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Journal published in one volume of four issues per year by

http://jfhs.scientificwebjournals.com web page

“Food and Health” journal will publish peer-reviewed (dou-
ble-blind) articles covering all aspects of food science and
their health effect in the form of original research articles
(full papers and short communications), and review articles.
Their team of experts provides editorial excellence, fast pub-
lication processes, and high visibility for your paper.

Food / Seafood / Food Technology / Food Chemistry / Food
Microbiology/Food Quality/Food Safety/Food Contaminant
/ Food Allergen / Food Packaging / Modified Food / Func-
tional Food / Dietary Supplements / Nutrition and their health
effect is the general topics of the journal.

Manuscripts submitted to the "Food and Health" journal will
go through a double-blind peer-review process. Each submis-
sion will be reviewed by at least two external, independent
peer reviewers who are experts in their fields in order to en-
sure an unbiased evaluation process. The editorial board will
invite an external and independent editor to manage the eval-
uation processes of manuscripts submitted by editors or by
the editorial board members of the journal. Our journal will
be published quarterly in English or Turkish language.

The journal’s target audience includes specialists and
professionals working and interested in all disciplines
of food and Nutrition Sciences.

The editorial and publication processes of the journal are
shaped in accordance with the guidelines of the Interna-
tional Committee of Medical Journal Editors (ICMIJE),
World Association of Medical Editors (WAME), Council
of Science Editors (CSE), and Committee on Publication
Ethics (COPE), European Association of Science Editors
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(EASE), and National Information Standards Organiza-
tion (NISO). The journal is in conformity with the Princi-
ples of Transparency and Best Practice in Scholarly Pub-
lishing (doaj.org/bestpractice).

“Food and Health” journal is indexed in
TUBITAK ULAKBIM TR Index, FAO/AGRIS,
ERIH PLUS, SciLit, EBSCO, CABI, and Biele-
feld Academic Search Engine (BASE).

Processing and publication are free of charge with the
journal. No fees are requested from the authors at any
point throughout the evaluation and publication pro-
cess. All manuscripts must be submitted via the
online submission system, which is available at

http://dergipark.gov.tr/journal/1646/submission/start.

The journal guidelines, technical information, and the
required forms are available on the journal’s web
page.

Statements or opinions expressed in the manuscripts
published in the journal reflect the views of the au-
thor(s) and not the opinions of the ScientificWebJour-
nals web portal, editors, editorial board, and/or pub-
lisher; the editors, editorial board, and publisher dis-
claim any responsibility or liability for such materials.

All published content is available online, free of
charge at http://jfhs.scientificwebjournals.com.
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Bu calismanin amaci 6-8 yas ¢ocuklarin beslenme tutum ve davraniglarinin degerlendirilmesidir.
Caligmaya 183 erkek ve 164 kiz olmak iizere toplam 347 &grenci katilmistir. Cocuklarin demog-
rafik 6zelliklerini sorgulayan, Beslenme Tutum Olgegi, Beslenme Davranis Olgegi’ ni igeren anket
formu arastirmaci tarafindan uygulanarak veriler toplanmistir. Cocuklarin Beslenme Tutum Olgegi
puan ortalamalar1 13.83 +£2.03, Beslenme Davranis Olgegi puanlar1 2.57 +4.53 olarak belirlenmis-
tir. Cocuklarin beslenme tutum puanlari ile beslenme davranis puanlari arasinda ayni yonlii zayif
bir iliski saptanmistir (r=0.212, p<0.001). Calisma sonucunda, ¢aligmaya katilan ¢ocuklarin bes-
lenme aliskanliklarinin saglikli olma durumunun orta diizeyde oldugu goriilmiistir. Bu ¢aligma
sonuglar1 ¢ocuklarin olumlu beslenme tutum ve davraniglarina sahip olmasi ve bunu siirdiirebil-
meleri i¢cin miidahalelere duyulan ihtiyaci gdstermektedir.

Anahtar Kelimeler: Beslenme, Cocukluk ¢agi, Saglik, Tutum, Davranig

ABSTRACT
Evaluation of nutritional attitudes and behaviors of children aged six- to eight

The aim of thisThis study isaims to evaluate the nutritional attitudes and behaviorsbehaviours of
6-8 years -year-old children. A total of 347 students, 183 boys and 164 girls, aged 6-8, participated
in the study. Data were collected by applying a survey form, including the Nutrition Attitude Scale
and the Nutrition Behavior Scale, which questioned the demographic characteristics of the child-
ren, by the researcher. The children's Nutrition Attitude Scale mean score was 13.83 £2.03, and
their Nutrition Behavior Scale score was 2.57 +4.53. A weak correlation was found between the
children's nutritional attitude scores and their eating behaviorbehaviour scores (r=0.212, p<0.001).
As a result of the study, it was seen that the healthy eating habits of the children participating in
the study were at a moderate level. The results of this study show the need for interventions for
children to have and maintain positive nutritional attitudes and behaviorsbehaviours.

Keywords: Nutrition, Childhood, Health, Attitude, Behaviour
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Giris

Optimal beslenme, biiyiime ve gelisme i¢in bir 6n kosuldur.
Cocukluk donemindeki yetersiz veya asir1 beslenme, yasamin
ilerleyen donemlerinde hastalik riskini artirabilmektedir
(Nasreddine ve ark., 2018). Yasam siiresi boyunca insan sag-
liginin, hayati bir bileseni olan beslenme, 6zellikle yasamin
baglarinda dayaniklilik, fiziksel biiyiime, biligsel gelisim ve
iiretkenlik i¢in ¢ok 6nemlidir (Asmare ve ark., 2018). Bu an-
lamda ¢ocuklarda biiyiime, beslenme durumunun ve sagligin
Oonemli bir gostergesi olarak kabul edilmektedir (Bogale ve
ark., 2018). Beslenme durumu hem bireyin hem de tiim niifu-
sun saglik durumu, fiziksel yeteneklerinin yani sira normal ve
saglikli bitylime-gelisme i¢in psikofizik yetenekleri ile potan-
siyelinin énemli gostergelerinden biridir. Ozellikle beslen-
meyle birebir iligkili ve son zamanlarin en 6nemli saglik so-
runlarindan olan obezite ve malniitrisyonun 6nlenmesine yo-
nelik hareket edebilmek i¢in ¢ocukluk ¢aginda beslenme ol-
duke¢a 6nemlidir (Gardasevi¢ ve ark., 2020). Okul ¢agi cocuk-
larin yeme davraniglarinin aile, arkadaslar, okul ortami ve ya-
sanilan ortam gibi ¢evresel faktorler ile genetik, yas ve cinsi-
yet gibi i¢sel faktorler tarafindan sekillendigi bilinmektedir.
Aile inanglari, beslenme uygulamalari, bakis agilari, yeme tu-
tumlar1 ve besinlerin saglik izerindeki yararlarina iliskin bil-
gileri araciligiyla ¢ocuklarinin beslenmeyle ilgili ilk dene-
yimlerini yapilandirmada kilit bir rol oynar. Beslenme bilgisi,
besinlerin saglik iizerindeki yararlarinin bilinmesi ve konuyla
ilgili belirli terminolojiyi ve bilgileri hatirlama yetenegi ola-
rak tanimlanabilir. Ailenin beslenme bilgisi ¢cocugu, cocugun
aile disindaki ¢evreden edindigi bilgiler ise ailenin bilgisini
etkileyebilmektedir (Alderman ve Headey, 2017; Romanos-
Nanclares ve ark., 2018).

Okul ortami, 6zellikle ilkokul dénemi ¢ocugun bilincinin ve
kisiliginin gelisiminde aileden sonra gelen en énemli faktor-
lerdendir (Asmare ve ark., 2018; Elmas ve Arslan, 2020). Son
zamanlarda okullarda beslenme egitimini kapsayan birgok
caligma yapilmaktadir (Jarpe-Ratner ve ark., 2016; Halloran
ve ark., 2018; Hamulka ve ark., 2018; Argilagos ve ark.,
2022; Pongutta ve ark., 2022). Ancak beslenme konusunda
ogrendiklerini farkli sebeplere bagh olarak davranisa yansi-
tamama gibi bir sorunun oldugu bilinmektedir. Bu yas grubu
cocuklarin beslenme sekline bakildiginda sebze ve meyveden
kisitli, seker ve yagdan zengin yiiksek enerji i¢erigine sahip
besinler yoniinde degisebildigi ve siklikla tek diize bir bes-
lenme seklinde oldugu goriilmektedir (Laureati ve ark., 2015;
Jaeger ve ark., 2017; Kral, 2018).

Yeme tutumlari, bilgi sahibi olsun ya da olmasin bireyin dav-
ranig veya uygulamasim etkileyen duygusal, motivasyonel,

algisal ve biligsel inanglardir. Tutumlar, bir saglik sorunu, di-
yet uygulamalari, beslenme Onerileri, diyet yonergeleri veya
diyet tercihleriyle ilgili bireysel olumlu veya olumsuz egilim-
leri belirlemek i¢in 6l¢iiliir (Marias ve Glasauer, 2014). Bes-
lenme davranig ve tutumlari bir¢ok faktorden etkilendiginden
bunlar1 degerlendirmek ¢ok kolay olmasa da bu konuyla ilgili
gelistirilmis veya farkli dillerden Tiirk¢e’ye uyarlanmis 6l-
¢ekler bulunmaktadir (Arvidson, 1990; Edmundson ve ark.,
1996; Erdogan ve Oztiirk, 2010; Haney ve Bahar, 2014). Bu
calismayla 6-8 yas ¢cocuklarda beslenme tutum ve davranigla-
riin degerlendirilmesi amaglanmuistir.

Materyal ve Metot
Calisma Plani

Bu ¢alisma Kasim 2019 — Subat 2020 tarihleri arasinda Ga-
zimagusa’da devlet ilkokulu olan Hiiseyin Akil Ilkokulu’nda
6-8 yas Ogrencilerin beslenme tutum ve davraniglarimin de-
gerlendirildigi kesitsel bir arastirmadir. Calismaya dahil
edilme kriterleri Gazimagusa’da secilen devlet ilkokulunda
Ogrenci olmak, ¢alismaya katilmaya goniillii olmak ve ¢alis-
maya katilmaya yonelik veli izni alinmasi seklinde belir-
lenmistir. Buna gore okuldaki tiim 6grencilere okul saatleri
icerisinde, okul ortaminda ulagilarak ¢alisma yiiriitilmiistiir.
Calismaya 183 erkek ve 164 kiz olmak tizere toplam 347 6g-
renci katilmistir. Yiiz yilize goriisme ve anket teknikleri ile
cocuklarin demografik 6zellikleri, Beslenme Tutum Olgegi,
Beslenme Davranis Olgegini iceren anket formu arastirmaci
tarafindan uygulanmistir. Calisma, Dogu Akdeniz Universi-
tesi Saglik Alt Etik Kurul Komitesi 21.10.2019 tarih ve
2019/23-06 sayili karar1 ile onaylanmistir. Calisma
tiniversitenin ilgili mevzuatina uygun olarak
gergeklestirilmistir. Calisma kapsamindaki gocuklarin ailele-
rine ¢alisma hakkinda bilgi verilip, gocuklarinin bu ¢alismaya
katilabilmesi i¢in izin alinmasi amaciyla onam formlari
dagitilarak imzalatilmistir. Bu izinleri takiben ¢aligsmaya bas-
lanmustir.

Beslenme Tutum Olgegi

Bu 6l¢ek Arvidson ve arkadaslariin (1990), cocuklarin kalp
saghgint gelistirmeye yonelik tutumlarini degerlendirmek
amaciyla gelistirilen, 16 maddelik 6lgegin (Cocuk Kalp Sag-
ligim1 Gelistirme Tutum Olgegi) bir alt dlgegidir. Olgegin
Tiirkce gegerlilik ve giivenilirligi (chronbach alfa 0.67) Ha-
ney ve Bahar (2014) tarafindan yapilmistir. Egzersiz-4
madde; Beslenme-4 madde; Sigara igme-4 madde; Stres
kontrolii- 4 madde seklinde bu ana 6l¢ek dort alt 6lgekten

97
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olugsmaktadir. Beslenme alt dl¢egi ¢ocugun yag alimin azal-
tan, saglikl1 besin tiikketimini artiran aktivitelere ve kalp sag-
ligini iyilestiren beslenme big¢imine yonelik tutumunu Glg-
mektedir. Maddeler 1-4 puan araliginda (1-kesinlikle katilmi-
yorum, 4-kesinlikle katiliyorum) deger almaktadir, toplam
puani 4-16 arasindadir. Alinan toplam puanin yiiksek olmasi
olumlu tutumu gostermektedir (Arvidson, 1990; Haney ve
Bahar, 2014).

Beslenme Davranis Olgegi

Edmundson ve arkadaglarinin (1996) gelistirdigi, Erdogan ve
Oztiirk (2010) tarafindan Tiirkge uyarlamasi yapilan dlgek
(chronbach alfa 0.74), ¢cocuklarin besin tiiketimlerini belirle-
mek icin az yagli/ tuzlu ve ¢ok yagli/ tuzlu besin segenekleri-
nin oldugu resimli 14 maddeden olusmaktadir. Cocuklara
karsilastirilabilir besinler gosterilerek iki besin arasindan
hangisini daha ¢ok (sik) yedigi sorulmaktadir. Olgek madde-
leri saglikli besin i¢in +1, diger segenek i¢in -1 deger almak-
tadir, toplam puani -14, +14 arasindadir. Olgekten alian top-
lam puanin yiiksek olmasi saglikli beslenme aligkanligini
gostermektedir (Edmundson ve ark., 1996; Erdogan ve Oz-
tiirk, 2010).

Istatistiksel Analiz

Calisma verisi, SPSS 20 (Statistical Package for Social Sci-
ences) programi ile bilgisayar ortamina yiiklenmis ve deger-
lendirilmistir. Tanimlayici istatistikler ortalama (X), standart
sapma (SS), en kiiciik ve en biiylik deger, ortanca, frekans ve

Research Article

yiizde olarak sunulmustur. Ikili grup karsilastirmalarinda pa-
rametrik varsayimlarin saglanmadigr durumda “Mann Whit-
ney U Testi”, 6l¢ekler arasi iliskinin degerlendirilmesinde ise
Spearman Korelasyon Testi istatistiksel yontem olarak kulla-
nilmustir. Istatistiksel anlamlilik diizeyi “p<0.05” olarak ka-
bul edilmistir (Biiyiikoztiirk, 2015; Ozdamar, 2015).

Bulgular ve Tartisma

Calismaya 183 (%52.7) erkek, 164 (%47.3) kiz olmak {izere
toplam 347 ¢ocuk katilmistir. Cocuklarin %41.7’si (n=145) 6
yas, %37.5’1 (n=130) 7 yas, %20.8’inin (n=72) ise 8 yaginda
oldugu tespit edilmistir.

Cocukluk donemi psikolojik, fizyolojik ve sosyolojik yonden
birgok degisimin yasandigi donemlerdendir. Bu faktorlere
bagli olarak ¢ocugun beslenme sekli de etkilenmektedir. Bes-
lenmenin ise biiylime, gelisme ve genel saglik {izerindeki et-
kisi diistiniildiigiinde bu donemdeki beslenme tutumlarinin
belirlenmesi dnem kazanmaktadir (Prangthip ve ark., 2021;
Sharma ve ark., 2022). Ozellikle yiiksek yag tiiketiminin ve
fiziksel aktivite yetersizliginin bagsta kalp sagligiyla ilgili
problemler olmak {izere bir¢ok saglik sorunuyla ilgili oldugu
bilinmektedir. Buna yonelik olarak ¢ocuklarin saglikli besin
tilketimini artiracak aktiviteler olduk¢a 6nem tasimaktadir.
Literatiirde ¢ocuklarin bu yondeki tutum ve davraniglarini
6lgmek amaciyla gelistirilen 6l¢eklerin kullanildigr ¢alisma-
lar bulunmaktadir (Arvidson, 1990; Edmundson ve ark.,
1996; Erdogan ve Oztiirk, 2010; Haney ve Bahar, 2014).

Tablo 1. Cocuklarin cinsiyete gore Beslenme Tutum Olgegi ve Beslenme Davranis Olgegi puanlari

Table 1. Children's nutrition attitude scale and nutrition behavior scale scores by gender

Beslenme Tutum Ol¢egi n X+SS Medyan Alt-Ust p
Puam
Erkek 183 13.81 £2.04 14.00 4.00-16.00 0.716
Kiz 164 13.86 £2.04 14.00 6.00-16.00
Toplam 347 13.83 £2.03 14.00 4.00-16.00
Beslenme Davrams Ol-
cegi Puam
Erkek 180 2.18 +4.64 3.00 (-10.00)-12.00 0.162
Kiz 162 3.01 +4.39 3.00 (-8.00)-12.00
Toplam 342 2.57 +4.53 2.00 (-10.00)-12.00

* p<0.05, Mann-Whitney U Testi
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Alti-sekiz yas ¢ocuklarla yapilan bu ¢alismada Beslenme Tu-
tum Olgegi puan ortalamalar1 13.83+2.03, Beslenme Davra-
nis Olgegi puanlar1 2.57 +4.53 olarak belirlenmistir. Kiz ¢o-
cuklarm beslenme tutum ve beslenme davranig puanlari (s1-
rastyla 13.86 £2.04; 3.01+4.39) erkek cocuklara (sirasiyla
13.81 £2.04; 2.18+4.64) kiyasla daha yiiksek olup, istatistik-
sel olarak anlamlilik saptanmamustir (p>0.05) (Tablo 1). Il-
kokul 4. simif 6grencileriyle yapilan bagka bir ¢aligmada
(Basgi, 2020), ¢ocuklara bu ¢alismada oldugu gibi benzer se-
kilde beslenme bilgisi ve aligkanliklar1 konusunda hi¢bir mii-
dahale yapilmadan 6nce Beslenme Tutum Olgegi ve Bes-
lenme Davranis Olgegi uygulanmistir. Calismada ¢ocuklarin
Beslenme Tutum Olgegi puan1 12.4 +3.3; Beslenme Davranis
Olgegi puan1 1.0 +4.8 olarak bulunmakla birlikte cinsiyete
gore fark olmadigi saptanmistir (p>0.05). Ilkokul ikinci sinif
cocuklarla yapilan ¢alismada (Tiirkyilmaz ve ark., 2022) ¢o-
cuklara saglik davraniglar lizerine egitimler verilmis ve bu
egitimler sonunda ¢ocuklarin beslenme davranislart benzer
Olcekler kullanilarak degerlendirilmistir. Calisma sonunda
cocuklarin Beslenme Tutum Olgegi ve Beslenme Davranis
Olgegi puanlarinin egitim éncesi puanlarma gore daha yiik-
sek oldugu yiikseldigi goriilmiistiir. Yedi-on dort yas cocuk-
larin katildigi bir aragtirmada (Konca ve ark., 2019) Bes-
lenme Davranis Olgegi puani 14.0 olarak saptanmistir. Dokuz
— on bir yas ¢ocuklarin katildig1 baska bir ¢calismada (Giiler,
2023) Beslenme Davranis Olgegi puani 1.16 £3.91 olarak be-
lirlenmistir. On bir — on alt1 yaglarindaki ¢ocuklarla beslenme
tutum ve davraniglarini degerlendiren, bu tutum ve davranig-
larla duygusal ve davranigsal sorunlar arasindaki iligkiyi in-
celeyen bir ¢calismada (Basay ve ark., 2021) ise ¢alismaya ka-
tilanlarin Beslenme Tutum Olgegi ve Beslenme Davranis Ol-
¢egi toplam puan ortalamalar sirasiyla 8.29 +2.85 ve -1.69
+4.79 bulunmustur. Beslenme Davranis Olgeginin 436 ¢o-
cukla (12-14 yas) calisildig: farkl bir aragtirmada (Keskin ve
ark., 2017) ise puan ortalamasi 1.2 +5.4 bulunmustur. Cocuk-
luk ¢aginda yapilan tiim bu farkli ¢alismalarin bulgulari ince-
lendiginde Beslenme Tutum Olgegi ve Beslenme Davranis
Olgegi puanlarinin farkli 6rneklem grubu ve gevre faktorle-
rine bagl olarak kiigiik farkliliklar gosterdigi sdylenebilir.
Ancak yine de, Beslenme Tutum Olgegi ve Beslenme Davra-
nis Olgegi puanlarma ait bulgularin genel olarak yapilan bu
caligmayla benzer olup, orta diizeyde oldugu yorumu yapila-
bilir.

Bu calismada ¢ocuklarin beslenme tutum puanlar ile bes-
lenme davranis puanlar iliskisi incelendiginde dlgekler ara-
sinda ayni yonlii zayif bir iliski oldugu saptanmistir (1=0.212,
p<0.001) (Sekil 1). Beslenme Tutum Olgegi sorularina
olumlu yanit verenlerin (kesinlikle katiliyorum veya katiliyo-
rum cevabin verenler) ¢cogunlugunun (yaklasik %70.4) Bes-
lenme Davranis Olgegi sorularim saglikli besin olarak kabul

edilen besinler yoniinde cevapladigi belirlenmistir. ‘“‘Her giin
saglikli besinler yemeyi seviyorum.’’ tutumuna kesinlikle ka-
tilanlarin ¢ogunlugunun (yaklasik %72) Beslenme Davranig
Olgegi sorularini saglhikli besin olarak kabul edilen besinler
(elma (%78.3), portakal (%71.9), kepekli/tam bugdayli ek-
mek (%65.8) yoniinde cevapladigi saptanmigtir. Benzer se-
kilde ¢alismaya katilanlardan ‘‘Okuldan sonra aciktigimda
meyve ya da benim i¢in faydali olduguna inandigim bir sey
yemeyi seviyorum.’’ tutumuna kesinlikle katilanlarin ¢ogun-
lugunun (yaklasik %73.1) da Beslenme Davranis Olgegi so-
rularmi sagliklt besin olarak kabul edilen besinler (elma
(%80.0), portakal (%71.0), kepekli/tam bugdayli ekmek
(%68.4)) yoniinde cevapladigi saptanmistir (Tablo 2). Yapi-
lan farkli bir ¢alismada (Celtek Orhan ve ark., 2022) Bes-
lenme Davranis Olgegi ile yine ¢ocuklarin (10-15 yas) sag-
likl1 (az yagli, az tuzlu vb.) besinleri yemelerini saglayan 6z-
yeterliklerini degerlendiren farkli bir 6lcek olan Cocuk Bes-
lenme Oz-Yeterlik Olgegiyle tutarhiligi incelenmistir. Aras-
tirmaya katilan ¢ocuklarin Beslenme Oz Yeterlik Olgegi ile
Beslenme Davranis1 Olgegi puan ortalamalar arasinda pozi-
tif yonde ve anlamh bir iligki bulunmustur (p<0.000;
r=0.415). Farkli bir ¢alismada (Bozdemir ve ark., 2021)
sporcu ¢ocuklarin (6-16 yas) Beslenme Davranis Ol¢eginden
aldiklar1 puan ile ara 6glinlerinde tercih ettigi besin tiirleri
arasindaki iligki incelenmistir. Kiyaslanan iki durum arasinda
anlamli bir iliski olmadigr saptanmistir (p>0.05; Ki-
Kare=7,661). Cocuklarin beslenme aligkanliklarinin deger-
lendirildigi ¢calismalarda (Bozdemir ve ark., 2021; Celtek Or-
han ve ark., 2022) kullanilan 6l¢ekler farkli olsa da ¢ocukla-
rin beslenme bilgisinin davraniglarina yansidigi ve kismen de
olsa caligma bulgularimizi destekledigi goriilmektedir. An-
cak bulgularin daha iyi desteklenmesi i¢in bu konuda benzer
Olgeklerin kullanilip kiyaslandigi daha fazla ¢alismanin ya-
pilmasina ihtiya¢ oldugu diistiniilmektedir. Cocuklarin bes-
lenme davranislarini, beslenme bilgilerini dlgen daha farkl
Olceklerin de kullanilarak genisletilebilecegi secenegi bu ¢a-
lismanin limitasyonu olarak kabul edilebilir.
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Tablo 2. Baz1 6l¢ek sorulari arasindaki tutarliligin degerlendirilmesi

Table 2. Evaluation of consistency between some scale questions

Beslenme Davrams Olcegi Sorular:

Soru 1 Soru 5 Soru 7
Kurabiye Elma Cikolatali Portakal Sekerli ¢orek Kepekli/Tam
Beslenme Tutum Olgegi Sorular pasta bugdayli ekmek
n % n % n % n % n % n %
Soru 3 Kesinlikle katiliyorum 44 21.7 159 783 57 28.1 146 719 69 342 133 65.8
Her giin saglikli besinler yemeyi sevi- Katiliyorum 27 237 87 763 39 342 75 658 41 36.0 73 64.0
yorum. Katilmiyorum 3 120 22 88.0 11 44.0 14 56.0 11 44.0 14 56.0
Kesinlikle katilmiyorum 3 60.0 2 40.0 4 80.0 1 20.0 5 100.0 0 0.0
Soru 4 Kesinlikle katiliyorum 38 20.0 152 80.0 55 29.0 135 71.0 60 31.7 130 68.4
Okuldan sonra aciktigimda meyve ya Katiliyorum 26 241 82 759 32 29.6 76 70.4 47 43.5 61 56.5
da benim i¢in faydali olduguna inan- Katilmiyorum 11 275 29 725 20 50.0 20 50.0 14 35.0 26 65.0
digim bir sey yemeyi seviyorum. Kesinlikle katilmiyorum 2 222 7 778 4 44.4 5 556 5 55.6 4 44 4
15
. e o 0o o
B 10 e o o o 0 o
= L e & o & o
0 5 e o0 000 0
g ) e & & 0 o Sekil 1. Beslenme tutum 6lcegi ile beslenme davranis 6lgcegi
g ) e o iligkisi
= 0 e o ¢ o 0 o
A 0 e & & 0 5 0 20 Figure 1. Relationship between nutrition attitude scale and nutrition
A 5 ° ® o 0 0 o behavi
= -5 chavior scale
g ® e o L
— ° ° °
® -10 ° ° °
=10.212
-15 p=<0.001

Beslenme Tutum Olgegi



Research Article

Food Health 10(2), 96-103 (2024) e https://doi.org/10.3153/FH24009

Sonug¢

Caligma sonuglarina bakildiginda, ¢aligmaya katilan ¢ocukla-
rin beslenme aligkanliklariin saglikli olma durumunun orta
diizeyde oldugu goriilmektedir. Bulgular ¢ocuklarin olumlu
beslenme tutum ve davranislarina sahip olmasi ve bunu siir-
diirebilmeleri i¢in miidahalelere duyulan ihtiyact gdstermek-
tedir. Bu miidahalelerden en yaygin ve en etkili yontemin ¢o-
cukluk caginda diyetisyen rehberliginde aile ve/veya Ogret-
men destekli planlanip uygulanacak beslenme egitim prog-
ramlaridir. Ailelerin, 6gretmenlerin dahil edildigi beslenme
egitimi programlariyla ¢ocuklarin beslenme davranislarinda
daha olumlu, siirdiiriilebilir gelismelerin saglanabilecegi dii-
stinlilmektedir. Beslenme egitim programlarinda egitimden
once ve egitimden sonra benzer 6lgekler kullanilarak ¢ocuk-
larin beslenme tutum ve davraniglarindaki degisimler analiz
edilerek eksiklere yonelik girisimlerin yapilmasi oldukca
onemlidir. Bu 6zellikleri igeren, benzer dlgeklerin kullanil-
dig1, cocuklara etkisinin 6n test-son testlerle belirlendigi, ran-
domize kontrollii ve uzun siireli gilincel ¢aligmalarin yapil-
masit literatiire katki saglayacaktir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Calisma, Dogu Akdeniz Universitesi, Saglik Bilimleri
Fakiiltesi, Beslenme ve Diyetetik Boliimii Universitesi Saghk Alt
Etik Kurul Komitesi 21.10.2019 tarih ve 2019/23-06 sayili karar1
ile onaylanmuistir.

Veri erisilebilirligi: Veriler talep iizerine saglanacaktir.
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ABSTRACT

Pseudo-cereals are an excellent source of nutrients, rich in carbohydrates, dietary fiber, protein,
lipids, phytochemicals, and minerals such as magnesium, zinc, copper, sodium, potassium, and
calcium. The positive effects of gluten-free pseudo-cereals on the digestive system are an alterna-
tive to natural cereals. Pseudo-cereals have prebiotic properties and strengthen digestion by posi-
tively affecting the development of probiotic bacteria, especially Lactobacillus. Therefore, the ef-
fect of amaranth, a pseudo-cereal, on the activity of L. acidophilus probiotic bacteria, which helps
digestion, was determined. First, solvent, acidic, and basic hydrolysis extractions of amaranth in
eight different solvent media were performed, and total phenolic content and antioxidant activity
values were determined. The total phenolic content values in the gastrointestinal digestion process
were investigated by applying three different consumption methods, milling, boiling, and drying,
to amaranth grains. L. acidophilus probiotic bacteria were activated with milled, dried, and boiled
amaranth, and the increase in viability was examined. While the viability of L. acidophilus activa-
ted with milled and dried amaranth increased by 9.47% and 7.46%, respectively, the viability of
bacteria activated with boiled amaranth almost did not increase (0.60%).

Keywords: Pseudo-cereals, Amaranth, L. acidophilus, Probiotic bacteria, Antioxidant,
Gastrointestinal
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Introduction

Pseudo-cereals are the seed grains of dicotyledonous plants
of different plant families, such as Amaranthaceae and Che-
nopodiaceae. This type of cereal is physically similar to na-
tural cereal grains from monocotyledonous plants of the Poa-
ceae or Gramineae family (Shewry, 2016). The most known
pseudo-cereals are quinoa from Chenopodiaceae, chia from
Lamiaceae, buckwheat from Polygonaceace, and amaranth
from Amaranthaceae (Upasana & Yadav, 2022).

Pseudo-cereal grains are a good source of nutrients. It conta-
ins 50-70% of carbohydrates, 4-12% of dietary fibre, 7-16%
of protein, 4-7% of lipid, and a high amount of micronutrients
such as zinc, copper, manganese, potassium, sodium, cal-
cium, and magnesium (Malleshi et al., 2020). Pseudo-cereal
grains do not contain gluten, and they also contain low starch.
Due to its high lipid and protein content, it is high in calories
like natural cereals (Bekkering & Tian, 2019). Pseudo-cereals
have antioxidant, antimicrobial, anti-inflammatory, and an-
tihypertensive properties due to their rich phytochemical con-
tent. In addition, pseudo-cereals show protective activities for
bone and gastrointestinal system health (Upasana & Yadav,
2022). The positive activities of cereals on the health of the
gastrointestinal tract have been known for many years.
However, in recent years, many studies have supported the
idea that pseudo-cereals can be an alternative to natural cere-
als. The main emphasis of these studies is that pseudo-cereals
contribute to the viability of probiotic bacteria, one of the
most essential elements of the gastrointestinal system. Espe-
cially pseudo-cereals are the substrate of Lactobacillus spe-
cies from probiotic bacteria and have prebiotic activity
(Ugural & Akyol, 2022).

Amaranth is a plant of the Amaranthaceae family, cultivated
in Asia, Africa, and Central and South America (House et al.,
2020; Olawoye & Gbadamosi, 2020). Amaranth has been
consumed as a vegetable in the Americas for thousands of
years. Nowadays, various parts of the plant are used for dif-
ferent purposes; for example, the flowers are used to produce
red dye, the seeds are used as grain for flour production and
animal nutrition, and the leaves are used in food (Lopez-
Mejia et al., 2014). Various parts of the plant are rich in car-
bohydrates (61.4%), dietary fibre (20.6%), protein (16.5%),
vitamins, and minerals, which are highly beneficial for hu-
man health (Petrova & Petrov, 2020; Shewry, 2016). These
parts also contain components with antioxidant activity, such
as flavonoids, phenolic acids, carotenoids, and tannins (Silva
et al., 2021). Amaranth is approved as a superfood due to its
rich content of beneficial components for human nutrition
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and health. The literature has revealed that amaranth can ef-
fectively overcome nutrition-related health problems (Ruth et
al., 2021).

The main aim of this study is to examine the effect of ama-
ranth, which is a pseudo-cereal, on the activity of probiotic
bacteria that help digestion and to determine its antioxidant
activity. For this purpose, various extracts of amaranth were
prepared, and total phenolic content and antioxidant capacity
values were determined. In addition, amaranth was used as a
prebiotic to increase the viability of Lactobacillus acidophi-
lus probiotic bacteria, and its effect on bacterial viability was
investigated. Also, with the preparation of consumable forms
of amaranth, their digestion in the in-vitro gastrointestinal
tract was investigated.

Materials and Methods

Chemical and Reagent

Acetic acid, acetone, n-butanol, ethanol, ethyl acetate,
hexane, hydrochloric acid, methanol, petroleum ether, and
potassium persulfate were purchased from Merck (Darms-
tadt, Germany). 2,2-azino-bis(3-ethylbenzothiazoline-6-sul-
fonic acid) diammonium salt, 2,4,6-Tris(2-pyridyl)-s-tria-
zine, copper(Il) sulfate pentahydrate, Folin—Ciocalteau rea-
gent, gallic acid (HPLC grade), pancreatin, pepsin, sodium
acetate trihydrate, sodium carbonate, sodium hydroxide, po-
tassium sodium tartrate, and Trolox (HPLC grade), were sup-
ported from Sigma-Aldrich (St. Louis, MO., USA). Bile salt,
potassium dihydrogen phosphate, and sodium chloride were
purchased from Edukim, Isolab, and Tekkim, respectively.

Preparation of Amaranth (Amaranthus)

The amaranth used in the research was purchased commerci-
ally. The amaranth, which will be used for spectroscopic
analysis, was milled, and its dimensions were determined in
the 14-30 mesh range. For in-vitro gastrointestinal digestion
analysis, amaranth was prepared in three ways: grinding into
flour, drying in an oven at 100°C for one h, and boiling at
100°C for 30 min.

Extraction of Amaranth

In order to determine the total phenolic content (TPC) and
antioxidant activity (AA) of amaranth, ultrasonic extractions
(160 W, 50 Hz) were performed in eight different solvents
(water, methanol, ethanol, acetone, ethyl acetate, n-butanol,
petroleum ether, and hexane) environments in three different
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ways: solvent extraction, acidic hydrolysis, and basic hyd-
rolysis. For solvent extraction, 1 g of amaranth was extracted
with 10 mL of solvent for 4 h at 45°C. For acidic hydrolysis
extraction, amaranth (1 g) was extracted with solvent (10 mL)
and 1 M HCI (0.1 mL) at 45°C for 4 h. At the same time, 1M
NaOH was used instead of 1 M HCI for basic hydrolysis
extraction. All the extracts were filtered through filter paper,
and the extracts other than water, methanol, and ethanol were
evaporated in an evaporator. The remaining residues were
dissolved in methanol, and all extracts were kept at 4°C until
analysis (Karkar & Sahin, 2022).

Spectroscopic Analysis
Total phenolic content (TPC) analysis

The Folin-Ciocalteu method was used to determine the TPC
of amaranth extracts (Aklan & Aybastier, 2023; Giiglii et al.,
2006; Karkar & Sahin, 2022; Singleton et al., 1999). Accor-
ding to the method, 0.25 mL of amaranth extract was mixed
with Lowry C (2.5 mL) (prepared by mixing Lowry A (0.4%
NaOH and 2.0% Na>CO3) and Lowry B (1.0% NaKC4H4Os
and 0.5% CuSOy) in a ratio of 50:1) solution and 0.67 N Folin
reagent (0.25 mL). The total volume was made up of 4.75 mL
of distilled water. The samples were kept in a dark environ-
ment for 30 min, and absorbance measurements were perfor-
med at 750 nm using a UV-VIS spectrometer. The TPC of
amaranth was determined as mg gallic acid equivalent
(GAE)/ 100 g amaranth.

The antioxidant activity (AA) analysis

The ABTS (Karkar & Sahin, 2022; Re et al., 1999) and FRAP
(Benzie & Strain, 1996; Karkar & Sahin, 2022) methods de-
termined the AA of amaranth. ABTS" radical solution used in
the AA analysis by ABTS method was prepared by mixing
2.45 mM K,S,0g with 7 mM ABTS solution. For the analysis,
amaranth extract (0.1 mL), ethanol (3.9 mL), and ABTS ra-
dical solution (1 mL - 1:10 diluted with distilled water) were
mixed, and the samples were kept for 6 min. The absorptions
of the samples were measured with a UV-VIS Spectrophoto-
meter at 734 nm, and the AA values of Amaranth were deter-
mined as mg Trolox equivalent (TE)/100 g Amaranth.

According to the AA of the FRAP method, 0.1 mL of ama-
ranth extract and 2.9 mL of FRAP reagent (prepared by
mixing pH 3.6 acetate buffer, 20 mM FeCls solution, and 10
mM TPTZ solution (by 40 mM HCI) in a ratio 10:1:1) were
mixed. The samples were kept in a dark environment for 30
min, and absorbance measurements were performed at 593
nm using a UV-VIS spectrometer. The AA of amaranth was
determined as mg trolox equivalent (TE)/ 100 g amaranth.
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Statistical Analysis

The analysis data were statistically analysed using the MINI-
TAB 17.0 (Minitab Inc., Stage College, PA) statistical prog-
ram with Fit General Linear Model ANOVA (solvent, acidic,
and basic hydrolysis extracts separately for each method (p <
0.01), and TPC, ABTS and FRAP methods separately for
each extract (p < 0.01)). Analyses were performed in two
repetitions.

In-vitro Gastrointestinal Digestion Analysis

An analysis examined how the human digestive system bre-
aks down amaranth. Two different simulated digestive fluids
were created for gastrointestinal digestion. The simulated
gastric fluid (SGF; pH 2.00) was prepared using sodium chlo-
ride (0.2%; w/v) and porcine pepsin (1600 U/mL of final vo-
lume), and the pH was adjusted to 2.0 £ 0.2 (0.2 N HCI). The
simulated intestinal fluid (SIF; pH 7.00) was prepared using
potassium dihydrogen phosphate (0.68%; w/v), bile salt
(0.3%; w/v), and porcine pancreatin (800 U/mL of final vo-
lume), and pH was adjusted to 7.0 £ 0.2 (0.2 N NaOH)
(Tipigil, 2015).

The SGF medium (10 mL) was added to the milled, dried,
and boiled amaranth samples (1 g), and gastric digestion was
carried out for 2 h in a shaker incubator at 37°C and 100 rpm.
After gastric digestion, the pH of the medium was adjusted to
7.0 with 0.2 N NaOH, and the SIF medium (10 mL) was ad-
ded. For intestinal digestion, the medium was incubated for 2
h in a shaker incubator at 37°C and 100 rpm. During gastric
and intestinal digestion, a 1 mL of sample was taken every 30
min from the digestive fluid, kept in an ice bath for 15 min,
and centrifuged at 6000 rpm for 15 min. Then, the TPC of the
samples (1 mL) taken from the media was determined, and
the amounts of phenolic compounds released from the ama-
ranth samples into the environment during gastrointestinal di-
gestion were determined.

The Effect of Amaranth on Probiotic Bacterial Viability

The effect of amaranth on the viability of probiotic bacteria
was investigated using the prebiotic effect of amaranth. The
analysis used three forms of amaranth - milled, dried, and bo-
iled - while Lactobacillus acidophilus species from the Lac-
tobacillaceae family was used as probiotic bacteria. L. aci-
dophilus (DSM 20079) bacterial strain was activated by in-
cubation at 37°C for 24 h under anaerobic conditions in 5 mL
of De Man, Rogosa, and Sharpe (MRS) medium (sterilised at
121°C for 15 minutes). After incubation, the bacterial culture
was sequentially activated in MRS-Broth medium twice un-
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der the same anaerobic conditions, and a stock bacterial cul-
ture was prepared. L. acidophilus stock bacterial culture was
activated by incubating at 37°C for 24 h under anaerobic con-
ditions in MRS-Broth containing 1% (w/v) milled, dried, and
boiled amaranth. Only L. acidophilus was activated under the
same incubation conditions as the control group. The viability
of the L. acidophilus strain was determined using the pour
plate technique. Serial dilutions of activated bacterial strains
in physiological saline were prepared and planted on sterile
plates, and their growth in MRS-Agar medium was exami-
ned. Plates were placed in anaerogenic jars with AnaeroGen
Gas Packs and left for 72 h under anaerobic incubation at
37°C. Colony forming units (cfu) per mL of probiotic bacte-
ria (log cfu/mL) were determined by counting the colonies
formed after incubation. The effect of amaranth on the incre-
ase in bacterial viability was determined by comparing the
viability of ground, roasted, and boiled amaranth-containing
bacteria with the control group. The results (two repetitions)
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were statistically analysed using the MINITAB 17.0 (Minitab
Inc., Stage College, PA) statistical program with One-Way
ANOVA (L. acidophilus bacterial viability for each amaranth
sample p < 0.01)).

Results and Discussion

Total Phenolic Content and Antioxidant Activity of
Amaranth

The TPC and AA values of different amaranth extracts are
given in Table 1. The effect of solvent medium, extraction
method, and solvent medium x extraction method interaction
on the TPC and AA results of amaranth extracts was statisti-
cally significant at a 99% confidence level according to
ANOVA analysis (Table 2). The TPC and AA values of ama-
ranth were seen to vary at different solvent mediums and
extraction methods.

Table 1. The TPC (mg GAE/100 g amaranth) and AA (mg TE/100 g amaranth) of amaranth

Solvent TPC | ABTS FRAP

SE  581.80+18.40¢ 148.01 £1.37° 32.28 +£0.33"

W AH  606.70 £18.98 97.92 +1.36° 15.84 +0.12
BH  722.11:£18.68 176.53 £0.89° 60.70 +2.348h
SE  70.17 £4.20™ 4730 £1.27° 37.08 £2.174

M AH 13490 +5.37¢ 46.60 +1.24¢ 40.43 +£1.14m4
BH  88.25+2.88¢ 79.73 £0.79¢ 138.89 +3.59¢%¢
SE  113.25+5.041 11.89 +0.87™ 231.97 +12.85°

E AH  364.11 £0.70¢ 7.45 +0.14" 207.65 +4.10%°
BH  66.62 £0.92"" 34.52 £0.79¢ 159.08 +17.76%
SE  41.65+0.43mn 19.00 +1.113 152.88 +0.40°9

A AH  59.10 +3.66"* 25.36 £0.60" 131.22 +27.56%¢
BH  40.31+0.42'mn 16.81 +£1.30/x! 130.38 +42.724¢
SE  34.70 £0.40 14.51 £0.90"™ 159.86 £5.61%¢

EA AH  52.54+]127% 20.14 £1.10% 196.72 +6.31°
BH  47.49 +2.88ktmn 22.86 +0.42h 180.25 +5.02>¢
SE  53.66 £0.66/! 24.58 £1.57" 112.06 +0.84°1

B AH 7779 +1.678" 39.47 +2.83f 35.98 +0.86"
BH  60.01 £2.63"* 35.48 £3.71¢ 88.95 +1.43"¢
SE  36.71£3.30™" 15.34 £0.71%bm 160.68 £8.65%¢

PE AH 4575 +1.36kmn 15.15 £0.91%m 72.19 £3.90¢h
BH  42.38+2.33'mn 18.54 +1.58/% 151.59 +17.19%4
SE  48.81£1.21%m 14.23 £0.220™ 149.83 £9.47%4

H AH  66.86 +4.93M 17.92 £0.1 17+! 84.79 +3.86"¢
BH  47.03 £4.82ktmn 16.80 £0.46-! 148.91 £7.56%¢

*meantstandard deviation (two replicates)
W: water, M: methanol, E: ethanol, A: acetone, EA: ethyl acetate, B: butanol, PE: petroleum ether, H: hexane, SE: solvent extraction, AH: acidic hydroly-
sis, BH: basic hydrolysis, TPC: total phenolic content, AA: antioxidant activity; a—n: Lowercase superscripts indicate significant differences in TPC and

AA values of amaranth under different extraction conditions for each method (p <0.01).
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Table 2. P-values of the effect of solvent medium and extraction method on TPC and AA of amaranth

Solvent medium
Extraction method
Solvent medium x Extraction method

p-value
TPC ABTS FRAP
<0.01 <0.01 <0.01
<0.01 <0.01 <0.01
<0.01 <0.01 <0.01

TPC: total phenolic content, AA: antioxidant activity

The effects of solvent media and extraction method separa-
tely on TPC and AA values of amaranth at a 99% confidence
level were investigated by ANOVA analysis (Table 3). When
the TPC values of amaranth extracts were examined, it was
found that the TPC of water extracts was the highest, while
the TPC of petroleum ether extract was the lowest. As the
solvent polarity decreased, the TPC of amaranth decreased.
Compared to extraction methods, amaranth’s TPC is gene-
rally highest in acidic hydrolysis and lowest in solvent extrac-
tion (Table 3). While the TPC of the aqueous basic hydrolysis
extract of amaranth was found to be 722.11 £18.68 mg
GAE/100g amaranth in the highest amount, it was determined
as 34.70 £0.40 mg GAE/100g amaranth in the lowest amount
of ethyl acetate solvent extract (Table 1). According to
Peiretti et al. (2017), the TPC of the methanolic extract of
amaranth seeds was determined as 4.35 +0.19 mg/g.
Sandoval-Sicairos ef al. (2020) determined the TPC of unp-
rocessed amaranth seed as 23.3 +1.2 mg/100g DW and the
TPC of germinated amaranth seed as 27.3 +£1.8 mg/100g DW.
In another study, the total phenolic content of amaranth flour
after fermentation with water was 2.55 +£0.20 mg GAE/g
(Yesil & Levent, 2022). According to Sarker, Oba, & Daramy
(2020), in a study conducted with different genotypes of ama-
ranth, the TPC range was between 78.22 +0.35 and 228.66
+0.42 pg/g DW.

When the AA results of amaranth are compared according to
solvent mediums, the highest AA was observed in water sol-
vent mediums in the ABTS method, while the lowest was in
petroleum ether solvent mediums (Table 3). It was observed
that the AA value increased with the ABTS method as the
solvent polarity increased. In the FRAP method, while the
highest AA was detected in the ethanol solvent medium, the
lowest was observed in the methanol solvent medium (Table
3). It was observed that the AA value was higher in the me-
dium polarity solvent with the FRAP method. When the anti-
oxidant activities of amaranth were compared according to
the extraction methods, it was determined that the basic hyd-
rolysis results were the highest and the acidic hydrolysis re-
sults were the lowest in both analysis methods (Table 3). The

AA of amaranth was found in the highest basic hydrolysis
extract of water (176.53 +0.89 mg TE/100g amaranth) with
the ABTS method and the lowest in the acidic hydrolysis
extract of ethanol (7.45 +0.14 mg TE/100g amaranth), while
the highest in the ethanol extract (231.97 £12.85 mg TE/100
g amaranth) with the FRAP method and the lowest in the aci-
dic hydrolysis extract of water (15.84 +0.12 mg TE/100g
amaranth). According to Sarker et al. (2020), in a study con-
ducted with different genotypes of amaranth, the AA range
was found to be between 16.71 £0.06 and 49.64 £0.04 ug/g
DW by the ABTS method.

The most commonly used solvents in the extraction of phe-
nolic compounds are water, ethanol, methanol, acetone, and
their acidic/non-acidic water mixtures. Studies on this subject
have reported that ethanol and methanol solvents are more
effective than other solvents in extracting phenolic compo-
unds. However, TPC and AA values of amaranth samples
were generally determined to be higher in extracts obtained
with water solvent than in methanol and ethanol solvents.
Phenolic compounds do not show similar AA in hydrophilic
and hydrophobic solvent environments. In the AA measure-
ments, solvent type and polarity affect the hydrogen atom and
electron transfer. Most of the phenolic compounds respon-
sible for antioxidant properties are hydrophilic. Therefore,
hydrogen atom bonding in polar solvents causes significant
changes in the H-atom donor activities of phenolic compo-
unds and affects the measured AA. Although there is a sol-
vent effect in frequently used AA determination methods, the
type and properties of the solvent affect each method diffe-
rently. Therefore, each method gives different AA results
even in the same solvent environment. When the effects were
examined, the AA values of amaranth were found to be high
in the water extract with the ABTS method, while they were
increased in the ethanol extract with the FRAP method.
ABTS and FRAP methods can be applied to hydrophilic and
lipophilic phenolic compounds. However, while the ABTS
method is in neutral conditions, the FRAP method is in acidic
conditions (Boeing et al., 2014; Celik, 2011; Karaaslan et al.,
2018; Turkmen et al., 20006).
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Table 3. The effects of solvent media and extraction method on TPC and AA of amaranth

Solvent Medium TPC ABTS FRAP
(mg/100g) (mg/100g) (mg/100g)
W 6 646.46" 140.57* 36.28°
M 6 96.76° 57.88° 72.134
E 6 181.33% 17.95%f 199.57*
A 6 47.02¢f 20.39¢ 138.16°
EA 6 44.91° 19.17¢4¢ 178.94°
B 6 63.82¢ 33.18¢ 79.00¢
PE 6 41.76° 16.21f 128.15°¢
H 6 54.23¢ 16.23f 127.84¢
. TPC ABTS FRAP
Extraction Method N (mg/100g) (mg/100g) (mg/100g)
SE 16 123.90¢ 36.81° 129.58*
AH 16 176,44* 33.66¢ 98.11°
BH 16 140,77° 50.13° 132.34*

W: water, M: methanol, E: ethanol, A: acetone, EA: ethyl acetate, B: butanol, PE: petroleum ether, H: hexane, SE: solvent extraction, AH: acidic hydroly-
sis, BH: basic hydrolysis, TPC: total phenolic content, AA: antioxidant activity; a—f: Lowercase superscripts indicate significant differences in TPC and
AA values of amaranth under different solvent mediums and extraction methods for each method (p < 0.01).

According to the results of the LSD (Least Significance Dif-
ference) test performed to determine the difference between
extracts in terms of TPC, ABTS, and FRAP values, it is seen
that all samples are in different groups (p<0.01). The correla-
tion of TPC, ABTS, and FRAP of amaranth obtained under
different extraction conditions with various solvents was de-
termined using the MINITAB 17.0 (Minitab Inc., Stage Col-
lege, PA) statistical program with Basic statistical analysis.
The inter-method correlation coefficient stated in the 99%
confidence interval is given in Table 4. The structure of phe-
nolic compounds and the application conditions of AA met-
hods cause different antioxidant activities obtained from dif-
ferent solvent environments. The TPC method is carried out
in basic conditions, the ABTS method in neutral conditions,
and the FRAP method in acidic conditions. The different app-
lication conditions of the methods lead to differences in the
antioxidant activity values of extracts prepared with solvents
of different polarities. This situation also affects the correla-
tion between methods. A positive correlation was observed
between TPC and ABTS, while a negative correlation was
observed between FRAP/ABTS and FRAP/TPC.

In-vitro Gastrointestinal Analysis

In in-vitro gastrointestinal analyses, digestion time and pH of
the medium in simulated gastric fluid differ between researc-
hers. Digestion in the simulated gastric medium is considered
90 min in some research, while 120 min in some research. It
has been observed that the average pH range of gastric fluid

varies between 1.5 and 2.5. For the gastric medium, the di-
gestion time and pH of SGF were chosen to be 120 min and
2.00 £0.20, respectively. After gastric digestion, the samples
were taken directly into the intestinal medium, and intestinal
digestion was performed for 120 min. The TPC values of the
samples taken from the gastric and intestinal mediums every
30 min were determined and examined against digestion
time.

The TPC of milled, dried, and boiled amaranth after in-vitro
gastrointestinal digestion is given in Figure 1. The initial TPC
of milled amaranth was 4.52 +£0.22 mg GAE/g sample, while
the initial TPC of dried and boiled amaranth decreased (3.45
+0.13 and 2.38 +0.17 mg GAE/g sample, respectively). When
amaranth was directly heat treated, a decrease in TPC value
was observed compared to milled amaranth. Likewise, the
TPC value of boiled amaranth in an aqueous medium decre-
ased more than that of dried amaranth. Due to the complex
structure of phenolic substances, some phenolic compounds
are inactivated due to heat treatment, while others can be-
come free. As a result, some phenolics in dried amaranth ap-
pear to be inactivated after heat treatment. In boiled ama-
ranth, while some of the phenolics were inactivated after heat
treatment, it was accepted that some were extracted by pas-
sing into the aqueous medium. Therefore, the initial TPC va-
lue of untreated amaranth (milled) was higher than that of tre-
ated (dried and boiled) amaranth samples.

After gastric digestion, the TPC of milled amaranth was inc-
reased by 46.03% to 6.59 +0.18 mg GAE/g sample, the TPC
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of dried amaranth increased by 9.61% to 3.79 £0.20 mg
GAE/g sample, and the TPC of boiled amaranth was increa-
sed by 13.93% to 2.71 £0.07 mg GAE/g sample. The ama-
ranth samples were passed directly into the intestinal environ-
ment after gastric digestion, and an increase in TPC was ob-
served in all amaranth samples. After intestinal digestion, the
TPC of milled amaranth was increased by 114.62% to 9.69
+0.48 mg GAE/g sample, while the TPC of dried and boiled
amaranth was increased by 21.02% (4.18 £0.35 mg GAE/g
sample) and 27.96% (3.05 £0.20 mg GAE/g sample).

Phenolic compounds in food materials are generally linked to
chemical bonds by carbohydrates, proteins, and dietary fibres
(de Aratjo et al., 2021; Jakobek, 2015). Phenolic compounds
become more resistant to in-vitro gastrointestinal conditions
as they are present in foods in glycosylated form (de Araugjo
et al.,2021; Pavan et al., 2014). At the same time, as a result
of chemical reactions with pH and enzyme changes during in-
vitro gastrointestinal digestion, the TPC value and antioxi-
dant properties of the food material may change (Dantas et
al.,2019; de Aratjo et al., 2021). The increase in TPC values
of various forms of amaranth (milled, dried, and boiled) after
in-vitro gastrointestinal digestion indicates that phenolic
compounds were released more into the medium during di-
gestion. At the same time, this increase shows that phenolics
are hydrolysed into different forms, such as glycosides, in
acidic and basic environments.

The Effect of Amaranth on Probiotic Bacterial Viability

Amaranth (prebiotic) with high carbohydrate and dietary
fibre content was used to increase the viability of L. acidop-
hilus probiotic bacteria, which is naturally found in the hu-
man microbiota and widely used in the dairy industry. The
viability results of L. acidophilus probiotic bacteria are given
in Table 5. The bacterial viability of L. acidophilus without
amaranth as a control was 7.18 £0.01 log cfu/mL. In order to
determine the prebiotic effect of amaranth on L. acidophilus
probiotic bacteria, amaranth was added while the bacteria
were activated, milled, dried, and boiled. It was observed that
the viability of probiotic bacteria activated with amaranth inc-
reased. Compared to the control, a log increase of 0.68 units
was seen in the viability of L. acidophilus bacteria activated
with milled amaranth. Likewise, an increase of log 0.54 and
log 0.05 units was detected in the bacterial viability of L. aci-
dophilus activated with dried and boiled amaranth, respecti-
vely. While milled amaranth increased bacterial viability by
9.47%, dried amaranth increased by 7.46%, and boiled ama-
ranth increased by 0.60%. Based on the statistical analysis, it
was observed that the viability of bacteria activated by milled
and dried amaranth increased significantly compared to the
control (initial) L. acidophilus probiotic bacteria. However,
no significant increase in viability was observed in bacteria
activated by boiled amaranth.

10.0

TPC (mg GAE/g amaranth)

0 30 100

—e—Milled of amaranth —+—Dried of amaranth Boiled of amaranth

150 200 250
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Figure 1. Gastrointestinal digestion of milled, dried, and boiled amaranth
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Table 4. Correlation of TPC, ABTS, and FRAP of amaranth

TPC ABTS
ABTS R? 0.853
p-value <0.01
FRAP R? -0.426 -0.578
p-value <0.01 <0.01

TPC: total phenolic content

Table 5. The effect of amaranth on the viability of L. acidophilus probiotic bacteria

Viability of bacteria*

Increase in vitality

(log cfu/mL)
Control 7.18 £0.01¢
LA-MA 7.86 £0.032
LA-DA 7.72 £0.09°
LA-BA 7.23 £0.02¢

(%)

9.47
7.46
0.60

*mean + standard deviation (two replicate)
Control: L. acidophilus, LA-MA: L. acidophilus-1% milled amaranth, LA-DA: L. acidophilus-1% dried
Amaranth, LA-BA: L. acidophilus-1% boiled amaranth; a-c: Lowercase superscripts indicate differences in L.
acidophilus bacterial viability for each amaranth sample.

Kockova et al. (2013) conducted a study to investigate the
effect of various pseudocereals on the viability of Lactobacil-
lus rhamnosus GG probiotic bacteria. The researchers incu-
bated the bacteria with different grains and flours, including
rye flour, rye grain, barley flour, whole barley flour, amaranth
flour, amaranth grain, buckwheat flour, whole buckwheat
flour, whole oat flour, and millet grain at a temperature of
37°C for 18 h. They then examined the increase in bacterial
viability after fermentation with each of these substrates. The
viability increased after fermentation with rye flour (log
2.37), rye grain (log 2.73), barley flour (log 1.99), whole bar-
ley flour (log 2.06), amaranth flour (log 3.57), amaranth grain
(log 2.60), buckwheat flour (log 2.31), whole buckwheat
flour (log 2.33), whole oat flour (log 1.95), and millet grain
(log 2.61) (Kockova et al., 2013).

Different processing and cooking methods applied to ama-
ranth grains affect the nutritional composition of amaranth.
Studies were shown that the nutritional content of amaranth,
such as protein, fat, carbohydrate, dietary fiber, magnesium,
iron, calcium, and phenolic compounds, decreases by boiling
and cooking with various methods (Ugural & Akyol, 2022).
When bacterial viability increases are examined, boiled ama-
ranth's effect on bacterial viability is quite low. Accordingly,
boiling amaranth significantly reduces its prebiotic proper-
ties. Considering the literature studies, boiling amaranth re-
duces its nutritional content (especially carbohydrates and di-
etary fibre) much more than drying cooking.

Conclusion

Pseudo-grains, which protect the health of in-vitro gastroin-
testinal digestion, positively affect the vitality of probiotic
bacteria, are a good source of nutrients, and are an alternative
to natural grains. This study determined the TPC and AA va-
lues of the extracts of amaranth, which is a pseudo-grain pre-
pared in various solvent environments. In general, it was ob-
served that TPC and AA values of amaranth increased with
increasing solvent polarity. The change in TPC values of
amaranth consumed today using different cooking techniques
was investigated after in-vitro gastrointestinal digestion. The-
refore, the increase in TPC values of milled, dried, and boiled
amaranth after in-vitro gastrointestinal digestion was highest
in milled amaranth and lowest in boiled amaranth. In addi-
tion, these forms of amaranth on the viability of L. acidophi-
lus probiotic bacteria, which positively affects in-vitro gast-
rointestinal digestion, were investigated. As a result, it was
observed that the prebiotic effect of boiled amaranth decrea-
sed due to the decrease in nutritional values, and it did not
affect the increase in the number of live bacteria. However,
the viability of L. acidophilus probiotic bacteria activated
with milled amaranth increased by 9.47%. In this case, it is
predicted that consuming amaranth, which has a very high
nutritional value and a prebiotic effect, will be more benefi-
cial for human health without applying heat treatment.
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Water-soluble films provide convenience, notably in scenarios requiring single-dose or on-the-go
packaging, such as dissolvable sachets for individual servings of beverages, effectively minimising
excess packaging waste. The main aim of this study was to create edible films that are water-
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Introduction

To protect the environment, it is necessary to reduce food
packaging waste made of plastics such as polyethene, poly-
vinyl chloride, polypropylene, polystyrene, polyethene te-
rephthalate and polyamide, and other wastes from food (Bel-
lur Nagarajaiah & Prakash, 2015; Luzi et al., 2019). When
plastic packaging materials are not disposed of properly after
use, they cause very serious environmental problems (Milli,
2022). Moreover, plastic packaging materials continuously
emit microplastics into our food and beverages. For example,
modern tea bags are increasingly made from plastic rather
than traditional paper, posing concerns about their safety
when exposed to high temperatures. Brewing plastic tea bags
at 95 °C can release staggering amounts of microplastics and
nanoplastics into the beverage, raising potential health risks,
and additionally, toxicity assays suggested adverse effects on
human health (Hernandez et al., 2019; Jadhav et al., 2021).
Therefore, there is a trend towards biodegradable polymers in
academic and food practices (Kurt, 2019). As an alternative
to synthetic polymers, polysaccharides, proteins and lidips,
many by-products from microorganisms or agricultural resi-
dues are used (Karakus et al., 2021). Shell and pulp, which
are food wastes, also cause microbiological environmental
pollution when disposed of incorrectly. These wastes can be
used as raw materials to create products with high added va-
lue.

Humans can consume edible coatings or films without ad-
verse effects and serve as primary packaging by directly con-
tacting food items. Additionally, edible films incorporating
active materials combined with biodegradable polymers are
being produced (Silva et al., 2020). Synthetic polymers such
as polyvinylpyrrolidone and polyvinyl alcohol were also used
to produce edible films (Gokmen, 2022). Significant biologi-
cal residues are generated due to the food industry's produc-
tion processes. Despite 1.3 billion tons of edible food, it is
wasted annually (Gustavsson et al., 2011). Edible biodegra-
dable coatings and films create a natural layer to control food
aroma, solute movement, and moisture loss, thereby preven-
ting product spoilage (Embuscado & Huber, 2009). Water-
soluble films present challenges in packaging high-moisture
foods, but they offer benefits when packaging low-moisture
food items (Akbaba, 2006). Water-soluble films can provide
significant convenience in the ready-to-eat food and beverage
industry (Ocak & Demircan, 2020).

In Tiirkiye, 1.550.000 tons of oranges were produced in 2023
(TSI, 2023), and it is estimated that approximately 760.000
tons of waste orange peel is generated in orange juice produc-
tion facilities. It is known that a portion of the generated
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waste of orange peels is used as animal feed, a portion is dried
and utilised, and the remaining portion is taken to urban solid
waste disposal facilities. The pectin in waste orange peels
presents significant potential for utilisation in the biodegra-
dable packaging sector, contributing to the valorisation of
these waste materials (Glinkaya et al., 2016) and offering he-
alth benefits (Sharefiabadi & Serdaroglu, 2020). Orange peel
contains essential minerals such as calcium, iron, magnesium,
potassium, and copper. It is also abundant in vitamin C, and
its dry matter composition includes 3% protein, 8% car-
bohydrates, and an impressive 42% dietary fiber (Can, 2015).
The water solubility of orange peel is attributed to its content
of pectin, as pectin possesses water-soluble and biodegra-
dable characteristics (Fishman et al., 2006). Orange peels also
contain flavonoids such as hesperidin, neohesperidin, narin-
gin, and tangerine (Cin & Gezer, 2017).

Guar gum is a polysaccharide primarily composed of comp-
lex carbohydrate polymers of galactose and mannose, and it
possesses one of the highest molecular weights among all
water-soluble polymers (Mudgil et al., 2014). Studies have
indicated that guar gum exhibits good film-forming proper-
ties (Kumar, 2019). The barriers formed by guar gum-based
films prevent food from being damaged by microorganisms,
ultraviolet radiation, and oxidative stress. Additionally, it ef-
fectively contributes to the preservation of food quality and
extends its shelf life (Jiang et al., 2022).

Recently, orange peel waste has been used in the production
of biocomposite packaging films by blending it with various
materials such as pectin jelly, thermoplastic starch, and clay;
with fish gelatin; and with chitosan/polyvinyl alcohol, as re-
ported in studies by Giinkaya et al. (2016), Jridi et al. (2020),
and Terzioglu et al. (2021), respectively. However, the extant
literature does not provide any comprehensive assessment
concerning using these waste materials in rapidly soluble re-
ady-to-drink beverages.

The primary objective of this research was to produce water-
soluble and heat-sealable edible films through the combina-
tion of guar gum and orange peel powder. The other objective
was to examine how varying quantities of orange peel powder
(0%, 1%, 2% and 5% w/v of solution) impacted these films'
physical attributes, appearance, and barrier properties. Furt-
hermore, the films underwent heat-sealing to create pouches
in the context of employing these films for packaging dry ins-
tant beverages. They were subsequently loaded with dry
orange peel powder to assess their capacity for instantaneous
dissolution.
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Materials and Methods

Materials

Smart Kimya (Tirkiye) company purchased orange peel
powder and guar gum. At the same time, Folin-Ciocalteau re-
agent, sodium carbonate, 2,2-Diphenyl-1-picrylhydrazyl,
glycerol, and ethanol were obtained from Sigma-Aldrich
Chemie GmbH (Darmstadt, Germany).

Preparation of Film Solution

The preparation method for edible films followed the proce-
dure outlined by Aydogdu et al. in 2020, with slight adjust-
ments. Aqueous film solutions were created by mixing guar
gum (0.9% w/v) and glycerol (0.4% w/v) in distilled water
using a magnetic stirrer for 40 min. In the case of film soluti-
ons containing orange peel powder, orange peel powder (1%,
2% and 5% w/v) was blended with film solution through
magnetic stirring. The abbreviations FO, F1, F2, and F5 cor-
respond to edible films that include different proportions of
orange peel powder (0%, 1%, 2%, and 5% w/v). The rationale
behind selecting the percentages of 1, 2, and 5 is rooted in the
observation that the solubility of orange peel, when added at
a concentration of 6%, was significantly hindered due to its
high density. Entrapped air bubbles were removed through
ultrasonication (JY92-IIN; Ningbo Scientz Biotech Co Ltd.,
China) at 70% ultrasonic power for 2 min. The resulting film
solution, weighing 6 grams, was poured into Petri dishes with
a 6 cm diameter (made of low-density polyethene) and left to
air-dry at room temperature (22 °C) for 24 h. Subsequently,
the films were stored in a desiccator containing a saturated
magnesium nitrate solution, maintaining a relative humidity
of 55% at 22 °C for a minimum of 48 h before analysis. Be-
fore measurements, the films were carefully peeled from the
petri dishes, and three replicates were prepared for each phy-
sical and barrier analysis.

Film Thickness

The thickness of the films was measured using a handheld
digital micrometre (LYK 5202-25, Loyka, Ankara, Tiirkiye)
with a precision of 0.001 mm. Average values were calcula-
ted by taking measurements at approximately 8 random loca-
tions on each film.

Moisture Content

To determine the moisture content of the film samples, films
with a 6 cm diameter were subjected to drying in an electric
oven (Nuve NOS55, Ankara, Tiirkiye) at 105 °C until they re-
ached a stable weight, following the method outlined in
AOAC (1984). This analysis involved measuring the initial

weight of the samples before placing them in the oven and the
weight immediately after taking them out of the oven.

Swelling Index

The procedure for determining the swelling index was adap-
ted from the method described by Basiak et al. (2015). Film
samples, each with a diameter of 6 cm, were weighed initially
(W1). Subsequently, they were immersed in a beaker contai-
ning 30 mL of distilled water at a temperature of 22 °C for 10
seconds. After the films had been re-weighed (W2) following
the removal of excess water using filter paper, the amount of
absorbed water was calculated using the following equation.

(W,—W,)

Swelling index (%) = [~

x100] Eqn.1

Density

Film densities (g/mm?®) were determined by dividing the film
mass (g) by the film volume (mm?). The volume was obtained
by multiplying the film area (mm?) by the film thickness
(mm) (Gahruie et al., 2020).

Solubility

The solubility of films was evaluated using the method desc-
ribed by de Figueiredo Sousa et al. (2019), with minor chan-
ges. The films were dried in an electric oven (Nuve NOSS,
Ankara, Tiirkiye) at 105 °C for 24 h. Afterwards, the weights
of the dried samples were measured and documented as Wi.
Subsequently, the samples were immersed in three separate
conditions: 30 mL of distilled water at 22 °C to assess room
temperature solubility, at 4 °C to evaluate cold water solubi-
lity, and at 70 °C to determine hot water solubility, with each
immersion lasting 2 min. Following these immersions, the
films were again subjected to drying at 105 °C for 24 h, and
the dry weight, denoted as W2, was recorded. The calculation
of solubility was carried out based on the mass loss using the
following formula (Lal et al., 2017):
Solubility (%) = [ x100]

1

Eqn.2

Water Vapour Transmission Rate and Water Vapour
Permeability

The methodology described by Sobral et al. (2001) was emp-
loyed to calculate water vapour permeability. The films were
sealed onto cells containing silica gel, and these cells were
subsequently placed in a desiccator containing distilled water,
maintaining a relative humidity of 100%. The cells were we-
ighed at 3-h intervals over 2 days. The water vapour trans-
mission rate (WVTR) was determined from the slope of the
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weight-time graph. Following this, water vapour permeabi-
lity (WVP) was calculated using the following equation,
where A represents the film area, and AP signifies the diffe-
rence between the partial vapour pressure of the atmosphere
over the silica gel and that over pure water (2642 Pa at 22 °C).

WVTR (gm™2h"1) = -0 Eqn.3
WVP (g mm m=2 h‘lPa_l) _ WVTRx thickness Eqn.4

AP

Colour

The colour of the films was determined using a handheld co-
lourimeter (TES 135A Color Reader, TES, Taiwan). Prior to
analysis, calibration was performed with white and black re-
ferences. The total colour distance (AE), chroma value (C),
hue angle (H®), and browning index (BI) were subsequently
computed according to the equations provided by Azab et al.
(2022). AE was computed using white paper as the reference
colour, with the following parameters: L*=97.39, a*=-5.11,
and b*="7.16.

AE = \J(Ls — L) + (@ — ;) + (b3 — b;)? Eqn.s

C = (@)*+ (b*)? Eqn.6

H = t“”_l[z_:] Eqn.7
100 a*+1.75L*

Br =4+ [5.645L*+a*—3.012b* — 0.31] Eqn.8

Opacity and light transmittance

The opacity of the films was assessed using a UV-Vis spect-
rophotometer (T80+, UV/Vis. spectrophotometer, PG Instru-
ment Ltd., China). Following a method adapted from Amado
et al. (2020), film opacity was determined: Rectangular pie-
ces of the films, measuring 1 x 4 cm, were placed in quartz
cells. To calculate opacity, the absorbance values at 600 nm
were measured and then divided by the thickness of the film
in mm. Concurrently, transmittance was evaluated at 540 nm.
This method quantifies how effectively the films block or
transmit light, which can be essential in various applications,
including packaging and optical materials.

Application of Films for Packaging Dry Instant Beverage

Packaging tests were carried out as follows: four edible films
with 6 cm diameter were folded into two and sealed by a
hand-held heat sealer machine. Instant orange beverage
powder was manually transferred into the semi-finished sea-
led pouches, with each pouch containing 2.0 g of powder.
These whole pouches were then heat-sealed immediately.

Subsequently, the sealed pouches containing the powders
were stored at 22 +£1 °C over silica gel for 7 days. In order to
assess the solubility of the edible pouches in hot water, they
were placed into cold water (4 °C) under gentle stirring.

Statistical Analysis of Films

Analysis of variance analysis (ANOVA) was applied to the
data, and means were compared using the Tukey Pairwise
Comparisons test at a significance level of p<0.05 using MI-
NITAB Release 17.1 (Minitab Inc., State College, PA, USA).

Results and Discussion
Thickness

Film thickness is vital in assessing films' mechanical, optical,
and barrier properties related to water vapour permeability.
The thickness measurements for films containing various
orange peel powder extracts can be found in Table 1. These
measurements range from 0.03000 +£0.01000 mm to 0.2050
+0.0229 mm. Notably, film F5, which contains 5% (w/v) of
orange peel powder, stands out as the thickest and signifi-
cant ly differs f rom other
ase in film thickness is attributed to the higher solid content
result ingfroma dding mor
versely, a film named FO, lacking orange peel powder, is ob-
served to be the thinnest. This pattern of thickness increasing
with greater extract quantity aligns with findings from previ-

ous studies i nvolvi ng va rious
(Aydogdu et al., 2020), konjac in whey-based edible films
(Fahrullah et al., 2020), Eriobotrya japonica leaf extract in
ripe banana peels enriched starch-added films (Silva et al.,
2020), as well as mango peel ethanolic extract and fish gela-
tin-based films (Adilah et al., 2018). However, it is worth no-
ting that in some studies, the extract's quantity did not signi-
ficantly impact film thickness (Pi"neros-Hernandez et al.,
2017; Eca et al., 2015).

Moisture Content

The moisture content of the water-soluble film samples was
assessed to determine the amount of retained moisture within
each sample. The moisture content data is presented in Table
1 and ranges from 8.28 +2.62% to 24.95 5+1.365%. Notably,
an increase in the orange peel content within the films corre-
lates with a decrease in moisture content. For instance, mois-
ture content was approximately 30% in a study involving chi-
tosan-based films. This content ranged from 13% to 25% in
films containing chitosan and aloe vera, and in films incorpo-
rating chitosan, aloe vera, and beeswax, it varied from 11%
to 21% (Amin et al., 2019). Comparable trends were observed
in another study on edible films containing pectin, where the

form ulations (p < 0.05)
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additive s, such



Research Article

Food and Health 10(2), 115-128 (2024) e https://doi.org/10.3153/FH24011

moisture content of films produced from mulberry molasses
increased more significantly as molasses concentration dec-
reased, similar to the findings in this study (Aksehir, 2013).
Molecular interaction studies have offered insights into the
film's weak moisture retention properties and high gas barrier
characteristics associated with pectin films (Sistla & Mehraj,
2022). Regarding how moisture content information influen-
ces other characteristics, there is a relationship between a ma-
terial's moisture content and its glass transition temperature
(Tg). When the moisture content increases, the Tg values tend
to decrease (Rivero et al., 2010). This decrease in Tg signifies
that the material transitions from a rigid or glass-like state to
amore flexible and rubbery state at a lower temperature. Con-
sequently, this leads to enhanced flexibility and reduced ma-
terial stiffness at temperatures typically encountered during
its use. Lower Tg values are often associated with materials
that exhibit improved stretchability and toughness, which can
be advantageous in specific applications, such as those invol-
ving flexible packaging or elastomers. As a result, it is evi-
dent that when the amount of orange peel powder increases
to a certain level, the moisture content of the samples decre-
ases considerably, potentially leading to undesirable changes
in their textural properties.

Swelling Index

The swelling index of films denotes the capacity of an edible
film to absorb moisture within a specified timeframe. It ser-
ves as an indicator of the film's resistance to water, its bio-
degradability, and its ability to absorb water. Additionally,
the swelling index can provide insights into predicting the
preservation of food product quality during storage (Srinivasa
et al., 2007). In this study's context, the films' swelling index
ranged from 167.43 £2.43% to 411.81 £6.02%, as detailed in
Table 1. Notably, an increase in the quantity of added orange
peel powder reduced the swelling index of the films. The pro-
cess may be due to the cross-linking of guar gum, which re-
duces polymer relaxation and water dispersion within the
polymer matrix. Consequently, this led to a decrease in the
swelling index of the films. Comparative studies have also
revealed similar trends (Yu et al., 2015; Saberi et al., 2017).
For instance, in research involving pectin-based films, the
swelling index ranged from 270% to 360% (Cabello et al.,
2015), indicating that films based on pectin, much like those
in this study, exhibit high swelling indices. Conversely, a
study utilising dried pomegranate peels and curry leaves to
produce films showed no significant difference in the swel-
ling indices among films made solely with gluten, those with
pomegranate peels, and those with curry leaves, with all indi-
ces were around 2.1% (Kumari et al., 2017). However, this

study observed noticeable differences in the swelling index
values among films with varying formulations.

Density

The density of film samples varies between 0.000103
+£0.000001 and 0.002885 +0.000016 g/cm? (Table 1). As the
content of orange peel powder increases, the density of the
films also increases. Similarly, in a study using pomegranate
peel powder and curry leaves, the density increased compared
to films made solely with gluten (Kumari et al., 2017).

Water Solubility

The solubility data for films incorporating varying quantities
of orange peel powder under different conditions, including
room temperature, hot water (70 °C), and cold water (4 °C),
are presented in Table 2. Specifically, the solubility of films
at room temperature ranged from 17.345 +0.488% to 37.420
+0.594%, while in hot water, it varied from 13.085 £0.120%
to 28.250 +0.354 %, and in cold water, it spanned from
20.100 £0.141 % to 35.475 £0.672 %. Generally, as the
extract's content increased, the films' solubility increased as
well (p <0.05). In a separate study, the solubility of the edible
films made from Persian gum, sodium caseinate, and Zingi-
ber officinale extract varied between 38.15% and 60.15%
(Khezerlou et al., 2019). This increased hydrophilic content
made the film more prone to interacting with water, facilita-
ting its dissolution. It is possible that the extract acted as a
plasticiser in the films, resulting in reduced matrix adhesion
and increased water solubility within the film structure (No-
gueira et al., 2022). The solubility values fell within an opti-
mal range of 33.64% to 37.56%, suitable for producing edible
films derived from starch and its derivatives (Lopez-Rubio et
al., 2008; Chandla et al., 2017).

Water Vapour Transmission Rate and Water Vapour
Permeability

Water vapour transmission rate (WVTR) measures how qu-
ickly moisture infiltrates and traverses a material, signifi-
cantly determining the shelf life of food products. The WVTR
values for the films are detailed in Table 2, spanning from
32.810 g/m?h to 49.215 g/m?h. The findings suggest that the
quantity of orange peel powder does not substantially influ-
ence WVTR (p <0.05). Water vapour permeability quantifies
the mass of water vapour moving across a defined area within
a unit of time under specified temperature and humidity con-
ditions. Water vapour transmission in hydrophilic films is
contingent upon the diffusion and solubility of water molecu-
les within these films (Gontard & Guilbert, 1994). Edible
films characterised by low water vapour permeability contri-
bute to reduced drying rates, consequently extending the shelf
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life of food products (Otoni et al., 2017). A separate study
determined that the film with the most favourable combina-
tion exhibited the lowest permeability level (Rai et al., 2019).
Similarly, in a study involving incorporating chitosan nano-
particles into banana puree and pectin films, voids in the films
may have diminished, leading to reduced permeability (Mar-
telli et al., 2013).

Colour

Table 3 displays the results of the colourimetric analysis (L%,
a* b* AE, C, °H, BI). With an increasing quantity of orange
peel powder, the L* value decreased, while the values for a ¥,
b*, AE, C, °H, and BI significantly increased. The lightness,
indicated by the L* value, exhibits an inverse relationship
with the darkness of the sample. Hence, higher values imply
a whiter appearance, a trait validated by both the guar gum
film and the guar gum film with 1% orange peel addition
(Table 3). However, including 2% and 5% orange peel
powder conferred a brownish tint to the films, resulting in a
darker and more opaque appearance than the guar gum films.
In most cases, the introduction of additives into the films le-
ads to changes in colour parameters, as observed in previous
studies (Silva et al., 2020; Bari & Giannouli, 2022; Pérez-
Vergara et al.,, 2020; Lin et al., 2022). When comparing
samples containing varying ratios of orange peel powder, it
was observed that a higher proportion of orange peels resul-
ted in a more pronounced red colour (a* values), increasing
from 2.765+0.235 to 8.500+ 0.420 and then to 14.630+0.137
in samples containing 0%, 2%, and 5% orange peel powder,
respectively. Regarding yellowness (b *), the results indicated
a significant increase (p < 0.05) with higher levels of orange
peel, with values ranging from -0.875 +£0.353 for 0% orange
peel powder to 35.500 £0.625 for 5% orange peel powder.
These findings suggest that the redness and yellowness of the
food increased as the orange peel powder, a source of carote-
noid pigments known for its yellow and orange hues, was ad-
ded to the samples.

AE values were determined using white paper as the reference
base, revealing colour change values ranging from 9.372
+1.556 to 50.019 +0.803 across films containing 0% and 5%
orange peel powder. Notably, there was a significant rise in
AE values with increasing orange peel content within the

Research Article

films. Janjarasskul et al. (2020) developed edible films utili-
sing whey protein isolate (WPI), which exhibits rapid dissol-
vability and sealability for packaging purposes. Despite achi-
eving a transparent product with a low delta E value, it is no-
teworthy that no active component derived from waste mate-
rials is present in its composition. Therefore, compromising
on colour can lead to a more functional packaging solution.
Furthermore, as the orange peel content increased, chroma
value (C), hue angle (H®), and browning index (BI) also exhi-
bited a general increase. The chroma value represents the in-
tensity or saturation of a colour. In other words, it measures
how vivid or intense a colour appears. High chroma values
indicate that the colour is very saturated and vivid, while low
chroma values suggest that the colour is more muted or less
intense (Athmaselvi et al., 2013). The browning index values
represent the degree of browning or colour change in a subs-
tance. Higher browning index values indicate a more signifi-
cant colour change or browning, while lower values suggest
minimal or no colour change. As depicted in Figure 1, the
films containing 5% orange peel exhibited intense, vivid and
brownish colours.

Opacity and Light Transmittance

The evaluation of opacity depends on the ability of certain
plant compounds to absorb specific wavelengths of light, pro-
tecting the food against the potentially harmful effects of light
exposure. The opacity and light transmittance values for the
films are presented in Table 2. Opacity ranges from 5.858
+0.271 to 10.34 £3.64, and no significant differences were
observed among these values. Films with high opacity offer
improved shielding against light, which can help reduce oxi-
dation and prevent light-induced degradation reactions (Kirtil
et al., 2021). The light transmittance of the films varies from
0.00892 +0.00272 to 0.3162 +0.0347. The film containing
5% orange peel powder exhibited the highest light transmit-
tance. Notably, there were significant differences in light
transmittance among the various films. While consumers
might prefer transparent films, it is important to note that
opaque films provide superior protection against light, oxy-
gen, and heat, ultimately ensuring extended shelf life for food
products (Mohammadi et al., 2020).
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Figure 1. Film samples: (FO) Film without orange peel extract, (F1) Film containing 1% w/v orange peel powder, (F2) Film
containing 2% w/v orange peel powder, (F5) Film containing 5% w/v orange peel powder
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Table 1. Thickness, moisture content, swelling index, density , WVTR, and WVP of films

Film Thickness Moisture Swelling Density WVTR** WYyPp#**

(mm) content (%) index (%)  (g/cm?) (g/m?h) (1000 ¢ mm/m? h Pa)
FO 0.03000 £0.01000¢*  24.955 +1.365* 411.81 +6.022 0.000103 +0.000001¢  41.01 £11.60° 0.000435 +0.000088¢
F1 0.11333 £0.00577¢  11.73 +1.60° 278.36£5.00° 0.000959 +0.000004c  41.01 +11.60° 0.001770 +0.000395°
F2 0.16833 £0.00764>  9.200+0.382>  260.13 £3.94° (0.001225 +0.000005>  32.810 +0.000000*  0.002049 +0.000088b
F5 0.2050 +0.0229° 8.28 +2.62° 167.43 +2.43¢  0.002885 +0.000016*  49.215 +0.000000*  0.003586 +0.000198a

122

* Values are given as mean = SD. Different letters indicate statistical differences among the samples (p < 0.05). **WVTR: Water vapor transmisson rate,
***WVP: Water vapor permeability.

Table 2. Solubility, opacity and light transmittance of films

Film at 22 °C S:th;zlil(t:y(%) at 4 °C Opacity Light transmittance
FO 17.345 £0.488d* 13.085 +0.120¢  20.100 +0.141¢  10.34 +3.64*  0.00892 +0.00272¢

F1 37.420 £0.594*  23.140 +0.198< 22.455 +0.643> 6.744 +0.334*  0.092493 +£0.001686°
F2 25.425 £0.601c  25.120 +£0.170> 21.450 £0.025> 5.858 +0.271* 0.17897 +£0.00865"

F5 29.330 +0.467>  28.250 +0.354* 35.475 +0.672* 7.566 +£0.831* 0.3162 +0.03472

* Values are given as mean + SD. Different letters indicate statistical differences among the samples (p < 0.05).

Table 3. Color analysis of films

Film L* a* b* AE Chroma (C) Hue angle (H°) BI

FO 84.020 £1.575*™ 2.765 £0.235° -0.875+0.353¢ 9372 +1.556¢  2.914 £0.237¢  -17.49 +6.90° 1.345 +0.487¢
F1 82.437 +0.424* 7.320 £1.343>* 15267 +0.861°  21.534 £0.104c  16.980 +0.180c  64.35 +5.37° 26.620 £0.151°
F2 76.820 +0.243>  8.500 £0.420>  25.250 £0.395> 32.886 +0.176* 26.645 +0.311°  71.391 +1.045° 47.312 +0.469°
F5 63.310 £0.623¢  14.630 £0.137*  35.500 0.625* 50.019 +0.803*  38.398 £0.526* 67.598 +0.544* 96.00 +3.08°

** Values are given as mean + SD. Different letters indicate statistical differences among the samples (p < 0.05).
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F2 F5

Figure 2. Heat sealed edible films with varying orange peel powder wrapped
around instant orange peel powder. (F0O) Film without orange peel extract,
(F1) Film containing 1% w/v orange peel powder, (F2) Film containing 2%
w/v orange peel powder, (F5) Film containing 5% w/v orange peel powder

Figure 3. The pictures of cold water solubility of films. (F0O) Film without

orange peel extract, (F1) Film containing 1% w/v orange peel powder, (F2)

Film containing 2% w/v orange peel powder, (F5) Film containing 5% w/v
orange peel powder
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Application of Films for Packaging Dry Instant Beverage

Photographs depicting instant orange beverage powder
packaged in four different edible films with varying orange
peel powder are presented in Figure 2, and their solubility in
cold water is shown in Figure 3. In these pouches, dry orange
powder retains its original colour. These images demonstrate
that orange peel powder pouches dissolve rapidly within
seconds and promptly release the enclosed powder. This
observation underscores that adding guar gum does not
impede the swift cold-water solubility of the orange peel
films under the experimental conditions employed in this
study. The pouches made from guar gum edible films did not
dissolve and release their contents. In contrast, all the other
films containing guar gum and varying amounts of orange
peel powder were easily soluble in cold water and released
their contents uniformly. Similarly, Janjarasskul et al. (2020)
created edible films using whey protein isolate (WPI) that are
fast-dissolving and sealable for packaging premeasured dry
foods, and they dissolve rapidly when in contact with water,
releasing their contents. However, this study incorporated
orange peel powder in the film formulation as the active
agent.

Conclusion

This study developed edible films by blending guar gum with
orange peel powder. As the orange peel powder concentration
in the films increased, several crucial parameters, including
density, water vapour permeability, solubility, light transmit-
tance, and various colour characteristics (a, b, AE, chroma,
hue angle, BI), exhibited a consistent upward trend. The no-
table increase in solubility with higher orange peel powder
content aligns with findings from previous research, with the
highest solubility achieved when using cold water, suggesting
its potential in producing cold beverages with orange peel
powder. The significantly elevated swelling index values,
ranging from 167.43 +£2.43% to 411.81 +£6.02%, are attribu-
ted to pectin in orange peel. Moreover, as the powder content
increased, the films became less transparent, indicating their
ability to block ultraviolet rays, making them suitable for pro-
tecting light-sensitive food items from oxidation. In sum-
mary, these films have promising applications as packaging
materials for light-sensitive food products. In future studies,
it would be beneficial to investigate potential modifications
of orange peel powder or explore the incorporation of syner-
gistic additives, aiming to enhance the properties of edible
films further. This research could contribute to expanding the
practical applications of these films in food packaging and
preservation.
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Bu ¢alismada, bitkisel materyaller kullanilarak glutensiz ve vegan beslenme modelini tercih eden bireylere
yonelik alternatif bir atistirmalik {iriin olan cips iiretilmesi hedeflenmistir. Bu amagla 6n denemeler sonucu
elde edilen ve duyusal dzellikler yoniinden begeni alan regete baz alinarak sebzelerden mantar, brokoli, kar-
nabahar ve pancarin yani sira, ¢esitli baharatlar (zerdegal, kekik ve pul biber), mercimek unu, susam ile ta-
hin/zeytinyag1 kullanilmistir. Elde edilen sonuglara gore, yag kaynagi olarak tahin ve zeytinyagi kullanima,
atistirmaliklarin antioksidan kapasite (AK) degeri, toplam flavonoid (TF) ve toplam polifenol (TP) igerikleri
ile gastrik ve intestinal sindirim asamalar1 sonrasinda polifenollerin in-vitro biyoerisilebilirliginde farkliliga
neden olmustur. Tahinli atistirmaligin AK degeri (312.31 mmol AAE/100g KM), TF (1.28 mg RE/g KM) ve
TP igerikleri (0.61 mg GAE/g KM) zeytinyagli olana gore daha yiiksek bulunmustur. Zeytinyagh atistirma-
ligin TP biyoerisilebilirligi tahinli olandan daha yiiksek tespit edilmistir. Tat ve koku yoniinden tahinli atis-
tirmalik panelistler tarafindan tercih edilirken, diger duyusal 6zellikler agisindan zeytinyagi iceren iiriin daha
¢ok begenilmistir. Sonug olarak, tahinli atistirmaligin fonksiyonellik agisindan, zeytinyagl iiriiniin ise duyu-
sal 6zellikler agisindan daha avantajli oldugu goézlenmistir. Bu nedenle gelecek calismalarda her iki yag kay-
naginin farkli oranlarda veya birlikte kullanilacag: formiilasyon ¢aligmalarinin yapilmasi 6nerilmektedir.

Anahtar Kelimeler: Mantar, Cips, Mercimek Unu, Vegan, Zenginlestirme
ABSTRACT

Production of vegetable-enriched gluten-free chips and evaluation of in-vitro
bioaccessibility

In this study, it was aimed to produce chips which is an alternative snack for individuals who prefer a gluten
free and vegan diet by using plant materials. For this purpose, based on the recipe, which was obtained as a
result of preliminary trials and was appreciated in terms of sensorial properties. Various spices (turmeric,
thyme and chili pepper), lentil flour, sesame and tahini/olive oil in addition to mushroom, broccoli, cauli-
flower and beetroot were used. According to the results obtained, use of different oil sources caused differ-
ence in the antioxidant capacity (AC) values, total polyphenols (TP) and total flavonoids (TF) and in-vitro
TP bioaccessibilities at the end of gastric and intestinal digestion stages. The AC value (312.31 mmol
AAE/100g DM), TF (1.28 mg RE/g DM) and TP (0.61 mg GAE/g DM) contents of the snacks with tahini
were found higher than the one with olive oil. On the other hand, TP bioaccessibility of snack with olive oil
was higher than that with tahini. While snacks with tahini were preferred by the panelists in terms of taste
and smell, the product containing olive oil was preferred more in terms of other sensorial properties. As a
result, it was observed that snacks with tahini and olive oil are more advantageous in terms of functionality
and sensory properties, respectively. For this reason, it is recommended to carry out formulation trials in
which both oil sources will be used in different ratios or together in future studies.

Keywords: Mushroom, Chips, Lentil flour, Vegan, Enrichment
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Giris

Giliniimiizde besinsel degeri zenginlestirilmis, saglikli ya-
sami destekleyen, kolay ulasilabilir fonksiyonel atistirmalik-
lara kars1 artan bir talep s6z konusudur (Gormley, 2019). Bu
durum iireticileri gida iirlinlerinin, yalnizca a¢ligi gidermek
icin degil, ayn1 zamanda beslenme kaynakli hastaliklar1 6n-
lemek, tiiketicilerin fiziksel ve zihinsel sagligini gelistirmek
lizere tasarlanmasma yonlendirmektedir. Atistirmalik sek-
torii ticari anlamda oldukga genis bir pazar payina sahiptir.
Ancak fonksiyonel 6zellikleri zenginlestirilmis ve ozellikle
glutensiz atigtirmaliklar konusunda iiriin gelistirme ¢alisma-
lar1 ¢ok sinirhdir.

Gluten igeren gidalara kars1 bagisiklik sisteminin tepki ver-
mesi sonucu ortaya ¢ikan ¢olyak hastaligi, otoimmiin rahat-
sizliklar, bugday alerjisi veya diger gastrointestinal bozuk-
luklarin yagandigi durumlarda gluten kaynaklarinin kisitlan-
mas1 gerekmektedir. Colyak hastaligi ve gluten duyarliligina
sahip bireylerdeki zorunlu glutensiz beslenme ihtiyacina ek
olarak, tiiketicilerin sagliga yonelik tutumlarindaki degisik-
likler, glutensiz beslenmenin giderek daha fazla benimsen-
mesine ve dolayistyla bu yonde iiretilen iiriinlere karsi olan
talebin artmasina neden olmustur. Bu amagcla glutensiz di-
yetlerde bugday yerine yiiksek protein icerigine sahip bakli-
yatlarin tercih edildigi goriilmektedir. Bu bakliyatlardan biri
olan mercimek, mercimek unu formunda ¢esitli gidalarin bi-
lesiminde kullanilmaktadir (Bayomy & Alamri, 2022; Gallo
ve ark., 2022). Mercimek unu diisiik yag ve yliksek biyoaktif
igeriginin yani sira, yapisinda bulunan fitokimyasallar, diyet
lifi ve mineraller nedeniyle degerli bir girdidir (Martinez-
Martin ve ark., 2023). Fitokimyasallarla birlikte ikincil bitki
metabolitlerinin saglik ve beslenme iizerine yarattigi degerli
etkiler, bu metabolitlerce zengin mantar, brokoli, lahana, sal-
gam gibi sebzelere olan ilginin artmasini da saglamistir. Son
yiizyilda iglevsel besin kavraminin gelismesi ile bu metabo-
litlerden biri olan glukosinolatlar ve potansiyel etkinlikleri
iizerine fazla sayida arastirma yapilmistir. Mantar beslenme
yOniinden diislik kalori igermesinin yaninda, esansiyel ami-
noasitler, karbonhidratlar, lifler, 6nemli vitaminler ve mine-
raller bakimindan zengin igerikli bir sebzedir. Ozellikle im-
miin sistem iizerindeki olumlu etkileri ile bilinmektedir.
Benzer sekilde glukosinolatlar yoniinden zengin olan bro-
koli, karnabahar ve pancar ise hem beslenme ve hem de sag-
lik agisindan yararlari bulunan 6nemli sebzelerdir (Li ve
ark., 2023; Nartea ve ark., 2022).

Diinya genelinde cips ¢ok fazla tiiketilen bir atigtirmaliktir.
Dolayisiyla bu ¢alisma kapsaminda cipse yakin saglikli ve
besleyici bir atistirmalik iiretilmesi planlanmistir. Cips, sii-
rekli tiiketimle birlikte gerek igerigi gerekse pisirilme sekli

Research Article

sebebiyle sagliga olumsuz etkilerde bulunabilmektedir. Ozel-
likle 160-180°C arasinda derin yagda gergeklestirilen ki-
zartma ile {iretilen cipslerde, bazi besin dgelerinin ciddi dii-
zeyde kayba ugradigi bilinmektedir (Devi ve ark., 2018).
Atistirmalik iiriinler ortalama %20 diizeyinde (%13.6-50.0
doymus yag asidi) yag iceren, kalori degeri yiiksek, protein
ve lif igerigi diisiik gidalardir (Capriles ve ark., 2007). O ne-
denle meyve ve/veya sebze igerikli, fonksiyonel niteligi ge-
listirilmis ve kizartmadan ¢ok ince film kurutma teknigiyle
iiretilen tiriinlere yonelik caligmalar hizla artmaktadir. Genel-
likle cips denildiginde ilk akla gelen patates, misir veya tahil
cipsleridir. Ancak, bunlarin disinda literatiirde cips olarak ad-
landirilan meyve ve sebzelerin kurutulup gevrek yapi kazan-
dirilmasiyla elde edilen elma (Adonis & Kahn, 2009;
Kowalska ve ark., 2018), seftali (Liu ve ark., 2021), havug
(Peng ve ark., 2019) ve pancar (Vasconcellos ve ark., 2016)
gibi cipslere de rastlanmaktadir. Bu ¢alismanin materyalini
olusturan mantarin (Devi ve ark., 2018) ve pancarin
(Erdogan, 2019) da cips iiretiminde kullanildig1 ¢alismalara
literatiirde rastlanmaktadir. Bunun yani sira mantar tozu
kullanilarak mantar cipsi (Dogan, 2016), brokoli kullanilarak
ekstriide tahil gevregi (Jaworska ve ark., 2019), brokoli unu
kullanilarak tortilla cipsi (Vazquez-Duran ve ark., 2014)
iiretimine dair ¢alismalar da bulunmaktadir. Ancak karnaba-
harm veya yukarida bahsedilen sebzelerin birlikte atigtirma-
lik tiretmek amaciyla kullanildigi herhangi bir caligsmaya rast-
lanmamustir.

Bu c¢aligma kapsaminda bitkisel igerikli atistirmalik {iretimi
ile 6zellikle 6zel beslenme gereksinimi bulunan kisilere ve
cocuklara hitap eden lezzetli, saglikli ve polifenoller yoniin-
den yiiksek biyoerisilebilirlige sahip bir atigtirmalik ortaya
koymak amaglanmigtir. Caligma kapsaminda mantar ile bir-
likte Brassica grubu sebzelerden elde edilen ve ¢esitli baha-
ratlarla aromatize edilen atistirmaliklar, fizikokimyasal ve
duyusal 6zelliklerinin yani sira, fonksiyonel niteliginin ortaya
konulmasi i¢in polifenoller, flavonoidler, antioksidan kapa-
site ve polifenollerin in-vitro biyoerisilebilirligi yoniinden
degerlendirilmistir. Fenolik maddelerce zengin olan zeytin-
yag1 ve tahin gibi farkli yag kaynaklarinin {iriin bilesimine et-
kisi de ayrica incelenmistir.

Materyal ve Metot

Bu calismada atistirmalik ana hammaddesi olarak mantar
kullanilmugtir. Uriiniin fonksiyonelligini artirmak i¢in mantar
ile birlikte daha diisiik oranlarda olmak tizere Brassica siifi
sebzelerden brokoli, karnabahar ve pancar da bilesime dahil
edilmistir. Kuru girdilerden ise basta mercimek unu olmak
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tizere lezzet dengesini saglamak amaciyla zerdegal, kekik ve
pul biber gibi ¢esitli baharatlar ile yag kaynagi olarak zeytin-
yag1 ve tahin kullanilmistir. Tiim girdiler lokal marketlerden
temin edilmistir.

Aunstirmalik Uretimi

Sebze bazli atistirmalik iiretiminde, literatiir verileri, 6n de-
neme sonuglar ve duyusal 6zellikler dikkate alarak formii-
lasyon calismalar1 gerceklestirilmistir. Elde edilen en uygun
recete, Tablo 1’de gosterilmektedir. S6z konusu regeteye
gore hazirlanan hamur karigimi ikiye boliinmiis ve tiriine gev-
reklik saglamak amaciyla, yag kaynagi olarak yarisina zey-
tinyagi, diger yarisina ise tahin eklenmistir. Atistirmalik ha-
muruna aroma vermek ve lezzet dengesini olusturmak ama-
ciyla Tablo 1°de yer alan baharatlar kullanilmigtir.

Tablo 1.Atistirmalik recetesi

Table 1.Recipe of the snack

Malzemeler Oran (%)
Mantar 27.0
Brokoli 14.0
Karnabahar 14.0
Pancar 14.0
Mercimek Unu 27.0
Tuz 04
Zerdegal 0.4
Pul biber 0.3
Kekik 0.2
Zeytinyagi/Tahin 1.7
Susam 1.0

Atistirmalik iiretiminde kullanilan kirmizi mercimek 6nce un
haline getirilmigtir. Bunun i¢in mercimekler 145°C’deki fi-
rinda kurutulmus ve bir rondo ile ogiitiildiikten sonra elen-
mistir. Mantar, brokoli, pancar ve karnabahar ise yikandiktan
sonra kullanilmayacak kisimlar1 uzaklastirilmis ve dogran-
mistir. Bu sekilde 6n islemleri tamamlanan sebzeler receteye
uygun miktarlarda tartildiktan sonra kaynar su i¢inde haglan-
mis ve mutfak robotu yardimiyla piire haline getirilmistir.
Mercimek unu, baharatlar, tuz, yag ve sebze karigimi homo-
jen hale getirilmis ve firin tepsisi i¢indeki yagli kagit {izerine
ortalama 3 mm kalinliginda yayilarak 185°C’de 20 dk siire
ile firinda pisirilmistir. Uriiniin pisirilmesinde kizartma ye-
rine firinlama isleminin kullanilmasiyla, kizartma sirasinda
iirliinlin yiiksek sicaklik ve oksijene maruz kalmasi sonucu
onemli besin bilesenlerinin par¢alanmasi ve gidada veya ki-
zartma yaginda toksik molekiillerin olugmasi gibi olumsuz et-
kilerin azaltilmasi hedeflenmistir.

Polifenollerin Ekstraksiyonu

Atistirmaliklarda bulunan polifenolleri ekstrakte etmek i¢in
metanol kullanilmigtir (Zardo ve ark., 2019). Belirli partikiil
iriliginde ogiitiilmiis drneklerde bulunan fenolik maddeler,
iiriin/solvent oran1 1/10 olacak sekilde %80 konsantrasyon-
daki metanol ile Memmert WNB 22 model galkalamali su
banyosu kullanilarak 2 saat siireyle tek kademede ekstrakte
edilmistir. Ekstraktlar analiz edilinceye kadar -18°C’de sak-
lanmustir.

Toplam Polifenol (TP) Tayini

Uriindeki TP miktar1 Folin-Ciocalteu ayrraci kullanilarak
spektrofotometrik yontemle (ISO 14502-1:2005) analiz edil-
migtir. Buna gore 0.5 mL ekstrakt {izerine 2.5 mL Folin-Cio-
calteu (%10’Iuk, v/v) reaktifi eklenmistir. 5 dakika bekletil-
dikten sonra iizerine %7.5 konsantrasyonundaki Na,COj; ¢0o-
zeltisinden 2 mL ilave edilerek karistirtlmistir. Ekstrakt ye-
rine saf su ile ayn1 agsamalar gerceklestirilerek kor hazirlan-
migtir. Tlipler karanlikta 60 dakika bekletildikten sonra, olu-
san mavi rengin absorbansi spektrofotometrede (Shimadzu
UV-1800) 765 nm’de kore karst okunmugtur. Sonuglar, stok
standart gallik asit ¢ozeltisinin farkli konsantrasyonlari ile
elde edilen kalibrasyon egrisinin regresyon esitliginden ya-
rarlanilarak hesaplanmig ve mg gallik asit esdegeri (GAE)/g
kuru madde (KM) cinsinden saptanmistir (R*= 0.9968).

Antioksidan Kapasite (AK) Tayini

AK igerigi Tiirkmen Erol ve ark. (2009)’na gore DPPH ser-
best radikali kullanilarak analiz edilmistir. 50 pL ekstrakt
iizerine metanolde hazirlanmis 1950 pl. DPPH radikali
(6x107) eklenmis ve vorteks ile karistirildiktan sonra bu ka-
risim 60 dakika karanlikta bekletilmistir. Ayni islemler saf su
kullanilarak kontrol 6rnegi i¢in de yapilmistir. Siire sonunda
esas Ornek ve kontrol 6rneginin absorbansi, spektrofotomet-
rede 517 nm’de metanole kars1 okunmustur. Ayni sartlarda
referans antioksidan olarak askorbik asit ¢6zeltisinin farklt
konsantrasyonlar1 ile bir kalibrasyon egrisi elde edilmis
(R’=0.9975) ve saptanan AK degerleri askorbik asit esdege-
rine doniistiiriilerek mg askorbik asit esdegeri (AAE)/100 g
KM olarak belirlenmistir.

Toplam Flavonoid (TF) Tayini

Orneklerin TF miktar1 Rodrigues ve ark. (2016) na gore be-
lirlenmistir. 300 pL ekstrakt tizerine, 1800 pL saf su ve 100
pL sodyum nitrit (%5 w/v) eklenmistir. Oda sicakliginda 6
dk inkiibe edilen karigim {izerine, 200 pL metanolde hazir-
lanmis %10’luk AICl; ¢ozeltisi ilave edilmistir. 6 dakika
sonra 600 pL sodyum hidroksit (%4 w/v) eklenerek tekrar 15
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dk inkiibe edilmistir. Siire sonunda 6rneklerin absorbans de-
gerleri, ekstrakt yerine saf su kullanilarak hazirlanan kore
karst 510 nm’de okunmustur. Sonuglar farkli konsantrasyon-
lardaki (0-1500 ppm) rutin ile hazirlanan kurve (R*=0.9997)
tizerinden mg rutin esdegeri (RE)/g KM cinsinden saptan-
mistir.

In-Vitro Biyoerigilebilirlik

Fenolik bilesiklerin biyoerisilebilirligini belirlemek ama-
cryla, polifenol ekstrakti, simiile edilen gastrik (mide) ve in-
testinal (bagirsak) sindirim agamalarindan gecirilmistir
(Minekus ve ark., 2014). Pepsin ve pankreatin esliginde be-
lirli pH, siire ve sicaklik degerlerine tabi tutulan ekstraklarda
analiz yukarida bahsedilen TP yontemine gore gergeklestiril-
mis ve baslangi¢ TP konsantrasyonuna gore biyoerisilebilir-
lik diizeyi (%) asagidaki formiil lizerinden hesaplanmistir.

Biyoerisilebilirlik (%) = (K sindirilmis / K sindirilmemis) x 100
K sindirimis: Mide/bagirsak asamasindan sonraki konsantrasyon (mg)

K sindirilmemis. Sindirilmemis drnekteki konsantrasyon (mg)

Duyusal Analiz

Ornekler 5°li hedonik skala kullanilarak duyusal agidan de-
gerlendirilmistir. On bilgilendirme yapilan 10 kisilik panelist
grubu 6rnekleri renk, koku, tat, sertlik, gevreklik ve genel ka-
bul edilebilirlik yoniinden incelemis ve sonuglar ortalama pu-
anlar iizerinden degerlendirilmistir.

Istatistiksel Analiz

Elde edilen verilerin istatistik degerlendirmesi i¢in SPSS 23
(SPSS Inc. Chicago IL, USA) programi kullaniimistir. So-
nuglar, ti¢ tekrarli dlglimlerin ortalamasi + standart sapma
olarak verilmistir. Tek yonli ANOVA yontemi ile varyans
analizi yapilmigtir. Ortalamalar arasindaki 6nemli farklilik-
lar, Duncan ¢oklu karsilagtirmali testi ile belirlenmistir.

Bulgular ve Tartisma

Tiiketicinin ihtiyaglar1 dogrultusunda, fonksiyonel bir {iriin
elde etmek amaciyla sebze bazli atigtirmalik {iretilmis ve iire-
timde tahin veya zeytinyagi kullanilarak, farkli yag kaynak-
larinin {iriniin TP, AK ve TP biyoerisilebilirligi iizerine etki-
leri arastirilmistir. Fiziksel analiz sonuglarina gore atigtirma-
liklarin ortalama agirlik, en, boy ve kalinlik degerleri sirasiyla
1.55 g, 35 mm, 43 mm ve 3 mm olarak belirlenmistir. Tablo
2’de goriildiigii gibi tahin ilaveli 6rnegin baglangig TP (0.27-
0.61 mg GAE/g KM) ve AK (312.31-154.9 mmol AAE/100g
KM) degerleri, zeytinyagli 6rnegin TP (0.24-0.37 mg GAE/g
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KM) ve AK (207.75-270.99 mmol AAE/100g KM) degerle-
rine gore daha yiiksek bulunmustur. Dogan (2016) tarafindan
mantar tozu ve bugday unu kullanilarak elde edilen firinlan-
mis orneklerin TP igerigi 48.80-125.07 mg GAE/100g 6rnek
araliginda; Erdogan (2019) tarafindan taze kirmizi pancar,
zeytinyag1 ve kekik ile iiretilen atistirmalikta ise bu deger
559.32 mg GAE/kg olarak saptanmis olup, sonuglar bu calig-
mada bulunan degerlerle uyum gostermektedir. Diger taraf-
tan, firinda kurutulmus pancar cipsinde TP miktar1 39.56 mg
GAE/g 6rnek (Hamid & Mohamed Nour, 2018), kirmizi ve
mor patates cipslerinde ise 1.74-5.52 mg GAE/g KM arasinda
(Kita ve ark., 2013) saptanmistir. Arastirmacilarin, bu calis-
mada tespit edilen TP degerlerinden daha yiiksek degerleri
saptamis olmasi, hammadde ve proses farkliligindan kaynak-
lanabilir. Ayrica, Borchani ve ark. (2010), zeytinyaginda
(52.33 mg kafeik asit/’kg yag) tahine (16.82 mg kafeik asit/kg
yag) gore daha fazla TP tespit etmistir. Ancak bunun tersine,
bu ¢alismada tahinli atistrmaligin zeytinyagliya gore daha
fazla TP icerdigi saptanmistir.

Tahinli atisirmaligin AK’sinin de, zeytinyagli olana gore
daha yiiksek tespit edilmesinin TP igeriginin yiiksek olmasin-
dan kaynaklandig: diisiiniilmektedir. Nitekim daha 6nce ya-
pilan bir¢ok ¢aligmada (Beslo ve ark., 2023; Starzec ve ark.,
2023) TP ile AK arasinda oldukga yiiksek oranda bir iligki
oldugu belirtilmistir. Bu ¢aligma kapsaminda iiretilen atigtir-
maliklarin AK’si, daha 6nce yapilan ¢aligmalarla farkli yon-
temlerin kullanilmasi ve sonuglarin farkli birimlerle ifade
edilmesi nedeniyle karsilagtirilamamustir.

TP degeri agisindan 6rnekler sindirim sonrasi benzer egilim
gostermistir. Her iki atistirmaligin TP’si baslangi¢ asamasina
gore gastrik asama sonunda dnemli oranda (p<0.05) azalmus,
ancak intestinal asamada 6nemli bir degisiklik gdzlenmemis-
tir (p>0.05). Ancak TP biyoerigilebilirligi acisindan her iki
ornek farkli egilim gostermistir. Zeytinyagl iiriiniin sindirim
sonrasinda TP biyoerisilebilirligi tahinli olana gére daha yiik-
sek olup (Tablo 2), gastrik asama sonrasinda 6nemli diizeyde
(p<0.05) azalirken, intestinal asama sonrasinda degismemis-
tir. Tahinli iiriiniin TP biyoerisilebilirligi ise her iki asama
sonrasinda da 6nemli diizeyde (p<0.05) azalma egilimi gos-
termistir. Bu durum, tahin ve zeytinyaginda bulunan fenolik
bilesiklerin cinsinin farkli olmasindan ve intestinal sindirim
sirasinda, ortamin alkali olmasi nedeniyle polifenollerin sta-
bilitelerinin ~ diisik olmasindan kaynaklanabilmektedir
(Fawole & Opara, 2016). TP’deki bu degisime farkli ¢aligma-
larda da rastlanmistir (Bouayed ve ark., 2012; Figueroa ve
ark., 2016). Chen ve ark. (2020), tahinde baskin olan fenolik
bilesigin sesamin oldugunu, bu maddenin gii¢lii antioksidan
kapasiteye sahip oldugunu, ancak gastrointestinal sindirim
sonrasinda kayba ugradigini bildirmistir. Sindirimin basinda
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tahinli atisgtirmaligin TP degerinin zeytinyagli olana gore
daha yiiksek olmasina karsin, sindirim sonrast TP miktarinda
daha fazla azalma goriilmesinin nedeni bu durumdan kaynak-
lanabilmektedir.

Baslangic AK degeri tahinli iiriinde zeytinyagli olana gore
daha yiiksek iken, sindirim sonrasi zeytinyagl olanda daha
yiiksek AK saptanmistir. Benzer sekilde, TP biyoerisilebilir-
liginin de ayni iiriinde daha yiiksek oldugu goriilmektedir. Bu
durum zeytinyag1 kullanilarak iiretilen atistirmaligin viicuda
daha yararli oldugunu ortaya koymaktadir. Daha 6nce yapi-
lan ¢alismalarda (Cicerale ve ark., 2009; Tuck ve ark., 2001),
tahine gore daha diisiik antioksidan aktiviteye sahip zeytin-
yag1 fenoliklerinin biyoyararliliklarinin oldukca yiiksek ol-
dugu bildirilmis olup, bu durum mevcut ¢aligmanin sonugla-
riyla da uyum gostermistir. Diger taraftan, {irlin ¢esidinden
bagimsiz olarak fenolik bilesiklerin yani sira formiilasyonda
kullanilan baharatlarin &zellikle de kekigin AK iizerine
onemli katkisi oldugu diistiniilmektedir. Nitekim kirmizi toz
biber, kisnis ve kekik ile {iretilen pancar cipslerinden en yiik-
sek antioksidan aktivitenin kekikli cipste saptandigi bildiril-
mistir (Erdogan, 2019).
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Atistirmalik hamurunda zeytinyag1 yerine tahin kullanildi-
ginda, elde edilen iiriinde ¢cok daha yiiksek TF tespit edilmis-
tir (Tablo 3). Bu durum, 6rneklerin TP ve AK sonuglariyla da
paralellik gostermektedir. Bu ¢aligma kapsaminda, atigtirma-
liklarin TF igeriklerinin TP miktarlarindan daha yiiksek ol-
dugu gozlenmistir. Bu sonugtan farkli olarak, Elhussein ve
ark. (2018), tahinin TF (0.37 ppm) igerigini, TP (1.24
ppm)’den daha diisiik bulmustur. Bu durum, kullanilan susa-
min bilesimindeki ve tahinin elde edilis yontemindeki farkli-
liklardan kaynaklanmis olabilir.

Uretimi gerceklestirilen atistirmalik gesitlerine &n bilgilen-
dirme yapilmis on panelistin katilimiyla alt1 farkli parametre
bakimindan duyusal analiz uygulanmis ve sonuglar Sekil
1°de gosterilen 6riimcek ag1 (radar) modeline gore degerlen-
dirilmistir. Bu modelde degerlendirmesi yapilan parametre-
ler, atistirmalik {irlinlerdeki 6nemli kalite parametrelerinden
secilmistir. 5’1i hedonik skala iizerinden yapilan degerlendir-
meye gore benzer liriinler i¢in 6nemli kalite parametrelerin-
den olan renk, sertlik, gevreklik ve genel kabul edilebilirlik
acgisindan zeytinyagl atigtirmalik ¢esidi daha iistiin bulun-
mustur. Ancak tat ve koku agisindan tahinli 6rnegin daha
fazla begenildigi gdzlenmistir.

Tablo 2.Atistirmaliklarin TP (mg GAE/g KM), AK (mmol AAE/100g KM) ve in-vitro TP biyoerisilebilirligi (%)

Table 2.TP (mg GAE/g DM), AC (mmol AAE/100g DM) and in-vitro TP bioaccessibility (%) of the snacks

Sindirim asamasi

Uriin cesidi Baslangic Gastrik Intestinal
TP Tahinli 0.61 £0.02"" 0.34+0.01° 0.27 £0.03*

Zeytinyagl 0.37 +0.01° 0.25 +0.02* 0.24 £0.01*
TP biyoerisilebilir- Tahinli 100.00 £0.00° 55.68 +0.11° 43.68 £5.73*
ligi Zeytinyagl 100.00 +0.00° 68.0 +4.09* 63.45 £3.59°
AK Tahinli 312.31 £2.27° 185.1 +£6.49° 154.9 +£5.63%

Zeytinyagl 270.99 £9.26° 231.3 £5.72° 207.75 £7.83%

*: Ayni satirdaki farkli harflerle gosterilen ortalamalar arasindaki fark dnemlidir (p<0.05).

Tablo 3. Atistirmaliklarin TF igerigi (mg RE/g KM)
Table 3. TF content (mg RE/g DM) of the snacks

Tahinli
Zeytinyagl

1.28 £0.09
0.54 +0.01
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Sekil 1. Atistirmaliklarin duyusal analiz sonuglarina ait
ortimcek agi

Figure 1. Cobweb diagram of sensory analysis results of the
snacks

Cips benzeri bu tiir tiriinlerde 6zellikle gevrek yapi dnemli
olup, diisiik gevreklik ve sertlik diizeyinin agizda istenen
hissi yaratmadigr ifade edilmektedir (Peng ve ark., 2019).
Buna paralel olarak, Sulaeman ve ark. (2004), kizartilmig ha-
vug cipsinde gevreklik ve genel kabul edilebilirlik arasinda
pozitif bir etkilesim oldugunu ortaya koymustur. Bu ¢alis-
mada da daha gevrek bulunan zeytinyaglh atistirmalik bu pa-
rametre agisindan daha ¢ok begenilmistir. Baixauli ve ark.
(2002) cipslerde onemli bir duyusal parametre olan rengin
esas olarak tirlindeki yag miktar1 ve enzimatik olmayan es-
merlesme reaksiyonlarindan kaynaklandigini bildirmistir.
Zeytinyagmin tahine gore daha agik renkte olmasi, zeytin-
yagli 6rnegin renk yoniinden daha ¢ok begenilmesini sagla-
mustir. Genel anlamda parametrelerin ¢ogu g6z Oniine alindi-
ginda panelistlerin en ¢ok kabul edilebilir buldugu atistirma-
lik ¢esidi, ortalama 3.2 puanla zeytinyagl iiriin olmustur.

Sonu¢

Dort farkli sebze igeren glutensiz aromatize atistirmaliklara
ait degerler incelendiginde, tahinli 6rnegin zeytinyagliya gore
daha yiiksek TP ve TF igerigi ile AK’ya sahip oldugu saptan-
mistir. Diger taraftan zeytinyagl ve tahinli 6rneklerin TP
miktar1 a¢isindan in-vifro sindirim sonrasinda 6nemli bir
farklilik gostermedigi ortaya konmustur. Ancak, gastrointes-
tinal sindirim sonrasinda zeytinyagh atistirmalik ¢esidine ait
polifenollerin daha yiiksek biyoerisilebilirlige sahip oldugu
ve boylece bu 6rneklerin metabolize edilmesi sonrasinda vii-
cuda daha yararli hale geldigi saptanmistir. Benzer sekilde
sindirim sonrasi zeytinyagli 6rnegin tahinli olana gére daha
yiiksek AK’ya sahip oldugu tespit edilmistir. Duyusal analiz
sonuglart degerlendirildiginde, zeytinyagh atistirmalik daha
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kabul edilebilir bulunmustur. Elde edilen sonuglara gore,
farkli sebzeler kullanarak fonksiyonel 6zellik kazandirilmig
saglikli atigtirmalik {iretiminde zeytinyaginin kullanimi daha
basarili bulunmustur. Hayvansal icerige sahip olmamasi yo-
niiyle vegan, mercimek unu igermesi nedeniyle de glutensiz
iiriin niteligi tasiyan bu tiir fonksiyonel iiriinlere 6zgii gelisti-
rilmis recete ¢alismalarina devam edilmesi 6nerilmektedir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Veri erisilebilirligi: Veriler talep lizerine saglanacaktir.

Finansal destek: Bu ¢aligma herhangi bir fon tarafindan desteklen-
memistir.
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ABSTRACT

The germination process of cereal and legumes has been used to improve their nutritional value.
In this study, sorghum, oat, mung bean and barley were germinated for 96 hours. Dry matter, total
ash content and phenolic content analyses of germinated samples were performed. Sprouts of
germinated grains and legumes were dried and ground into flour. The obtained flour was used in
the production of bread (20-40%), cake (5-15%) and rice pudding (10%). In the prepared bread,
% baking loss and specific volume were calculated, and sensory analyses of rice pudding, gluten-
free cake and bread samples were carried out. All samples' dry matter contents except sorghum
decreased by the germination process. Germination caused a slight increase in ash contents of all
samples except for barley. The total phenolic contents of mung bean and barley significantly
increased during germination. All sprout flours added at 40% reduced the specific volume of the
bread. Based on the results, it can be concluded that products with a substitution of sorghum sprout
flour were more acceptable in sensorial properties compared to other samples. It can be concluded
that it is feasible to produce high nutritional value tasty functional foods with germinated sorghum
flour supplementation.

Keywords: Sensory analysis, Germination, Food enrichment, Sprouting, Gluten-free foods
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Introduction

Cereals and legumes are traditionally consumed as an
important part of diets in many cultures. They contribute
significantly to people's nutrient intake and provide
complementary health benefits. They are important sources
of macronutrients, micronutrients, phytochemicals, and
antinutritional factors. Storage conditions and postharvest
treatments such as germination and fermentation cause
significant biochemical changes affecting the nutritive value
of cereal and legume grains (Miyahira et al., 2021; Nkhata et
al., 2018).

Edible sprouts are obtained by germination, which occurs at
the beginning of the development of seeds into plants. Many
studies have examined the effect of the germination process
on proximate and micronutrient composition, phytonutrient
contents, the presence of anti-nutritional factors, and overall
food quality (Dominguez-Arispuro et al., 2018; Malik et al.,
2021). During the germination process, important
biochemical events, such as the synthesis of some vitamins,
minerals, and phenolic substances in the bodies of plants and
seeds, as well as the change in protein, carbohydrates, and
fatty acid compositions, occur.

Sprouted seeds are popular worldwide due to the consumer
demand for natural or low-processing and additive-free foods
rich in vitamins, minerals, bioactive components and
antioxidant substances to lead a healthy life (Benincasa et al.,
2019). Sprouted seeds could also be used to enhance the
sensorial properties of different food products due to their
rich content of bioactive substances and characteristics of
colour, flavour and aroma. The occurrence of some
biochemical modifications during the germination of seeds
affects some attributes such as bioactivity, digestibility, and
nutrient content. It contributes to the enhancement of
organoleptic properties such as consistency and flavour.
Therefore, if these sprouted seeds can be used in traditional
foods, they could enhance sensory and textural properties and
nutritional traits, that is protein, dietary fibre, phenolic,
mineral and vitamin content (Ikram et al., 2021; Kumari et
al., 2021).

This study aimed to establish the influence of the germination
process on ash and dry matter contents of some cereals and
legumes such as sorghum, oat, mung bean and barley.
Besides these, the total phenolic contents of the samples were
investigated. In order to reveal the possibilities of using
germinated cereal and legume seeds as food additives,
sprouted grains were also dried and turned into flour.
Germinated flour samples were used to produce bread, cake,
and rice pudding at certain levels, and the obtained products

were evaluated in terms of sensorial properties. The
possibility of using them as a natural additive in some
processed foods will create a good opportunity for the
consumption of sprouted products in the world.

Materials and Methods

Germination Process

Sorghum, oat, mung bean and barley were obtained from the
local market in Fethiye, Mugla. The samples were kept in a
1:5 ratio of ethanol (70%) for 10 min to provide sterilisation
(Cevallos-Casals & Cisneros-Zevallos, 2010). The sterilised
cereal and legume grains were soaked in pure water (1:3) at
room temperature (24 = 1 °C) for 24 h in darkness. The water
was drained, and the grains germinated at room temperature
for 96 h. Furthermore, the grains were moistened twice daily
with distilled water during the germination. Grains with a
sprout length of 1 mm or more were considered germinated.
Before analysis, they were dried overnight at 50-55 °C in a
drying oven (Niive NF-1200R, Ankara, Turkey) and then
milled into powder using a laboratory-type grinder (Briz-
BR721). The ground grains were stored at -20 °C in locked
polyethene bags until analyses.

Chemical Analyzes

The raw and germinated seeds' dry matter (DM) content was
determined gravimetrically by drying them to a constant
weight at 105 °C in the drying oven (TaraseviCiené et al.,
2009). After dehydration, the dry weight was measured, and
the percentage of dry matter content was calculated using
Equation 1. Dry matter determination was repeated three
times per sample.

DM% = Dry weight / Wet weight x 100 (1)

For ash determination, approximately 5 g of dried samples
were carbonised in the muffle furnace (Protherm furnaces,
PLF 110/6) at 550 °C for 6 h until white ash was obtained
(Warle et al., 2015). The percentage of ash content was
calculated by using Equation 2. Ash determination was
repeated three times per sample.

Ash% = Ash weight / Sample weight x 100 (2)
Determination of Total Phenolic Content

The extraction of phenols from raw and germinated samples
was carried out according to the method described by Zhu et
al. (2005) with some modifications. The one gram of sample
was mixed with 10 mL of methanol solution (80% v/v) for 2
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h, then centrifuged at 7000 rpm for 10 min, and the
supernatant was obtained. The total phenolic content (TPC)
of raw and germinated samples was determined using the
Folin-Ciocalteu reagent described in the study of Singleton
and Rossi (1965). The absorbance was measured at 765 nm
using a spectrophotometer (Agilent Cary 60 UV-Vis).
Phenolic content was expressed as mg of gallic acid (GA)
equivalents per gr of the extract (mg/GAE g).

Production of Rice Pudding, Cake and Bread Samples

Rice pudding was prepared by mixing whole milk (200 mL),
rice flour (7 g), corn starch (1 g), sugar (9 g), and sprouted
legumes (5% and 15%). The mixtures were heated to 95 °C,
held at 95 °C for 10 min, and cooled to 35 °C. Control rice
pudding samples were prepared without sprouted grain and
legume flour. Rice pudding samples are shown in Figure 1.

Cake flour mix was prepared with corn starch (45%), rice
starch (45%) and germinated cereal and legume flour (10%).
In order to prepare the cake mix, baking powder (3 g) and
vanilla (3 g) were added to the cake mixture prepared with
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cake flour mixture (125 g), whole egg (125 g), 0il (125 g) and
sugar (125 g). Cake dough (40 g) was baked in the oven at
220 °C for 20 min. All analyses were performed within 24
hours after cooking.

The ingredients used in the production of germinated grain
and pulse flour added bread are shown in Table 1. Percentages
of ingredients are expressed over 100 g of flour. In the
production of bread, germinated cereal and grain flour were
used in the mixture of flour and starch at a rate of 20 and 40%,
and the rest of this mixture consisted of brown rice flour and
potato starch. The dough was mixed by adding starch, salt,
sugar, sunflower oil, dry yeast, guar gum and water to the
flour mixture. The dough was fermented at 30 °C at 70-75 %
relative humidity for 15 min after being homogenised and
divided into equal parts; it was subjected to a second
fermentation for 20 min under the same conditions. Breads
were baked in a convection oven at 220 °C for 30 min and
left at room temperature for 1 hour to cool (Barisik &
Tavman, 2019). All analyses were performed within 24 hours
after cooking. Bread samples are shown in Figure 1.

Table 1. Ingredients used in the production of bread samples with the addition of
germinated cereal and legume flour

Bread Samples

Ingredients A (Control) B (20%) C (40%)

Germinated cereal and legume

- 20 40
seed flour amount (g)
Brown rice flour (g) 50 40 30
Potato starch (g) 50 40 30
Salt (g) 1.5 1.5 1.5
Sugar (g) 3 3 3
Sunflower oil (g) 4 4 4
Yeast (g) 2 2 2
Guar gum (g) 1 1 1
Water (g) 90 90 90
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Figure 1. Bread and rice pudding samples containing germinated cereal and legume flour

Bread Analyzes

For the determination of baking loss, after the breads were cut
into equal parts and cooled, they were weighed.
Measurements were repeated three times for each bread
sample. The % baking loss was calculated by using Equation
5.

Baking Loss (%) = ((Initial dough weight - Bread weight) x
100 / Initial dough weight) (5)

For the determination of specific volume, after the bread
weights were recorded, the volume covered by the rapeseed
was determined by measuring the amount of rapeseed in cm’
overflowing from the measuring cup. The bread-specific
volume will be expressed as cm’ /g by dividing the
determined volume value by the bread weight (Cansiz, 2018).

Sensorial Analysis

Produced rice pudding, cake and bread samples were used for
the sensory and preference tests (Paiva et al., 2022). Twenty
adult and healthy panellists from the Fethiye Faculty of
Health Sciences participated in the sensory and preference
panel. The panellists were informed about the details and
implications of participating in the experiment. A written
consent was obtained from all participants. For all rice
pudding, cake and bread samples, the participants took the
preference test of appearance, aroma, taste, colour, texture
and overall acceptability using a 5-point hedonic scale (1:
Extremely dislike, 5: Extremely like). The ranking test cake
and bread samples were performed based on bread crumb

colour, hardness and taste (1: least or lightest, 5: most or
darkest for cake; 1: least or lightest, 9: most or darkest for
bread). This procedure was applied with the permission of
Mugla Sitki Kogman University Ethics Committee.

Statistical Analysis

Data from parallel measurements obtained from the
physicochemical and sensory properties of the studied
samples were expressed as mean + standard deviation (SD).
All data were analysed by one-way analyses of variance using
the IBM SPSS Statistical Software (SPSS 22 Inc. Chicago,
IL, USA). The significant means were compared by Tukey’s
multiple range tests (p<0.05). The effect of germination on
the dry matter, ash and total phenolic contents of studied
cereal and legume was evaluated by independent t-test
(P<0.05).

Results and Discussion
Dry Matter, Ash, and Total Phenolic Content Results

The effect of germination on the dry matter, ash and total phe-
nolic contents of studied samples are presented in Table 2.
While no significant difference was observed in the dry mat-
ter content of raw and germinated sorghum, a statistically sig-
nificant decrease (P<0.05) was found for the dry matter con-
tents of oat, mung bean and barley samples by 96 h of germi-
nation. Similar changes in the dry matter content were re-
ported during sorghum, barley, mung bean, and oat germina-
tion (Paiva et al., 2022; Farooquiet al., 2018; Wongsiriet al.,
2015; Rani et al., 2022). The decrease in dry matter content
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is probably a result of the hydration of more cells with the
growth of the seedling during germination. Applied pre-ger-
mination processes such as washing and soaking facilitate
water absorption and consequently cause a decrease in dry
matter (Malik et al., 2021).

The ash contents of sorghum, oat and mung bean samples
were not significantly (P>0.05) affected by the germination
process. However, it was observed that there was a slight in-
crease in the ash content of these samples. According to Table
2, the germination process significantly (P<0.05) decreased
the ash content of barley (from 3.08% to 1.16%). This result
is similar to the findings reported by Islam et al. (2021),
which declared that the ash content of soaked waxy barley
seeds was lower than that of raw ones. Increasing ash content
was reported by Fayyaz et al. (2018) and Xu et al. (2019) for
germinated mung bean, and Tizazu et al. (2011) for germi-
nated sorghum.

The results showed that the amount of TPC increased signif-
icantly for mung bean (about 116%) and barley (about 74%)
after germination (Table 2). These results are in agreement
with the results of Gan et al. (2016) and Lotfy et al. (2021),
who stated that phenolic contents of mung bean and barley
increased after germination because of the increasing activity
of the phenylalanine ammonia-lyase (PAL) enzyme during
sprouting. Table 2 further showed that while germination did
not cause a significant change (P>0.05) in the total phenolic
content of oats, it caused a significant decrease (P<0.05) in
that of sorghum. Unlike our study, Arouna et al. (2020) found
similar TPC in the non-germinated and germinated sorghum
extracts, suggesting that germination did not influence the
TPC in sorghum. They concluded that the effect of germina-
tion on the abundance of sorghum phenolic compounds could
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depend on sorghum varieties and germination conditions. In
the study of Tok and Ertas (2021), wheat, rye and green lentil
seeds flours were substituted for wheat flour at different ra-
tios (0, 5, 10 and 15%) in bread making, and bread's nutri-
tional and functional properties were investigated. It has been
reported that using sprouted flour in bread formulation leads
to a higher total phenolic content than the control sample.

Specific Colume and Baking Loss Results

Specific volume is an important factor in increasing the over-
all acceptability of bread. The specific volume and baking
loss (%) results of bread samples produced by adding 20%
and 40% of the flour of germinated grains and legumes are
given in Figure 2. According to the results, it was determined
that there was no statistically significant (p>0.05) effect of
the addition of sorghum, barley, and oat flour on the specific
volume of the control bread sample. However, adding germi-
nated mung bean flour at 20% in bread increased the specific
volume from 1.79 cm®/g to 3.02. All sprout flours added at
40% reduced the specific volume of the bread. The specific
volume of bread samples decreased with increasing germi-
nated seed flour substitution levels (Figure 2). These findings
are similar to observations by Sibanda et al. (2015), who ob-
served that adding sorghum flour to wheat flour reduces the
bread volume. Atudorei et al. (2023) highlighted that the var-
ying proportions of the germinated soybean flour addition in
bread recipes influenced the specific volumes of the bread
samples differently. In this study, at an additional level of
20% germinated sorghum and mung bean flour, the specific
volume of the bread samples was higher than that for the con-
trol samples. Conversely, the specific volumes of all bread
samples decreased at 40% germinated sorghum, barley, oat,
and mung bean flour supplementation in the bread.

Table 2. Dry matter, ash and total phenolic contents of raw and germinated cereal and legume

Samples

Dry Matter (%)

TPC

o
Ash (%) (mg GAE/g sample (dry matter))

Sorghum Raw . 90.19+0.20 0.97+0.49 75.52+4.47

Germinated 90.35+0.26 P=0.453 1.02+0.21 P=0.861 19.23+£2.69 *P=0.000
Oat Raw . 93.84+0.84 1.40+1.18 34.87+7.55

Germinated 88.51+0.34 *P=0.001 2.01+0.72 P=0.490 34.57+8.63 P=0.930
Mungbean Raw . 90.18+0.43 2.50+0.68 24.50+4.72

Germinated  85.42+0.05 *P=0.000 3.10+0.49 P=0.283 53.04+2.76 *P=0.000
Barley Raw . 92.22+0.19 3.08+0.12 42.19+4.96

Germinated  82.2344.92 *P=0.025 1.16+0.64 *P=0.007 73.3144.01 *P=0.000

Results are presented as mean + standard deviation (SD)

*Significant differences between raw and germinated samples for each cereal and legume type (P < 0.05) by independent t-test
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Figure 2. Results of (A) specific volume (cm?/g) and (B) baking loss (%) analyses of bread samples. Results are presented as
mean + standard deviation (SD), and different letters for each cereal and legume indicate statistically significant
differences (p<0.05) by Tukey’s multiple range test.

Considering the baking loss results of the bread, it was deter-
mined that the type and rate of cereal and legume sprouts
added had a statistically significant (p<0.05) effect on the
baking loss values of the bread. The baking loss of the control
sample was determined as 12,64%. The baking loss value of
bread obtained by adding 20% of germinated oat flour
(21.45%) significantly differed from the control sample.
There was no statistically significant (p>0.05) difference in
baking loss between the germinated mung bean and sorghum

flour-added bread samples and the control bread samples.
Bread from germinated barley flour had higher baking loss
values than control bread samples (p<0.05). Increasing bak-
ing loss values are similar to those recorded in bread made
from germinated barley, as Al-Ansi et al. (2022) reported.
The increase could be explained by the degradation of protein
and starch granules during germination.
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Sensorial Analysis Results

The sensory scores of cake and bread samples produced from
germinated cereal and legume flour are shown in Table 3.
Generally, adding mung bean sprout flour significantly af-
fected cake samples' colour, hardness and taste attributes.
Adding mung bean flour caused a darker colour and harder
texture in the cake samples compared to the control samples.
The cake sample substituted with 10% mung bean sprout
flour had the lowest mean taste score (2.05) among cake sam-
ples. As seen in Table 3, the substitution of sorghum sprout
flour with 10% caused a favourable influence on cake colour,
hardness and taste attributes. These cake samples showed sig-
nificantly lower colour and hardness scores than control
samples. Scores ranged from 1.60, 1.90 and 3.88 for colour,
hardness and taste, respectively, while the control samples
had 3.33, 3.43 and 3.28 scores for colour, hardness and taste,
respectively. The study by Ayoubi et al. (2022) showed that
adding pomegranate seed powder to cakes at levels above 5%
has undesirable effects on sensorial acceptability. The sen-
sory evaluation based on the ranking and hedonic scale tests
revealed that the cake sample prepared with 10% germinated
sorghum flour was more acceptable than the control sample.

Research Article

Gadallah (2017) reported that sorghum flour at 20-30 % and
germinated chickpea flour at 20% as a substitution for rice
flour in gluten-free cake processing produced desirable sen-
sory gluten-free cakes with high consumer acceptance.

Based on the results, adding germinated mung bean flour at
40% hurt the final bread product in terms of colour, hardness
and taste. By adding mung bean sprout flour at 40% into
bread, bread samples' hardness and colour scores were signif-
icantly (p<0.05) increased while their taste scores were re-
duced compared to the control. Bread samples containing
germinated oat flour at 20% were found to have the lightest
colour (2.78) following control (1.00). Bread samples incor-
porated with germinated sorghum flour at 20% received the
highest mean taste score of 6.45. Control bread was evaluated
as the softest sample (2.43) by the panellists, followed by the
bread sample containing sorghum sprout flour at a 20% rate
(3.88). Levels of 10, 20, and 30% sorghum flour in wheat
bread cannot significantly affect the composite bread's taste,
flavour, and texture (Ognean, 2015). However, composite
bread's sensory properties decreased as sorghum flour levels
increased from 20 to 30 and 40% (Keregero & Mtebe, 1994).

Table 3. Results of ranking test of cake and bread samples

Sample Colour Hardness Taste
Control - 3.3341.49° 3.4341.45% 3.2841.43%
Sorghum 10% 1.60+0.84¢ 1.90+0.96¢ 3.88+1.11%
Cake Barley 10% 2.98+1.00™ 2.50+1.30% 2.90+1.37°
Oat 10% 2.65+1.10° 3.10+1.08" 2.90+1.26°
Mungbean 10% 4.48+0.75° 4.08+1.23% 2.05+1.30°
Control - 1.00£0.008 2.4342.324 6.18+2.74%
Sorghum 20% 3.80+1.80° 3.88+2.60 6.45+2.51%
40% 6.43+1.20° 6.1842.48? 4.68+2.18%¢
Barley 20% 3.83+1.28° 4.38+2.12% 5.80+2.39%
Bread 40% 5.18+1.48¢ 4.55+1.83% 4.40+2.02%
Oat 20% 2.78+1.05f 6.2842.15° 4.88+2.22%¢d
40% 5.83+1.32¢ 5.18+2.44%¢ 4.45+2.41
Mungbean 20% 7.2841.11° 5.8542.52% 5.00+2.34%
40% 8.98+0.16% 6.30+2.05° 3.2043.00¢

Results are presented as mean + standard deviation (SD), and different letters within columns (containing cake and bread

samples separately) indicate statistically significant differences (p<0.05) by Tukey’s multiple range test.
p p: Yy y sig p Yy Yy p g
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Table 4. Sensory evaluation of rice pudding, cake and bread samples

Appearance Aroma Taste Texture Colour Aci‘;ﬂ;ﬁ:i ty

Control - 4.73+0.51% 4.08+0.92* 4.10+0.93* 4.35+0.86* 4.95+0.22* 4.48+0.72*

Sorghum 5% 3.35+1.12° 3.68+0.97° 3.93+0.73° 3.18+1.30° 3.53+0.82° 3.73+0.82°

15% 2.68+1.07%  2.73+0.93° 2.78+1.00° 2.30+1.18° 3.03+1.00% 2.68+1.07°

Barley 5% 2.40+1.17¢ 1.95+1.09¢ 2.08+1.02¢ 1.78+0.80¢ 2.95+1.24% 2.13+0.99¢

Rice pudding 15% 2.73+1.03%  1.68+0.83%  1.73+0.91¢¢  2.38+1.13¢ 2.85+1.10% 1.85+0.92¢%
Oat 5% 2.28+0.96°¢  1.30+0.56% 1.40+0.63¢ 1.98+1.07¢ 2.53+1.09¢ 1.78+0.73¢%

15% 2.15+0.98¢ 1.13+0.40¢ 1.20+0.56¢ 1.68+0.86° 2.08+0.97% 1.30+0.61°

Mungbean 5% 1.93+0.97¢  2.15+0.98>  2.20+0.99* 2.28+1.06° 2.08+1.07% 2.13+0.99¢

15% 1.80+0.94¢ 1.80+0.99¢  1.7540.95%  2.05£1.09° 1.7541.10¢ 1.78+0.95%

Control - 3.23+1.07° 3.83+1.08° 3.83+1.08° 3.45+1.15%® 3.35+1.12° 3.48+1.09°

Sorghum 10% 4.30+1.022 4.00+0.96* 4.03+1.05* 3.73£1.13° 4.30+0.88* 4.08+0.76*

Cake Barley 10% 3.65+1.05%® 3.68+1.12° 3.55+1.20%  3.35£1.19®  3.65+1.15% 3.65+0.95%®
Oat 10% 3.60+1.08° 3.68+1.02° 3.68+1.10° 3.50+1.01° 3.68+1.12%® 3.55+0.90%

Mungbean 10% 3.25+1.06° 2.88+1.24° 2.98+1.17° 2.83+0.96° 3.15+1.08° 3.13+1.11°

Control - 3.55+1.40%  4.03+1.00° 4.08+0.97* 3.95+£1.09° 3.38+1.55% 3.93+1.07%

Sorghum 20% 4.33+0.94 4.08+0.86* 4.15+0.87* 3.85+1.10°  4.10+1.11% 4.21+0.83*

40% 3.63+£1.03%¢  3.48+1.15%  3.55+1.15% 2.85+1.21° 3.7841.12% 3.53+£0.99°

Barley 20% 4.28+0.68%  3.83+1.15% 3.93+1.12° 3.53+1.01% 4.35+0.70? 3.9540.85%

Bread 40% 3.68+1.16%  3.20+1.24° 3.10+1.13° 3.45£1.11%  3.88+1.09% 3.35+1.12°
Oat 20% 3.48+1.22¢ 3.70+£1.07%®  3.70£1.09®®  3.25+£1.08% = 3.85+1.15% 3.70+0.85%

40% 3.70+£0.99%¢  3.20+1.07° 3.08+1.02° 3.48+1.01%  3.85+0.89% 3.38+0.90°

Mungbean 20% 3.68+0.89%¢  3.63£1.05%®°  3.48+1.06®  3.38+1.13%  3.38+1.23% 3.53+1.04°

40% 3.08+1.31° 2.35+1.35¢ 2.18+1.26° 2.80+1.31° 2.83+1.45° 2.60+1.26°

Results are presented as mean + standard deviation (SD), and different letters within columns (containing rice pudding, cake and bread
samples separately) indicate statistically significant differences (p<0.05) by Tukey’s multiple range test.

Table 4 summarises the mean scores of hedonic sensory eval-
uation for appearance, aroma, taste, texture, colour and gen-
eral acceptability of the rice pudding, cake and bread sam-
ples. The highest rating scores were recorded for the cake
sample with the addition of sorghum sprout flour at 10% in
all sensory characteristics, including general acceptability.
The addition of 10% mung bean sprout flour in cake mixing
resulted in lower scores than the control in all sensory char-
acteristics except for appearance. The cake sample prepared

Similarly, bread samples incorporated with 40% germinated
mung bean flour had the lowest scores in all the attributes
evaluated compared to the control. It ranged from 3.08, 2.35,
2.18, 2.80, 2.83, and 2.60 for appearance, aroma, taste, tex-
ture, colour and general acceptability, respectively, while the
control had scores of 3.55, 4.03, 4.08, 3.95, 3.38 and 3.93,
respectively. At the same time, the bread samples prepared
with the addition of sorghum sprout flour at 20% obtained an
excellent evaluation in terms of all sensory characteristics, in-
cluding general acceptability. The literature has stated that
using small amounts of sorghum flour with wheat flour can
produce bread of similar quality to wheat flour. While the

with germinated mung bean flour received the lowest scores
from the panellists in all sensory attributes evaluated. Hossain
et al. (2014) developed a nutritionally enriched bakery prod-
uct with jackfruit seed flour supplementation to wheat flour.
They found that composite products with different levels of
jackfruit seed powder were nutritionally better than the con-
trol sample. However, a significant decrease in colour, fla-
vour, texture, taste and overall acceptability of products was
observed with the increase in substitution.

physicochemical and rheological qualities of bread produced
using the combination of wheat and sorghum flour may be
negatively affected, its sensory quality is acceptable (Akin et
al., 2022).

The panellist generally accepted the control rice pudding
sample, followed by the sorghum sprout flour incorporated
rice pudding sample (5%). In terms of appearance and colour,
the worst sample was the rice pudding sample with the addi-
tion of germinated mung bean flour at 15%. However, the
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worst sample in terms of aroma, taste, texture and general ac-
ceptability is a rice pudding sample containing germinated
oat flour at 15%.

Our results from this study are supported by Riaz et al.
(2007), who concluded that the overall acceptability of bread
supplemented with mung bean at high levels was lower than
that of whole wheat flour bread. It was clear that the control
rice pudding sample had the highest values in all sensory
scores compared to rice puddings supplemented with differ-
ent cereal and legume sprout flour. It was noticed that using
sorghum sprout flour at a substitution level of 5% in rice pud-
ding caused higher sensorial and acceptability scores than
other substituted treatments.

Conclusion

This study showed that supplementing germinated seed flour
into some food products has great potential in developing
functional products despite affecting sensory qualities. Add-
ing 20% sorghum sprout flour resulted in bread and cake with
good overall acceptability and a higher specific volume than
the control sample. At the same time, the lowest baking loss
value was found in bread containing 40% germinated sor-
ghum flour. Based on the sensory evaluation of rice pudding,
it can be concluded that sorghum sprout flour at a substitution
level of 5% in rice pudding was acceptable.

Adding germinated sorghum flour to the formula of food
products to improve their nutritional and functional proper-
ties will be a real and valuable method to contribute to human
food diversification. Future studies will be needed to evaluate
the effect of other germinated grains and legumes on the qual-
ity and consumer acceptance of functional products.
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ABSTRACT

As students transition from family homes to university life, they make autonomous decisions,
including dietary choices. This phase plays a crucial role in the formation of their eating habits.
The research was conducted between February and May 2023, with 430 university students in-
cluded. Survey questions were applied to the participants to evaluate their socio-demographic
characteristics, eating habits, and food consumption. Their food preferences and tendency to-
wards food obsession depending on their living environment were assessed using the "Power
Food Scale". The mean age of the participants was 21.0 £2.67, and the mean body mass index
was 21.3 £3.03 kg/m?. The findings revealed that 32.5% of the participants resided with their
families, whereas 45.4% were accommodated in dormitories. A statistically significant differ-
ence was stated in the frequency of meat products, legumes, pasta, rice, fruit, and vegetable
consumption among university students based on their residence (p<0.05). It was determined
that the other food preferences questioned by the participants did not have a statistically signif-
icant effect on the accommodation environment (p>0.05). The mean nutritional power of the
students participating in the research was 2.95 +0.74. In other words, it has been determined that
they are sensitive to foods containing delicious foods. This study can inform the development
of targeted strategies to analyse university students' eating habits, address unhealthy eating, and
promote better health.

Keywords: Dietary behaviour, Food Environment, Nutrition, Power food scale,
University student
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Introduction

Food is one of the physiological requirements, which is the
first human need. Nutrition is the process of getting and using
in the body the ingredients required for growth, development,
and long-term health and productivity. It is impossible for a
society that does not have adequate and balanced nutrition to
live in a healthy and functional capacity and increase its eco-
nomic and social welfare (Sonkaya et al., 2018). Mindful con-
sumers are well-organized individuals who strive to optimise
their purchases of goods or services, factor in their actual
needs, engage in methodical and well-documented shopping,
demonstrate the wisdom to select high-quality, health-con-
scious products, align their choices with their budget and pri-
oritise their savings. It is an indisputable socioeconomic fac-
tor that ensures quality and oversees it, progressively steering
the economy toward increased efficiency (Hekimei, 2011).
As food serves as the human body's primary energy source,
eating has evolved into more than simply fulfilling metabolic
requirements for numerous individuals. Today, with the
growing abundance and ease of access to food, people in-
dulge in eating not only for metabolic necessity but also for
the sheer enjoyment and gratification it brings. (Yilmaz &
Saka, 2019).

Food intake is an important issue that has huge health and
economic consequences. According to studies, the majority
of university students generally have bad eating habits. This
implies that although some younger consumers may have
concerns about certain traditionally prepared dishes, they of-
ten adapt and are significantly influenced by the cost of food
(Deric et al., 2017). Moreover, research among university stu-
dents reveals an imbalanced dietary pattern with a high intake
of lipids and significantly low consumption of carbohydrates
and dietary fibre (Martinez Alvarez et al., 2015). The Turkey
Nutritional Guide (2022) showed that the Recommended
Dietary Allowances (RDA) of micronutrients other than folic
acid, calcium (Ca), magnesium (Mg), and vitamin E was
sufficient, while the Estimated Average Requirement (EAR)
for these nutrients was not met (TUBER 2022). Young adults'
eating preferences are influenced by their shift from depend-
ent living at home to independent life (Piggford et al., 2008).
Unlike before university, young adults attending higher
education institutions who live away from home are no longer
strictly supervised by their families regarding their daily
dietary consumption (Li et al., 2022). Therefore, the
transition period to university life is the most important
period for food selection. It is when people first set out
independently and begin making their own food decisions
(Marquis, 2005). The adjustment to university life comes
with an increase in the changes in dietary habits, which has a
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substantial negative influence on health. Considering the
dietary habits of university students, they are concerned about
healthy nutrition. Studies on university students' food
consumption habits and nutritional awareness have shown
that changes in the students' accommodation environments
affect lifestyle factors such as food preferences (El Ansari et
al., 2012). Food environments on a university campus consist
of a relatively fixed variety of options and closer contact with
individuals. The exact impact of the university dining envi-
ronment on students' eating habits remains unclear. It is im-
portant to determine how this environment affects the nutri-
tional behaviour of university students, especially during the
transition from adolescence to adulthood. Understanding this
connection is crucial to promoting healthier eating behav-
iours on campus and requires further research (Li et al.,
2022). Analysing the eating habits of university students can
aid in developing and implementing targeted strategies aimed
at significantly mitigating the adverse impacts of unhealthy
diets on health.

This research aims to assess whether university students' die-
tary preferences vary depending on their place of residence
(dormitory, family home, student housing).

Materials and Methods

The study received approval from the Afyonkarahisar Health
Sciences University Non-Interventional Clinical Research
Ethics Committee during meeting number 2023/1 on January
6, 2023. The study's data was gathered from an online ques-
tionnaire given to 430 students who volunteered to participate
and attended school between February and May of the 2022—
2023 academic year. The study is of a descriptive type. Ac-
cording to 2022-2023 academic year data, there are 6.950.142
students in 208 higher education institutions (YOK, 2023).
The sample size was determined to be 384 people, with an
effect size of 0.2, an error rate of 0.05, and a power of 95
percent. (SSC, 2023). An online questionnaire was sent to
430 participants who agreed to participate in the study, and
their consent was obtained. The inclusion requirements in-
clude being an active student at universities affiliated with
YOK and willing to participate in the study. Those who were
not active students when the study was conducted and those
who did not want to participate were excluded.

In this study, data was collected using a 36-question survey
form consisting of 3 sections with an online method. In the
first part, there were questions about the socio-demographic
characteristics of the participants (age, height, weight, gen-
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der, living area, department of study and general health sta-
tus). The second part included questions about the partici-
pants' eating habits and consumption frequencies. The third
part is the Power Food Scale (Hayzaran, 2018). Body mass
index (BMI) is evaluated (by dividing body weight (kg) by
the square of height (m?)) according to the World Health Or-
ganization, a BMI value below 18.5 kg/m? is defined as un-
derweight; being between 18.5-24.99 kg/m? is normal
weight; between 25.0-29.9 kg/m? is defined as overweight
and over 30 kg/m? as obesity (WHO, 2023).

The scale, published under the name Power Food Scale
(PFS), was developed by Lowe et al. (2009) to evaluate the
sensitivity of individuals to food in the presence of delicious
food stimuli and the effect of delicious foods on the hedonic
hunger state and psychology of individuals (Lowe et al.,
2009). PFS reveals a widespread propensity for food obses-
sion (Lowe & Butryn, 2007). According to Ulker et al.
(2021), the version customised for Turkish culture was tested
for validity and reliability. The Cronbach’s alpha coefficient
was 0.922 for PFS (Ulker et al., 2021). PFS consists of 15
items and is in the form of a 5-point Likert scale. Scale items
receive responses ranging from "strongly disagree" to
"strongly agree". In scale scoring, answers to items are scored
between 1 and 5. According to the five-point rating system,
an average score over 2.5 means that the person is sensitive
to food and that food has psychological control over the per-
son. PFS includes a total score as well as three distinct sub-
scales: food available (FA), food present (FP), and food
tasted (FT). Items 1, 2, 5, 10, 11, and 13 on the subscale of
food available measure general food-related beliefs. Second,
the food present subscale (items 3, 4, 6, and 7) measures a
person's attraction to readily available food. Finally, the food
tasted subscale (items 8, 9, 12, 14, and 15) assesses the desire
for or enjoyment obtained from food at first taste. The PFS
total and subscale scores are calculated by adding the item
scores and dividing the total by the number of items (Biilbiil
& Doguer, 2022).

Standard deviation (X +SD), frequency, and percentage val-
ues were used as descriptive statistical methods to evaluate
the total data. The chi-square test (%2) evaluated the relation-
ship between categorical variables. When evaluating the data,
0=0.05, and accordingly, the confidence interval was deter-
mined as 95%, and significance was evaluated at p<0.05. Sta-
tistical analysis of the data was performed in the SPSS v26
package program.

Results and Discussion

Of the 430 university students who participated in the re-
search, 74.4% (n=320) were female, and 25.6% (n=110) were
male. The mean age of the participants was 21.0 +2.67. The
mean age was 21.00 £2.538 in women; in males, it was found
to be 21.00 £3.054. The mean body mass index (BMI) was
21.3 £3.03 kg/m?. While the mean BMI of female participants
was 20.7 £2.91 kg/m2, the mean BMI of male participants
was 22.9 +£3.38. The participants' mean weight is 60.0 +£12.31
kg (min. 40 kg - max. 103 kg), and the mean height is 1.67
+0.89 m (min. 1.50 m - max. 1.93 m). The mean weight of
the female participants is 56.0 £9.56 kg (min. 40 kg - max. 98
kg), and the mean height is 1.64 £6.26 m (min. 1.50 m - max.
1.82 m). As for the male participants, the mean weight of the
participants is 71.6 £8.96 kg (min. 55 kg - max. 103 kg), and
the mean height is 1.76 £6.27 m (min. 1.50 m - max. 1.93 m).
Among the participants, 87.0% (n=374) had no chronic dis-
eases, whereas 13.0% reported having a chronic disease. The
findings revealed that 32.5% (n=140) of the study partici-
pants resided with their families, while 45.4% (n=195) were
accommodated in a dormitory. Within the dormitory cate-
gory, 35.5% stayed in state dormitories and 14.9% in private
dormitories (Table 1).

The rate of those who reported eating at least three meals
daily is 43.7% (n = 188). It has been determined that the rate
of those who regularly consume breakfast, lunch, and dinner
daily in terms of meal preference is higher than those who
skip meals. Additionally, 43.0% of the participants said they
sometimes consumed snacks, and 45.8% consumed snacks at
night. It was observed that the highest snack consumption
preference at night was toast/sandwich, with 22.4% (Table 2).

Most participants were found to eat eggs (35.1%) regularly,
cheese (42.4%), whole grains (34.2%), white bread (39.3%),
fruit (37.3%), and vegetables (34.9%). Furthermore, many
participants indicated they consumed fast food, fish, pro-
cessed meats, and fried foods once a month (56.3%, 68.4%,
47.4%, and 42.3%, respectively). Black tea (52.1%) and cof-
fee (47.2%) were found to be the most often consumed bev-
erages, while most individuals (27.0%) reported consuming
fruit juice and soda once a month. More than half of the par-
ticipants (58.1%) do not use noddle (Table 3).
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Table 1. Socio-demographical characteristics of university students

Variables n (430) % (100)
Gender
Male 110 25.6
Female 320 74.4
Age (X £ SD) 21.0£2.67
BMI Classification
Underweight (<18.5 kg/m?) 47 10.9
Normal (18.5 —24.9 kg/m?) 238 55.3
Pre-obese (>25.0 kg/m?) 145 33.7
Accommodation
At home with family 140 32.5
At State dormitory 131 30.5
At Private dormitory 64 14.9
At home with friends 39 9.1
Alone 56 13.0
Department
Faculty of Agriculture 2 0.5
Faculty of Architecture and Engineering 52 12.1
Faculty of Aviation and Astronautics 9 2.1
Faculty of Business and Economics 12 2.8
Faculty of Dentistry 24 5.6
Faculty of Health Sciences 154 35.8
Faculty of Law 6 1.4
Faculty of Medicine 68 15.8
Faculty of Pharmacy 54 12.5
Faculty of Sciences and Literature 16 3.7
Faculty of Tourism 10 23
Faculty of Veterinary Medicine 14 33
Islamic Studies 4 0.9
Military School 2 0.5
Vocational School of Health 3 0.7
Diagnosed Disease Status
No 374 87.0
Asthma — COPD 4 0.9
Cardiovascular diseases 3 0.7
Diabetes 3 0.7
FMF (Familial Mediterranean Fever) 1 0.2
Gastrointestinal diseases 26 6.1
Kidney disease 4 0.9
Migraine 2 0.5
PCOS (Polycystic ovary syndrome) 4 0.9
Pollen and Food Allergy 3 0.7
Rheumatic diseases 4 0.9
Thyroid 2 0.5
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Table 2. University students' meal plan table

Number of Meals per Day n (430) % (100)
2 132 30.7
3 188 43.7
4 72 16.7
5 and more 38 8.8

Meal Consumption Status Breakfast Dinner

n % n %
None 9 2.1 44 10.2 2 0.5 36 8.4 162 37.7
Sometimes 59 13.7 132 30.7 5 1.2 185 43.0 197 45.8
Generally 80 18.6 113 26.3 44 10.2 122 28.4 39 9.1
Every da 282 65.6 141 32.8 379 88.1 87 20.2 32 7.4
Preferred food for Snacks at night
Chocolate/Wafer/Confectionery 46 17.2
Crackers/Biscuits 44 16.4
Pastry/Bagel/Pastry 2 0.7
Toast/Sandwich 60 22.4
Fast Food 20 7.5
Chips/Funk food 8 3.0
Pasta/Rice 3 1.1
Milk/Yogurt 17 6.3
Fresh/Dried Fruit 42 15.7
Nuts 26 9.7

Table 3. University students' food consumption frequency table

Consumption Frequency Daily 2-3 times Once Once
a week a week a month

% n % n n %
Fast Food 15 3.5 9 2.1 31 7.2 133 30.9 242 56.3
Red Meat 16 3.7 21 4.9 53 12.3 203 47.2 137 31.9
Chicken 7 1.6 17 39 82 19.1 248 57.7 76 17.7
Fish 73 17.0 0 0.0 4 0.9 59 13.7 294 68.4
Processed Meat Product 62 14.4 10 24 41 9.5 113 26.3 204 47.4
Egg 21 4.9 151 35.1 113 26.3 112 26.0 33 7.7
Milk 36 8.4 69 16.1 72 16.7 152 353 101 23.5
Yoghurt 19 4.4 105 24.4 114 26.5 156 36.3 36 8.4
Cheese 23 53 182 42.4 94 21.9 102 23.7 29 6.7
Whole Grain Foods 32 7.4 147 34.2 96 22.3 98 22.8 57 13.3
White Bread 41 9.5 169 393 74 17.2 95 22.1 51 11.9
Pasta and Rice 9 2.1 92 21.4 148 344 140 32.6 41 9.5
Noodle 250 58.1 6 1.4 28 6.5 46 10.7 100 233
Legumes 9 2.1 38 8.8 107 24.9 199 46.3 77 17.9
Fruit 3 0.7 160 373 115 26.7 115 26.7 37 8.6
Vegetable 6 1.4 150 34.9 129 30.0 121 28.1 24 5.6
Fried Foods 11 2.6 14 33 68 15.8 155 36.0 182 423
Nuts 13 3.0 76 17.7 84 19.5 157 36.5 100 233
Junk Food 15 3.5 84 19.6 72 16.7 158 36.7 101 23.5
Black Tea 38 8.8 224 52.1 63 14.7 79 18.4 26 6.0
Coffee 25 5.8 203 47.2 57 13.3 98 22.8 47 10.9
Fruit juice and Soda 76 17.7 37 8.5 91 21.2 110 25.6 116 27.0
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As indicated in Table 4, a statistically significant difference
was observed in the frequency of consumption of red meat,
chicken, fish, legumes, pasta and rice, fruits, and vegetables
based on the living arrangements of university students dur-
ing their academic pursuits. (p<0.05). No statistically signif-
icant influence was found for other food items based on the
participants' living arrangements (p>0.05).

The mean food strength of the students participating in the
research was 2.95 +£0.74, the mean of the food availability
sub-dimension was 2.59 +0.88, the mean of the food availa-
bility sub-dimension was 3.09 +0.89, and the mean of the
food taste sub-dimension was 3.28 £0.84. It shows that par-
ticipants were sensitive to food in the presence of palatable
food (Table 5).

In the study, when evaluating PFS scores according to gen-
der, it was determined that female participants exhibited
greater sensitivity to foods than men. However, when exam-
ining participants' sensitivity to foods based on gender, no
statistically significant effect was found (p>0.05). Similarly,
when analysing PFS scores according to BMI classification,
it was observed that participants with normal BMI levels dis-
played higher sensitivity to foods than others. Nonetheless,
when investigating participants' sensitivity to foods accord-
ing to BMI classification, no statistically significant effect
was observed (p>0.05) (Table 6).

El Ansari et al. (2012) examined the food consumption of
university students in 4 different countries and showed that
cultural and regional factors may affect the dietary prefer-
ences of young adults. The study found frequent consumption
of unhealthy food items (e.g., chips and fast food) is common
among university students (El Ansari et al., 2012). Similar to
our research, students residing with their parents tended to
healthier eating habits, including a higher consumption of
fruits, vegetables, and meat, compared to those living away
from home. A similar study found significant differences in
food preferences of 152 university students living on campus,
off-campus, and in Greek residences, depending on their
place of residence. It was found that fish consumption was
significantly higher among students eating in on-campus din-
ing halls. At the same time, off-campus students were less
likely to consume fresh vegetables and fruits daily. Regarding
meat consumption, men's chicken, beef, pork, and fish con-
sumption was higher than women's. These findings show dif-
ferences in food consumption patterns and nutritional prac-
tices among university students, depending on living arrange-
ments and gender. The study provides information about stu-
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dents' eating habits during that period, which can inform ef-
forts to promote healthier diets and lifestyles among univer-
sity students (Beerman et al., 1990). Another study on uni-
versity students found that fast food restaurants were the pri-
mary food source for students away from home, with 25% of
participants purchasing fast food daily. The study concluded
that most students buy their food from supermarkets, and fast
food is a popular choice for eating out (Deric et al., 2017).

In Australia, individuals residing in family homes were ob-
served to have a significantly more positive attitude toward
healthy eating. However, there was no significant difference
in their food preferences based on their residence, except for
vegetable consumption. Additionally, a significant, positive
relationship was found between attitudes toward healthy eat-
ing and the recommended number of servings in both inde-
pendent and homestay living arrangements (Piggford et al.,
2008). Those living with their families tended to consume
more servings of vegetables and fruits than independent stu-
dents. They were also found to consume more portions of var-
ious food groups. It turns out that students, especially those
under 21, have a more positive attitude towards healthy eating
and tend to consume more portions of certain food groups.
The study concluded that students living with host families
had different eating habits than other students and that this
was potentially influenced by factors such as parental control
(Harker et al., 2010). Ryan et al. (2022) found that adolescent
students generally choose healthier foods at home and per-
ceive home as a place where "healthier" and "fresh" foods are
available. They also determined that they saw the time when
choosing meals at school as an opportunity to turn to less
healthy options (Ryan et al., 2022). Briefly, students living
with their parents generally exhibited healthier eating habits,
although there were some exceptions. These findings suggest
the need for targeted interventions and educational programs
to promote healthier eating habits among university students,
especially those living away from home. A systemic review
determined that students purchased a significant portion of
their food intake from nearby stores off campus. It has been
observed that students living off campus consume more fast
food and have less healthy eating habits. However, these
studies did not evaluate the health index of the products avail-
able at food outlets on campus. Additionally, frequent pur-
chases of food and beverages in the campus environment
have been associated with lower dietary quality, including
higher fat consumption and added sugars (Li et al., 2022).
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Tablo 4. Food consumption preferences of university students by their accommodation environment

Daily 2-3 times a Once a

p-value / 2

Accommodation week week

n n % % n

- At home with family 5 3.6 4 2.9 11 7.9 37 26.4 33 59.2

3 At State dormitory 6 4.6 3 23 6 4.6 49 37.4 67 51.1
= At Private dormitory 1 1.6 1 1.6 5 7.8 21 32.7 36 56.3 0.986/15.543

é’ At home with friends 2 5.1 0 0.0 4 10.3 10 256 23 59.0

Alone 1 1.8 1 1.8 5 8.9 16 28.6 33 58.9

- At home with family 3 2.14 9 6.43 19 1357 64 4571 45 32.14

S At State dormitory 4 3.05 10 7.63 22 16779 59 4504 36 27.48
E At Private dormitory 1 1.56 1 1.56 5 7.81 32 50.00 25 39.06 0.000/ 68.920

2 At home with friends 6 15.38 0 0.00 2 5.13 17 4359 14 35.90

Alone 2 3.57 1 1.79 5 8.93 31 5536 17 30.36

At home with family 0 0.00 8 5.71 17 12,14 81 5786 34 24.29

E) At State dormitory 3 2.29 7 5.34 34 2595 72 5496 15 11.45
9 At Private dormitory 0 0.00 1 1.56 11 1719 41 64.06 11 17.19 0.000/71.793

S At home with friends 2 5.13 0 0.00 11 2821 20 51.28 6 15.38

Alone 2 3.57 1 1.79 9 16.07 34 60.71 10 17.86

At home with family 18 12.86 0 0.00 1 0.71 22 1571 99 70.71

= At State dormitory 17 1298 0 0.00 2 1.53 13 9.92 99 75.57
-[E At Private dormitory 17 26.56 0 0.00 0 0.00 16 25.00 31 48.44 0.013/33.808

At home with friends 8 20.51 0 0.00 1 2.56 4 1026 26 66.67

Alone 13 23.21 0 0.00 0 0.00 4 7.14 39 69.64

o g At home with family 25 17.86 4 2.86 13 9.29 30 2143 68 48.57

9 9 At State dormitory 14 10.69 3 2.29 17 1298 42 32,06 55 41.98
§ ‘i; At Private dormitory 6 9.38 2 3.13 3 4.69 18 2813 35 54.69 0.279/34.044

E g At home with friends 4 10.26 1 2.56 3 7.69 10 2564 21 53.85

Alone 13 23.21 0 0.00 5 8.93 13 2321 25 44.64

At home with family 7 5.00 55 39.29 37 2643 34 2429 7 5.00

o At State dormitory 6 4.58 43 32.82 43 3282 28 2137 11 8.40
0 At Private dormitory 3 4.69 25 39.06 10 1563 20 31.25 6 9.38 0.230/35.347

At home with friends 2 5.13 10 25.64 7 1795 15 38.46 5 12.82

Alone 3 5.36 18 32.14 16 28.57 15 26.79 4 7.14

At home with family 7 5.00 29 2071 24 17.14 50 3571 30 21.43

™ At State dormitory 18 13.74 12 9.16 21 16.03 43 3282 37 28.24
g At Private dormitory 3 4.69 8 1250 12 18.75 27 4219 14 21.88 0.197 /36.360

At home with friends 3 7.69 4 1026 4 1026 15 3846 13 33.33

Alone 5 8.93 16 2857 11 19.64 17 30.36 7 12.50

At home with family 4 2.86 42 30.00 41 2929 44 3143 9 6.43

= At State dormitory 5 3.82 23 1756 33 2519 56 4275 14 10.69
& At Private dormitory 3 4.69 18 28.13 12 18.75 25 39.06 6 9.38 0.608 / 27.297

= At home with friends 4 10.26 7 17.95 9 23.08 14  35.90 5 12.82

Alone 3 5.36 15 2679 19 3393 17 30.36 2 3.57

At home with family 11 7.86 66 47.14 26 18.57 28 20.00 9 6.43

Q At State dormitory 3 2.29 52 39.69 33 25.19 32 2443 11 8.40
E At Private dormitory 2 3.13 30 4688 14 21.88 15 23.44 3 4.69 0.701 / 25.492

©) At home with friends 4 10.26 13 33.33 6 1538 12 30.77 4 10.26

Alone 3 5.36 21 37.50 15 26.79 15 26.79 2 3.57
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At home with family 9 6.43 50 35,71 32 2286 35 2500 14 10.00

2 sz At State dormitory 12 9.16 44 33.59 25 19.08 29 22114 21 16.03
£ E S At Private dormitory 6 9.38 21 3281 20 31.25 9 14.06 8 12.50 0.770/24.041

=0 At home with friends 4 10.26 13 33.33 5 12.82 11  28.21 6 15.38

Alone 1 1.79 19 3393 14 25.00 14 25.00 8 14.29

At home with family 15  10.71 58 4143 24 17.14 26 1857 17 12.14

23 At State dormitory 10 7.63 58 4427 20 1527 31 23,66 12 9.16
= 9 At Private dormitory 3 4.69 31 48.44 13 20.31 9 14.06 8 12.50 0.145/38.169

= o At home with friends 4 10.26 6 15.38 8 20.51 16 41.03 5 12.82

Alone 9 16.07 16 28.57 9 16.07 13 23.21 9 16.07

- At home with family 4 2.86 32 2286 49 3500 38 27.14 17 12.14

=E At State dormitory 4 3.05 29 22.14 47 3588 39 2977 12 9.16
g é At Private dormitory 0 0.00 18 28.13 23 3594 17 26.56 6 9.38 0.003 /55.651

S At home with friends 0 0.00 4 10.26 8 20.51 22 5641 5 12.82

Alone 1 1.79 9 16.07 21 37.50 24 42.86 1 1.79

At home with family 82  58.57 3 2.14 5 3.57 12 8.57 38 27.14

%’ At State dormitory 73 55.73 1 0.76 11 8.40 15 1145 31 23.66
2 At Private dormitory 41  64.06 1 1.56 5 7.81 9 14.06 8 12.50 0.952/13.734

Z At home with friends 22 56.41 0 0.00 4 10.26 5 12.82 8 20.51

Alone 32 57.14 1 1.79 3 5.36 5 8.93 15 26.79

At home with family 4 2.86 6 4.29 32 2286 64 4571 34 24.29

é At State dormitory 3 2.29 17 1298 36 2748 59 4504 16 12.21
2 At Private dormitory 0 0.00 5 7.81 19  29.69 34 53.13 6 9.38 0.000/ 64.106

! At home with friends 2 5.13 6 15.38 3 7.69 22 56.41 6 15.38

Alone 0 0.00 4 7.14 17 3036 20 3571 15 26.79

At home with family 0 0.00 63 4500 29 2071 37 2643 11 7.86

= At State dormitory 1 0.76 37 2824 43 3282 38 29.01 12 9.16
E At Private dormitory 2 3.13 26 40.63 23 3594 11 17.19 2 3.13 0.000/65.913

At home with friends 0 0.00 10 25.64 5 1282 16  41.03 8 20.51

Alone 0 0.00 24 4286 15 2679 13 23.21 4 7.14

o At home with family 1 0.71 63 4500 40 28,57 29 20.71 7 5.00

?Cg At State dormitory 3 2.29 37 2824 41 3130 42 32.06 8 6.11
‘gin At Private dormitory 0 0.00 18 28.13 28 4375 15 2344 3 4.69 0.000/110.097

2 At home with friends 0 0.00 10 25.64 8 20.51 17 43.59 4 10.26

Alone 2 3.57 22 39.29 12 2143 18 32.14 2 3.57

z At home with family 5 3.57 5 3.57 24 17.14 45 3214 ol 43.57

2 At State dormitory 2 1.53 8 6.11 21 16.03 50 38.17 50 38.17
_"; At Private dormitory 0 0.00 0 0.00 13 2031 31 4844 20 31.25 0.239/35.184

-2 At home with friends 0 0.00 0 0.00 4 10.26 11 2821 24 61.54

= Alone 4 7.14 1 1.79 6 10.71 18  32.14 27 48.21

At home with family 3 2.14 24 17.14 25 1786 46 32.86 42 30.00

- At State dormitory 4 3.05 21 16.03 25 19.08 48 36.64 33 25.19
é At Private dormitory 2 3.13 13 2031 17 2656 22 3438 10 15.63 0.113/39.577

At home with friends 0 0.00 6 15.38 3 7.69 22 5641 8 20.51

Alone 4 7.14 12 2143 14 25.00 19 33.93 7 12.50

< At home with family 5 3.57 24 17.14 20 1429 50 3571 41 29.29

3 At State dormitory 8 6.11 26 1985 23 1756 48 36.64 26 19.85
2 At Private dormitory 0 0.00 14 2188 11 17.19 28 4375 11 17.19 0.571/27.984

_E At home with friends 0 0.00 7 17.95 5 1282 17 4359 10 25.64

Alone 2 3.57 13 2321 13 2321 15 26.79 13 23.21

~ At home with family 11 7.86 81 5786 16 1143 20 1429 12 8.57
8 & At State dormitory 10 7.63 72 5496 20 1527 24 1832 5 3.82 0.053/43.526

A At Private dormitory 4 6.25 37 57.81 8 1250 10  15.63 5 7.81
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At home with friends 5 12.82 10 2564 10 2564 12 30.77 2 5.13

Alone 8 14.29 24 42.86 9 16.07 13 23.21 2 3.57

At home with family 6 4.29 65 4643 20 1429 30 2143 19 13.57

3 At State dormitory 8 6.11 61 46.56 19 1450 30 2290 13 9.92
% At Private dormitory 6 9.38 32 50.00 9 14.06 11 17.19 6 9.38 0.463 /30.053

© At home with friends 2 5.13 16 41.03 2 5.13 17  43.59 2 5.13

Alone 3 5.36 29 51.79 7 1250 10 17.86 7 12.50

o At home with family 30 21.43 10 7.14 23 1643 30 2143 47 33.57

‘5’ 3 At State dormitory 18  13.74 16 1221 30 2290 33 2519 34 25.95
- g At Private dormitory 10 15.63 5 7.81 18 2813 16 25.00 15 23.44 0.265/34.398

E g At home with friends 6 15.38 2 5.13 7 1795 18 46.15 6 15.38

Alone 12 2143 4 7.14 13 23.21 13 2321 14 25.00

Table 5. University students’ descriptive information on the Power Food Scale.

n Mean SD Min Max

PFS total 430 2.95 0.74 1.00 5.00

Food available 430 2.59 0.88 1.00 5.00

Food present 430 3.09 0.89 1.00 5.00

Food tasted 430 3.28 0.84 1.00 5.00

Table 6. Comparison of university students' Power Food Scale scores according to gender and BMI

Power Food Scale

<5 ~2.5 p-value / 2
A

Gender Male 45 35.4 65 215 051/3.793
Female 82 64.6 238 78.5
<185 18 13.8 29 9.7

BMI 18.5-24.9 65 50.0 173 577 0.287/2.497
>25.0 47 36.2 98 32.6

When examining PFS scores according to BMI classification
in our study, it was observed that participants with normal
BMI levels exhibited higher sensitivity to foods than others.
Additionally, no statistically significant effect was observed
between participants' BMI classification and PFS scores. In a
study conducted by Burger et al. (2016), like our findings, no
relationship was found between BMI and PFS scores (Burger
et al., 2016). However, a study by Arslan et al. (2022) found
that the median PFS score of obese students was significantly
higher than that of normal-weight students (Arslan et al.,
2023). Similarly, a study on adults by Karakas & Saka (2021)
found a significant positive correlation between BMI and PFS
total scores (Karakas & Saka, 2021). Hayzaran (2018) simi-
larly found that university students who participated in the
study were sensitive to delicious foods. It was determined that
the mean of the power food scale was 3.18 £0.68, the mean
of food available, which is the sub-dimension of the scale,
was 2.78 +£0.88, the mean of food present was 3.43 £0.81, and

the mean of food tasted was 3.33 £0.79. Among the food
available factor items, 40.7% (n=175) of the students disa-
greed with the item "I find myself thinking about food even
when I am not physically hungry", while 31.2% (n=134)
agreed. The item "My mind is always busy with food" re-
ceived a disagree response from 44.9% (n=192). Among the
food present factor items, 56.0% (n=241) agreed with the
item "When I see or smell a food I like, I feel a strong urge to
eat it." Among the food-tasting factor items, 49.5% (n=213)
of students answered, "I agree" to the item "It is very im-
portant for me that the food I eat is as delicious as possible."
Similarly, in the Hayzaran, one of the food availability factor
items was "I find myself thinking about food even when I am
not physically hungry" 35% agree with the article. Among the
nutrient availability factor items, “When I see or smell a food
I like, I feel a strong urge to eat some”, 22.9% of the students
strongly agreed, and 55.8% agreed with the article. Among
the food taste factor items, "It is very important for me that
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the food I eat is as delicious as possible", 26.4% of the stu-
dents answered, "strongly agree", and 54.5% said, "I agree"
(Hayzaran, 2018).

Conclusion

The study offers insights into students' dietary habits during
this phase, which can serve as valuable information for initi-
atives to promote healthier diets and lifestyles among univer-
sity students. In essence, the university setting offers students
insights into the factors influencing their dietary behaviour
and the nutritional outcomes they experience. These findings
underscore the significance of considering taste preferences,
cultural influences, and food accessibility when encouraging
healthier dietary decisions among university students. Pro-
moting healthier eating habits among students can be facili-
tated through diverse interventions within the university en-
vironment.
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oz

Beslenme bicimi ve fiziksel aktiviteler bagirsak mikrobiyotasinin ¢esitliligi ve bilesimi iizerinde
etkili olan faktorlerdir. insan saghig1; bagirsak mikrobiyotast, fiziksel aktivite ve beslenme arasin-
daki dengeli iliski ile yakindan ilgilidir. Yiiksek karbonhidrath diyetler, yiiksek proteinli diyetler,
yiiksek yaglh diyetler, vejetaryen/vegan beslenme, glutensiz beslenme ve akdeniz tipi beslenme
gibi farkli beslenme bicimleri ile beslenen bireylerde bagirsak mikrobiyotasi bilesiminin de degi-
siklik gosterdigi bildirilmistir. Tiiketilen besin ¢esidine gore bagirsaklara ulasan karbonhidrat, pro-
tein, yag, fitokimyasal ve vitamin gibi diyet bilesenlerinin bagirsak mikrobiyotas1 dengesini
olumlu veya olumsuz etkileme potansiyeli mevcuttur. Dengeli bir bagirsak mikrobiyotasinin be-
sinlerin sindirimi ve emiliminin yani sira egzersiz perfomansini destekledigi ve boylece metabolik
aktivitelere katki sagladigi bildirilir. Ancak tipkit beslenme bigiminde oldugu gibi egzersizin yo-
gunlugu ve tiirline gore bagirsak mikrobiyotasinin bilesimi degigebilir. [limli bir fiziksel aktivite-
nin, bagirsak mikrobiyotasinda olumlu yonde degisikliklere neden olurken, uzun ve yorucu akti-
vitelerin ise bagirsak mikrobiyotasi iizerinde olumsuz etkilerinin oldugu bildirilmistir.

Anahtar Kelimeler: Bagirsak Mikrobiyotasi, Beslenme, Fiziksel Aktivite, Saglik

ABSTRACT
Relationship of nutrition and physical activity with gut microbiota

Diet and physical activities are factors that affect the diversity and composition of the intestinal
microbiota. Human health is closely related to the balanced relationship between gut microbiota,
physical activity and nutrition. It has been reported that the composition of the intestinal micro-
biota also varies in individuals fed with different diets such as high-carbohydrate diets, high-pro-
tein diets, high-fat diets, vegetarian/vegan diet, gluten-free diet and mediterranean diet. Depending
on the type of food consumed, dietary components such as carbohydrates, proteins, fats, phytoc-
hemicals and vitamins have the potential to affect the intestinal microbiota balance positively or
negatively. It is reported that a balanced gut microbiota supports the digestion and absorption of
nutrients as well as exercise performance and thus contributes to metabolic activities. However,
just as with the diet, the composition of the intestinal microbiota can change depending on the
intensity and type of exercise. It has been reported that moderate physical activity causes positive
changes in the intestinal microbiota, while long and strenuous activities have negative effects on
the intestinal microbiota.

Keywords: Gut Microbiota, Nutrition, Physical Activity, Health
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Giris

Mikrobiyota insan viicudunda bulunan kommensal, simbiyo-
tik ve patojenik tiim mikroorganizmalar i¢in kullanilan bir te-
rimdir (Kurtaran, 2021). Insan viicudunun deri, bagirsak, so-
lunum yollar1 vb. gibi farkli bolgelerinin kendilerine 6zgii
mikrobiyotalar1 vardir ve insan viicudunun ikinci beyni ola-
rak da goriilen en 6nemli mikrobiyota bagirsak mikrobiyota-
sidir (Karatay, 2019). Bagirsak mikrobiyotasi; beslenme, me-
tabolik fonksiyonlar, bagirsak gelisimi, immiin sistem ve epi-
tel hiicrelerin olgunlagsmasini 6nemli derecede etkileyen ¢ok
sayida mikroorganizmay1 icerir. Bagirsak mikrobiyotasi
enerji olusumu i¢in sindirim ve emilimi desteklerken, kolon-
daki kompleks karbonhidratlar sindirilir ve kisa zincirli yag
asitlerine fermente edilir (Ersoy ve Ersoy, 2019). Bagirsak
mikrobiyotas1 Firmicutes, Bacteriodetes, Proteobacteria,
Verrumicrobia, Actinobacteria, Fusobacteria ve Cyanobacte-
ria popiilasyonundan olusur (Aydimn ve Bagriacik, 2021).

Her bireyin bagirsak mikrobiyotasi kendine 6zgiidiir. Bagir-
sak mikrobiyotas1 lizerinde ¢evresel ve genetik birgok faktdr
olmakla birlikte beslenme bi¢imi en 6nemli faktorlerden biri
olarak goriiliir (O’connor, 2013). Son yillarda bagirsak mik-
robiyotasi lizerinde fiziksel aktivitelerinde 6nemli rol oyna-
dig1 bildirilmistir. Beslenme big¢imleri (akdeniz, bat1 tipi, ve-
jeteryan/vegan vb.) ve dolayisiyla tiiketilen besinlerin bile-
simleri (yag, karbonhidrat, posa, vitamin, mineral, katki mad-
desi vb.) insan mikrobiyatasindaki farkliliklarin baslica ne-
denleri arasindadir. Beslenme bi¢imi ve bundan kaynakl
mikrobiyota yiikii saglik tizerinde etkili oldugundan bagirsak
mikrobiyota dengesinin bozulmasi ¢esitli saglik sorunlarini
da beraberinde getirmektedir. Diigiik miktarda lif iceren ve
rafine karbonhidrat ile yag agisindan zengin diyetler, mikro-
biyel cesitlilikte azalmaya neden olur (Zeppa ve ark., 2020;
Ayave ark., 2021; Aydin ve Bagnacik, 2021). Bagirsak mik-
robiyotast, fiziksel aktivite sirasinda metabolizmay1 destekle-
yici 6zellikleri ile sindirim ve gida emilimini kolaylastirarak
enerji harcanmasini iyilestirir (Hsu ve ark., 2015; Clark ve
Mach, 2017). Fiziksel aktivitenin mikrobiyota cesitliligini
zenginlestirdigi, mukozal bagisiklig1 modiile edebilen bakte-
rilerin ¢ogalmasini uyardig, bariyer fonksiyonlarini iyilestir-
digi ve gastrointestinal bozukluklara karsi koruma saglayan
ve performansi iyilestiren maddeler iiretebilen bakterileri ve
fonksiyonel yollar1 uyardigi bildirilmistir. Ayrica zayif birey-
lerde obez bireylere kiyasla daha fazla mikrobiyota bilesimi
ve yogunlugunun daha zengin oldugu ortaya g¢ikarilmistir
(Mohr ve ark., 2020). Egzersizin yogunlugu, zamanlamasi ve
tiirli, ayn1 zamanda deneklerin cinsiyeti, yasi, saglig1 ve egi-
tim durumu ile ilgili oldugu igin bagirsak mikrobiyotasinin
bilesimini etkileyebilir. Diisiik seviyelerde, ancak siirekli ola-

rak yapilan fiziksel aktivitenin mikrobiyota cesitliligini arti-
rabilecegi, deneklerin metabolik profilini ve immiinolojik
tepkilerini iyilestirebilecegi, akut yorucu egzersizin ise spor-
cularin mikrobiyotasi ve genel sagligi tizerinde zararl etki-
lere neden olabilecegi gdsterilmistir. Genel olarak, iyi bagir-
sak mikrobiyota kosullari, sporcularin sagligini olumlu yonde
etkiler ve antrenman adaptasyonlar1 ve performanslari {lize-
rinde faydali sonuglar verir (Zeppa ve ark., 2020; Clark ve
Mach, 2017).

Bagirsak Mikrobiyotasi

Insanlarda mikroorganizmalar, gastrik sistem, iirogenital sis-
tem, orofaringeal alan, solunum yollari, deri, kan ve goz gibi
viicudun g¢esitli alanlarinda bulunur (Catak ve ark., 2021a).
Mikrobiyotanin biiyiik bir boliimii yiizey alan genigliginden
dolay1 bagirsakta bulunmaktadir. Bagirsak mikrobiyotasi im-
miin sistemin bir organi olarak diisiiniiliir (Cassotta ve ark.,
2020). Insan bagirsak mikrobiyotasi dkaryotik ve prokaryotik
mikroorganizmalarin tiimiine ev sahipligi yapan karmasik bir
sistemdir (Fiers ve ark., 2020; Catak ve ark., 2021b; Aydin
ve Bagriagik 2021). Bagirsak mikrobiyotasi, bagirsaktaki Fir-
micutes, Bacteroidetes, Actinobacteria, Proteobacteria ve
Verrucomicrobia subesindeki bakteriler ile, mantarlar, arke-
ler, protistler, helmintler ve virlislerden olusur. Mikrobiyota-
daki mikroorganizmalarin genomuna ise mikrobiyom denir
(Aya ve ark., 2021; Zeppa ve ark., 2020). Saglikli yetiskin
deneklerde, iki ana bakteri subesi yaygindir: Gram-pozitif
Firmicutes (%60-80 arasinda, Lactobacillus ve Clostridium)
ve Gram-negatif Bacteroidetes (%15-30 arasinda). Firmicu-
tes poplilasyonu agirlikli olarak Clostridium, Lactobacillus,
Ruminococcus Eubacterium, Fecalibacterium ve Roseburia
cinslerinden olusur. Bacteroidetes popiilasyonlari ise Bacte-
roides, Prevotella ve Xylanibacter cinslerini icermektedir.
Bifidobakteriler ise Actinobacteria i¢inde daha ¢ok olumlu
ozellikleri ile yer alan bakterilerdir (Karatay, 2019; Catak ve
ark., 2021b). Bagirsak mikrobiyotasi, sagligi koruyucu bir-
¢ok aktiviteye sahip olan K vitamini, biotin, folik asit, tiamin,
glikanlar, amino asitler ve konjuge linoleik asit sentezine bii-
yiik katki saglar. Lipit metabolizmasi, bagirsak mikrobiyota-
sindan etkilenir, adipositlerde lipoprotein lipaz aktivitesini ve
safra asidi profilinin degismesini tegvik eder (Cella ve ark.,
2021; Zeppa ve ark., 2020).

Bagirsak mikrobiyotasinin; bagisiklik, diyabet, insiilin di-
renci, kolorektal kanser, obezite, infantil kolik, alerji, infla-
matuvar barsak hastaligi, ¢olyak hastaligi, hipertansiyon ve
romatolojik hastaliklar gibi pek ¢ok saglik sorunu iizerinde
etkili oldugu bildirilmistir. insan saglig1 acisindan bagirsak
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mikrobiyota dengesinin korunmasi elzem olarak goriiliir (Gi-
gante ve ark., 2011; Aziz ve ark., 2013; Alves, 2016; Tekin
ve ark., 2018; Cassotta ve ark., 2020; Barrea ve ark., 2021;
Kurtaran, 2021). Normal kosullarda saglikli bir bireyde mik-
robiyotada yararli ve zararli bakteriler dengeli bigimde belli
bir oranda bulunur. Mikrobiyotadaki dengenin bozulmasi ve
zararli bakteri sayisinin artmasi durumunda “mikrobiyel dis-
biyozis” ad1 verilen patolojik siire¢ baslar. Tam tersi durumda
ise saglikli mikrobiyotay1 ifade eden Obiyozis goriiliir (Aya
ve ark., 2021). Mikrobiyotadaki yararli bakterilerin vitamin
iiretimi, kisa zincirli serbest yag asidi iiretimi, konjuge lino-
leik asit tiretimi, aminoasit sentezi, safra asitlerinin biyotrans-
formasyonu, sindirilemeyen besinlerin fermantasyonu ve
hidrolizi, immdiin sistemin dengelenmesi, amonyak sentezi ve
detoksifikasyon gibi fonksiyonlar1 vardir (Karatay, 2019).
Disbiyoz ile birlikte gelisen zararli bagirsak mikrobiyotasi
bagirsak gecirgenligini, endotoksemiyi, enerji iiretimini, adi-
poziteyi ve pro-inflamatuar sitokin {iretimini tetikleyerek
obezite, diyabet, baz1 kanser tiirleri, romatoid artrit ve alkole
bagl olmayan karaciger yaglanmasi gibi pek ¢cok hastaligin
goriilmesine neden olur (Ozsoy, 2019; Valdes ve ark., 2018).

Bagirsak mikrobiyotasi {izerinde yas, cinsiyet, yasam bi¢imi,
beslenme aliskanliklari, fiziksel aktivite vb. gibi ¢esitli fak-
torler etkili olmaktadir. Bu faktorlerin basinda beslenme bi-
cimi gelmekle birlikte fiziksel egzersizde etkili faktdrlerden-
dir. Beslenme ile birlikle alinan gidalarin bilesimi bagirsak
mikrobiyotasinin bilesimini etkiler (Zeppa ve ark., 2020; Aya
ve ark., 2021).

Beslenme ve Bagirsak Mikrobiyotasi Iliskisi

Beslenme, dogrudan veya dolayl olarak mikrobiyotay etki-
ler. Insanlarin tiikettikleri besinler gastrik sistemdeki mikrro-
ganizmalarin da besin kaynagini olusturdugundan tiikketilen
besinlerin ¢esidine gore bagirsak mikrobiyatasinin bilesimi
de degisiklik gosterir. Diyet bilesenleri mikrobiyota denge-
sini bozabilir veya iyilestirebilir (Bayram ve Oztiirkcan,
2020). Karbonhidrat, protein, yag, fitokimyasallar ve vita-
minler beslenme ve mikrobiyota arasindaki iliskiyi etkileyen
en dnemli diyet bilesenleridir (Ozdemir ve Demirel, 2017).
Mikrobiyota tizerindeki birincil etki dogumdan hemen sonra
baglar ve anne siitli alimiyla ve ardindan gelen beslenme bi-
¢imine gore sekillenir (Kogak ve Sanlier, 2017). Cesitli calis-
malarda kan sekeri, kilo artig1 ve karaciger sirozu gibi durum-
larin ortaya ¢ikisinda beslenme ve mikrobiyota iligkisine
vurgu yapilmistir (Zhang ve ark., 2018).

Beslenme bigimlerine bagli olarak bagirsak mikrobiyotasi ile
etkilesime giren maddeler gida katki maddeleri, diyet fito-
kimyasallar (polifenoller), anne siitii, antibiyotikler, mikro-
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besin 6geleri (vitaminler, mineraller), makrobesin 6geleri (di-
yet karbonhidratlar1 ve posa, diyet proteinleri, yaglar), kisa
zincirli yag asitleri, lipokalin 2, metformin ve alkol olarak si-
ralanmistir. Tiim bu maddelerin bagirsak mikrobiyotas tize-
rinde etkili oldugu bildirilmistir. Gida katki maddelerinden
emiilgatorlerin ve yapay tatlandiricilarin, konak-bagirsak
mikrobiyota iliskisini bozarak metabolik sendroma yol agtig1
bildirilir (Wu ve ark., 2019).

Polifenoller birden ¢ok fenolik grup bulunduran ve sagligi
olumlu yonde etkileyen biyoaktif besin bilesenlerindendir
(Ozsoy, 2019). Polifenoller daha ¢cok meyve, sebze, tam ta-
hillar, cay, kahve ve kakao gibi bitkisel kaynakli besinlerde
bulunur. Polifenol yoniinden zengin bir beslenme ile mikro-
biyotada Bifidobacterium ve Lactobacillus bakterileri yo-
niinde gelisim oldugu gozlenmistir. Caydaki biyoaktif bile-
senlerin ise Helicobacter pylori, Staphylococcus aureus ve E.
coli O157:H7 gibi bakterilerin gelisimini durdurdugu saptan-
mistir (Ozdemir ve Demirel, 2017; Ercolini ve Fogliano,
2018).

Bilindigi lizere mikrobiyotay1 etkileyen beslenme ile ilgili ilk
unsur anne siitiidiir. Anne siitii, prebiyotikler (oligosakkarit-
ler) ve probiyotikleri (Bifidobacterium ve Lactobacillus) bir-
likte iceren sinbiyotik bir besindir. Anne siitiinde bulunan oli-
gosakkaritler, lizozomlar, laktoferrin, antikorlar ve sitokinle-
rin bagirsaktaki Bifidobacterium sayisii artirdigi bildirilmis-
tir (Ozdemir ve Demirel, 2017). Anne siitii ile beslenen be-
beklerin bagirsak mikrobiyotasinda agirlikli olarak Bifido-
bacterium ve Lactobacillus’lar; formiil besinlerle beslenen
bebeklerin bagirsak mikrobiyotasinda ise Enterococcus, En-
terobacteria, Bacteroides, Clostridium ve diger anaerobik
Streptococcus cinsi bakteriler kolonize olmustur (Kogak ve
Sanlier, 2017).

Farkh Beslenme Bicimlerinin Bagirsak
Mikrobiyotasi Uzerine Etkileri

Yiiksek karbonhidrath diyetler, yiiksek proteinli diyetler,
yiiksek yagh diyetler, vejetaryen ve vegan beslenme, gluten-
siz beslenme ve akdeniz tipi beslenme gibi farkli beslenme
bigimleri bagirsak mikrobiyotasi bilesimi lizerinde etkilidir
(Ozdemir ve Demirel, 2017). Ornegin; posa ve bitkisel pro-
tein bakinindan zengin beslenen Afrikali ¢ocuklarm bagir-
saklarindaki bakteri yogunlugu, hayvansal kaynakli protein
ve yag bakimindan zengin beslenen Italyan ¢cocuklara kiyasla
daha yiiksek ¢ikmustir. Italyan gocuklarin bagirsak mikrobi-
yotalarinda Firmicutes ve Proteobacteria yogunlugu gozlenir-
ken, Afrikali ¢ocuklarda Prevotella, Xylanibacter ve Trepo-
nema yogunlugu gdzlenmistir (Flint ve ark., 2012; Ozdemir
ve Demirel, 2017).
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Posa yoniinden zengin meyve/sebze tirlinleri ve tahil iiriinle-
rinden olusan yliksek karbonhidratli diyetlerle beslenen bi-
reylerin bagirsak mikrobiyotasinin Bifidobakter, Lactobacil-
lus ve Enterococcus yoniinden zengin ancak, Bacteroides ba-
kimindan ise diisiik oldugu bildirilmistir. Ayrica lif oraninin
daha diisiik oldugu beyaz ekmek tiikketiminin tam tahillr ek-
meklere kiyasla mikrobiyotada Clostridium cinsi bakterileri
arttirdign gézlenmistir (Kiling ve Ugar, 2022).

Yiiksek proteinli diyetlerde protein kaynaginin bitkisel veya
hayvansal olma durumuna gore bagirsak mikrobiyotasi degi-
siklik gosterir. Ornegin; hayvansal protein yoniinden zengin
bir gida olan biftekle beslenen bireylerde Bacteroides ve
Clostridia popiilasyonunda artis; Bifidobacterium adolescen-
tis popiilasyonunda ise azalig oldugu saptanmistir. Bagka bir
caligmada peynir alt1 suyu proteininin ve bitkisel proteinler-
den bezelye proteininin Bifidobacterium ve Lactobacillus
miktarinda artisa ve patojen Bacteroides fragilis ve Clostri-
dium perfringens miktarmda ise azalisa neden oldugu bulun-
mustur (Vernocchi ve ark., 2020; Kiling ve Ugar, 2022). Yiik-
sek hayvansal protein tiiketimiyle inflamatuar bagirsak has-
taliginin ve kardiyovaskiiler riskin artacagi belirtilmektedir
(Aziz ve ark., 2013; Flint ve ark., 2012; Kiling ve Ugar,
2022).

Yiiksek yagh diyetler kalp damar hastaliklar agisindan risk
olusturur, ancak diyette tekli ve ¢oklu doymamis yaglarn
kullanimu ile bu risk azaltilabilir. Bat1 diyeti, doymus yaglar
bakimindan zengin iken tekli ve ¢oklu doymamis yaglar yo-
niinden fakirdir ve bu durum basta obezite olmak iizere ¢esitli
saglik sorunlarina ve Bifidobacterium ve Eubacterium yo-
gunlugunda azalmaya neden olmaktadir (Vernocchi ve ark.,
2020; Kiling ve Ugar, 2022). Fava ve ark. (2013), diigiik yagh
beslenme bi¢imi ile Bifidobacterium yiikiinde artis gdzlenir-
ken aclik sekeri ve toplam kolesterol miktarindan ise diisiis
gozlendigini bildirmislerdir. Baska bir calismada, domuz
yagl ile beslenen deneklerde Bacteroides ve Bilophila popii-
lasyonunun arttig1, balik yag ile beslenen deneklerde ise Ac-
tinobacteria (Bifidobacterium ve Adlercreutzia), laktik asit
bakterileri (Lactobacillus ve Streptococcus) ve Verrucomic-
robia (Akkermansia muciniphila) popiilasyonunun arttig1 sap-
tanmigtir (Kiling ve Ugar, 2022).

Vejetaryen ve vegan beslenme beslenme bigcimlerinde Bacte-
roides popiilasyonunda artis Clostridium, E. coli ve Entero-
bacteriaceae popiilasyonunda ise azalis oldugu belirtilmistir
(He ve ark., 2013; Vernocchi ve ark., 2020; Kiling ve Ugar,
2022).

Glutensiz diyetlerde, polisakkarit alimi ¢ok fazla kisitlandi-
gindan dolay1; kolona sinirli miktarda karbonhidrat girmek-

tedir ve bdylesi bir durumda sakkarolitik fermantasyon ger-
ceklesememekte ve kisa zincirli yag asitleri olusamamakta-
dir. Bunlarin bir sonucu olarak ise; Bifidobacterium ve Lac-
tobacillus gibi biitirat lireten probiyotik bakteri yiikiinde dii-
siis, E. coli ve Enterobacteriaceae gibi patojen bakteri yii-
kiinde ise artig gdzlemlenmistir (Ozdemir ve Demirel, 2017;
He ve ark., 2013; Kiling ve Ugar, 2022).

Akdeniz diyeti, tekli ve goklu doymamis yag asitleri bakimin-
dan zengin bir yag asidi profiline yan1 sira yiiksek miktarda
polifenol ve antioksidan igerigi gibi saglikli beslenme bile-
senlerine sahip oldugu icin bagirsak mikrobiyotasi iizerine
olumlu etkiler yapar. Akdeniz diyetinin hakim oldugu bir
beslenme bi¢iminde Prevotella ve diger Firmicutes yiikiiniin
arttig1 bildirilmistir. Ayrica Akdeniz diyeti ile Lactobacillus,
Bifidobacterium ve Prevotella miktarinda artis Clostridium
miktarinda ise diisiis oldugu belirtilmistir (Ozdemir ve Demi-
rel, 2017 Vernocchi ve ark., 2020; Kiling ve Ugar, 2022).

Diyet Bilesenlerinin Bagirsak Mikrobiyotasina
Etkisi

Insanlarin yasam tarzina gore diyetle viicuda aldiklar bile-
senler bagirsaga ulastiklarinda bagirsakta yasayan mikroor-
ganizmalar ile etkilesime girer ve bdylece bu mikroorganiz-
malarin gelisimini etkiler. Vitaminler, mineral maddeler, di-
yet posasi, proteinler, sindirilmeyen karbonhidratlar, antibi-
yotikler, antidiyabetik ilaglar, alkol ve fermente gida bilesen-
leri bagirsak mikrobiyotasi bilesiminde etkili olan diyet bile-
senlerindendir (Ozdemir ve Demirel, 2017).

Bagirsak mikrobiyotasinin ¢esitli fonksiyonlari arasinda vita-
min kaynagi olmasi ile de dikkat cekmektedir. Bu vitaminler-
den baslicalar1; Bacteroides ve Eubacterium cinsleri tarafin-
dan sentezlenen K vitamini ve Lactococcus lactis, Lactoba-
cillus gasseri, Lactobacillus reuteri ve Bifidobacterium ado-
lescentis tiirleri tarafindan sentezlenen B grubu (tiamin, ribof-
lavin, nikotinik asit, kobalamin, folat, piridoksin biyotin ve
pantotenik asit) vitaminlerdir (Kogak ve Sanlier, 2017; Ozde-
mir ve Demirel, 2017).

Demir eksikligi bagirsak mikrobiyotadasindaki Lactobacillus
cinsi bakterilerin azaligina neden olur. Gastrik sistem ¢inko
emiliminde de dnemli bir rol oynamaktadir. Cinko yetersizli-
ginde intestinal mikrobiyotadaki Clostridium cinsi bakterile-
rin kolonizasyonunu etkiler (Kogak ve Sanlier, 2017).

Posa; bagirsak mikrobiyotasinda kisa zincirli yag asiti olusu-
muna neden olan fermantasyonu destekler ve Clostridium dif-
ficile ve Salmonella enterica gibi patojen bakterilere kars di-
renci arttirarak konagin savunma mekanizmasina yardimet
olur (Catak ve ark., 2021b; Barrea ve ark., 2021). Yiiksek
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proteinli diyetlerin Bacteroides enterotipi ile iligkili oldugu
gosterilmektedir. Yiiksek yagl diyetlerin mikrobiyel gesitli-
ligi diistirdiigii ve Bacteroides, Alistipe ve Bilophila miktarini
ise arttirdig1 saptanmistir. (Ozdemir ve Demirel, 2017). Sin-
dirilmeyen karbonhidratlarin (posa igerigi) fermantasyonu ile
birlikte kisa zincirli yag asitlerinden biitirat, asetat ve propi-
yonat olusur (Tekin ark., 2018). Kisa zincirli yag asitleri
olumlu etkileri ile insan sagligim gelistirmektedirler (Flint ve
ark., 2012; Ozdemir ve Demirel, 2017; Ercolini ve Fogliano,
2018).

Antibiyotikler yalnizca hedef patojene etki etmezler ayni za-
manda mikrobiyota {izerinde de etkili olabilmektedirler (Ki-
li¢ ve Altindis, 2017). Antibiyotik tedavisinin ardindan bagir-
sak mikrobiyotasi yeniden olusarak kommensal yabanci mik-
roorganizmalarin veya direngli tiirlerin kolonizasyonuna im-
kan saglayabilir (Biesalski, 2016; Kili¢ ve Altindis, 2017; Ka-
ratay, 2019). Antibiyotik kullaniminin iizerlerinde etkilerinin
fazla oldugu gdzlemlenen ana bakteri gruplar1 baslica Acti-
nobacteria, Bacteroidetes, Firmicutes ve Proteobacteria ola-
rak siralanir (Kili¢ ve Altindis, 2017).

Diyabet tedavisinde antidiyabetik ilag olarak kullanilan met-
formin’in glikoz metabolizmasi iizerinde olumlu etkilerinin
oldugu bildirilmistir. Yani sira; bagisiklik hiicrelerinde artisa
neden oldugu ve bagirsak gecirgenligini iyilestirdigi tespit
edilmistir. Metformin ayrica, Firmicutes ve Proteobacteria fi-
lumlarinda kisa zincirli yag asidi iireten mikroorganizmalari
diizenleyerek bagirsak mikrobiyotasinin yeniden sekillenme-
sini saglar (Catak ve ark., 2021b).

Asirt alkol tiiketen kisiler igin anormal bagirsak mikrobiyo-
tas1 ve asir1 bakteri liremesi, alkole bagli bozulmus bagirsak
bariyeri (yani bagirsak sizintisi) gibi durumlar gozlenebilir.
Ayrica alkolik yagl karaciger hastalig1 olan hastalarda endo-
toksemiye katkida bulunabilir (He ve ark., 2013).

Fermente gidalar; insan saghgimin gelistirilmesine katkida
bulunabilecek probiyotik mikroorganizmalari bulundurma
potasiyellerinden 6tiirii  bagirsak mikrobiyotasi iizerinde
olumlu etkileri olan gidalar olarak goriiliirler (Wu ve ark.,
2019). Fermente gidalari yani sira; prebiyotik 6zellik goste-
ren karbonhidrat, posa ve fitokimyasallarla desteklenmis
fonksiyonel gidalarin tiiketiminin de bagirsak mikrobiyotasi
{izerinde olumlu etkilerinin oldugu bildirilmistir (Ozdemir ve
Demirel, 2017; Ercolini ve Fogliano, 2018).

Fiziksel Aktivite ve Mikrobiyota iliskisi

Fiziksel aktivitenin mikrobiyata {izerindeki etkisini arastiran
calisma sayisi oldukg¢a smirlidir. (O’ssullivan ve ark., 2015).
Bagirsak mikrobiyotasinin kisinin egzersiz performansina
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katkist oldugu ve egzersizin de bagirsak mikrobiyotasi bile-
siminde degisiklige neden oldugu bildirilmistir. Diizenli ola-
rak tekrarlanan, orta seviyedeki fiziksel aktivitelerin, Firmi-
cutes (Faecalibacterium prausnitzii, Oscillospira, Lachnos-
pira, Coprococcus) gesitliliginde artisa ve daha saglikli bir
bagirsak ortamina katki yaptigi bildirilmistir (Ersoy ve Ersoy,
2019). Bagirsak mikrobiyotasi, oksidatif stres ve hidrasyon
seviyeleri gibi gastrointestinal sistemdeki egzersizin neden
oldugu rahatsizliklarin bazilarim iyilestirebilir (Mach ve Bo-
tella, 2017; Boisseau ve ark., 2022).

Bagirsak mikrobiyotasi, konakg¢1 enerji tiretimi igin sindirimi
ve gida emilimini desteklerken, kolonda kompleks karbon-
hidratlar sindirilir ve ardindan gergeklesen fermantasyon ile
n-biitirat, asetat ve propiyonat gibi kisa zincirli yag asitleri
olusur. Mikrobiyota ve egzersiz arasindaki iligki veya fonksi-
yonlar tam olarak acikliga kavusturulamamakla birlikte; bazi
calismalarda egzersizin bagirsak mikrobiyota kompozisyonu
iizerinde etkisi oldugu saptanmistir (Mach ve Botella, 2017).
Egzersiz sirasindaki fiziksel ve duygusal stres ile gastrointes-
tinal mikrobiyota bilesimindeki degisiklikler arasinda yiiksek
bir korelasyon oldugu bildirilmistir. Akut stres sonrasinda ar-
tan noradrenalin konsantrasyonlarina yanit olarak Gram ne-
gatif bakterilerin yan1 sira patojenik olmayan kommensal E.
coli gelisimi oldugu bildirilmistir (Cella ve ark., 2021).

Diizenli yapilan hafif iliml aerobik egzersizlerin kabizlig: te-
davi edici ve enerji metaboizmasini gelistirici etkilerinden
bahsedilirken asir1 ve/veya uzun siireli yiiksek yogunluklu
egzersizin bu etkileri vermedigi belirtilmistir. Bagirsak mik-
robiyotasi acisindan uzun siireli egzersiz, mukozal homoes-
tazi bozarak bagirsak bariyeri islevini degistirir ve kolondan
bakteriyel translokasyonu tesvik ederek artan bagirsak gecir-
genligine neden olur. Ayrica karin agrisi, kramplar, mide bu-
lantis1 ve ishal-kanli ishal gibi gastrointestinal hastalik semp-
tomlarinin goriilmesine neden olur (Zeppa ve ark., 2020;
Mohr ve ark., 2020). Uzun siireli asir1 egzersiz bagirsak ge-
cirgenligine neden olarak bagirsak mikrobiyotasini ve dola-
yistyla insan sagligini olumsuz etkileyebilir. Orta diizeyde
egzersiz, daha az derecede bagirsak gecirgenligi, mukus ka-
linliginin korunmasi ve daha diisiik bakteri translokasyonu
oranlari ile birlikte anti-mikrobiyel protein {iretiminin yukari
regiilasyonu ve ince bagirsak dokusunda (a-defensin, b-de-
fensin) gen ekspresyonu ile iliskilendirilmistir (O’ssullivan
ve ark., 2015).

Egzersizin mikrobiyata {izerindeki etkisi yasamin erken do-
nemlerinde ¢ocukluk cagi itibariyle basladigi belirtilmistir.
Fiziksel aktivitenin daha fazla oldugu genglerde yetiskinlere
kiyasla bakteri bilesiminin daha yogun oldugu ve bu durumun
yagsiz viicut kitlesinde artis1 tesvik ettigi yani sira ideal beyin
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fonksiyon gelisimini de destekledigi bildirilmistir (Zeppa ve
ark., 2020).

Fiziksel aktivite veya egzersiz; tiikketilen besinlerin parcalan-
masi, emilimi ve sindirimi iizerinde etkili olan bagirsaktaki
mikrobiyel cesitliligi de destekler (Vela ve ark., 2021). Fizik-
sel aktivite, obez ¢ocuklarda Blautia, Dialister, Lachnospira,
Velionella ve Roseburia gibi bazi popiilasyonlarda artisa, 4/-
kaliphilus ve Clostridium gibi baz1 popiilasyonlarda ise dii-
siise neden olmustur ve bu durum saglikli ¢ocuklardakine
benzer bir mikrobiyota profiline yol agmistir (Catak ve ark.,
2021b).

Sporcularda Mikrobiyata Profili

Profesyonel sporcular, sporcu olmayan popiilasyonla kargi-
lastirildiginda mikrobiyota bilesiminde belirgin farkliliklar
gbzlenmistir. Bagirsak mikrobiyotasi farkli sporcularin 6zel-
liklerine ve viicut kompozisyonlaria gore de degisir. Kardi-
yorespiratuar zindelik (atletik performans ve saglhigin giiclii
bir gostergesi), saglikli geng yetiskinlerde Firmicutes/Bacte-
roidetes orani ile iliskilendirilmistir ve bu iliskiler diyet kom-
pozisyonundan bagimsizdir, bu da bagirsak mikrobiyota ¢e-
sitliliginin viicudun fiziksel uygunluk diizeyine de bagl ol-
dugunu gosterir. Sporcularin ve fiziksel aktivite g¢esidinin
ozellikleri de mikrobiyota kompozisyonlarim etkileyen fak-
torlerdendir. Yiksek dinamik spor yapan bireylerde Lacto-
bacillus acidophilus, Bifidobacterium animalis, F. pra-
usnitzii ve Prevotella intermedia bakimindan yogun bir mik-
robiyota saptanirken hem statik bilesenlere hem de yiiksek di-
namige sahip sporcularda ise Bacteroides caccae bakimindan
zengin bir mikrobiyota saptanmustir. Sporcularin mikrobiyo-
talarindaki farklilik kreatin ve laktat iiretimi, yani sira kas
dongiisii ile iliskilendirilmistir (Vela ve ark., 2021). Sporcu-
larin veya egzersiz yapan kisilerin bagirsak mikrobiyotasinin
diger popiilasyonlardan farkli oldugu ve daha yiiksek mikro-
biyel ¢esitlilik gosterdigi bildirilmistir (Mancin ve ark., 2021;
Boisseau ve ark., 2022).

Bagirsak mikrobiyotasi, fiziksel aktivite ve beslenme arasin-
daki iligki nedeniyle fiziksel aktivite sirasindaki besin alimina
sporcu takviyeleri ile miidehale edilir (Boisseau ve ark.,
2022). Fiziksel aktivite sirasinda bagirsak mikrobiyotasi lize-
rinde etkili oldugu diisiiniilen sporcu takviyelerinin bazilari
antioksidanlar (polifenoller ve vitaminler), probiyotikler,
proteinler, glutamin, sodyum bikarbonat, Omega-3 ve ¢oklu
doymamig yag asitleri, karbonhidrat-elektrolit spor igecek-
leri, L-karnitin ve kafein olarak siralanmustir.

Yorucu egzersizin, endojen antioksidan kapasiteyi asarak
ciddi oksidatif hasara, kas zayifligina ve yorgunluga neden

olabilecegi bilindiginden sporcular arasinda antioksidan tak-
viye alma egilimi vardir. Dogal bitki tiirevi bilesikler grubu
olan polifenoller fiziksel aktivite esnasinda mikrobiyotay1 ve
insan fizyolojisini destekleyen antioksidan takvilerdendir
(Zeppa ve ark., 2020). Lipid peroksidasyonunu azaltmak i¢in
vitamin C, E, ve B-karoten gibi antioksidanlara da bagvurula-
bilir, ancak dogrudan vitamin ve antioksidan takviyesinin
olumsuz etkiler de doguracagi bilindiginden sporcular i¢in bu
takviyelerin alimi Onerilmez. Serbest formdaki vitaminler
toksik etkilere sahip olabilir. Bu nedenle sporcular, saf halde
antioksidan takviyesi bilesikleri almak yerine artan meyve ve
sebze tiiketiminden antioksidan bilesiklerin karmagsik kari-
simlarmi elde etmelidir (Clark ve Mach, 2016).

Egzersiz yapan bireylerde, diizenli probiyotik tiiketiminin,
bagirsak mikrobiyotasini ve yapisini degistirebilecegi ve
boylece bagisiklik fonksiyonlarini etkileyebilecegi bildiril-
mistir. Ayrica bagirsak epitel hiicrelerinin ¢ogalmasi, islevi
ve korumasi ile ilgili olumlu etkilerinin oldugu da bildirilmis-
tir. Egzersizi takiben probiyotik kullanimi ile birlikte probi-
yotiklerin koruyucu etki yaptigi ile ilgili bilgiler de mevcuttur
(Clark ve Mach, 2016; Boisseau ve ark., 2022). Ornegin; pro-
biyotik yogurt tiiketimi ile birlikte, ylizme yarisindan sonra
solunum yolu enfeksiyonlariin atak sayisinda ve baz1 belir-
tilerinin siiresinde azalma oldugu goézlenmistir (Ersoy ve Er-
soy, 2019). Yogun egzersiz sirasinda probiyotik tiiketiminin
asir1 oksidatif stresi nétralize eden antioksidan enzim seviye-
sini artirmast muhtemel bulunmustur. Lactobacilli ve Bifido-
bacteria gibi probiyotiklerin tiiketimi atletik egzersiz perfor-
mansini da arttirabilir (Hsu ve ark., 2015). Fiziksel aktivite
ile birlikte verilen probiyotik takviyesinin yararli mikroorga-
nizma yiikiinii ve ¢esidini arttirdigina yonelik bulgular vardir.
Ornegin, bisikletcilere verilen L. fermentum takviyesinden
sonra Lactobacillus cinsinde 7 kat artig tespit edilmistir (Bo-
isseau ve ark., 2022).

Sporcular diizenli, yogun ve uzun siireli egzersiz rutinlerinin
ardindan ¢oklu stres kosullarina maruz kalirlar ve protein sen-
tezini tesvik etmek igin yeterli bir protein alimina ihtiyag du-
yarlar. Proteinler, 6zellikle antrenman seansini ve yarismala-
rin yogunlugunu ve siiresini arttirirlar. Esansiyel amino asit-
lerin iglevinin tam olarak gerceklesebilmesi i¢in egzersizden
Once ve sonra ve hatta giin boyunca diizenli olarak tiiketilme-
leri gerekir. Dengeli protein alim1 sadece atletik performansi
degil ayn1 zamanda bagirsak sagligini da desteklemektedir.
Ancak uzun siireli protein takviyesinin sporcularin bagirsak
mikrobiyotasina zarar verebilecegi sonucuna varilmigtir.
Ozellikle de saglig1 olumlu anlamda gelistiren bakterilerde
(Roseburia, Blautia ve Bifidobacterium longum) bir azalma
gbzlenmistir. Glutamin, spor beslenmesinde yaygin olarak
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kullanilmaktadir; 6zellikle, takviyesinin kas glikojen sente-
zini arttirdig, egzersizin neden oldugu amonyak birikimini
azalttig1 ve kas hasar1 belirteglerini azalttigi goriillmektedir.
Insanlarda glutamin takviyesinin, anti-inflamatuar etkileri
olan daha saglikl1 bir mikrobiyota kompozisyonunu destekle-
yebilecegi bildirilmistir. Bikarbonat bakimindan zengin ma-
den suyu tiiketimi, performansi artirmak igin bir spor takvi-
yesi olarak kullanilir. Bikarbonat bakimindan zengin maden
suyu tiikketiminin mikrobiyotanin yeniden sekillenmesini des-
tekleyerek yagsiz indiiklenebilir bakterileri (Christensenella-
ecae ve Dehalobacteriaceae) artirabilecegi bildirilmistir.
Omega 3 ve ¢oklu doymamis yag asitleri egzersiz sonrasi
anti-inflamatuar etkiler gdsterebilir ve epitelyal bariyer fonk-
siyonunu iyilestirerek bagirsak biitiinliigiinii etkileyebilir.
Ayrica Bifidobacterium, Lachnospira, Roseburia ve Lacto-
bacillus ve diger biitirat {ireten bakteri cinslerinin yogunlu-
gunu arttirabilir. Karbonhidrath sporcu iceceklerinin, bagir-
sak emilimine, formiilasyona ve/veya belirli bilesenlerin bir-
likte varligina bagl olarak bagirsak rahatsizligini arttirabile-
cegi bildirilmistir. Karnitin, bagirsak mikrobiyotasinin lif fer-
mantasyonunu destekler. Bugiine kadar kafein birgok popiiler
spor takviyesinde One ¢ikan bir bilesen olmasina ragmen,
mikrobiyota bilesimi iizerinde herhangi bir 6nemli etki yara-
tip yaratmayacagini belirlemek heniiz miimkiin olmamistir
(Zeppa ve ark., 2020).

Sonug¢

Bagirsak mikrobiyotasi iizerinde birgok faktor etkili olmakla
birlikte bunlardan en 6nemlisi beslenme bigimidir. Sagliksiz
ve hatali beslenme, bagirsak mikrobiyotasini olumsuz yonde
etkilemekte ve bir¢ok saglik probleminin olusumuna zemin
hazirlayabilmektedir. Ideal bir bagirsak mikrobiyotasina sa-
hip olabilmek i¢in saglikli beslenme aligkanliklar1 ve yasam
tarzinin gelistirilmesi gerekir. Yakin zamanda tipki beslenme
gibi fiziksel aktivitelerin de bagirsak mikrobiyotasi lizerinde
etki potansiyelinin oldugu bildirilmistir. Uzun ve yorucu ol-
mayan diizenli fiziksel aktivitelerin mikrobiyotay1 destekle-
digine dair sinirh da olsa ¢alismalar mevcuttur. Ancak, besin
tiikketimi, fiziksel aktivite ve mikrobiyota iliskisinin saglik
iizerindeki etkilerini inceleyen daha fazla deneysel arastir-
maya ihtiya¢ duyulmaktadir.
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Siirdiiriilebilir beslenme modelinde, besin ve beslenme giivencesinin saglanmasi ile ¢evresel etki-
nin azaltilmas1 amaglanmaktadir. Besinlerin ¢evre lizerinde etkileri bulunmaktadir. Bu ¢evresel
etkilerin baslicalar1 sera gazi salinimi, su ayak izi ve tarimsal arazi kullanimidir. Bu durum iklim
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degisikligini etkilemesi bakimindan 6nemlidir. Hayvansal kaynakli besinlerin ¢evresel etkileri bit-
kisel besinlere gore daha fazladir. Proteinler sporcularda kas gelisimi ve kas onarimindaki etkile-
rinden dolay1 6nemli bir besin 6gesi olarak tanimlanir. Sporcular sedanter bireylere goére daha fazla
enerji ve protein gereksinimine sahiptir. Hayvansal kaynakli besinler bitkisel kaynakli besinlere
gore daha yiiksek miktarda ve daha kaliteli protein igermektedir. Bu sebeple sporcularin uygula-
diklar1 beslenme modellerinin yiiksek ¢evresel etki olusturma potansiyeli bulunmaktadir. Sporcu-
larin hem bitkisel kaynakli hem de hayvansal kaynakli besinlerle beslenmelerini ¢esitlendirmeleri
saglik ve optimal spor performansi i¢in olumlu etki gostermektedir. Mevcut siirdiiriilebilir olma-
yan beslenme sistemleri, yenilebilir bocekler, yenilebilir algler ve sentetik et alternatif protein kay-
naklarin1 giindeme getirmistir. Sporcularin katildiklar1 organizasyonlardaki beslenme hizmetleri
de siirdiirtilebilirlik uygulamalarini icermelidir. Bu ¢alismada, siirdiiriilebilirligin sporcu beslen-
mesi 0zelinde degerlendirilmesi amaglanmistir.

Anahtar Kelimeler: Besin, Cevre, Diyet, Sporcu, Siirdiiriilebilir, Beslenme

ABSTRACT

Sustainability in athlete nutrition

A sustainable nutrition model it is aimed to reduce environmental impact by ensuring food and
nutrition security. Foods have effects on the environment. The main environmental impacts are
greenhouse gas emissions, water footprint and agricultural land use. This is important in terms of
affecting climate change. The environmental effects of foods of animal based are greater than those
of plant based. Proteins are defined as an important nutrient in atheletes due to their effects on
muscle development and muscle repair. Athletes have more energy and protein requirements than
sedentary individuals. Foods of animal origin contain higher amounts and better quality protein
than foods of plant origin. For this reason, the nutritional models applied by the athletes have the
potential to create a high environmental impact. Athletes diversification of their diet with both
plant based and animal based foods a positive effect on health and optimal sports performance.
Current unsustainable nutritional systems have introduced alternative protein sources such as
edible insects, edible algae and synthetic meat. Nutrition services in the organizations that athletes
participate in should also include sustainability practices. This study aimed to evaluate sustainabi-
lity specifically in sports nutrition.

Keywords: Athletes, Diet, Food, Environment, Sustainability, Nutrition
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Giris

Siirdiiriilebilir beslenme, Gida ve Tarim Orgiitii (FAO) tara-
findan “Simdiki ve gelecek nesillerde saglikli bir yasam i¢in
besin ve beslenme gilivencesine katkida bulunan diistik ¢evre-
sel etkilere sahip, biyolojik ¢esitlilige ve ekosisteme kars1 ko-
ruyucu, saygil, kiiltiirel olarak kabul edilebilir, ulasilabilir,
ekonomik agidan uygun ve satin alinilabilir; beslenme agisin-
dan yeterli, giivenli, saglikli; dogal ve insan kaynaklarini en
iyi sekilde kullanan diyetler” olarak tanimlanmistir (Gam-
boni ve ark., 2012).

Siirdiiriilebilir bir beslenme sera gazi salinimi, su kullanima,
arazi kullanimi bakimindan gevresel duyarliliga sahiptir.
Toplum beslenmesinde saglikli ve siirdiiriilebilir beslenme
modeli enerji igerigi yogun islenmis paketli besin ile hayvan-
sal besin tiikketimini en aza indirir. Daha fazla bitkisel besin
tiketimi ile bireylerde giinliik enerji gereksinimlerini agma-
may1 saglar (Akay ve Demir, 2020).

Mevcut beslenme sistemlerinin siirdiiriilebilir nitelikte olma-
yis1 sebebiyle toplumun tiim gruplarinda degisime ihtiyag du-
yulmaktadir. Giinlimiizde siirdiiriilebilir beslenme ve spor
iligkisi; sporcularin beslenme modelleri, yiiksek ve iyi kaliteli
olan hayvansal protein tiikketimleri, paketli yiyecek ile sise
icecek tercihleri, besin israfi, sik seyahatleri gibi konular ile
literatiire dahil olmaktadir (Meyer ve ark., 2020; Lynch ve
ark., 2018; Meyer ve Reguant-Closa, 2017). Sporcular saglik
ve/veya performans iyilestirmeye yonelik olarak besin se¢cim-
leri yaparken cevre bilincinin ihmal edilmemesi énemlidir
(Meyer ve Reguant-Closa, 2017). Bu ¢alismada sporcu bes-
lenmesinde siirdiiriilebilirligin degerlendirilmesi ve sporcu
beslenmesindeki 6neminin ortaya konmasi amaglanmistir.

Suirdiiriilebilir Beslenme

Stirdiirtilebilir bir beslenme hem simdiki hem de gelecek ne-
sillerde besin ve beslenme giivencesini saglayip sinirli ¢evre-
sel kaynaklar1 koruyucu olmalidir (Akay ve Demir, 2020).

Besinlerin ¢evre ve iklim degisikligi tizerinde etkileri bulun-
maktadir. Besinin {iretimi, islenmesi, muhafazasi, tasinmasi,
dagitimi ve atiklarinda dahil oldugu yasam dongiisiiniin her
adiminda olusan sera gazi karbon ayak izi kavramini olustur-
maktadir (Leal Filho ve ark., 2022). Su ayak izi ise iiretimden
tiiketime kadar tiim asamalarda gerekli dogrudan ve dolayh
ihtiya¢ duyulan ya da kullanilan su miktaridir (Hoekstra,
2017).

Hayvansal kaynakli besinlerin gevre lizerindeki etkileri bitki-
sel kaynakli besinlerden daha yiiksektir. Hayvancilik faali-
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yetlerinin ¢evresel etkileri enterik fermantasyon ve giibre yo-
netiminden kaynaklanmaktadir. Tarimsal faaliyetler, iiretilen
mahsuliin ¢esitliligi, kullanilan su kaynagi, sulama sekli, kul-
lanilan giibreler ve/veya ilaglar ile siirdiiriilebilirligi etkile-
mektedir. Bunun yani sira tarimsal faaliyetler, artan sicaklik-
lar, diizensiz yagislar ve artan atmosferik karbondioksit sevi-
yelerinden de olumsuz etkilenmektedir. Besin isleme tesis-
leri, yiiksek sera gazi {iretimi, dogal kaynak kullanimi gibi
nedenlerle ¢evre iizerinde etki olusturmaktadir. Besin muha-
fazasinda soguk zincirin korunmasi besin giivenligi igin
onemlidir. Diisiik karbon emisyonlu sogutma sistemi tiirleri-
nin kullanilmasi, ¢cevre ve sagligin siirdiiriilebilirligini destek-
ler. Besinin tiretim ve tiiketim yeri arasindaki mesafe ile tii-
keticiye besinin ulagma yontemi de besinin ¢evresel maliye-
tini etkilemektedir. Besin israfinin azaltilmasi da siirdiiriile-
bilir beslenme stratejilerinde énemlidir (Leal Filho ve ark.,
2022). Besin israfi, kiiresel sera gazi emisyonlariin %8’ini
olusturmaktadir. Israf edilen besinlerin yiizey ve yeralt: suyu
kaynaklarini tiiketim miktari ise 250 km?tiir. Uretilen ancak
titketilmeyen besinlerin diinyadaki tarim arazilerinin yaklagik
%30’unu temsil ettigi bildirilmektedir (FAO, 2013).

Sporcularin Besin Secimlerinde
Siirdiiriilebilirlik

Sporun rekabetci talepleri goz 6niine alindiginda, sporcularda
besin se¢imlerindeki dncelik performansi arttirmaya odaklan-
maktadir. Sporcularda besin se¢iminde etkili olan baglica fak-
torler; tat, ulasilabilirlik, fiyat, kiiltiirel ve/veya dini inanglar,
besin giivenligi, yiyecek hazirlama becerisi, beden imaj1 ve
beslenme bilgisidir (Birkenhead ve Slater, 2015; Oliveira,
2021). Beslenme bilgisinin kaynagi diyetisyen olan sporcu-
larda besin se¢iminde en ¢ok dikkat edilen unsurun besinin
besleyici 6zellikleri oldugu bildirilmistir (Thurecht ve ark.,
2022).

Sporcular toplum i¢in rol modellerdir. Genellikle iyi sport-
menlik degerleri ile temsil edilirler. Sporcular yiiksek enerji
gereksinimi, paketlenmis besinler ile siseli igeceklerin kulla-
nimi1 ve yogun seyahat programlar1 nedeniyle siirdiiriilebilir-
lik uygulamalari i¢in 6nemli bir gruptur (Meyer ve Reguant-
Closa, 2017). Literatiirde sporcularin besin se¢imlerinde siir-
diirtilebilirligin incelendigi arastirmalar sinirlidir. Nuszbaum
ve ark. (2021) Almanya’da ve Isve¢’te farkli spor tesislerin-
deki 18-40 yas araliginda 367 sporcu ile yaptiklar1 ¢aligmala-
rinda besin segimlerini siirdiiriilebilirlik, performans, fiyat,
kolaylik, bilinirlik, bulunabilirlik, agirlik kontrolii, dogal ice-
rik, saglik, besin 6zellikleri ve duyusal olarak hosa gitmek
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maddeleriyle degerlendirmislerdir. Katilimcilar 6nem sirala-
masinda, performans faktorii ile ilgili maddeleri siirdiiriilebi-
lirlikle ilgili maddelerden daha 6nemli olarak degerlendir-
mistir. Caligmada kosuda aktif olan katilimcilarin siirdiiriile-
bilirlik ile ilgili maddelere verdikleri onemin daha ytiksek ol-
dugu saptanmistir. Bu durumun doga sporlari ile ¢evre bilinci
arasinda bir baglantidan kaynaklanmis olabilecegi bildiril-
mistir (Nuszbaum ve ark., 2021). Carey ve ark. (2023) 18-64
yas arasinda %73l profesyonel olan toplam 405 sporcu ile
yaptiklar1 ¢aligmada, sporcularin besin tercihinde ilk amagla-
rinin artmig kas toparlanmasi oldugunu bildirmiglerdir. Calig-
mada, besin profili, tat, ulagilabilirlik, tiiketim kolayligi, fiyat
ve siirdiiriilebilirlik maddelerinin degerlendirilmesinde spor-
cularin en ¢ok énem verdigi madde besin profili olup en az
onem verilen madde siirdiiriilebilirliktir (Carey ve ark.,
2023). Sporcularin besin se¢imlerinde siirdiiriilebilirlik unsu-
runa verdigi 6nemin arttirilmasi gerekmektedir.

Sporcularda Protein Gereksinimi ve Protein
Kaynaklari

Proteinler, sporcularda yapi birimi olan amino asitler ile yo-
gun antrenman sonrasinda kas kiitlesi ve bag dokusunun, sen-
tezinin desteklenmesi, yikiminin azalmasi ile onariminin sag-
lanmasinda rol alan bir besin 6gesidir (Jager ve ark., 2017;
Phillips ve van Loon, 2011). Sporcular yalnizca sedanter bi-
reylere gore degil, normal bir fiziksel aktiviteye sahip, ya da
diizenli egzersizi orta diizeyde yapan bireylere gore daha
fazla enerji ve protein gereksinimine sahiptirler (Wollmar ve
ark., 2022; Phillips ve van Loon, 2011). Sporcu olmayan bi-
reylerde giinliik 0.8 g/kg protein alimi yeterli olabilmektedir
(Jager ve ark., 2017). Fakat sporcularda kas kiitlesinin artiril-
mas1 ve korunmasi i¢in enerji ve protein gereksinimleri yiik-
sek olup 1.4-2.0 g/kg/giin protein alimi gerekmektedir (Jager
ve ark., 2017). Dayaniklilik sporculari igin Onerilen protein
alimi yaklagik 1.2-2.0 g/kg/giin olacak sekildedir (Vitale ve
Getzin, 2019). Diren¢ antrenmaninda yagsiz viicut kiitlesini
korumak igin bu gereksinim 2.3-3.1 g/kg/giin olarak oneril-
mektedir (Jager ve ark., 2017). Sporcularda yiiksek besin
alimi, 6zellikle protein kaynaklar1 géz oniine alindiginda,
sera gazi emisyonlarii arttirabilecegi diisiiniilmektedir
(Wollmar ve ark., 2022).

Sporcularin protein fonksiyonlarini siirdiirebilmeleri i¢in tiim
esansiyel aminoasitleri yeterli miktarda tiiketmeleri 6nemli-
dir (Ersoy ve Eskici, 2021). Et, siit ve yumurta gibi hayvansal
protein kaynaklari, yiiksek esansiyel amino asitleri icermesi
ve yiiksek biyoyararlanima sahip olmalar1 nedeniyle iyi kali-
teli protein kaynaklar1 olarak bilinmektedir (Berrazaga ve
ark., 2019). Ancak hayvansal kaynakli besinler bitkisel kay-
nakli besinlere gore daha fazla sera gazi emisyonlarina, su

ayak izine ve tarimsal arazi kullanimima neden olmaktadir
(Macdiarmid ve ark., 2012; Mekonnen ve Hoekstra, 2012;
Sranacharoenpong ve ark., 2015). Besin se¢imlerinde basta et
titketimi olmak {izere hayvansal kaynakli besinlerin azaltil-
mast beslenme ile iligkili gevresel etkilerin azaltilmasinda ana
strateji olarak bildirilmektedir (Lynch ve ark., 2018).

Sporcular hayvansal ve/veya bitkisel protein tiilketimlerinde
esansiyel amino asitlerin tiimiiniin tiiketimi beslenmede ¢e-
sitliligin saglanmasi ile miimkiindiir (Ersoy ve Eskici, 2021).
Bitkisel besinlerdeki proteinlerin kalitesi, farkli aminoasit
igeriklerine sahip tamamlayict besinlerle birlestirilmesiyle
artmaktadir. Tamamlayici proteinler; aminoasit ¢esitleri, bi-
rinde eksik olan temel aminoasitleri digeri tarafindan sagla-
nacak sekilde birbirini tamamlayan iki veya daha fazla diyet
proteinleridir. Tamamlayici protein igerigi olan besinin kali-
tesi, her iki diger besinden de daha yiiksektir. Kepekli tahillar,
baklagiller, yagh tohumlar ile sebzeler gibi bitkisel besinler
bir bireyin gereksinimi olan tiim aminoasitleri igerebilir
(Whitney ve Rolfes, 2022). Diisiik diizeyde lizin icerigi ile
orta derece protein kaynagi olan tahillarin kuru baklagiller,
yagl tohumlar ile tiiketimi protein kalitesini arttirmaktadir.
Kuru fasulye ve piring pilavi, badem ezmesi ve bugday ek-
megi sporcu meniilerine alternatif onerilerdir (Ersoy ve Es-
kici, 2021). Bunun yam sira kuru baklagiller ¢evre kosulla-
rina dayanikli olup azot diizenleyici 6zellikleri ile toprak ve-
rimliligini iyilestirmeleri sebebiyle de diisiik karbon izine sa-
hiptirler. Bu sebeple iklim degisikliginin etkilerini azaltmada
katkida bulunarak siirdiiriilebilir tarimi desteklerler (Javalo-
yes, 2016). Kuru baklagillerin hazirlanmasinda 1slatma, fer-
mantasyon, ¢imlendirme gibi tekniklerin kullanilmas: ile tii-
ketilecek 0giinlin zamanlamasi sporcularda olas1 gaz, karin
agrist gibi gastrointestinal problemlerin Onlenmesi ig¢in
onemlidir (Lynch ve ark., 2018; Ersoy ve Eskici, 2021). An-
cak sadece meyve ve sebze temelli bir beslenme modeli pro-
tein miktar ve kalitesinde eksiklige neden olabilir (Whitney
ve Rolfes, 2022). Bitkisel proteinlerin anabolik 6zelliklerini
arttirmak icin ¢esitli stratejiler uygulanmalidir. Bunlar; bitki
bazli protein kaynaklarmin metiyonin, sistein, lizin ve/veya
16sin amino asitleri ile giiglendirilmesi; amino asit profillerini
gelistirmek igin bitki kaynaklarinin secgici olarak yetistiril-
mesi; daha fazla miktarda bitki bazli protein kaynagi tiike-
timi; daha dengeli bir amino asit profili saglamak i¢in birden
fazla protein kaynaginin alinmasidir (van Vliet ve ark., 2015).

Bitki bazli et alternatifleri hayvan etlerinin duyusal 6zellikle-
rini taklit ederek siirdiiriilebilir bir alternatif olarak tanimlan-
maktadir. Baslica bilinen ilk 6rnekleri Asya’da ylizyillardir
titketilmekte olan soya bazli tofu ve tempehdir. Daha sonra
teknolojik yontemlerle duyusal 6zelliklerin daha gelistirildigi
ekstrakte bezelye ve yulaf proteinlerinden et benzeri iglenmis
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besinler iiretilmistir. Bu lirinlerin tiikketiminde gida neofobisi,
sosyal normlar, et tiikketiminin hedonik keyfi, bitki bazli etle-
rin dogal olmadig1 gibi durumlar engel olusturabilmektedir
(Jahn ve ark., 2021). Gorissen ve ark. (2018) bitki bazl pro-
teinlerin ortalama esansiyel amino asit igeriginin, hayvan
bazl proteinlerden daha diisiik oldugunu bildirmistir. Calis-
mada bitki bazli proteinler arasinda soya, kahverengi piring,
bezelye, misir ve patatesin daha yiiksek bir esansiyel amino
asit iceriginin olup Diinya Saglik Orgiitii ile Gida ve Tarim
Orgiitii dnerilerini karsiladigini saptamistir. Ancak bitki bazli
kaynaklarin 16sin, lizin ve metiyonin igeriklerinin diisiik ol-
masi daha diisiik anabolik kapasite ile iligkilendirilebilmekte-
dir. Cesitli bitki bazli protein kaynaklarinin kombinasyonlar1
veya hayvan ve bitki bazli proteinlerin karigimlari, protein
gereksinimlerinin karsilamak ile kas kiitlesinin korunumunu
saglamasinda siirdiiriilebilir bir uygulama olarak degerlendi-
rilmektedir (Gorissen ve ark., 2018).

Sporcularda Alternatif Protein Kaynaklar

Siirdiiriilebilir bir beslenme stratejisi olarak diisiik gevresel
etkiye sahip protein segenegi olarak tiiketilebilecek yeni al-
ternatif kaynaklar arayigi giindeme gelmistir. Literatiirde al-
ternatif protein kaynaklar arasinda yenilebilir bocekler, ye-
nilebilir alg tiirleri ve biyoteknolojik yontemler kullanilarak
iiretilen sentetik et bulunmaktadir (FAO, 2023; Torres-Tiji ve
ark., 2020; Kumar ve ark., 2021).

Basta Asya olmak {izere, Afrika ve Latin Amerika’nin bazi
bolgelerinde beslenme kiiltiiriinde bocekler yer almaktadir.
Boceklerin g¢iftlik hayvanlarina gére daha diisiik sera gazi
iretmeleri, biyolojik atiklarla beslenebilmeleri, ¢iftlik hay-
vanlarindan daha az su kullanimi gerektirmeleri ile bocek ye-
tistiriciliginin geleneksel hayvanciliga gore daha az arazi kul-
lanim1 gerektirmesi ¢evresel faydalar saglamaktadir. Bocek-
lerin besin degerleri baskalagim durumlari, habitatlar1 ve di-
yetlerinden etkilenmektedir. Genel olarak yiiksek kalitede
protein, lif, bakir, demir, manganez, fosfor, selenyum ve
¢inko igerirler. Bocekler biitiin olarak tiiketilebilecegi gibi un
halinde veya proteinlerinin ekstrakti olarak da tiiketilebil-
mektedir (FAO, 2023). Italya’da profesyonel sporcularda bo-
cek proteini i¢eren protein barin kabul edilebilirligi ile ilgili
yapilan bir ¢alismada, igrenme duygusu ve gida neofobisi ile
birlikte tatma isteginin reddedildigi bildirilmistir (Placentino
ve ark., 2021). Literatiirde bocek proteini tiiketimi ile spor
performansi ile ilgili farkli ¢aligmalar bulunmaktadir. Vang-
soe ve ark. (2018) yaptiklar bir ¢aligmada un kurdu, peynir
alt1 suyu ve soya protein izolatlarini (25 g) karsilastirmislar-
dir. Kandaki esansiyel amino asit, dall1 zincirli amio asit ve
16sin konsantrasyonlarindaki en ¢ok artigin peynir alti su-
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yunda olup bdcek ve soya proteinindeki artiglarin benzer ol-
dugunu bildirmislerdir. Hermans ve ark. (2021) 30 g un kurdu
proteini izolat1 ve 30 g siit proteininin ergojenik etkilerinin
karsilagtirdig1 caligmalarinda her iki durumda da kas sentezi-
nin arttig1 ve gruplar arasinda anlamli fark olmadigini sapta-
miglardir.

Mikro algler, birim alan basina yiiksek biyokiitle verimi, igi-
lebilir olmayan tuzlu su kullanilarak tarima elverisli olmayan
arazide yetistirilebilme gibi 6zelliklerle sahip olup biiyiik 6l-
¢ekli stirdiiriilebilir liretimi desteklemektedir. Besin bilesimi,
alg tiirleri arasinda farkliliklar gostermekte olup ayni tiir
icinde ise ortam bilesimi, sicaklik, 1s18a bagl olarak degise-
bilmektedir. Algler iyi kalitede protein (Arthrospira platensis
gibi tiirlerin biyokiitlelerinin %70’ine kadar), yag (Phaeo-
dactylum tricornutum toplam yag asitlerinin %30 ila %40’ mn1
eikosapentaenoik asit olarak ve Schizochytrium sp. toplam li-
pidlerinin yaklagik %50’sini dokosaheksaenoik asit olarak),
antioksidan vitamin ve mineraller icermektedir (Torres-Tiji
ve ark., 2020). Spor ve egzersiz iliskisi ile ilgili literatiir ¢a-
lismalar incelendiginde; Lu ve ark. (2006) Spirulina platen-
sis’in kosu sonrasinda iskelet kasi hasarini 6nleyebilecegini
ve egzersiz sonrast yorgunlugunu geciktirebilecegini bildir-
migtir. Bisiklet sporcular ile yapilan bir ¢alismada, 21 giin
boyunca randomize sekilde giinde 6 g spirulina tiilketiminin
hemoglobin konsantrasyonunu arttirdigi, laktat ve kalp atis
hizin1 diisiirdiigii, submaksimal dayanikliligi ise arttirdigi bil-
dirilmistir (Gurney ve ark., 2021). Elit rugby sporcular ile
yapilan bir ¢aligmada ise yedi hafta boyunca giinde 5,7 g Spi-
rulina platensis tiketiminin viicut kompozisyonunu, sigrama
performansini, maksimum bacak kuvvetini ve aerobik kapa-
siteyi plasebodan (izoproteik ve kalorik) farkli sekilde etkile-
medigini saptanmistir (Chaouachi ve ark., 2021). Bunun ya-
ninda mikro alglerin baz1 potansiyel saglik tehlikeleri bulun-
maktadir. Mikro alg tiirii, toksik ve alerjen bilesen durumu,
yetistirildigi su kiitlesinde bulunabilecek mikro kirleticiler
onemlidir (Ferreira de Oliveira ve Bragotto, 2022). Mikro alg
takviyesi kullanan bireylerde en sik bildirilen yan etkiler ara-
sinda; ishal, mide bulantisi, karin agris1 ve deri dokiintiisii bu-
lunmaktadir (Rzymski ve Jaskiewicz, 2017).

Sporcularda Siirdiiriilebilir Beslenme Modelleri

Saglik ve g¢evrenin siirdiiriilebilirligini destekleyen baslica
siirdiiriilebilir beslenme modelleri arasinda, Akdeniz tipi bes-
lenme, gezegensel saglik diyeti, ¢ift piramit beslenme modeli,
vejetaryen-vegan beslenme modelleri bulunmaktadir (Padilla
ve ark., 2012; Willett ve ark., 2019; Ruini ve ark., 2016; Mar-
low ve ark., 2009). Beslenme sisteminin siirdiiriilebilirliginde
islenmis besin tercihinin smirlandirilmasi, mevsimsel, yerel
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ve organik besinlerin tercih edilmesi énemlidir (Akay ve De-
mir, 2020).

Rio de Janeiro’da judo, yiizme, su topu ve artistik yiizme
branslarinda adolesan sporcularin protein gereksinimlerinin
kargilanmasinda diisiik karbonlu diyetlerin yeterliligi Ameri-
kan Diyetisyenler Birligi (ADA) ve EAT-Lancet dnerileri re-
ferans olarak kullanilarak degerlendirilmistir. Karbon ayak
izi ve su ayak izi i¢in tiim grubun medyan1 sirasiyla 4999 g
CO: esdegeri/kisi/giin (1379-18668) ve 4943 litre/kisi/glin
(1222-12829) diir. Sporcularin ortalama bitkisel protein mik-
tart viicut agirligina gore 0.34 g/kg, hayvansal protein ise 1,31
g/kg olarak saptanmistir. Sporcularin %49.4’1 protein alimi
ADA’nin 6neri araligindayken, %27.4’1 yiiksek protein ali-
mina sahip olarak bildirilmistir. Baklagil tiiketimi tiim spor-
cularda, balik tiikketimi ise ¢ogu sporcuda EAT-Lancet refe-
rans diyetine gore onerilen diizeyin altindadir. Kirmizi et, siit
iirlinleri ve kiimes hayvanlariin tiiketimi, EAT-Lancet refe-
rans diyetine gore Onerilenin iizerindedir. Calisma sonu-
cunda, diisiik ¢evresel etkilere sahip bir beslenmenin adole-
san sporcularda protein ihtiyacini karsilayabilecegi bildiril-
mistir (Franca ve ark. 2022).

Ispanya’da yapilan bir vaka calismasinda, ultra dayaniklilik
kosusunda bir erkek atletin (34 yasinda, agirlik: 78 kg ve boy:
173 cm), islenmis gida kullanmadan ve plastik israf etmeden
24 saatten daha kisa siirede Everest Dagi’na ulagsmas1 amag-
lanmustir. Sporcu, beslenme gereksinimlerini karsilamak i¢in
sadece 0zel olarak hazirlanmis ev yapimi ve organik yiyecek-
ler tikketmistir. Toplam enerji alimmin %96’s1 bitkisel kay-
nakli besinlerden karsilanmistir. Diyetin enerji icerigi 7580
kalori olup besin 6gesi dagilimi; %65 karbonhidrat, %10 pro-
tein ve %25 yag seklindedir. Diyette yer alan besinler; ¢ig ve
kuru meyveler, sebzeler, taze tahilli ekmek, ev yapimi patli-
can tursusu, fiime morina baligi, ev yapimi yulafli barlar ve

bitter ¢ikolatadir. igecek desteginde yer alan sivilar; izotonik
sporcu igecegi limon ve bal ile hipotonik sporcu icecegi ebe-
glimeci, limon ve bal ile kalorisiz igecek tar¢in, zencefil ve
limon ile sade su (limon ekleme secenegi ile), kahve, cay ve
ev yapimi sebze/kiimes hayvanlart suyudur. Diyetin 6zellikle
C vitamini (1079 mg), E vitamini (57 mg) ve toplam polife-
noller (1910 mg) olmak flizere yliksek bir antioksidan igeri-
gine sahip oldugu saptanmistir. Sporcunun bu beslenme mo-
deli ile kosuyu diisiik cevresel etki ile 18 saatte tamamladigi
bildirilmistir (Garrido-Pastor ve ark., 2021).

Reguant-Closa ve ark. (2020) ¢alismalarinda beslenme egi-
tim araci olarak kullanilan hafif, orta ve agir yogunluktaki
antrenmanlara yonelik farkli sporcu tabagi modellerinin ¢ev-
resel etkilerini degerlendirmislerdir. Cevresel etkinin besin
miktartyla iligkili olarak agir antrenman tabak modelinde
yiiksek oldugunu saptamiglardir. Et iceren tabak modelinin
(2.5 kg CO; esdegeri) ise et icermeyen tabak modelinden (1.6
kg CO; esdegeri) yiiksek etkisi bulunmaktadir. Farkli et grup-
larma gore ise sigir eti (3.6 kg CO; esdegeri) iceren tabagin
cevresel etkisi domuz eti (2.9 kg CO; esdegeri) ve kiimes hay-
vani eti (2.2 kg CO; esdegeri) iceren modellere gore daha
yiiksek saptanmistir. Tabak modellerinde diger besin grupla-
rindan, sebze ve baklagillerin ekotoksisite, baligin &trofikas-
yon etkisi ¢evre ile iligkisinin bulundugu bildirilmektedir. Ta-
baklardaki toplam protein miktariin ve 6zellikle hayvansal
protein miktarinin tavsiye edilen alim miktarina diistiriilmesi
ve bitki bazl1 6gilinlerin planlanmasi 6nerilmektedir. Hafif ve
orta yogunluk antrenman tabak modelleri daha az yiyecek
miktarina sahipken et igeriklerine goére ¢evresel etkilerini art-
tirilabilecegi diisiiniilmektedir. Cevreye duyarli, saghigi des-
tekleyen ve optimal performansa yonelik siirdiiriilebilir tiike-
tim Onerileri Sekil 1°de yer almaktadir.

Bitkisel protein kaynaklari,
Yerel besinler,

Mevsiminde besinler,

Artan Tﬁketi>

Organik besinler,
Ev yapimu1 sporcu barlar1 ve icecekleri,

Yeniden kullanilabilen/geri donistiirtilebilir
— ambalajli besinler.

\

Hayvansal protein kaynaklari,
Ithal besinler,

Paketli yiyecekler,

Siselenmis icecekler.

Sekil 1. Sporculara Yonelik Siirdiiriilebilir Beslenme Onerileri

Figure 1. Sustainable Nutrition Recommendations for Athletes

éﬂﬂﬂl IS



174

Food Health 10(2), 169-177 (2024) e https://doi.org/10.3153/FH24016

Spor Organizasyonlarinda Siirdiiriilebilir
Beslenme

Spor organizasyonlart besin ve beslenmenin siirdiiriilebilir-
ligi tizerinde etki olusturabilir. Uluslararas1 Olimpiyat Komi-
tesi (I0C), siirdiiriilebilir kalkinmanin tesvikinin Olimpiyat
hareketinin temel hedeflerinden biri olarak kabul etmistir.
Siirdiiriilebilir kalkinmay1 tesvik amaciyla siirdiiriilebilir bes-
lenme konusunu Olimpiyat diinyasina dahil etmek i¢in “2021
Olimpiyat Hareketi Giindemini” gelistirmistir. Buna gore,
herkesin yeterli ve saglikli gidaya erisimini saglamak igin te-
mel besin ve beslenme standartlar1 desteklenmelidir (I0C,
2012).

Spor alanlarinda giivenli, saglikli ve siirdiiriilebilir bir besin
sistemi olusturmak i¢in beslenme hizmetinin tiim asamalarini
degerlendirmek 6nemlidir. Cevreye duyarl siirdiiriilebilir bir
beslenme hizmeti bes asamadan olusur: menii planlama, te-
darik, hazirlik, hizmet ve atik yonetimi. Menii planlamada,
vejetaryen ve vegan secenekleri entegre edilmelidir. israfi
azaltmak i¢in menii c¢esitliligi ve porsiyon boyutlar
diizenlenmelidir. Degisen mevsimsel ve yerel talebe uyum
saglamak i¢in esnek tarifeler tasarlanmalidir. Satin almada,
sertifikali organik iriinler, sertifikali siirdiiriilebilir deniz
irlinleri, antibiyotik kullanilmamis etler, yerel ve
mevsimindeki {irlinler, minimal/geri doniistiiriilmiis ambalaja
sahip {irtinler tercih edilmelidir. Yemek hazirlik asamasinda,
besin artiklarinin  takibi yapilip en aza indirmek
amaglanmalidir. Ekipmanlar verimli kullanilip enerji ve su
tasarrufu  saglanmalidir. Hizmet sunumunda yeniden
kullanilabilir/  geri  doniistliriilebilir/  kompostlanabilir
gerecler kullanilmalidir. Atik yonetiminde kullanilmayan ha-
zir yiyecekler bagiglanabilir, kompostlama yapilabilir, geri
dontistim desteklenebilir (Russel ve Herhkowitx, 2015).

Paris 2024 Olimpiyatlarinda diinyanin en biiyiik toplu bes-
lenme hizmetlerinden biri olarak 13 milyondan fazla 6giiniin
tiketilmesi beklenmektedir. Beslenme hizmetlerinde daha az
CO; salinimi i¢in daha ¢ok bitkisel kaynakli besin tercih edil-
mesi, Fransiz mensei yerel liriinlerin kullanimi, 250 km uzak-
likta yetisen {irlinlerin kullanimi, plastik tiiketiminin yariya
diisiiriilmesi, besin israfinin sinirlandirilmasi, geri doniistimlii
ekipmanlarin kullanilmasi gibi hedefler bildirilmektedir (Pa-
ris 2024, 2023).

Sonu¢

Stirdiirtilebilir beslenme sadece sporcularin sorumlulugunda
degildir. Sporcular, antrenorler, hizmet saglayicilarin tiimii
besin ve ¢evrenin siirdiiriilebilirligini etkilemektedir. Sporcu
beslenmesi genellikle antrenman ve yarigmaya gore besin ali-
mina, besin kalitesine ile zamanlamasina odaklanmaktadir.

Review Article

Protein gereksiniminin saglik ve optimal spor performansi
icin yeterli miktarda karsilanmasi saglanmalidir. Protein ge-
reksiniminde bitkisel kaynaklara yer verilmesi saghigin ve
¢evrenin siirdiiriilebilirligini destekler. Sporcularin beslenme
cantas1 aligkanligi kazanmalari, hem yeterli ve dengeli bes-
lenme uygulamalarin1 desteklerken, paketli besin tiiketimle-
rini azaltabilir. Biiyiik bir spor organizasyonu olarak Olimpi-
yat oyunlarn siirdiiriilebilir beslenmeyi desteklemektedir.
Sporcu olsun ya da olmasin, herkes siirdiiriilebilirlik okurya-
zarlig1 egitimi alip tarladan sofraya besinin ¢evresel maliye-
tinin farkindaligina sahip olmalidir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Aragtirma niteligi bakimindan etik izne tabii degildir.

Veri erisilebilirligi: Arastirma niteligi bakimidan veri igerme-
mektedir.

Finansal destek: Bu ¢caligma herhangi bir fon tarafindan desteklen-
memistir.

Tesekkiir: -
Aciklama: -
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Instructions to Reviewers and Authors

The journal “FOOD and HEALTH” establishes the highest standards of publishing ethics and
benefits from the contents of the International Committee of Medical Journal Editors

(ICMJE), World Association of Medical Editors (WAME), Council of Science Editors (CSE),

Committee on Publication Ethics (COPE), European Association of Science Editors (EASE),
Open Access Scholarly and Publishers Association (OASPA), and

Directory of Open Access Journals (DOAJ).

The "FOOD and HEALTH" journal provides a platform
for the open public discussion of the journal contents. To
secure accountability and to encourage sincere profes-
sional inputs without incivilities, the system is set up to
require registration and logging for the recording of in-
puts. Some website contents will be available without log-
ging, but no peer review comments can be posted without
disclosing the reviewer’s identity to the journal editors.

The copyright of any open-access article in the “FOOD
and HEALTH" journal published on the "ScientificWeb-
Journals" web portal hosted by "DergiPark" belongs to
the author(s).

Journal Publisher Policy
1. Aims and Scope

Our journal started its publication life as "Journal of
Food and Health Sciences" between 2015-2017. In
2018, its name was changed to "Food and Health". The
journal “FOOD AND HEALTH” publishes peer-re-
viewed (double-blind) original research, communica-
tion and review articles covering all aspects of food sci-
ence and its effects on health. Our journal will be pub-
lished quarterly in English or Turkish language.

2. Scientific Quality and Objectivity

The journal evaluates and publishes research articles
and reviews, adhering to high scientific standards. Ad-
hering to the principle of impartiality, it strictly com-
plies with ethical rules to prevent conflicts of interest
among editors, referees, and authors.

3. Open Access

The journal adopts an open-access policy that supports
open and free access to information. This aims to in-
crease access to scientific knowledge in society at large
by making science available to a wider audience.

Open-access articles in the journal are licensed under
the terms of the Creative Commons Attribution 4.0 In-
ternational (CC BY 4.0) license.

E-ISSN 2602-2834


https://www.icmje.org/
https://www.wame.org/
https://www.councilscienceeditors.org/
https://publicationethics.org/
https://ease.org.uk/
https://oaspa.org/
https://doaj.org/
https://dergipark.org.tr/en/
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5. Ethical Standards

The journal maintains a rigorous attitude towards up-
holding ethical standards among authors and review-
ers. The processes of evaluating the effects of research
on humans, animals and the environment are carried
out in full compliance with national and international
ethical rules.

6. Peer Review

The journal employs a double-blind referee system.
Referees are selected among experts and experienced
people in their fields. The peer review process involves
subjecting articles to rigorous review in terms of scien-
tific content, methodology and ethics.

7. Author Rights and Licensing

The journal respects the property rights of authors and
grants appropriate licenses to articles. It allows articles
to be freely shared and used by others using appropriate
licensing models, such as Creative Commons licenses.

8. Diversity and Inclusion

The journal encourages diversity among authors, edi-
tors, and reviewers. It fights against inequalities in the
scientific world, considering gender, geographical
origin, discipline, and other elements of diversity.

9. Communication and Transparency

The journal promotes open communication between
authors, reviewers, and readers. Publisher policies, ar-
ticle evaluation processes and other important infor-
mation are transparently published on the journal's
website.

10. Archiving

Journal archiving is conducted following the Republic
of Tiirkiye Ministry of Industry and Technology
TUBITAK Turkish Academic Network and Infor-
mation Center (ULAKBIM) "DergiPark" publica-
tion policy (LOCKSS).
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Publication Ethics

1. Scientific Neutrality and Objectivity:

All publications must reflect an impartial and objective
perspective. If there are any conflicts of interest, au-
thors must clearly state these conflicts of interest.

. Scientific Soundness:

Articles should be based on a solid methodology and
reliable results. The accuracy of statistical analyses
should be at the forefront.

. Ethical Standards:

The journal supports the principles of the Basel Decla-
ration (https://animalresearchtomorrow.org/en) and
the guidelines published by the International Council
for Laboratory Animal Science (https://iclas.org/). In
this regard, the research must fully comply with the rel-
evant ethical rules and standards. International ethics
committees must conduct studies on humans, animals,
or the environment and must be confirmed by the au-
thors of the journal.

For research submitted to this journal, authors are ad-
vised to comply with the IUCN Policy Statement on
Research Involving Species at Risk of Extinction
and the Convention on Trade in Endangered Spe-
cies of Wild Fauna and Flora for research involving

plants.

. Originality and Plagiarism:

Publications must be original, and appropriate attribu-
tion must be made when quoting other sources. In our
journal, plagiarism is considered a serious crime. For
this reason, all articles submitted to the "Aquatic Re-
search" journal must undergo a preliminary evaluation.
Advanced Plagiarism Detection Software (iThenticate,
etc.) tools will be used.


https://dergipark.org.tr/en/
http://jfhs.scientificwebjournals.com/en/pub/jfhs/lockss-manifest
https://animalresearchtomorrow.org/en
https://iclas.org/
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data

5

FOOD

and

HEALTH

. Open Access:

The journal adopts open access principles to promote
open and free access to information and complies with
the Budapest Open Access Initiative (BOAI) defini-
tion of open access. Open-access articles in the journal
are licensed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) license.

All journal processes are free of charge. No article pro-
cessing, submission, or publication fee is charged for
submitted or accepted articles.

Peer Review

1.

Confidentiality:

The peer review process should be carried out per the
principles of double-blind refereeing. Reviewers and
authors should not know each other's identities.

. Expertise:

Referees should be selected among experts and experi-
enced people in relevant fields. Referees must be
trusted to make an impartial and ethical assessment.

Timely Evaluation:

The peer-review process must be completed on time to
publish the articles quickly. Time limits should be set
for referees to evaluate within a certain period.

Open Communication:

Reviewers should be encouraged to provide open and
constructive feedback to authors and editors.
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Author Guidelines

1. Article Format:

Authors must write in the article format determined by
the journal. Sections such as title, abstract, keywords,
introduction, method, findings, discussion, and refer-
ences should be included. All submissions are screened
by similarity detection software. The similarity rate in
the articles sent to the journal should be below 20%.

. Citations and Sources:

Authors must appropriately cite the sources used by
scientific standards.

. Submission Process:

Authors must comply with the specified submission
process when submitting their articles to the journal.
This process should include evaluating, editing and
publishing the article.

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation
system, available at

http://dergipark.org.tr/tr/journal/1646/submis-
sion/step/manuscript/new.

“FOOD and HEALTH” journal requires correspond-
ing authors to submit a signed and scanned version of
the copyright transfer, ethics, and authorship contribu-
tion form (available for download at
https://dergipark.org.tr/tr/download/journal-
file/19582)

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

. Research Funding and Conflicts of Interest:

Research funding sources and conflicts of interest
should be clearly stated. It is important to disclose and
not conceal conflicts of interest.


https://www.budapestopenaccessinitiative.org/
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
https://dergipark.org.tr/tr/download/journal-file/19582
https://dergipark.org.tr/tr/download/journal-file/19582
http://www.icmje.org/conflicts-of-interest/
http://www.icmje.org/conflicts-of-interest/
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. Language:

Articles should be written to a scientific journal stand-
ard, and care should be taken regarding grammar and
spelling errors.

Editors' Responsibilities

1.

Maintaining High Scientific Standards:

To ensure that the articles published in the journal com-
ply with high scientific standards.

To ensure full compliance with ethical rules and jour-
nal policies.

. Managing the Article Evaluation Process:

To effectively manage the article evaluation process
and support a rapid publication process.

To adopt the principles of double-blind arbitration and
maintain the principles of expertise and impartiality in
selecting arbitrators.

. Making Editorial Decisions:

Consider referee evaluations to make decisions about
accepting or rejecting articles for publication.

Maintaining transparency and openness in the editorial
process.

Contact with Authors:

Maintaining effective and constructive communication
with authors.

They provide authors with regular updates on the status
of their articles, correction requests, and publication
dates.

. Managing Journal Policies:

Keep the journal's policies and guidelines updated and
revise them as needed.

To provide a reliable platform between readers and
writers.
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Responsibilities of Referees

1.

Objectivity and Expertise:

To comply with the principles of double-blind referee-
ing and to evaluate articles impartially.

Evaluating articles by focusing on areas of expertise on
the subject.

. Privacy and Reliability:

To protect the confidentiality of the article evaluation
process.

Provide reliable and constructive feedback to authors,
journal editors, and other reviewers.

. Timely Evaluation:

Evaluating articles by the timelines determined by the
journal.

Informing editors promptly in case of delays.

. Compliance with Ethical Rules:

To ensure full compliance with ethical standards and
journal policies.

Clearly express conflicts of interest and withdraw from
the evaluation process when necessary.

. Constructive Feedback to Writers:

Provide clear and constructive feedback to authors and
suggest improving the article when necessary.
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Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes,
figures, efc.) and tables in the one main text (Word Of-
fice file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

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

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

Data availability: The data availability statement/data ac-
cess statement informs the reader where research data as-
sociated with an article is available and under what condi-
tions the data can be accessed, and may include links to the
dataset, if any.
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One of the following should be selected and stated in

the submitted article;

1. No data was used for the research described in the arti-

cle.

The data that has been used is confidential.

The authors do not have permission to share the data.

Data will be made available on request.

The author is unable to specify which data has been

used or has chosen not to.

6. Other (please explain; for example, I have shared the
link to my data in the attached file step).

nhkwn

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

o Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

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

References
Tables (all tables given in the main text)

Figures (all figures/photos shown in the main text)

Manuscript Types

Original Articles: This is the most essential type of
article since it provides new information based on orig-
inal research. The main text should contain “Title”,
“Abstract”, “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”,
“Compliance with Ethical Standards”, and “Refer-
ences” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).


http://orcid.org/
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Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
and should guide future studies. The main text should
start with the Introduction and end with the Conclusion
sections. Authors may choose to use any subheadings
in between those sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted as a “Short Com-
munication”. Readers can also comment on the pub-
lished manuscripts as a “Short Communication”. The
main text should contain “Title”, “Abstract”, “In-
troduction”, “Materials and Methods”, “Results
and Discussion”, “Conclusion”, “Compliance with
Ethical Standards”, and “References” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <30 200 40
Review Article no limits 200 60
Short Communication <5 200 20

Tables

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

Figures, graphics, and photographs should be submitted
through the submission system in the main document's
Word files (in JPEG or PNG format). Any information
within the images that may indicate an individual or insti-
tution should be blinded. The minimum resolu-
tion of each submitted figure should be 300 DPI. To pre-
vent delays in the evaluation process, all submitted fig-
ures should be clear in resolution and large (minimum di-
mensions: 100 x 100 mm). Figure legends should be listed
at the end of the primary document.

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

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

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

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.

References

The citation style and methods that comply with the
scientific standards that should be used in the “FOOD
and HEALTH?” journal for the sources used by the au-
thors in their works are given below.

Reference System is APA 6™ Edition (with minor
changes)

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's publication date must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
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number, appears only in a citation to a direct quotation.
...(Erkan, 2011).
...(Mol and Erkan, 2009).
...(Ozden et al., 2021).
...(Mol and Erkan, 2009; Erkan, 2011; Ozden et al., 2021).

Citations for a Reference Section:
An article

Olcay, N., Aslan, M., Demir, M.K., Ertas, N. (2021).
Development of a functional cake formulation with purpl
e carrot powder dried by different methods. Food and
Health, 7(4), 242-250.

https://doi.org/10.3153/FH21025

(if a DOI number is available)

A book in print

Harrigan, W.F. (1998). Laboratory Methods in Food Mi-
crobiology. Academic Press, pp. 308. ISBN:
9780123260437

A book chapter

Craddock, N. (1997). Practical management in the food
industry A case study. In Food Allergy Issues for the Food
Industry; Lessof, M., Ed.; Leatherhead Food RA: Leather-
head, U.K., pp 25-38. ISBN: 4546465465

A webpages

CDC (2020). Rift Valley Fever | CDC.
https://www.cdc.gov/vhf/rvf/index.html (accessed
20.08.2020).
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Revisions

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the review-
ers has been covered and where it can be found (each re-
viewer’s comment, followed by the author’s reply and line
numbers where the changes have been made) as well as an
annotated copy of the primary document. Revised manu-
scripts must be submitted within 15 days from the date of
the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) believe
that additional time is required, they should request this
extension before the initial 15-day period is over.

Accepted manuscripts are copy-edited for grammar, punc-
tuation, and format. Once the publication process of a
manuscript is completed, it is published online on the jour-
nal’s webpage as an ahead-of-print publication before it is
included in its scheduled issue. A PDF proof of the ac-
cepted manuscript is sent to the corresponding author, and
their publication approval is requested within two days of
their receipt of the proof.
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