30) and
placebo (n=30) groups. The curcumin group was administe-
red 500 mg/day curcumin for 12 weeks and the placebo group
was administered same amount of placebo. Parameters were
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measured in the beginning of the study and after 12 weeks of
application and there has been a significant improvement in
their level in body mass index (BMI), serum insulin, insulin
resistance, insulin sensitivity, peroxisome proliferator-activa-
ted receptor gamma (PPAR-y), low-density lipoprotein re-
ceptor (LDLR), HDL, LDL and total cholesterol levels (Jami-
lian et al., 2020).

Many studies were conducted on humans and animals where
it was shown that curcumin had positive effects on rheuma-
toid arthritis. 45 patients with rheumatoid arthritis were divi-
ded into 3 groups. The first group was administered 500
mg/day curcumin, the second was administered diclofenac
sodium 50 mg/day which is a medication used for the treat-
ment of the said disease and the third group was given a com-
bination of the two. There was no significant difference
between the groups according to the Rheumatoid Arthritis Di-
sease Activity Score (DAS-28) and the criteria of the Ameri-
can College of Radiology (ACR), nevertheless, the groups
that were administered curcumin, showed the best improve-
ment. The serum CRP levels showed significant change only
in the curcumin group, but no significant changes were ob-
served in other chemical and hematologic parameters
(Chandran and Goel, 2012). Similarly, in a study conducted
with Wistar rats with rheumatoid arthritis, it was reported that
curcumin inhibited the redness and eudema in ankles and
joints of rats and also inhibited the increasing levels of pro
inflammatory cytokines like IL-1B, TNF-a, MMP-1 and
MMP-3 (Dai et al., 2016).

Conclusion

There are similar inflammatory reasons behind non-contagi-
ous chronic diseases. The prevalence of these diseases incre-
ases everyday both in our country and around the world.
That's why scientists have begun looking for strong antioxi-
dants that could help prevent and treat such inflammatory di-
seases. Curcumin is one of those antioxidants. Since no toxic
effects of curcumin was determined in studies, it has been
used for treatment of the aforementioned diseases for a long
time.

Due to its low cost and reliability, turmeric, of which curcu-
min is the main ingredient, is considered promising in the pre-
vention and treatment of diseases. Studies suggest that con-
sumption of 1-5 g of turmeric, which equals to 150 mg cur-
cumin, does not create any toxic effect (Sharma et al., 2005);
however the joint report of World Health Organization and
United Nations Food and Agriculture Organization states that
the side effects of curcumin should be studied and the maxi-
mum daily dosage must be 1 mg/kg (WHO, 2000).
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We believe that in the face of changing life conditions, unhe-
althy diets and the life style brought about by sedentary life,
having turmeric in our daily diet will prove preventive against
diseases.
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ABSTRACT

Polyphenols are the secondary metabolites of plants and has an important role in human nutrition
as the leading antioxidants. According to the carbon number-based classification of polyphenols,
resveratrol is a natural polyphenol in the stilbene group with antioxidant and anticarcinogenic ef-
fects. Its beneficial effects on cardiovascular diseases have also been reported. It was first identi-
fied in 1940 and has recently gained importance especially in medicine and pharmacy. Researchers
have carried out various studies on resveratrol and its time-honored use in traditional eastern med-
icine has been reported. Resveratrol is a food ingredient that has the potential to be used in the
treatment of various diseases, but also has antiviral effects. The study focuses on resveratrol’s
physical and chemical properties, effects on health, antiviral effects and use in foods as a functional
component.

Keywords: Resveratrol, Food, Health, Nutrition, Anti-viral
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Introduction

When facing a stress factor, plants synthesize a type of sec-
ondary metabolite with low molecular weight called phytoa-
lexin as a defense mechanism. Trans-resveratrol is a polyphe-
nolic phytoalexin from the stilbene group (Fremont, 1999).
Polyphenols are secondary metabolites of plants and the most
common antioxidants in human nutrition (Bravo,1998; Emir-
dag, 2014). Resveratrol is in the stilbene group according to
the carbon number-based classification of polyphenols (;
Athar et al., 2007). It is a natural polyphenol with reported
antimicrobial, antioxidant and anticarcinogenic effects in ad-
dition to its beneficial effect on cardiovascular diseases; it
joins the structure of various plants, is formed by the bonding
of two aromatic rings with the methylene bond, contains three
hydroxyl groups and can be found both in cis and trans con-
figurations (Athar et al., 2007; Tokusoglu et al., 2005). It was
first identified in 1940 in the roots of white hellebore and
then, was found in the roots of Polygonum cuspidatum, also
known as Kojo-kon in Japan. It was identified in the leaf ep-
idermis and pericarp of grape berries in 1976 (Shishodia and
Aggarwal, 2006). The study focuses on resveratrol’s physical
and chemical properties, effects on health, antiviral effects
and use in foods as a functional component.

The Physical and Chemical Properties of
Resveratrol

Many beneficial components such as antioxidants and phe-
nolic substances in the structure of foods have biological reg-
ulatory roles, protective and nutritional properties in our
body. During the metabolism of nutrients in our body, free
radicals and other reactive oxygen species (ROS), also called
toxins, are released. Free radicals are chemical structures con-
taining one or more unpaired electrons in their outer orbitals.
These structures lead to oxidation in our body, resulting in
diseases and aging. Antioxidants neutralize free radicals by
maintaining their own electrons in order to reduce the formed
ROS and maintain their stability (Lobo et al., 2010). Antiox-
idants are secondary metabolites that can be produced spon-
taneously in the body or can be taken from the outside, usu-
ally through plants or synthetic drugs. Antioxidants help pre-
vent or treat diseases as well as increase body resistance by
reducing the effects of free radicals or altering their structure.
Antioxidant activity, which is a measure of how much of the
free radicals can be inactivated by antioxidants, can therefore
be defined as free radical capture capacity (Kumarasamy et
al., 2007).

Antioxidants are used to increase body resistance and protect
human health, as well as to extend the shelf life of nutrients.
Synthetic antioxidants are mainly used to extend the shelf life
of nutrients in industrial processes. Today, BHA and BHT are

used as synthetic antioxidants in many countries. Daily intake
is reported by both Joint FAO/WHO Expert Committee on
Food Additives (JECFA) and Commission of the European
Communities as 0.5 mg/kg for BHA (EFSA, 2011) and
JECFA allocated an ADI of 0-0.3 mg/kg bw/day for BHT
(EFSA, 2012). Meanwhile, it has also been reported that the
amount of consumption of antioxidants may be higher than
specified and may cause liver and carcinogenic effects
(Fremont, 1999). Synthetic forms of antioxidants are not pre-
ferred due to their toxic potential and interest in phenolic
compounds with natural antioxidant properties increases day
by day.

Polyphenols are the secondary metabolites of plants and has
an important role in human nutrition as the leading antioxi-
dants. According to the carbon number-based classification
of polyphenols, resveratrol formed by connecting two aro-
matic rings with methylene bond; containing 3 hydroxy
groups, available in cis and trans configurations is a natural
polyphenol in the stilbene group. Resveratrol, which is found
in the structure of many plant species, has been reported to
have antimicrobial, antioxidant, anticarcinogenic effects and
cardiovascular diseases decreasing effect (Tokusoglu et al.,
2005; Lobo et al., 2010). Table 1 shows the chemical and
physical properties of resveratrol.

Table 1. Physical and chemical properties of resveratrol
(Haneke, 2002)

Molecular Formula | C4H;203

Structural Formula | HO-&#

OH

Systematic Name 5-[(E)-2-(4-hidroxyphenyl)-ethenyl]

benzene-1,3-diol

Other Names Trans-resveratrol
Trans-3,5,4’-trihydrozystilbene
3,4’,5-stilbenetriol
(E)-5- (p-hydroxy styryl) resorcinol
3,5,4"-trihydroxy-cis-stilbene
3,5,4'-trihydroxy-trans-stilbene

Molecular Weight | 228.25 g/mol

Boiling Point 253 -255C

Physical Structure | White — Solid

Solubility Easily dissolves in water, methanol

and acetone.
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Resveratrol is available in cis and trans isomers or glycolyzed
form. It is mostly in glycolyzed (3-O-D-glucoside) form in
plants. Glycolysis protects resveratrol from oxidative degra-
dation (Athar et al., 2007). Glycolyzed resveratrol is very sta-
ble and water-soluble, easily and highly absorbed from the
gastrointestinal tract. After absorption, it is metabolized in the
liver to trans-resveratrol-3-O-glucuronite and trans resvera-
trol- 3-O-sulphate (Signorelli and Ghidoni, 2005). In vivo
studies have shown that in healthy people, resveratrol is me-
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Review Article

tabolized to the 3 and 4'-O-sulfate and 3-O-glucuronide con-
jugates less than 2 hours after consumption (Sing et al.,
2015).

Resveratrol is formed by the combination of 3 molecules of
CoA and 1 molecule of 4-cuamoryl CoA. Here, it is important
that the enzyme needed for the synthesis of resveratrol is not
normally active and activated when the plant is faced with a
stress factor (Soleas et al., 1997). Figure 1 shows the biosyn-
thesis of resveratrol.

Tyrosine
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o

i
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O

—CoA

Coumaroyl CoA

l Resveratrol Synthase
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Resveratrol (3, 4, 5-trihydroxystilbene)

Figure 1. Resveratrol biosynthesis from phenylalanine (Becker et al. 2003, Huang et al.

2007)
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The Sources of Resveratrol

Resveratrol is a secondary metabolite synthesized as a de-
fense compound against various external factors and found
most abundantly in the product obtained by the drying of the
roots of Polygonum cuspidatum (Konjo-Kon or Itadori tea), a
plant traditionally used in Japan and China (Nonomura et al.,
1963; Savouret and Quesne, 2002). Vastano et al. (2000) re-
ported that Polygonum cuspidatum consist 2960-3770 ppm
resveratrol. Chen et al. (2013) mentioned that the root con-
tains a much higher level of resveratrol than the stem and leaf,
and it is accumulated in its highest level in October. Prince
Edward Island, Canada-grown knotweed contains similar
levels of resveratrol and polydatin compared to Chinese sam-
ples collected in the month of October.

In studies on resveratrol and its derivative stilbene com-
pounds, mainly grape and grape products (Concenco et al.,
2019). Mnari et al. (2016) reported that resveratrol contents
of Tunisian raisins varieties in range of 0.02-0.12 mg/g dry
weight. Lyons et al (2003) indicated that wild blueberry and
bilberries might serve as another dietary source of resveratrol.
Shrikanta et al. (2015) stated that some of the less consumed
fruits such as mulberry, jamun and jackfruit are rich in
resveratrol and can be processed by processing into func-
tional drinks. Values of resveratrol in European plum (Prunus
domestica) cultivars detected average 1.0 png/1g (Sebasti‘a et
al., 2012).

In addition, resveratrol has been identified in black chocolate
and cocoa liquor and hops used in beer making (Athar et al.,
2007). Salvador et al. (2018) observed the highest contents of
trans-resveratrol in alkalized cocoa powder and natural cocoa
powder (13.53 pg/kg and 11.40 pg/kg) respectively.

Some studies have shown that resveratrol glucoside was the
major form available in most vegetable and the content of
resveratrol forms in different varieties and regions were dif-
ferent (Peng et al., 2005), also the content varying with sea-
sonal, geographical, and environmental factors (Kurita et al.,
2013). Some of specific vegetable foods such as celery (orig-
inated in West China, 783.29 ng/100g), red radish (North
China, 194.4 ng/100g), Coprinus comatus (Midland China,
573.74 ng/100g) have been reported to be important sources
of resveratrol (Peng et al., 2005). Sebastia et al. (2017) an-
nounced that trans-resveratrol contents varied from 20
ng/100g (tomato and strawberry) to 300 pg/100g in dates
(Phoenix dactylifera L.).

Some of the wild and ornamental plant species, edible mush-
rooms have also been reported to be an important source of
resveratrol. Average trans-resveratrol amounts have been de-
termined 1.07 pg/g and 0.7960 pg/g in Solanum americanum

ripe fruit pulp and peel, respectively (Vagula et al., 2016).
Akyliz et al. (2012) detected resveratrol in some edible mush-
room samples in the range of 0.25-0.75 pg/g.

Alkan (2007) pointed out that grape skins, which are rich in
resveratrol amount, which are separated as waste during the
production of molasses, can be evaluated in this direction.
Silva et al. (2014) studied guava and Surinam cherry byprod-
uct and concluded that the content of resveratrol in the by-
products 25.67 mg/100g and 112.51 mg/100g dry basis, re-
spectively. The researchers underlined the nutraceutical po-
tential and future application in the food industry of the agri-
food byproducts (Silva et al., 2014; Annunziata et al., 2018).

The Effects of Resveratrol on Health

Free radicals are chemical structures that contain one or
more unpaired electrons in their outer orbitals. Although the
reactive chemical compounds are formed in organisms due
to oxidation and reduction reactions, they can also be
formed due to external factors such as radiation, UV lights,
air pollution, and combustion products of fossil fuels, some
insecticides, pesticides, viruses, infections and drugs. In the
case where they are not eliminated in an organism, free radi-
cals cause pathological disorders and aging. Antioxidants re-
duces the effects of free radicals in the body and foods
and/or alter their structures so that the oxidation reactions
are significantly inhibited or delayed (Shahidi and Ambigai-
palan, 2015).

Various studies have emphasized the cardiovascular protec-
tive, antithrombotic, antioxidant, anti-inflammatory, blood
sugar reducing and anticancer activities of resveratrol. It nat-
urally has two different isomeric forms and its trans form has
been reported to be more important and stable and, thus, more
widely used in studies. Trans-resveratrol has different biolog-
ical properties and has been reported to have stronger antiox-
idant and cardioprotective effects (Gliemann et al., 2016).
Preventing the cancer development in organisms may be pos-
sible with sufficient levels of optimized analogs of the
resveratrol molecule and increased stability and bioavailabil-
ity in organisms (Kiskova et al., 2020).

Recent studies have shown that resveratrol had protective ef-
fects against neurodegenerative diseases such as Alzheimer’s
disease and obesity in addition to its effectiveness in the treat-
ment of osteoporosis in postmenopausal women with low
breast cancer risk (KursSvietiené et al., 2016). Resveratrol in-
hibited lipid peroxidase in linoleic acid emulsion at a higher
rate (89.1%) when compared with synthetic antioxidants at
the same concentration (Giilgin, 2010). Its antiaging effect
and enhancing effect on insulin sensitivity, the enzymatic ac-
tivity of the sirtuin gene (SIRT 1-7) and mitochondria number
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were associated with its antioxidant activity (Kindir and
Giiveng, 2010).

The current literature suggests that resveratrol prevents can-
cer through various mechanisms including anti-proliferative,
anti-inflammatory and anti-angiogenesis mechanisms by ini-
tiating apoptosis (Singh et al., 2015). Apoptosis induction is
the key mechanism in the inhibition of the formation of many
tumors. Resveratrol induces p53-mediated apoptosis in can-
cer cells, including prostate cancer, colon cancer and breast
cancer (Yu et al., 2012).

Resveratrol may inhibit enzymatic activity in another mech-
anism through which resveratrol is believed to inhibit the de-
velopment of cancer cells. Cyclooxygenase and decarbox-
ylase are included in the cancer-causing enzyme groups. Ep-
idemiological studies have shown that long-term cyclooxy-
genase inhibition reduced the development of various cancer
types and cancer caused by the enzyme was prevented with
the deletion of the cyclooxygenase-II (COX2)-coding gene
(Yuetal., 2012). Its effect on tumor formation stems from its
inhibitory effect on the antimutagens and free radicals in an-
imal models and antioxidant properties. The inhibition of
COX-1 reduces tumor progression and resveratrol have been
reported to substantially inhibit the COX-1 enzyme (Savouret
and Quesne, 2002).

Although French people consume fat and cholesterol-rich
foods, they are 40% less likely to develop cardiovascular dis-
eases than the rest of Europe. This is associated with the con-
sumption of resveratrol in red wine and referred to as the
“French Paradox” (Kopp, 1998; Yu et al., 2012). Plaque for-
mation in veins leads to thrombosis and consequently embo-
lism. The main cause of cardiovascular diseases is embolism.
Atherosclerosis is a result of the impairment of the reactions
between the normal cell elements of the artery-related wall
and blood. Atherosclerosis can be prevented by consuming
anti-atherogenic foods. As a polyphenol, resveratrol has a
good protective effect on different parts of atherosclerosis
(Das and Da, 2007). The protective mechanism of resveratrol
against cardiovascular diseases was suggested to operate by
blocking the thrombocyte aggregation and reducing choles-
terol through its anti-inflammatory effects (Keskin et al.,
2009).

Alzheimer’s disease (AD) is not only a growing health issue
but also a social and economic load. AD occurs due to the
accumulation of B- amyloid plaques on the nerve cells in
brain and its cause is still not known. Its severity increases
over years and currently, there is not a cure for AD (Granzatto
and Zatta, 2014). Of the affected individuals, 15% are in the
65-74 age group and 44% are in the 75-84 age group. Aging
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and genetic disposition are classically considered the una-
voidable risk factors for AD. On the other hand, environmen-
tal factors, insulin resistance, obesity and metabolic syn-
dromes are avoidable risk factors for AD. Factors such as reg-
ular physical activity, Mediterranean diet (fruits, vegetables,
hazelnut, beans, olive oil, etc.), calorie restriction and main-
taining the ideal body weight (or intermittent fasting), reduc-
ing smoking, controlling diseases such as diabetes, hyperten-
sion, and lifelong learning can delay or prevent aging-related
cognitive decline (Sawda et al., 2017). Preclinical studies
support the potential role of resveratrol in the treatment and
prevention of neurodegenerative diseases such as Hunting-
ton’s disease, Parkinson disease and AD (Sun et al., 2010).
Resveratrol can protect against neurodegenerative diseases
by eliminating reactive oxygen species (ROS), hydrogen per-
oxide and free radicals, NO, A and other intra- and extracel-
lular toxins through the SIRT1 activation mechanism (Graff
etal., 2013).

Resveratrol is a food ingredient that has the potential to be
used in the treatment of various diseases, but also displays
antimicrobial activity against a surprisingly wide range of
bacterial, viral and fungal species (Vestergaard and Ingmer,
2019). In 1976, one of the first studies showing the antiviral
activity of polyphenols was carried out and it was found that
especially the grape juice phenolic components separated by
a membrane filtration showed a preventive activity against
the poliovirus (Annunziata et al., 2018).

It has been stated that in combating many drugs-resistant vi-
ruses (HSV-1, HSV-2 etc.) natural food-derived matrices
such as grape pulp rich in resveratrol and other polyphenols,
which have no side-effect, can be evaluated (Annunziata et
al., 2018).

Antiviral mechanisms and effects of resveratrol have been re-
ported to be widely investigated in such as influenza virus,
herpes simplex virus, respiratory syncytial virus, human im-
munodeficiency virus (HIV), hepatitis C virus and multiple
sclerosis (MS). Most of these studies have announced that the
progression of the disease and recession of the viral infections
after administration of resveratrol (except to MS and hepatitis
C). Antiviral mechanisms of resveratrol arise through inhibi-
tion of viral protein synthesis, inhibition of various transcrip-
tion and signaling pathways, and inhibition of viral associated
gene expressions (Annunziata et al., 2018).

Mohd et al. (2019) suggested that resveratrol exhibited direct
virucidal activity against Zika virus (ZIKV) and possessed
anti-ZIKV replication properties, highlighting the need for
further exploration of resveratrol as a potential antiviral mol-
ecule against ZIKV infection.
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Eighty-Six percent of the genetic sequence of SARS-CoV is
the same as SARS-CoV-2, the virus responsible for the global
pandemic caused by infectious disease COVID-19 (Chan et
al., 2020). The angiotensin converting enzyme-2 (ACE2) cel-
lular receptor is responsible for the pathogenesis of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
thus affecting the entrance and clearance of the virus (Zhu et
al., 2020). Overall, ACE2 activity is protective against
SARS-CoV pathogenesis. Recent research suggests that the
nutrients in our daily diet may affect the expression and func-
tion of the ACE2 gene, and resveratrol has the potential to
contribute to ACE2 activity. Therefore, adding resveratrol to
the diet can help reduce the harmful effects of high-fat diets
on ACE2 gene expression. It has also been suggested to be
used in regulating diet strategies in order to reduce disease
severity in COVID-19 pandemic (Horne and Vohl, 2020).

The bioavailability of resveratrol after ingestion, the potential
of dietary or direct intake in humans and animals, in the treat-
ment of viral infections should be explored in more detail.

The Use of Resveratrol as a Functional
Component in Foods

In order to increase product functionality, studies in which
resveratrol is added to the food matrix are not common.
Resveratrol is found small quantities in the diet; any protec-
tive effect of this molecule is unlikely at normal nutritional
intakes (Manach et al., 2004). Therefore, a detailed investi-
gation of the effects of resveratrol on humans and determina-
tion of how the resveratrol concentration especially in foods
and beverages that are biologically related to resveratrol can
be increased are needed (Pastor et al., 2019). It has been re-
ported that encapsulation of resveratrol, which has a higher
solubility in food-grade oils, can be used to improve its water-
dispersibility, chemical stability, and bioavailability, thus it
can be incorporate resveratrol into aqueous based products
that have lower fat and calorie contents, such as some bever-
ages, yogurts, sauces, dressings, and desserts. (Davidov-
Pardo and McClements, 2014).

Acar (2011) investigated the effects of the interaction be-
tween resveratrol and milk proteins on the Maillard reaction
and found that around percentage 80 of resveratrol cross-
linked with milk proteins, but the concentration of resveratrol
did not have a significant effect on the Maillard reaction.

Emirdag (2014) investigated the effects of the interaction be-
tween resveratrol and milk proteins on the textural properties
and water-holding capacity of yogurt, which are among im-
portant parameters in yogurt production. To determine the in-
teraction of resveratrol with milk proteins and how the inter-
action occurs, resveratrol was analyzed with RP-HPLC and

the results showed that around 85% of resveratrol interacted
with milk proteins.

In a pilot study investigating the addition of resveratrol in-
stead of sulphur dioxide, an antioxidant, during wine produc-
tion, Pastor et al. (2015) reported that the addition of two dif-
ferent concentrations of resveratrol (150 mg/L and 300 mg/L)
did not have any negative effect on the organoleptic and sen-
sory properties of the products. Researchers have also sug-
gested that the negative effects of sulphur dioxide on health
can be prevented with the addition of resveratrol.

In their study on the production of a functional yogurt that is
suitable for the consumption of all age groups, Tiirkoglu
(2019) added 25mg/100g, 50mg/100g, 75mg/100g and
100mg/g resveratrol to the set-type traditional yogurts pro-
duced with Lactobacillus bulgaricus + Streptococcus ther-
mophilus and probiotic yogurts containing Lb. bulgaricus +
S. thermophilus: Lb. acidophilus (1:1). The results of the
study revealed that, considering all parameters in terms of the
physicochemical and microbiological properties and sensory
scores at the end of day 28, 50mg/100g resveratrol-added tra-
ditional and probiotic yogurts were new functional products
suitable for consumption.

Yu et al. (2020), investigated potential of resveratrol in miti-
gating advanced glycation end-products formed in baked
milk and baked yogurt and the results of the research pro-
vided a promising strategy for inhibiting the AGEs formed in
baked milk and baked yogurt with the addition of a proper
concentration of resveratrol.

In the future, the number of studies investigating the enrich-
ment of products frequently consumed in the daily diet with
the addition of resveratrol may increase.

Conclusions

As a natural polyphenol, resveratrol has various biochemical
and physiological effects such as anti-inflammatory, antioxi-
dative, antiproliferative and chemopreventive effects. Recent
studies have shown its positive effects especially on cardio-
vascular diseases, cancer, type 2 diabetes and neurological
disorders. In addition, studies reported that resveratrol has
shown a high antiviral potential in both human and animal
viral infections. The bioavailability of resveratrol after inges-
tion, the potential of dietary or direct intake in humans and
animals, in the treatment of viral infections should be ex-
plored in more detail. It appears that more than the amount
naturally found in food is needed to provide the expected ben-
efits from resveratrol. Moreover, variety, region, seasonal,
geographical, and environmental conditions have affected
resveratrol contents of food. For this reason, it is often not
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possible to consume adequate resveratrol in the diet. Agricul-
tural food waste and byproducts should be investigated in
terms of resveratrol potential. As our understanding of the
positive effects of resveratrol on health grows, the antioxidant
will continue to be the subject of many scientific studies.
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ABSTRACT

In recent years, there is increased awareness of conscious consumers about the fact that foods they
eat are related directly to their health. In meat industry research and development, studies have
accelerated to formulate healthier meat products formulations using plant sources as additive
which are also expected to improve the functional properties of the product. Pectin is a water sol-
uble fiber with a structural complexity that occurs naturally in the cell walls of fruits and vegeta-
bles, contributes to reducing the risk of cancer, and has some health benefits. Gelation is the most
unique property of pectin; it forms a gel in the presence of Ca?* ions or sugar and acid. Pectin
presents good water and fat binding property. Therefore, it can be used as a gelling agent,
film/coating, and emulsifier and in low-calorie meat products as fat and /or sugar substitution (di-
etary fiber), as a natural component contributes to phosphate substitution and medical delivery
systems in meat products. In this paper, it was aimed to discuss the physico-chemical properties,
health implications of pectin and its potential applications in meat products.

Keywords: Pectin, Meat products, Gelling agent, Restructured meat, Low-fat products
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Introduction

Pectin is a type of structural fiber found in the primary cell
wall and intracellular layer of plant cells mainly in fruits, such
as apples, oranges, lemons, and so on (Mudgil, 2017).

Pectin contains a polysaccharide backbone with an a-(1-->4)-
linked D-galacturonic acid. The acid groups along the chain
are largely esterified with methoxy groups in the natural
product. There can also be acetyl groups present on the free
hydroxy groups. As shown in Figure 1, esterification is the
reaction between carboxylic acid and alcohol or compounds
containing the hydroxyl group (usually methanol) to form es-
ter and water (Parkinson, 2014).

0
esterification
+ ROH &——> + HO
hydrolysis
R OH 0—R'

alcohol

carboxylic acid ester

Figure 1. Esterification mechanism of pectin (Parkinson,
2014).

Table 2. Pectin content of various plants

Degree of methyl esterification ranges between 0-100% and
on the basis of esterification, there are two different types of
pectin; high methoxy (HMP) and low methoxy pectin (LMP)
(Ramirez-Suarez et al., 2017).

Table 1 shows pectin content of various plants. Apple pomace
and citrus fruit peels are commercially acceptable sources of
pectin (Thakur et al., 1997). However, it has been extracted
from different plants such as sunflower head, mango peel,
soybean hull, sugar beet pulp, chickpea husk, etc. ( Fajardo et
al.,2016). Pectin from apple forms a more elastic-viscous gel
however, citrus pectin displays a more elastic-brittle gel
(Masuelli, 2019).

Utilization of pectin has been allowed in all countries,
FAO/WHO committee recommended acceptable daily intake
of pectin has no limitation and it is as a safe additive except
where specified by good manufacturing practice. Pectin is
used as a thickening agent, gelling agent, texturizer, emulsi-
fier, stabilizer, and fat or sugar replacer in food industry, the
major application of pectin is based on its gelling properties
(Thakur et al., 1997). The source and the method of extrac-
tion have an influence on the structure and properties of pec-
tin such as viscosity and gelling ability and thus their appli-
cation in food industry (Gawkowska et al., 2018).

In the present review, it was aimed to investigate the func-
tional properties of pectin and its usages in meat product for-
mulations.

Plants Pectin Reference
Sugar beet and sunflower head 10-20% Yancheva et al., 2016
Cocoa husks about 9% Yancheva et al., 2016
Beet and potato pulp and Soy hull 26-28% Yancheva et al., 2016
Apple pomace 10-17% Sharma et al., 2014; Fajardo et al., 2016
Citrus peels 20-30% Panchami & Gunasekaran, 2017; Fajardo et al., 2016
Plants of Lupinus genus 1.5%-7% Valdés et al., 2015
Burdock from the Arctium genus Higher than 21% Valdés et al., 2015
Peach up to 10% Valdés et al., 2015
Orange peel/ pomace and seed 30-50 % Begum et al., 2017
Pineapple 54% Begum et al., 2017
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Pectin Extraction Methods

According to the previous studies, some parameters mainly
pH, time and temperature influence pectin extraction (Yapo
et al., 2007; Fathi et al., 2012). Pectin can be extracted by
various methods from the cell-wall material in laboratory-
scale such as cold/hot water or buffer solutions, cold diluted
sodium hydroxide, cold/hot solutions of chelating agents and
hot diluted acids (Levigne et al., 2002). Figure 2 shows an
optimized method of pectin extraction. Pectin can have phys-
ical harm in structure when extracted fully by acidic extrac-
tion and acid extraction of pectin has no environmental
safety. Therefore, the combination of acid extraction and
other methods is used. In recent years, searching for alterna-
tive methods that have fewer disadvantages is continued such
as using microbial enzymes or enzyme complexes and ultra-
sound-assisted, ohmic- assisted, microwave-assisted, etc. ex-
tractions (Ptichkina et al., 2008; Gavahian et al., 2019). As an
example, sonication of pectin leads to increased antioxidant
capacity, 200 W and 400 W sonicated pectin have higher ox-
ygen radical absorbance capacity and FRAP values than na-
tive pectin. Therefore, ultrasound offers an effective and
green process for pectin transformation and creation of anti-
oxidant potent pectin products (Ogutu and Mu, 2017).

Characteristics of Pectin
Solubility and Dispersibility

There are two types of pectin depending on the solubility: wa-
ter-soluble and water-insoluble pectin. This property is deter-
mined by the number and distribution of methoxy groups and
the degree of polymerization. It means that a decrease in mo-
lecular weight and an increase the (degree of esterification)
DE cause to increase solubility increases. Other parameters
that have an impact on solubility are pH, temperature, and the
nature and concentration of the solute present (Axelos and
Thibault, 1991).

Dispersibility means the ease of solubilization of pectin,
which is more important than solubility. When dry powdered
of pectin added to water, attends to hydrate rapidly and form-
ing clumps (Kachare et al., 2020). Formation of the clump
can be prevented by using water-soluble carrier material with
dry powdered pectin or improving the dispersibility of pectin
by mixing (5/10 parts by weight) fine-powdered sugar or D-
glucose (the common dispersing agents) and pectin (Axelos
and Thibault, 1991).

Gelation

Gelation is the most unique property of pegtin, pectin forms
gels in the presence of Ca*" ions or sugar and acid also traps
the liquid by forming a three-dimensional network due to the

Review Article

merging or cross-linking of long polymer chains (Narasim-
man and Sethuraman, 2016). Two different pectin types form
gels under completely different conditions. The ester group is
less hydrophilic than the carboxyl group; therefore, HMP
makes gel at a higher temperature than the LMP. Low meth-
oxy pectin forms gel in pH (2-6) and presence of divalent ions
such as calcium, high methoxy pectin forms a gel in the pres-
ence of sugar (>50%) and acid (pH: 3.1-3.6) (Narasimman
and Sethuraman, 2016).

Pectin source plant

Blanching (boiling at 95°C for 5 minutes)

Drying (at 50 £2°C)

Boiling of pomace in distilled water, 0.05N and
0.75% ammonium oxalate-oxalic acid (1:1) for
one hour at 95°C

Separating by filtration

Precipitation of pectin either with 95% ethanol
(alcoholic precipitation)or aluminium chloride

Drying at 50°C and storing in a cool dry place

Figure 3. An optimized method for pectin extraction
(Sharma et al., 2014)
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Table 3. The yield of pectin extraction methods (Vales et al.,

2015)
Sources Methods Yield
Sugar beet pulp Citric acid, 99°C 23.95
Watermelon HCI, 85°C 19.75
seed
Tomato peel Oxalic acid and ammonium ox-  32.0
alate, 90°C
(two steps 24 and 12 h)

Mango peel Sulfuric acid in the water, 90 °C ~ >70
Sunflower head Sodium citrate, 85 °C 16.90

Pectin as Emulsifier

Emulsions assist encapsulation of the bioactive compounds.
Depending on the disperse phase, there are two types of liquid
emulsion: oil droplet in water (O/W) and water droplet in oil
(W/0). Meat emulsion is an example of O/W emulsion, mar-
garine and butter, by contrast are examples of W/O emulsion
(Fajardo et al., 2016). A multiple (double) emulsion system
defined as ‘emulsion in emulsion’, in which oil-in-water
(O/W) and water-in-oil (W/QO) are together. For example in
W1/0/W2 double emulsion, W1 and W2 are internal and ex-
ternal water phases respectively, there are two different inter-
face layers W1-O (internal water droplets are surrounded by
oil) and O-W2 (oil droplets are surrounded by water (Oztiirk
etal., 2016).

Emulsifiers are used to mix two liquids that are normally im-
miscible for manufacturing desirable products. Emulsifiers
divided into small-molecular surfactants (lecithin, etc.) and
macro-molecular emulsifiers (proteins and plant-based poly-
mers such as soy polysaccharide, pectin, etc.). Good emulsi-
fiers should have low molecular weight, rapidly reduce the
interfacial tension and soluble in the external phase. Pectin
has been reported to exhibit surface-active property in oil-wa-
ter interface and thereby stabilizing the oil droplets in emul-
sion systems (Funami et al., 2007)

O/W emulsion is stabilized by steric and electrostatic interac-
tion of pectin. Pectin improves the stability of emulsion, with
the addition of pectin viscosity of the emulsion increased,
therefore movement of oil droplets are limited. Molecular
weight effects emulsifying capacity of pectin. Small emulsion
droplets are efficiently stabilized by low molecular weight
pectin. Researches also indicated that pectin increases colloi-
dal binding and coagulation of soluble proteins. The high mo-
lecular weight of pectin is an important factor that prevents
protein coagulation. Many factors may influence the interac-
tions, such as DE of pectin, pH and processing conditions.

Review Article

Pectins can stabilize the protein in acidic media through con-
jugation or complexation. The rate of structure development
in pectin gels depends on temperature, pectin concentration
and hydration of pectin. (Axelos and Thibault, 1991; Yapo et
al., 2007; Fajardo et al., 2016)

Pectin-protein molecules form a network that surrounded oil
droplets in emulsion based food products. Nowadays, pectin
is used in emulsified low-fat meat products, dairy products,
etc. (Masuelli, 2019).

Usage of Pectin in Meat Products

Depending on the functional properties such as gelling abil-
ity, water binding ability and acting as an emulsifier pectin is
one of the natural ingredients for healthy meat products for-
mulations. Pectin is widely used in meat products to form a
gel and/or as a thickener. This property is related to the size,
shape, chain length and total negative charge in galacturonic
acid structure of pectin molecule.

The interactions between pectin and meat proteins showed in
Figure 3, 4 and 5. Actin interacts with pectin through eighteen
amino acids; there are eight H-bonds that play an important
role in the correct positioning of pectin into the actin surface
(Figure 3). Myosin interacts with pectin through thirteen
amino acid and twelve H-bonds play an important role in the
correct positioning of pectin into the myosin surface (Figure
4). Collagen interacts with pectin through thirteen amino acid
and a total of six H-bonds play an important role in the correct
positioning of pectin into the collagen surface (Figure 5).
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Figure 3. Complex structure pectin + actin (Ahmad et al.,
2020)
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Figure 4. Complex structure pectin + myosin (Ahmad et al.,
2020)
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Figure 5. Complex structure pectin + collagen (Ahmad et
al., 2020)
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Myofibrillar proteins represent the functional part of meat
proteins, they are extracted from the muscle tissue, followed
by the accumulation around oil droplets and/or participation
in the formation of a three-dimensional network gel during
meat processing, ultimately contributing to improved emul-
sion stability, water-holding capacity (WHC), and texture of
meat products. The examination of zeta potential and hydro-
dynamic size has demonstrated that histidine inhibits the ag-
gregation of myosin and increases the solubility of myosin.
Recently, it was highlighted that both lysine and arginine im-
prove the water holding capacity and texture. The myosin
molecule has an asymmetric structure with two globular
heads and a rod-like tail. It associates with insoluble fibers
through electrostatic tail-to-tail interaction under physiologi-
cal conditions. Consequently, pectin has a good interaction
with meat proteins based on the H-bond formation and free
binding energy (Ahmad et al., 2020).

Film/Coating

Films or coatings are defined as a layer on the food surface or
placed between food components (Korkmaz, 2018). Their
function is to extend the shelf life of the products and provide
a barrier against various hazards. Films should provide me-
chanical properties and restrict the migration of gas in food
wrapping and/or coating. Edible films can represent physical
protection, reduction of moisture and lipid transition, limit
absorption of oxygen, improve handling features and can be
contacted directly with food. Some natural components such
as carbohydrates and proteins are used for the manufacturing
of films, which have nutritional value, biodegradability, and
environmental compatibility (Maftoonazad et al., 2007). Pec-
tin and its derivatives are used in many biodegradable pack-
aging materials that serve as moisture, oil, and aroma barrier,
reduce respiration rate and oxidation of food (Ciolacu et al.,
2014). Pectin-based edible films and coatings, either alone
or enriched with antimicrobial and antioxidant substances,
were investigated in meat and meat products (Tural et al.,
2017).

Edible films are developed to be used as carrier for additive
with specific functions such as anti-browning, antimicrobial
agents, texture enhancers, nutrients, probiotics, and flavors
(Falguera et al., 2011). As an additional barrier against path-
ogenic and spoilage microorganisms, antimicrobials are in-
corporated into edible films to inhibit food surface contami-
nation. Ravishankar et al., (2012) are investigated the incor-
poration of carvacrol and cinnamaldehyde as antimicrobials
into films against Listeria monocytogenes on contaminated
ham and bologna. The effectivity of pectin films on ham was
more than bologna (Ravishankar et al., 2012). Borges et al.,
(2016) evaluated the effect of free nisin and nisin-loaded pec-
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tin nanoparticles on the growth rate of Listeria innocua in fer-
mented pork meat model at different temperatures and fer-
mentation conditions during 96 hours. Using both nisin and
nisin-loaded pectin nanoparticles had significant inhibition
effect on Listeria innocua (Borges et al., 2016).

Casings prepared with pectin or combination of gelatin/so-
dium alginate have been used for sausage production. Sen-
sory analysis of sausages indicated that pectin casings were
more preferred to gelatin/sodium alginate casings for sau-
sages (Liu et al., 2007). Kang et al., (2007) studied the phys-
icochemical, microbiological and sensory quality of irradi-
ated cooked pork patties coated with pectin containing green
tea leaf extract, found that lipid oxidation and microbial
growth decreased in coated samples.

Pectin as Fat Substitution

Fat has an important role in meat products, including stabiliz-
ing meat emulsions, increasing cooking yield and water hold-
ing capacity, and improving texture. Fat also has an impact
on binding, rheological and structural properties of meat
products. However, high-fat diets are related to obesity, high
blood pressure, cardiovascular and coronary heart diseases
(Choi et al., 2016). Three different techniques can be applied
to reduce the fat content in meat product formulations; chang-
ing the chemical composition of the carcass, using meat with
low-fat content (manipulating animal raw materials or select-
ing lean meat) and using fat substitutes. Different fat substi-
tutes have been used to ensure the functionality of fat. Sub-
stitutes derived from carbohydrates are generally hydrophilic
because they have large number of hydrogen bonds with wa-
ter, which forms an emulsion system on the targeted food tis-
sue (Schmiele et al., 2015; Tufeanu and Tita, 2016).

Using pectin can be considered a feasible way to replace or
reduce animal fat in meat products. Méndez-Zamora et al.
(2015) studied the effect of substitution of animal fat with
different formulations of pectin and inulin on chemical com-
position, textural, and sensory properties of emulsion type
sausages and they recorded combined using of 15% pectin
and 15% inulin could be used as animal fat replacer.

Effects of carrageenan and/or pectin gel (20%) were evalu-
ated in low-fat beef frankfurters, frankfurters formulated with
either carrageenan or carrageenan/ pectin gel had acceptable
sensory scores (Candogan and Kolsarici, 2003). In another
study, different fat replacers were investigated in low-fat
frankfurters. According to the results, the emulsion stability
of the batter was affected in different way due to the addition
of different hydrocolloids. Samples including 1% pectin con-
centration had the highest cooking yield and water holding
capacity (WHC) similar to control. TBA values decreased by
addition of 0.5% pectin. Sensory analysis showed that one of

the closest samples to the control were 0.5% pectin by the
consumers (Jafarzadeh Yadegari, 2015). Han and Bertram
(2017) evaluated using pectin in fat-reduced pork meat model
system; pectin added samples showed similar properties with
the normal fat controls.

Replacing pork back fat with 35% olive oil resulted positive
scores in sensory characteristics when 0.45% of pectin was
added (Pappa et al., 2000).

The substitution of 5% mango peel pectin to fat content in
Chinese sausage enhanced color and conserve the physical
qualities as well as sensory attribute

Plant sources containing pectin were also used in meat in-
dustry. Apple pomace was used in different meat products
such as chicken sausages (Yadav et al., 2016), buffalo meat
sausage (Younis and Ahmad, 2015) and reduced-fat chicken
sausages (Choi et al., 2016). All these studies showed an in-
crement in cooking yield, WHC, emulsion stability. Coksever
(2009) investigated the effects of bitter orange albedo at dif-
ferent concentrations on the quality of naturally fermented
Turkish style sausages and results were similar to pectin uses
studies. Decreasing in weight loss and increasing in cooking
yield were observed by the addition of 1% soy hull pectin in
both fresh and frozen/thawed beef patties while TBARS
value, statistically not affected and sensory scores were sim-
ilar to control (Kim et al. 2016).

Pectin Assisted Phosphate-Free Meat Products

Phosphates are multi-functional and low-cost compounds.
Phosphates enhance product yield by increasing water hold-
ing capacity, flavor, and texture as well as having antioxidant
functions as a metal chelating agent. However, researches
show that high phosphate intake has several health risks.
Therefore, there is a trend for reducing the amount of use in
formulations or replacing them with natural components that
meet their effects (Tabak et al., 2019). In phosphate free meat
products, natural calcium powders are widely used as alkaline
ingredients to increase the pH value of products. Since low
methoxy pectins form gels through calcium ions, low meth-
oxy pectin is a promising additive for phosphate free meat
product formulations. Besides this due to its water-binding
property pectin can assist or enhance water-binding proper-
ties of phosphate reduced and phosphate free meat products
(Ko et al., 2014; Cho et al. 2017; Cho et al. 2018).

Tabak et al., (2019) showed combined using of eggshell pow-
der with pectin or carrageenan enhanced the technological
and sensory qualities of phosphate free chicken patties.
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Using Pectin in Restructured Meat Products

Pectin specially amidated low methoxy pectin (ALMP) have
certain functionality in gel products. ALMP is an anionic car-
bohydrate that its anionic groups interact with the cationic
groups of protein and hydrogen bonds consequently, increase
the functional and mechanical properties of protein systems.
Therefore, its addition can affect the gelling process, depend-
ing on concentration and raw matter (Ramirez-Suarez et al.,
2017). Gel matrix is formed by binding small pieces of meat
as a result of solubilizing myofibrillar proteins in restructured
meat products. Addition of pectin can improve one or more
properties of solid food (patties) such as cohesion, firmness,
juiciness, freeze/thaw stability or texture resistance to shrink-
ing during cooking (Deo et al., 2019). Urestia et al., (2003)
used different concentrations of ALMP for producing restruc-
tured fish to improve the quality properties of surimi. Results
observed that 5% of ALMP decreased expressible water con-
tent in restructured products. 1% concentration of ALMP rec-
ommended to improved texture and gel strength in restruc-
tured fish (Urestia et al., 2003). Ramirez-Suarez et al., (2017)
evaluated the effects of different concentration ALMP pectin
on quality properties of jumbo squid (Dosidicus gigas) mus-
cle gels due to the low functionality of muscle proteins and

Table 3. Review of recent researches

limited use. Texture was improved by adding ALMP. The
highest WHC was shown in samples contain 3% ALMP com-
pared to control (Ramirez-Suarez et al., 2017). As shown in
Table 3 besides other properties, pectin has potential as a pre-
servative, carrier of materials, and provides good rheological
properties.

Health Benefits of Pectin

Pectin presents cholesterol-lowering, serum glucose-lower-
ing and anti-cancer activities due to the specific structural do-
mains, carrying bioactive properties. Pectin as soluble fiber
decreases blood serum total cholesterol and low-density lip-
oprotein cholesterol, without having any effect on high-den-
sity lipoprotein cholesterol. Pectin has a good potential in
food delivery, pectic-oligosaccharides obtained in a refined
form from apple pomace presented prebiotic effects, which
contribute to a healthy environment (Naqash et al., 2017).
Pectin reduces blood sugar when consumed with food and
studies have shown that pectin reduces the risk of some can-
cer types. For example, studies showed that extraction of pec-
tin from citrus fruits prevents the formation of spontaneous
prostate cancer cells in the body. These studies have also
demonstrated the relationship between pectin and decreasing
the risk of prostate cancer (Coksever, 2009).

Products

Applications

Results

References

Beef, chicken filet,
shrimps and whiting
(fish)

Edible film containing pectin
for freshness

High sensitivity to gaseous
amines and good standard
degradation markers

Dudnyk et al., 2018

Raw-fermented sausage

Incorporation of 3% pectin

Similar rheological properties as
the full-fat control

Zeeb et al., 2018

Emulsion-type sausage

Incorporation of 1.88%
pectin

Higher in softening value

Zeeb et al., 2018

Meat batter

15% inulin and 15% pectin
as a fat replacer

No effects on physical properties

Silva-Vazquez et al., 2018

Raw beef meat

Edible pectin-fish gelatin
films

Improving oxygen barrier and
delaying the lipid oxidation

Bermudez-Oria et al., 2019

Meat sausage

LM pectin(4%)-encapsulated-
fat

Preventing fat digestion and ab-
sorption/ improving texture

Santiaguin-Padilla et al.,2019

Hamburger patty
(semi-finished products)

Alginate-pectin with whey
protein concentrate

Inhibiting lipid oxidation,  im-
proving tenderness and better

quality

Barybina et al., 2019

Fresh pork loin

Nanoemulsion loaded pectin
edible coating

The best preservation and stability
in 15 days 4°C

Xiong et al.,2020
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Conclusion

Pectin is a water-soluble fiber and used in food industry as
emulsifier, stabilizer, gelling, and thickening agent. Pectin
presents in the cell walls of most plants, apple pomace and
citrus peel are the two major sources of commercial pectin.
Pectin extraction is a multiple-stage process in which hydrol-
ysis and extraction of the pectin macromolecules from plant
tissue and their solubilization takes place under the influence
of different factors. Pectin has been used successfully for
many years in food industry as a thickening, gelling agent and
a stabilizer. Consumers have preferred products with natural
additives while having the sensory properties of traditional
food. Pectin is one of the promising natural additives for low
fat meat products and also can be used in phosphate free for-
mulations and emulsion type products due to the gelling and
water binding ability. Pectin edible films incorporated with
natural antimicrobials have potential application in preserva-
tion as active packaging materials for meat products.
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publication. Manuscripts submitted for evaluation should not
have been previously presented or already published in an
electronic or printed medium. The journal should be informed
of manuscripts that have been submitted to another journal
for evaluation and rejected for publication. The submission of
previous reviewer reports will expedite the evaluation process.
Manuscripts that have been presented in a meeting should
be submitted with detailed information on the organization,
including the name, date, and location of the organization.

Manuscripts submitted to “Food and Health” will go through a
double-blind peer-review process. Each submission will be
reviewed by at least two external, independent peer reviewers
who are experts in their fields in order to ensure an unbiased
evaluation process. The editorial board will invite an external
and independent editor to manage the evaluation processes of
manuscripts submitted by editors or by the editorial board
members of the journal. The Editor in Chief is the final
authority in the decision-making process forall submissions.

An approval of research protocols by the Ethics Committee
in accordance with international agreements (World Medical
Association Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects,” amended in October 2013,
www.wma.net) is required for experimental, clinical, and drug
studies. If required, ethics committee reports or an equivalent
official document will be requested from the authors.

For manuscripts concerning experimental research on humans, a
statement should be included that shows the written informed
consent of patients and volunteers was obtained following a
detailed explanation of the procedures that they may undergo.
Information on patient consent, the name of the ethics
committee, and the ethics committee approval number should
also be stated in the Materials and Methods section of the
manuscript. It is the authors’ responsibility to carefully protect the
patients’ anonymity. For photographs that may reveal the identity
of the patients, signed releases of the patient or of their legal
representative should be enclosed.

“Food and Health” journal requires experimental research studies
on vertebrates or any regulated invertebrates to comply with
relevant institutional, national and/or international guidelines.
The journal supports the principles of Basel Declaration
(https://www.basel-declaration.org/) and the guidelines published
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by International Council for Laboratory Animal Science (ICLAS)
(http://iclas.org/). Authors are advised to clearly state their
compliance with relevant guidelines.

“Food and Health” journal advises authors to comply with IUCN
Policy Statement on Research Involving Species at Risk of
Extinction and the Convention on the Trade in Endangered
Species of Wild Fauna and Flora for research involving plants.

All submissions are screened by a similarity detection
software’s.

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/
fabrication, the Editorial Board will follow and act in accordance
with COPE guidelines.

Each individual listed as an author should fulfil the authorship
criteria recommended by the ICMJE. The ICMJE recommends
that authorship be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; AND

2. Drafting the work or revising it critically for important
intellectual content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors
are responsible for specific other parts of the work. In addition,
authors should have confidence in the integrity of the
contributions of their co-authors.

All those designated as authors should meet all four criteria for
authorship, and all who meet the four criteria should be identified
as authors. Those who do not meet all four criteria should be
acknowledged in the title page of the manuscript.

“Food and Health” journal requires corresponding authors to
submit a signed and scanned version of the authorship
contribution  form  (available for download through
https://dergipark.org.tr/tr/download/journal-file/19582) during
the initial submission process in order to act appropriately on
authorship rights and to prevent ghost or honorary authorship. If
the editorial board suspects a case of “gift authorship,” the
submission will be rejected without further review. As part of the
submission of the manuscript, the corresponding author should
also send a short statement declaring that he/she accepts to
undertake all the responsibility for authorship during the
submission and review stages of the manuscript.
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“Food and Health” journal requires and encourages the authors
and the individuals involved in the evaluation process of
submitted manuscripts to disclose any existing or potential
conflicts of interests, including financial, consultant, and
institutional, that might lead to potential bias or a conflict of
interest. Any financial grants or other support received for a
submitted study from individuals or institutions should be
disclosed to the Editorial Board. To disclose a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors.
Cases of a potential conflict of interest of the editors, authors,
or reviewers are resolved by the journal’s Editorial Board within
the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and
complaint cases within the scope of COPE guidelines. In such
cases, authors should get in direct contact with the editorial
office regarding their appeals and complaints. When needed,
an ombudsperson may be assigned to resolve cases that cannot
be resolved internally. The Editor in Chief is the final authority
in the decision-making process for all appeals and complaints.

“Food and Health” journal requires each submission to be
accompanied by a Copyright Transfer Form (available for
download at https://dergipark.org.tr/tr/download/journal-
file/19582. When using previously published content, including
figures, tables, or any other material in both print and electronic
formats, authors must obtain permission from the copyright
holder. Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts published
in “Food and Health” journal reflect the views of the author(s)
and not the opinions of the editors, the editorial board, or the
publisher; the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such materials. The final
responsibility in regard to the published content rests with the
authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines
for randomized research studies, STROBE guidelines for
observational studies, STARD guidelines for studies on diagnostic
accuracy, PRISMA guidelines for systematic reviews and meta-
analysis, ARRIVE guidelines for experimental animal studies,
TREND guidelines for non-randomized studies, and COREQ
guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at
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http://dergipark.gov.tr/journal/1646/submission/start.

Manuscripts submitted to the journal will first go through a
technical evaluation process where the editorial office staff will
ensure that the manuscript has been prepared and submitted in
accordance with the journal’s guidelines. Submissions that do not
conform to the journal’s guidelines will be returned to the
submitting author with technical correction requests.

Authors are required to submit the following forms during the
initial submission.

e  Copyright Transfer Form,

e Author Contributions Form (one form for copyright and
contributions available in
https://dergipark.org.tr/tr/download/journal-file/19582)

. ICMJE Potential Conflict of Interest Disclosure Form
(should be filled in by all contributing authors) Download
this form from http://www.icmje.org/conflicts-of-interest/ fill
and save. Send this to the journal with your other files.

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be converted
into a single file before submission. Please start with the title
page and insert your graphics (schemes, figures, etc.), tables
in the main text.

Title (should be clear, descriptive and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)
Address (es) of affiliations and e-mail (s)
Complete correspondence address and e-mail
Abstract

Key words (indexing terms), normally 3-6 items
Introduction

Material and Methods

Results and Discussion

Conclusion

Compliance with Ethical Standard

Conflict of interests: When you (or your employer or sponsor) have a
financial, commercial, legal or professional relationship with
other organizations or people working with them, a conflict of
interest may arise that may affect your research. A full description
is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is routinely
requested from every research article based on experiments on
living organisms and humans. Sometimes, studies from different
countries may not have the approval of the ethics committee, and the
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authors may argue that they do not need the approval of their work.
In such situations, we consult COPE’s “Guidance for Editors: Research,
Audit and Service Evaluations” document and evaluate the study at
the editorial board and decide whether or not it needs approval.

Funding: If there is any, the institutions that support the research and
the agreements with them should be given here.

Acknowledgment: Acknowledgments allow you to thank people and
institutions who assist in conducting the research.

Disclosure: Explanations about your scientific / article work that you
consider ethically important.

References
Tables (all tables give in the main text)

Figures (all figures/photos give in the main text)
Manuscript Types

Original Articles: This is the most important type of article
since it provides new information based on original research. The
main text should contain “Introduction”, “Materials and
Methods”, “Results and Discussion” and “Conclusion”
sections.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with
international statistical reporting standards. Information on
statistical analyses should be provided with a separate subheading
under the Materials and Methods section and the statistical
software that was used during the process must be specified.

Units should be prepared in accordance with the International
System of Units (SI).

Review Articles: Reviews prepared by authors who have
extensive knowledge on a particular field and whose scientific
background has been translated into a high volume of
publications with a high citation potential are welcomed. These
authors may even be invited by the journal. Reviews should
describe, discuss, and evaluate the current level of knowledge
of a topic in researches and should guide future studies. The
main textshould start with Introduction and end with Conclusion
sections. Authors may chooseto use anysubheadinginbetween
those sections.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within the
scope of the journal that might attract the readers’ attention,
particularly educative cases, may also be submitted in the form
of a “Short Communication” Readers can also present their
comments on the published manuscripts in the form of a “Short
Communication”. The main text should contain
“Introduction”, “Materials and Methods”, “Results and
Discussion” and “Conclusion” sections.
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Table 1. Limitations for each manuscript type

Type of Abstract Reference
manuscript Page word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table”
command of the word processing software and they should be
arranged clearly to provide easy reading. Data presented in the
tables should not be a repetition of the data presented within
the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in main
document WORD files (in JPEG or PNG format) through the
submission system. Any information within the images that may
indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300 DPI.
Toprevent delays in the evaluation process, all submitted figures
should be clear in resolution and large (minimum dimensions: 100 x
100 mm). Figure legends should be listed at the end of the
main document.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation should be provided in parentheses following
the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
and the country of the company (including the state if in USA),
should be provided in parentheses in the following format:
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI,
USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the
order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
the conclusion paragraph.
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Reference System is APA 6" Edition

In-text Citation with APA

The APA style calls for three kinds of information to be included in in-
The author's last name and the work's date of
publication must always appear, and these items must match exactly
the corresponding entry in the references list. The third kind of
information, the page number, appears only in a citation to a direct

text citations.

quotation.

...(Crockatt, 1995).

Direct quote from the text

"The potentially contradictory nature of Moscow's priorities
surfaced first in its policies towards East Germany and Yugoslavia,"

(Crockatt, 1995, p. 1).

Major Citations for a Reference List in Table 2.

Note: All second and third lines in the APA Bibliography should be

indented.
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When submitting arevised version of a paper, the author must
submit a detailed “Response to the reviewers” that states
point by point how each issue raised by the reviewers has been
covered and where it can be found (each reviewer’s comment,
followed by the author’s reply and line numbers where the
changes have been made) as well as an annotated copy of the
main document. Revised manuscripts must be submitted
within 30 days from the date of the decision letter. If the
revised version of the manuscript is not submitted within the
allocated time, the revision option may be cancelled. If the
submitting author(s) believe that additional time is required,
they should request this extension before the initial 30-day
period is over.

are copy-edited for grammar,
punctuation, and format. Once the publication process of
a manuscript is completed, it is published online on the
journal’s webpage as an ahead-of-print publication before it
is included in its scheduled issue. A PDF proof of the accepted
manuscript is sent to the corresponding author and their
publication approval is requested within 2 days of their receipt
of the proof.
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Artwork - from library
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Artwork - from website
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