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Besin hazirlama ve pisirmede kullanilan geleneksel 1s1l islemler (6rnegin kizartma, firrnlama) besinin giivenilirligini
ve tiiketilebilirligini artirmak i¢in yapilan uygulamalardir. Bununla birlikte, bu 1si1l islemler protein denatiirasyonu,
karbonhidratlarin ¢oziiniirliigiinde degisiklikler, vitamin bozunmasi ve yag oksidasyonu yoluyla son iiriiniin kalite-
sinde bozulmaya neden olabilmekte ve gesitli potansiyel zararl bilesikler olusabilmektedir. Bunlar igerisinden hete-
rosiklik aromatik aminler, akrilamid ve polisiklik aromatik hidrokarbonlarin birgok ¢alismada karsinojenik ve geno-
toksik nitelikte olduklari ispatlanmistir. Bu karsinojenik bilesikleri ortadan kaldirmak igin cesitli fiziksel ya da kim-
yasal yontemler olmasina ragmen bu yontemlerin yeterince etkin kullanilmamasi insan saglig1 i¢in giivenilir ve basa-
ril1 alternatif yontemlere ihtiyaci ortaya ¢ikarmistir. Yararli mikroorganizmalar olarak bilinen probiyotik bakterilerin
antikarsinojenik etkileri ve hiicre duvari yapisindan kaynakli baglanma yeteneklerinden yola ¢ikilarak diyet mutajen-
lerine baglanabilecegi ve bu sekilde detoksifiye (toksik etkileri yok etme) edebilecegi lizerinde durulmaktadir. Bu
derlemede de probiyotik bakterilerin besinlerde 1s1l islem sonucu olusan karsinojenik bilesikler iizerindeki detoksifiye
edici etkisini inceleyen aragtirmalar degerlendirilmistir.

Anahtar Kelimeler: Heterosiklik aromatik aminler, Akrilamid, Polisiklik aromatik hidrokarbonlar, Probiyotikler,
Karsinojenler

ABSTRACT
AN ALTERNATIVE METHOD IN DETOXIFICATION OF FOOD CARCINOGENES: PROBIOTICS

Traditional heat treatments (eg frying, baking) used in food preparation and cooking are applications to improve the
reliability and consumption of food. However, these thermal processes can lead to deterioration in the quality of the
final product by protein denaturation, changes in the solubility of carbohydrates, vitamin degradation, and fat oxida-
tion, and various potentially harmful compounds can occur unintentionally. Among them, heterocyclic aromatic ami-
nes, acrylamide and polycyclic aromatic hydrocarbons have proved to be carcinogenic and genotoxic in many studies.
Although there are various physical or chemical methods to eliminate these carcinogenic compounds, the ineffective
use of these methods has created the need for safe and successful alternative methods for human health. It is empha-
sized that probiotic bacteria, known as beneficial microorganisms, can bind to the diet mutagens based on their anti-
carcinogenic effects and binding ability from the cell wall structure and in this way it is thought to detoxify (eliminate
toxic effects) them. In this review, the studies investigating the detoxification effect of probiotic bacteria on carcino-
genic compounds resulting from heat treatment in foods are evaluated.

Keywords: Heterocyclic aromatic amines, Acrylamide, Polycyclic aromatic hydrocarbons, Probiotics, Carcino-
gens
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Giris

Atesin bulunmasindan bu yana insanlar besinlerinin lezzeti-
nin artirmak ve mikrobiyolojik riskleri azaltmak i¢in besin-
lerine 1s1l islem uygulamaktadirlar. Besinlerin pigirilmesi,
insan sagligina zarar verebilecek biyolojik riskleri azaltarak
giivenli hale gelmesini, protein denatiirasyonu ve karbon-
hidratlarin ¢oziiniirliiklerini degistirerek lezzet ve kokuyla
iligkili bilesiklerin ortaya ¢ikmasina ve sindirimin kolaylas-
masina yardimct olmaktadir. Ancak bu esnada ¢esitli vita-
min kayiplari, yag oksidasyonu ve insan sagligi igin potan-
siyel risk olusturan bazi toksik maddeler de olusabilmekte-
dir. Heterosiklik aromatik aminler (HAA), akrilamid ve po-
lisiklik aromatik hidrokarbonlar (PAHs) bu toksik madde-
lerden en 6nemlileridir (Meurillon ve Engel, 2016; Rivas-
Jimenez vd., 2016). Yapilan bir¢ok hayvan ve insan ¢alig-
masinda bu toksik maddelerle kolon, rektum, meme, prostat
ve akciger kanseri gibi ¢esitli kanser riskleri ile arasinda
doz-yanit iligkisi oldugu goriilmiistiir (Brody vd., 2007; Del-
fino vd., 2000; Phillips, 1999; Sinha vd., 1999; Stacewicz-
Sapuntzakis vd., 2008; Turesky, 2007; Zheng vd., 1998).

Karsinojenik bilesikleri ortadan kaldirmak igin ¢esitli fizik-
sel, kimyasal ve biyolojik yontemler tasarlanmistir. Ancak
bu yontemlerin bircogu asir1 pahali, karisik veya etkinligi
azdir. Hatta bazi yontemler zehirli ikincil metabolit olusma-
sina neden olmaktadir (Balogh vd., 2000; Haritash ve Kaus-
hik, 2009; Mishra ve Das, 2003). Bu yontemlerin cogu kez
yayginlagtirilmast ve biiyiik 6l¢ekli uygulamalarin yapil-
masi oldukga zordur. Bu nedenle tiiketicilerin saglikli ve ka-
liteli bir yasam siirebilmeleri i¢in s6z konusu karsinojenik
bilesiklerin ortadan kaldirilmasina yonelik etkin ve giiveni-
lir yaklasimlarin iiretilmesi gerekmektedir (Lili vd., 2017).

Gecgmis yillarda iyi bir probiyotik bakteri olarak bilinen lak-
tik asit bakterilerinin (LAB) konakg1 lizerinde saglig1 gelis-
tirici yararh etkileri oldugu, 6zellikle karsinojenik ve muta-
jenik bilesiklerin riskini azalttig1 ve kolon kanserini 6nledigi
disiiniilmektedir (Clements ve Carding, 2018; Gibson vd.,
2010; Sanders vd., 2014).

Bu bilgiler dogrultusunda bu derlemede LAB suslarinin, be-
sinlerde 1s1l islem sonucu olusan yaygin karsinojenik bile-
siklere (HAA, akrilamid, PAH) baglanma yetenekleri ve bu-
nun sonucunda da besinlerdeki miktarinin azaltilmasi, di-
yetle maruziyetin azaltilmasi ve tiiketiciler {izerinde karsi-
nojenik etkilerinin azaltilmasina yonelik genel bir bakis sun-
mak amaglanmistir.

HAA Olusumu ve Karsinojenik Ozellikleri

HAA yaklasik 40 y1l 6nce biyokimya profesorii Takashi Su-
gimura tarafindan 1zgara edilmis et ve baliklardan olusan
duman ve yanik parcalarinda kesfedilen ve pismis besin-
lerde ng/g diizeyinde bulunan mutajenik bir bilesiktir (Na-
gao vd., 1977). Insanlarin HAA’ya maruziyetinin temel kay-
nag1 pigmis etler ve baliklardir, ayrica pisirme teknigine ve
etin/baligin tiiriine gore de etkisi degismektedir. Bu giine ka-
dar proteinli besinlerde 25 HAA tanimlanmigtir. Bu tiirlerin
olusumu ve miktar etin tiirline, pisirme metoduna, sicakli-
gina ve pisirme siiresine baglidir (Meurillon ve Engel,
2016). Besinlerde en sik goriilen HAAlar ise 2-amino-1me-
til-6-fenilimidazol[4,5-b]piridin (PhIP), 2-amino-3,4-dime-
tilimidazol[4,5-f]kuinoksalin (MelOx), 2-amino-3,4,8-tri-
metilimidazol[4,5-f] kuinoksalin (DiMelQx), 2-amino-3-
metilimidazol[4,5-f]kuinolin (IQ) ve nadiren 2-amino-3,4-
dimetilimidazol[4,5-f]kuinolin ~(MelQ)dir (Tavan vd.,
2002).

Temel olarak HA A, aminoimidazoazoarenler (AIA ya da IQ
tip) ve aminokarboniller (IQ tip olmayan ya da prolitik
HAA) olmak iizere iki sinifa ayrilmaktadirlar (Meurillon ve
Engel, 2016). Prolitik HAA, yiiksek sicaklikta (>300°C)
amino asitlerin ve proteinlerin prolitik reaksiyonu ile olus-
maktadir. Aminoimidazoazoarenler (AIA), ‘termik HAA’
olarak da adlandirilirlar ve geleneksel pisirme sicakliginda
(tavada kizartma, i1zgarada pisirme vb. yontemlerle, 150-
300°C’de) enzimatik olmayan kahreverengilesme reaksi-
yonu olan Maillard reaksiyonuyla olugmaktadir (Meurillon
ve Engel, 2016). HAA, 1s1l islem nedeniyle Maillard reaksi-
yonu sirasinda azalan seker, serbest amino asitler ve kreatin
tarafindan et iiriinlerinin yiizeyinde olusur. Cig materyalin
icerigindeki oncli madde (triptofan, fenilalanin, glutamik
asit veya ornitin) seviyesi, 1sil iglemin sicaklik derecesi ve
uygulama siiresi, besinin pH’s1 ve su aktivitesi gibi fiziksel
faktorleri ve hazirlama metotlar1t HAA’larin olusumunu ve
yapisini etkileyen Onemli faktorlerdir (Gibis ve Weiss,
2017). Bununla birlikte besinde gerceklesen 1s1 ve kiitle
transferi, yag oksidasyonu ve antioksidanlar da HAA diize-
yini etkileyen faktorlerdendir (Oz vd., 2007).

Farkl: tiirlerdeki kanser insidanslarindaki artmais risk ile et
titketimi arasinda iligski oldugunu belirten birgok epidemiyo-
lojik ¢alisma bulunmaktadir (Ferruci vd., 2009; Gibis, 2016;
John vd., 2011; Lam vd., 2009; Nowell vd., 2002). Kirmizi
ve Ozellikle islem gdérmiis etlerin kolerektal kanser riskine
sebebiyet verdigi Diinya Kanser Arastirma Fonu [World
Cancer Research Fund (WCRF)] ve Amerika Kanser Arasg-
tirma Enstitlisii (AICR)’niin ikinci raporunda onemle ele
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alinmistir (WCRF/AICR, 2007). Pankreas kanseri ve et tii-
ketimi [6zellikle yiiksek sicaklikta (>225°C) pismis etler]
arasinda da iligski oldugu ve HAA alimimin bu durum iize-
rinde etkin oldugu belirtilmektedir (Skog ve Solyakov,
2002; Stolzenberg-Solomon vd., 2007) . Uluslararas1 Kan-
ser Arastirma Enstitiisii (IARC) de bu sonuclar1 degerlendir-
mis ve kirmizi et tiikketimini muhtemel karsinojenik (sinif 2);
islenmis et tirlinlerini de insanlar i¢in karsinojenik (sinif 1)
olarak smniflandirarak HAA maruziyetinin azaltilmasini
onermektedir (Bouvard vd., 2015). HAA kaynakl kanser
riskini azaltmak i¢in diisiik pisirme sicaklig1 uygulamak, et-
leri uzun siire pisirmek ve direk atese maruziyetten kagin-
mak HAA olusumunu azaltici faydali uygulamalardandir.
Diger azaltict yontemler ise besinlerde mutajen olusumunu
azaltic1 bilesen eklenmesi ya da biyolojik sistemlerde bu bi-
lesiklerin aktivitelerini inhibe veya yok etmeye dayalidir
(Cheng vd., 20006).

HAA Detoksifikasyonu

Bagirsakta bulunan bazi bakteriler karsinojen, ko-karsino-
jen ya da pro-karsinojen bilesikler {iretimiyle HAA tarafin-
dan indiiklenen kolon hiicrelerindeki DNA'ya olan hasari
kuvvetle artirirken, diger bagirsak bakterileri (LAB) de bu
bilesikleri detoksifiye edebilmekte ve ortadan kaldirabil-
mektedir (Wollowski, Rechkemmer, Pool-Zobel, 2001).
Bacteroides ve Clostridium bakteri tlirlerinin hayvanlarda
kolon tiimérlerinin biiylimesini ve insidansini artirirken,
Lactobacillus ve Bifidobacterium gibi diger faydal bakteri
tirlerin timdr olusumunu engelledigi belirtilmektedir (Fa-
ridnia vd., 2010).

Reddy ve Rivenson (1993) ratlarda IQ kaynakli kolon tiimo-
rliinli inhibe etmek i¢in Bifidobacterium longum tiiriiniin et-
kin bir yetenege (%100 inhibisyon) sahip oldugunu ve kara-
ciger tiimdriinii de %80 oraninda inhibe ettigini géstermistir
(Reddy ve Rivenson, 1993). Probiyotik bakterilerin bu tok-
sik madde ya da maddelere direk baglanarak toksinin muh-
temel olumsuz etkilerini ortadan kaldig1 ve/veya inhibe et-
tigi diisliniilmektedir (Hernandez-Mendoza ve Malcata,
2014).

1990’11 yillarda yapilan ¢alismalarda L. acidophilus, B. bifi-
dum, L. fermentum, B. longum, Lactococcus lactis ssp. lac-
tis, Lactococcus lactis ssp. cremoris bakterilerinin ve bunla-
rin gesitli alt tiirlerinin HAA’lara etkin bir sekilde baglan-
dig1 gosterilmistir. Bu baglanmanin bakteri hiicre duvarin-
daki polisakkarit yapiyla saglandigi diisiniilmektedir. Ay-
rica baglanma kapasitesinin bakteri tiirii ve hiicre konsant-
rasyonu, pH, inkiibasyon siiresi ve mutajen konsantrasyo-
nuna bagli olarak degistigi belirtilmistir (Orrhage vd., 1994;
Sreekumar ve Hosono, 1998; Terahara vd., 1998; Zhang ve

Ohta, 1991). Bakterilerin HAA’lara baglanma mekanizma-
sin1 inceleyen bir aragtirmaci liyofilize hiicre duvari bilesen-
lerinin, 1sil-islem (120°C’de 15 dk) goérmiis hiicrelerin ve
stoplazmik igerigin in vitro ortamda HAA’lara baglanma
kapasitesini aragtirmistir. Calisma sonunda saf hiicre duvari
ve peptidoglikan bileseninin bakteri hiicrelerine gére daha
iyi baglanma (%60-100) saglamisken stoplazmik igerigin
etkin bir baglanma (%8-10) saglamadigini tespit etmis ve
bu sonuglarin da baglanma reaksiyonunun, mutajenlerin
amino grubu ve peptidoglikan arasinda gercgeklestiginin
gostergesi oldugunu belirtmiglerdir. Ayrica canli hiicrelere
gore hiicrelerin 1siyla muamelesinin baglanmay1 %10-15
oraninda azaltmasina ragmen iyi bir baglanma sagladigi
gosterilmistir. Bunun sonucunda hiicrelerin dldiiriilmesinin
aminlere olan baglanma bdlgelerine ciddi bir etkide bulun-
madig1 ve sdz konusu baglanma mekanizmasimin mutajen-
lerin hiicre tarafindan emilmesi olmadig1 sonucuna varil-
mistir (Rajendran ve Ohta, 1998).

Faridnia (2010) yaptig1 bir calismasinda Bifidobacterium
tiirlerinden B. pseudocatenulatum G4, B. longum BB536 ve
Escherichia coli ATCC 25922 suslarinin mutajen HAA’lara
(IQ, MelQx, 7,8 DiMelQx, Trp-p-2 ve PhIP) bakteri tiirii ve
hiicre konsantrasyonu ile pH degerine bagl olarak %19-64
oraninda baglandigini tespit etmistir. En iyi baglanma ve do-
layisiyla HAA seviyesindeki en iyi azalmay1 B. pseudocate-
nulatum G4’iin gosterdigi, bunu B. longum ve E. coli’nin
izledigi belirtilmigtir. Calismanin sonunda probiyotik bakte-
rilerin HAA konsantrasyonunu mutajenleri baglayarak ya
da absorbe ederek diisiirebilecegi sonucuna varilmistir. Bu-
nunla birlikte bakteri konsantrasyonu diistiik¢e baglanmanin
azaldig1 ve en yiiksek baglanmanin bakteri konsantrasyonu
10" kob/mL oldugunda gergeklestigi tespit edilmistir. Ay-
rica gram-pozitif bakterilerin gram-negatif bakterilere gore
daha etkin oldugu ve bu durumun bakterilerin hiicre duvari
yapilariyla iligkili oldugu belirtilmistir (Faridnia, 2010). Du-
angjitcharoen, Kantachote, Prasitpuripreecha, Peerajan,
Chaiyasut (2014) da benzer sekilde LAB’nin sogutularak
muhafaza edilmis hiicrelerinin aktif hiicrelerle benzer
oranda baglanma gostermesi nedeniyle baglanmanin bakteri
hiicre duvarinda fiziksel bir olusumla gerceklestigi iizerinde
durmaktadir.

Probiyotik bakterilerin HAA baglama kapasitesinin MRS
(de Man, Rogosa and Sharpe) agarda arastirildigi bir ¢alig-
mada L. casei DN 114001 tiirii taraftndan 24 saatlik inkiibas-
yon sonrasinda 1Q ve PhIP miktarlarinin %98-99 oraninda;
MelQx miktarmin da %27 oraninda azaldig1 tespit edilmistir
(Nowak ve Libudzisz, 2009). Bir baska ¢alismada da 8 farkli
probiyotik bakteri tliriiniin (L. acidophilus, L. bulgaricus, L.
casei, L. helveticus, L. plantarum, Streptococcus thermop-
hilus, L. kefir, B. longum) fosfat tamponda HAA (AaC,
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PhIP, 1Q, MelQx, DiMelQx) baglama kapasitesi incelen-
mis, en yiiksek baglanma L. helveticus (%78) ve S. thermop-
hilus (%50) grubunda gorilmiistiir. Ayrica AaC ve PhIP'in
LAB'ye baglanmasi mutajenik aktivitelerinin de azaltilmasi
ile korele bulunmus ve arastirmacilar HAA’ nin zararh etki-
lerinden korunmak igin LAB tiirlerinin kullanilmasinin et-
kili bir ¢6ziim oldugunu belirtmiglerdir (Stidl vd., 2008).
Benzeri bir ¢alismada L. plantarum CM4 tiiriiniin fosfat
tamponda 1Q’ya % 62.47-85.34 oraninda en etkin baglan-
may1 gosterdigi, calisma sonunda (144 saat sonra) tiim bak-
terilerin PhIP’e gore 1Q’ya daha iyi baglanma (%44.23-
85.34) gosterdigi tespit edilmistir. Arastirmaci bu baglan-
may1 liyofilize bakteriler ile de saglayarak baglanmanin
bakteri hiicre duvarinda fiziksel bir olusumla gerceklestigini
ispatlamigtir. Bakteri hiicre duvarinin HAA baglanmasinda
veya uzaklagtirilmasinda sorumlu hiicre yapist oldugu ve
katyon degisimi, hiicre duvarimin hidrofobik yapisi ve bak-
teri hiicrelerinin karbonhidrat pargalarinin baglanma kapa-
sitesini etkiledigi belirtilmigtir (Duangjitcharoen vd., 2014).

Yapilan bir hayvan ¢aligmasinda L. bulgaricus 291, S. ther-
mophilus F4, S. thermophilus V3 ve B. longum BB536 sus-
larmin erkek ratlarda HAA’ nin DNA'ya zarar verici etkileri
iizerindeki etkisi incelenmis, ratlara HAA (genellikle kizar-
mis sigir eti ve tavukta bulunan tiirler) verilmeden bir siire
(4-12 saat) once her bir hayvana 2 mL serum fizyolojik
icinde 10' canli bakteri suslarinin diizenli bir sekilde veril-
mesiyle et kaynakli olusan DNA hasarini 6nledigi, ancak ta-
vukta bulunan tiirler i¢in 6nemli bir etki gostermedigi belir-
tilmigtir. HAA kaynakli DNA hasarinin 6nlenmesinin
HAA’larin test bakterileri tarafindan baglanmasiyla saglan-
dig1 ve bu bakterilerin HAA’larin genotoksik etkisine karst
giiclii bir koruyucu oldugu gosterilmistir. Dolayisiyla da
pismis ve kizarmig et tiiketiminden Once probiyotik siit
iiriinlerinin tiiketiminin DNA hasarim1 azaltmada faydali
olabilecegi belirtilmektedir (Zsivkovits vd., 2003). Bir
baska ¢alismada L. rhamnosus IMC501 probiyotik bakteri
tiriiniin diyete eklenmesi ile kolonda PhIP kaynakli DNA
hasarinin 6nlendigi tespit edilmis ve aragtirmaci L. rhamno-
sus IMCS501 tiirliniin diyet takviyesi olarak kullanilmasinin
bireyi besin mutajenlerinin zararl etkilerinden korunma-
sinda yardimci olacagini belirtmistir (Dominici vd., 2014).

Sonug olarak probiyotik bakterilerin besinlerde HAA detok-
sifikasyonu i¢in ve/veya viicutta olusabilecek hasarlar1 6n-
lemek i¢in etkin bir biyolojik ajan olarak kullanilabilecegine
yonelik ilgi ve bilimsel veriler giderek artmaktadir. Bu de-
toksifikasyon seviyesinin iyilestirilmesi ve antimutajenik
aktivitenin daha iyi ortaya ¢ikmasi i¢in daha fazla probiyo-
tik bakteri tiirli arastirilmali, en uygun pH, bakteri konsant-
rasyonu, inkiibasyon stiresi ve sicakligini belirlemeye yone-
lik ileri galigmalara gereksinim duyulmaktadir.

e https://doi.org/10.3153/FH19015

Akrilamid Olusumu ve Karsinojenik Ozellikleri

Akrilamid insanlar ve hayvanlar {izerinde ndrotoksik etki;
kemirgenlerde genotoksik etki ve in vitro ve in vivo somatik
hiicrelerde mutajenik etki olusturmasinin ispatlanmasiyla
son yillarda oldukga ilgi kazanmistir. Ayrica IARC akrila-
midi insanlar i¢in muhtemel karsinojen sinifina almaktadir
(Rivas-Jimenez vd., 2016). Akrilamid elektrofil bir mole-
kiildiir ve amin, karboksilat gibi niikleofilik gruplara tepki
gostermektedir. Bu niikleofilik gruplarmn genellikle DNA
gibi biyolojik molekiillerde bulunmasi, akrilamid maruziye-
tinin DNA hasarina yol agmasina neden olmaktadir (Khors-
hidian, Asli, Hosseini, Shadnoush, Mortazavian, 2016). Ni-
sastal1 besinlerin pisirme, kavurma veya 1zgara siirecleri es-
nasinda 120°C nin {izerindeki sicakliklara maruz kaldiginda
olusmaktadir(Serrano-Nifio vd., 2014). Besinlerde akrila-
mid olusumuna Onciiliikk eden temel yolak Maillard reaksi-
yonudur. Maillard reaksiyonu ¢ogunlukla asparajin amino
asiti ile indirgen seker arasinda gergeklesir. Bunun disinda
akrilamid asparajinin dekarboksilasyonu ve deaminasyonu
yoluyla, organik asitlerin dekarboksilasyonu veya dehidras-
yonu, lipit degredasyonu, protein ve amino asitlerin termal
bozunumuyla ortaya ¢ikan amonyaktan da olusabilmektedir
(Wang vd., 2017).

Isve¢ Ulusal Gida Ajansi (NFA) ve Stockholm Universi-
tesi’nin 2002 yilinda yayinladig1 bir rapora gore akrilamid
en fazla 1s1l islem goérmiis besinlerde, esas olarak patates
bazli besinler, kahve ve kahvaltilik gevreklerde bulunmak-
tadir (Rivas-Jimenez vd., 2016). Ayrica kavrulmus triinler
(cay, badem, arpa), yaglar, beyaz ve tatli patates iirtinleri
(patates kizartmasi ve cips) de akrilamid igerigi yiiksek be-
sinler arasindadir (Friedman, 2015). Birlesmis Milletler
Gida ve Tarim Orgiitii’ne (FAO/WHO, 2002) gére gelismis
iilkelerde insanlarin diyetle ortalama akrilamid alimi tah-
mini 0.3-0.8 pg/AA/kg/gilin diir. Ancak gercek tiikketimin bu
degerin iizerinde olabilecegi ileri siirlilmektedir (Rivas-
Jimenez vd., 2016). Katz vd. (2012) adolesan dénem ¢ocuk-
larinin (13-19 yas) bati diyetinden toplam akrilamid alimi-
nin neredeyse %56’sim1 patates kizartmasi ve patates cipsi-
nin olusturdugunu belirtmislerdir (Katz, Winter, Buttrey,
Fadel, 2012).

Akrilamid Detoksifikasyonu

Akrilamidin diyetle maruziyeti potansiyel bir saglik sorunu
olarak tanimlanmasindan dolay1 besinlerde akrilamid iceri-
gini diigirmek veya minimize etmek icin g¢esitli stratejiler
arastirllmigtir. Bunlar, tarimsal uygulamalarin modifiyesi
(diisiik glikoz, friikktoz ve/veya asparajinaz igeren ekim ce-
sitlerinin secilmesi gibi), asparajinaz enzimi ve mono-diva-
lent katyonlar gibi eklemelerle Maillard reaksiyonunun
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kontrolii, isleme kosullarinin modifiye edilmesi (6rn. Sicak-
lik derecesi, azalmig 1sitma siiresi) ve akrilamid olusumun-
dan sonra azaltilmasidir (Rivas-Jimenez vd., 2016). Daha
onceki yillarda da besinin asparajin icerigi ile olusan akrila-
mid miktar1 arasinda pozitif iligski saptanmasiyla, asparajin
ya da indirgen seker igeriginin azaltilmasiyla akrilamid olu-
sumunu inhibe edilebilecegi belirtilmistir (Capuano vd.,
2009).

Son yillarda besin kaynakli mutajenlerin ortadan kaldirilma-
sinda ilizerinde durulan bir yontem de LAB kullanimidir. Ce-
sitli c¢aligmalarda mikotoksinlerin, agir metallerin ve
HAA’larin azaltilmasinda LAB kullaniminin etkin oldugu
gosterilmistir (Orrhage vd., 1994; Serrano-Nifio vd., 2013;
Terahara vd., 1998). Dahasi baz1 LAB tiirlerinin ve fermente
gidalarin in vitro ve in vivo olarak anti-mutajenik etki gos-
terdigi gosterilmistir (Hernandez-Mendoza vd., 2009; Her-
nandez-Mendoza vd., 2011). Serrano- Nifio vd. (2014) in
vitro yaptig1 bir calismada akrilamidin azaltilmasi i¢in 14
farkli LAB tiiriiniin etkisini arastirmis ve bakteri konsant-
rasyonu ve tiiriine gore, 5 pg/mL’lik akrilamid konsantras-
yonunda % 11.89-29.12 oraninda azalma tespit edilmistir.
Calisma sonuglarma gore test edilen bakterilerin PBS’de
hizli ve etkin bir sekilde akrilamide baglanma gosterdigi,
dolayisiyla bu bakterilerin gastrointestinal sistem (GIS) bo-
yunca besin kaynakli akrilamid i¢in etkin bir dekontaminas-
yon saglayabilecegi belirtilmistir. Dekontaminasyonun bak-
teri hiicre duvarina toksinin fiziksel baglanmasiyla gercek-
lestigi diistiniilmektedir (Serrano-Nifio vd., 2014). Bagka bir
caligmada ticari patates cipslerinin dnce akrilamid igerigi
tespit edilmis, ardindan L. reuteri NRRL 14171 ve L. casei
Shirota bakterilerinin yapay GIS kosullar1 altinda diyet ak-
rilamidinin azaltic1 etkisi arastirilmis ve akrilamid konsant-
rasyonu ve bakteri hiicre konsantrasyonuna gore toksin bag-
lanmas1 farklilik gostermekle birlikte %32-73 oraninda ak-
rilamid seviyesinde azalma tespit edilmistir. Ayrica bu ¢a-
lismada en etkin bakteri olarak L. casei Shirota’nin bulun-
masinin bu bakteri tiiriiniin GIS boyunca en yiiksek mik-
tarda canli kalmasina (>10° kob/mL) bagli oldugu gésteril-
migstir (Rivas-Jimenez vd., 2016). Daha 6nceki ¢aligmalarda
da benzer sekilde bakteri konsantrasyonu diyet mutajenleri-
nin (AFB1 ve AFM1 gibi) azaltilmasinda ya da detoksifi-
kasyonunda onemli bir etken olarak bulunmustur (Abbés
vd., 2013; Kabak ve Var, 2008; Pizzolitto vd., 2011).

Bu bulgular bakterilerin toksine baglanmak icin spesifik si-
nirli bolgelerinin oldugu diisiincesini desteklemektedir.
Bakteri hiicre duvarina yonelik yapilan analize gore, teikoik
asitin bazi bilesenleri akrilamidin baglanmasindaki spesifik
bolge olabilecegi diisiiniilmiistiir (Hernandez-Mendoza vd.,
2009). Bunun nedeni olarak hiicre duvarindaki teikoik asitin
yapisi ve i¢eriginin genellikle ¢ok degisken olmasi (genetik

olarak yakindan iligkili tiirlerde bile) ve temel sarmal yapi-
nin kontroliinde, baglanmasinda ve korunmasinda anahtar
rol oynamasiyla iligki oldugu diisiiniilmektedir. Ayrica inf-
lamasyon, konak hiicre baglanmasi ve immiin aktivasyon
iizerinde de rolleri bulunmaktadir (Weidenmaier ve Peschel,
2008).

Serrano-Nifio vd. (2015) yaptiklar1 ¢alismada 14 farkli lak-
tik asit bakterisinin akrilamid ve aflatoksin B1 (AFB1)’e
baglanma yetenegini ve toksinle bakterinin muhtemel etki-
lesimi oldugu diisiiniilen teikoik asitin bakterilerin hiicre du-
varlarma gore farkliligini arastirmislardir. Caligma sonunda
akrilamid baglanmasinin bakteri tiirline bagli oldugu tespit
edilmistir. Bakterilerin AFB1’e baglanmasinda hiicre duva-
rimin glikoz igerigi ile; akrilamide baglanmasinda da hiicre
duvarinin teikoik asit igerigi ile negatif korelasyon goster-
digi bulunmustur. Ayrica akrilamid i¢in D-alanin ve gliko-
zun da afinite gosterdigi belirtilmistir (Serrano-Nifio vd.,
2015).

Bu veriler 15181nda tiiketiciler i¢in diyetle akrilamid maruzi-
yetinin en aza indirilebilmesi amaciyla probiyotik tiirlerinin
kullanilabilecegi diisiiniilmektedir. Ancak daha fazla probi-
yotik tiirii ve ideal bakteri konsantrasyonu aragtirilarak de-
toksifikasyon seviyesi ve antimutajenik etki iyilestirilmeli-
dir.

Polisiklik Aromatik Hidrokarbon (PAH) Olusumu ve
Karsinojenik Ozellikleri

Polisiklik aromatik hidrokarbon (PAH), iki ya da daha fazla
benzen halkasi (karbon ve hidrojen atomundan olusan) ice-
ren organik bilegenler grubudur ve fosil yakitlarin tamam-
lanmamis yanmasi sonucunda olusurlar. Bunlar hava kirle-
ticileri olduklar i¢in toprak ve suyu kontamine edebilir;
boylece de besin zincirine girebilirler. PAH’lar renksiz,
suda az ¢oziinen, yiiksek erime ve kaynama noktasina ve dii-
stiik buhar basinci sahip lipofilik maddelerdir. 100’den fazla
PAH tiirli tamimlanmis olmasina karsin Amerika Birlesik
Devletleri Cevre Koruma Birimi (EPA) besin kaynakli te-
mel bulasan olarak 16 PAH tiirii belirtmistir. Bunlar, nafta-
lin, asenaftilen, asenaften, fliiorin, antrasen, fenantren, fliio-
ranten, piren, krisen, Benz[a]antrasen, Benzo[b]floranten,
B[a]P, Benzo[k]floranten, Indeno[1,2,3-cd]piren, Benzo|g,
h, i]perilen, Dibenz[a, h]antrasenden’ dir (Khorshidian vd.,
2016).

PAH’lar besinlerde atmosferde biriken komiir ve petrol gibi
yakitlarin yanmasi sonucu olusan dumanlardan ya da besin-
lerin pisirilmesi ve islenmesi sirasinda uygulanan yiiksek si-
cakliga maruziyetle olugmaktadir. Ozellikle barbekii, ka-
vurma, kizartma, kurutma ve tiitsiilleme gibi islemler besin-
lerde PAH olusumuna neden olmaktadir ve dolayisiyla ¢ig
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ya da islem goérmemis besinlerde ¢evreden bir kontaminas-
yon olmadigi stirece PAH diizeyi oldukga diisiiktiir. Besin-
lerde PAH olusumunu etkileyen en dnemli etmenler besine
uygulanan pigirme yontemi ve 1s1l islemin kaynagi, besinin
kiirleme ajanlar1 ile muamelesi ve besinin yag icerigidir
(Ayaz, 2014).

Polisiklik Aromatik Hidrokarbonlarin Detoksifikasyonu

PAH seviyelerini azaltmak i¢in etanol gibi solvent ekstrakt-
lar1 ya da aktive karbon gibi adsorban maddeler etkili ol-
maktadir. Bunun diginda probiyotiklerin antimutajenik akti-
vitesinin PAH’lar i¢in de etkili olabilecegi diisiiniilmektedir
(Khorshidian vd., 2016).

Pei-Ren, Cheng-Chun, Ya-Hui (2002) yaptiklar1 ¢aligmada
alt1 bifidobakteri tiiriiniin (B. adolescentis CCRC 14606, B.
bifidum CCRC 146 15, B. breve CCRC 11846, B. infantis
CCRC 14633, B. longum CCRC 14634 ve B. lactis Bb-12)
in vitro ortamda benzo[a]- pyrene (BaP) ne kars1 antimuta-
jenik aktivitesini tespit etmisler, sonunda da B. lactis ve B.
longum tiirlerinin daha yliksek aktivite gosterdigini belirt-
mislerdir (Pei-Ren, Cheng-Chun, Ya-Hui, 2002). Baska bir
calismada ti¢ laktik asit bakterisinin (B. bifidium, S. ther-
mophilus ve L. bulgaricus) inkiibasyon siiresine gore degis-
mekle birlikte toplam PAH diizeyinde (4 ug/mL) %46.6-
94.9 oraninda azalma sagladig1 gosterilmistir (Abou-Arab
vd., 2010). Benzeri ¢alismalarda da BaP {lizerinde birgok
farkli laktik asit bakterisinin etkin baglanma saglayarak in
vitro ve besin modelinde BaP seviyesini 6nemli diizeylerde
azalttig1 gosterilmistir (Bartkiene vd., 2017; Zhao vd, 2013).
Ayrica bu baglanmanin fiziksel bir tutunma oldugu ve bak-
teri hiicre duvari bileseni peptidoglikan ve yapisal biitiinlii-
glinlin BaP baglanmasinda olduk¢a 6nemli bir rol oynadig:
diisiincesine varilmistir (Pei-Ren vd., 2002; Zhao vd.,
2013).

Sonug¢

Probiyotik bakterilerin ispatlanmig antimutajenik etkileri ve
insan saghig1 tlizerindeki diger faydali etkileriyle birlikte,
HAA, akrilamid ve PAH gibi besin karsinojenlerinin detok-
sifikasyonuna yonelik yapilan in vitro ¢aligsmalardan elde
edilen olumlu sonug¢lar umut vadetmektedir. Bu detoksifi-
kasyonun yiiksek oranda fiziksel baglanmayla gergeklestigi
ve bu fiziksel baglanmanin da hiicre duvari bilesenlerinin
(6zellikle peptidoglikan) etkisiyle olustugu tlizerinde durul-
maktadir. Bu nedenle de baglanma diizeyinin her bakteriye
0zgii oldugu, ayrica da bakteri miktari, ortam kosullari, tok-
sin tiird vb. etkenlere gore degistigi diisiiniilmektedir. Bir-
cok mutajen i¢in biyolojik detoksifikasyon amaciyla kulla-
nilan probiyotik bakterilerle ilgili en iyi detoksifikasyon dii-

zeyinin saglanabilmesi i¢in daha farkl: tiirde probiyotik bak-
terilerin arastirilmasi, besin ve sindirim sistemi (in vitro di-
gestion) modelli ¢aligmalarin artirilmasi ve bu ¢aligmalarin
prebiyotikler, antioksidan molekiiller gibi biyoaktif bilesen-
lerle birlikte kullanimlarinin baglama kapasiteleri {izerine
etkilerine yonelik kapsamli ¢aligmalarin yapilmasi1 gerek-
mektedir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gergek, potansiyel veya
algilanan ¢ikar ¢atismasi olmadigini beyan etmislerdir.
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ABSTRACT

The problems on identification of Staphylococcus aureus isolates from cheese samples were
investigated by phenotypic and genotypic tests in this study. Among 207 Staphylococcus spp.
isolated from 31 cheese samples, 23 isolates that were Gram positive, catalase and slide coagulase
positive, with 1 isolate that was latex agglutination test negative showed different phenotypic
properties. Polymerase chain reaction (PCR) and quantitative PCR (qPCR) analyses showed that
DNase test and target genes (nuc, coa) regarded as gold standard regions for S. aureus were not
found to be unique for identification of S. aureus. The toxin genes (SEA-SEE) were not detected by
PCR. Antibiotic resistance profiles of S. aureus isolates demonstrated that two isolates were resistant
to penicillin G. This study showed that the unique phenotypic and genotypic test was not adequate
for identification of S. aureus isolates. There was no correlation between the presence of the nuc
gene and toxin genes. The presence of nuc gene which was used for detection of S. aureus was also
found to be present in other Staphylococcus isolates. As a conclusion, the results revealed that
biochemical tests could lead to false positive results for identification of S. aureus. The presence of
nuc gene is not correlated with the presence of foxin genes.

Keywords: Staphylococcus aureus, PCR, Identification, Antibiotic resistance
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Introduction

Staphylococcus aureus (S. aureus) is one of the most signif-
icant bacterial pathogens for human health and commonly
involved in bacterial infections and food poisoning out-
breaks worldwide (Chapaval et al., 2008; Ertas et al., 2010).
Heat stable enterotoxins produced by specific strains of S.
aureus are significant agents in staphylococcal food poison-
ing cases (Guven et al., 2010). The pathogenesis of S. aureus
infection could be related to secretion of extracellular toxins
and enzymes such as coagulase, DNase, thermonuclease etc
(Kong et al., 2016). Milk and dairy products are pasteurized
to eliminate high contamination levels of S. aureus; how-
ever, toxins produced by the bacterium are not inactivated
in this process (Peles et al., 2007; Akineden et al., 2008).
Several antibiotics are used to eliminate the diseases in ani-
mals and the bacterial intoxication cases. The common anti-
biotic use for treatment of animals and preservation of milk
has caused development of antibiotic resistance (Alian et al.,
2012).

Molecular methods can distinguish differences among
closely related species as demonstrated by many researchers
(Gicovaetal., 2014; Villarreal et al., 2013; Kabadjova et al.,
2002). Molecular methods can be used for identification of
S. aureus to control the invasiveness of this bacterium
among human, animal, and food (André et al., 2008). Sur-
face proteins, invasions, toxins, biochemical properties, and
inherent and acquired resistance to antimicrobial agents are
the main virulence factors of S. aureus (Franklin and Lowy
1998; Stutz et al., 2011). Staphylococcal enterotoxins are
the important virulence factors involved in pathogenicity of
S. aureus (Huong et al., 2010). Staphylococcal food poison-
ing is caused by ingestion of foods contaminated with S. au-
reus that include one or more enterotoxins (Vasconcelos and
Cunha 2010). Therefore, it is significant to detect and iden-
tify S. aureus in food samples. The presence of the nuc gene
coding thermostable nuclease enzyme was used as an indi-
cation of S. aureus contamination in several studies (Alar-
con et al., 2006; Aprodu et al., 2011; Hein et al., 2001; Lem
et al., 2001). The nuc gene was used together with coa gene
for identification of enterotoxigenic S. aureus strains by an-
alyzing with PCR method (Cremonesi et al., 2007). PCR
amplification of coa gene was regarded as a gold standard
when compared to tube coagulase test (Tiwari et al., 2008).
The genes encoding 23S rRNA, 16S to 23S rRNA spacer
region, and 16S rRNA were used to confirm the biochemical
test results for identification of S. aureus (Akineden et al.,
2008; Gomez et al., 2007; Phuektes et al., 2003).

The identification of S. aureus can be carried out inaccu-
rately based on unique phenotypic or genotypic tests. Stud-
ies on S. aureus showed that there were some contradictory
results on identification of S. aureus. The phenotypic and
genotypic tests can lead to misidentification by the impact
of environmental factors on gene expression (Gandra et al.,
2005).

Although several studies have been reported on the isolation
and identification of the isolated S. aureus strains from Tur-
key, there have been only limited numbers of studies on the
investigation of this bacterium from western part of the
country. Another distinguishing point in our study is the
comprehensive evaluation of latex agglutination test, tube
coagulase and DNase activity tests with the presence of nuc
and coa genes. The main objective of this study is to carry
out the molecular and biochemical identification of S. au-
reus strains isolated from white cheese samples from three
different locations in western part of Turkey. In addition,
antibiotic sensitivities and toxin production properties were
also characterized. Genetic relatedness of the isolates was
determined by sequencing of the 16S rDNA region. Antibi-
otic resistance profiles of the isolates were obtained by per-
forming the antibiotic susceptibility tests of the isolates to
the 31 antibiotics and by searching the presence of mecA
gene by PCR analysis.

Materials and Methods

Isolation and Identification of Strains

A total of 207 strains were purified from 31 unpackaged
cheese samples purchased from local markets in western
Turkey (cities of Izmir, Manisa, and Aydin). Twent five
gram cheese samples were homogenized in 225 mL of ster-
ile 0.1% buffered peptone water (Merck, Darmstadt, Ger-
many). Serial dilutions were prepared up to 10 and 0.1mL
aliquots were plated on Baird-Parker agar (BD-Difco,
Sparks, Maryland) supplemented with egg yolk tellurite
(BD-BBL, Sparks, Maryland) and incubated at 37°C for 24—
48 h. The typical and atypical bacterial colonies isolated
from the incubated plates were transferred into tryptic soy
broth medium for enrichment. The enriched bacteria were
subcultured using streak plate technique. Gram staining, cat-
alase, latex agglutination and tube coagulase, DNase activ-
ity and mannitol fermentation tests were performed. DNase
activity test was performed by inoculating the culture to the
DNase test agar and grown for 24h at 37°C. 37 % HCl solu-
tion was poured onto the colonies for 5 minutes and ob-
served for the clear zone around the colonies. Coagulase test
was performed in two ways as tube coagulase test and latex
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agglutination test. Latex agglutination test was carried out
by using latex agglutination test kit. Tube coagulase test was
performed for the determination of free coagulase produc-
tion of the isolates, for this, coagulase plasma (0.5 mL) in
the clean test tube was mixed with the tested isolate. The test
tube was incubated at 37°C and observed every 30 minutes
for clotting by gently shaking the tube (Sperber and Tatini,
1975; Kateete et al., 2010). All purified isolates were stored
at -80°C for further analysis. S. aureus RSKK 1009 was
used as positive control in the study.

Bacterial DNA Extraction

Overnight tryptic soy broth culture (0.2 mL) of each isolate
was transferred to eppendorf tubes and centrifuged at 15.000
x g for 5 min. The pellet was homogenized with 45 pL of
sterile deionized water. The cells were treated with lyso-
staphin (100 pg mL™") and incubated at 37°C for 1 h. Fol-
lowing this, 15 pL of proteinase K (100 pg mL™") and 150
uL of Tris-HCI (0.1 M, pH 7.5) were added. Cell suspen-
sions were incubated at 37°C for 1 h and subsequently held
in boiling water for 5 min. These cell lysates were stored at
-20°C (Sudagidan et al., 2008).

Quantitative PCR Analysis

The primers and probe targeting nuc gene were used as re-
ported by Alarcon et al. (2006). The TagMan probe was la-

Table 1. PCR amplification conditions

beled with 6-carboxy-fluorescein (FAM) and with 6-car-
boxy-tetramethyl-rhodamine (TAMRA) in 5" and 3" ends,
respectively. The size of the amplified nuc gene product was
expected to be 124 bp in length. Amplification assay of Tag-
Man based qPCR included in a total volume of 20 pL. This
mixture composed of 10X probes master, 500 nM of each
primer, 200 nM probe and 5 pL of template DNA. The ther-
mal cycling programme started with 95°C for 10 min of in-
cubation. 50 cycles of amplification included 95°C for 15 s
denaturation step, annealing at 60°C for TagMan probe. The
reaction ended with extention step at 72°C for 1 s. The data
analyses were carried out using LightCycler® 480 Instru-
ment software version 1.5 (Roche Diagnostics, Basel, Swit-
zerland).

PCR Amplification of the Targeted Genomic Loci

S. aureus strains were genotyped by PCR amplification tar-
geting 23S rDNA (Straub et al., 1999), the spacer region be-
tween 16S-23S (Forsman et al., 1997), clumping factor
(clfA4), X and IgG binding regions of the protein A and co-
agulase (coa) using the PCR as described previously
(Akineden et al., 2008). femA and sau regions were used as
internal amplification controls in PCR analyses (Mehrotra et
al., 2000; Holochova et al., 2010). PCR programme of am-
plification was given in Table 1.

Target gene

Amplification Program

23S rDNA

Pre-denaturation 5 min at 94°C, 37 cycles of denaturation at 94°C for 40 s, annealing at

64°C for 60 s, extension at 72°C for 75 s and a final extension of 3.5 min at 72°C.

16 S- 23 StDNA

Pre-denaturation 5 min at 94°C, 30 cycles of denaturation at 94°C for 30 s, annealing at
55°C for 30 s, extension at 72°C for 30 s and a final extension of 3.5 min at 72°C.

Cif4 Pre-denaturation 5 min at 94°C, 35 cycles of denaturation at 94°C for 60 s, annealing at
57°C for 60 s, extension at 72°C for 60 s and a final extension of 3.5 min at 72°C.
Nuc Pre-denaturation 5 min at 94°C, 37 cycles of denaturation at 94°C for 1 min, annealing
at 55°C for 30 s, extension at 72°C for 30 sec and a final extension of 3.5 min at 72°C.
Coa, Spa Igg Pre-denaturation 5 min at 94°C, 30 cycles of denaturation at 94°C for 60 s, annealing at
58°C for 60 s, extension at 72°C for 60 s and a final extension of 3.5 min at 72°C.
Spa X Pre-denaturation 5 min at 94°C, 30 cycles of denaturation at 94°C for 60 s, annealing at
60°C for 60 s, extension at 72°C for 60 s and a final extension of 3.5 min at 72°C.
femA Pre-denaturation 5 min at 94°C, 35 cycles of denaturation at 94°C for 2 min, annealing
at 57°C for 2 min, extension at 72°C for 60 s and a final extension of 7 min at 72°C.
Sau Pre-denaturation 3 min at 94°C, 30 cycles of denaturation at 94°C for 45 s, annealing at

56°C for 60 s, extension at 72°C for 90 s and a final extension of 7 min at 72°C.
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Detection of Toxin Production and Toxin Genes in S.
aureus Strains

Enterotoxin production was investigated for all S. aureus
strains isolated using SET-RPLA Toxin kit (Oxoid, Hamp-
shire, UK) according to manufacturer’s instructions. The en-
terotoxin genes (SEA-SEE) were amplified using the pri-
mers reported previously (Akineden et al., 2008). S. aureus
reference strains with SEA (619/93), SEB (62/92), SEC
(1229/93), SED (1644/93), SEE (FRI 918) were used as
toxin positive controls. The PCR program was performed
following 30 cycles of 94°C for 5 min, 94°C for 120 sec,
55°C annealing temperature for toxins A, B and E, 50°C an-
nealing temperature for toxins C and D, 72 °C for 60 and
final extension of 72°C for 3.5 min. The amplification was
carried out with thermal cycler (Bio-Rad, California, USA).

Antimicrobial Disc Susceptibility Test and Detection of
mecA Gene

The isolates were tested for antibiotic susceptibility using
agar disc diffusion method using Mueller Hinton agar ac-
cording to the Clinical and Laboratory Standards Institute
(CLSI 2006). The antibiotics included were amoxycil-
lin/clavulanate, ampicillin/sublactam, cefoxitin, cephazolin,
clindamycin, chloramphenicol, ciprofloxacin, clarithromy-
cin, fusidic acid, gentamycin, imipenem, kanamycin,
levofloxacin, linezolid, moxifloxacin, neomycin, norfloxa-
cin, ofloxacin, oxacillin, penicillin G, piperacillin/tazobac-
tam, quinupristin/dalfopristin, rifampicin, teicoplanin, tetra-
cycline, ticarcillin/clavulanate, tigecycline, tobramycin, tri-
methoprim-sulfamethazole, vancomycin, enrofloxacin (Ox-
oid, Hampshire, United Kingdom). Twenty of the antibiot-
ics were in the critically important, 7 were selected from
highly important, 4 antibiotics were selected from important
class of antibiotics. The inhibition zone diameters were clas-
sified susceptible, intermediate or resistant according to
CLSI (2006) and Comite de’Antibiogramm de la Societe
Francaise de Microbiologie (for fusidic acid) (2001). The
primers and PCR method given by Lem et al. (2001) were
used for the detection of methicillin resistance gene (mecA4).
PCR consisted of 40 cycles starting with an initial incuba-
tion of 95°C for 5 min followed by 95°C for 20 sec, 63°C
for 45 sec annealing, 72°C for 45 sec extension and final
incubation of 72°C for 5 min.

Sequence Analysis

The bacterial strains were identified by using the primers
amplifying 350 bp fragment of 16S ribosomal DNA gene.
The primers were: Forward primer: 5
AGAGTTTGATCCTGGCTCAG-3" Reverse primer: 5'-
CCCACTGCTGCCTCCCGTAG-3’

The reaction conditions and primers were used as described
by Riyaz-Ul-Hassan et al. (2008). The amplified products
were purified and sequenced with Genetic Analyzer 3130
XL (Applied Biosytems, California, USA). One forward pri-
mer was used for sequencing. The sequences obtained were
compared with the sequences in the NCBI database with
BLAST Analysis. The sequences were aligned with Clus-
talW program adapted to Mega 5.2 program (Tamura et al.
2011). Phylogenetic distance tree was constructed with
Maximum Likelihood method with phylogency test of Boot-
strap method with 1000 replications to investigate the simi-
larity between different isolates.

Results and Discussion

Identification of the Isolates

Due to the importance of the S. aureus as an important food-
borne pathogen, it is necessary to characterize S. aureus
strains isolated from white cheese samples and to investigate
these strains by toxin typing. For this purpose 207 strains
were obtained from 31 different cheese samples. Twenty
four (24) isolates that were Gram positive and catalase pos-
itive and gave at least one positive reaction to DNase activ-
ity, mannitol fermentation and latex agglutination tests were
further investigated for the presence of coa and nuc genes
and sequence analyses. The presence of nuc gene was ex-
amined with qPCR analysis. A total of 3 of the isolates were
identified as S. aureus according to all biochemical test,
PCR, qPCR and sequence analysis results with higher than
93% sequence identity. The test results of the isolates to
these analyses are given in Table 2.

Previously, it was reported that there is no single test that
can definitely identify S. aureus (Kateete et al., 2010). Bio-
chemical tests are not enough for reliable identification of S.
aureus strains. For this reason both biochemical and genetic
tests were carried out for correct identification of the iso-
lated strains. Comparative analyses such as latex agglutina-
tion test, tube coagulase test, and coa and nuc gene presence
were examined to choose the gold standard method for iden-
tification of S. aureus. Tube coagulase test has been used for
differentiation of S.aureus in most of the studies (Malathi et
al., 2009; Akineden et al., 2011). In one of these studies;
latex agglutination test, Slidex Staph plus test and tube co-
agulase test were compared. Analysing the presence of coa
gene by PCR was used as a gold standard for detection of S.
aureus and tube coagulase test was recommended as routine
test to correctly differentiate S. aureus from coagulase neg-
ative staphylococci (Tiwari et al., 2008). However, it is im-
portant that coagulase negative strains of S. aureus have also
been reported. In these studies, the isolates gave negative
reaction to tube coagulase test, but they all carried coa gene
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when amplified with PCR (Vandenesch et al., 1994;
Akineden et al., 2011).

gPCR amplification of nuc gene has been used as a gold
standard for the detection of S.aureus in many studies (Hein
etal., 2001, Alarcon et al., 2006, Esan et al., 2009). The nuc
gene was reported to have S. aureus species specific se-
quences (Asfour and Darwish, 2011). In this study, the re-
sults showed that 3 isolates (16, 20, 21) identified as Staph-
ylococcus spp. that tested negative in tube coagulase test
were positive for the coa gene. Also 2 of the isolates (15,
20) that were tube coagulase negative had the nuc gene.
These isolates gave positive reaction to latex agglutination
test.

The isolates harbouring the nuc gene could not be identified
as S. aureus by sequence analyses. The common property of
these isolates was that they did not show DNase activity.
The sequence analyses were performed to investigate the ge-
netic similarity of the isolates using 16S rDNA gene se-
quences. The distance tree showing the genetic relatedness
of the isolates is given in Figure 1. But there were no definite
clusters among the S. aureus isolates and other isolates. The

isolates 1, 3, 4, 5 and S. aureus RSKK 1009 which was used
as positive control (PC) were found closer to each other un-
der the same branch of the tree. The isolate 18 which was
sequenced as S. carnosus was grouped with S. hyicus and S.
intermedius apart from the other isolates.

Virulence Properties of the Isolates

The virulence properties of S. aureus isolates were investi-
gated by PCR analysis. Several target regions including the
23S rDNA, the spacer region between 16S-23S rDNA, coa,
clf, spaX, and spalgG were amplified in the bacterial ge-
nome using PCR method. Sau and femA regions were used
as internal controls in several studies for confirmation of the
presence of S. aureus (Mehrotra et al., 2000; Holochova et
al., 2010). The results of the PCR experiments are given in
Table 3. As the results indicated, except for 16S-23S region,
all of the target regions tested positive to the isolated strains.
Also, in correlation to our study, 5 of the 64 isolates which
were confirmed as S. aureus tested negative for the 165-23S
rDNA intergenic spacer region in a previous study
(Akineden et al., 2008).

Table 2. Biochemical test results, PCR, qPCR and sequence analyses results of the isolates.

Sample Gram  Catalase La‘t X DNase Mannitol Tube
code staining test agglutination activity ferm. coagulase coa nuc Sequence
test test
PC + + + + + + + + S. aureus (97%)
1 + + + + + + + + S. aureus (94%)
2 + + + + + + + + S aureus (98%)
3 + + + + + + + + S aureus (90%)
4 + + + - + + + +  S.pasteuri (85%)
5 + + + - + + + +  S.saprophyticus (83%)
6 + + + - - - - - Staphylococcus spp.(97%)
7 + + - - + - - - S epidermidis (99%)
] + + + - - - - - Macrococcus spp. (92%)
9 + + + - - - - - Staphylococcus spp.(87%)
10 + + + - - - - - Staphylococcus spp.(93%)
11 + + + + - - - - S. carnosus (86%)
12 + + + + - - - - S. carnosus (99%)
13 + + + - + - - - S. aureus (83%)
14 + + + - - - - - S.carnosus (85%)
15 + + + - + - - + S xplosus (88%)
16 + + + - - - + - Uncultured bacterium (91%)
17 + + + + + - - - S. sciuri (83%)
18 + + + - + - - - S. carnosus (81%)
19 + + + - + - - - S saprophyticus (86%)
20 + + + - + - + + S. equorum (81%)
21 + + + - - - + - S. carnosus (99%)
22 + + + - + - - - S. xylosus (98%)
23 + + + - + - - - S. saprohyticus (88%)
24 + + + + + - - - Staphylococcus spp. (84%)

PC: Positive control (S. aureus RSKK 1009)
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5. hyicus

A ARALITE

5. intemmedius

Figure 1. Genetic relatedness of Staphylococcus isolates

Toxin Production Ability of the Isolates

The presence of the enterotoxin genes were also investigated
by application of PCR targeting SEA, SEB, SEC, SED and
SEE, but none of the strains were found to contain these
toxin genes in their genomes. This result was in accordance
with the results obtained using the toxin detection kit.

Staphylococcus strains produce thermonuclease that de-
grades both DNA and RNA. The nuc gene encoding ther-
monuclease protein has species-specific sequences
(Brakstad et al., 1992). Detection of toxin genes does not
necessarily indicate that the organism produces biologically
active molecules or toxins. In a food system, PCR detection
of toxin genes coupled with the specific detection of the pro-
ducing species (nuc-PCR) represents the potential of toxin
formation in food and hazardous food products due to the
level of contamination (Ercolini et al., 2004). In this study,
the correlation between the presence of nuc gene and toxin

genes was not found. The production of toxins was also
tested by toxin test kit, but the results were in accordance
with the PCR analyses of toxin genes.

Antibiotic Resistance Profiles of the Isolates

Antibiotic resistance is an important issue for transmission
of S. aureus isolates to humans and the use of antibiotics as
therapeutic purposes or growth promoters in animal hus-
bandry (Alian et al., 2012). In this study, susceptibilities of
the 3 isolates to 31 different antibiotics were investigated by
agar disc diffusion method. Antibiotic resistance profiles of
these isolates are shown in Table 4. All of the isolates were
found to be susceptible to amoxycillin, ampicillin, cephaz-
olin, chloramphenicol, ciprofloxacin, clindamycin, gen-
tamycin, imipenem, kanamycin, levofloxacin, linezolid, of-
loxacin, oxacillin, rifampicin, teicoplanin, tetracycline, to-
bramycin, trimethoprim-sulfamethazole, vancomycin, en-
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rofloxacin. In our study, it was found that 2 (2, 3) of the iso-
lates were found to be resistant to Penicillin G. This can be
related to the common use of penicillin for treatment of in-
fections in humans and animals (Yucel et al., 2011). One
isolate (1) showed intermediate resistance to fusidic acid.
Similarly Sudagidan et al. (2010) investigated the antibiotic
susceptibilites of S. aureus strains isolated from 1070 food

Table 3. PCR analysis results of S. aureus isolates.

samples and found that most of the strains were resistant to
penicillin G from the samples collected from Marmara re-
gion of Turkey. In another study, antibiotic resistance tests
of 138 S. aureus strains isolated from 413 food samples ob-
tained from Eskisehir and Kiitahya provinces in Turkey il-
lustrated that many of the strains showed high resistance to
penicillin G (Guven et al., 2010).

Sample code no 23S rDNA 16S-23S coa clf spaX spalgg femA sau

1 + - + + + + + +

2 + - + + + + + +

3 + - + + + + + +

PC + + + + + + + +
PC: Positive control (S. aureus RSKK 1009)
Table 4.Antibiotic resistance profiles of S. aureus isolates.
Isolates Zone diameters

Antibiotics Name Code 1 2 3 R 1 S
Amoxycillin/clavulanate AMC30 43 29 30 <19 >20
Ampicillin/sublactam SAM?20 40 20 25 <11 12-14 >15
Cefoxitin FOX30 33 33 33 <21 >22
Cephazolin KZ30 38 35 27 <14 15-17 >18
Chloramphenicol C30 31 25 29 <12 13-16 >17
Ciprofloxacin CIP5 33 32 31 <15 16-18 >19
Clarithromycin CLR15 34 28 29 <13 14-17 >18
Clindamycin DA2 35 29 28 <14 15-20 >21
Fusidic acid FDI10 20 32 34 <15 16-21
Gentamycin CN120 40 31 31 <12 13-14
Imipenem IPM10 51 50 52 <13 14-15
Kanamycin K30 33 24 25 <13 14-17
Levofloxacin LEVS 31 33 33 <15 16-18
Linezolid LZD30 36 31 33 >21
Moxifloxacin MXFS5 33 34 35 <20 21-23 >24
Neomycin N30 30 23 24
Norfloxacin NORI10 29 30 30 <12 13-16 >17
Ofloxacin OFX5 28 31 30
Oxacillin ox1 13 24 26 <10 11-12 >13
Penicillin G P10 33 21 22 <28 >29
Piperacillin/tazobactam TZP110 38 27 27 <17 >18
Quinupristin/dalfopristin QD15 33 27 28 <15 16-18 >19
Rifampicin RD5 40 33 35 <10 17-19 >20
Teicoplanin TEC30 21 19 20 <10 11-13 >14
Tetracycline TE30 43 34 35 <14 15-18 >19
Ticarcillin/clavulanate TIMS85 35 34 33 <22 >23
Tigecycline TGCI15 36 28 30 >20
Tobramycin TOBI10 34 24 25 <12 13-14 >15
Trimethoprim-sulfamethazole SXT25 37 33 34 <10 11-15 >16
Vancomycin VA30 23 20 21 >15
Enrofloxacin ENRS 31 33 33 <13 14-22

R: Resistant I: Intermediate Resistance S: Susceptible zone diameter standards reported by Clinical and Laboratory Standards Institute.
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As reported by Alian et al. (2012), S. aureus strains isolated
from milk samples were most commonly resistant to ampi-
cillin (54.3%), followed by oxacillin (28.3%), tetracycline
(26.1%), penicillin G (23.9%), erythromycin (23.9%), tri-
methoprim-sulfamethoxazole (17.4%) and cephalotin
(2.2%). It was evident that the isolates were resistant to §3-
lactams which were in accordance with our findings. Mi-
randa et al. (2009) investigated the antibiotic resistance pro-
files of S. aureus isolated from conventional and organic
cheeses and concluded that raw and pasteurized milk con-
ventional cheese samples showed higher levels than pasteur-
ized milk organic cheese samples for ciprofloxacin, penicil-
lin, oxacillin and rifampicin. MecA gene that is highly con-
served in methicillin resistant S. aureus strains provides re-
sistance to methicillin and all other B-lactam antibiotics
(Chambers, 1997). The susceptibility results to oxacillin,
vancomycin, and erythromycin in the disc diffusion test
were supported by PCR analysis of mecA gene which re-
veals that none of the isolates were resistant to methicillin.

Conclusions

The results indicated that the target genes (coa, nuc) that
were regarded as gold standard regions for S. aureus were
not found to be unique for the identification of S. aureus.
The DNase activity which was used as a discriminatory test
for S. aureus was not unique to S. aureus isolates. In addi-
tion, this study revealed that the presence of nuc gene did
not correlate with the DNase activity. No correlation was
observed between the nuc gene and enterotoxigenecity.
Three isolates were confirmed as S. aureus by using pheno-
typic tests, genotypic tests, and sequencing. These isolates
were found to be resistant to Penicillin G only with slight
resistance to fusidic acid. In conclusion, sequencing of the
ribosomal DNA solely and only using phenotypic tests in
the identification of S. aureus was not enough for correct
identification of the isolates. In order to identify correctly all
the genetic and phenotypic markers should be evaluated to-
gether.
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ABSTRACT

The chemical composition (lipids, fatty acids, proteins, amino acids, starch, dietary fiber, sterols
and tocopherols) of two Emmer wheat [ Triticum dicoccum (Schrank) Schiibler=Triticum dicoccon
Schrank] cultivars grown under the same condition in Greece was analyzed. Starch accounted for
the highest percentage of the detected substances (67.1-69.4%), followed by proteins (16.1-17.5%)
and dietary fiber (ADF 2.1-2.5% and aNDF 5.7-12.0%). The main fatty acids in the lipid fractions
(1.36-1.62%) were oleic (35.4-37.0%), palmitic (28.0-31.5%) and linoleic (23.3-28.9%) acids.
y-Tocotrienol (46.1-53.2%), a-tocopherol (28.6-34.4%) and B-tocopherol (15.9-17.8%) predomi-
nated in the tocopherol fraction, and f-sitosterol (61.3-67.0%) and campesterol (31.3-37.3%) in
the sterol fraction. Arginine (10.8-13.2 g/100 g protein), proline (8.7-13.0 g/100 g protein) and
tyrosine (8.3-9.2 g/100 g protein) dominated in the amino acids.

Keywords: Emmer wheat [Triticum dicoccum (Schrank) Schiibler], Bioactive components, Dietary
fiber, Sterols, Fatty acids, Amino acids
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Introduction

Cultivated emmer wheat (Triticum dicoccum (Schrank)
Schiibler) from the Poaceae family is one of the oldest crops
in the world and is cultivated by organic farmers in many
countries in Central Europe (Arzani and Muhamad, 2017;
Curna and Lacko-Bartogova, 2017; Konvalina et al., 2012;
Koutis, 2015; Lacko-BartoSova et al., 2015). Emmer is tet-
raploid wheat (AABB genome, 2n=4x=28 chromosomes)
characterized by specific properties owing to the starch, pro-
teins and fiber contained in it, therefore it plays a role as a
functional food ingredient.

Different studies on the chemical composition of emmer
have determined the effect of the soil and climatic condi-
tions, crop culture, its varieties and cultivars (Castagna et
al., 1996; Fares et al., 2008; Hejtmankova et al., 2010; Ser-
pen et al., 2008; Suchowilska et al., 2012).

According to the study of Curnd and Lacko-BartoSova
(2017), emmer wheat has higher levels of protein (13.5-
19.05%), starch (55.4-73.3%), dietary fiber (10-12%)), lipids
(2.4-3.0%) and total tocopherols (19.7-69.85 mg/g). The pri-
mary fatty acid is linoleic (60% of the total fatty acids), fol-
lowed by oleic (19% of the total fatty acids), and palmitic
(16% of the total fatty acids).

A study by Konvalina et al. (2008) investigated the amino
acid composition of six varieties of emmer from different
geographical regions in the Czech Republic. The authors es-
tablished that the emmer grains were characterized by high
protein and amino acid content. No significant differences
were observed in the lysine, threonine, leucine, tyrosine and
phenylalanine content, which are the limiting amino acids
among the tested varieties.

Lachman et al. (2011) established that the selenium content
in emmer grains (58.9-68.4 pg/kg) was related to varieties.
Total polyphenols (expressed in gallic acid equivalents) pre-
vailed in emmer varieties (584-692 mg/kg).

Suchowilska et al. (2012) analyzed the concentrations of
macro- and microelements in the whole emmer grain and
observed that the main macroelements were P (5.12 g/kg)
and K (4.39 g/kg), and the main microelements were Zn (54
mg/kg), Fe (49 mg/kg), and Mn (24 mg/kg).

Despite the studies carried out, there is different information
about the chemical composition of emmer wheat cultivars.
Therefore, the specific object of this study was to determine
the chemical composition of two Emmer wheat cultivars (7.
dicoccum (Schrank) Schiibler) grown in Greece, as a poten-
tial source for the isolation of bioactive compounds due to
their prospective utilization in various industries.

Materials and Methods
Plant Material

The emmer (Triticum dicoccum (Schrank) Schiibler) culti-
vars Nari Nigrocyat (Greek origin) and Farro (Italian origin)
were collected from the village of Kukos (North Greece) in
October 2017.

The plant species were identified as Triticum dicoccum
(Schrank) Schiibler=Triticum dicoccon Schrank by the
Botany Department of Paisii Hilendarski University of
Plovdiv, Bulgaria.

The grain moisture was determined according to the method
of Russian Pharmacopoeia (1990). The biologically active
substances were analyzed in the samples, and the values
were represented on the basis of absolute dry weight.

Dietary Fiber

Acid Detergent Fiber (ADF) was determined after acid hy-
drolysis at 100 °C with reflux condenser of the milled grain
with 1.00 N H,SOs in the presence of cetyltrimethyla-
monium bromide for 1 hour (Undersander et al., 1993).

Neutral Detergent Fiber (aNDF) was determined after boil-
ing milled grain in phosphate borate buffer with pH=6.95-
7.05 in the presence of disodium EDTA and sodium lauryl
sulfate, and after 10 min treatment with thermostable a-am-
ylase (Termamyl®) was applied for 1 hour (Undersander et
al., 1993).

Starch

Starch content was subjected to polarimetric evaluation after
partial hydrolysis in the presence of 1.124% H»SO4 and
elimination of proteins with 5% water solution of phospho-
tungstic acid (BIS 13488, 1974).

Protein Content

Determination of the total protein content was carried out
according to the Kjeldahl method described by AOAC
(2016). A UDK 152 System (Velp Scientiffica, Italy) was
used for the analysis.

Amino Acids

For the hydrolysis of the protein to free amino acids was
used the method of Nair et al. (1976). Subsequently, the
chemical score was counted, based on the FAO (1985) pat-
tern (threonine=3.4; valine=3.5; leucine=6.6; isoleu-
cine=2.8; tyrosine + phenylalanine=6.3; lysine=5.8)
(FAO/WHO, 1991).
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Lipid Fraction Isolation

The grains were processed according to standard methods
(ISO 659, 2014).

Fatty acids. The total fatty acid composition of the lipid
fraction was determined using gas chromatography (GC) af-
ter transmethylation of the respective sample with 2%
H,S0O4 in absolute CH3OH at 50°C (ISO 12966-2, 2011).
The analysis was conducted as it was described in the
method of ISO 12966-1 (2014). Determination of fatty acid
methyl esters (FAMEs) was performed on HP 5890 gas
chromatograph equipped with a 75 m x 0.18 mm x 25 um
(film thickness) capillary Supelco column and a flame ioni-
zation detector. The column temperature was programmed
from 140°C (hold 5 min), at 4°C/min to 240°C (hold 3 min);
the injector and detector temperatures were set at 250°C.
Identification was performed by comparison of the retention
times with those of a standard mixture of FAME subjected
to GC under identical experimental conditions.

Sterols. The unsaponifiable matter were determined by
weight after saponification of the lipids and extraction with
hexane (ISO 18609, 2000). The identification of sterols was
carried out by standard method (ISO 12228-2, 2014).

Tocopherols. Tocopherols were determined directly in the
lipids by HPLC using a Merck-Hitachi unit equipped with a
250 mm x 4 mm Nucleosil Si 50-5 column and a Merck-
Hitachi F 1000 fluorescent detector. The operating condi-
tions were as followed by the standart method (ISO 9936,
2016). The mobile phase was hexane: dioxane, 96:4 (v/v)
and the flow rate was 1 mL/min. The oil was diluted with
hexane (2% solution) and 20 pLL were injected. Tocopherols
were identified by comparing the retention times to those of
authentic individual tocopherols standards.

Statistical Analysis

The measurements were performed in triplicate for the reli-
ability and comparability of the data. The obtained values
are presented as mean value + standard deviation (SD). The
Microsoft Exel 2003 software was used to summarize the
data.

Results and Discussion

The chemical characteristics of Emmer wheat cultivars have
been shown in Table 1. The obtained results showed that
there were differences in the chemical composition of the
cultivars, which could be explained by their plant origin.
Both cultivars were characterized by higher starch (67.1-

69.4%) and protein (16.1-17.5%) content, and lower lipid
(1.4-1.6%) content. The values are barely distinguishable
from Lacko — Barto$ova and Curné (2017), who determined
chemical composition in four varieties emmer wheat grown
under conditions of organic farming system during 2011 and
2012. Although our results differ slightly from those of Gi-
acintucci et al. (2014), it could nevertheless be argued that
the variability could be explained by the method performed
in the analyses, as well as the growing conditions with re-
spect to geographical, soil, and climatic conditions and ge-
netic background of the cultivars (Curna and Lacko-
Bartosova, 2017).

The extracted lipid fraction was observed to be a yellow lig-
uid. The content of their biologically active components is
presented in Table 2. The data showed that unsaponifiable
matter were found to be 9.8 and 6.8% respectively in the oil
from the Farro and Nari Nigrocyat cultivars. The sterol con-
tent in the investigated fractions (2.2-2.7%) was higher but
still close to that of most plant oils, i.e. corn, sunflower, saf-
flower, in which the respective quantities were 0.4-0.9%
(Popov and Ilinov, 1986). The tocopherol quantity was
found to be considerably higher than that of other common
oils (Nosenko, 2017; CODEX STAN 210-1999). There
were observed differences in the total tocopherol content of
the oil from the two examined cultivars. Total tocopherols
in the oil from Farro cultivar were 2676 mg/kg, while in the
oil from Nari Nigrocyat cultivar were almost two times
lower (1546 mg/kg).

The fatty acid composition of the lipid fraction is presented
in Table 3. The data show that 15 fatty acids were deter-
mined in the lipid fraction from the samples, constituting
100% of the total oil content. In the Farro cultivar, the main
fatty acids were oleic (37.0%), palmitic (31.5%) and linoleic
(23.3%). The saturated:unsaturated fatty acid ratio was
35.9:64.1. The main fatty acids in the lipid fraction from the
Nari Nigrocyat cultivar were oleic (35.4%), linoleic (28.9%)
and palmitic (28.0%). The saturated:unsaturated fatty acids
ratio was 32.1:67.9. The fatty acid composition of the oil
from Farro and Nari Nigrocyat cultivars was slightly differ-
ent. The only differences were observed in the content of
palmitic and linoleic acid. The amount of the palmitic acid
in the triacylglycerols from Farro cultivar was higher than
in the lipids from Nari Nigrocyat, while the quantity of the
linoleic acid in the first cultivar was lower. No considerable
differences were observed in the content of the other fatty
acids.
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Table 1. Chemical composition of emmer grains

Composition, %

Farro Cultivar

Nari Nigrocyat Cultivar

Moisture 9.7+0.12 10.1 £0.15
Lipids 1.6 £ 0.01 1.4+0.01
Protein 17.5+0.25 16.1 £0.21
Starch 67.1+£1.20 69.4+1.30
Dietary fiber (ADF") 2.1£0.02 2.5+0.02
Dietary fiber (¢aNDF ") 5.7+ 0.06 11.9+0.16

" Acid Detergent Fiber; ~~ Neutral Detergent Fiber

Table 2. Lipid fraction composition

Compounds Farro Cultivar Nari Nigrocyat Cultivar
Sterols (%) 2.2+0.02 2.7+0.02
Tocopherols, mg/kg 2676 +40.10 1546 £ 20.11
Unsaponifiable matter (%) 9.8 £0.09 6.8 +0.06

Table 3. Fatty acid composition of the lipid fraction

Fatty acids, % (w/w)

Farro Cultivar

Nari Nigrocyat Cultivar

Ci20  Lauric 0.2+0.00 0.1 £0.00
Cis0  Myristic 0.4 +0.00 0.3£0.00
Ciso  Pentadecanoic 0.3+£0.00 0.2£0.00
Cieo  Palmitic 31.5+£0.28 28.0£0.26
C 61 Palmitoleic 0.2+0.00 0.2£0.00
Ci70  Margaric 0.2 £0.00 0.2£0.00
Cig0  Stearic 2.2+0.02 2.5£0.02
Cis1 Oleic 37.0+£0.31 354+0.30
Cis2  Linoleic (cis) 23.3+0.20 28.9+0.27
C 132  Linoleic (trans) 0.8 £0.00 0.8+0.00
C i3 a-Linolenic 1.2£0.01 1.1£0.02
Ca00  Arachidic 0.4 +£0.00 0.3£0.00
Ca1  Gadoleic 0.2 £0.00 0.2£0.00
Ca2  Eicosadienoic (cis) 1.4 +£0.01 1.3£0.01
C20  Behenic 0.7 £0.00 0.5£0.00
Saturated fatty acids 359 32.1
Unsaturated fatty acids 64.1 67.9

The obtained results about the fatty acid composition arenot ~ Tocopherols are a class of organic chemical compounds,

in agreement with the data found in the literature (Curnaand ~ many of which haV? vitamin E activity, where the main di-
Lacko-Bartogova, 2017). etary sources are olive and sunflower oils, soybean and corn

o ] ] oil (Popov and Ilinov, 1986). The tocopherol composition of

The Emmer wheat lipid fraction was found to contain very ¢ Jipid fraction has been presented in Table 4. The quantity
high amounts of the saturated palmitic acid (28.0-31.5%),  of tocopherols in the examined oils was found to be consid-
which was close to the levels in other oils (O'Brien et al., erably higher than that of other common oils (CODEX
2004). STAN 210-1999). jTocotrienol (46.1-53.2%) and o-to-
copherol (28.6-34.4%) predominated in the tocopherol frac-

tion, followed by S-tocopherol (15.9-17.8%). Our results are
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compatible to those reported by Konopka et al. (2012).
Some of the genotypes were more sensitive to the effects of
weather conditions in the growing cultivation year, whereas
others were relatively stable. It is reported that temperature
and moisture influenced the a-tocopherol content (Konopka
etal., 2012).

Sterols were present in the so-called non-saponificated part
of the lipid fraction. The individual sterol composition of the
lipid fraction has been presented in Table 5. fSitosterol
(61.3-67.0%) and campesterol (31.3-37.3%) predominated
in the sterol fraction. No significant differences were ob-
served in the sterol composition of the lipids from the exam-
ined cultivars. The data demonstrated that regarding its
sterol content and composition, emmer oil was similar to the
findings for other seed oil (CODEX STAN 210-1999).

The amino acid composition of the protein fraction has been
presented in Table 6. Leucine was the first limiting amino
acid (the chemical score varied from 0.1 to 0.2) and lysine
was the second limiting amino acid (the chemical score was
0.3 and 0.7). It was followed by valine (the chemical score
was 1.1 and 1.6), tyrosine and phenylalanine (the chemical
score was 1.6 and 1.7), threonine (the chemical score was
1.6 and 2.0), and isoleucine (the chemical score was 1.7 and
2.5). Obtained results were comparable to those reported in
literature. Konvalina et al. (2008) reported no considerable
differences in the content of the limiting amino acid lysine
between the tested varieties (the chemical score varied from
0.37 to 0.44); the second limiting amino acid threonine (the
chemical score varied from 0.66 to 0.73), leucine (the chem-
ical score varied from 0.80 to 0.84), tyrosine and phenylal-
anine (the chemical score varied from 0.92 to 0.96).

Table 4. Tocopherol composition of the lipid fraction

Tocopherols Farro Cultivar ~ Nari Nigrocyat
% (w/'w) Cultivar
a-Tocopherol 28.6 £0.25 344+£0.31
[S-Tocopherol 159+0.14 17.8+0.16
y-Tocopherol 2.3+£0.03 1.7+£0.02
y~Tocotrienol 53.2+0.30 46.1 £0.22

Table 5. Sterol composition of the lipid fraction

Sterols Farro Nari Nigrocyat

% (w'w) Cultivar Cultivar
Cholesterol 0.4 £0.00 0.3+£0.00
Campesterol 37.3+£0.35 31.3+0.30
Stigmasterol 0.4 +£0.00 0.5+0.00
[Sitosterol 61.3+0.59 67.0£0.62
A’-Avenasterol 0.4 +£0.00 0.9 £0.00
A’-Stigmasterol 0.2 +0.00 -

*Not identified

The comparative analysis of both varieties shows that they
are with close content of biologically active substances. Dif-
ferences are found in the values of dietary fiber (aNDF),
which is higher for Nari Nigrocya cultivar (11.9%) and to-
copherols for Farro cultivar (2676 mg/kg). These differ-
ences can be explained in part by the variety features, alt-
hough the plants are grown in the same region.

Conclusions

Consumers’ concerns about the food quality, the nutritional
value, methods of food production and the conditions under
which food are grown have increased. We have presented
the parameters such as fatty acids, proteins, amino acids,
starch, dietary fiber, sterols and tocopherols which were de-
termined in order to learn the nutritional value of the studied
two Emmer wheat cultivars grown in Greece. According to
the analyses conducted, the lipid extract contained unsapon-
ifiable substances, sterols, and tocopherols. Fifteen fatty ac-
ids were identified, and the main ones were oleic (35.4-
37.0%), palmitic (28.0-31.5%) and linoleic acid (23.3-
28.9%). y-Tocotrienol (46.1-53.2%), a-tocopherol (28.6-
34.4%) and f-tocopherol (15.9-17.8%) predominated in the
tocopherol fraction, and S-sitosterol (61.3-67.0%) and cam-
pesterol (31.3-37.3%) in the sterol fraction. Arginine (10.8-
13.2 g/100 g protein), proline (8.7-13.0 g/100 g protein) and
tyrosine (8.3-9.2 g/100 g protein), predominated in amino
acids. The results show that cultivars are with close content
of biologically active substances. Differences are found in
the values of dietary fiber (aNDF), which is higher for Nari
Nigrocya cultivar (11.9%) and tocopherols for Farro culti-
var (2676 mg/kg). After suitable chemical treatment, Em-
mer wheat cultivars (Triticum dicoccum (Schrank)
Schiibler) grown in Greece could be used as an alternative
source of starch and other biologically active substances
such as proteins and fiber. Based on the results, the two
Emmer wheat cultivars could be established as a potential
source for the isolation of bioactive compounds with possi-
bilities for application in food, cosmetics, pharmaceutical
and other products, and their studying is a potential subject
for future research.
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Table 6. Amino acid composition of the protein fraction

Farro Cultivar

Nari Nigrocyat Cultivar

Amino acids Content, Chemical Content, Chemical
g/100 g protein score g/100 g protein score
Asp 1.9 £0.01 - 0.3+£0.00 -
Ser 0.8 £0.00 - 2.9+£0.01 -
Glu 0.8 £0.02 - 1.5+0.01 -
Gly 2.3£0.01 - 6.7 £0.02 -
His 0.7 £0.00 - 0.6 £0.00 -
Arg 10.8 £0.20 - 13.2£0.10 -
Thr 5.5+£0.04 1.6 £0.00 6.7 +£0.01 2.0 £0.00
Ala 4.0£0.02 - 7.3+£0.02 -
Pro 8.7+ 0.07 - 13.0 £ 0.13 -
Cys 3.3+£0.00 - 3.3+£0.01 -
Tyr 8.3+0.07 - 9.2+0.12 -
Val 3.7+£0.02 1.1 £0.00 5.7+0.00 1.6 £ 0.00
Met 0.8 £0.01 - 1.5+0.00 -
Lys 1.8 £0.00 0.3+£0.01 4.2 +£0.01 0.7 £0.00
Ile 4.8+£0.02 1.7 £0.00 7.0 £0.02 2.5+£0.01
Leu 0.8 £0.01 0.1+ 0.00 1.3+£0.00 0.2 +£0.00
Phe 1.5 +£0.00 1.6* £ 0.01 1.5+0.01 1.7* £ 0.01

* tyrosine + phenylalanine
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oz

Yaygin olarak ¢orba seklinde tiiketilen tarhana Tiirk kiiltiiriine 6zgii fermente bir gidadir. Tarhana temel olarak bugday
unu, su, tuz, yogurt ve ekmek mayasi ile iretilmekte; sogan, domates ve baharat gibi bilesenlerin ilavesiyle fonksiyonel
ozellikleri ve aromasi zenginlestirilmektedir. Bu calismada, ¢olyak rahatsizligi olan kisilerin tilketimine alternatif
olabilmesi amaciyla misir unu ile tarhana tiretimi gergeklestirilmis, esit miktarda yogurt ve kefir ilavesi ile 2 farkli gesit
hazirlanmistir. Kontrol drnegi i¢in bugday unu-tkefir ve bugday unu+yogurt formiilasyonu kullanilmistir. Tarhanalarin
fermantasyonu ii¢ farkli siirede (24, 48, 72 saat) gerceklestirilmis; elde edilen tarhanalarin fizikokimyasal ve duyusal
ozellikleri incelenmistir. Analiz sonuglarina gére musir unu ve yogurt/kefir kullanilarak iretilen tarhanalarin nem, su
aktivitesi, pH, toplam asitlik degerleri sirasi ile % 7-11; 0.39-0.53; 5.32-5.88 ve 8.43-14.33 arasindadir. Misir unu ve
yogurt/kefir kullanilarak iiretilen tarhanalarin antioksidan aktiviteleri bugday unundan iretilenlere kiyasla oldukea yiiksek
olup DPPH giderimi % 83.30-87.43; toplam fenolik bilesik 422-457.4 mg GAE/100g’dir. Fermantasyon siiresinin ve
yogurt yerine kefir kullaniminin tarhanalarin antioksidan ozellikleri ve duyusal begenisi lizerinde anlamli bir fark
yaratmadigi belirlenmistir. Duyusal olarak tiim drnekler birbirine yakin ve ortalamanin iizerinde olarak degerlendirilmis,
en begenilen g¢esit misir unu-yogurt bilesimine sahip ve 72 saat fermente edilerek iiretilmis tarhana olmustur.

Anahtar Kelimeler: Tarhana, Misir unu, Kefir, Toplam fenolik madde, Antioksidan

ABSTRACT

DETERMINATION OF SOME PROPERTIES OF TARHANAS PRODUCED BY USING
CORN FLOUR AND KEFIR

Tarhana, commonly consumed as soup, is a fermented food unique to Turkish culture. It is mainly produced using wheat
flour, water, salt, yoghurt and baker’s yeast and its flavor and functional properties are fortified by the addition of onion,
tomato, and some spices. In the current study, tarhana from corn flour was produced in order to be an alternative to the
consumption of celiac disease patients, and two different tarhanas were prepared with the addition of yoghurt and kefir in
equal amounts. For the control sample, wheat flour + kefir and wheat flour + yogurt formulations were prepared. The
fermentations of tarhanas were carried out in three different times (24, 48, 72 hours); the physicochemical and sensory
properties of the tarhanas have been examined. According to the results, the moisture content, water activity, pH and total
acidity of the tarhana samples obtained by using corn flour and yoghurt / kefir were 7-11%, 0.39-0.53, 5.32-5.88, and 8.43-
14.33, respectively. The antioxidant activity determined as DPPH scavenging, was significantly higher than wheat flour
and it was found between 83.30 and 87.43%. Total phenolic compounds were between 422 and 457 mg GAE/100 g. It was
determined that fermentation time and use of kefir instead of yoghurt did not make a significant difference on antioxidant
properties and sensory properties of tarhanas. All the samples were sensually close to each other, the most favored tarhana
was the one produced using corn flour-yogurt fermented for 72 hours.

Keywords: Tarhana, Corn flour, Kefir, Total phenolic compounds, Antioxidant
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Giris

Tiirk mutfaginin geleneksel fermente iiriinlerinden biri olan
tarhana, genel olarak % veya 1 dl¢ii yogurt ile 1 dl¢li bugday
ununun karistirilmasiyla hazirlanan hamurun 1-7 giin siire-
since fermente edilmesiyle iiretilmektedir. Hamurun hazir-
lanmasi sirasinda karigima ekmek mayasi da ilave edilmek-
tedir. Elde edilen son iiriin a¢ik havada kurutulduktan sonra
protein ve vitamince zengin yiiksek besin igerigi ile gorba
olarak tiiketilmektedir. Aromanin zenginlestirilmesi ama-
ciyla tuz, kirmizibiber, domates ve sogan gibi bilesenler de
eklenmektedir (Ibanoglu ve ark.,1995). Tiirk Standartlart
Enstitiisii tarhanay1 ‘‘bugday unu, kirmasi, irmik veya bun-
larin karisimi ile yogurt, biber, tuz, sogan, domates, tat ve
koku verici, sagliga zararsiz bitkisel maddelerin karistirilip
yogrulduktan ve fermente edildikten sonra kurutulmasi,
ogiitiilmesi ve elenmesiyle elde edilen bir gida maddesi”
olarak tanimlamaktadir (Anonim, 2004). Bolge ve yorelere
gore farkli sekillerde tiretimi bulunan tarhana iilkemizde
Usak ve Maras ¢esitleri i¢in cografi tescil sahibidir (Cekal
and Aslan, 2017). Tarhana {iretiminde fermantasyon, maya-
lar ve laktik asit bakterileri (LAB) tarafindan gerceklestiril-
mektedir. LAB’nin olusturdugu metabolitler tarhanaya 6zgii
tat ve aromanin olusumuna katki saglamakta, ayn1 zamanda
ortamin asitligini yiikselterek {iriiniin dayanimin1 arttirmak-
tadir (Simsek ve ark., 2017).

Tahillar ¢oziinebilir diyet lif igerikleri ile probiyotik laktik
asit bakterileri ve bifidobakteriler i¢in prebiyotik Ozellik
gosteren fonksiyonel gidalardir (Simsekli and Dogan,
2015). Tahul iiriinleri ayrica fenolik bilesiklerce de zengin-
dir. Flavonoid, tanin ve izoflavonoid tahillarda bulunan ve
antioksidan aktiviteye sahip oldugu bilinen bazi fenolik bi-
lesiklerdendir (Ertas, 2018). Tahil iiriinlerinin diyetle alin-
masina bagli olarak kisilerde baz1 rahatsizliklar goriilebil-
mektedir. Bu rahatsizliklar i¢inde en yaygin goriileni ¢6l-
yaktir (Ribotta ve ark., 2004; Demir ve ark., 2017). Colyak,
diger adiyla gluten hassasiyeti, otoimmiin bir hastalik olup
ince bagirsak {izerinde etkilidir. Colyak hastaligi tahillarda
bulunan ve spesifik bir aminoasit dizilimi igeren bir gesit
protein olan glutene hassasiyet gosteren kisilerde goriilmek-
tedir. Bugday, cavdar, arpa, yulaf ve bu tahillarin ¢caprazlan-
masit ile elde edilen hibritlerinde bulunan gluten, glutenin ve
gliadin ad1 verilen iki farkli peptitten olugmaktadir. Glutenin
ve gliadin, olusturduklar1 protein ag yapisi ile gidalara elas-
tikiyet ve uzama kabiliyeti kazandirmanin yani sira tekstiir
ve lezzeti iyilestirmektedir. Bu peptidlerin sahip oldugu
yiiksek miktardaki prolin ve glutamin igerigi peptitlerin
mide asidi ve pankreas enzimleri tarafindan pargalanmasini

giiclestirmektedir. Peptitlerin bagirsak mukozasina uzun sii-
reli temasinin ¢6lyak hastaligi olan bireylerde bagirsak ha-
sarina neden oldugu bildirilmektedir. Bugday, ¢avdar, arpa,
yulaf ve bu tahillarin igerdigi prolamin, gliadin, hordein, se-
kalin ve avenin ¢dlyak rahatsizligini tetiklerken piring ve
misir ¢olyak iizerinde etkili degildir (Yalgin ve ark., 2008;
Pearlman and Casey, 2018).

Bu ¢aligmanin amaci, misir unu ve yogurt/kefir ile glutensiz
tarhana iiretimi gergeklestirerek bilesenlerin ve fermantas-
yon siiresinin tarhanalarin baz1 fizikokimyasal, duyusal ve
antioksidan ozellikleri {izerindeki etkisini belirlemektir.

Materyal ve Metot
Materyal

Caligmada kullanilan misir unu yerel halk pazarindan temin
edilmistir. Bugday unu, ekmek mayasi, kefir ve yogurt ise
yerel marketlerden temin edilmistir.

Tarhana Orneklerinin Hazirlanmasi

Tarhanalar laboratuvar kosullarinda iiretilmis olup ekmek
mayast, sofralik tuz, su ve misir unu ile hazirlanmigtir. Tiim
bilesenler ayni tutularak yogurt ve kefir ilavesi ile farkli ge-
sitte tarhanalar hazirlanmis, kontrol 6rneginde musir unu ye-
rine bugday unu kullanilmistir. Tarhanalar hazirlaniginda
kullanilan temel bilesenlere gore BK (bugday unu-kefir),
BY (bugday unu-yogurt), MK (misir unu-kefir) ve MY (mi-
sir unu-yogurt) seklinde kodlanmistir. Hazirlanan dort farkl
tarhana g¢esidine ait formiilasyonlar Tablo 1’de verilmistir.
Bilesenler mikser yardimiyla (KitchenAid Classic, ABD)
homojen bir tekstiir elde edilene kadar en yliksek hizda ka-
ristirilmis ve elde edilen hamur streg film ile kapatilarak oda
kosullarinda fermantasyona birakilmistir. Yirmi dort, 48 ve
72. saatlerde alinan 6rnekler dnce oda kosullarinda ardindan
40°C’deki fermantasyon kabininde (Simsek Laborteknik,
Tirkiye) 24 saat kurutulmustur. Kurutulan hamur blender
yardimiyla (Waring, ABD) ince toz haline gelene kadar
ogutilmistiir.

Nem ve Su Aktivitesi Tayini

Kurutulup 6giitiilen tarhana 6rneklerinin nem miktari tayini
TS 3190’a gore yapilmistir (Anonim, 2010). Orneklerin su
aktivitesi (ay) su aktivitesi tayin cihazi (Aqualab Series 3TE,
ABD) ile sogutulmus ayna ¢iy noktasi prensibine gore 6l-
¢lilmistiir (Certel and Ertugay, 1996).
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Tablo 1. Tarhana cesit ve formiilasyonlari

Ornek Bilesenler
Misir unu (g) Bugday unu (g)  Yogurt (g) Kefir (g) Maya (g) Tuz (g) Su (mL)
BK - 500 - 360 5 3 40
BY - 500 360 - 5 3 40
MK 500 - - 360 5 3 40
MY 500 - 360 - 5 3 40

Toplam Asitlik ve pH Tayini

Toplam asitlik degeri TSE Tarhana Standardina gore belir-
lenmistir (Anonim, 2004). Tarhana 6rneginin (10 g) {izerine
50 mL %67’lik ndtrlestirilmis etanol (Merck, Almanya)
ilave edilmis ve 5 dakika kuvvetlice ¢alkalanmistir. Kaba
filtre kagidiyla sizme isleminin ardindan siiziintiiden 10 mL
alinarak fenolfitaleyn (Merck, Almanya) indikatorliigiinde
0.1 N NaOH (Sigma-Aldrich, Almanya) ¢ozeltisi ile titras-
yon yapilmstir. Titrasyonda harcanan NaOH miktar 2 ile
boliinerek orneklere ait asitlik derecesi hesaplanmaistir.

Tarhana orneklerinin pH degerleri pH-metre (Mettler To-
ledo pH-metre (Isvigre)) yardinmu ile belirlenmistir. Bu
amagla 5 g ornek tartilarak 20°C’de 45 mL distile su i¢inde
homojenize edilmis ve ayni sicakliktaki pH degerleri 6l¢iil-
miistiir.

Toplam Fenolik Bilesik Miktar: Tayini

Toplam fenolik bilesik miktar1 Folin-Ciocalteu yontemi kul-
lanilarak belirlenmistir (Singleton ve Rossi, 1965). Bunun
icin, 1 g tarhananin 5 mL aseton igerisinde el homojeniza-
torii (Wiggen Hauser D-130, Almanya) ile homojenize edil-
mesinin ardindan elde edilen karisimdan 0.1 mL alinmis ve
iizerine 0.2 mL Folin-Ciocalteu reaktifi (Merck, Almanya)
ve 2 mL distile su ilave edilmistir. Elde edilen karisima 3
dakika sonra %20’lik Na,COj3 ¢ozeltisinden (Sigma-Ald-
rich, Almanya) 1 mL ilave edilmis ve oda sicakliginda ve
karanlik ortamda 1 saat bekletilmistir. Siire sonunda UV-
VIS spektrofotometre (Shimadzu UVmini-1240, Japonya)
ile 6rneklere ait absorbans degerleri 765 nm dalga boyunda
Olciilmiistiir. 0-1200 ppm Gallik asitin 765 nm’de absorbans
degerleri Olgiilerek Gallik asit standart egri denklemi elde
edilmis ve tarhana 6rneklerine ait absorbans degerleri stan-
dart egri denklemi ve asagida belirtilen formiil yardimiyla
gallik asit esdegeri (GAE) olarak belirlenmistir.
GAE (mg gallik asit/g 6rnek) = c*V/m (1)
c: Grafikten okunan deger

m: Analiz edilen ekstraktin icerdigi 6rnek miktar1 (g)

V: Analizde kullanilan ekstrakt miktar1 (mL)

DPPH Serbest Radikali Giderim Aktivitesinin Tayini

DPPH (2,2-Diphenyl-1-picrylhydrazyl) serbest radikali gi-
derim aktivitesi Brand-Williams and Berset (1995) tarafin-
dan 6nerilen yontem modifiye edilerek belirlenmistir. Tar-
hananin aseton (Merck, Almanya) ile 200 mg/mL konsant-
rasyonunda hazirlanan ¢ozeltisinden 200 pL alinarak iize-
rine 3 mL DPPH (Sigma-Aldrich, Almanya) ¢ozeltisi (5
mg/100 mL) eklenmistir. Karisim vorteks (IKA MS 3 basic,
ABD) ile 30 saniye karistirildiktan sonra oda sicakligindaki
karanlik ortamda 30 dakika bekletilmistir. Kontrol drnegi
icin 200 pL tarhana ¢ozeltisi yerine aym1 hacimde aseton
(%70) kullanilmistir. Siire sonunda 6rneklere ait absorbans
degerleri UV-VIS spektrofotometre ile 517 nm dalga bo-
yunda 6lgiilerek DPPH serbest radikali giderim aktiviteleri
asagidaki formiil yardimryla hesaplanmustir.

% giderim = [Ag — Agl/Ag X 100 (2)
Ag: Kontrol 6rneginin absorbansi

Agy: Tarhana 6rneginin absorbansi

Duyusal Analizler

Farkl1 formiilasyonlar ile 24, 48 ve 72 saat fermente edilerek
iiretilen tarhanalarin organoleptik 6zellikleri duyusal analiz-
ler ile belirlenmistir. Bu amagla tarhanalar (%5, ag/h) su ila-
vesi ile 5 dakika siiresince kaynatilarak pisirilmistir. 70-
75°C’ye sogutulduktan sonra beyaz renkli tadim kaplarina
alinan drnekler 12 kisilik panelist grubu tarafindan renk ve
goriiniis, tat, koku, kivam, genel kabul edilebilirlik ve tiim
izlenim kriterleri i¢in 1’den (kabul edilemez) 9’a (miikem-
mel) kadar olan 9 noktali hedonik skala kullanilarak deger-
lendirilmistir (Erbas ve ark., 2005).

Istatiksel Analizler

Tarhana Orneklerine ait analiz sonuglar1 ortalama degerler
olarak verilmistir. Sonuglarin degerlendirilmesinde IBM
SPSS Statistics (Versiyon 20.0) istatistik paket programi
kullanilmistir. Un gesidi, kiiltlir ortamu tiirii ve fermantasyon
stiresinin tarhanalarin fizikokimyasal ve duyusal 6zellikleri
izerine etkisi iki yonlii varyans analizi uygulanarak belir-
lenmistir. Ortalamalar arasindaki fark Tukey’in Coklu Kar-
stlastirma Testi kullanilarak p<0.05 diizeyi i¢in belirlenmis-
tir.
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Bulgular ve Tartisma

Misir unu-yogurt, misir unu-kefir, bugday unu-yogurt ve
bugday unu-kefir kullanilarak olusturulan tarhana hamurla-
riin 24, 48 ve 72 saat fermente edilip kurutulmasi sonucu
elde edilen tarhana orneklerinin nem, su aktivitesi, pH ve
asitlik degerleri Tablo 2’de verilmistir. Tarhana 6rneklerinin
nem igeriklerinin %7.14 ile %11.12 arasinda degismekte ol-
dugu, en yiiksek nem igerigine sahip tarhananin ise misir
unu-yogurt karigimi ile iiretilen tarhana oldugu (%11.12) be-
lirlenmistir. Nem igerikleri genel olarak TSE’nin tarhana
icin belirledigi st limit olan %10 nem oraninin altinda ol-
makla birlikte 12 6rnegin 4’1 i¢in nem igerigi bu degerin
biraz iizerinde bulunmustur (Anonim, 2004). Olusan farkli-
liklarin kurutma sirasinda hamurun kalinlhiginin etkisi ile ya-
kindan ilgili oldugu diistiniilmektedir. Yapilan analizler so-
nucunda tarhanalarin nem igerikleri lizerinde kullanilan un
cesidinin etkili olmadigl; fermantasyon siiresi ve segilen
kiiltiir ortaminin ise etkili oldugu goriilmiistiir. Yogurt ige-
ren Orneklerin nem igerigi genel olarak daha diisiik olmakla
birlikte yogurt yerine kefir kullaniminin nem igerigine olan
etkisi istatistiki olarak 6nemli degildir (p<0.05). Su aktivi-
tesi bulgular incelendiginde, tiim 6rnekler i¢in a, degerle-
rinin 0.39 ile 0.53 arasinda degismekte oldugu belirlenmis
olup kullanilan un ¢esidinin ay, {izerinde bir etkisi gézlenme-
mistir. Fermantasyon siiresinin a, {izerinde etkisinin oldugu
belirlenmis ve a, siireye bagl olarak azalarak 72 saatlik fer-
mentasyonlarda en diisiik degerler elde edilmistir. Segilen
kiiltiir ortaminin da ay iizerinde etkili oldugu belirlenmis
olup yogurt yerine kefir kullanimi a,, degerlerini anlaml dii-
zeyde diistirmiistiir (p<0.05). Gidalarda mikroorganizma ge-
lisimi igin alt sinir olan 0.50-0.60 a,, araliginin {izerinde Gr-
nek bulunmadigi igin tiretilen tarhanalarin tiimii mikrobiyal
agidan giivenlidir (Ayhan, 2000).

Tablo 2. Tarhanalara ait baz1 fizikokimyasal 6zellikler

Farkli fermantasyon siirelerinde elde edilen bugday unu-yo-
gurt tarhanalariin pH degerleri 4.67-4.71; bugday unu-ke-
fir tarhanalarinin ise 4.83-4.94 olarak 6l¢iilmiistiir. Tarhana-
larin pH degerlerinde kullanilan un ¢esidi ve kiiltiir ortami
onemli diizeyde etkili olup misir unu ve kefir kullanimi ayri
ayr1 ve birlikte olarak tarhanalarin pH degerlerini anlaml
diizeyde yiikseltmistir (p<0.05). Misir unu-yogurt formiilas-
yonu ile iiretilen tarhanalar 5.32-5.49; misir unu-kefir ile
uretilenler ise 5.71-5.85 pH degerlerine sahiptir. Fermantas-
yon siiresi de pH degerleri tizerinde etkili olmustur. Kirk se-
kizinci saate kadar artan pH degerleri 48. saatten sonra dii-
siis gbstermis; ancak 48 ve 72 saat fermente edilen 6rneklere
ait pH degerleri arasindaki fark Onemli bulunmamistir
(p<0.05). Ibanoglu ve arkadaslar1 (1995) yaptiklar c¢alis-
mada fermantasyon siiresinin bazi tarhana formiilasyonla-
rina etkisini belirlemisler ve bugday unu ile {iretilen standart
tarhanada 24. saatten sonra pH’da 6nemli bir degisikligin
olmadigini bildirmisledir. Erkan ve arkadaslar1 (2006) bug-
day ve arpa unu kullanarak 5 giinliik fermantasyon sonunda
uirettikleri tarhanalarin pH degerlerini sirasi ile 4.59 ve 4.69
olarak belirlemislerdir. Tarhanalarda nem igerigi ve su akti-
vitesinin yaninda pH’nin diisilk olmas1 da patojen ve bo-
zulma etmeni mikroorganizmalarin gelisimine engel oldugu
icin 0onem arz etmektedir (Degirmencioglu ve ark., 2016).

Toplam asitlik misir unundan firetilen tarhanalarda bugday
unu ile tiretilenlere kiyasla daha yiiksek olup 8.43-14.33 ara-
ligindadir. Misir unu ve kefir kullanimi toplam asitligi ayr
ayr1 ve birlikte olarak anlaml diizeyde arttirmistir (p<<0.05).
Ering ve Ciftci (2018) tarafindan yapilan bir ¢aligmada ise
bu ¢alismanin aksine tarhana tiretiminde (bugday unundan)
yogurt yerine kefir kullaniminin pH ve nem iizerinde etkili
olmadig1 ancak toplam asitligi 6nemli oranda azalttig1 (yo-
gurtlu %11.23; kefirli %7.63) bildirilmistir.

Ornek Nem (%) aw pH Toplam asitlik
BK-24 9.44% +0.11 0.49°+0.00 4.83°+0.01 7.282+0.21
BK-48 10.27% +0.16 0.50°+0.00 4.934+0.0 7.2334+0.07
BK-72 9.68% £0.08 0.44+0.00 4.949+0.00 7.53%+0.35
BY-24 9.85% +£0.30 0.51%+0.00 4.67+0.00 7.65%¢+0.14
BY-48 9.93% +£1.01 0.50%+0.00 4.71°+0.00 7.80%¢+0.00
BY-72 7.44* +2 .61 0.44%+0.00 4.68%°+0.00 8.23%+(.64
MK-24 10.99°+0.18 0.53°+0.00 5.85"+0.01 13.70+0.57
MK-48 10.04%° +0.08 0.51%+0.02 5.88+0.00 14.33£0.49
MK-72 8.83% +0.23 0.392+0.00 5.718+0.00 14.13+0.92
MY-24 7.14* £0.75 0.52%+0.00 5.32°+0.01 8.43¢+(.35
MY-48 11.13b+£0.28 0.524¢+0.01 5.34£0.00 10.00°£0.42
MY-72 9.09% £0.49 0.41%0.00 5.490.01 9.18%:0.21

Ayni siitundaki ortalama degerlere ait iist simgedeki harfler Tukey’in Coklu Karsilagtirma Testi’ne gore degerler arasindaki farkin 6nemli diizeyde

oldugunu belirtmektedir. (p<0.05)
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Toplam Fenolik Madde Miktari ve Antioksidan Aktivite

Caligmada toplam fenolik madde miktar1 Gallik asit kurvesi
yardimiyla hesaplanarak GAE konsantrasyonu olarak Sekil
1’de verilmistir. Toplam fenolik madde miktar1 bugday
unundan iiretilen tarhanalarda 52.7-121.5 mg GAE/100 g
arasinda degisirken; misir unundan iiretilen tarhanalarda
onemli oranda bir artig oldugu (422-457.4 mg GAE/100 g)
gozlenmistir. Benzer sekilde DPPH serbest radikalinin gide-
rim etkinligi olarak belirlenen antioksidan aktivite degerleri
de musir unu kullanilarak iiretilen tarhanalarda (%83.30-
87.43), bugday unu ile iiretilen tarhanalardan (%8.11-14.4)
oldukca yiiksek bulunmugtur (Sekil 2.). Elde edilen
bulgulara gore, bugday unu yerine misir unu kullanimi
biitiin tarhana 6rneklerinde toplam fenolik bilesik miktarin
ve antioksidan aktiviteyi Onemli Olglide arttirmistir
(p<0.05). Caligmada kullanilan misir unu ve bugday ununun
da toplam fenolik madde igerikleri belirlenmis olup sirasi
ile, 214.4 £9.1 ve 64.4 £7.3 mg GAE/100 g olarak bulun-
mustur. Bu sonuglar, misir unu ile iiretilen tarhanalarda elde
edilen yiiksek fenolik madde igeriginin undan kaynaklandi-
gin1 gostermektedir. Bununla birlikte yogurt yerine kefir
kullanimi  6rneklerde anlamli bir fark yaratmamustir
(p<0.05). Ering ve Cifci (2018) yaptiklar: ¢aligmada bugday
dovmesi kullanarak yogurt ile kefirden Maras tarhanasi
iiretmisler ve bu g¢alismaya benzer sekilde yogurt yerine
kefir kullaniminin toplam fenolik madde miktarim
degistirmedigini bildirmiglerdir. Arastiricilar toplam fenolik
madde miktarini1 32 mg GAE/100 g olarak belirlemislerdir.

Bu  c¢alismada, tarhana  {iretiminde = hammadde
kompozisyonu minimal diizeyde tutulmus, geleneksel
olarak istege bagl formiilasyona eklenen ve yiiksek fenolik
madde igerigine sahip olan sogan, domates, biber ve ¢esitli
baharatlar gibi hammaddeler eklenmemistir.  Kilci ve
Gocmen (2014) yulaf unu katkili, sogan, domastes ve biber
salcasi da kullanarak {irettikleri tarhanalarda bu ¢alismada
elde edilen bulgulardan oldukga yiiksek oranda (3112 mg
GAE/100 g) fenolik madde belirlemislerdir.

Duyusal Analiz

Tarhana orneklerine ait duyusal analiz degerlendirme so-
nuglari Tablo 3’te verilmistir. Ornekler renk ve goriiniis aci-
sindan degerlendirildiginde kullanilan un ¢esidinin renk be-
genisinde etkili oldugu anlagilmig; misir unundan iiretilen
tarhanalar misir kaynakli sarimsi renkleri sebebiyle daha

cok begenilmistir. Degerlendirilen toplam 12 ¢esit tarhana
arasinda tat, koku, kivam, genel kabul edilebilirlik ve tiim
izlenim kriterleri agisindan belirgin bir fark tespit edilmemis
olup kiiltiir ortami ¢esidi ve fermantasyon siiresi de belirti-
len duyusal 6zellikler tizerinde anlaml1 bir etki yaratmamus-
tir (p<0.05). Tiim degerlendirme kriterleri goz oniinde bu-
lunduruldugunda tarhanalar ortalamanin {izerinde olarak de-
gerlendirilmistir.
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Stitunlar tizerindeki farkli harfler Tukey’in Coklu Karsilagtirma Testi’ne
gore degerler arasindaki farkin 6nemli diizeyde oldugunu belirtmektedir.
(p<0.05)

Sekil 1. Tarhanalarin toplam fenolik bilesik miktari
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Stitunlar iizerindeki farkli harfler Tukey’in Coklu Karsilastirma
Testi’ne gore degerler arasindaki farkin 6nemli diizeyde oldu-
gunu belirtmektedir. (p<0.05)

Sekil 2. Tarhanalarin DPPH serbest radikali giderim etkin-
ligi
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Tablo 3. Farkli siirelerde fermente edilmis tarhana 6rneklerinin duyusal analiz sonuglari

Ornek Renk Ve go- que Koku" Kivam® Genel .k.ab.ul* Tim izle-
riniis edilebilirlik nim
BK-24 5.58% 5.50 5.75 6.50 5.17 5.50
BK-48 5.42%® 5.67 5.75 6.58 5.58 5.83
BK-72 5.08? 5.92 5.75 6.75 5.50 5.83
BY-24 5.420 5.42 5.67 6.33 5.33 5.50
BY-48 5.67% 4.42 5.58 6.50 4.75 5.00
BY-72 5.42% 5.75 5.75 6.67 5.42 5.75
MK-24 7.00% 5.58 6.17 6.83 6.00 6.25
MK-48 6.92% 6.08 6.33 6.42 6.17 6.25
MK-72 7.25° 5.83 6.42 7.08 6.00 6.17
MY-24 7.33% 5.08 6.83 7.00 5.83 6.00
MY-48 7.33% 5.67 6.92 7.17 6.17 6.42
MY-72 7.25° 6.42 6.50 7.08 6.33 5.92

Ayni siitundaki ortalama degerlere ait iist simgedeki harfler Tukey’in Coklu Kargilagtirma Testi’ne gore degerler arasindaki farkin 6nemli diizeyde

oldugunu belirtmektedir. (p<0.05)

*: Belirtilen duyusal 6zellikler i¢in ortalamalar arasindaki fark 6nemli degildir. (p<0.05)

Sonug¢

Misir unundan iiretilen tarhananin yiiksek antioksidan akti-
viteye sahip oldugu, ayni1 zamanda fenolik bilesiklerce zen-
gin oldugu belirlenmistir. Bununla birlikte duyusal 6zellik-
leri agisindan bugday unundan iiretilen tarhana ile kiyasli-
ginda yapi1 ve aromasinda herhangi bir farklilik hissedilme-
mis olup, renk ve goriiniis agisindan daha ¢ok begenilmistir.
Kiiltiir ortami olarak yogurt yerine kefir kullanimi tarhana-
nin fonksiyonel ve duyusal 6zellikleri {izerinde anlamli bir
fark yaratmamigtir (p<<0.05). Sonug olarak bugday, ¢avdar
ve arpaya alternatif olarak misir bitkisinin unundan {iretilen
tarhananin istege bagli olarak farkli ¢esniler ile zenginlesti-
rilerek glutene hassasiyet gosteren bireyler tarafindan rahat-
likla tiiketilebilecegi belirlenmistir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gergek, potansiyel veya
algilanan ¢ikar ¢atismasi olmadigini beyan etmiglerdir.
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ABSTRACT

The aim of this work was to evaluate the influence of deacetylation degrees (DD, 0-50-100%) and
concentrations of glycerol (G, 0-5-10%) on the film solution rheology and physical properties of
salep glucomannan film. Solution rheology experiments demonstrated that the deacetylation can be
used as a tool to regulate film solution flow, its spread and also coating applications. Deacetylated
salep films were produced with and without glycerol. The non-plasticized film was obtained with
no cracks and bubbles. The deacetylation of purified glucomannan with the aid of glycerol signifi-
cantly changed the physical properties of the film by increasing its density, opacity whereas light
transmittance and moisture content were decreased due to the formation of associations between
acetyl free regions of the glucomannan chains. Overall, 100% DD films with 10% glycerol demon-
strated better physical characteristics. Findings suggest that deacetylation is promising chemically
modification method for the production of food packaging materials.

Keywords: Biodegradable film, Salep glucomannan, Deacetylation, Rheology, Physical properties

175


https://doi.org/10.3153/FH19019
mailto:akurt@beu.edu.tr
http://jfhs.scientificwebjournals.com/
http://orcid.org/0000-0003-1452-3278
https://doi.org/10.3153/FH19019

176

Food and Health, 5(3), 175-184 (2019) e https://doi.org/10.3153/FH19019

Introduction

Deacetylation defines removing acetyl groups from gluco-
mannan backbone by alkali treatment. Structural and func-
tional characteristics of chemically modified glucomannan
exhibits alterations such as, thermo-reversible gel formation
with a higher water resistance and better mechanical prop-
erties due to the occurrence of hydrophobic interaction in
addition to hydrogen bonding (Li et al., 2018). This process
widely performed to konjac glucomannan based biode-
gradable film samples, in order to overcome high water-sol-
uble, poor mechanical properties, brittleness, and sensitivity
to water, (Chen et al., 2011; Du et al., 2012; Jin et al., 2015;
Lietal., 2014). As compared with other modification meth-
ods which conducted to improve film properties, deacetyla-
tion can be evaluated as a facile method without using addi-
tional polymer or hydrophobic ingredients to produce the
film with better characteristics.

Salep, as another important glucomannan source, had few
reports on the film properties (Ekrami & Emam-Djomeh,
2014; Kurt and Kahyaoglu, 2014; Yilmaz and Vatansever,
2016), in addition, no research has been performed to cope
with salep glucomannan film deficiencies. Salep glucoman-
nan (SG) is produced from the tuber of the Orchidaceae
family. Glucomannan is the main constituent present in the
tubers. As a hydrocolloid, salep forms viscous solutions
when dissolved in water due to the higher molecular weight.
The structure of glucomannan consists of a linear backbone
connected with f-(1 — 4) glycosidic bonds, which are com-
posed of glucose and mannose units. The powder of salep
also contains starch (36.31%); protein (4.60%); and ash
(2.07%) (Kurt and Kahyaoglu, 2015). We have conducted
purification studies to isolate glucomannan and we obtained
clearer and more stable solutions with better flow character-
istics (Kurt and Kahyaoglu, 2017b, 2017c¢).

The rheological properties of the film-forming solutions is
an crucial experiment because rheological parameters can
affect spreadability, thickness and uniformity of liquid coat-
ing layer which applied to food products by dipping, brush-
ing or spraying. The mechanical properties and the optimiz-
ing processing design during application were affected by
flow behavior of film solutions. If the viscosity is high or
gel type structure, casting of film solution in thin layers and
the elimination of air bubbles will be difficult during high
shear processing operations, such as pumping, filling and
spraying application. It is also stated that, rheological pa-
rameters are useful for the evaluation of structure-function
relationships of polysaccharide solutions systems (Chen, et
al., 2009; Ma, et al., 2017a; Wu, et al., 2016). Therefore, to

provide a broad understanding on the physical characteris-
tics of edible films it is necessary to study the rheological
properties of the deacetylated glucomannan film solutions
due to the variations in the molecular structure.

If the film property of salep is improved by modification
methods, salep will have a potential to receive much interest
due to their environmentally friendly material behavior.
Therefore, the novelty and significance of this study on the
advance of polysaccharide based food packaging field is
stated as follow:

i.  The significance of deacetylation process with dif-
ferent degrees on the salep glucomannan film rhe-
ology and physical properties were evaluated for the
first time.

ii. ~ Moreover, the application of the different degree of
deacetylation at the presence of different glycerol
concentrations is also first attempt leading to reveal
plasticizer effect on modified glucomannan struc-
ture.

iii.  The purification process is needed so as to apply
deacetylation to glucomannan. For this reason, the
nine different edible films were produced from pu-
rified glucomannan. Therefore, this study also pro-
vided to observe the purification effect on the film
properties of salep.

Materials and Methods
Materials

Purified glucomannan (GM) (My: 1.03 x 10° g/mol, PDI:
1.78) was used for differently deacetylated film production
(Kurt and Kahyaoglu, 2017b, 2017c). All chemicals used in
this study were of analytical grade. The ethanol, sodium hy-
droxide and glycerol were purchased from Sigma Chemical
Co. (St. Louis, MO, USA).

Film Preparation

The solution casting method was conducted for film for-
mation as described earlier (Kurt et al., 2017). Before
deacetylation process, 1 g GM (0.5%, w/v) was dissolved in
200 mL distilled water, including different glycerol ratios
(0, 5 and 10 wt % of GM). The solution was heated up to
65°C and stirring of solution was maintained at this temper-
ature for about 30 min to get a clear solution. Deacetylation
(DD) (0, 50 and 100 DD) was applied to the solution for
each plasticizer concentration, by adding determined
amount of sodium hydroxide to the solutions with the fol-
lowing equation (Kurt and Kahyaoglu, 2017a; Liu et al.,
2010):
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W, x43
40XW; X0.022

where W, and W, were the weight of GM and NaOH in g,
respectively. This equation was acquired based on the de-
gree of acetylation of the purified glucomannan backbone
which was determined to be 2.2% in this study by using the
reported back-titration method (Xiao et al., 2015). The solu-
tions (200 mL) at 65 °C were then cast in petri plates (15 cm
diameter) and dried at 40 °C for 24 h. The film characteri-
zation analyses were performed to all dried and peeled off
films which also conditioned for at least 48 h at 24 °C in
desiccators at 43% relative humidity (K,COj3 saturated solu-
tion). The differently deacetylated (DD; 0, 50 and 100%)
GM film samples with different glycerol (G: 0, 5 and 10%)
concentration were coded as 0DD-0G, 0DD-5G, 0DD-10G,
50DD-0G, 50DD-5G, 50DD-10G, 100DD-0G, 100DD-5G
100DD-10G, respectively.

DD (%) = x100 1

Rheological Properties of Film Solutions

The rheological properties of film solutions were deter-
mined by using a rheometer (HAAKE Mars I1I; Thermo Sci-
entific, Germany) that was equipped with a Peltier heating
system with a cone and plate configuration. Samples were
sheared continuously at a rate ranging from 0 to 100 s for
2 min at 65 °C to fit the data to the Ostwald-de Waele model:

=Ky" 2

where is the shear stress (Pa), y is the shear rate (s™), K is
the consistency coefficient (Pa.s"), and » is the flow behav-
iour index (dimensionless).

Film Thickness

Film thickness was measured by a digital micrometer (Mi-
tutoyo, Manufacturing Co. Ltd., Japan) at ten random loca-
tions of each film.

Film Density

The film density was determined from the ratio between the
weight and volume (thickness x area). The density experi-
ments were conducted in triplicate.

Film Moisture Content

To moisture content determination, the percentage of water
removed from the initial mass sample was analyzed gravi-
metrically by drying the samples at 105°C for 24 h (Kurt and
Kahyaoglu, 2014).

Film Color

The color of the films was determined using a colorimeter
(Colorflex, EZ, USA) in terms of lightness (L*), red-
ness/greenness (a*), and yellowness/blueness (b*) values.

The total color difference (AE*) was calculated using the
following equation:

AE* = \/(L* = L)2 + (a* — a)2 + (b* — b)? 3

where L*, a*, and b * are the standard color parameter values
(93.61, -0.78 and 2.23, respectively) and L, a, and b are the
color parameter values of the sample. The measurements
were repeated six times for each film.

Light Transmittance and Opacity of Film

The barrier properties of films against visible light were
measured at wavelengths ranging between 300 and 800 nm,
using Cary 60 UV-visible spectrophotometer (Agilent Tech-
nologies, Victoria, Australia). The samples were cut into
rectangular pieces based on the lateral area of the spectro-
photometer test cell and placed in the test cell. The reference
value was determined from an empty test cell. The opacity
value of the films was calculated by dividing the absorbance
at 600 nm by the film thickness (mm) (Kurt and Kahyaoglu,
2014). All determinations were performed in triplicate.

Results and Discussion

Rheological Behavior of Film Solutions

The acceptable flow characteristic of the film-forming solu-
tion is being a moderate viscosity because high or low vis-
cosity will lead to non-uniform film production (Wu, et al.,
2013). Some authors have suggested a viscosity lower than
700 mPas for coating applications (Nair et al., 2011) and the
appropriate viscosity is 1000—10,000 mPa s for other pro-
cessing conditions of film solutions such as mixing, pump-
ing and transfer to casting line and spreading the solution
smoothly (Rossman, 2009). The apparent viscosity (AV)
and parameters of Ostwald-de Waele model such as con-
sistency coefficient (CC) and flow behavior index (FBI) of
9 different film solutions were presented in Fig.1. The pa-
rameters were found higher than the film solution produced
by unpurified salep even at one third of concentration (Kurt
and Kahyaoglu, 2014) as a results of interaction between
glucomannan chains by means of removing impurities
(Kurt and Kahyaoglu, 2015) which indicated the possibili-
ties of lower usage of salep to obtained desired viscosity
(Kurt and Kahyaoglu, 2017b).

Increasing glycerol concentration affected differently AV,
CC and FBI values of deacetylated samples (Figure 1A).
The addition of 5% glycerol decreased the values of AV and
CC of samples. However, the decrease in these parameters
proceeded for only 100DD samples at further glycerol addi-
tion (10 %). The n values ranged between 0.70-0.77, indi-
cating pseudoplastic behavior of samples (Figure 1A)
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(Saricaoglu et al., 2018) which associated with the destruc-
tion effect of shearing on polysaccharide macromolecules
composed of a large number of hydroxyl groups in the net-
work (Ma et al., 2017b). Only 100DD-10G (n=0.77) sample
had lower pseudoplastic flow behavior, AV and CC values.
Therefore, this solution flows and spreads more easily, re-
flecting that the intermolecular interaction between gluco-
mannan polysaccharides is destroyed by glycerol. The inhi-
bition effect of glycerol was more apparent for 100DD. At
lower DD, glycerol increment may be provided forming
new hydrogen bonds and preserved their characteristics.

Increasing DD at the same glycerol content caused to same
decrement trend for the AV parameters (Figure 1B). The de-
crease in AV and CC with removing acetyl groups were re-
ported for salep and konjac GM solutions and the results
were associated with the decrease of the entanglement force
between GM molecules (Kurt and Kahyaoglu, 2017a; Wang
etal., 2014). Higher hydrogen bonds between GM and water
occurred as results of higher acetyl contents which cause a
higher excluded-volume force reducing hydrogen bonds be-
tween GM chains. When acetyl group contents changed to a
lower degree by deacetylation, the volume of the polymeric
network can be diminished (Kurt and Kahyaoglu, 2017a).
The decrease in CC values with deacetylation from 0 to
50DD was more apparent at all glycerol concentration and
the further increase in DD had no significant effect on the 0
and 5% glycerol included samples but proceeding in the
decrement of CC was observed at 10% glycerol concentra-
tion. After deacetylation, the presence of glycerol had an ad-
ditive effect on these decrements because in glycerol added
polysaccharide system, there is competition for hydrogen
bonds between polysaccharide chains and polysaccharide-
plasticizer; and direct interaction between polysaccharide
chains are partly reduced, resulting in lower viscosity
(Peressini et al., 2003). As a result, pronounced lowering ef-
fect of deacetylation on consistency and pseudoplastic be-
havior could be stated for the higher glycerol ratios. Addi-
tionally, the revealing of decreasing effect of deacetylation
process on film solution viscosity may eliminate the diffi-
culties (high viscosity) of preparation of film solutions at
higher glucomannan concentration, provided lower concen-
tration dependency.

Overall Evaluation of Film Appearance

The production of glucomannan (GM) films with deacetyla-
tion was achieved without and with 5 and 10% glycerol ad-
ditions. The films had visually continuous and homogene-
ous with no cracks, bubbles, or visible phase separation and

they were easily removed from the plates (Figure 2). The
easily peeled off non-plasticized films were not brittle and
hard indicated that GM was a good matrix-forming material.
The possibilities of cohesive film formation of KGM with-
out plasticizer but failure for galactomannan (locust bean
and guar gum) were stated by Mikkonen (2009). The other
critical point was that fully deacetylation of glucomannan
(100DD) provided gel formation of film solutions as result
of the aggregation of GM molecules (Kurt and Kahyaoglu,
2017a).
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Figure 2. Physical appearance of salep glucomannan film samples as a function of deacetylation degree (DD, %) and

glycerol content (G, %)

Film Thickness

The thickness values of the films varied between 33.85 and
50.66 pm (Figure 3). Thickness values of the unmodified
films increased with the glycerol concentration but decreas-
ing trend was observed for the deacetylated samples. Ac-
cording to the literature, increasing film thickness with the
glycerol concentration was generally attributed to the more
adsorbed water due to its hydrophilic character. This could
be observed at very high glycerol content. However, in this
study the water content of unmodified films decreased with
glycerol. Therefore, increasing film thickness could be re-
lated to the extending the structure of film through increas-
ing molecular volume of network due to the increasing the

presence of glycerol content between the macromolecular
chains (Mikkonen, 2009; Thakhiew et al., 2010), further in-
crease in glycerol (10%<) may be responsible for the higher
water content and free volume of a system (Lai et al., 2006).

The lower viscosity values of deacetylated film solutions
suggest thinner film production (Piermaria et al., 2009). In
general, deacetylated samples had lower thickness values
for the same glycerol contents as compared with control
samples, possibly formation of associations between acetyl
free regions of the GM backbone (Liu et al., 2010), thus
restructuring the polymer organization to a less expanded
structure with decreased volume, resulting in thinner poly-
mer films (Razavi et al., 2015). The effect of removing ace-
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tyl groups from the GM backbone on thickness was signifi-
cant at higher glycerol content. The lowest thickness values
observed for the fully deacetylated samples with the pres-
ence of 10% glycerol (gelled film solution). Deacetylation
of GM allows acetyl-free regions of the backbone to associ-
ate, leading to the formation of junction zones and a three-
dimensional network (Huang et al., 2015). Glycerol addition
had improving effect on the mentioned formation by more
hydrogen bonding during film forming process, providing
further rigidity for the deacetylated film.

Film Density

The thinner films showed higher density values, due to the
lower volume (Razavi et al., 2015). However, increased
density of unmodified films (higher film volume) with glyc-
erol increment could be attributed to the lower water content
of that sample. Despite using same polymer concentration
with no variations in molecular weight, higher density val-
ues of deacetylated films could be explained with increased
interaction between the molecular chains of the glucoman-
nan, resulted in different polymeric film structure produc-
tion (Pelissari et al., 2013). This result is consistent with the
water barrier properties of films due to the reduced intersti-
tial spacing within the matrix of polymeric films and, con-
sequently, producing lower water transmission. The higher
density value (2.05 g/cm?) than previously reported unpuri-
fied salep film density (1.27 g/cm®) for the same glycerol
content (10%) (Kurt and Kahyaoglu, 2014) indicated im-
proving the effect of removing impurities on GM interac-
tions.

Film Moisture Content

It is evident that the presence of glycerol and modification
of GM backbone with alkali affected both the interaction of
polymer matrix and its hydrophilic nature. Water contents
of films shown in Fig. 3 decreased with increasing glycerol
contents which could be attributed to the diminishing ability
of the GM granules to absorb water due to the small molec-
ular size of glycerol allowing more hydrogen bonding in-
stead of allowing higher free volume for more water absorp-
tion at higher glycerol concentration than in this study (Lai
et al., 2006). On the other hand, deacetylation slightly low-
ered water values of non-plasticized film while at the pres-
ence of glycerol removing acetyl groups in 50% ratio had no
effect on this value. The ability of the lowest water suscep-
tibility occurred when acetyl groups were completely re-
moved from film included 10% glycerol. This modification
with the presence of glycerol probably altered GM confor-
mation, making the polymer network lower hydrophilic as
was observed with the water absorption, solubility and im-
proved water barrier properties in this study. The lower

moisture content (9.0%) of 10% glycerol included purified
salep films than unpurified salep (19.13%) (Kurt and
Kahyaoglu, 2014) could be explained with the decreasing
hydrophilic character of salep by removing impurities (such
as starch, protein and ash) and also hindering the formation
of porous structure, which weakens water retention by cap-
illarity (Pelissari et al., 2013). Moisture content decrement
was also attributed to the diminishing the hydrophilic groups
as a result of increased interaction between constituents of
film mixture which in turn decreased the interaction be-
tween polymeric materials and water molecules (Liu et al.,
2017).
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Film Color

Optical properties such as color are crucial especially in the
production of food packaging for the consumer preference
and also crucial for the storage of food up to its sensitive
character to the light. Visually, all films were almost clear
and transparent and no significant differences in the color
parameters and total color differences were determined. The
mean values of parameters of 9 different films as follows:
L*=90.62 £0.14, a*=-0.91 +0.02, »*=3.52 +0.23, and
AE*=3.26 +0.20. The high lightness L* value indicates the
high transparency of samples, which is a desirable property
for the edible film packaging and coatings. The negative a*
and close to zero value states the absence of characteristic
tones of red color and positive b* value shows yellow color.
Consistent results with the our study were reported by
Razavi et al. (2015) for sage seed gum film as plasticizer
independency of color parameters. The degree of total color
difference from the standard color plate (4£*) indicates the
high clearness of film at low degree. Increased clearness
with glycerol addition but lower clearness values than our
results were determined for the exopolysaccharide films of
kefiran (4E*= 9-15) (Ghasemlou et al., 2011). The inde-
pendence of film color parameters to deacetylation and glyc-
erol degrees may be probably associated with low water
contents of modified films, which had no changing effect on
the reflection of light at the film surface in spite of structural
changes.

Light Transmittance of Film

The differences in the deacetylation degree and glycerol
concentration affected visible light transmission of samples
(Figure 4A) because the arrangement or alignments of pol-
ymer in film network most likely have a role on this prop-
erty. An increasing content of glycerol lowered the visible
light transmission of 0DD samples. The similar phenome-
non was stated by Liang and Wang (2017). However, glyc-
erol increment resulted in opposite results for the deacety-
lated samples such as (i) raising effect on 50DD films and
(i1) no effect on light transmission of fully deacetylated film
(Figure 4A). For the non-plasticized film conditions,
deacetylated samples exhibited lower light transmission but
similar values observed for 50DD and 100DD. Deacetylated
samples revealed different behaviors after glycerol addition.
As compared with 0DD, 50% deacetylated samples had high
transmission but 100DD showed lower light transmission
for the plasticized samples. (Figure 4A). The differences be-
tween deacetylated samples were clearer at 10% glycerol
concentration. Film 50DD-10G exhibited the highest visible
light transmission, while films 100DD-5G and 100DD-10G
showed the lowest visible light transmission in the high

wavelength. The enhanced interaction between GM mole-
cules in the film matrix by deacetylation and the presence of
glycerol at this range caused to more absorption of the en-
ergy of incoming light, thus impeding the visible light trans-
mission through the films was determined (Soo and Sarbon,
2018). Similar with this study, deacetylation with a degree
of 52% increased the transparency of konjac glucomannan
(KGM) film but increasing deacetylation degree (70 and
86%) decreased film transparency (Jin et al., 2015).
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Figure 4. (a) Light transmittance, and (b) opacity of salep
glucomannan film samples as a function of
deacetylation degree (DD, %) and glycerol con-
tent (G, %)

Film Opacity

Opacity values of all film formulation are presented in Fig-
ure 4B. The results agreed with the light transmittance of
films. Opaqueness increment by deacetylation was observed
at the presence of 10% glycerol more specifically. The sim-
ilar increase in the opacity was also reported for the films
incorporated with polyphenols which improve absorption
ability by means of their aromatic groups (Liu et al., 2017)
and also the addition of different polymeric materials which
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resulted in light scattering (Condés et al., 2018). However,
the results in this study were attributed to the enhanced in-
teraction between GM molecules by deacetylation which
prevented the light to transmit through the films conse-
quently film opacity increased. This suggested phenomenon
between GM molecules reduced the biopolymer-water in-
teractions, providing the formation of an opaque polymer
matrix, consistent with the lower water contents of deacety-
lated films (Pelissari et al., 2013). Additionally, the increase
in film opacity by glycerol incorporation was significant for
the fully deacetylated glucomannan based film which re-
vealed the formation of more tightly packed polymer net-
work (Chang and Nickerson, 2015). Lower light transmit-
tance and high opacity values of deacetylated salep films
made it preferable as compared with unmodified salep for
the protection of packaged food against light catalyzed deg-
radation reactions formations. Regarding the purification ef-
fect on film properties, it could be stated that unpurified film
had higher opacity values (3.74 UA/mm) (Kurt and
Kahyaoglu, 2014) than purified salep (1.95 UA/mm) ob-
tained in this study at similar glycerol content (10%), due to
the presence of impurities such as starch and protein
(Mikkonen et al., 2010).

Conclusion

For the first time, salep glucomannan films were success-
fully synthesized with various degrees of deacetylation and
glycerol concentrations. The non-plasticized film was pro-
duced from purified salep with no cracks, bubbles, or visible
phase separation. Rheological experiments showed that
deacetylation process decreased consistency and pseudo-
plastic behavior of film solutions, resulting in lower concen-
tration dependency during film production. Acetyl free re-
gion of the glucomannan backbone leads to more associa-
tions so the thinner films with high density were obtained
with deacetylation. Deacetylation had no effect on color pa-
rameters but decreased light transmittance and increased the
opacity of films. By controlling the degree of acetylation
and glycerol ratio, film solution rheology and physical prop-
erties of films can be regulated by tailoring biopolymers to
give specific film properties. Solubility, barrier, mechanical
and structural characteristics will be evaluated in further
study.
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Tiirkiye lerin beslenme aliskanliklarinin saptanmasi amaciyla planlanmistir. Ogrencilerin (n=1271) %69.6’s1 kiz, %30.4’i
, . . s erkektir. Aragtirma verileri yiiz ylize goriisme teknigi kullanilarak anket formu yardimi ile toplanmis, arastirma-
Giimighane Universitesi, Saglik cilar tarafindan hazirlanan anket formu sosyo-demografik 6zellikler, beslenme aligkanliklar1 ve besin tiiketim

Bilimleri Fakiiltesi, Hemgirelik

) siklig1 bilgilerini igermektedir. Beden Kiitle Indeksleri’ne (BKI) gére; 6grencilerin %86.5’inin normal BK1’ye
Boliimii, Giimiishane, Tiirkiye

sahip oldugu gozlenmistir. Ogrencilerin %71.7’sinin yurtta kaldig1, %9.1’inin tamsi konulmus hastaliga sahip
oldugu, %36.6’sinin beslenme egitimi aldig1, %96.0’nin ana &giin atladigi, %67.0’nin en ¢ok 6gle 6giiniinii atla-
di81, %65.7’sinin kusluk ara 6giiniinii hi¢ tiikketmedigi, %97.9’unun atigtirmalik iriinler tiikettigi saptanmustir.
Beslenme aligkanliklari incelendiginde; 6grencilerin %52.4 {iniin agikta satilan yiyecekleri bazen satin aldigi, bu
dgrencilerin %81.8’inin bu yiyecekleri canlari istedigi igin satin aldig: tespit edilmistir. Ogrencilerin kola-gazl
icecekler ve fast-food {iriinlerini en fazla haftada bir giin, sirastyla %20.5 ve %26.5 oraninda tiikettikleri saptan-
mistir. Aragtirmaya katilan dgrencilerin ana 6giin atlama durumlarinin ve atistirmalik tiiketimlerinin yiiksek ol-
dugu bulunmustur. Bu nedenle {iniversitelerde 6grencilere ayrintili beslenme egitimi verilmesi ve saglikli bes-
lenme konusunda daha ayrintili egitim programlarin olusturulmas: saglanmalidir.
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Body Mass Index (BMI). It was determined that 71.7% of the students stayed in the dormitory, 9.1% of them had
a diagnosed disease, 36.6% of them received nutritional education, 96.0% of them skipped the main meal, 67.0%
of them skipped mostly lunchtime, 97.9% of them consumed snacks. When their nutritional habits are examined,
it was determined that 52.4% of the students bought food which is sold by out of the house and 81.8% of this
students reported that bought this food because of they were desired. it was found that students consumed cola-
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Giris

Beslenme, fetiisiin uterusta kendine yer edinmesi ile baslayan
ve yasamin sonuna kadar devam edecek olan en 6nemli ya-
samsal faaliyetlerden biridir. Beslenme; biiylime ve geligsme-
nin saglanmasi, sagligin korunmasi, siirdiiriilmesi, gelistiril-
mesi ve yasam kalitesinin yiikseltilmesi i¢in viicudun ihtiyaci
olan besin 6gelerini yeterli miktarlarda ve uygun zamanlarda
almak icin, bilingli yapilmasi gereken bir eylemdir (Arl1 vd.,
2017; Saygin vd., 2011; Calistir vd., 2005; Tanir vd., 2001).
Universite dgrencilerinin beslenme aliskanliklarinda; ailele-
riyle yasadiklar1 ev ortamindan ayrilarak yurt, apart, vb. yer-
lerde kalmalar1 ve ekonomik nedenlerden dolay1 bazi degi-
simler meydana gelmektedir. Ogrencilikle birlikte disarida
gecirilen siirenin artmasiyla evde yemek hazirlama aligkan-
l1g1 ve ev yemegi tiikketimi yerini; daha pratik, kolay ulasila-
bilen, sagliksiz fast-food gidalara birakmistir (Arslan, 2018).
Bu nedenle tiniversite 6grencilerinin ¢gogunlugu mevcut alis-
kanliklarindan uzaklagmakta ve bu yeni ortamda hig tecriibe
etmedikleri beslenme aliskanliklar1 ile yetersiz ve dengesiz
beslenmeye baglayabilmektedirler (Kaleli vd., 2017; Mazici-
oglu ve Oztiirk, 2003). Yapilan ¢alismalar, yetersiz ve denge-
siz beslenmenin fiziksel gelisimi etkilemesinin yani sira, zi-
hinsel gelisimi negatif etkilemesi, bagisikligin zayiflamasi,
bu nedenle hastaliklara yakalanma riskinin artmasi, hastalik
stirecinin agir ve uzun siirmesi, vb. yasam kalitesini diisiiren
etkilere sahip oldugunu vurgulamislardir (Onurlubag vd.,
2015; Roldan vd., 2005; Glore vd., 1993). Beslenme aliskan-
liklarinda kisilerin ana ve ara 6giin sayisi, bu dgiinlerde tii-
kettikleri besinlerin tiirii ve miktari, yiyecek satin alinan yer,
vb.’nin yani sira kisilerin yemek yeme bigimleri, besinlerin
agizda yeterince ¢ignenmesi, hangi duygu durumunda besin
tiikkettikleri, besinleri tiiketim tercihlerinin soguk ya da sicak
olmasi gibi davranis kaliplarini igermektedir. Ayrica egitim,
gelir seviyesi, sahip olunan kiiltiir, beslenme bilgi diizeyi, ya-
sanilan yer ve bolgeye ait iklim gibi faktorlerde beslenme
aligkanliklarina etki etmekte ve yon vermektedir (Kaleli vd.,
2017). On sekiz-yirmi dort yas donemi, sagligin korunmasi,
gelistirilmesi ve hastaliklarin 6nlenmesi agisindan énemli bir
yas donemi olarak kabul edilmektedir. Bu sebeple bu yas gru-
bundaki iiniversite 6grencileri, son yillarda pek ¢ok ¢aligma-
nin hedef grubunu olusturmaktadir (Chourdakis vd., 2010).
Ozellikle iilkemizdeki gengler iizerine yapilan beslenme alis-
kanliklar1 ile ilgili aragtirmalarda, 6grencilerin genellikle ana
ve ara Ogilinlere dikkat etmedikleri, tek 6giin yemek yedikleri,
ogtlinlerinde yumurta, sebze, siit ve siit lirlinlerini hig¢ tiiket-
medikleri, kahvaltida cay, simit ve ekmek gibi yiyecekleri
daha cok tiikettikleri, 6grencilerin yemek secerken saglikli ol-
masindan ziyade doyurucu olmasina dikkat ettikleri, ekono-
mik zorluklari, yetersiz ve dengesiz beslenme probleminde
etkili oldugu, yurtlarda kalan 6grencilerin yurt sartlarinin

kotii olmasindan dolay1 beslenmelerinin iyi olmadigi saptan-
mistir (Topbas-Biyikli vd., 2018; Diilger ve Mayda, 2016,
Onurlubag vd., 2015). Bir lilkenin sosyo-ekonomik agidan ge-
lisebilmesi i¢in bireylerin zihinsel olarak giiclii ve fiziksel
olarak saglikli olmas1 gerekmektedir. Bu durumun saglana-
bilmesi ise yeterli ve dengeli beslenmeden ge¢mektedir. Ul-
kelerin gelecegi olarak diisiiniilen ve bir o kadar da sagliksiz
beslenme ile ilgili risk grubunu olusturan {iniversite 6grenci-
lerinin beslenme aliskanliklar1 ve besin tiiketim sikliklari
arastirilmistir. Bu agidan bu c¢alisma literatiire 6nemli bir
katki saglayacaktir. Bu ¢alismanin amaci; Giimiishane Uni-
versitesi Saglik Bilimleri Fakiiltesinde 6grenim goren 6gren-
cilerin beslenme aligkanliklarini belirlemektir.

Materyal ve Metot

Arastirma Yontemi ve Orneklemi

Arastirma; Mart-Mayis 2018 tarihleri arasinda Giimiishane
Universitesi Saglik Bilimleri Fakiiltesinde ki alt1 boliimde
(Beslenme ve Diyetetik, Hemsirelik, Saglik Y dnetimi, Sosyal
Hizmet ve Acil Afet ve Yardim Yonetimi, Is Saglig1 ve Gii-
venligi) okuyan (n=1600) lisans Ogrencilerinin, beslenme
aligkanliklarini belirlemek amaci ile yapilmistir. Arastirma-
nin evrenini Saglik Bilimleri Fakiiltesi’'nde okuyan (n=1600)
ogrenciler olusturmustur. Arastirmada 6rneklem se¢imine gi-
dilmemis tiim 6rnekleme ulagilmaya caligilmistir. Calismaya
katilimda goniilliiliik esas alindig1 igin 1271 kisi ile ¢aligma
tamamlanmugtir.

Arastirmanin Etik Boyutu

Aragtirmanin  gergeklestirilecegi Giimiishane Universitesi
Saglik Bilimleri Fakiiltesi Dekanligindan arastirmanin yapil-
masi i¢in gerekli yazili izin ve {liniversitenin etik kurulundan
19 Mart 2018 tarihinde 95674917-044-E.9674 sayili etik
onay alinmigtir. Arastirmaya baslamadan once Ogrencilere
aragtirma ve uygulama hakkinda gerekli agiklamalar yapil-
diktan sonra 6grenciler tarafindan sézel onam alinmis ve an-
ket uygulanmigtir. Calismaya katilma konusunda goniilliliik
esas alimmustir,

Arastirma Verilerinin Elde Edilmesi

Veriler, arastirmacilar tarafindan ilgili literatiirden yararlani-
larak hazirlanmis anket formuyla ve yiiz yiize gériisme tekni-
giyle toplanmistir. Anket formu iki boliim ve 28 adet sorudan
olugmaktadir. Birinci boliim 6grencilere ve ailelerine iliskin
sosyo-demografik ozellikleri (yas, cinsiyet, viicut agirligi,
boy uzunlugu, kalinan yer, anne-baba meslegi, anne-baba
egitim durumu, ailenin aylik ortalama geliri, beslenmeye
bagli tanis1 konmus hastaligin olup olmamasti) i¢ceren sorular-
dan, ikinci boliim ise 6grencilerin beslenme aligkanliklarini
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belirlemeye yonelik sorulardan olusmaktadir. Ikinci bo-
limde yer alan besin tiiketim siklik tablosu “her giin”, “haf-
tada 2-3”,” haftada bir”, “15 giinde bir”, “ayda bir” ve “tiikket-
mem” olacak sekilde sorgulanmistir. Katilimcilarin besin ter-
cihleri ile ilgili verilerinin hesaplanmasinda Ozgen ve Go-
nen’nin (1989), ¢alismasinda bulunan degerlendirme yonte-
minden (T= 3T1+2T2+T3) yararlanilmigtir. Bu yontemde T:
toplam puan, T1: birinci tercih, T2: ikinci tercih, T3: {i¢iincii
tercih olarak belirlenmis ve toplam puanin elde edilmesi igin
birinci tercih g, ikinci tercih iki, {iglincii tercih bir puan ile
carpilmistir.

Verilerin Degerlendirilmesi

Caligma verilerinin degerlendirilmesinde iki veya daha fazla
bagimsiz grup yiizdesi arasindaki farkin karsilagtirllmasinda
Ki-kare testi kullanilmig, anlamlilik incelenirken veri gozle-
rinde 5’ten kiiglik beklenen frekans yiizdesi eger %20.0’den
kiigtik ise Pearson Ki-Kare Test, %20-25 arasinda ise Likely-
hood Ratio Ki-Kare istatistigi, %25.0’ten biiyiik ise Fisher
Exact test istatistigi kullanilmistir. Tiim istatistiksel testlerde
giiven aralig1 %95.0 kabul edilmistir. Verilerin degerlendiril-
mesinde SPSS 21.0 (Statistical Package for the Social Scien-
ces) paket programindan yararlanilmistir. Bulgular, tablo-
larda cinsiyet bazinda simiflandirilmis, veriler say1 ve ylizde
oranlar1 icerecek sekilde verilmistir. Ondokuz yas alt1 i¢in
BKI persentil degerleri kullanilmis; “<5. persentiller yetersiz
beslenme”, “>5.-<15. persentiler zayif”, “>15.-<85. persen-
tiller normal”, “>85.-<95. persentiller hafif sisman olarak de-
gerlendirilmistir. Yirmi ve daha biiyiik yastakiler icin ise
“<18.5 kg/m? zayif”, “18.5-24.9 kg/m” normal”, “25.0-29.9
kg/m? hafif sisman”, “30.0-34.9 kg/m” I. derece sisman” ola-
rak smiflandirilmistir (Pekcan, 2008).

Bulgular ve Tartisma
Ogrencilere ait Sosyo-Demografik Ozellikler

Calismaya katilan 6grencilerin yas gruplari, viicut agirliklari,
boliimleri, aile gelir diizeyleri, siniflari, kaldiklar1 yerler,
anne, baba egitim durumlari ve saglik durumlar ile ilgili bil-
giler Tablo 1°de verilmistir. Aragtirmaya katilan 6grencilerin
%69.6’s1 kiz, %30.470 erkek; %24.2°si on dokuz yas ve al-
tinda, %75.8’1 ise 20 yas ve lizeri bireylerden olugmaktadir.
Cinsiyete gore yas dagilimlar arasindaki fark istatistiksel
olarak anlamlidir (P<0.05). Ogrencilerin BKI persentillerine
gore %10.4°1 zayif veya yetersiz beslenme durumuna sahip-
ken, %86.5’i normal BKI’ye sahiptir. Kiz 6grencilerin erkek
ogrencilere kiyasla zayif olma veya yetersiz beslenmeye sa-
hip olma durumu (kiz: %13.1; erkek: %4.1) ve normal
BKi’ye sahip olma durumu daha yiiksektir (kiz: %58.4; er-
kek: %28.2). Cinsiyete gore viicut agirliklar1 arasinda istatis-
tiksel olarak anlamli iligski gézlenmistir (P<0.05). Caligmaya
alt1 ayr1 boliimden katilan 6grencilerin biiyiik ¢ogunlugunu

Saglik Yonetimi Boliimii (%26.0) 6grencileri olusturmakla
birlikte, Beslenme ve Diyetetik, Hemsirelik, Is Saghg Gii-
venligi, Acil Afet ve Yardim Yonetimi ve Sosyal Hizmet Bo-
liimii 6grencilerinin dagilimlar1 sirastyla %17.6, %19.1,
%17.6, %6.4, %13.3’tiir. Ogrencilerin %83.9’u ailelerinin
gelir diizeyini orta, %2.4’1 ise yiiksek olarak ifade etmisler-
dir. Kiz 6grencilerin (%10.6), erkek 6grencilere (%20.7) gore
daha diisiik aile gelirine sahip olduklar1 belirlenmistir. Ca-
lisma 6rnekleminde cinsiyete gore boliimler, siniflar ve gelir
diizeyleri dagilimlari istatistiksel olarak anlamli bulunmustur
(swrastyla P<0.05; P<0.05; P<0.05). Ogrencilerin %71.7’si
yurtta, %25.3’1 6grenci evinde, %3.0’1 ise ailelerinin yaninda
kaldigi, kiz 6grencilerin %77.6’sinin, erkek 6grencilerin ise
%58.1’inin yurtta kaldig1 tespit edilmistir. Ogrencilerin ebe-
veynlerinin egitim durumlari incelendiginde, baba ve annele-
rin biiylik gogunlugunun (sirastyla %36.7; 49.3) ilkdgretim
mezunu oldugu tespit edilmis, liniversite mezunu olma du-
rumlart ise sirasiyla %11.5 ve %2.9 bulunmustur. Ogrencile-
rin cinsiyete gore kaldiklar1 yer, baba egitim durumlariin
cinsiyete gore dagilimlari arasinda istatistiksel olarak anlamli
iligki bulunmustur (sirasiyla P<0.05; P<0.05). Arastirmaya
katilan &grencilerin  saglik durumlarina bakildiginda
%90.9’unun tanis1 konmus herhangi bir hastaliga sahip olma-
dig1 tespit edilmis, erkek dgrencilerde diyabet, dis hastalik-
lar1, g6z rahatsizliklar1 ve kalp damar hastaliklar1 goriilme
orani kiz 6grencilere gére daha fazla, anemi goriilme orani ise
daha az bulunmustur. Tanis1 konulmug hastalik goriilme du-
rumu ve hastalik ¢esidinin cinsiyete gére dagilimu istatistiksel
olarak anlamli bulunmustur (P<0.05; P<0.05).

Diilger ve Mayda (2016), Bartin Universitesi Saglik Hizmet-
leri Meslek Yiiksekokulu 6grencilerinde yapmis olduklari ¢a-
lismada &grencilerinin %58.2°sinin kiz %41.8’inin erkek ol-
dugunu, %48.1’inin 18-20 yas araliginda oldugunu belirtmis-
lerdir. Normal BKI’ye sahip erkek ogrencilerin oraninin
%65.0, kiz dgrencilerin oranmnin ise %73.1 oldugunu belirt-
misglerdir. Buna ek olarak erkeklerin %7.5’inin, kizlarin ise
%6.0’smin zay1f oldugu, yaklasik iigte birinin (%37.7) ailele-
rinin aylik gelirlerinin 1000 TL Tiirk lirasinin altinda ve dii-
siik gelire sahip olduklari tespit edilmistir (Diilger ve Mayda,
2016). Ozdemir ve Ozdilek (2010), 180 6grenci iizerinde yap-
mis olduklar1 calismada dgrencileri BKi’lerine gore deger-
lendirdiklerinde, erkek 6grencilerin %78.6’sin1n, kiz 6gren-
cilerin %56.7’sinin normal BKi’de oldugu ve erkeklerin
%10.7’sinin, kizlarin ise %43.3 Unilin zayif oldugunu sapta-
mislardir (Ozdemir ve Ozdilek, 2010). Téziin vd. (2017), 6g-
renciler lizerinde yapmis olduklari ¢alismada kiz 6grencilerin
%94.6’sinin, erkek Ogrencilerin ise %71.4’linlin normal
BKi’ye sahip oldugunu bildirmislerdir. Asir1 kilolu ve obez
olma durumunun erkeklerde, kizlara gére %28.6 daha yiiksek
oldugunu saptanmiglardir (T6ziin, vd., 2017). Aydogan vd.
(2016), yapmis olduklan ¢alismada 6grencilerin %73.1’inin
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kiz, %26.9’unun erkek, %76.7’sinin ise normal BK1’ye sahip
kiz 6grencilerden olustugunu bildirmislerdir (Aydogan vd.,
2016). Yilmaz ve Ozkan’m (2007), ¢alismasinda ise calis-
maya katilan Ogrencilerin tamammin (n=175) kiz ve
%77.7’sinin normal BKi’ye sahip oldugu bulunmustur (Y1l-
maz ve Ozkan, 2007). Garipagaoglu vd.’nin (2012), yapmis
olduklar1 ¢alismada &grencilerin (%39.4 kiz, %60.6 erkek),
BKI’leri incelendiginde erkeklerin ¢ogunlugunun (%61.7),
kizlarin yarisinin (%49.1) normal degerlere sahip oldugu go-
rilmistiir (Garipagaoglu, vd., 2012). Benzer ¢alismalarla ki-
yaslandiginda bu ¢alismada da 6grencilerin ¢ogunlugunun
normal BKI’ye sahip oldugu goriilmektedir. Geng niifusu-

Tablo 1.0grencilerin sosyo-demografik 6zellikleri

Table 1. Socio-demographic characteristics of students

muzu olusturan bu bireylerin normal BKi’de olmalar1 sevin-
dirici bir sonugtur. Ayrica zayif olma durumunun kiz 6gren-
cilerde daha yiiksek oranda goriilmesinin nedeni kiz 6grenci-
lerin dis goriiniislerine daha fazla 6nem vermeleri ve bes-
lenme konusunda daha dikkatli olduklar1 seklinde yorumla-
nabilir. Daha 6nce yapilmis ¢alismalarda da kiz 6grencilerin
zayiflik durumunun erkek 6grencilerden daha yiiksek oldugu
belirtilmistir (Ayhan vd., 2012; Garipagaoglu vd., 2012). Bu
calismada obez ve hafif sigsman birey sayisinin ¢ok diisiik ol-
masi (%1.3-1.8) Saglik Bilimleri Fakiiltesi’nde okuyan 6g-
rencilerin saglikli olma biling diizeylerinin yiiksek olabile-
cegi ile iliskilendirilebilir.

Ozellikler Kiz (n=884) Erkek (n=387) Toplam (N=1271) P
Say1 % Say1 % Say1 %
Yas Gruplar (yi)**
19 yas ve alt1 244 27.6 63 16.3 307 242 y_yg3
ss=1
. P<0.05
20 yas ve lizeri 640 72.4 324 83.7 964 75.8
Viicut Agirhiklar: (kg/m?)**
Zayif veya Yetersiz Beslenme Durumu 116 13.1 16 4.1 132 10.4
Normal 742 83.9 358 92.5 1100 86.5 5::326'9
Hafif sisman 18 2.0 5 1.3 23 1.8 P<0.05
Sisman 8 1.0 8 2.1 16 1.3
Boliim**
Beslenme ve Diyetetik 184 20.8 40 10.3 224 17.6
Hemsirelik 172 19.5 71 18.3 243 19.1
. X?=66.7
Sosyal Hizmet 125 14.1 44 11.4 169 13.3 ss=2
Saglik Yonetimi 241 273 89 23.0 330 26.0 P<0.05
Acil Yardim ve Afet Yonetimi 52 5.9 29 7.5 81 6.4
Is Saghg1 ve Giivenligi 110 12.4 114 29.5 224 17.6
Ailenin Gelir Diizeyi Degerlendirilmesi**
Diisiik 94 10.6 80 20.7 174 13.7  x2=349
Orta 777 87.9 290 74.9 1067 83.9 ss=2
Yiiksek 13 1.5 17 4.4 30 2.4 P<0.05
Sinif**
1. Simf 287 32.5 90 23.3 377 29.7
2. Smf 277 31.3 113 29.2 390 30.7 5::318'7
3. Siuf 167 18.9 85 22.0 252 19.8  P<0.05
4. Simif 153 17.3 99 25.5 252 19.8
Kaldiklan Yer**
Yurt 686 77.6 225 58.1 911 71.7
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Ogrenci Evi 171 19.3 151 39.0 322 253 X=55.4

Aile Yant 27 3.1 1 2.9 38 50 52

Baba Egitim Durumu**

Okur Yazar Degil 16 1.8 14 3.6 30 2.4

Okuryazar 29 3.3 5 1.3 34 2.6

flkokul Mezunu 319 36.1 147 38.0 466 36.7 f::sl 2.2

Ortaokul Mezunu 205 23.2 95 24.5 300 23.6  P<0.05

Lise Mezunu 219 24.8 76 19.6 295 23.2

Universite Mezunu 96 10.8 50 13.0 146 11.5

Anne Egitim Durumu**

Okur Yazar Degil 99 11.2 61 15.8 160 12.6

Okuryazar 52 5.9 32 8.3 84 6.5

flkokul Mezunu 449 50.8 177 45.7 626 49.3 2(::59 =

Ortaokul Mezunu 161 18.2 61 15.8 222 175  P>0.05

Lise Mezunu 99 11.2 43 11.1 142 11.2

Universite Mezunu 24 2.7 13 33 37 2.9

Tanis1 Konmus Hastalik Durumu**

Var 97 11.1 19 4.9 116 9.1 X=11.9

Yok ss=1

P<0.05

787 88.9 368 95.1 1155 90.9

Tams1 Konmus Hastaliklar (n=116)*

Diyabet 8 8.3 4 21.1 12 10.4

Dis Problemleri 8 8.3 4 21.1 12 104 x2=92

Anemi 63 64.9 6 31.6 69 59.4 ss=1

Kalp Damar Hastaliklars 8 103 2 10.5 10 g6 <005

Go6z Rahatsizliklari 10 8.2 3 15.7 13 11.2

*FisherExact Test ** Pearson Ki-Kare Testi, ss= Standart Sapma

olarak anlamlidir (P<0.05). Buna ek olarak 6grencilere yo-
neltilen ‘ana 6gilin atlama nedeniniz nedir?’ sorusuna 6gren-
cilerin %37.1’1 “zaman1 olmadig1 i¢in” (kiz: %36.6; erkek:
%36.1), %19.7’si “hazirlayan olmadig1 i¢in” (kiz: %18.0; er-

Ogrencilerin Beslenme Aligkanliklarini Belirlemeye
Yonelik Bulgular

Arastirmaya katilan 6grencilerin beslenme egitimi alma du-

rumlari, 6giin atlama durumlari, en ¢ok atladiklari 6giin, ana
0glin atlama nedenleri, ana ve ara 6giin tilketim sikliklari ve
atistirmalik tiiketim durumlar1 Tablo 2’de verilmistir. Tablo
2 incelendiginde 6grencilerin %63.4’l beslenme egitimi al-
madigin beyan etmis, beslenme egitimi alan kiz 6grencilerin
(%40.6), erkek dgrencilerden (%27.4) daha fazla oldugu tes-
pit edilmistir. Ogrencilerin %96.0’1nin ana 6giinleri atladigi,
ana 0glin atlayan kiz 6grencilerin (%96.7) erkek 6grencilere
(%94.3) gore daha fazla oranda oldugu tespit edilmistir. Og-
renciler en ¢ok 6gle dgiiniinii (%67.0) ve en az aksam 6gii-
niinii (%5.1) atladigin1 belirtmis, kahvalt1 6giiniinii atlayan
kiz 6grencilerin (%24.2) erkek 6grencilerden (%36.4) daha
fazla oldugu tespit edilmistir. Cinsiyete gore ana 6giin atlama
durumu ve en ¢ok atlanan ara 6giinlerin dagilimu istatistiksel

kek:%22.4), %18.6’s1 “aliskanlig1 olmadigi i¢in” (k1z:%20.8;
erkek:%18.6) cevabini vermislerdir. Kiz ve erkek dgrenciler
kahvalt1 (sirastyla %65.7-61.5) ve aksam 6giliniinii (sirasiyla
%80.3-79.6) her giin olacak sekilde tiiketmektedir. Ogle
0giini ise erkek ogrencilerin %35.9’u tarafindan her giin tii-
ketilmesine ragmen kiz 6grencilerin %27.0°1 haftada 1-2 giin
olacak sekilde tiiketmektedir. Ara 6giin tilketim durumlarina
bakildiginda; kusluk ara 6giinii erkek 6grencilerin biiyiik ¢o-
gunlugu (%65.7) tarafindan hig tiiketilmezken, kiz 6grencile-
rin %66.7’si haftada 1-2 kez olacak sekilde tiiketmektedir.
Ikindi ara 6giin 6grencilerin biiyiik cogunlugu tarafindan hig
tiiketilmemektedir. Ogrencilerin ara ve ana 6giin sikliklarinim
dagilimlarina bakildiginda ise sadece 6gle 6giini tiiketim sik-
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liginin cinsiyete gore dagilimi istatistiksel olarak anlamli bu-
lunmustur (P<0.05). Ogrenciler “atistirmalik tiiketiyor musu-
nuz?” sorusuna %97.9 (kiz: %98.0; erkek: %29.3) oraninda
“evet” cevabim vermislerdir. Ogrencilerin 6giinler aralarinda
tercih ettikleri en ¢ok ii¢ yiyecek cesidinin simit/pogacga/tost

(TP=1359), biskiivi/kraker/kek (TP=1159) ve taze/kuru mey-
veler (TP=946); en cok tercih edilen ii¢ icecek cesidinin ise
cay/kahve (TP=1192), siit/ayran (TP=821) ve gazli igecekler
(TP=356) oldugu saptanmistir. Yiyeceklerden cikolata/seker-
lemeler (TP=824), cips (TP=424) ve kuruyemisler (TP=200);
iceceklerden meyve sular1 (TP=296) daha az tercih edilmistir.

Tablo 2. Ogrencilerin beslenme egitimi alma durumlar1 ve 6giin diizenleri

Table 2.Nutritional edutaction receiving status and meal plan of students

Ozellikler Kiz (S=884) Erkek (S=387) Toplam (S=1271) P
Sayi % Say1 Y% Say1 %
Beslenme Egitimi Alma Durumu
Evet 359 40.6 106 274 465 36.6
X2=203 ss=1
P<0.05
Hayir 525 59.4 281 72.6 806 63.4
Ana Ogiin Atlama Durumu
Atliyor 855 96.7 365 94.3 1220 96.0 =40
ss=1
Atlamiyor 29 33 22 5.7 51 4.0 P<0.05
En Cok Atlanan Ana Ogiin (n=1220)
Kahvalt1 207 24.2 133 364 340 27.9
; X2=20.6
Ogle 598 69.9 598 60.3 818 67.0 ss=2
Aksam 50 5.9 50 33 62 5.1 P<0.05
Ana Ogiin Atlama Nedeni (n=1220)
Istahsizlik 132 15.4 63 17.3 195 159
Hazirlayan olmadigi i¢in 154 18.0 87 23.8 241 19.7 ,
Zamani olmadig1 i¢in 313 36.6 140 384 453 37.1 ;‘;;518'1
Zayiflamak olmadig1 igin 37 43 6 1.6 43 3.6 P<0.05
Ekonomik yetersizlik 41 4.8 20 5.5 61 5.0
Aligkanlig1 olmadigi i¢in 178 20.9 49 13.4 227 18.6
Ana Ogiin Tiiketme Sikliklar
Her giin 581 65.7 238 61.5 819 64.4
Haftada 5-6 giin 102 11.5 38 9.8 140 11.0 X?=73
Kahvalti Haftada 3-4 giin 131 14.8 68 17.6 199 15.7 ss=4
Haftada 1-2 giin 56 63 38 98 94 7.4 P>0.05
Hig 14 1.7 5 1.3 19 1.5
Her giin 169 19.1 139 359 308 24.2
Haftada 5-6 giin 95 10.7 67 17.3 162 12.7 X2=70.4
Ogle Haftada 3-4 giin 197 223 78 20.2 275 21.6 ss=4
Haftada 1-2 giin 239 270 57 147 296 233 P<0.05
Hig 184 20.9 46 11.9 230 18.2
Aksam Her giin 710 80.3 308 79.6 1018 80.1 X2_=41.5
Haftada 5-6 giin 82 9.3 43 11.1 125 9.8 5=
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Haftada 3-4 giin 37 42 15 39 52 4.1 P>0.05
Haftada 1-2 giin 28 32 12 3.1 40 3.1
Hig 27 3.0 9 2.3 36 2.9
Ara Ogiin Tiiketme Sikliklari
Her giin 32 3.6 23 5.9 55 43
Haftada 5-6 giin 40 45 14 36 54 42
Kusluk Haftada 3-4 giin 61 6.9 27 70 88 6.9 =55 sed
Haftada 1-2 giin 160  66.7 80 207 240 18.9 P>0.05
Hig 591 183 387 62.8 834 65.7
Her giin 67 7.6 50 12.9 117 9.2
Haftada 5-6 giin 38 43 15 39 53 42
Ikindi Haftada 3-4 giin 114 12.9 45 116 159 12.5 X=9.8  ss=4
Haftada 1-2 giin 21 250 178 256 320 252 P=0.05
Hig 444 502 178 460 622 48.9
Her giin 94 10.6 48 124 142 11.2
Haftada 5-6 giin 57 6.4 36 9.3 93 7.3 X>=4.7
Gece Haftada 3-4 giin 160 18.1 71 183 52 18.2 ss=4
Haftada 1-2 giin 204 333 118 305 40 304 P>0.05
Hig 884  31.6 387 295 36 30.9
Atistirmalik Tiiketim Durumu
Evet 866  98.0 370 95.6 1236 97.9
X=32
Hayir 18 2.0 4.4 1.0 35 2.1 ss=1  P>0.05

Pearson Ki kare Testi, ss: Standart Sapma

Onurlubas vd.’nin (2015), calismasinda 6grencilerin 6giin
aralarinda %60.1’inin her zaman, %36.5’inin bazen herhangi
bir yiyecek ya da igecek tiikettigi, %3.4’{inlin ise hicbir za-
man ara 6gilin tikketmedigi belirlenmistir. Cayin (%73.0) ise
0giin aralarinda tiikketimi en fazla tercih edilen icecek oldugu
belirtilmistir (Onurlubas vd., 2015). Ozyazicioglu vd.’nin
(2009), calismasinda kiz 6grencilerin %77.9 unun, erkek 63-
rencilerin %63.2’sinin 6giin aralarinda atistirmalik tiikettigi
belirtilmistir. Tézlin vd. (2017), 6grencilerin %12.7’sinin ii¢
0gtlin ana yemek, %13.7’sinin 3 ara 6giin, %12.7’sinin ise hig
6giin atlamadigim tespit etmislerdir. Ogrencilerin %40.1’inin
sabah, %44.6’s1inin 6gle, %2.6’sinin ise aksam 6glinilinii atla-
digin1 saptanmiglardir (T6zlin vd., 2017). Dilger ve Mayda
(2016), cinsiyete gore ana ve ara 6giin tiiketim durumlaria
baktiklar1 ¢alismada, kiz 6grencilerin %96.4’{iniin, erkek 6g-
rencilerin %92.6’smin aksam yemegini her giin tiikettigini,
genel orneklemin %35.5’inin 6gle yemegi tiiketmedigini,
%19.5’ininde sabah kahvaltis1 yapmadigini bildirmislerdir.
Arastirmaya katilan kiz O6grencilerin en fazla tiikettigi ara
ogliniin ikindi (%41.2), erkek 6grencilerin en fazla tiikettigi
ara Ogliniin ise gece ara 6giinil (%53.3) oldugu bildirilmistir.

Ogrencilerin 6giin atlama nedenlerine bakildiginda ise erkek
ogrencilerin %35.0’1min “caninin istememesi”, kiz 6grencile-
rin ise %39.5’inin “ge¢ kaldiklarindan dolay1” 6giin atladik-
larm belirtmislerdir. Ogiinlerin tiiketildikleri yerlere bakildi-
ginda ise O6grencilerin kahvaltiy1 en ¢ok %39.4 ile evde yap-
tiklar1 goriilmiistiir. Ozdemir ve Ozdilek (2010), calismala-
rinda 6grencilerin biiyiik gogunlugunun (%62.7 erkek-%43.3
kiz) giinde 3 6giin beslendigi, 6giin atlama nedeni olarak ye-
mege yeterli zamani ayiramamanin erkeklerde %64.0, kiz-
larda %73.3 ilk siray1 aldig1 belirtilmistir (Ozdemir ve Ozdi-
lek, 2010). Aydogan vd. (2016), ¢alismalarinda 6grencilerin
%16.2’sinin 6gle yemegini, %30.3’{inlin sabah kahvaltisini,
%0.8’inin ise aksam yemegini yemedigini ve en ¢ok kahvalti
Oglintiniin atlandigini tespit etmislerdir (Aydogan vd., 2016).
Vangelik vd. (2007), 6grencilerin %87.4’linlin 6giin atladi-
gin1, 6giin atlayanlarin da %46.3’iinlin yemek yemeyi unut-
tugunu veya firsat bulamadig i¢in 6giin atladiklarini bildir-
mislerdir. Ogrencilerin iizgiin veya yorgun olduklarinda
%42.6’sm1in her zamankinden az yemek yedigini belirtmis-
lerdir (Vangelik vd., 2007). Yilmaz ve Ozkan’in (2007) ¢alis-
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masinda dgrencilerin %90.3’1 6giin atladigini, en fazla atla-
nan 6giiniin %65.8 ile 6gle 6giinii oldugunu, %51.3’1 zaman
bulamama nedeniyle 6&iin atladigini ve %77.7’si yemek se-
cerken temiz bir ortamda pisirilmesi ve sunulmasina dikkat
ettiklerini belirtmislerdir (Y1lmaz ve Ozkan, 2007). Garipa-
gaoglu vd. 'nin (2012), yapmis olduklar1 ¢alismada ise kiz
ogrencilerin %46.2’sinin, erkek Ogrencilerin %50.6’smin
kahvalti &giiniinii atladigin1  belirtmislerdir. Ogrencilerin
%58.0’min uykuyu kahvaltiya tercih ettigi igin, %26.0’s1
derse yetisme korkusu nedeniyle , %12.0’si ise kahvalti
yapma aligkanlig1 olmadig1 i¢in kahvalt1 6gilinilini atladigini
beyan etmislerdir (Garipagaoglu vd., 2012). Gile¢ vd.
(2008), iki ayr1 ogrenci yurdunda kalan Ogrencilerin bes-
lenme aligkanliklarini inceledikleri ¢aligmada ise 6grencilerin
¢ogunlukla 6gle 6gliniinii atladiklarini belirtmislerdir (Giileg
vd., 2008). Bu caligmada &grencilerin bilylik ¢gogunlugunun
6gln atladig1 ve en ¢ok atlanan 6giiniin 6gle 6glinii oldugu
saptanmgtir. Ogiin atlama sebebi olarak en fazla “zamanin
olmadig1” ifade edilmistir. Oysaki saglikli ve diizenli beslen-
menin yasam tarzi haline getirilebilmesi i¢in 6giinlerin zama-
ninda ve dengeli bir sekilde yapilmasi 6nerilmektedir (Kiling
ve Deniz, 2012). Ogrencilerin 6giin atlamasinin birgok sebebi
olabilecegi gibi derslerinin erken baglamasi, 6grencilerin ¢o-
gunlugunun yurtta kalmasi ve kahvaltilarint alip okulda ders
aralarinda tiiketmeleri onlarin 6gle 6giiniinii atlamasina sebep
olabilir. Ayrica dgrencilerin biiyiik ¢cogunlugunun orta gelir
diizeyine sahip olmalar1 da {i¢ 6glinli diizenli olarak tiikete-
memelerine sebep olabilir.

Ogrencilerin yemek segme durumlari, kahvalti ve 6gle ye-
meklerini yedikleri yerler, agikta satilan yiyecekleri satin
alma ve almama nedenleri Tablo 3’te verilmistir. Caligmaya
katilan Ogrencilerin biiylik ¢ogunlugunun yemek sectigi
(%58.8) bulunurken, kiz 6grencilerde (%60.3) bu oranin er-
kek 6grencilere (%55.3) gore daha yiiksek oldugu tespit edil-
mistir. Ogrencilerin cinsiyete gére yemek segme durum dagi-
limlan istatistiksel olarak anlamli bulunmamistir (P>0.05).
Kahvalti ve 6gle yemeklerinin yendigi yerler sorgulandi-
ginda, kahvaltinin en ¢ok yurtta (%48.7), en az pastane/kafe-
terya/restoranda (%2.0); 6gle yemeklerinin ise en ¢ok okul
kantininde, en az okul ¢evresindeki restoranlarda tiiketildigi
belirlenmistir. Kahvaltisim1 yurtta tiiketen kiz 6grencilerin
(%52.0), erkek dgrencilerden (%41.1) daha fazla oldugu tes-
pit edilmistir. Cinsiyete gore kahvalt1 ve 6gle yemeklerinin
yenildigi yerlerin dagilimlar arasinda istatistiksel olarak an-
lamh fark saptanmigtir (P<0.05). Arastirmaya katilan 6gren-
cilerin %23.1°’1 acikta satilan yiyecekleri satin aldigini,
%352.4’{i ise bazen satin aldigim beyan etmistir. Ogrencilerin
bu yiyecekleri en fazla “cani istedigi i¢in” (%81.8) satin al-
dig1, “6gretmenleri uyardigi icin” (%89.7) satin almadig: tes-

pit edilmistir. Acikta satilan yiyeceklerin satin alinma durum-
lar1 dagilimlari cinsiyete gore istatistiksel olarak anlamli fark-
lilik gostermistir (P<0.05).

Calismaya katilan 6grencilerin besin tiiketim sikliklar1 Tablo
4’te gosterilmistir. Ogrencilerin siit iiriinlerini tiikketim sikl1g1
incelendiginde her giin en fazla (%38.2) peynir ¢esitlerini tii-
kettigi, siit (%6.8), yogurt (%6.5) ayran (%5.2) tiketim sik-
liklarinin ise daha az oldugu saptanmistir. Arastirmaya kati-
lan Ogrencilerin %68.3 sakatatlari, %21.3 balik ¢esitlerini,
%17.3 salam/sosis/sucuk/pastirma tiirlerini hig¢ tiiketmedik-
leri belirlenmis, her glin yumurta tiiketim siklig1 %20.1 ola-
rak tespit edilmistir. Sebze ve meyve tiiketim sikliklar ince-
lendiginde; domates (%45.2), yesil yaprakli sebzeler
(%37.8), patates (%50.7) ve taze meyvelerin (%42.4) en sik
haftada 2-3 giin tiiketildigi, kuru meyvelerin haftada 1 %21.7
oraninda tercih edildigi gozlenmistir. Ogrencilerin her giin
%50.8 beyaz ekmek, %11.4 tahilli ekmekler tercih ettigi sap-
tanmigtir. Piring (%47.4), bulgur (%43.9) ve makarnanin
(%43.2) en fazla haftada 2-3 giin tercih edildigi belirlenmis-
tir. Ogrencilerin %26.2’sinin her giin, %34.7’sinin haftada 2-
3 giin tath tiikettigi, %5.6’inin ise hi¢cbir zaman tath tiiket-
meyi tercih etmedigi belirlenmistir. Tereyaginin en sik haf-
tada 2-3 giin (%22.1) tiiketildigi gbzlenmis, her giin en sik
(%61.5) tiikketilen igecegin ¢ay oldugu tespit edilmistir. Fast-
food tiiketimlerinin ise en sik (%26.5) haftada 1 kez tiiketil-
digi belirlenmistir.

Toziin vd. (2017), calismalarinda 6grencilerin besin tiikketim
sikliklarii incelemis ve 0grencilerin %76.5’inin ekmegi ve
%43.0’1mn1n ¢ikolata ve gofreti her giin, %76.9’unun beyaz eti,
%69.4’lUniin  kuru baklagilleri, %64.8’inin kirmiz1 eti,
%65.5’1 piring-bulgur-makarnay1, %56.0°1 siit-yogurdu ve
%47.2’si seker-bal-receli haftada 1-2 veya 3-4 defa siklikla
tiikettiklerini bildirmislerdir. Ogrenciler balig1 %74.9, hazir
besinleri (gorba-konserve) %59.3 oraninda 15 giinde bir veya
daha seyrek tiikettiklerini belirtmislerdir. Onurlubas vd.
(2015) ogrencilerin besin tiiketim sikliklarini belirledikleri
caligmada, Ogrenciler tarafindan tahil ve tahil {riinlerinin
(%33.6) her giin en fazla, yumurtanin (%40.5) giinasir1 en
fazla, sebze (%36.0) ve meyve (%36.0) haftada bir kez en
fazla tiiketildigini ve 6grencilerin %8.8’inin ise hi¢ yumurta
tikketmediklerini belirlemiglerdir (Onurlubas vd., 2015). Sag-
likli ve dengeli bir beslenmenin saglanabilmesi i¢in her besin
grubunun her 6giinde ve yeterli miktarda alinmasi 6nerilmek-
tedir. 18-49 yas arasi bireylerde gereksinimlerin karsilanabil-
mesi igin, glinde 3 porsiyon siit ve siit iirlinleri, 2.5-3 porsiyon
et, tavuk, vb. {irlinler, haftada toplam 3 porsiyon kurubakla-
giller, haftada 2 giin 1/2 porsiyon yumurtanin tiiketilmesi ge-
rekmektedir (TUBER, 2016). Bu calismada her giin en fazla
tilketilen besinler sirastyla peynir (%38.2), yumurta (%20.1),
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domates (%22.6), beyaz ekmek (9%50.8) ve ¢ay (%61.5) ol-
mustur. Ogrencilerin biiyiik kismiin devlet yurdunda kalma-
lar1 onlarin belirli besinleri tiilketmelerine sebep olabilir. Be-
yaz ekmek tiiketimindeki yliksek oran bunu destekler nitelik-
tedir.

Tablo 3. Ogrencilerin beslenme aliskanliklarina iliskin diger bilgiler

Table 3. Other informations about nutritional habits of Students

Ozellikler Kiz(S=884) Erkek (S=387) Toplam (S=1271) P

Say1 % Say1 % Say1 %
Yemek secme durumu*
Segiyor 533 603 214 55.3 747 58.8 f: _=12-8

P>0.05

Se¢miyor 351 39.7 173 44.7 524 41.2
Kahvaltinin yenildigi yer**
Okul kantini 122 13.8 43 11.1 165 13.0
Ev 289 32.7 169 43.7 458 36.0 X?=25.6
Pastane. kafeterya. restoran 11 1.2 14 3.6 25 2.0 ss=4
Yurt 460 520 159 41.1 619 487  P005
Diger 2 0.3 2 0.5 4 0.3
Ogle yemeklerinin yenildigi yer*
Okul kantininde 302 342 100 25.8 402 31.6
Evde 107 12.1 73 18.9 180 14.2
Okul ¢evresindeki restoranlarda 84 9.5 59 15.2 143 11.3 =183
Okul yemekhanesinde 151 17.1 76 19.6 227 17.9 ss=
Diger 240 271 79 20.5 319 25.0 P<0.05
Acikta satilan yiyeceklerin satin alinma durumu*
Evet 171 19.3 123 31.8 294 23.1 X=23.6
Hayir 229 259 183 21.2 311 24.5 ss=2
Bazen 484 54.8 387 47.0 666 52.4 P<0.05
Acikta satilan yiyeceklerin satin alma nedeni (n=960)*
Canu istedigi i¢in 546 834 239 78.4 785 81.8
Ucuz oldugu igin 30 4.6 30 9.5 60 6.1
Arkadaglart aldig1 igin 27 4.1 27 3.0 36 3.8 X=11.0
Merak ettigi igin 20 3.1 20 33 30 3.1 ss=4
Diger 32 4.8 32 58 50 5.2 P<0.05
Acikta satilan yiyeceklerin satin almama nedeni (n=311)*
Ekonomik yetersizlik 5 2.1 3 3.7 8 2.6
%aghkh bulunmadig i¢in 6 2.6 4 4.9 10 32 =128
Ogretmenleri uyardig igin 213 93.0 66 80.4 279 89.7 ss=3
Diger 5 2.3 9 11.0 14 4.5 P<0.05

* PearsonKikare Testi **LikelihoodRatioKikare Test, ss=Standart Sapma
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Tablo 4. Ogrencilerin besin tiiketim sikliklar1

Table 4. Food consumption frequency of students

Haftada

Besinler Her giin 2-3 giin Haftada 1 15 giinde 1 AY9a1 Tiiketmiyor
Say1 % Sayi % Say1 % Say1 % Sayi % Say1 %
Siit 87 6.8 403 317 224 17.5 169 133 150 11.8 238 18.9
Ayran 66 5.2 555 437 295 232 194 153 85 6.7 76 5.9
Yogurt 82 6.5 535 421 275 21.6 164 129 106 83 109 8.6
Peynirgesitleri 485 38.2 360 283 102 8.0 186 146 41 32 97 7.7
Kirmizi et 29 2.3 271 213 325 25.6 234 184 255  20.1 157 12.3
Salam/sosis/
sucuk/ pastirma 83 6.5 356  28.0 272 214 194 153 146 115 220 17.3
Sakatat 9 0.7 54 42 70 5.5 82 6.5 188 148 868 68.3
Tavuk 94 7.4 577 454 287 22.6 169 133 74 58 70 5.5
Balikgesitleri 6 0.5 88 6.9 143 11.3 268 21.1 493  38.8 273 21.4
Yumurta 256 20.1 471 37.1 214 16.8 166 13.1 67 53 97 7.6
Kurubaklagiller 78 6.1 503 39.6 345 272 176 138 75 59 94 7.4
Domates 287 22.6 574 452 187 14.7 136 10.7 37 29 50 3.9
Yesilyapraklisebze 139 10.9 480  37.8 314 24.7 187 147 66 52 85 6.7
atates 237 18.6 645 50.7 214 16.8 118 93 26 20 31 2.6
Tazemeyve 203 16.0 539 424 234 18.4 197 155 59 46 39 3.1
Kurumeyve 81 6.4 245 193 275 217 263 207 214 168 193 15.1
Beyazekmek 646 50.9 168  13.2 67 5.3 210 165 33 26 146 11.5
Tahilliekmekler 145 114 168  13.2 134 10.5 142 112 155 122 526 41.5
Piring 94 7.4 602 474 297 234 147 116 55 43 75 5.9
Bulgur 58 4.6 558 439 332 26.1 161 127 71 56 90 7.1
Makarna 77 6.1 549 432 290 22.8 178 140 75 59 101 8.0
Bal-regeli, ¢ikolata, vb. 333 26.3 441 347 205 16.1 157 124 64 50 70 5.5
Tereyagi 82 6.5 281 221 193 15.2 218 172 196 154 301 23.6
Cay 782 61.5 158 124 39 3.1 234 184 18 14 39 3.1
Kahve 260 20.5 446  35.1 193 15.2 199 157 66 52 106 8.3
Kola vegazliigecekler 94 7.4 324 255 261 20.5 210 165 144 113 237 18.8
Hazir/TazeMeyveSular1 126 9.9 401 31.5 269 21.2 218 172 106 83 150 11.9
Fast Food 66 5.2 330 26.0 337 26.5 267 21.0 180 142 90 7.1
Sonuc¢

Arastirma sonuglarma gore Giimiishane Universitesi Saglik
Bilimleri Fakiiltesi’nde okuyan 6grencilerin biiyiik ¢ogunlu-
gunun normal BKi’de olmasina ragmen diizensiz beslendik-
leri, yarisindan fazlasinin agikta satilan yiyecekleri siklikla
tiikkettigi, iicte birinden fazlasinin ise ara dgiinlerden en az bi-

ladig, biitiin bunlara ragmen atistirmalik tiiketimlerinin fazla
oldugu tespit edilmistir. Haftalik fast-food tiiketimi sikliginin
ise sorgulanan diger besin tiiketim sikliklarindan daha fazla
gbzlenmistir. Biitiin bunlardan yola ¢ikarak, 6grencilerin ile-
riki yaglarda cesitli kronik hastaliklara yakalanmamasi ve
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saglikl1 bir yasam siirmeleri i¢in yeterli ve dengeli beslenme-
leri ve saglikli beslenme aligkanliklar1 kazanmalari sarttir. Bu
nedenle liniversitelerde 6grencilere ayrintili beslenme egitimi
verilmesi ve saglikli beslenme konusunda daha ayrintili egi-
tim programlarin olusturulmasi saglanmalidir.

Etik Standart ile Uyumluluk

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

Etik izni: Arastirmanin gergeklestirilecegi Giimiishane Universi-
tesi Saglik Bilimleri Fakiiltesi Dekanligindan arastirmanin yapil-
masi i¢in gerekli yazili izin ve iiniversitenin etik kurulundan 19
Mart 2018 tarihinde 95674917-044-E.9674 sayil1 etik onay alinmig-
tir.
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Ogelerini igermektedir. Siit ve siit iiriinleri tiikketiminin besleyici ve sagliga faydali etkilerine ragmen,
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ve siit Uirtinleri liretmeye yardimei olurken, bazi arastirmacilar pastorizasyon igleminin siitteki 6nemli
besin 6gelerini yok ettigini, ¢ig siitiin astim ve alerjilerin azaltilmas1 gibi terapotik ozelliklere sahip
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Giris

Sagligin yagam boyu korunmasi, iyilestirilmesi ve gelistiril-
mesi igin yeterli ve dengeli beslenmede siit ve siit iiriinleri
tikketimi 6nemli bir yere sahiptir. Siit, memelilerin neonatal
donemle beraber biiylime ve gelismeleri igin gereken enerji
ve besin 0gelerini saglar. Besin 6gesi icerigi agisindan den-
geli olan siit ve siit iirlinleri hem ¢ocukluk hem de yetiskinlik
doneminde elzemdir (Pereira, 2014). Siit ve siit {iriinleri tiike-
timinin besleyici ve sagliga faydali etkilerine ragmen, ¢ig siit
ve pastorize edilmemis siitlerden elde edilen tiriinlerin tiike-
tilmesiyle iligkili potansiyel bir halk saglhigi riski vardir
(Vranjes vd., 2015). Cig siitte, hayvan derisinin yiizeyinde
veya meme bezlerinde saprofit olarak yasayan bakterilere ek
olarak Brucella spp, Salmonella spp, Listeria monocytoge-
nes, Escherichia coli O157:H7, Campylobacter jejuni,
Staphylococcus aureus, Yersinia enterocolitica, Mycobacte-
rium tuberculosis, Mycobacterium bovis, Coxiella burnettii,
Cryptosporidium spp, Shigella gibi patojenik mikroorganiz-
malar bulunabilir (AAP, 2014; Vranjes vd., 2015). Cig siitiin
besin bilesimi, pH’1 (pH 6.4-6.8) ve yiiksek su aktivitesi (aw
0.97) gida kaynakli patojenlerin ¢ogalmasi i¢in ideal bir or-
tamdir (Anonim, 2018). Bu nedenle ¢ig siit ve siit Uriinleri
insanlarda gida kaynakli hastaliklarda siklikla bir enfeksiyon
araci olarak goriiliir (David, 2014; AAP, 2014). Cig siit tiike-
timine bagl olarak ¢ok sayida epidemiyolojik salgin bildiril-
mistir (Sarkar, 2016). Amerikan Gida ve ila¢ Dairesi’ne
(FDA) gore Amerika Birlesik Devletleri'nde (ABD)
1938°den 6nceki siit kaynakli salginlar, enfekte olmus gida
ve su kaynakli salginlarin %25’ini olusturmaktadir (FDA,
2017). Pastorizasyon, insan tiiketimi igin ¢ig siitii giivenli
hale getirmek i¢in etkili bir yoldur (Mungai vd., 2015; Sarkar,
2016).

Pastorize edilmemis siitiin tiiketilmesiyle iliskili saglik risk-
lerine ragmen son zamanlarda dogal, geleneksel ve yerel gi-
dalara yonelik mevcut egilimler nedeniyle ¢ig siite olan talep
artmistir (Enticott, 2003; Mungai vd., 2015). ABD’li tiiketi-
cilerin 6nemli bir kisminin (%3.4) son zamanlarda ¢ig siit tii-
kettigi bildirilmistir (Lucey, 2015). Pastorizasyon, 120 yili
askin bir siiredir giivenli, besin 6geleri bakimindan zengin siit
ve peynir saglamaya yardimci olurken, bazi arastirmacilar
pastorizasyonun siite zarar verdigini ve ¢ig siitiin daha gii-
venli bir alternatif olduguna inanmaya devam etmektedir
(FDA, 2018a). Pastorize edilmemis siit tiikketimi ile iligkili
salginlar halk saglig1 agisindan ciddi bir sorun olusturmaya
devam etmektedir (Mungai vd., 2015). Cig siit tiikketiminden
kaynaklanan riskler ve potansiyel faydalar1 hakkinda siirekli
bir tartigma vardir. Bu derlemede, pastdrizasyonun siitiin be-
sin kalitesi lizerine etkisi ve ¢ig siitiin sagliga faydalar ve
riskleri konularinda bilgiler verilmistir.

Pastorizasyon

Tiiberkiiloz, gectigimiz ylizyilin baslarinda goriilen 6nemli
bir halk saglig1 sorunuydu (Lucey, 2015). 1900 yilinda insan-
lardaki tiiberkiiloz vakalarinin %10’unun sigir tiiberkiilozu
basilinden kaynaklandigir ve 1910 yilinda 300.000 sigirdan
bulasan tiiberkiiloz salgininin Illinois kirsali lizerinden yay1l-
dig1 ve yeni enfeksiyonlarin yayginlastigi tahmin edilmekte-
dir (Czaplicki, 2007). Bu yasanan 6nemli olaydan sonra, siit
kaynakl1 hastaliklarin 6nlenmesi i¢in 1924’te ABD Halk Sag-
l1g1 Hizmeti, devlet ve yerel siit kontrol kuruluslar: tarafindan
goniillii olarak benimsenmesi i¢in Standart Siit Yonetmeligi
olarak bilinen bir yonetmelik gelistirmistir. Bu siit yonetme-
ligi “ A Sinifi Siit Yonetmeligi” (PMO) olarak adlandiril-
makta ve yonetmelige uygun sekilde uyulmasi konusunda
idari ve teknik detaylar sunmaktadir. Yonetmelige gore “pas-
torizasyon”, “pastorize” ve benzeri terimler, siit veya siit tirii-
niiniin her partikiiliinii, uygun bir sekilde tasarlanmis ve ca-
listirllan ekipmanla, Tablo 1’de belirtilen sicaklik ve siire
kombinasyonlarinin herhangi birinde gerceklestirilen 1sitma
islemi olarak tanimlanir (FDA, 2017).

Tablo 1. Pastorizasyon i¢in 6ngoriilen sicaklik ve zaman de-

gerleri (FDA, 2017)
Table 1. Prescribed temperature and time values for pasteuriza-

tion (FDA, 2017)
Sicakhik Zaman
63°C (145°F)* | 30 dk
72°C (161°F)* | 15 sn
89°C (191°F) | 1.0 sn
90°C (194°F) | 0.5 sn
94°C (201°F) | 0.1 sn
96°C (204°F) | 0.05 sn
100°C (212°F) | 0.01 sn

* Siit Uriiniiniin yag icerigi %10 yada daha fazla ise veya toplam
%18 yada daha fazla kati madde igeriyorsa veya ilave edilmis tat-
landiricilar igeriyorsa belirtilen sicaklik 3°C (5°F) arttirilmalidir.

Tiiberkiiloz igermeyen siiriilerin belgelenmesi ve yonetilmesi
cok zor hale geldiginden ve biiylik miktarlardaki siitii etkin
maliyetli bir yaklagimla islenebilmesine imkan verdiginden
dolay1 1920’lerden bu yana siit ve siit iiriinlerinin pastorizas-
yonu, siit kaynakli enfeksiyonlarin insidansini 6nemli 6lgiide
azaltmis, gliniimiizde ¢ok daha fazla kullanilan bir yontem
haline gelmistir (Lucey, 2015; Yu ve Miller, 2016).

Pastorizasyon, siitteki patojen mikroorganizmalarin vejetatif
formlarinin tamamini tahrip etmek, diger mikroorganizmala-
rin sayisini azaltmak ve siitiin raf dmriinii uzatmak igin ger-
ceklestirilir (David, 2014). Pastdrizasyon uygun sekilde ya-
pilmadiginda (uygun zaman ve uygun sicakliklarda) patojen
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mikroorganizmalar siitten tahrip edilemeyebilir. Bununla bir-
likte pastorizasyon daha sonra meydana gelebilecek, 6rnegin
gidalarin taginmasi sirasinda ortaya ¢ikabilecek kontaminas-
yona kars1 koruma saglayamaz. Pastorizasyondan sonraki uy-
gun gida isleme uygulamalari ve siit {iriinlerinin uygun bir si-
caklikta muhafaza edilmesi kontaminasyon riskini azaltir
(Langer vd., 2012). Pastdrizasyon Oncesi ve sonrasinda siitiin
mikrobiyal kontaminasyonunu azaltmaya yonelik alinan 6n-
lemler potansiyel hastalik kaynaklarini daha da azaltmaktadir
(Costard vd., 2017).

Birgok ¢ig siit savunucusu, pastorizasyon isleminin siitteki
onemli besin 6gelerini yok ettigini ve ¢ig siitiin astim ve aler-
jilerin azaltilmasi gibi terapotik ozelliklere sahip oldugunu
iddia etmektedir. Halk saglig1 yetkilileri, bu iddialar1 gliveni-
lir bilimsel kanitlarin yokluguna dayanarak tartismaktadir
(David, 2014). Bununla birlikte ¢ig siit talebi son yillarda art-
maktadir (Yu ve Miller, 2016). ABD’de pastorize edilmemis
siitiin neden oldugu salginlarin sayis1 2007-2009 déneminde
30 iken 2010-2012 yillar1 arasinda 51°¢e yiikselmistir (Mungai
vd., 2015). Costard vd., (2017) yaptiklar1 bir ¢alismada pas-
torize edilmemis siit iirtinleri tiiketicilerinin hastalik riski pas-
torize siit lrtinleri tiiketicilerine gore 800 kat daha fazla bu-
lunmustur. Pastorize edilmemis siit satiginin yasak oldugu
devlet sayist 2004 yilinda 29 iken 2011 yilinda 20’ye diis-
miistiir. Pastorize edilmemis siit {iriinlerinin daha fazla bulu-
nabilirligine yonelik bu egilim halk sagligi kaygilarini arttir-
maktadir. Pastorize edilmemis siit {irlinleri tiiketiminin iki ka-
tina ¢ikmasi salginla ilgili hastaliklar1 %96 oraninda arttira-
bilir (Costard vd., 2017).

Pastirize Siit ve Siit Uriinlerine Kars: Cig Siitiin Riskleri ve
Faydalar

Besin kalitesi

Cig veya pastdrize edilmemis siit ve siit iiriinlerinin sagliga
faydali oldugunu destekleyen arastirmacilar, pastdrizasyonun
proteinler, karbonhidratlar, kalsiyum, vitaminler ve enzimler
gibi siitteki onemli besin 6gelerini yok ettigini veya notralize
ettigini savunmaktadir (Claeys vd., 2013; AAP, 2014). An-
cak, pastorizasyon sirasinda siitiin besin kalitesinde onemli
bir degisiklik olmamaktadir. Pastorizasyon, siitlin protein ka-
litesinde herhangi bir degisiklige neden olmaz. Siitiin i¢erdigi
proteinlerin yaklasik %80’ini kazein ve geri kalan %20’sini
ise serum proteinleri olugturmaktadir. Pastdrizasyondan do-
lay1 sadece serum protein denatiirasyonun mindr seviyelerde
gerceklestigi (<%?7) bildirilmistir. Bununla beraber, serum
protein denatiirasyonunun siitiin besin kalitesi iizerinde hi¢bir
etkisi yoktur. Tersine siit proteinleri sindirim enzimleri tara-
findan kolayca parcalanabilir hale gelmekte ve viicudun siit-
teki proteinlerden yararlanma orani artmaktadir (Lucey,
2015). In vitro yontem kullanilarak yapilan bir ¢aligmada,

75°C/15s’de pastorize edilmis ve 80°C/15s’de pastorize edil-
mis siit arasinda protein sindirilebilirligi agisindan bir fark
bulunamamistir (FDA, 2018b). Canli hayvanlar {izerinde,
pastdrizasyonun siitiin besin kalitesi iizerine etkisini deger-
lendirmeyi amaglayan bir ¢alismada, ¢ig siit tiikketen grup ile
pastdrize siit tiiketen grup arasinda kilo artisi, gida alimi, gida
verimlilik orani, protein verimlilik oran1 ya da protein sindi-
rilebilirligi acisindan fark goriilmemistir (FDA, 2018b). Lac-
roix vd., (2006) tarafindan yapilan bir bagka hayvan ¢aligma-
sinda, 72°C/20s veya 96°C/5s 1sitilmus siit ve ¢ig siit arasinda
protein sindirilebilirligi agisindan bir fark gézlenmemistir.

Siitiin baglica karbonhidrati olan laktoz (siit sekeri) i¢eriginde
de pastdrizasyon iglemi sonucunda beslenme agisindan olum-
suz herhangi bir degisim meydana gelmemektedir (Lucey,
2015).

Pastdrizasyon siit yagi bilesimini etkilemediginden dolay1 bu
konuyla ilgili aragtirmalar ¢ok daha az diizeyde kalmakla be-
raber pastorizasyonun insan siitii yagina etkisi iizerine calig-
malar yapilmistir (FDA, 2018b). Bir annenin kendi siitii kul-
lanilamiyorsa ya da kisa siireli beslenmede (yeni dogan ba-
kim iinitelerinde sik goriilen bir durum), Diinya Saglik Or-
giitli ve Amerikan Pediatri Akademisi, en iyi alternatif olarak
donér siit kullanimini dnermektedir. Insan siitii bankalarina
verilen siit, viral ve bakteriyel ajanlar1 inaktive edecek sekilde
pastorize edilmelidir. Insan siitii bankalarinin olusturulmasi
igin tiim uluslararasi kilavuzlarda 30 dakika boyunca
62.5°C’de pastorizasyon islemi tavsiye edilmektedir (Peila
vd., 2016). Pastorizasyondan (62.5°C/30dk) sonra insan sii-
tiiniin toplam yag icerigi ve yag asidi kompozisyonunda (doy-
mus, tekli doymamis, ¢oklu doymamis) hi¢bir degisiklik goz-
lenmemistir. Insan siitii 100°C/5dk boyunca 1sitildiktan sonra
bile siit yag asidi kompozisyonunda (¢oklu doymamis uzun
zincirli yag asitleri dahil) herhangi bir degisiklik gozlenme-
migtir (FDA, 2018b).

Siit igerigindeki mineraller yiiksek 1siya dayanikli oldugun-
dan dolay1 pastorizasyon, mineral konsantrasyonlarinda da
herhangi bir degisiklige neden olmamaktadir (Lucey, 2015).
Hem in vivo hem de in vitro ¢aligmalar, pastorizasyonun sii-
tiin mineral icerigi ve mineral biyoyararlanimi iizerinde her-
hangi bir etkisinin olmadigin1 géstermektedir (FDA, 2018b).

Pastorizasyon, siitiin yagda ¢6ziinen A, D, E ve K vitaminleri
ile suda ¢oziinen By, B,, Bs, Bs, B7 ve B, vitamini miktarla-
rinda ¢ok kiiciik kayiplara neden olabilir (LeJeune ve Rajala-
Schultz, 2009; Macdonald vd., 2011). C vitamini ve folik
asitte onemli bir azalmaya neden olabilir ancak, siit bu vita-
minlerin birincil kaynagi degildir ve siitte dogal olarak nispe-
ten disiik seviyelerde bulunurlar. B, vitamini haricinde, pas-
torizasyon ile siitiin vitamin i¢eriginde meydana gelen degi-
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simler beslenme agisindan 6nemsiz goriilmektedir. Inek sii-
tiindeki dogal vitamin konsantrasyonlart hayvanin cinsi,
mevsim, iilke, yemdeki vitamin konsantrasyonlar1 ve sagim
siklig1 gibi birgok faktdriin sonucu olarak 6nemli dlgiide fark-
lilik gosterebilir (Macdonald vd., 2011). Cig siitiin saglikli ol-
dugunu savunan arastirmacilar, bazen siit bilesimindeki yem
ile ilgili farkliliklar1 pastdrizasyon sonucu meydana gelen de-
gisiklikler ile karistirabilmektedir. Ambalaj malzemeleri, sii-
tiin 1518a maruz kalma ve depolama siiresi/sicakligi gibi diger
faktorler siitteki vitamin kayiplari lizerinde pastorizasyondan
daha biiyiik bir etkiye sahiptir (Lucey, 2015). Bununla bir-
likte, pastorizasyondan kaynaklanan degisiklikler muhteme-
len pastorizasyon kosullarinin zaman ve sicakligina baglidir
(Macdonald vd., 2011).

Laktoz intoleransi

Laktoz intoleransi, siitte dogal olarak bulunan disakkarit lak-
tozun ince bagirsakta laktaz enzimi tarafindan monosakkarit-
leri olan glikoz ve galaktoza hidrolize edilememesinden kay-
naklanan yaygin bir gastrointestinal durumdur. Diinya niifu-
sunun yaklasik %70’inde laktaz enziminin saliniminda
azalma vardir (Heine vd., 2017). Cig siitii destekleyen arasti-
macilar tarafindan ortaya atilan iddialardan birisi de, pasto-
rize siitlerin laktoz intoleransina neden olmasidir. Ancak ¢ig
ya da pastorize olsun tiim siitler laktoz icerir. Pastorizasyon,
laktoz konsantrasyonunu degistirmez ve laktozu bir formdan
digerine doniistirmez. Cig siitii destekleyen arastirmacilar,
¢ig siitiin laktoz intoleransi semptomlarini 6nledigini veya
iyilestirdigini de iddia etmektedir (FDA, 2018c). Bu arastir-
macilar tarafindan yapilan iddialardan digeri, ¢ig siit tiiketi-
minin laktoz intolerans1t semptomlarini azalttig1 yoniindedir.
Laktoz malabsorpsiyonu olan yetigkinler arasinda yapilan
randomize kontrollii bir ¢alismada, ¢ig siitiin laktoz malab-
sorpsiyonu veya laktoz intoleransi semptomlarini azaltmadigi
gosterilmistir (Mummabh vd., 2014).

Alerji ve astim

Son yillarda astim ve alerjik hastaliklarin prevelansindaki ar-
tigin altinda yatan sebepleri arastiran galigmalar, kentsel ve
kirsal yasam kosullari, yagam tarzi degisiklikleri, beslenme,
bulasici ve bulasict olmayan mikroorganizmalara maruz
kalma gibi bir dizi alerjenden bagimsiz ¢evresel faktorlerin
alerjik riski etkiledigini gostermektedir (Macdonald vd.,
2011; Abbring vd., 2017). Cevresel faktorler ile astim ve aler-
jinin artan prevelans: arasindaki iliskiyi aciklamak icin 6ne
stiriilen hijyen hipotezi, ¢iftlikte biiyiimenin astim ve alerji
riskini azalttigin1 gosteren epidemiyolojik ¢aligmalar ile des-
teklenmektedir. Bu koruyucu etkiye katkida bulundugu 6ne
stiriilen g¢iftlikle ilgili maruziyetler, canli hayvanlara temas,
hayvan yemi ile temas, ¢ig ve islenmemis inek siitii tikketimi

ile ilgilidir (Abbring vd., 2017). Caligmalardan elde edilen tu-
tarli bir bulgu, ciftliklerde yetistirilen ¢ocuklarda alerjik hi-
persensitivite ve hastaliklarin insidansinin diisiik olmasidir.
Bununla birlikte, ¢iftlik yasaminin alerjik riskini azaltma ne-
denleri spekiilatiftir. Birka¢ epidemiyolojik caligma, kanit-
lanmamus olsa da, pastdrize edilmemis ¢iftlik siitii titkketimi-
nin ¢iftlik yasaminin koruyucu etkisine katkida bulunabilece-
gini gostermektedir (Tse ve Horner, 2008). Savunulan bir
baska goriis, Al-f-kazein varyantina sahip ineklerden elde
edilen siitiin B-kazomorfin-7 adi verilen bir peptit icerdigi ve
bunun da laktoz intoleransi semptomlarina ve saglikla ilgili
diger sorunlara neden olabilecegidir. Yapilan bir ¢calismada,
genellikle kiiclik aile ¢iftliklerinde yetistirilip merada otlati-
lan Jersey ve Guernsey 1rk1 ineklerden elde edilen ¢ig siitlerin
tipik olarak A2 B-kazein varyantina sahip olduklari, buna kar-
silik yasam alanlar1 sinirlanan ve hazirlanmis yem rasyonlari
ile beslenerek endiistriyel yetistiriciligi yapilan Holstein 1rki
ineklerden elde edilen ¢ig siitlin ise A1 varyantina sahip ol-
duklart bildirilmistir (Truswell, 2005). Savunulan ¢ig siitiin
yarari, inek 1rk1 (A1’e kars1 A2) ve yetistirilme sekli (serbest
alan ve otla beslenenlere kars1 sinirli alan ve yem rasyonu) ile
ilgili olabilir (Mullin ve Belkoff, 2014). Bununla birlikte,
ciftlik yasaminin alerjik risk {izerindeki koruyucu etkisinin
cok faktorlii olabilecegi muhtemeldir (Tse ve Horner, 2008)
ve altta yatan mekanizmalar heniiz anlagilmamistir. Cig siit
her daim patojen mikroorganizmalar tarafindan kontamine
olabilir ve bu nedenle ¢ig siit tiiketimi, alerjik hastaliklar1 ko-
ruyucu bir 6nlem olarak tavsiye edilemez (Fahrldnder-Braun
ve Mutius, 2010).

Kesitsel caligmalar, ¢ig inek siitiiniin astim ve alerjiye karsi
koruyucu etkilerinin siit prosesi ile ortadan kaldirildigini 6ne
stirmektedir (Abbring vd., 2017). Yapilan bir ¢calismada ¢ig,
pastorize (75°C/15s) ve homojenize/pastdrize siit tiiketiminin
stit alerjisi olan ¢ocuklarda (12-40 aylik) benzer alerjik reak-
siyonlar gosterdikleri ve ii¢ tip siitii de tolere edemedikleri
sonucuna varimistir (FDA, 2018b). Siit alerjen potansiyeline
sahip 20’den fazla protein bileseni igerse de, kazein ve -lak-
toglobulin major alerjenler olarak kabul edilir (Castillo ve
Cassola, 2017). Serum proteinlerinden farkli olarak kazeinle-
rin 1s1l isleme kars1 oldukga direngli oldugu ve pastorizasyon-
dan (70-80°C/15-20sn) sonra alerjen 6zelliklerini koruduklari
bildirilmistir (Castillo ve Cassola, 2017). Bu nedenle, pasto-
rizasyonun siit proteinlerinin alerjenitesini degistirmemesi
sasirtict degildir (FDA, 2018b).

Antimikrobiyal sistemler ve faydali mikroflora

Siitte antimikrobiyal 6zelliklere sahip enzimler (laktoperok-
sidaz, lizozim, ksantin oksidaz) ve proteinler (laktoferrin, im-
miinoglobulinler, bakteriyosinler) dogal olarak bulunur (Cla-
eys vd., 2013). Cig siitii savunan arastirmacilarin iddialarinin
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aksine, pastorizasyon siitteki dogal antimikrobiyal bilesenleri
tamamen inaktif hale getirmemektedir (FDA, 2018b). Siit,
72°C’de 15 sn sitildiginda laktoperoksidaz aktivitesinin
%70’ini, 80°C’de 15 sn 1sitildiginda lizozim aktivitesinin
%75’inden fazlasini ve 73°C’de 7 dk veya 80°C’de 50 sn 1s1-
tildiginda ksantin oksidaz enzimatik aktivitesini korur.
62.7°C’de 30 dk boyunca 1sitildiginda immiinoglobulin akti-
vitesinde kayip olmaz. Yiiksek sicaklikta kisa siireli (HTST)
pastorizasyondan sonra aktivitesinin %59-76’sin1 korur. Lak-
toferrin ve bakteriyosin pastdrize siit i¢indeki aktivitesini ko-
rur (LeJeune ve Rajala-Schultz, 2009). Antimikrobiyal bile-
siklerin ¢ig siitiin giivenligini sagladig1 ve patojen mikroor-
ganizmalar1 61diirdiigii iddiasim destekleyen bilimsel bir ka-
nit yoktur (FDA, 2018b). Antimikrobiyal sistemler ¢ig siitte
patojen gelismini engelleyemez. Mastit etkenli siit genellikle
yliksek seviyelerde laktoferrin ve immiinoglobulin igerir. Bu
da siitiin enfekte oldugunu ve bu bakteriyel enfeksiyona kars1
savasmak i¢in antibakteriyel sistemlerin yiikseldigini gosterir
(Chaneton vd., 2008; Lucey, 2015; Musayeva vd., 2016).

Probiyotikler, yeterli miktarda alindig1 zaman konakgi saglig
iizerinde olumlu etki yapan, yararh canli mikroorganizmalar-
dir (Jarde vd., 2018). Cig siit savunucusu aragtirmacilar fay-
dal1 bakterilerin varligi nedeniyle ¢ig siitiin saglikli oldugunu
iddia etmektedir (FDA, 2018b). Probiyotiklerin insan sagligi
iizerine istenen faydali etkiyi saglayabilmeleri i¢in iiriin tiike-
timi sirasinda ihtiya¢ duyulan minimum canli mikroorganiz-
may1 igcermesi gerekmektedir (Markowiak ve Slizewska,
2017). Cig siitiin probiyotik bir etkiye sahip olabilmesi i¢in
¢ig siitiin i¢erisinde mevcut olan miktardan 1000-10000 kat
daha fazla olmasi gerekmektedir (Claeys vd., 2013). Probiyo-
tik mikroorganizmalar patojenik olmamalidir (Tasdemir,
2017). Bunun aksine ¢ig siit £.coli, Salmonella spp., C. jejuni,
L. monocytogenes, Yersinia enterocilitica gibi patojenik mik-
roorganizmalar1 barindirabilir. Cig siitlin yetersiz mikrobiyo-
lojik kalitesi ve sahip oldugu mikroorganizma sayisi hayva-
nin sagligi, siitle temas eden alet ve ekipman, {iretici ¢iftlik-
teki ¢evre kirliligi ve depolama kosullar1 gibi ¢esitli faktorle-
rin sonucudur (Sarkar, 2016). Probiyotik mikroorganizmala-
rin insan sagligi tizerinde olumlu etkili olabilmesi i¢in insan
kaynakli olmalidir (Tagdemir, 2017). Ancak, ¢ig siitiin i¢in-
deki bakteriler tipik olarak insan kaynakli degildir. Bifido-
bakteriler insan ve hayvanlarin sindirim sisteminde dogal ola-
rak bulunan probiyotik bakterilerdir. Cig siit savunuculari ta-
rafindan ¢ig siitte bulunan bifidobakteriler probiyotik olarak
kabul edilmektedir (FDA, 2018b). Hijyen kurallarina uygun
olarak toplanan siitler bifidobakteri icermemelidir. Cig siitte
bifidobakterilerin varligi fekal kontaminasyonun olasi bir
gostergesi olarak kabul edilmektedir (Beerens vd., 2000; Del-
censerie vd., 2005; Delcenserie vd., 2011).

Tiiketicilerin Siit Tiiketim Tercih Modelleri

Tiiketicilerin sosyo-ekonomik ve demografik 6zellikleri siit
ve siit {irlinleri tiiketim tercihlerini 6nemli diizeyde etkileye-
bilmektedir. Bunlardan 6zellikle yas, cinsiyet, egitim, gelir ve
ailedeki birey sayisinin siit tiiketimini etkiledigi bildirilmek-
tedir. Tokat-Turhal il¢esindeki ailelerin siit tiiketim tercihle-
rini ve tliketimlerini etkileyen sosyo-ekonomik ve demogra-
fik faktorleri degerlendirmeyi amaglayan bir calismada, aile-
lerin biiylik bir kisminin (%84.87) acik siit tiikettigi tespit
edilmistir. A¢ik siitiin yogurt yapimina uygun olmasi, saglikli
olmasi1 ve giivenilir olmasi bu diislincelerinin en énemli ne-
denlerini olusturdugu saptanmistir (Gézener ve Sayili, 2013).
Istanbul ili kentsel alanda yapilan bir arastirmada, ailelerin
%26.5’1nin ag1k siit, %26.2’sinin pastorize siit tercih ettikleri
tespit edilmistir (Karakaya ve Akbay, 2014). Giizeler ve Es-
mek (2017)’in Osmaniye ilinde yaptig1 bir arastirmada, ilko-
kul 6grencilerinin %52.2’sinin sokak siitii tercih ettigi goste-
rilmistir. Yapilan baska bir calismada, tiiketiciler ¢ig siitiin
daha saglikli ve sindiriminin daha kolay olduguna inandiklari
icin tiikettiklerini belirtmislerdir (Mullin ve Belkoff, 2014).
Onurlubas ve Yilmaz (2013)‘in Edirne’de yapmis oldugu
arastirmada, ailelerin gelir diizeyi arttik¢a ambalajli siit tiike-
timin de arttig1 belirlenmistir. Topgu vd., (2016) diisiik gelirli
tiikketicilerin (1.500 TL’den daha az) islenmemis ham siitiin
besin degeri ve duyusal kalitesi ile iligkili temel faydayi satin
alma modelinin odak noktas1 olarak kabul ettigini belirtmis-
tir.

Cig veya Pastorize Edilmemis Siit ve Siit Uriinlerinin
Tiiketimi ile 1lgili Ulusal ve Uluslararast Kuruluslardan
Oneriler

Gida giivenligi ile ilgili 6nemli bir halk saglig1 6nlemi olarak
pastorize siit ve siit lirlinleri tiiketme prensiplerini neredeyse
tiim ulusal ve uluslararasi kuruluslar giiclii bir sekilde destek-
lemektedir. Bunlar arasinda Diinya Saglik Orgiitii (WHO,
2018), FDA (FDA, 2018a), Kodeks Alimentarius Komis-
yonu, Avrupa Hastalik Onleme ve Kontrol Merkezi (Vranjes
vd., 2015), ABD Hastalik Kontrol ve Korunma Merkezleri,
Amerikan Pediatri Akademisi (Langer vd., 2012), Amerikan
Tip Dernegi, Amerikan Veteriner Hekimler Birligi, Ulusla-
rarast Gida Koruma Dernegi (AAP, 2014), T.C. Saglik Ba-
kanlig1 (T.C. Saglik Bakanligi, 2018) sayilabilir.

Sonuc¢

Siit ve siit iirlinleri, yeterli ve dengeli beslenme icin gerekli
olan bir¢ok besin 6gesini yeterli oranda iceren ve insan yasa-
minin her asamasinda tiiketilmesi gereken temel gida madde-
sidir. Cig siit tiiketiminin sagliga faydalari bilimsel olarak ka-
nitlanmamis olsa da saglik riskleri aciktir. Cig siit ve pasto-
rize edilmemis siit, ciddi saglik risklerine neden olan patojen
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mikroorganizmalari barindirabilir. Cig siit patojen bakterileri
icerebilmesi nedeni ile 6zellikle bagisiklik sistemi zayiflamig
kisiler, yasli yetiskinler, hamile kadinlar, bebekler ve cocuk-
lar i¢in tehlikeli olabilir. Bu nedenle ¢ig siit dogrudan tiike-
time uygun degildir. Pastorizasyon, siitiin besin kalitesi lize-
rinde 6nemli bir degisiklik olmaksizin ¢ig siitii giivenli hale
getirmek i¢in etkili bir yontemdir. Pastdrize siit ve siit tiriin-
lerinin tiiketimini FDA ve diger ulusal ve uluslararasi kuru-
luslar giiglii bir sekilde desteklemektedir.

Etik Standart ile Uyumluluk

Cikar ¢atiymasi: Yazarlar bu yazi igin gergek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmiglerdir.
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