THE JOURNAL OF FOOD

E-ISSN 1309 - 6273, ISSN 1300 - 3070

CILT / VOLUME : 50
SAY| / NUMBER : 2
YIL/ YEAR : 2025

PUBLISHED BY THE ASSOCIATION OF
FOOD TECHNOLOGY IN TURKEY



GIDA (Gida Teknolojisi Dernegi Yayinn)
THE JOURNAL OF FOOD (Published by the Association of Food Technology; Turkey)
Cilt / Volume: 50 e Sayt/ Number: 2 o 2025
iki ayda bir yayimlanir / Published bimonthly
E-ISSN 1309-6273, ISSN 1300-3070

Sahibi / Owner
Gida Teknolojisi Dernegi Adina / On bebalf of the Association of Food Technology; Turkey

Prof. Dr. Ibrahim CAKIR
Yonetim Kurulu Baskani / President of the Association

Editor/ Editor-in Chief
Cakar, Ibrahim; Bolu Abant Izzet Baysal University, Tiirkiye

Editorler / Editors

Avci, Ayse; Sakarya University, Tiirkiye

Aydin, Furkan; Aksaray University, Ttirkiye

Cevik, Kutlu; Karamanoglu Mebmetbey University, Ttirkiye
Colakoglu, A. Sinan; Kabramanmaras

Stit¢ti Imam University, Tiirkiye

Demirkesen Mert; ilkem, Ministry of Agriculture And Forestry,
Tiirkiye

Demirok Soncu, Eda; Ankara University, Tiirkiye

Ering, Hakan; Nigde Omer Halisdemir University, Tiirkiye

Eyiler, Esen; Akdeniz University, Tiirkiye

Kahraman, Kevser; Abdullab Giil University, Ttirkiye

Kuleasan, Sukran; Mebmet Akif University, Tiirkiye

Oskaybas Emlek, Betiil; Nigde Omer Halisdemir University, Tiirkiye
Saricaoglu, Furkan Ttrker; Bursa Technical University, Tiirkiye

Torun, Mehmet; Akdeniz University, Tiirkiye

Yilmaz, Merve Silanur; Bitlis Eren University, Tiirkiye

Yonetim Yeri
Adres / Address
Biiyiikelci Sokak No: 18/1 Kavaklidere/Ankara Turkey

Tel: (+90) 0534 908 5994 ¢ Faks: (+90) 312 317 8711
E-posta / E-mail: dergi@gidadernegi.org
URL: http://www.gidadernegi.org

Yayin Tiirii: Yaygin siireli ve hakemli/ Widely published and
peer-reviewed

Hazirlayan / Prepared

Sim Ajans, 19. Sokak No: 47/1 Emek / Ankara
Tel :(+90) 3129252595

e-mail: simajans@simajans.com

Yayin Tarihi / Publication Date
15 04 2025

Danisma Kurulu / Advisory Board

Acar Soykut, Esra; Bolu Abant Izzet Baysal University, Turkey
Atalar, lyas; Eskisehir Osman Gazi University, Turkey
Baysal, Taner; Ege University, Turkey

Bezirtzoglou, Eugenia; Democritus University of Thrace, Greece
Boyact, Ismail Hakky; Hacettepe University, Turkey
Bozdogan Konuskan, Dilsat; Mustafa Kemal University, Turkey
Candogan, Kezban; Ankara University, Turkey

Cosansu Akdemir, Serap; Sakarya University, Turkey
Capanoglu Giiven, Esra; Istanbul Teknik University, Turkey
Dertli, Enes; Istanbul Technical University, Turkey
Draughon, Ann; Tennessee University, USA

El, Sedef Nehir; Ege University, Turkey

Erbay, Zafer; Adana Bilim ve Teknik University, Turkey
Erten, Hiseyin; Cukurova University, Turkey

Fogliano, Vincenzo; University of Napoli Federico II, Italy
Ghosh, Bikash C.; National Dairy Research Institute, India
Griffiths, Mansel; University of Guelph, Canada

Gul, Hulya; Siileyman Demirel University, Turkey

Giineser, Onur; Usak University, Turkey

Ho, Chi-Tang; The State University of New Jersey, USA
Isleten Hosoglu, Miige; Gebze Teknik University, Turkey
Kaban, Glizin; Atatiirk University, Turkey

Karaaslan, Mehmet; Harran University, Turkey

Karaca, Hakan; Pamukkale University, Turkey

Kuleasan, Hakan; Stileyman Demirel University, Turkey
Kictikeetin, Ahmet; Akdeniz University, Turkey

Mete, Aylin A.; Mersin University, Turkey

Morales, Francisco J.; CSIC Instituto del Froo, Spain
Mujtaba, Mustafa G.; Florida Gulf Coast University, USA
Ozmen Togay, Sine; Bursa Uludag University, Turkey
Paalme, Toomas; Tallinn University of Technology, Estonia
Raspor, Peter; University of Primorska, Slovenia

Rezessy-Szabo, Judit M.; Corvinus University of Budapest, Hungary

Selli, Serkan; Cukurova University, Turkey

Soyer Kiictiksenel, Yesim; Orta Dogu Teknik University, Turkey
Tekin, Aziz; Ankara University, Turkey

Toker, Omer S.; Yildiz Teknik University, Turkey

Velioglu, Murat; Namik Kemal University, Turkey

Yemis, Oktay; Sakarya University, Turkey

Yildirim, Zeliha; Omer Halis Demir University, Turkey
Yorulmaz, Asli; Adnan Menderes University, Turkey

Yiiceer, Yonca; Canakkale On Sekiz Mart University, Turkey

Bu dergi, TUBITAK ULAKBIM TR Dizin, CrossRef, DergiPark Akademik, EBSCO Host, CiteFactor, Infobase Index,
Scilit, Journal Index, BASE (Bielefeld Academic Search Engine), OCLS WorldCat, FAO Agris, CAB Abstracts, DIIF,
Journal Factor, COSMOS, Scholarsteer, JIFACTOR, Research Impact Factor, Index Copernicus, Scientific World
Index (Sciwindex), Scientific Indexing Services (SIS), CABI (CAB Direct), Academic Resource Index, IIJIF, Food
Science and Technology Abstracts (FSTA), Google Scholar ve Academindex Ttirkiye veri tabanlart kapsamindadir.

This journal is covered by TUBITAK ULAKBIM TR Dizin, CrossRef, DergiPark Akademik, EBSCO Host, Cite
Factor, Infobase Index, Scilit, Journal Index, BASE (Bielefeld Academic Search Engine), OCLS WorldCat, FAO Agris,
CAB Abstracts, DIIF, Journal Factor, COSMOS, Scholarsteer, JIFACTOR, Research Impact Factor, Index
Copernicus, Scientific World Index (Sciwindex), Scientific Indexing Services (SIS), CABI (CAB Direct), Academic
Resource Index, IJIF, Food Science and Technology Abstracts (FSTA), Google Scholar and Academindex

Turkey database systems.




Icindekiler / Content GIDA (2025)50(2)

Arastirmalar (ingilizce) / Researches (English)

Mujdeci, G. N. (2025). A functional property of a domestic apple isolate: Pulcherrimin production by Metschnikowia pulcherrima
ELM-GS-3 via waste valorization / Yerli bir elma izolatinin fonksiyonel ozelligi: Atiklarin degerlendirilmesi yoluyla Metschnikowia
pulcherrima ELM-GS-3 tarafindan pulkerimin Gretimi . . ... ... .. . 165-177

Derin, E., Serdaroglu, M. (2025). Effect of laurel extract and cooking time on quality and oxidative stability of sous-vide cooked
turkey breast / Defne ekstrakti kullanimi ve pisirme stiresinin sous-vide pisirilmis hindi gogis eti kalitesi ve oksidatif stabilitesi
UZErNE CLKIST . . oo 201-222

Cinar Topcu, K., Anlar, P., Cakir, O., Sefal, A. (2025). Antioxidant capacity, phenolic compound content, and mineral composition
of ethanol extracts from Sorbus aucuparia and Sorbus kusnetzovii / Sorbus aucuparia ve Sorbus kusnetzoviiden elde edilen
etanol ekstraktlarinin antioksidan kapasitesi, fenolik bilesik icerigi ve mineral kompozisyonu ...................... 223-234

Kiigiikgifici, S., Genis, B., Tuncer, Y. (2025). Effect of different culture media, initial pH, incubation temperature, and carbon
sources on growth and bacteriocin production of Enterococcus mundtii YB6.30 / Farkl kiilttr besiyeri, baslangic pH’si, inktibasyon
sicakligt ve karbon kaynaklarinin Enterococcus mundtii YB6.30'un gelisimi ve bakteriyosin tretimi tizerine etkisi . . . . . . 245-259

Topaloglu Giinan, K., Boga, T., Berber, D., Aktiirk Giimiisay, O. (2025). Enrichment of sekerpare dessert with spent coffee
ground: Physicochemical, nutritional, sensory and texture characteristics / Sekerpare tatlisinin kullanilmis kahve telvesi ile
zenginlestirilmesi: Fzikokimyasal, besinsel, duyusal ve dokusal ozellikleri .......... ... ... ... ... .. .. ... ... ... 260-274

Acar, O. (2025). Effect of moisture content on wheat hardness: An SKCS-based study / Bugday Sertligi Uzerine Rutubet Iceriginin
Etkisi: SKCS Tabanli Bir CaliSma . . ... ..o 275-283

Arastirmalar (Tiirkge) / Researches (Turkisb)

Esendemir, Y. D., Yildiz, S., Sicramaz, H. (2025). Ultrases ile modifiye edilen aquafaba protein konsantratinin vegan
mayonez uretiminde kullanimi / Utilization of ultrasound-modified aquafaba protein concentrate in vegan mayonnaise
DrOAUCHION .. ..o 147-164

Yazar, G. (2025). Farkli glutensiz un kansimlariyla hazirlanmis hamurlarin distik (SAOS), orta (MAOS) ve yiksek (LAOS) genlikli
salinimli kayma 6zellikleri / SAOS, MAOS and LAOS properties of gluten-free doughs from different flour blends . .. . . .. 178-200

Apaydin, D. (2025). Misir ununun yag asitleri bilesimi ve fizikokimyasal kalitesi Gizerine gama isinlamanin etkisi / Effect of
gamma irradiation on fatty acid composition and physicochemical quality of maize flour . ....................... 235-244

Acoglu Celik, B., Durgut Mal¢ok, S., Yolat Omeroglu, P., Tamer, C. E. (2025). Sebze ve meyve bazli yulafli bar tiretiminin yanit
ylizey yontemi ile optimizasyonu ve kurutma prosesinin modellenmesi / Optimization of vegetable and fruit based oatmeal bar
production with response surface methodology and modelling of drying process .. ........ ... .. .. ... ... .. ... 284-316



A&J@QO
7 2. GIDA
. .

Aragtirma/ Research

THE JOURNAL OF FOOD GIDA (2025) 50 (2) 147-164
E-ISSN 1309-6273, ISSN 1300-3070 doi:10.15237/gida.GD24114

ULTRASES iLE MODIFIiYE EDILEN AQUAFABA PROTEIN
KONSANTRATININ VEGAN MAYONEZ URETIMINDE KULLANIMI

Yaren Didem ESENDEMIR **, Semanur YILDIZ *>~* | Hatice SICRAMAZ **

aSakarya Universitesi, Miithendislik Fakiiltesi, Gida Mihendisligi Bélumi, Sakarya, Tirkiye
b Sakarya Universitesi, Stirdiiriilebilir Gida Tsleme Laboratuvart (SuProlab), Sakarya, Ttirkiye
¢Sakarya Universitesi, Arastirma, Gelistirme ve Uygulama merkezi (SARGEM), Sakarya, Tiirkiye

Gelis /Received 07.12.2024; Kabul / Accepted: 13.02.2025; Online baskt /Published online: 20.02.2025

Esendemir, Y. D., Yildiz, S., Sigramaz, H. (2025). Ultrases ile modifiye edilen aquafaba protein
konsantratinin vegan mayonez Uretiminde kullanimi. GIDA (2025) 50 (2) 147-164 doi: 10.15237/
gida.GD24114

Esendemir, Y. D., Yildiz, S., Suramaz, H. (2025). Utilization of ultrasound-modified aquafaba protein concentrate in
vegan mayonnaise production. GIDA (2025) 50 (2) 147-164 doi: 10.15237/ gida. GD24114

oz

Bu calisma, aquafaba proteinlerinin ultrases (US) teknolojisiyle fonksiyonel 6zelliklerinin gelistirilerek vegan
mayonez tretiminde emiilgatér olarak kullamimini incelemektedir. Dogal formdaki aquafaba protein
konsantratina (AQ) %80 genlikte 5, 15 ve 25 dakika US uygulanmis ve en yitksek emiilsiyon stabilitesi
(%9.28) 5 dakikalik sonikasyonla elde edilmistir (AQUS-5). FTIR ve SEM analizleri, yapisal ve fiziksel
degisiklikleri ortaya koymustur. %70 yag ve %10 emilgator (AQ/AQUS-5 ve nohut unu) iceren
formilasyonla M-AQ (dogal aquafaba igerikli) ve M-AQUS-5 (modifiye aquafaba igerikli) mayonezler
tretilmis olup kontrol grubu mayonezinde (M) %80 yag ve %10 yumurta sarist kullanilmistir. Depolamanin
baslangicinda M mayonezinin sertlik (91 g) ve emtilsiyon stabilitesi (5.19%) degetleri M-AQ (78.3 gve 3.87%)
ve M-AQUS-5 (74.5 g ve 4.44%) 6rneklerinden daha ytksek oldugu belirlenmistir. Depolama sonunda ise,
emiilsiyon stabilitesi acisindan M-AQ (6.31%) ve M-AQUS-5 (5.53%) 6rnekleri M mayonezine (3.70%) gbre
daha istikrarl bulunmustur. Bu ¢alismada, modifiye aquafaba proteinlerinin yag orani azaltilmis vegan gida
trind gelistirme potansiyeli ortaya konulmustur.

Anahtar kelimeler: ultrases, aquafaba, bitkisel protein, emiilgator, kalite 6zellikleri, depolama

UTILIZATION OF ULTRASOUND-MODIFIED AQUAFABA PROTEIN
CONCENTRATE IN VEGAN MAYONNAISE PRODUCTION

ABSTRACT

This study investigates the use of aquafaba proteins as emulsifiers in vegan mayonnaise production
by improving their functional properties by ultrasound (US) technology. The natural form of
aquafaba protein concentrate (AQ) was sonicated at 80% amplitude for 5, 15, and 25 minutes, with
the highest emulsion stability (9.28%) achieved after 5 minutes (AQUS-5). FTIR and SEM analyses
revealed structural and physical changes. Mayonnaise formulations containing 70% oil and 10%
emulsifier (AQ/AQUS-5 and chickpea flour) were prepared, while the control (M) used 80% oil and
10% egg yolk. Initially, M mayonnaise exhibited higher hardness (91 g) and emulsion stability (5.19%)
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than M-AQ (78.3 gand 3.87%) and M-AQUS-5 (74.5 g and 4.44%). However, at the end of storage,
M-AQ (6.31%) and M-AQUS-5 (5.53%) showed greater emulsion stability than M (3.70%). This
study highlights the potential of modified aquafaba proteins in developing reduced-fat vegan food

products.

Keywords: ultrasound, aquafaba, plant protein, emulsifier, quality properties, storage

GIRIS

Gintimiizde gelisen bilingli  tiiketici  profili,
degisen beslenme aligkanlklart ve hayvansal
proteinlere yonelik olumsuz algilar sebebiyle
bitkisel kaynakl alternatif gida katki maddelerinin
gelistirilmesi  krittk bir 6nem  kazanmistr.
Ozellikle, vegan ve vejetaryen gibi farkli beslenme
rejimlerini  benimseyen  tiketici  gruplarinin
beklentilerini karsilamak adma gida sanayiinde
kullanilan hayvansal kaynakli katki maddelerine
alternatif ¢Oztimler gelistirilmesi 6nemli  bir
gereklilik haline gelmistir (Exdogan ve Giirbuz,
2023). Gida katki maddeleri, koruma ve
stabilizasyon gibi teknolojik amaclarla gidaya
cklenmekte olup (Yiceer vd., 2020) o&zellikle
yumurta sarisi, siit tozu, jelatin, kolajen ve peynir
alt1 suyu gida sanayiinde genis bir kullanim alam
bulan hayvansal kaynakli katkiar arasinda yer
almaktadir. Ancak, bu durum hayvansal icerikli
irin tiketmek istemeyen bireyler i¢in kisitlayict
bir unsur olusturmaktadir. Bu sebeple, bitkisel
kaynakli ve protein bazli katki maddelerinin
gelistirilmesi ve teknofonksiyonel 6zelliklerinin
aragtirilmast konulari dikkat cekmektedir.

Gida sanayii attk ve yan Urlnlerinin
degerlendirilmemesi, c¢evresel ve ekonomik
kayiplara yol acarken icerdigi degerli bilesenlerin
kaybina da neden olmaktadir (Badilli vd., 2020).
Bu yan Urtnlerin strdirilebilitlik ve déngtsel
ckonomi cercevesinde degerlendirilmesi
ekonomik acidan katma deger yaratmanin yani
sira, cevre kirliligini azaltma, triin gesitliligini
artirma ve degerli bilesenleri geri kazanma gibi
bircok avantaj sunmaktadir (Ratu vd., 2023).
Surdirilebilirlik, toplumsal ve dogal kaynaklarin
etkin kullanimi ile bu kaynaklarin gelecege
aktarilmasint hedefleyen bir stire¢ olup (Gladwin
vd., 1995; Gunes vd., 2022) gida sektérinde de
giderek Onem kazanmaktadir. Bu baglamda,
protein agisindan zengin bitkisel kaynakli yan
uriinlerin  geri kazanilarak hayvansal katkilara
alternatif olarak kullanilmasi, hayvansal protein
titketimini sinirlayan bireylerin gereksinimlerine

hitap eden strdirilebilir sunma

potansiyeli tasimaktadir.

¢O6zumler

Gida sistemlerinde yogunluk farki nedeniyle
karismayan bilesenlerle homojen bir emdlsiyon
yapisinin  elde  edilmesi  emiilgatér  ajanlar
yardimtyla saglanmaktadir (Kocacik vd., 2021).
Proteinler ise yapilarindaki  hidrofilik  ve
hidrofobik gruplar nedeniyle gida sistemlerinde
emilgatér olarak rol almakta ve stabil bir
emiilsiyon yapisinin olusmasina katki
sunmaktadirlar (Yiceer vd., 2020). Gunimizde
g1da endistrisinde yumurta sarist emiilgator olarak
yaygin  bir sekilde kullanilsa da  titketici
beklentilerini kargilama ve artan dinya niifusunun
hammadde arayisina cevap verme gibi amaclar
bilim diinyasini bitkisel bazli yeni kaynaklar bulma
konusunda aragtirmalar yapmaya yonlendirmistir.
Bu kapsamda, protein iceren bitkisel kaynakl gida
sanayii yan urlnlerinden bitkisel protein eldesi,
tretilen bitkisel protein izolat ve konsantratlarinin
emiilsiyon olusturma gibi fonksiyonel
Ozelliklerinin ~ gelistirilmesi  ve bu  alternatif
proteinlerin emiilsiyon tipi gida sistemlerinde
emilgatér nitelikli katki maddesi girdisi olarak
kullanilmast 6nemli bir yaklagim olarak karsimiza
ctkmaktadir.

Turkiye'de en yaygin olarak Uretilen ve ekilen
baklagillerden biri olan nohut, yiksek protein
icerigi nedeniyle degerli bir alternatif bitkisel
protein  kaynagi olarak kabul edilmektedir
(Stantiall vd., 2018). Su (aqua) ve baklagiller (faba)
anlamina gelen Latince kelimelerden tiiretilen
aquafaba, nohut, bezelye, mercimek ve fasulye
gibi baklagillerin kaynatilmasi ve siiziilmesiyle elde
edilen kivamlt siviyr ifade etmektedir (He vd.,
2021). Konserve endistrisinde nohut haglama
sonrasinda yan Urln olarak aciga ctkan haglama
suyu aquafaba olarak adlandiridmakta ve kuru
bazda yaklasik %18 diizeyinde protein icermekte
olup (Meurer vd., 2020), nohut bazli aquafaba
emilgatér Ozelliklere sahip protein iceriginden
dolay1 gesitli gida formulasyonlari i¢in umut verici
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bitkisel bir katki maddesi olarak kullanilma
potansiyeli  tagtmaktadir.  Ayrica, aquafaba
ayrildiktan sonra nohut danelerinin de yine
formiilasyona dahil edilmesi hem besinsel acidan
hem de durine kivam kazandirma acisindan
avantaj sunaca@l icin farklt beslenme tercihlerini
benimseyen bireylerin taleplerini kargilayabilecek
niteliktedir.

Nohut proteini gibi bitki bazli proteinler
koépirme, emilsifikasyon ve jel olusumu gibi
tekno-fonksiyonel 6zellikler sunarak hayvansal
proteinlerin yerini alabilecek veya kullanimini
azaltabilecek alternatifler haline gelmekteditler;
ancak, bitkisel proteinler genellikle hayvansal
proteinlere kiyasla daha zayif teknofonksiyonel
Ozellikler sergilemektedir (Stantiall vd., 2018). Bu
ozellikleri gelistirmek i¢in arastirmacilar, ultrases
(US) teknolojisi de dahil olmak tizere yenilik¢i ve
cevre dostu teknolojileri  aragtirmaktaditlar.
Ultrases, insan isitmesinin Uzerindeki
frekanslardaki ses dalgalaridir. Ultrases prosesinin
temel etki mekanizmast mekanik titresimlere ve
akustik kavitasyona dayanmaktadir. Akustik
kavitasyon, ultrases dalgalarinin ortam igerisinde
yaratmis oldugu basing farklarina bagli olarak
olusan, gelisen ve kritik bir noktaya ulastiginda
patlayan mikro baloncuklarin etkisiyle bolgesel
sicaklik  ve basing farkliiklart  ile  kesme
kuvvetlerinin ve tirbtlans etkisinin olusumunu
kapsamaktadir (Tiwari ve Mason, 2012; Barbosa-

Canovas vd., 2022). Bu kavitasyon etkisi,
proteinlerin konformasyonel yapisinda
degisikliklere sebebiyet vermekte ve yapida

gémiilii olarak bulunan hidrofobik gruplari aciga
ctkarmaktadir. Bu modifikasyon etkisiyle birlikte
bitkisel proteinlerin emiilsiyon olusturma ve
cozuntrlik gibi teknofonksiyonel &zelliklerinde
gelisme  kaydedilebilmektedir. ~ Ancak, bu
teknolojinin etkili kullanimini saglamak i¢in uygun
proses parametrelerinin se¢imine yonelik daha
fazla arastirmaya ihtiya¢ duyulmaktadir.

Bu  ¢alisma, strdarilebilir  gida  dretim
sistemlerinin gelistirilmesi ve vegan beslenme
rejfimi  igin cesitliliginin - arttirilmast
ihtiyaclarina paralel olarak, gida sanayii yan
uriinlerden bitkisel bazli gida katki maddesinin
gelistirilmesine ve emtlsiyon tipi gida sistemlerine

uran

entegrasyonuna odaklanmaktadir. Bu ¢alismanin
amact, i) Nohut haslama suyundan elde edilen
aquafaba proteinlerinin ultrases prosesi ile
modifikasyonunun, i) Modifiye edilmis ve
edilmemis aquafaba proteinleri ve haglanmis
nohut danelerinden elde edilen nohut ununun
kullanimiyla vegan ve yagi azaltlmis mayonez
formilasyonu gelistirilmesinin, iii) Depolama
siresince ~ mayonez  kalite  Ozelliklerindeki
degisimin arastirtlmasidir. Bu kapsamda, ultrases
prosesinin aquafaba proteinlerinin emdlsiyon
olusturma aktivitesi ve stabilitesi Gizerine etkisinin
incelenmesi; aquafaba proteinlerinin ve nohut
ununun vegan ve yagl azaltlmis mayonez
Uretiminde yumurta ikamesi olarak kullanilma
potansiyelinin  degerlendirilmesi ve depolama
siresince  mayonezlerde  renk,  emiilsiyon
stabilitesi ve tekstiirel Ozellikler 6zelindeki
degisikliklerin arastirilmasi hedeflenmistir. Bu

calisma, gida  sanayi  yan  driinlerinin
degerlendirilerek déngiisel ekonomi gergevesinde
yeniden ekonomiye kazandirilmast ve
sirdirtlebilir  gida  dretim  sistemlerinin
gelistirilmesi streclerine  katk: sunmayl1
amaclamaktadir.

MATERYAL VE YONTEM

Materyal

Analizlerde  kullanilan  dipotasyum  fosfat

(KoHPOy), potasyum dihidrojen fosfat (IKH2POy)
ve sodyum dodesil stilfat (SDS) Sigma’dan (Merck
KGaA, Darmstadt, Germany) temin edilmis olup
aquafaba ve mayonez uretiminde kullanilan
nohut, yumurta, aygicek yagy, sirke, su, tuz, seker,
gibi diger malzemeler yerel bir marketten
(Sakarya) satin alinmistir.

Aquafaba ve Nohut Unu Eldesi

Nohuttan aquafaba eldesi Stantiall vd. (2018)
metoduna gére gerceklestirilmistir. Bu kapsamda,
nohut baklagili 6ncelikle 16 saat kadar suda
bekletilmis ve ardindan stzilerek en az 3 kez
yikanmistir.  Yikanan nohut daneleri Uzerine
katistvi orant 1:3  olacak sekilde icilebilir
nitelikteki steril su ilave edilerek bir didikla
tencerede 20 dk haglanmistir. Haslanmis nohut,
suyu ile birlikte cam bir kaba aktarilarak sogumaya
birakilmis ve 24 saat sonra nohut daneleri bir
stizge¢ yardimtyla ayrilarak  haglama  suyu

149



150

Y.D. Esendemir, S. Yildiz, H. Sigramaz

(aquafaba) elde edilmistir. Geriye kalan nohut
daneleri ise 45°C sicaklikta fanh etiivde 2 gin
stresince kurutulmus ve sonrasinda laboratuvar
tipi bir blender (Waring, 8011S, Connecticut,

USA) araciligiyla toz forma getirilerek elde edilen
nohut unu 4°Cde hava almayacak sekilde
buzdolab: kosullarinda muhafaza edilmistir (Sekil

1).

® e
<~ »

1:3 (NOHUT:SU)
20 dk

4°C'de 16h
BEKLETME

AQUAFABA

PROTEIN

'ETOVDE KURUTMA

LiYOFILIZATOR
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Gg::.tgﬂ;;ﬁ \-@% ‘
;JJ»
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Sekil 1. Aquafaba protein konsantratlarinin ve nohut ununun elde edilmesine ve vegan mayonez
tretimine iliskin sematik gdsterim
Figure 1. Schematic representation of the production of aguafaba protein concentrates, chickpea flonr and vegan
mayonnaise

Aquafaba Protein Konsantratinin Uretilmesi
Nohut danelerinden stizillen ve ayrilan haslama
suyunun pH degeri 1 N HCI kullamilarak
izoelektronik noktaya (pH 4.5) getirilmis ve 24652
x g devirde 10 dk santrifijlenerek (Beckman
Coulter, Allegra 64R, Indianapolis, IN, USA)
aquafaba proteinleri ¢oktirilmistir. Elde edilen
aquafaba protein pelletleri toplanarak 0.01 N

NaOH ile notralize edilmis ve ardindan
dondurularak kurutulmustur (Labconco,
Freezone, Kansas, USA). Elde edilen toz

formdaki aquafaba protein konsantrati daha
sonraki islem ve analizler yapilincaya kadar 4
°C’de muhafaza edilmistir. Bu asamadaki trin
“dogal formdaki aquafaba protein konsantrati”
(AQ) olarak adlandirilmistir.

Aquafaba Proteinlerinin Ultrases Teknolojisi
ile Modifikasyonu

Dogal formdaki aquafaba protein
konsantratindan (AQ) fosfat tamponunda (pH
7.2) %1’lik protein solisyonlart hazirlanmis (100
ml) ve cift cidarli 6rnek haznesine alinarak bir
ultrasonik  homojenizatér (Sonics, VCX750,
Newtown, USA) kullanilarak %80 genlik
seviyesinde 5, 15, 25 dk siiresince ultrasonikasyon
islemine  tabii  tutulmustur.  Sonikasyonda
uygulanan  genlik  dizeyi  daha  6nceki
calismalardaki proses kosullart degerlendirilerek
secilmistir (Meurer vd., 2020; Roosta ve Sourki,
2024). Sicaklik kontrolinin saglanmasi igin ¢ift
cidarli 6rnek haznesine 4 °C sicakliga ayarlanmig
sogutmalt sirkiilator (Scientz, DC2006, Ningbo,
China) baglanmis ve sicaklik artist K-tipi bir
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termokupl kullanilarak islem siiresince kontrol
edilmistir. US isleminde 13 mm capl titanyum
prob kullanilmis ve protein solisyonu igerisine
yaklastk 1.5 cm kadar daldiridmigtir. Uygulanan
islem sureleri sonucunda protein
konsantratlarinin  pH degeri 1 N HCI ile
izoelektrik noktaya (pH 4.5) ayarlanmis ve 24652
x g devirde 10 dakika stiresince santrifiijlenerck
protein pelletleri toplanmistir. Toplanan protein
peletleri 0.01 N NaOH ile nétralize edildikten
sonta dondurularak kurutulmus ve elde edilen toz
irin “US ile modifiye edilmis aquafaba protein
konsantratt” olarak adlandirdmistir.  Protein
konsantratlari, uygulanan islem surelerini temsil
edecek sekilde AQUS-5, AQUS-15 ve AQUS-25
seklinde kodlanmustir.

Aquafaba Protein Konsantratlarinin
Analizleri

Protein igerigi

Aquafaba protein konsantratlarinin toplam azot
icerigi Kjeldahl metodu kullanilarak belirlenmistir
(AOAC, 2002). Yakma, distilasyon ve titrasyon
islemlerinin ardindan 6.25 faktéri kullanilarak
6rneklerdeki % protein miktar hesaplanmustir.

Emiilsiyon aktivitesi ve stabilitesi

US uygulanmis ve uygulanmamis aquataba
protein konsantratlarinin emiilsiyon olusturma
Ozellikleri emiilsiyon aktivitesi indeksi (EAI) ve
emilsiyon stabilitesi indeksi (ESI) analizleri ile
belirlenmistir. Bu kapsamda Pearce ve Kinsella
(1978) tarafindan gelistirilen yéntem modifiye
edilerek uygulanmustir. 0.01 M fosfat tamponu
(pH 7.2) icerisinde 10 mg/mlL
konsantrasyonunda hazirlanan aquafaba protein
cozeltilerinden 10 mL alinarak 30 °C’de 30 dakika
sire ile bekletilmis ve daha sonra bu c¢ozelti
tzerine 3.25 mL aycicek yagt eklenmis ve dijital
kontrollii mekanik bir homojenizatér (Daihan,
WiseTis HG-15D, Daihan Scientific, Kore) ile
18000 rpm’de 2 dk homojenize edilmistir. Bu
emiilsiyondan 200 pL alinip 25 mL SDS ¢6zeltisi
(10 mg/ml)  ilave  edilerek  UV-Vis
spektrofotometrede (Shimadzu, UV-1280, Kyoto,
Japan) 500 nm dalga boyunda absorbans 6l¢imi
gerceklestirilerek  EAI  degeri  belitlenmistir.
Emiilsiyon olusumundan 30 dakika sonra benzer
sekilde spektrofotometrede absorbans 6lcimi

alinarak ESI belirlenmistir. EAI ve ESI degerleri,
asagida verilen Formil [1] ve [2] araciligtyla
hesaplanmustir.

m2,  2x2.203xAyxSF
[1] EAI (g )= CXPX0Xx10000

[2] ESI (dk):ﬁ X At

Bu esitlikte SF seyreltme faktérint, C baslangic
protein konsantrasyonunu (g/mL), @ 1sik yolunu
(1 cm), 6 emtlsiyon olusturmada kullanilan yagin
fraksiyonunu, Ao t= 0 anindaki absorbans
degerini, A:: t siire sonundaki absorbans degerini
ifade etmektedir.

Fourier kazulotesi dondisiimlii spektroskopisi (FTIR)
Protein konsantratlarinin FTIR analizi bir Fourier
Doénisimlia  Kizilétesi Spektrometresi  (Perkin
Elmer Spectrum Two) kullanilarak 4 cm!
cozunurlikte gerceklestirilmistir. Bunun icin
oncelikle havaya karst 6lgim yapilarak havanin
absorbans  spektrumu,  Orneklerin  FTIR
spektrumlarindan  ¢tkarilmis ve liyofilize toz
ornekler  Olgim  plakasmna  yerlestirilerek
spektrumlart 400 ila 4000 cm! arasinda degisen
dalga sayist bolgesinde alinmustir.

Taramalz elektron mikroskobu (SEM)

Aquafaba protein konsantratlarinin mikro yapist
taramali elektron mikroskobu (SEM) (Jeol JSM
6060 LV, Japan) kullanilarak incelenmistir.
Analizden  6nce, iletken  karbon
yapiskanlt cift tarafli bant tizerine yerlestirilmistir
ve ardindan toz partikillere 60 s boyunca altin-
platin  tabakast ile puskirtmeli kaplama
yapilmistir. Aquafaba protein konsantratlarinin
SEM gorintileri 15 kV voltajda farkli biiyiitme
oranlarinda (x100, x500, x2000) alinmistir.

numune

Mayonez Uretimi

Mayonez tiretimi Ozdemir vd. (2021) tarafindan
gelistirilen yontem modifiye edilerek
gerceklestirilmistir. Her bir mayonez 6rnegi icin
formiilasyonda %10 emiilgator, %7.5 sirke, %2
seker, %00.5 tuz kullanilmis, farklt yag (%60-75) ve
su (%5-20) oranlari test edilerek farkli mayonez
dretimleri  yapilmustir. Vegan  mayonez
formiilasyonu, yag ve su fazlarinin birbiriyle
homojen bir sekilde baglanmasini ve istenen
kivamin elde edilmesini saglamak amaciyla
gerceklestirilen formiilasyon denemeleri
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sonucunda gelistirilmistir. Yag oraninin ve
aquafaba miktarinin  ayarlanmasi, mayonezin
kivami ve duyusal Ozellikleri Uzerinde yapilan
gbzlemlere dayanarak gerceklestirilmis olup vegan
mayonez formilasyonu %70 yag, %10 su, %10
emilgator, %7.5 sirke, %2 seker ve %0.5 tuz
olarak belirlenmistir. Formiilasyon gelistirme
strecindeki gozlemler Mayonez Formiilasyonunun
Optimizasyonu ve Mayonez Uretimi bashgt altinda
detaylandirilmugtir. Vegan mayonez
formilasyonundaki emilgatér etki aquafaba
proteinlerinden saglanmis, ayrica nohut unu ise
kivam verici olarak yapiya katki sunmustur.
Formilasyonda kullanidacak %10’luk emilgatér
hazirlanirken; aquafaba protein konsantratt ve
nohut unu 1:4 oraninda karigtirilmis ve akabinde
bu karisima 1:1 oraninda su ilave edilerek 185
rpm’de manyetik karstricida  karstirdmistir.,
Ardindan mekanik homojenizatér  (Daihan,
WiseTis HG-15D, Daihan Scientific, Kore) ile 1
dk 3000 rpm devirde homojenize edilen karisima
tuz ve seker girdileri de ilave edilmis ve 1 dk daha
homojenizasyona devam edilmistir. Elde edilen
karisima %70 oraninda yag sirastyla, 3000 rpm’de
2 dk; 4000 rpm’de 4 dk ve 5000 rpm’de 4 dk
olacak sekilde toplamda 10 dk boyunca asamalt
olarak ilave edilmistir. Bu sekilde US islemi
uygulanmamis dogal formdaki aquafaba protein
konsantratt katkistyla M-AQ mayonezi ve US
islemi uygulanarak modifiye edilmis aquafaba
protein konsantratt katkistyla da M-AQUS-5
mayonezi Uretilmistir. Kontrol amagh olarak
aquafaba protein konsantrati yerine yumurta sarist
kullanilarak kontrol mayonezi (M) uretilmistir.
Kontrol mayonezi de yine ayni Uretim
basamaklarindan gegerek elde edilmis olup
formiilasyonu 6n denemelere dayanarak %80 yag,
%10 yumurta sarist (emilgator), %7.5 sirke, %2
seker ve %0.5 tuzdan olusmustur. Uretimi
gerceklestirilen mayonezler, depolama calismalart
6ncesinde 72 °C’de 20 dk boyunca pastorize
edilmistir.

Mayonezin Depolama Siiresince Incelenen
Ozellikleri

Mayonez Grneklerinin depolanmast

Uretilen M, M-AQ ve M-AQUS-5 mayonezleri 60
glin boyunca 4 °C sicaklikta depolanmus ve 0., 7.,
14., 30. ve 60. giin Ornekleri alinarak pH, renk

Ozellikleri, emilsiyon stabilitesi ve tekstirel

Ozellikler acisindan analiz edilmistir.

PH ve renk ozellikler:

Mayonez Orneklerinin  pH  Olclimleri  Ataie,
Shekarabi ve Jalili (2019) y6éntemine gore
gerceklestirilmistir. Oncelikle, 5 g mayonez 6rnegi
tartidmus, Uzetine 45 ml distile su ilave edilerek
mekanik homojenizatér ile 3000 rpm’de 1 dk
stresince homojenize edilmis ve akabinde pH
degerleri  Olcllmustir.  Mayonezlerin - renk
ozellikleri ise (L%, a* ve b®) bir renk 6lgim cihazt
(Konica Minolta, CR400, Japan) kullanidarak
kaydedilmistir. Olciim 6ncesinde  kolorimetre
standart beyaz plaka kullanilarak kalibre edilmis ve
Olcimler en az 3 tekrarli olacak sekilde alinmustir.
Sonuglar CIELAB sisteminde ortalamatstandart
sapma olarak ifade edilmistir. Depolama siiresince
ornekler arasindaki toplam renk farkliliklar ilk
depolama giinii baslangic alinarak Formil [3]
araciligtyla hesaplanmistir.

[3] AE* = \/(AL*)? + (Aa*)? + (Ab*)?

Ewmidilsiyon stabilitesi

Emilsiyon stabilitesi He vd. (2021) metoduna
gore belirlenmistir. Bu kapsamda, 10 g (Fo)
mayonez Ornegi santrifiyj tiipline alnarak 1860 x
gde 30 dakika siiresince santrifiijlenmistit.
Santrifiij sonrast supernatant (Fr) (g) tartilmis ve
mayonez Orneklerinin  emilsiyon  stabiliteleri
asagida  verilen Formil [4]  yardimiyla
hesaplanmustir.

[4] Emdtlsiyon stabilitesi (%) = % x 100
0

Fo: 10 g mayonez 6rnegi, Fi: Santriftij sonrast
sipernatant (g)

Tekstiir profil analizi

Mayonezlerin tekstiir profil analizleri bir tekstlr
analiz cihazi (TexturePro CT3 V1.9 Build 35,
Brookfield Engineering Labs Inc., ABD) ile TA-
BEC probu kullanilarak OSl¢tilmiis olup analiz
kosullart Cedergirdh (2014) yontemi modifiye
edilerek test hizt 1 mm/s, hedef uzunluk 15 mm,
trigger yiki 3 g olacak sekilde tasarlanmustir.
Mayonez Orneklerinin tekstiir profili Sekil 2’de
gosterilen temsili tekstiir profil analizi Gl¢lim
grafigi dikkate alinarak sertlik, kohesivlik ve
yapiskanlik 6zellikleri tizerinden ifade edilmistir.
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Sekil 2. Mayonezde tekstiirel 6zelliklerin 6l¢imiinde elde edilen tekstiir profilinin temsili g&sterimi
Figure 2. Representative display of the texcture profile obtained in the measurement of textural properties of mayonnaise

Veri Analizi

Aquafaba proteinlerinin modifikasyonu
calismasinda ultrasonikasyon stresi bagimsiz
degisken, emiilsiyon aktivite indeksi ve emiilsiyon
stabilite indeksi bagimli degisken olarak ele
alinmis olup ultrasonik modifikasyon deneyleri 2
tekrarlt olarak gerceklestirilmistir. Mayonezler ise
yine 2 tekrarli olarak dretilmis olup depolama
suresince kalite 6zelliklerini  belirlemek icin
yapilan analizler ise en az 2 tekrarh olacak sekilde
yapilmstir. Elde edilen veriler, Minitab 16
(Minitab Inc., State College, PA, ABD) veri analiz
programi  kullandarak  Tukey karsilagtirmalt
ANOVA  testi ile %95 glven araliginda
degerlendirilmistir. Sonuglar ortalama * standart
sapma seklinde verilmistir.

BULGULAR VE TARTISMA
Ultrases  Prosesiyle Aquafaba
Konsantratlarinin Modifikasyonu
Aquafaba iiriinlerinin protein igerigi
Nohutun haglanmast ve siiziilmesi sonucunda
elde edilen islem g6rmemis sivi aquafaba (AQ-
siv1), izoelektronik noktada ¢Sktiirtilmiis aquafaba
(AQ) ve ultrasonik islem (%80 genlik, 5 dk)
uygulanmis aquafaba (AQUS-5) 6rneklerinin
Kjeldahl yontemiyle belitlenen protein igerikleri
Cizelge  1’de  gosterilmektedir.  Haglama
sonrasinda stv1 olarak elde edilen aquafaba %01.25
dizeyinde protein icermekte olup bu bulgu
literatirde bulunan diger calismalarla benzer
degerlerde seyretmektedir (Raikos vd., 2019; He

Protein

vd., 2021; He vd., 2024). AQ ve AQUS-5 ise
strastyla %54.02 ve %54.49 olarak belirlenmistir
(Cizelge 1). Boye vd. (2010) calismasinda kabuli

nohut proteinlerinin  izoelektronik  noktada
cokturilmesiyle %0063.9 protein igerigine sahip
protein  konsantratt  tretildigi  bildirilmistir.

Dolayistyla, bu calismada da aquafaba protein
konsantratlarinda  6nemli  diizeyde  protein
seviyesine ulasildigt goriilmektedir.

Cizelge 1. Aquafaba triinlerinin protein icerikleri
Table 1. Protein contents of aquafaba products
Protein kaynag: Protein (%0)
Protein source Protein (%)

AQ-stvi (AQ-liquid) 1.25%0.01°
AQ 54.0240.19
AQUS-5 54.49%1.020

AQ-stvi, nohut haslama sonrasinda elde edilen ilk
viskoz stvi Grinini; AQ, stvi formdaki aquafabadan
izoelektronik noktada ¢oktirme islemiyle dretilen
dogal formdaki aquafaba protein konsantratini;
AQUS-5, US islemiyle (%80 genlikte, 5 dk) modifiye
edilen aquafaba protein  konsantratint  temsil
etmektedir. Sonuglar ortalama *standart sapma olarak
verilmistir.

AQ-liguid represents the first viscous liguid product obtained
after boiling chickpeas; AQ represents the aquafaba protein
concentrate in natural form produced by the isoelectronic point
precipitation from aquafaba in liquid form; AQUS-5,
represents the modified aquafaba protein concentrate sample
subjected to US treatment (80% amplitude, 5 min). The results
are presented as mean=standard deviation.
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Aquafaba drneklerinin emiilsiyon olusturma izellikler:

Aquafaba protein konsantratlarinin  emdlsiyon
aktivitesi ve stabilitesi degerleri Cizelge 2’de
sunulmustur. UsS uygulamast yapimis
numunelerin  (AQUS-5, AQUS-15, AQUS-25),
EAI degerlerinde kontrol 6rnegine (AQ) kiyasla
bir miktar artis oldugu gézlemlense de bu fark
istatistiksel olarak anlamli bulunmamistir (P>
0.05). Proses sonrasinda, emtlsiyon olusturma
aktivitesi en yiiksek protein konsantratt AQUS-25

numunesi olarak belitlenmistir  (11.08+0.23
m?/g). Protein konsantratlarinin 30  dakika
sonrasindaki emiilsiyon stabiliteleri
incelendiginde ise AQUS-5 ve AQUS-15

numunelerinde kontrol grubuna (AQ) kiyasla
kismi bir iyilesme kaydedilmistir. AQUS-5 i¢in
ESI30 degeri (%9.281+0.38), kontrol 6rnegine
(%08.98£0.36) gbre hafif bir artis gOstermistir.
Benzer sckilde, AQUS-15 numunesi de
(%9.29£0.41) kontrol grubundan yiksek bir
stabilite sergilemistir. Ancak, 25 dakika boyunca
uygulanan sonikasyonun ardindan, AQUS-25
numunesinin emilsiyon stabilitesinde daha kisa
streli sonikasyon islemlerine kiyasla belirgin bir
azalma (%8.58%1.09) gézlemlenmistir (P< 0.05).
Sonuglar, US islem stiresinin emiilsiyon 6zellikleri
tzerinde farklt etkiler yaratabilecegini ve 6zellikle
AQUS-5 ve AQUS-15 islem strelerinin
emilsiyon stabilitesini iyilestirme potansiyeli
tagidigint  gOstermektedir.  Ancak,  uzun
sonikasyon  siiresinin  emilsiyon  stabilitesi
tzerinde olumsuz bir etki yaratabilecegi
anlasilmaktadir. Yitksek yogunluklu ultrases islemi
uygulanan genlik, stire, frekans gibi parametrelere
bagli olarak farkli sonuglar verebilmekte olup
literatiirdeki ¢alismalar ultrases prosesinin bitkisel
proteinlerin  emiilsiyon olusturma 6zelliklerini
cogunlukla gelistirdigini gostermektedir. Ornegin;
450 W giicinde uygulanan ultrases prosesiyle soya
protein izolatt i¢in en yiksek emdilsiyon
stabilitesine ulasildigr belirlenmis olup bu durum
ultrases prosesinin proteinlerin yiizey aktivitesini
ve emilsiyon olusturma kapasitesini artirma
potansiyeli ile iligkilendirilmistir (Wang vd., 2022).
Benzer sekilde, badem protein izolatinin ultrases
islemi ile modifiye edilmesi, daha kiiciik partikiil
boyutlart ve proteinlerin yag-su ara yiiziine daha
etkin bir sekilde baglanmasini saglamistir. Bu
etkiler, proteinlerin ara ylzeye adsorpsiyon

kapasitesini artirmis ve daha stabil emtlsiyonlarin
olusmasina olanak tanimistir (Zhu vd., 2018). Ote
yandan; Wang vd. (2022) soya protein izolatlarint
100-600 W gtc seviyesinde 5 dakika siiresince
ultrases islemine tabii tutmus ve 500 W giicte
uygulanan ultrases isleminin en stabil ve kararlt
emilsiyonlar1 olusturdugu bildirilmistir. Noh vd.
(2024) ise, 40 kHz ve 280 W kosullarinda 20-60
dakika siiresince uygulanan US isleminin cesitli
baklagillerin fizikokimyasal ve yapisal 6zellikleri
uzerindeki etkilerini inceledikleti calismalarinda,
sonikasyon siiresi artttk¢a tiim baklagillerde EAI
ve ESI degetlerinde artis gbzlendigini; ancak, 60.
dakikadan sonra uzun sireli yiksek yogunluklu
ultrases maruziyetinin proteinlerde meydana gelen
yapisal degisiklikler sebebiyle EAI ve ESI
degerlerinde azalma gézlendigini raporlamustir.
Bu calismada, EAI degerlerinin sonikasyon
stiresiyle birlikte bir miktar artis gdstermesi,
literattrle uyumlu bulunmugtur. Ayrica, Noh vd.
(2024) caligmasina benzer sekilde, AQUS-25
orneklerinde ESI degerlerinde gézlenen azalma,
uzun sureli ultrases maruziyetinin proteinlerin

emiilsiyon  stabilitesinde  istikrarsizhiga  yol
acmastyla iliskilendirilebilir. Tum bu veriler
is1ginda, proses siresi ve enerji tasarrufu

parametreleri g6z ontine alindiginda, 5 dakikalik
US uygulamasinin secilmesine karar verilmistir.

Cizelge 2. Aquafaba protein konsantratlarinin
emilsiyon olusturma 6zellikleri
Table 2. Emulsification properties of aquafaba protein

concentrates

Protein konsantrati 2 0

Protein concentrate EAL(m”/g) ES130 (%)

AQ 10.68+£0.33*  8.98+0.36

AQUS-5 11.05+0.70%  9.284+0.38%

AQUS-15 11.00+0.40¢  9.29+0.41¢

AQUS-25 11.08+0.23%  8.58+1.09”
EAI Emiilsiyon aktivite indeksini, ESI ise emiilsiyon stabilite
degerini  gostermektedir.  ESI30  aquafaba  protein
konsantratlarinin  emiilsiyon  olustuktan 30  dakika
sonrasindaki  stabilitesini  ifade etmektedir. Sonuclar

ortalama *standart sapma olarak verilmis olup aynt kolonda
farklt harfler (a-b) ortalamalar arasindaki istatistiksel farkliligs
temsil etmektedir (P <0.05).

EAI represents emulsion activity index, and ESI represents emulsion
stability valnes. ESI30 expresses the stability of aquafaba protein
concentrates 30 minutes after emulsion_formation. Results are given as
mean Lstandard deviation, and different letters (a-b) in the same column
represent statistical differences between means (P <0.05).

Aguafaba protein konsantratlarmmn yapisal 6zellikleri
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Dogal formdaki aquafaba protein konsantrat1 ve
US islemine tabi tutulmus olan modifiye aquafaba
protein konsantratina ait FTIR spektrumlart Sekil
32’da verilmektedir. Ozellikle dogal formdaki
aquafaba proteinleri (AQ) ile bu c¢alisma
kapsaminda secilmis olan %80 genlikte 5 dakika
sonikasyon uygulamasindan elde edilen modifiye
aquafaba  proteinlerinin =~ (AQUS-5)  FTIR
spektrumlarinin  ikincil tdrevleri (Sekil 3b)
incelendiginde, US uygulamasinin aquafaba
proteinlerinin ~ konformasyonel  yapilarinda
degisikliklere neden oldugu gbriilmistir. Amid-1
(1700 — 1600 cm™) ve amid-2 (1600-1500 cm-1)
bélgelerindeki piklerde hem pik yogunlugu hem

de  dalga  sayist  agsindan  farkliliklar
gozlemlenmistir. Piklerde gbriilen bu kaymalar US
prosesinin  aquafaba  proteinlerinin  ikincil

yapisinda belirgin degisikliklere yol agtigini ortaya
koymaktadir. US prosesinin kavitasyon etkisiyle
hidrojen baglarina ve hidrofobik etkilesimlere etki
ederek proteinlerin yapilarini agtigt ve proteinlerin
ikincil yapilarinda degisikliklere sebebiyet vererck
o-heliks yapilarinin azalmasina ve buna kargilik 8-

AQUS-25

luk

AQUS-15 |

| rass
\ / \\/

\_/AQus-s

yogun

tabakalarinin ve rastgele sarmallarin artmasina
neden oldugu bildirilmigtir (Tawalbeh vd., 2023;
Tian vd., 2024). Dolayisiyla dogal formdaki
aquafaba protein konsantratina kiyasla amid-1 ve
amid-2 bolgesinde AQUS-5 6rnekleri icin gorilen
kaymalarin US prosesinin kavitasyon etkisiyle
meydana  gelen  yapisal  degisikliklerden
kaynaklandig1 distintilmektedir. Protein yapisinda
gémilii olarak bulunan hidrofobik gruplarin
kavitasyon  etkisiyle  aciga  c¢tkmast  ise
emilsiyonlarin  stabilizasyonu icin  kritik bir
o6neme sahiptir. [-tabaka ve rasgele sarmal
yapilarina doénlsiim, proteinlerin  yag-su ara
yiziine daha iyi adsorbe olmasint saglayarak
emilsifiye edici aktiviteyi arttirmakta ve daha
stabil ~ emilsiyonlarin  olugsmasimna  katkida
bulunmaktadir (Yang vd, 2022; Kim ve Shin,
2022). Bu baglamda, aquafaba &rneklerinin
emilsiyon aktivitesi ve stabilitesi gibi fonksiyonel
Ozelliklerinde  gozlemlenen  iyilesme,  US
uygulamasinin  etkisiyle o-heliks  yapilarinin

rastgele sarmal ve B-tabaka yapisina doniismesiyle
iliskilendirilebilit.
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Sekil 3. Dogal formdaki ve US ile modifiye edilmis aquafaba protein konsantratlarinin FTIR spektrumu
Figure 3. FTIR spectrum of native and US-modjfied aguafaba protein concentrates

(a) grafigi normal FTIR spektrumunu, (b) grafigi ise ikincil tirevi alinmis FTIR spektrumunu géstermektedir. (AQ
kisaltmast pH 4.5’te ¢okttralmis ve US islemi uygulanmamis dogal formdaki aquafaba protein konsantratini temsil
etmektedir. US ise ultrases prosesini géstermekte olup AQUS-5, AQUS-15, AQUS-25 sirastyla 5, 15 ve 25 dakika
boyunca %80 genlikte US islemi uygulanmis aquafaba protein konsantratlarini ifade etmektedir.)

Graph (a) shows the normal FTIR spectrum, graph (b) demonstrates the second derivative of the FTIR spectrum. (AQ
represents the control aquafaba protein concentrate precipitated at pH 4.5 and not subjected to US treatment. US shows the ultrasound
process, and AQUS-5, AQUS-15, AQUS-25 represent the aquafaba protein concentrates subjected to US' treatment at 80%

amplitude for 5, 15, and 25 minutes, respectively.)

Aquafaba protein konsantratlarmm morfolojik ozellikleri
Dogal formdaki aquafaba protein konsantratt
(AQ) ve US ile modifiye edilmis aquafaba protein
konsantratlarinin taramalt elektron mikroskop
gorunttleri Sekil 4te verilmektedir. Kontrol
orneginde plaka gorinimli  dizenli yapilar
gozlemlenirken, US uygulamasiyla bu yapilarin
yerini  kismen parcalanmis, diizensiz, pul
seklindeki yapilar almigtir. Ayrica, US prosesinin
kavitasyon  etkisiyle  parcactk  boyutlarint
kiictlttigh actkea gorilmektedir. Benzer sekilde,
baska bir calismada da US isleminin bitkisel
protein izolatlarinda daha yumusak ve diizensiz
yapilarin olustugu gbzlemlemistir (Karabulut vd.,
2023). Bu bulgular US prosesinin proteinlerin

yuzey  Ozelliklerini  dizenleyerek  fiziksel
modifikasyonlara neden oldugunu
gostermektedir.

Mayonez Formiilasyonunun Optimizasyonu
ve Mayonez Uretimi

Mayonez Orneklerinin %10 emiilgatSr ihtiyact,
yumurta sarisina alternatif olarak dogal formdaki
aquafaba protein konsantratt ve US ile modifiye
edilmis  protein  konsantrat  kullaniarak
karsilanmistir. Mayonezde yaygin emilgatér ajan
olarak yumurta sarist kullanilmakta ve yumurta
sartsinin yaklasik olarak %50 kuru madde igerigine
sahip oldugu ve %17.5 diizeyinde protein icerdigi
bilinmektedir (Serdaroglu ve Deniz, 2002). M-AQ
ve M-AQUS vegan mayonezlerinin Uretiminde
emilgator etkisinin biyiik bir kismi aquafaba
proteinleri tarafindan saglanirken, nohut unu da
ilave edilerek hem kuru madde diizeyinin hem de
mayonez kivaminin arttirilarak uygun tekstirel
Ozelliklerin elde edilmesi hedeflenmistir. Su ve yag
fazinin baglanarak stabil yapinin elde edilebilmesi
icin bircok 6n deneme gerceklestirilmis olup bu
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denemelerden secilen bazt goriintiiler Sekil 5(a)’da
sunulmustur. Ornegin; %75 yag ve %5 su iceren
formiilasyonda, proteinlerin agregat olusturarak
dibe ¢Oktigi gozlemlenmistir. Bu durum,
formulasyondaki su orammun dasik  olmasi
nedeniyle  kullanilan sirkenin ~ yeterince
seyreltiimemesi ve pH’nin  digmesi sonucu
proteinlerin izoelektrik noktaya yaklagsmasi ve
¢Okelme egilimi géstermesi ile iligkilendirilmistir.
Diger bir denemede, %060 yag ve %20 su
kullanilarak tretilen mayonez digtk viskoziteye
sahip olmus ve tiiketicilerin bekledigi kivamls
mayonez yapisindan olduk¢a uzak bulunmustur.
%70 yag ve %20 su iceren formiilasyonda ise
kivam bir miktar daha oturmus olsa da st
yizeyde yag fazinin ayrildigt gézlemlenmistir.
Sonug olarak, en uygun formiilasyon %70 yag,
%10 su, %10 emiilgatdr (aquafaba ve nohut unu),

x2000

AQUS-15

AQUS-25

%?7.5 sirke, %2 seker ve %0.5 tuz kullanilarak M-
AQ ve M-AQUS-5 mayonezlerinde elde
edilmistir. Kontrol mayonezi (M) ise %80 yag,
%10 yumurta satist, %7.5 sirke, %2 seker ve %0.5
tuz kullanilarak tretilmistir. M-AQ ve M-AQUS-
5 orneklerinde, kontrol 6rnegi olan M'ye kiyasla
%10 daha az yag kullandmustir. Bu bulgu, dogal
formdaki ve US ile modifiye edilmis aquafaba
protein konsantratlarinin kullanimiyla hem daha
distik  yag icerikli mayonez  Uretiminin
saglanabilecegini hem de kivam agisindan kabul
edilebilir bir yap: elde edilebilecegini géstermistir
(Sekil 5b). Yapilan formilasyon calismalariyla
aquafaba ve nohut unu gibi bitkisel kaynaklh
strdirilebilir katkilar kullanilarak, kontrole gére
yag orant %10 azaltlmis ve bilingli tiketici

profiline uygun vegan mayonez Uretimi
saglanmustir.
x500 x100

Sekil 4. Dogal formdaki ve US ile modifiye edilmis aquafaba protein konsantratlarinin SEM goriintileri
Figure 4. SEM images of native and US-modified aguafaba protein concentrates

(AQ modifiye edilmemis dogal formdaki aquafaba protein konsantratini temsil etmektedir. AQUS-5, AQUS-15 ve

AQUS-25 %80 genlikte sirasiyla 5, 15 ve 25 dakika ultrases prosesi uygulanmis modifiye aquafaba protein

konsantrelerini gostermektedir.)

(AQ represents the unmodified native form of aquafaba protein concentrate. AQUS-5, AQUS-15 and AQUS-25 represent modified

aquafaba protein concentrates that were subjected to ultrasound processing at 80% amplitude for 5, 15 and 25 minutes, respectively.)
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%75 Yag, %5 Su

‘ On denemeler

%60 Yag, %20 Su

%70 Yag, %20 Su %70 yag, %10 su
Segilen

| l formiilasyon

(b)

Sekil 5. Vegan mayonez gelistirme i¢in formtlasyon 6n calismalari (a) ve segilen formiilasyona goére
tretilen mayonezlerin fotograflart (b)
Figure 5. Preliminary trials for vegan mayonnaise formulations (a) and images of mayonnaises produced based on the

selected formulation (b).

M, M-AQ ve M-AQUS-5 sirastyla yumurta sarist kullanilarak tretilen kontrol mayonez 6rnegini, modifiye edilmemis aquafaba
katkili mayonez 6rnegini ve US ile modifiye edilmis aquafaba proteinleriyle tiretilmis mayonez 6rnegini temsil etmektedir.

M, M-AQ and M-AQUS-5 represent the control mayonnaise sample produced nsing egg yolk, the mayonnaise sample with unmodified aquafaba
and the mayonnaise sample produced with US modified aquafaba proteins, respectively.

Mayonez Orneklerinin Depolama Sirasindaki
Kalite Ozellikleri

PH ve renk ozellikler:

Tum mayonez 6rneklerinin ortalama pH degeri
yaklastk olarak 4.0 seviyesinde seyretmis olup aynt
depolama giintinde mayonez Srnekleri arasinda
onemli bir fark gbzlenmemisticr (P > 0.05).
Depolama  siiresine baglt olarak ayni 6rnek
gruplarinin = pH  degetlerinde  varyasyonlar
gozlemlenmistir (Cizelge 3). Literatirdeki diger
calismalar  incelendiginde, bitkisel — kaynaklt
proteinlerin  emtlgatdr  nitelikli  kullanimiyla
tretilen mayonezlerin pH degetlerinin 3.66 — 4
araliginda degistigi gbzlemlenmekte (Kumar vd.,
2021; Sachko vd., 2023) ve bu yontyle calismadan

elde edilen ¢iktilarin literatiir ile uyustugu
gorilmektedir. Tavakoli vd. (2021) ise US
uygulamastyla ~ mayonezin  pH  degerinin

distiging belirlemistir.

Uriin kabul edilebilirligi acisindan mayonezdeki
en etkin gorsel parametrelerden biri olan aydinlik
(L¥ degeri, tim mayonez 6rnekleri i¢in depolama
stresince 69.40 — 73.87 araliginda degismis olup
analiz glinlerinde mayonez O6rneklerinin  L*
degerlerinde 6nemli bir farklilik gérillmemistir
(P< 0.05). Kumar vd. (2021), damlacik
boyutundaki degisimin, mayonezin L.* degerini
degistirdigini belirlemistir. Benzer sekilde, Jung
vd. (2024) fistik yagi ve aquafaba kullanarak elde
ettikleri mayonezlerin ¥ degetlerinin, yag
damlacik  boyutunun azalmasina baglt olarak

artugint  ve  bizim  ¢alisgmamizdan  yiksek
degerlerde, 76-81 arasinda  degistigini

gbzlemlemistir. Mayonez Srneklerinin a* degeri
ise, yumurta sarist ile Uretilen kontrol grubu
mayonezde yesillik yoniinde daha yiksek
bulunmus olup bu trend tim depolama siiresince
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devam etmistir. Mayonez 6rneklerinin 4* degerleri
incelendiginde, yumurta sarist igeren kontrol
Orneginin ylksek B-karoten icerigi nedeniyle diger
Orneklere kiyasla ¢cok daha yiiksek sarilik degerine
sahip oldugu (b* 18-19) ve bu durumun raf émrii
boyunca devam ettigi gbézlemlenmistir. Jung vd.
(2024) ise, aquafaba yerine yumurta sarist
kullanarak elde ettikleri fisttk yagli mayonezlerin

bir depolama giiniine ait Grnegin depolama
baslangicindaki mayoneze kiyasla toplam renk
farklliklarr da yine Cizelge 3’te verilmistir. AE
toplam renk farki “fark edilmez” (0-0.5), “hafif
fark edilir” (0.5-1.5), “fark edilir” (1.5-3.0), iyi
diizeyde fark edilir (3.0-6.0) ve “yuksek diizeyde
fark  edilir”  (6.0-12.0)seklinde  kategorize
edilmektedir (Cserhalmi vd., 2006). Elde edilen

sarthk (4% degetlerinin,  yumurta sarist  veriler mayonez 6rneklerinde depolama siiresince
konsantrasyonundaki artisa bagli olarak aquafaba “fark edilir” ve “iyi diizeyde fark edilir”
iceren Orneklere kiyasla cok daha yiksek seviyesinde degisiklikler oldugunu
degerlerde seyrettigini (20-24) belirlemistir. Her gostermektedir.
Cizelge 3. Depolama stiresi boyunca mayonezlerin kalite 6zellikleri
Table 3. Quality characteristics of mayonnaise during storage period
[?epc?lama Mayonez Emtlsiyon
SUTESE Sinegi Renk 6zellikleri stabilitesi (%)
S%un) Mayonnaise pH Color properties Emulsion
orage samples L* 2F b* stability (%)
period (day) AE
M 4.0240.044>  69.4020.494  -1.90£0.0682  19.240.344 5.1940.5042
1 M-AQ 4.1240.064>  70.20£1.0242 -1.20£0.34482  10.6+0.93B2 3.87£0.774
M-AQUS-5 4.07£0.034>  70.504:0.25> -1.204£0.19%  10.940.228= 4.4440.004¢
M 4.05+0.08%b 72.3241.0140 -1.7240.05¢ 184240400 303 4.92+40.0248
7 M-AQ 3.9940.014>  73.2540.58% -1.1740.0182 10.67£0.418 3.01 4.1240.908a
M-AQUS-5 4.0340.044>  72.4140.514>  -0.9740.004 10.64£0.298= 1.93 6.66£0.004A
M-K 3.6640.10  72.0340.128  -2.0440.04% 19.6140.54% 64 5.55+3.85M
14 M-AQ 3.7820.074c  72.534+0.784 -1.27£0.1142 11.2840.064 2.39 6.35£0.06%
M-AQUS-5 3.831£0.064c  73.1540.328 -1.0840.04* 10.9940.15% 2.64 4.094:0.004d
M 401402040 738740.73% -1.9140.075 193440520 446 41540354
30 M-AQ 3.93+0.034b  72.334£0.894: -1.1740.014 11.86+0.22B+ 245  4.9240.344
M-AQUS-5 4.0040.034> 72.5541.004> -1.1340.25% 10.3540.50B2 2.11 3.9440.004¢
M 41340.0940 726040794 -22040.075 18.1040.414 345 3.70%1.604
60 M-AQ 4.2440.044>  73.4040.204 -1.40£0.04%2 11.3040.554 3.28 6.3143.134
M-AQUS-5 4.21£0.064  73241.124  -1.2040.034 10.6040.0082 2.75 5.5310.004b

M, M-AQ ve M-AQUS-5 strastyla yumurta sarist kullanilarak tiretilen kontrol mayonez 6rnegini, modifiye edilmemis aquafaba
katkill mayonez 6rnegini ve US ile modifiye edilmis aquafaba proteinleriyle tretilmis mayonez 6rnegini temsil etmektedir.
Sonuglar ortalama *standart sapma olarak verilmistir. Ayni siitunda verilen farkli buyiik harfler (A - C) ayn1 glinde analiz edilen
orneklerin birbirleri arasindaki fark: géstermektedir, ayni stitunda verilen farkls kiictik harfler ise (a - €) ise her mayonez 6rneginde
depolama siiresine bagl olarak gérilen 6nemli farkliliklart ifade etmektedir (P <0.05).
M, M-AQ and M-AQUS-5 represent the control mayonnaise sample produced using egg yolk, the unmodified aquafaba-added mayonnaise sample
and the mayonnaise sample produced with US-modified aquafaba proteins, respectively. Results are given as mean Xstandard deviation. Different
capital letters (A - C) in the same column indicate the differences between the samples analyzed on the same day, different lower-case letters (a - ¢) in

the same column indicate significant differences in each mayonnaise sample depending on the storage period (P <0.05).

Ewmiilsiyon stabilitesi

Mayonez  Orneklerinin  emiilsiyon  stabilitesi
degerleri Cizelge 3’te verilmistir. Emilsiyon
karatliligi, yag/su fazlart arasindaki yogunluk
farki, dagilmis fazin  partikil  boyutu ve

emilsiyonun viskozitesi gibi faktérlere baghdir.
Viskozitedeki azalma ve damlacitk boyutunun

artisy,  Stokes  yasasina  gore  emilsiyon
stabilitesinde distise neden olur (Dhiman ve
Prabhakar, 2021). Calismamiz kapsaminda
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gelistirilen aquafaba ve nohut unu ilaveli mayonez,
emilsiyon  kararhligt  agisindan  depolama
stresince kontrol mayonezle ayni kararli yapiy
gOstererek bagaril bir tirlin recetesi elde edilmistir.
Yapilan calismalarda US prosesinin mayonezde
emiilsiyon stabilitesini arttirdigr yoniinde bulgular
mevcuttur (Ramisetty ve Shyamsunder, 2011;
Kumar vd., 2021). Bu durum, partikiil boyutlariyla
iligkilidir. Onceki calismalarda, ultrasonikasyon
yardimiyla elde edilen kii¢iik partikiiller, en ylksek
stabiliteyi gOstermistir  (Tavakoli vd., 2021).
Bununla birlikte, asir1 US islemi kararliligin
bozulmasina neden olarak emiilsiyon yapist
yeniden kirilmaktadir (Kumar vd., 2021). Bu
bilgiler dogrultusunda 6n ¢alismalarla belitlenen 5
dakikalik US uygulamasi, depolama sirasinda M-
AQUS-5 6rneklerinin  emilsiyon  stabilitesinde
artislara neden olmustur. Bu durum; ultrases ile
modifiye edilmis aquafabanin, yumurtanin yerini
tutabilecek nitelikte, iyi bir emilgatér ajan
oldugunu kanitlar nitelik tagimaktadir.

Tekstiirel ozellikler

Tekstiir analiz sonuglart (sertlik, yapiskanlik,
kohesivlik) Cizelge 4’te verilmistir. Elde edilen
verilere gore, sertlik ve kohesivlik, aynt depolama
ginlerinde  6rnekler  arasinda  degiskenlik
gostermezken,  yapiskanlik  degeri  kontrol
mayonez grubunda 30. glnden itibaren dusik
degerde seyretmistir. Bizim ¢alismamizin aksine,
Ozcan vd. (2023), yaptiklari calismada ilave
ettikleri aquafaba konsantrasyonu artisina baglt
olarak mayonez 6rneklerinin sertlik, kohesivlik ve
yapiskanlik degerlerinde diisiis gdzlemlemistir.

Yag damlacigt boyutu ile dokusal parametreler
arasinda ise ters orantil iliski belitflenmistir (Liu
vd., 2007). Ayni sekilde, Ozcan vd. (2023) daha
blyltk damlactk boyutlu mayonez Orneklerinin
sertlik ve yapiskanlk Ozelliklerinde dustis tespit
etmislerdirt. Bu c¢alismada ise, bu hipotezi
destekleyecek sekilde, M-AQUS-5 Orneklerinin
sertlik degerleri, depolama siiresince diizenli
olarak artmistir. Bu durum, US prosesi etkisiyle
damlacik boyutunun kiiciilmesi ve bu nedenle
dokusal 6zelliklerin gelismesi ile iliskilendirilebilir.
Bunun yani sira, Ozellikle 14. giinden sonra
kontrol grubu 6rneklerinde sertlik ve yapigkanlk
degerlerinin diger 6rnek gruplarina kiyasla daha
distik  oldugu  belirlenmistir.  M-AQUS-5
mayonezinde ise 14. analiz glininde en dusiik, 60.
ginde ise en yiksek yapiskanlk degeri tespit
edilmistir. ~ Yapiskanhk  degeri,  ylzeydeki
yapiskanligin bir Sl¢lsii olup, mayonezde kolay
strilebilme 6zelliginin  bulunmast i¢in dastk
degerde olmast istenmektedir (Ali vd., 2020). ¢
yapiskanlik olarak da tanimlanan kohesivlik degeri
ise, emilsiyona stabilite kazandiracagl icin
mayonezde yiiksek olmasi istenen bir degerdir. Bu
calismada Uretilen mayonezler, 0.62-0.86 arasinda
kohesivlik degeri géstermis olup, elde ettigimiz
sonuglar Jing vd. (2023)’nin emulgatdr olarak soya
proteini kullanarak drettigi mayonezlerde 0.75-
0.79 olarak Olcllen kohesivlik degerleri ile
uyumludur. Depolama  siiresince  kohesivlik
degerinin, mayonezin formilasyon degisiminden
ctkilenmedigi, aquafaba ilavesiyle de benzer
degerler elde edildigi gorilmistir (Cizelge 4).

Cizelge 4. Mayonezlerin depolama siiresince belitlenen tekstiirel 6zellikleri
Table 4. Textural properties of mayonnaise determined during storage

Depolama siiresi  Mayonez Sertlik (g) Yapiskanlk (m]) Kohesivlik
(gtn) ornegi
Storage period (day)  Mayonnaise Hardness (g) Adbesiveness (m]) Cobesiveness
sanples
M 914£4.9544b 5.831+1.014 0.71£0.0842
1 M-AQ 78.316.014 5.77140.447 0.67£0.1142
M-AQUS-5 74.510.004¢ 6.360.004¢ 0.8610.00A2
M 93.254+6.72A 4.58+1.094e 0.64£0.0022
7 M-AQ 87.7514.604 5.7810.85% 0.7610.0942
M-AQUS-5 101£0.004¢ 7.4810.004p 0.79£0.0040
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M

91,548,494 4.9340.634 0.67+0.084
14 M-AQ 104.8410.25% 6.7240.30M 0.7140.05%
M-AQUS-5 91.540.00Ad 4.97+0.00A 0.6240.00A¢
M 70.2543.18% 3.1640.428 0.6740.014
30 M-AQ 105414.85M 5.7340.494 0.7140.05%
M-AQUS-5 106.540.00Ab 5.1140.00Ad 0.6640.00Ad
M 77.25+3.18A 4.6140.5082 0.7240.054
60 M-AQ 98.549.194 6.6941.394 0.7240.034
M-AQUS-5 10940.00A2 8.0940.004 0.7440.00A¢

M, M-AQ ve M-AQUS-5 sirastyla yumurta satist kullaniarak tretilen kontrol mayonez Ornegini, modifiye
edilmemis aquafaba katkilt mayonez 6rnegini ve US ile modifiye edilmis aquafaba proteinleriyle tGretilmis mayonez
ornegini temsil etmektedir. Sonuglar ortalama *standart sapma olarak verilmistir. Ayni siitunda verilen farkl biytik
harfler (A - C) aynt giinde analiz edilen 6rneklerin birbirleri arasindaki farki géstermektedir, ayni siitunda verilen
farkl kiictik harfler ise (a - e) ise her mayonez 6rneginde depolama siiresine baglt olarak goriillen 6nemli farkliliklars

ifade etmektedir (P <0.05).

M, M-AQ and M-AQUS-5 represent the control mayonnaise sample produced using egg yolk, the unmodified aquafaba-added
mayonnaise sample and the mayonnaise sample produced with US-modified agquafaba proteins, respectively. Results are given as
mean Xstandard deviation. Different capital letters (A - C) in the same column indicate the differences between the samples analyzed
on the same day, different lower-case letters (a - ¢) in the same column indicate significant differences in each mayonnaise sample depending

on the storage period (P <0.05).

SONUC

Hayvansal proteinlere alternatif bitkisel kaynaklt
gida katki maddelerinin gelistirilmesi, artan diinya
nifusunun beslenme gereksinimlerini karsilamak
ve farklt beslenme rejimleri i¢in Griinler sunmak
acisindan 6nem arz etmektedir. Bu calisgmada
nohut haslama suyundan elde edilen aquafaba
proteinlerinin ultrases teknolojisiyle
modifikasyonu ve vegan mayonez Uretiminde
yumurta sarisina  alternatif olarak kullanilma
potansiyeli ortaya konulmustur. 60 glnlik
depolama suiresince modifiye aquafaba katkili
mayonezin yumurta sarist katkill mayoneze
alternatif bir performans gosterdigi gorilmiistiir.
CGalisma bulgulart gida sanayi yan drinlerinin
degerlendirilerek déngiisel ekonomi gercevesinde
yeniden ekonomiye kazandirilmasi, stirdiiriilebilir
gida dretim sistemlerinin gelistirilmesi, hayvansal
kaynaklara ~ bagimlilhgr  azaltacak  bitkisel
¢6ziimlerin sunulmasi ve vegan besleme rejimi
icin alternatif tUrlin seceneklerinin olusturulmast
icin gelistirilen yaklasimlara katki sunmaktadir.
Gelecekteki calismalar, ultrases isleminin siire ve
genlik gibi islem parametrelerinin sistematik bir
sekilde optimize edilmesine odaklanmalidir.
Ayrica, ultrases ile modifiye edilmis aquafabanin
farklt gida matrikslerinde fonksiyonel

6zelliklerinin incelenmesi ve endiistriyel Slcekte
uygulanabilirli§inin arastirilmast bitkisel bazl gida
katki  maddelerinin  Uretim  sureclerine 1s1k
tutacaktir. S6z konusu ¢alismalar hem vegan triin
cesitliliginin artirlmasmna hem de strdirilebilir
gida Uretim sistemlerinin gelistirilmesine katkt
saglayacaktir.

TESEKKUR
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Bu makalede vyazarlarin, bagka kisiler veya
kurumlar ile cikar catismast bulunmamaktadir.
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ABSTRACT

Metschnikowia pulcherrima ELM-GS-3 was isolated from damaged Granny Smith apples and identified via
MALDI-TOF MS and ITS sequencing (97.89% similarity, NCBI database). Pulcherrimin production was
confirmed on FeCls-supplemented media by maroon-red pigment formation and microscopic analysis. Food
waste-derived media, including potato peel, onion skin, watermelon rind extracts, and diluted molasses, were
evaluated for biomass and pigment production. Onion skin extract yielded the highest biomass (9.78+0.1
¢/L) and pulchetrimin (7.63£0.6 g/L), followed by molasses and watermelon tind. FTIR analysis confirmed
iron presence, while SEM revealed an amorphous microporous 3D structure. Absorbance peaked at 420
nm in alkali solution, consistent with low solubility except in alkaline conditions. The pigment’s low solubility
profile, except in alkali, aligns with its stability characteristics observed in the literature. This study
demonstrates the potential of food waste in pulcherrimin production and the biotechnological relevance of
M. pulcherrima ELM-GS-3.

Keywords: Metschnikowia pulcherrima, pulcherrimin, onion skin, waste, fermentation, I'TS sequencing

YERLI BiR ELMA IZOLATININ FONKSIYONEL OZELLIiGi: ATIKLARIN
DEGERLENDIRILMESI YOLUYLA METSCHNIKOWIA PULCHERRIMA ELM-
GS-3 TARAFINDAN PULKERIMIN URETIMIi

oz

Metschnikowia pulcherrima ELM-GS-3, hasar gérmils Granny Smith elmalarindan izole edilmis ve
MALDI-TOF MS ile ITS dizileme yontemleri kullanilarak tanimlanmustir (%97.89 benzerlik, NCBI
veritabant). Pulcherrimin dretimi, FeCls igeren besiyerinde bordo-kirmizi pigment olusumu ve
mikroskobik analiz ile dogrulanmistir. Patates kabugu, sogan kabugu, karpuz kabugu ekstreleri ve
seyreltilmis melas gibi gida atiklarindan tiiretilmis besiyerleri, biyokiitle ve pigment tiretimi acisindan
degetlendirilmistir. En yiiksek biyokitle (9.78%0.1 g/L) ve pulcherrimin (7.63£0.6 g/L) Gretimi sogan
kabugu ekstresinde gézlemlenmis, bunu sirastyla melas ve karpuz kabugu takip etmistir. FTIR analizi
pigmentin demir igerdigini dogrularken, SEM analizi amorf ve mikroporoz 3D bir yap: ortaya
koymustur. Pigmentin alkali ¢6zeltide maksimum absorpsiyon dalga boyu 420 nm olarak belirlenmis
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ve disik ¢oziinurlik profili, literatirde bildirilen stabilite 6zellikleriyle uyumlu bulunmustur. Bu
calisma, gida atiklarinin pulcherrimin dretiminde potansiyelini ve M. palcherrima ELM-GS-3’in

biyoteknolojik 6nemini ortaya koymaktadir.,

Anahtar kelimeler: Mezschnikowia pulcherrima, pulkerimin, sogan kabugu, atik, fermantasyon, ITS

dizileme

INTRODUCTION

The increasing global focus on sustainability and
environmental preservation has highlichted the
need to find innovative ways to reduce food waste
and utilize it as a resource for value-added
products (Lin et al.,, 2014). Food waste and by-
products are generated in significant quantities
during food processing, and if not managed
propetly, they contribute to environmental
pollution and greenhouse gas emissions
(Gustavsson et al., 2011; Tiwari and Khawas,
2021; Sarker et al., 2024). In recent years, there has
been growing interest in the valorization of such
waste streams to produce value-added products
(Galanakis, 2012; Mishra et al., 2023). Food
wastes and by-products are rich in carbohydrates,
fibers, and micronutrients that can serve as
essential carbon and nitrogen sources for
microbial growth. These substrate
contain abundant polysaccharides, vitamins, and
minerals, which promote microbial activities and
can be harnessed in bioprocessing and biorefinery
applications to produce value-added compounds
such as biofuels, organic acids, and biopolymers
(Kosseva, 2013; Kampen, 2014; Nair et al., 2017).
Studies have reported that different types of agro-
industrial wastes can serve as effective substrates
for producing microbial pigments, thereby
reducing production costs and promoting
sustainable practices (Panesar et al., 2015; Ramesh
et al, 2022). This approach aligns with the
principles of a circular bioeconomy, which aims
to create sustainable production systems while
reducing environmental burdens (Koutinas et al.,
2014: Vea et al,, 2018).

sources

Microbial pigments are of particular interest due
to their diverse applications in the food,
pharmaceutical, and cosmetic industries, where
natural colorants are preferred over synthetic
alternatives (Dufossé, 2006: Kalra et al., 2020; Lyu
et al.,, 2022; D1 Salvo et al., 2023). Among the
various microorganisms capable of pigment
production, yeasts have emerged as promising

candidates due to their fast growth rate, ability to
utilize diverse substrates, and stability under
different environmental conditions (Bernard et
al., 2024).

Pulcherrimin-producing Metschnikowia strains are
widespread among yeast communities that
colonize ripening fruits, floral nectar, and tree sap
fluxes. They are also frequently detected in fruit
juices and during the fermentation of wine
(SlAVikové etal., 2009; Gragca et el., 2015; Sipiczki,
2020). It is a non-pathogenic yeast species known
for its ability to produce pulcherrimin, a maroon-
red pigment formed by the chelation of iron with
pulcherriminic acid (Tatay-Nuflez et al., 2024).
Pulcherrimin has demonstrated various biological
activities, including antimicrobial effects, which
are attributed to its ability to sequester iron,
thereby inhibiting the growth of competing
microorganisms and  showing  significant
photoprotection against UVA-induced damage
and cell death, antioxidant and cytoprotective
activities (Sipiczki, 2006; Kantor et al., 2015;
Pawlikowska et al., 2020; Charron-LLamoureux et
al,, 2023; Kregiel et al., 2024).

This study aims to explore the potential of using
onion (Alium cepa L..) skin, watermelon (Citrullus
lanatns) rinds, potato (Solanum tuberosum L.) peels,
and molasses as substrates for pulcherrimin
production by Metschnikowia pulcherrima ELM-GS-
3. The study also involves a comprehensive
characterization of the produced pulcherrimin to
determine its structural and chemical properties.
The specific objectives of the research include (i)
identification of M. pulcherrima ELM-GS-3, (i)
evaluation of food waste and by-product
substrates for microbial biomass and pigment
production, and (iii) characterization of the
produced pulcherrimin using various analytical
techniques. By demonstrating the feasibility of
using food by-products for pulcherrimin
production, this study contributes to the
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development of sustainable bioprocesses and
supports the shift towards a bio-based economy.

MATERIALS AND METHODS

Isolation of Metschnikowia pulcherrima
ELM-GS-3

The yeast strain Metschnikowia pulcherrima ELM-
GS-3 was isolated from damaged Granny Smith
apples showing black spots surrounded by a
reddish halo which were obtained from a local
producer in Corum, Tirkiye. The apples were first
washed with sterile distilled water, and the
damaged portions were excised under sterile
conditions. The excised tissue was macerated in
sterile 0.85% saline solution and allowed to
incubate at 30°C for 24 hours to promote the
growth of indigenous microorganisms. The
resulting suspension was streaked onto Yeast
Extract Peptone Dextrose (YPD) agar plates and
incubated at 28°C for 48 hours. Colonies
displaying characteristic white to cream coloration
were selected and purified by repeated streaking
on fresh YPD agar plates.

Identification of Metschnikowia pulcherrima
ELM-GS-3 by MALDI-TOF MS

Sample preparation was conducted according to
Karasu-Yalcin et al, (2021) by using protein
extraction method. To extract the cells using this
method, 1 mL aliquots of liquid culture were
taken and centrifuged at 13 000 g for 2 minutes.
The cell pellet was rinsed twice with sterile
distilled water and air-dried for 20 minutes.
Following this, the cells were lysed with 70%
formic acid (volume used was proportional to the
size of the cell pellet, approximately 30 L) and
acetonitrile was added in an equal volume. The
supernatant was spotted onto MTP 384 Ground
Steel Target (#8280784 Bruker, Germany)
following extensive vortexing and centrifugation
(13 000 g, 2 minutes). For each aliquot, a total of
four spots for sampling (1 L each) were analyzed.
After the sample spot had air-dried, it was covered
with 1 L of matrix (10 mg/mlL o-cyano-4-
hydroxy-cinnamic acid [¢-CHCA], Bruker) and
allowed to air-dry once more prior to being
analyzed with the Autoflex Speed (Bruker
Daltonik GmbH, Germany) using MALDI-TOF
MS. The instrument is equipped with a 355 nm

nitrogen laser, which was discharged in linear
positive mode at the sample spots at a frequency
of 55 Hz. Each spectrum was generated by
aggtregating 100 samples' profiles.

MALDI TOF/TOF MS (Autoflex Speed from
Bruker Daltonics, Germany) in combination with
the MALDI Biotyper 3.1 software program was
used for identification based on the analysis of
mass spectra. The mass spectrometer was
calibrated with a bacterial test standard from
Bruker (Bruker Daltonics GmbH, Germany).
This calibration kit comprises a typical protein
extract of E. coli DH5 alpha spiked with two
additional pure proteins (RNAse A and
myoglobin) to cover an overall mass range of 3.6
to 17 kDa. Before each analysis, the calibration
procedure was performed again. MS-signals were
acquired for each sample in linear positive mode
between 2000 and 20 000 Da m/z by summing
500 laser-shot spectra in accordance with the
manufacturet's automatic technique
MBT_FC.pat. The voltages of IS1 and IS2 ion
sources were 19.99 kV and 19.80 kV, respectively.
The lens had a voltage of 6500 kV and an
extraction pulse of 200 nanoseconds. The laser
intensity was between 50 and 60%.

Identification was conducted in Scientific
Industrial and Technological Application and
Research Center of Bolu Abant Izzet Baysal
University, Turkey. Mass spectra were analyzed
using Biotyper software (version 3.1; Bruker
Daltonics) and the Biotyper database version DB-
6903, which contained 6903 reference MALDI-
TOF MS profiles (6120 of bacteria, 776 of fungi,
and 7 of archaea). Using a score, the Biotyper
software quantified the degree of similarity
between experimental profiles obtained from
microorganism isolates and reference profiles.
The value of the score is determined by the
similarity between the observed and stored
datasets. A score greater than 2.3 (green) indicates
an exceptional species-level identification, while a
score greater than 2.0 indicates a good species-
level identification. The score between 1.7 and 2.0
(vellow) indicates a reliable identification of the
genus. In contrast, a score value of less than 1.7
(red color) indicates that thete is no substantial
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similarity between the unknown profile and the
database (Karasu-Yalcin et al. 2021).

Identification of Metschnikowia pulcherrima
ELM-GS-3 by Sequence Analysis of the
Internal Transcribed Spacer (ITS) Regions
For DNA isolation, the EurX GeneMATRIX
Plant & Fungi DNA isolation kit (Poland) was
used. After DNA isolation, the quantity and
purity of the obtained DNA were assessed using
the Thermo Scientific Nanodrop 2000 (USA)
spectrophotometer. For the PCR analysis, the
universal primers ITS1 and ITS4 were used to
amplify the target gene regions for species
identification. The primer sequences were as
follows: ITS1 5'
TCCGTAGGTGAACCTGCGG 3' and 1TS4 5'
TCCTCCGCTTATTGATATGC 3.  PCR
conditions included an initial denaturation at
95°C for 5 minutes, followed by 40 cycles of
denaturation at 95°C for 45 seconds, annealing at
57°C for 45 seconds, and extension at 72°C for
60 seconds. A final extension was performed at
72°C for 5 minutes, and the temperature was then
lowered to 4°C to complete the PCR.

The amplification products obtained with the
Kyratec  thermocycler analyzed by
electrophoresis on a 1.5% agarose gel prepared
with 1x TAE buffer, run at 100 volts for 90
minutes, and visualized under UV light using
ethidium bromide staining. A single-step PCR
performed to amplify a region of
approximately 700 base pairs, using Solis Biodyne
(Estonia) FIREPol® DNA Polymerase Taq
polymerase enzyme. The presence of a single
band on the agarose gel indicated successful PCR
amplification. For PCR product purification, the
single-band samples were purified using the
MAGBIO "HighPrepTM PCR Clean-up System"
(AC-60005) according to the manufacturer's
procedures. Sanger sequencing was carried out at
Macrogen's laboratory in the Nethetlands, using
the ABI3730XL Sanger sequencing device
(Applied Biosystems, Foster City, CA) and the
BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA). The reads
obtained with ITS1 and ITS4 primers were
assembled into a contig to create a consensus

were

was

sequence using the CAP
algorithm in BioEdit software.

contig assembly

Inoculum Preparation

Inoculum was prepared in 100 mL of sterile
Tryptic Soy Broth (Merck, Germany) medium in
a cotton-plugged conical flask to prepare an
inoculum from the strain grown on a YM agar
slant, including (g L1): yeast extract, 3; malt
extract, 3; peptone, 5; glucose, 10; and agar, 15, at
28°C for 48 hours. The flask was incubated for 48
hours at 30°C with 100 rpm agitation in a shaking
incubator (Lab Companion, South Korea)
(Mujdeci, 2021).

Fermentation Process

Fermentation was initially conducted in a
synthetic fermentation medium to confirm
pulcherrimin production by M. pulcherrima ELM-
GS-3 strain. For this purposes, 150 mL of sterile
synthetic minimal broth [1% glucose (w/v), 0.3%
(NH4)28O4 (w/v), 0.1% KH,PO4 (w/v), 0.05%
MgSO, X TH2O (w/v), 0.05% yeast extract (w/v),
0.05% FeCls (w/v)] was inoculated with 5% (v/v)
of the inoculum in cotton-plugged Erlenmeyer
flasks. The flasks were then incubated at 28°C
with 130 rpm agitation for 7 days (Kregiel et al.,
2022).

The subsequent stage of the fermentation
experiments involved the production of
pulcherrimin using potato peels, watermelon
rinds, and onion skins, as well as molasses, as
substrate sources in the fermentation medium.
For this purpose, the modified method described
by Mujdeci (2022) was used. Molasses was
sourced from a sugar factory in Corum City,
Turkey, and diluted at a ratio of 1:10 (v v-1).
Watermelon rinds, onion skins, and potato peels
were used as fermentation media after separate
preprocessing. In this method, 2 L of distilled
water were added to 1000 g of peel. After boiling
the mixture at 100°C for 30 min, the extract was
separated by filtration using cellulose filter papers.
Before sterilization, 0.05% FeCls (w/v) was added
to each extract and the mixtures were used as
fermentation media. Sterilization of the
fermentation media was carried out at 121°C for
15 min using autoclave.
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The fermentation was carried out in 500 mL
Erlenmeyer flasks containing 200 ml of the
fermentation medium. The medium was
inoculated with a 10% (v/v) inoculum of M.
pauleherrima ELM-GS-3, prepared by culturing the
yeast in YPD broth for 24 hours at 28°C. The
flasks were incubated at 28°C for 7 days with
constant shaking at 150 rpm.

Extraction and Purification of Pulchertimin
During the experiments, 10 mL of each culture
was sampled from the fermentation medium for
every 24 hours and centrifuged at 4°C and 2599 %
g for 20 minutes. The resulting precipitate
containing yeast cells and red pigment was treated
with 50 mL of 99.8% methanol per 10 g of wet
yeast biomass at 4°C and incubated overnight.
Following incubation, the vyeast cells were
centrifuged at 4°C and 2599 X g for 20 minutes
and washed twice with 25 mL of distilled water.
The yeast biomass was then resuspended in 2M
NaOH and centrifuged again (4°C, 2.599 X g, 20
minutes). The pH of the supernatant was adjusted
to 1.0 using 4M HCI, followed by incubation at
100°C for 30 minutes. The resulting pigment
precipitate was collected by centrifugation (4°C,
2599 X g 30 minutes) and washed three times
with 25 mL of distilled water. To obtain pure
pulcherrimin, the steps of dissolution in NaOH
and precipitation with HCl were repeated three
times. Finally, the red pigment was collected by
centrifugation and stored at —20°C, as desctibed
by Kregiel et al. (2022). The concentration of
pulcherrimin in each fermentation medium was
determined as the dry weight of pulcherrimin per
liter of fermentation medium (Mujdeci, 2022).

Characterization of Pulcherrimin

For spectrophotometric analysis, the purified
pulcherrimin was dissolved in methanol, and its
wavelength spectrum was recorded using a UV-
Vis spectrophotometer (Shimadzu UV-1800,
Japan) over the range of 200-800 nm. The the
wavelength giving maximum absorption (Amax)
was determined to confirm the presence of
pulcherrimin. The structural characteristics of the
extracted pulcherrimin were further analyzed
using Fourier-transform infrared spectroscopy
(FTIR) (Thermo Scientific/Nicolet IS10, Thermo
Fisher Scientific, Waltham, MA, USA). The

pigment was mixed with KBr to form pellets, and
the spectra were recorded in the range of 4.000-
600 cm-!, with 40 scans at a resolution of 4.0 cm-
1. The molecular structures of pulcherrimin
particles were assessed using a scanning electron
microscope (SEM) (Quanta FEG 450, FEI,
Amsterdam, Netherlands).

For solubility assessment, 0.1 g of purified
pulcherrimin samples was dissolved in 10 mL of
distilled water, 1 mol L.t KOH, and 1 mol 1.
NaOH solutions, as well as various organic
solvents such as chloroform, ethyl acetate,
ethanol, methanol, acetic acid, ether, petroleum
ether, hexane, and acetone. After stitring at 25°C
for 1 hour, the solutions were filtered through
coarse  filter  paper. The  absorbance
measurements of the filtrates were carried out at
Amax, as described by Mujdeci (2021).

RESULTS

Identification of Metschnikowia pulcherrima
ELM-GS-3

Among the yeast strains isolated from damaged
Grany Smith apples (data not shown), pinkish,
round colonies with smooth edges (ELM-GS-3)
were identified as M. pulcherrima with a log score
value of 1.954 as a result of identification by
MALDI-TOF MS. Fig. 1 illustrates raw MALDI-
TOF MS profile of M. pulcherrima (a) and
matching result of experimental profiles and
BioTyper database (b). Validation of the
identified species was performed by sequence
analysis. PCR products obtained by amplification
from ITS regions were sequenced and compared
with the DNA sequence databases of The
National Center for Biotechnology Information
(NCBI). The species was confirmed as
Metchikowia pulcherrima with 97.89% similarity.

To determine if the identified M. pulcherrima ELM-
GS-3 strain produces pulcherrimin, cells were
inoculated into FeCl containing YM agar and the
synthetic minimal broth described in Section 2.5.
Maroon-red pigment formation was observed
(Fig. 2a, b). Additionally, cells grown in the
fermentation medium were examined under a
light microscope, and intracellular red pigment
formation was documented through photography
(Fig. 2¢).
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Figure 1. a: raw MALDI-TOF MS profile of M. pulcherrima ELM-GS-3, b: matching result of
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Figure 2. a: M. pulcherrima GS-3 colonies on YM Agar including 0.05% FeCls (w/v), b: pigment
production in synthetic minimal broth, c: light micrograph of the pulcherrimin produced M. pulcherrima

ELM-GS-3 cells (in circle) at Day 7 of fermentation in glucose containing fermentation media (scale
bar = 10 pm).

Valorization of Food Wastes and By-products
for Pulcherrimin Production

The graph showing the change in biomass
concentration of Mechnikowia  pulcherrima ELM-
GS-3 over time in potato peel, onion skin, and
watermelon rind extracts, as well as diluted
molasses medium, is presented in Fig. 3.

In experiments using potato peel extract and
molasses solution as the fermentation medium,
the highest biomass concentration was recorded
as 3.70£0.1 g/L and 7.67+0.5 g/L, respectively.

When watermelon rind extract was used, the
biomass concentrations of M. pulcherrima ELM-
GS-3 were relatively higher, recorded as 9.60£0.1
g/L. Onion skin extract was identified as the
medium that most effectively supported the
growth of M. pulcherrima ELM-GS-3, yielding
9.7810.1 g/L biomass. Fig. 4 shows the biomass
obtained on the 7t day of fermentation. As seen
in the photograph, the biomass obtained from
onion skin was dark maroon due to intracellular
pigment production. In watermelon rind, all cells
did not produce the pigment, and the
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pulcherrimin-producing cells were clustered in
the center of the pellet. In potato peel extract and

9

molasses solution, a reddish color was observed
due to pigment-producing cells.
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Figure 3. Variations of biomass and pulcherrimin concentrations with time

Figure 4. Biomass precipitated from cultures in a: potato peel extract, b: watermelon rindextract, c:
onion skin extract, and d: molasses solution

The pulcherrimin concentrations produced by M.
paulcherrima ELM-GS-3 over time are shown in Fig.
3. While it was found that potato peel extract was
not suitable for pulcherrimin production, the
highest pulcherrimin production (7.63+0.6 g/L)
was obtained with onion skin extract. The highest
pulcherrimin  concentrations obtained from
molasses solution and watermelon rind extract
were determined to be very close to each other
and 4.72£0.0 and 4.64+0.7 g/L, respectively.

Characterization of Pulcherrimin

The first step in characterization of pulcherrimin
included FTIR analysis. The FTIR transmittance
spectra of the pulcherrimin obtained in this study
and in the study by McDonald (1963) are
demonstrated in Fig. 5. The indicated peaks (700—
1700 cm) correspond to the absorption bands of
pulcherrimin, consistent with those previously
repotted for Candida pulcherrima (McDonald,
1963). The peak at 580 cm! is attributed to the
presence of the heaviest ion in the compound,
iron (Fe) Mazeika et al., 2021).
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Figure 5. Fourier-transform infrared spectroscopy spectra of a: pulcherrimin produced by M.
pulcherrima ELM-GS-3, b: pulcherrimin produced by C. pulcherrima (McDonald, 1963)

In this study, the second assay for pulcherrimin
characterization involved investigating the
molecular structure using SEM. The pulcherrimin
sample exhibited an amorphous (irregular) shape
with dimensions ranging from 75 to 150 nm. At
higher magnification, the pulcherrimin sample

demonstrated a 3D network structure with the
presence of microporosity. The pores in the

pulcherrimin particles are indicated by arrows in
Fig. 6.

/4 .

Figure 6. Scanning electronmicrograph of pulcherrimin nanoparticles at 10.0, 25.0, 50.0, and 100.0 KX
magnifications

3
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Maximum absorbance of alkali solution of
pulchrerrimin = was observed at 420 nm.
Pulcherrimin exhibits low solubility in distilled
water and most organic and inorganic solvents,
except aqueous alkali, and shows resistance to
degradation in concentrated acids which are
distinctive characteristics of this pigment. In this
study, significant similarity was observed with the
literature. The pulcherrimin sample was insoluble
in water and a range of organic solvents, including
chloroform, ethyl acetate, ethanol, methanol,
acetic acid, ether, petroleum ether, hexane, and
acetone, but was soluble only in alkali.

DISCUSSION

The present study demonstrated the potential to
valorize food waste and by-products for
pulcherrimin ~ production using the yeast
strain Metschnikowia pulcherrima ELM-GS-3, with
successful isolation and characterization. The
strain was identified through MALDI-TOF MS
and ITS sequencing, confirming its identity as M.
putlcherrima. This identification method, along with
its pigmentation capability, aligns with previous
studies reporting the natural ability of M.
pauleherrima to produce pulcherrimin which is a
pigment involved in microbial competition
(Turkel and Ener, 2009; Sipiczki, 2020).

In this study, onion skin extract was the most
favorable medium for biomass production and
pulcherrimin  synthesis, with the highest
pulcherrimin yield compared to other substrates.
Onion production, as one of the most widely
consumed vegetable crops, is on the rise due to its
valuable dietary, medicinal, and functional
properties. According to the latest FAO data,
global onion production has steadily increased,
reflecting its high demand for dietary, medicinal,
and functional uses. In recent years, China and
India have led global production (FAOSTAT,
2022). Following these leaders are countries like
the United States and Turkey, which also
contribute significantly to global onion output.
Given the vast global production of onions,
finding ways to utilize onion skin is of great
importance. In previous studies, onion skin was
used as a substrate in fermentation media to
produce some bio-products (Genemo et al., 2021;

Tasar and Tagar, 2022; Hsueh et al., 2023).
Genemo et al. (2021) examined bioethanol
production from cabbage and onion peels,
highlighting how optimizing the fermentation
process with Saccharomyces cerevisiae could yield a
sustainable energy source from agro-waste.
Similarly, Hsueh et al. (2023) evaluated the
teasibility of transforming onion peels into value-
added products within a circular economy
framework, emphasizing onion peels’ rich
bioactive compounds that could be harnessed for
a range of applications. Mushimiyimana and
Tallapragada (2017) further demonstrated that
acid hydrolysis and subsequent fermentation offer
a viable pathway for bioethanol production from
onion skin and similar agro-wastes. Beyond
bioethanol, Kim et al. (2019) explored a
biorefining process converting onion waste
carbohydrates into acetic acid, revealing onion
waste’s versatility as a fermentation substrate.
Additionally, Ramesh et al. (2022) discussed
pigment production via submerged fermentation,
highlighting the role of natural substrates such as
onion skins in generating bio-pigments under
optimized culture conditions. Together, these
studies underscore the potential of onion skin
valorization to produce bioethanol, acetic acid,
and pigments, reinforcing its contribution to bio-
based circular economy initiatives and waste
reduction. However, this is the first study in the
literature that used onion peel to produce
pulcherrimin.

Other substrates, such as watermelon rind and
potato peel extracts, as well as molasses, were also
investigated. While watermelon rind extract
resulted in relatively high biomass production, the
pulcherrimin yield was limited, suggesting that
although watermelon rind provides some
nutrients for cell growth, it lacks sufficient factors
required for efficient pulcherrimin synthesis.
Comparatively, Joshi et al. (2003) also decleraed
variability in pigment production depending on
the nutrient composition of the substrate,
indicating that the carbon and nitrogen ratios, as
well as micronutrient availability, play a significant
role in pigment biosynthesis.
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Pulcherrimin was characterized using several
analytical techniques, including FTIR, SEM, and
UV-visible spectroscopy. The FTIR analysis
showed characteristic absorption peaks similar to
those reported in the literature (McDonald, 1963),
which is indicative of the consistency of
pulcherrimin’s structure across different studies.
The presence of an absorption peak at 580 cm-!,
attributed to iron, is also in agreement with the
tindings of Mazeika et al. (2021), highlighting the
involvement of metal ions in stabilizing the
pigment structure. The results obtained from the
SEM analysis showed an amorphous structure
with a 3D network and microporosity, which was
consistent with studies conducted by Mazeika et
al. (2021).

UV-visible absorbance spectra of the purified
pulcherrimin showed characteristics that align
with those previously reported in the literature,
confirming its chemical properties (McDonald,
1963). The pigment's low solubility in water and
most organic solvents, except for aqueous alkali,
is a known property of pulcherrimin (Kregiel et
al., 2022), which could pose challenges for certain
applications but also suggests its suitability for
stable formulations. The stability in concentrated
acids was also observed, which is a valuable
property for industrial applications where
chemical resistance is required.

The utilization of food waste as substrates for
microbial pigment production presents significant
environmental and economic benefits. Studies
have shown that M. pulcherrima is capable of
utilizing a wide range of low-cost medium under
unsterilized conditions, making it highly versatile
for biotechnological applications (Abomohra et
al., 2020). In comparison, our study supports
these findings and further emphasizes that food
by-products can serve as cost-effective substrates
for valuable pigment production.

However, the observed differences in biomass
and pigment production across substrates
underline the importance of selecting appropriate
waste materials for fermentation processes. This
study suggests that optimizing the fermentation
medium composition, including the carbon-to-

nitrogen ratio and the presence of trace elements,
can  significantly = enhance  pulcherrimin
production.

CONCLUSION

In conclusion, this study provides wvaluable
insights into the production of pulcherrimin using
Metschnikowia pulcherrima ELM-GS-3, with a focus
on using food waste substrates to enhance
sustainability and  cost-effectiveness.  The
comparison with literature indicates that onion
skin is an excellent substrate for biomass and
pigment production, with its nutrient content
being favorable for both growth and secondary
metabolite synthesis. The characterization of
pulcherrimin was consistent with previous
reports, confirming its structural and chemical
properties. Future research should focus on
optimizing  fermentation  conditions  and
investigating other types of food waste to
improve  pulcherrimin  yield and  reduce
production costs. The valorization of food waste
for pigment production aligns well with the goals
of the bioeconomy and contributes to the
development of sustainable bioprocesses.
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oz

Glutensiz un karigimlatt (piring:soya unu, 8:2, w/w; karabugday:soya unu, 8:2, w/w) ile hazitlanan hamurlart
yumusak bugday unu hamuruyla reolojik bir acidan kiyaslanarak soya unu ilavesinin glutensiz hamurlarin
mekanik 6zellikleri tizerindeki etkisi kiictik (SAOS), orta (MAOS) ve yitksek (LAOS) deformasyonlar altinda
incelenmistir. Frekans stiptirme analizleri kullaniarak pirin¢-soya ve karabugday-soya hamurlarinin optimum
su kaldirma kapasiteleri sirastyla %115 ve %105 olarak bulunmustur. Pirin¢ ununa soya unu ilavesiyle, SAOS
deformasyonlarinda azalan G’ ve artan tand degetleri piring unu hamuruna kiyasla elastikiyetin azaldigini
gosterirken, karabugday unu hamuruna soya unu ilavesi tam tersi etki yaratmistir. MAOS deformasyonlart
alunda elastik Lissajous-Bowditch egrilerindeki rotasyon ve tand degetletine gére yumusama derecesi
karabugday-soya hamuru>bugday hamuru>piring-soya hamuru seklindeyken, LAOS deformasyonlart
altinda bu stralama piring-soya hamuru>karabugday-soya hamuru>bugday hamuru olarak belitlenmistir.
Sonug olarak, bu calisma glutensiz hamur formilasyonlarinda yapilabilecek muhtemel degisikliklerin LAOS
testleriyle analiz edilip daha gelismis islenebilitlik ézelliklerine sahip hamutlar ve dolayistyla daha kaliteli
glutensiz tirtnler tiretebilmenin mimkiin oldugunu gostermistir.

Anahtar kelimeler: glutensiz hamur, piring unu, soya unu, karabugday unu, dinamik reoloji, dogrusal
olmayan reoloji

SAOS, MAOS AND LAOS PROPERTIES OF GLUTEN-FREE DOUGHS FROM
DIFFERENT FLOUR BLENDS

ABSTRACT

Dough samples of two model gluten-free flour blends (rice:soy flour, 8:2, w/w; buckwheat:soy flout,
8:2, w/w) were compared to soft wheat flour dough from a rheological standpoint to reveal the
contribution of soy flour to mechanical properties of these gluten-free doughs under small (SAOS),
medium (MAOS), and large (LAOS) deformations. Frequency sweeps indicated %115 and %105 as
optimum water levels for rice-soy and buckwheat-soy flour blends, respectively. Replacement with
soy flour lowered the elasticity of rice flour dough as evidenced by decreasing G’ and increasing tand;
while the opposite was observed for buckwheat flour dough under SAOS deformations. The order
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of softening under MAOS deformations was buckwheat-soy dough>wheat dough>rice-soy dough

as shown by the elastic Lissajous-Bowditch curves and tand, while it was rice-soy dough>buckwheat-
soy dough>wheat dough under LAOS deformations. Ultimately, this study revealed the possibility
to manipulate gluten-free formulations through LAOS tests for improved machinability and product

quality.

Keywords: gluten-free doughs, rice flour, soy flour, buckwheat flour, dynamic rheology, non-linear

rheology

GIRIS
Glutensiz firin trinlerinin ¢ogu bugday ununa
alternatif teskil edecek glutensiz un karigimlart ve
gluten proteinlerinin viskoelastik  6zelliklerini
taklit edebilecek bilesenlerin  kullandmasiyla
formile edilmektedir (Yazar ve Demirkesen,
2022). Farkl glutensiz unlarin son triin kalitesi
tzerinde dogrudan etkisi olacagt icin dogru
unlarin  dogru oranlarda kullanlmast  6nem
tastmaktadir (Cappelli ve ark., 2020). Pirin¢ unu
nétr tadt, beyaz rengi, diisitk sodyum igerigi, kolay
sindirilebilir  karbonhidratlar1 ve hipoalerjenik
Ozellikleri ile glutensiz formiilasyonlarda en fazla
kullanilan glutensiz tahil unudur (Cappelli ve ark.,
2020; Villanueva ve ark., 2019). Pseudo tahillar
(amarant, kinoa, karabugday, vb.) da ¢olyak
hastalarinin ~ diyetini besin icerigi acisindan
zenginlestirmek  amaciyla  glutensiz  firin
trtinlerinin  formulasyonlarinda  yaygin  olarak
kullanilmaktadir  (Cappelli ve ark,, 2020;
Hadnadev ve ark., 2013). Esansiyel aminoasitler,
diyet lifi, B vitamini, E vitamini, magnezyum ve
demir gibi mineraller acisindan zengin olmast
nedeniyle ve diger karbonhidratlara kiyasla daha
yavas  sindirilen  karbonhidrat  igerigiyle
karabugday unu saglikli bir glutensiz un alternatifi
olarak kabul edilmektedir (Mariotti ve ark., 2008;
Hadnadev ve ark., 2013).

Beslenme acisindan  fonksiyonel igeriklerine
ragmen glutensiz unlarla kaliteli firin Grinlerinin
uretimi  teknolojik acidan  ¢esitli  zorluklar
yaratmaktadir (Yazar ve Demirkesen, 2022).
Gluten proteinleri hamurdaki viskoelastik ag
yapistnin olusmasinda sorumludur. Bu sayede
hamura gaz tutma kabiliyeti verirken cogu firin
urind kalitesi agisindan en 6nemli Szelliklerden
olan hacim ve gbzenek yapist gibi gelismesine
katki saglamaktadir (Yazar ve ark., 2017). O
nedenle hamur yapisinda gluten proteinlerinin
eksikligi mekanik Ozellikleri
(islenebilirligi) ve son triin kalitesi agisindan sorun

hamurun

teskil etmektedir. Ornegin, piring unu yaklasik
olarak %8 oraninda protein icermektedir ve bu
proteinlerin  yaklagtk  %80” 1 glutelinlerden
olugsmaktadir (Yazar ve ark., 2017, Amagliani ve
ark., 2017). Fakat bu proteinler gluten proteinleri
gibi viskoelastik bir ag yapist olusturma
fonksiyonuna sahip olmadiklari i¢in sadece piring
unu kullanilarak gelismis kalite 6zelliklerine sahip
glutensiz  firin eldesi ~ mumkiin
olmamaktadir (Demirkesen ve ark., 2010;
Amagliani ve ark., 2017; Yazar ve Demirkesen,
2022). Diger taraftan karabugday yaklasik %13
protein icermekte ve proteinlerinin yaklasik yarist
albiminlerden, %4’ luk kiicik bir kismi ise
glittelinlerden olusmaktadir. Dolayisiyla
karabugday hamurunun  bugday
hamurunda oldugu gibi bir protein ag yapist
olusturmasi mimkiin degildir (Mariotti ve ark.,
2008; Yazar ve ark., 2017). Bu nedenle, glutensiz
hamur sistemlerinde gluten proteinlerinin yapt
olusturucu fonksiyonunu taklit edebilecek farkh
glutensiz un veya nisasta karisimlart (Hadnadev ve
ark., 2013; Tsatsaragkou ve ark., 2014; Villanueva
ve ark., 2021), hidrokolloidler (Demirkesen ve
ark., 2010; Vidaurre-Ruiz ve ark., 2019), diyet lifi
(Korus ve ark., 2020; Ozyigit ve ark., 2020) ile zein
(Tandazo ve ark., 2021), karubin (Yazar ve ark.,
2023), soya proteini (Villanueva ve ark., 2018) ve
stt proteinleri (Tandazo ve ark., 2021; Villanueva
ve ark., 2018) gibi gluten olmayan proteinlerin
kullanilmas1 gerekmektedir.

arint

unu unu

Glutensiz hamurlarda gluten tarafindan bugday
unu hamuruna kazandimrilmis olan viskoelastik
davranisin yakalanmast hedeflendigi i¢in, bu
hamurlarin  reolojik  karakterizasyonu 6nem
tastmaktadir. Bu amagcla ¢ogunlukla hamurun ¢
boyutlu yapisint bozmadan kiigiik deformasyonlar
uygulayarak dogrusal viskoelastik davranisi analiz
eden kiiclik genlikli salinimli kayma (SAOS)
testleri uygulanmaktadir (Yazar ve Demirkesen,
2022; Yazar ve ark., 2019). Ancak, SAOS
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analizleri genellikle hamurlarin mikro yapilart ve
molekil interaksiyonlari hakkinda fikir verirken,
yuksek deformasyon testlerinin son triin kalitesi
hakkinda daha dogru bilgi verdigi tespit edilmigtir
(Kim ve ark., 2008; Yazar, 2023a). Glutensiz
hamurlarin  yiiksek  deformasyonlar  altinda
gOstermis olduklart viskoelastik davranislar ve bu
davranislarin son trln kalitesi ile iliskilendirilmesi
amaciyla son yillarda yiksek genlikli salinimli
kayma (LAOS) analizleri kullanilmaktadir (Yazar
ve ark., 2017; Ozyigit ve ark., 2020; Alvarez-
Ramirez ve ark., 2019). Diger taraftan, LAOS
parametrelerinin analizinde fazla sayida harmonik
dahil olmaktadir. LAOS taramasinda daha az
harmonik sayisinin dahil oldugu orta genlikli
saliimli  kayma (MAOS) rejiminde, materyal
dogrusal viskoelastik davranmigini  kaybettikten
hemen sonra, gercek yapisal bozulma hakkinda
tikir elde edilebilecegi belirtilmistir. MAOS rejimi,
SAOS ve LAOS rejimleri arasinda bir gecis
bélgesi olarak tamimlanmaktadir (Ewoldt ve
Bharadwaj, 2013; Bharadwaj ve Ewoldt, 2015;
Ertirk ve ark., 2023). Dolayisiyla, materyallerin
dogrusal olmayan viskoelastik davranslarinin
degerlendirilmesinde LAOS analizinin yant sira
son donemde MAOS analizi de Onem
kazanmustir.

Bu calismanin amact glutensiz un karisimlariyla
elde edilen model hamur sistemlerinin Gretim
sirasinda kaldigr  kicik ve artan
deformasyonlar altinda  gOstermis  olduklart
viskoelastik davraniglart SAOS, MAOS ve LAOS
gerinimlerinde belitlemektir. Bu amagla piring unu
ve karabugday unu hamurlarina aynt oranda soya
unu (soya unu:glutensiz un, 2:8, w/w) eklenerek
glutensiz un karigimlart elde edilmis ve bu un
karisimlarindan  elde edilen model hamur
karisimlarinin - mekanik  Ozellikleri  reolojik
yontemlerle incelenmistir. Soya unu sahip oldugu
2S proteinleri suda ¢6zlnebilir globiiler yapilati ile

maruz

bugday unu albiminlerine, 7S proteinleri
intramolekiiler ¢apraz bagl distlfit baglar

icermesiyle gliadinlere, 11S proteinleri ise intra- ve
intermolekiiler ¢apraz baglh distlfit baglar
icermesiyle gluteninlere benzemektedir (Yazar ve
ark., 2017; Morales ve Kokini, 1997). O nedenle
bu ¢alismada soya unu, pirin¢ ve karabugday unu
hamurlarinda yapt olusturucu etkisi incelenmek
lzere secilmistir. Belitlenen reolojik davranslarin

son uriin kalitesi tizerindeki etkisini anlayabilmek
amactyla glutensiz hamurlarin SAOS, MAOS, ve
LAOS  ozellikleri bugday unu hamurunun
viskoelastik davranistyla karsilastirilmigtir.

MATERYAL VE YONTEM

Materyaller

Yumusak kirmizt kislik bugday unu [%12.17 nem,
AACC metot 44-15.02 (AACC, 2010); %23.9 yas
gluten, AACC metot 38-10.01 (AACC, 2010);
%060.2 su kaldirma, AACC metot 54-21.02
(AACC, 2010)] Siemer Milling Company
(Hopkinsville, KY, ABD)’ den temin edilmigtir.
Pirin¢ unu [%6.48 nem, AACC metot 44-15.02
(AACC, 2010); #%06-7 protein (Amagliani ve ark.,
2017)], ve karabugday unu [%11.3 nem, AACC
metot 44-15.02 (AACC, 2010); =%13 protein
(Mariotti ve ark., 2008)] ornekleri ise General
Mills (Minneapolis, MN, ABD) firmasindan
alinirken soya unu [%8.85 nem, AACC metot 44-
15.02  (AACC, 2010); ~%45-50 protein
(Traynham et al., 2007)] National Soybean
Research Center at UIUC (Urbana, 1L, ABD)
tarafindan génderilmistir.

Yoéntemler

Su kaldima kapasitesi

Yumusak bugday ununun optimum su kaldirma
kapasitesi Farinograf testi (AACC 54-21.02 no’lu
metot) ile belirflenmistir. Fakat glutensiz un
ornekleri Farinograf pedallarina tutunacak bir
hamur kitlesi olusturamadiklart icin bu un
Orneklerinin optimum su kaldirma kapasitelerini
Farinograf testi ile belirlemek  mumkin
olmamistir. Bu amagla, bugday unu hamurunun
referans olarak kullamldigi reolojik bir analize
dayalt yeni bir yontem kullanilmistir. Yazar ve ark.
(2017) tarafindan ileri siiriilen bu yontemde, farkl
oranlarda su verilerek hazirlanan  glutensiz
hamurlarin frekansa (@: 0.1-100 rad/s) karst elde

edilen kompleks viskozite [n* (Pa.s)] degerleri 500
BU konsistens degerinde elde edilmis yumusak
bugday unu hamurunun frekansa karst 6l¢iilmis
n* profili ile kiyaslanmistir. Yumusak bugday unu
hamurunun M* degetlerine en yakin n* profilini
gosteren su miktart séz konusu glutensiz un
Ornegi icin optimum su kaldirma kapasitesi olarak
kabul edilmistir.
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Glutensiz unlarin  optimum  su  kaldirma
miktatlarinin belitlenmesinde kullanilan reolojik
analizler DHR-3 Rheometer (TA Instruments,
New Castle, DE, ABD) ile gerceklestirilmistir.
Tum reolojik analizlerde 40 mm c¢apindaki
plriizli ylizeye sahip paralel plaka ve 2 mm 6l¢tim
araligr kullanlmistir. Oncelikle, hamur Srnekleri
icin dogrusal viskoelastik rejimin belirlenmesi
amactyla %0.01-200 gerinim araliginda, 10 rad/s
frekans degerinde ve 25°C sicaklikta gerinim
tarama testleri yapiumustir. Gerinim  tarama
testleriyle belirlenen ve dogrusal rejime tekabtil
eden bir gerinim degeri kullanilarak, 0.1-100 rad/s
frekans araliginda, frekans tarama analizleri
gerceklestirilmistir. Reolojik analizlerin  hepsi
hamur 6rnekleri 1 N normal kuvvet degerine
ulasana kadar dinlendirildikten sonra yapimistir.
Olgiim strasinda nem kaybint 6nlemek icin hamur
orneklerinin etrafi vakum yag: ile kaplanmustir.
Zaman taramasi testleri, bu sekilde hazirlanan
hamur 6rneklerinin en az 12 saat boyunca nem
degerini kaybetmeden muhafaza edilebildigini
gbstermisti.

Glutensiz un karisimlarinin optimum su kaldirma
degerilerinin belitlenmesi i¢in ¢ farklt su miktari
(un miktart tizerinden, v/w) kullanilmistir. Piring-
soya unu karisimi icin 110:100, 115:100, 130:100
(suun, v/w) oranlarinda su ilavesi yapilarak
hamur Ornekleri hazirlanmustir. Diger taraftan,
karabugday-soya unu karisgimi icin  100:100,
105:100, 110:100  (swun, v/w) oranlari
kullanilmistir.

Hanur drneklerinin hazurlanmast

Yumusak bugday unu hamuru 300 g kapasiteli
yogruma haznesi olan Brabender Farinograf
(Duisburg, Almanya) kullanilarak 54.21.02 no’ lu
AACC  metoduna (AACC, 2010) gore
hazirlanmistir. Bugday unu hamuru 500 BU
konsistens degerine ulastigt noktada (pik noktast)
yogurma islemi durdurulmus ve elde edilen hamur
Ornegi  reolojik  analizlerde  kullanilmustir.
Glutensiz hamur Ornekleri ise Farinograf
mikserde yogrulamadiklari icin elde yogurma
islemi ile hazitlanmistir. Glutensiz un karigimlart
piring unu ve karabugday ununa 8:2 (glutensiz
un:isoya unu, w/w) oraninda soya unu ilave
edilerek elde edilmistir. Tim hamur 6rneklerinin

hazirlanmasinda kullantlan un 6rnekleri %14 nem
miktart baz alinarak tartilmistit.

Yiiksek Genlikli Salmmly Kayma (1LAOS) analizi
Glutensiz un karisimlart ile hazirlanan hamur
ornekleri ile yumugsak bugday unu ile hazirlanan
hamurun dogrusal olmayan viskoelastik 6zellikleri
DHR-3 Reometre (TA Instruments, New Castle,
DE, ABD) kullanilarak LAOS (Yiksek Genlikli
Salinimh Kayma) test modunda
gerceklestirilmistir. LAOS analizleri igin %00.01-
200 getinim araligi ve 10 rad/s frekans degeri
kullantlmistir.  Kullanilan  maksimum  gerinim
genligi (Yo %200) duvar kaymast olgusunun
gerceklesmedigi en yiiksek gerinim genligi oldugu
icin secilmistir. Artan gerinim genligi ile hamur
orneklerinin  LAOS analizleri sirasinda duvar
kaymast  olup  olmadigt  Yoshimura ve
Prud’homme (1988) tarafindan Onerilen metot
kullanidarak belitlenmistit. Hamur 6rnekletinin
LAOS davranislart 40 mm capinda piiriizli yiizey
(kumlanmis) paralel plaka geometri ve 2 mm
Olgim aralig kullanidarak 25°C sabit sicaklikta
analiz edilmistir. LAOS analizleri 6ncesinde
hamur O6rnekleri 1 N eksenel normal kuvvet
degerine ulasincaya kadar dinlendirilmistir. LAOS
testleri en az 3 kez tekrar edilmis ve sonugclar
Ewoldt ve ark. (2008) tarafindan gelistirilmis olan
Fourier donigiimleri ile hesaplanan saliniml
verilerin ortalamast seklinde sunulmugtur. LAOS
veri analizleri TRIOS yazilimi (TA Instruments,
New Castle, DE, ABD) kullanilarak yapidmis ve
elde edilen veriler OriginPro 8.6 kullanilarak
grafikler tizerinden ifade edilmistir.

Istatistiksel analiz

Istatistiksel analizler OriginPro 8.6 kullanilarak
%95 glven araliginda gerceklestirilmistir. Hamur
ornekleri icin elde edilen verilerin kiyaslanmasi
amactyla Tukey karsilastirma testi (P <0.05)
kullanilmigtir. Reoloji verileri, analiz i¢in secilmis
olan her bir LAOS gerinimi i¢in kiyaslanmustir.
Hamur 6rnekleri arasinda reolojik olarak anlaml
bir fark olup olmadigint ifade etmek icin harf
sistemi kullanilmistit.
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SONUC VE TARTISMA

Glutensiz un karisimlar1 ile hazirlanan
hamurlarin optimum su kaldirma kapasiteleri
Farkli oranlarda su verilerek piring unu ve soya
unu karistimindan (8:2 piring unu:soya unu, w/w)
hazirlanan hamur ornekleri tzerinde
gerceklestirilen  frekans taramast  analiz
sonugclarina gore (Sekil 1a), 500 BU konsistensteki
bugday unu hamuruna en yakin kompleks
viskozite (*) degerleri 115:100 (su:glutensiz un
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karistmi, v/w) oraninda su ilavesiyle elde
edilmistir. Diger taraftan, karabugday unu ve soya
unu karisimindan (8:2 karabugday unu:soya unu,
w/w) hazirlanan hamur i¢in 105:100 (su:glutensiz
un karisimi, v/w) oraninda su ilavesi, bugday unu
hamuruna (500 BU konsistens) en yakin n*
degerlerini vermistir (Sekil 1b). Dolayisiyla sz
konusu su miktarlari glutensiz un karisimlart icin
optimum su kaldirma degerleri olarak kabul
edilmistir.
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Sekil 1. Glutensiz un karisimlarinin optimum su kaldirma kapasitelerinin belitlenmesi i¢in kullanilan
kompleks viskozite degetleri: a) Farklt miktarlarda su verilerek hazirlanan piring unu: soya unu karisimi
(8:2, w/w), b) Farkli miktarlarda su verilerek hazirlanan karabugday unu: soya unu karisimi (8:2, w/w)
Figure 1. Complex: viscosities nsed for determining the optimum water absorption capacities of gluten-free flonr blends: a)
rice:soy flour blend (8:2, w/w) with different levels of added water, b) buckwheat:soy flour blend (8:2, w/w) with
different levels of added water

Daha Onceki bir c¢alismada, aym yontem
kullanilarak, pirin¢ unu, karabugday unu ve soya
ununun optimum su kaldirma kapasiteleri sirastyla
%110, %90 ve %160 (v/w) olarak belirlenmistir
(Yazar ve ark., 2017). Yiiksek protein miktariyla
soya unu, su ile etkilesim kurabilecek daha fazla
aminoasit baglanti noktasina sahip oldugu icin
daha yiksek bir su kaldirma kapasitesi degeri
sergilemistir (Traynham et al., 2007). Yapilan
calismalar karabugday ununun soya ununa kiyasla
olduke¢a diisiik su kaldirma kapasitesine sahip
oldugunu bildirmis (Tomotake et al., 2002) ve bu
calismanin  sonuglariyla  uyum  gOstermistir.
Dolayistyla karabugday ununun %20’ sinin soya
unu ile degistirilmesiyle elde edilen glutensiz un
karigiminin su kaldirma  kapasitesi karabugday

ununa kiyasla %15 artis gostererek %105 (v/w)
olarak belirlenmigtir. Diger taraftan piring unu
karabugday ununa gére daha disik protein
miktarina sahip olmasina ragmen (Mariotti et al.,
2008; Amagliani ve ark., 2017) daha yiiksek su
kaldirma kapasitesi sergilemistir. Pirin¢ ununun,
oldukca kucik boyutta (3-8 um) nisasta
grantllerine sahip olmast nedeniyle ylksek su
kaldirma kapasitesine sahip oldugu belirtilmistir
(Huang ve Lai, 2010; Yazar ve Demirkesen, 2022).
Karabugday unu icin oldugu gibi, pirin¢ ununun
%20’ si soya unu ile degistirildiginde elde edilen
glutensiz un karigiminin su kaldirma kapasitesi
piting ununa kiyasla %5 artarak %115 (v/w)
degerine ulasmustir.
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Glutensiz hamurlarin dogrusal viskoelastik
6zellikleri

Sekil 2a optimum su kaldirma kapasitesinde
hazirlanmis piring unu- soya unu karisimi ile
karabugday unu- soya unu karisimi hamurlarinin
log-log cksende G'(®) degetlerini gostetitken,
Sekil 2b’> de log-log cksende tand(®) degetleri
verilmigtir. Sekil 2a,b aynt zamanda yumusak

bugday unu hamuruna ait dogrusal viskoelastik
rejimde elde edilmis frekans taramasi verilerini de
icermektedir. Bu hamur 6rneklerinin hepsi 0.1-
100 rad/s frekans araliginda eglesen mN*
degerlerine sahiptir (Sekil 1ab). Fakat buna
ragmen, dogrusal rejimde gerceklestirilen frekans
tarama analizleri bu hamurlarin  viskoelastik
Ozelliklerinde farkliliklara isaret etmektedir.
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——tani- piring-soya unu hamuru (100:115)
20000 = 5 & -
0.4 4 tani- karabugday-soya unu hamuru (100:105) /’
> o
L &
15000 S ’/
— e
& 030 ’“0— -
= p -1 2 TN *o0-0¢ $
© Egim: 0.11909 + 0.00129 4 %
10000 S e
-4 o s /i/
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Sekil 2. Optimum su miktari ile hazirlanmis glutensiz un karisimlari ve yumusak bugday unu

hamurlarinin dogrusal viskoelastik 6zellikleri: a) log G'(®) degetleri, b) log tand(w) degetleri
Figure 2. Linear viscoelastic properties of gluten-free flonr blend donghs and soft wheat flour dongh prepared at their
optimum water absorption levels: a) log G (@) values, b) log tand(@) values

Logaritmik frekans degerlerine karst ¢izilen log G’
verilerine ait egim degeri, Sekil 2a” da gdsterildigi
gibi, biyopolimerlerin mikro yapilart hakkinda
onemli bilgiler vermektedir (Georgopoulos ve
ark., 2004). Log G'(®) egimi =0 ise s6z konusu
materyal  kovalent baglar iceren (capraz
baglanmuis) “kuvvetli jel” olarak siniflandirilirken,
egim degeri >0 ise daha ¢ok fiziksel baglardan
olugan “zayif jel” veya “ylksek konsantrasyonlu
soltisyon” olarak tamimlanmaktadir
(Geotgopoulos ve ark., 2004; Zhang ve ark.,
2017). Bu calismada glutensiz un karigimlariyla
hazirlanan hamurlar ve bugday unu hamuru
stfirdan buyik (>0) log G'(®) egim degetleri
gOstermistir. En distik egim piring unu-soya unu
hamuru icin gézlenirken, en yiiksek egim bugday
unu hamuru icin bulunmustur (Sekil 2a). Bu
sonug, glutensiz un karisimlarindan hazirlanan
hamurlarin kii¢lik deformasyonlar altinda bugday
unu hamuruna kiyasla daha kuvvetli bir ag
yapisitna sahip olduklarini  ortaya koymustur.

Ashokan ve Kokini (2005) yiiksek log G'(®) egimi
ve dustik G" degerinin birlikte gorillmesini dustk
oranda ¢apraz baglanmanin gOstergesi olarak
ifade etmistir. Bu calismada kullanilan frekans
arahiginda, 6zellikle distk frekanslarda (<10
rad/s) gosterdigi en ylksek G' degertleti yant sira
en disiik log G'(®) egim degeri ile piring unu-soya
unu hamuru en kuvvetli dogrusal viskoelastik
davranist géstermistir (Sekil 2a). Bu davranisin,
piring ununda [%85 (Puncha-arnon and Uttapap,
2013)] karabugday [%65-80 (Bhinder et al., 2020)]
ve yumusak bugday [%74 (Bian et al., 2015)]
unlarina  kiyasla daha yiksek olan nisasta
miktarindan  kaynaklandigt  dustintilmektedir.
Glutensiz nigasta Orneklerine gluten eklenerek
elde edilen hamurun reolojik Ozelliklerinin
incelendigi bir calismada (Shan et al, 2022),
sadece  glutensiz  nisasta  iceren  kontrol
hamurunun dogrusal rejimdeki G’ degetleri gluten
iceren nigasta hamurunun G’ degetlerinden daha
yiksek bulunmustur. Bunun sebebi de nisasta
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molekiillerinde yliksek miktarda bulunan hidroksil
gruplarinin hidrofilik bir ortam yaratarak sistemin
suya olan afinitesini artirdig1 ve béylelikle dogrusal
viskoelastik rejimde daha elastik bir davraniga
neden oldugu seklinde aciklanmistir (Shan et al.,
2022). Benzer sekilde, yumusak bugday ve sert
bugday wunlarindan elde edilen hamurlarin
viskoelastik 6zellikleri incelendiginde, yas gliiten
miktar1 distik ve dolaysiyla nisasta miktari fazla
olan yumusak bugday unu hamurunun SAOS
rejimindeki G’
hamurunun G’ degetlerinden daha yiksek oldugu
belirtilmistir (Yazar, 2023b). Ayrica, unlarda
bulunan dogal nisasta graniillerinin yart kristal ve
sert yapist SAOS  rejimindeki  viskoelastik
davranisa yiksek elastisite olarak yansimaktadir
(Shan et al., 2022).

degerlerinin -~ bugday  unu

Viskoelastik materyallerin  fiziksel =~ yapilarinin
degerlendirilmesinde kullanilan bir diger reolojik
patametre “kayip tanjant” veya “tand” degeridir.
Bu boyutsuz parametre, deformasyonun her
dongiisinde  kaydedilen  kayp  modiiliintin
depolama modiline olan orani (G”/G') seklinde
ifade edilmektedir (Duvarct ve ark., 2019). Bu
calismada kullanilan frekans araliginda, tim
hamurlarin tand degetlerinin 1’ den kii¢ik oldugu
bulunmustur (Sekil 2b). Diger bir ifadeyle, G'
degerleri G” degerlerinden biyiik seyretmis ve
dolayisiyla tim hamur OSrnekleri  kati-benzeri
viskoelastik davranis gbstermistir. Benzer sekilde
1’den kigik tand degetleri bugday unu hamuru
(Edwards ve ark., 2003) ve glutensiz hamurlar
(Gujral ve ark., 2003; Lazaridou ve ark., 2007) icin
de bulunmustur. Fakat bugday unu hamurunun
her iki glutensiz un kanisimdan elde edilen
hamurun tand degerlerinden daha yiiksek tand
degerine sahip oldugu gorilmektedir (Sekil 2b).
Bu durum bugday unu hamurunun glutensiz
hamurlara kiyasla daha az kat1 6zellik gosterdigine
isaret etmektedir.

Glutensiz un karisimlartyla hazirlanan hamurlarin
dogrusal viskoelastik 6zellikleri frekans taramast
analizi yani sira gerinim taramasi analizleri ile de
degerlendirilmistir. Sekil 3a piring ununa soya unu
ilave edilmesinin (piting unw:soya unu, 8:2, w/w)
glutensiz hamurun G’ ve G” degetleri tizerindeki

etkisini kademeli olarak artan gerinim degerlerine
karst gostermektedir. Piring unu hamuru %0.25
gerinim degerinde dogrusal olmayan viskoelastik
rejime gecis yaparken [kritik gerinim (Yii)], soya
unu ilavesi ile elde edilen hamur i¢in dogrusal
olmayan viskoelastik rejimin baslangict iz %00.4
olarak bulunmustur. Piring unu hamuruna soya
unu ilavesiyle kritik gerinim degerinde gézlenen
artis  piring-soya hamurunun  artan
deformasyonlara karst direncinin bir miktar
artugina isaret etmektedir. Glutensiz hamurlarin
dogrusal viskoelastik 6zellikleri gerinim taramast

unu

verileri tizerinden belitlenen yii degerlerinden
distik gerinim degetlerinde de incelenmistir.
Pirin¢ unu hamuru i¢in dogrusal viskoelastik
rejimde (y<%0.25) oldukga yitksek olan G', soya
unu ilavesi ile diisiis gostermistir. Piring unu, soya
unu, ve piring-soya unu karisimi hamurlarinin G”
degerleri dogrusal viskoelastik rejimde benzer
seyrettigi icin (Sekil 3a) soya unu ilavesi dogrudan
tand degerinde anlamli bir artisa (P<0.05) neden
olmustur (Cizelge 1). Bu durumda soya unu
ilavesinin pirin¢ ununun nispeten daha elastik
olan dogrusal viskoelastik davranisint
yumusattigini - sdylemek mimkindir. Benzer
sckilde, Hadnadev ve ark. (2013) piring unu
hamurunun, bugday unu hamuruna kiyasla, kiigitk
deformasyonlar altinda daha dustik tand degetleri
ile daha elastik davrans gOsterdigini tespit
etmistit. Ayt zamanda piring unu hamurunun
dogrusal viskoelastik rejimde Slgllen  tand
degerinin glutensiz un, hidrokolloid veya gluten
olmayan protein ilavesiyle artis g6sterdigi
belirlenmis (Hadnadev ve ark., 2013; Dixit ve
Bhattacharya, 2014) ve bu calismadaki sonugcla
uyum gostermistir (Cizelge 1).

Sekil 3b karabugday ununa soya unu ilave
edilmesinin (karabugday unu:soya unu, 8:2, w/w)
glutensiz hamurun G’ ve G” degetleri tizerindeki
etkisini kademeli olarak artan gerinim degetlerine
karst gostermektedir. Karabugday unu hamuru
icin kritik gerinim degert Yiqi: %00.1 iken, soya unu
ilavesiyle elde edilen hamur yi: %0.15 gerinim
degerine kadar dogrusal viskoelastik davranis
gostermeye  devam  etmistir.  Piring
hamurunda oldugu gibi (Sekil 3a), soya unu ilavesi

unu

karabugday unu hamurunun da yii degerini ve
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dolayisyla artan deformasyonlara karsi direncini az
da olsa artirmistir. Dogrusal viskoelastik rejimde
(Yki<%0.1), karabugday unu hamurunun G’
degerleri soya unu ilavesi ile artis gostermistir.
Diger taraftan karabugday unu, soya unu ve
karabugday-soya unu karisimdan elde edilen
hamutlarin = G”  degetleti SAOS  rejiminde
neredeyse aynt oldugu icin karabugday-soya unu

hamurunun  tand degeri karabugday unu

hamurunun  tand degerine kiyasla  (P<0.05)
azalmustir (Cizelge 1). Yani pirin¢ ununa soya unu
lavesinde goriilenin tam aksine, karabugday
ununa soya unu ilavesi, elde edilen hamurun
kiiciik  deformasyonlar altinda  elastikiyetini
artirmustir (Sekil 3b).

Cizelge 1. Glutensiz hamurlar ile yumugak bugday unu hamurunun SAOS, MAOS ve LAOS

gerinimlerindeki tanjant delta (tand) degetler
Table 1. tand values of gluten-free flonr doughs and soft wheat flonr dongh at SAOS, MAQOS, and LLAOS strains

Tanjant §

EAOS . Pirin¢ unu Karabugday Soya unu Pirin¢-soya Karabugday- Y?mu§ak

erinimleri (%) h b h b soya unu bugday unu
amuru unu hamuru amuru unu hamuru
hamuru hamuru

SAOS 0.015  0.14%0.01= 0.2410.01> 0.20+0.00¢  0.1940.00¢ 0.20£0.00¢ 0.32£0.004
rejimi 0.06 0.1410.01» 0.2410.00° 0.20£0.00¢  0.19£0.00¢ 0.20£0.00¢ 0.33£0.004
MAOS 1.5 0.21+0.01» 0.4110.01> 0.23+0.000  0.2740.00¢ 0.32£0.024 0.47£0.00¢
rejimi 4.5 0.30£0.02  0.5240.03b 0.26£0.000  0.35£0.01¢ 0.43£0.024 0.56£0.00°
7.5 0.40£0.052 0.60£0.06" 0.28£0.00¢  0.42+£0.022 0.5410.02> 0.621+0.01>

25 1.08£0.112c  1.02+0.12%  0.48%0.02>  1.00£0.00%¢ 1.15£0.01» 0.9140.01¢

LAOS 70 1.77£0.05* 1.43+0.08> 0.73+0.02¢  1.79£0.022 1.60%0.074 1.18%0.01¢
rejimi 110 2.43%0.072 1.88+0.09> 0.92+0.03¢  2.44+0.022 2.02£0.13b 1.33£0.014
200 4.71+0.192 3.30£0.35P 1.48+0.07¢  3.76£0.02> 2.71£0.194 1.57£0.02¢

Glutensiz un ve un karisimlariyla hazirlanmis hamutlar ile yumusak bugday unu hamuruna ait tand verileri segilen

her bir gerinim déngtisi i¢in ayrica degerlendirilmistir.

Aralarinda anlaml fark bulunan ortalama veriler farkli harflerle ifade edilmistir (P<0.05).

Anlam dizeyi 0.05” tir.

tand values of doughs with gluten-free flonr blends were compared to those of soft wheat flour dough at each strain amplitude for each

[frequency applied.

Means that do not share a letter are significantly different (P<0.05).

Significance level s 0.05.

Soya unu ilavesiyle pirin¢ unu ve karabugday unu
hamurlarinin SAOS rejiminde farklt viskoelastik
davranis gbstermesinin nedeninin bu iki glutensiz
unun farkll protein kompozisyonlarina sahip
olmasindan  kaynaklandigt  distnilmektedir.
Karabugday  proteinlerinin  yaklasik  yarist
albiminlerden olusmaktadir. Glitelin benzeri
proteinler ise karabugday proteinlerinin yaklastk
%4 tntl olusturmaktadir. Dolayisiyla karabugday
unu hamurunun bugday unu hamurunda oldugu
gibi bir protein ag yapist olusturmast mimkiin
degildir (Mariotti ve ark., 2008). Diger taraftan
piring proteinlerinin biyik bir bolimi (toplam
proteinlerin %79-83 1) gliitelin proteinlerinden
olugurken; prolaminler (%2-7), albimin (%4-6) ve
globtlinler  (%6-13) daha az miktarlarda

bulunmaktadir (Amagliani ve ark., 2017). Diger
protein fraksiyonlarina kiyasla daha yuksek
molekiiler agirliga sahip gliitelin proteinlerinin
piring ununda yitksek oranda bulunuyor olmasi,
diisiik deformasyonlar altinda gostermis oldugu
elastik davranisi actklamaktadir. Soya unu ise
albimin ve globilinlere benzeyen suda ¢6ziintir
ve globtler yapidaki 2S proteinleri, gliadine
benzeyen intramolekiiler ¢apraz baglar iceren 7S
proteinleri, intramolekiiler ve intermolekiler
olarak bagli 20 kat daha fazla disilfit baglati iceren
11S proteinlerinden olusmaktadir (Morales ve
Kokini, 1997). Soya unundaki 2S ve 7S proteinleri
piring unu hamurundaki elastikiyeti azaltirken,
118 proteinleri ile gliitelin icermeyen karabugday
hamurunun elastikiyetini artirmustir.
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Sekil 3. Hamur 6rneklerinin gerinim taramast verileri (@: 10 rad/s): a) Piring unu, soya unu ve
kanigimindan elde edilen hamurlar, b) Karabugday unu, soya unu ve karisgimindan elde edilen hamutlar,
¢) Glutensiz un karisimi ile elde edilen hamurlarin yumusak bugday unu hamuru ile kiyaslanmasi
Figure 3. Strain sweeps of dough samples (@: 10 rad/ s): a) Rice flour, soy flour, and rice-soy flour blend donghs, b)
Buckwheat flonr, soy flonr, and buckwheat-soy flonr blend doughs, ¢c) Comparison of gluten-free flour blend donghs with
soft wheat flonr dongh

Glutensiz  un  kansgimlartyla  hazirlanmig
hamurlarin SAOS rejimindeki G' ve G” degerleri
aynt kompleks viskozite degerine sahip bugday
unu hamuruyla kiyaslandiginda (Sekil 3c), G'
degetleri arasinda anlamlt bir fark bulunamamigtir
(P>0.05). G' ve G" verileri bitlikte incelenip tand
(=G"/G") verileti degetlendirildiginde (Cizelge 1),
glutensiz karisimlarindan  elde  edilen
hamurlarin benzer (P>0.05) ve bugday unu
hamuruna kiyasla daha dusik (P<0.05) tand
degerlerine sahip olduklari gbrilmustir. Bu da
kiiciik deformasyonlar altinda glutensiz un
karisimlarindan  hazirlanan hamurlarin - bugday
unu hamuruna kiyasla daha elastik davranis
gOsterdigini ortaya koymaktadir.

un

Dogrusal viskoelastik rejimde gerinim taramast ile
elde edilen tand verileri (Cizelge 1), frekans
taramast ile elde edilen tand verileri (Sekil 2b) ile
uyumlu bulunmustur. Ayrica, gerinim taramast
testlerinde diistik deformasyonlarda elde edilen G
ve G" wverileri (Sekil 3c¢) incelendiginde %00.1
gerinim degerinde dogrusal olmayan viskoelastik
davranis gostermeye baslamast nedeniyle bugday
unu hamurunun piring-soya unu hamuru (Vi
%0.4) ve karabugday-soya unu hamuruna (Yis
%0.15) kiyasla daha distik deformasyon
degerinde ag yapisinin bozulmaya basladigi tespit
edilmistir.

Kiciik deformasyon (SAOS) testleri hamurlarin
pisirme kaliteleri ile yliksek korelasyon géstermek
yerine daha ¢ok mikro yapilari hakkinda fikir
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vermek acisindan faydali olmaktadir (Yazar,
2023a; Lazatidou ve ark., 2007). Bu nedenle,
glutensiz hamurlarin pisirme kaliteleri ile ilgili
daha derinlemesine bilgi edinebilmek amaciyla,
makalenin  sonraki  kisimlarinda  glutensiz
hamurlarin orta (MAOS) ve yiksek (LAOS)
deformasyonlar altinda  gOstermis  olduklart
viskoelastik davraniglar incelenmis ve bugday unu
hamurunun ayni  deformasyonlar  altindaki
viskoelastik davranist ile kiyaslanmugtir.

Glutensiz hamurlarin MAOS rejimindeki
viskoelastik 6zellikleri

Hamur 6rneklerinin MAOS rejiminde viskoelastik
davransslarinin analiz edilebilmesi icin 6ncelikle
MAOS rejiminin gerinim araligr belirlenmelidir.
Bu amagla dogrusal olmayan viskoelastik
davranisin baglangicint ifade eden ve Fourier
déniisim reolojisinden elde edilen tigiincii derece
harmonik sayisindan yararlandmaktadir (Ewoldt
ve Bharadwaj, 2013; Ertiirk ve ark., 2023; Hyun
ve Wilhelm, 2018). Tkinci harmonik intensitenin
Uclincti harmonik intensiteye orant (Io/I3) cok
guriltili MAOS verisi icin giivenli alana, baska
bir ifadeyle I»/I3<0.1 MAOS tejimin baslangic
gerinim degerine isaret etmektedir. Diger taraftan
besinci harmonik intensitenin icinci harmonik
intensiteye orant (Is/Is) ¢ok fazla dogrusal

olmayan MAOS verisi icin giivenli 6l¢it kabul
edilmekte ve Is/1:>0.1 MAOS rejiminin son
buldugu gerinim degerini ifade etmektedir (Yazar,
2023a; Erturk ve ark., 2023; Singh ve ark., 2018).
Sekil 4a piring-soya unu, karabugday-soya unu,
bugday unu, soya unu, karabugday unu, ve piring
unu hamurlart igin %0.01-200 gerinim arahiginda
cizilmis intensite oranlart tzerinden MAOS
haritasint  gostermektedir. Sekil 4a’ ya gore,
MAOS tejiminin en distik (Io/I3<0.1) ve en
yiksek (Is/I3>0.1) gerinim degetleri piring-soya
unu hamuru icin %2.5-11, karabugday-soya unu
hamuru icin %1.5-11, bugday unu hamuru icin
%1.5-11, soya unu hamuru icin %2.5-18,
karabugday unu hamuru icin %1.5-11, ve piring
unu hamuru icin %2.5-7.5 olarak belitlenmistir.
Glutensiz hamurlarin MAOS gerinim araligr ilk
kez bu ¢alismada belirlenmistir. Yumusak bugday
unu hamurunun MAOS 6zellikleri daha 6nce yine
10 rad/s frekansta calistimis ve %0.005-1 gerinim
araligindaki  harmonik intensite oranlarinin
MAOS rejiminde olmak icin ¢ok glrtltilt oldugu
da belirtilmistir (Ertirk ve ark., 2023). Bu
calismada elde edilen harmonik intensite oranlari
da tiim hamur 6rnekleri igin %1.5 gerinime kadar
MAOS rejimi icin ¢ok gurdltili bulunmustur
(Sekil 4a).
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Sekil 4. Glutensiz hamurlar ve yumusak bugday unu hamurunun MAOS 6zellikleri (mavi: piring-soya

unu hamuru, kirmizi: karabugday-soya unu hamuru, siyah: yumusak bugday unu hamuru, mor: soya unu

hamuru, turuncu: karabugday unu hamuru, yesil: pirin¢ unu hamuru): 2) MAOS haritasi, b) Normalize
edilmis G’ ve G”, ¢) MAOS rejiminde e3/e1 ve vs3/vi mutlak degerlerindeki logaritmik degisim
Figure 4. MLAOS behavior of giuten-free flour doughs and soft wheat flour dough (blue: rice-soy flonr dongh, red:
buckwheat-soy flonr dough, black: soft wheat flonr dongh, purple: soy flour dough, orange: buckwheat flonr dongh, green:
rice flonr dongh): a) MLAOS map, b) Normalized G ve G, ¢) The logarithmic change of the absolute values of es/ e; ve
v3/ v1in the MAOS region
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I,/15ve Is/15 tizerinden belitlenen MAOS gerinim
araliklart incelendiginde, soya unu hamurunun en
genis  gerinim  araligna  sahip  oldugu
gorilmektedir (Sekil 4a). MAOS rejiminin daha
genis olmast hamurun artan gerinim genligi
karsisinda  yapisal deformasyona c¢ok fazla
ugramadan  daha  dayanikli  kalabildiginin
gOstergesi olarak ifade edilmistir (Ertiirk ve ark.,
2023). Bu calismada analiz edilen glutensiz
hamurlar arasinda ve hatta bugday unu hamuruna
kiyasla, MAOS deformasyonlar1 altinda en
dayanikli viskoelastik davranist soya unu hamuru
gOstermistir. Bunun nedeni olarak soya ununun
%46 civarindaki yiiksek protein icerigi (Yazar ve
ark., 2017) ve bu proteinlerin farkli fonksiyonel
Ozelliklere sahip fraksiyonlari (Morales ve Kokini,
1997) gosterilebilmektedir. Dolayisiyla, piring
ununun %20' sinin soya unu ile degistirilmesi ile
elde edilen hamurun MAOS gerinim araligt piring
unu hamuruna gore genisleme gostermistir. En
dar MAOS gerinim aralifi piring unu hamuru igin
gorilmustir. Piring unu hamuru en distik gerinim
genliginde LAOS rejimine gecis gbsteren hamur
olmustur. Pirin¢ unu hamurunun yiiksek nigasta
icerigi ve gliadin benzeri uzayabilitlik yetisine
sahip bir proteinden yoksun olmast nedeniyle
daha disik gerinim degerlerinde LAOS rejimine
girmis  oldugu  dusinilmektedir. Dogrusal
viskoelastik rejimde ylksek elastisite gosteren
nisasta-su karisiminin artan frekans karsisinda
bozulmaya ugradigi ve bunun sebebinin ise yart
akiskan bir viskoelastik hamur gibi akiskanlik
Ozelligi gbsterememesi oldugu belirtilmistir (Shan
ve ark., 2022). Sonu¢ olarak, soya unu ilavesi
piring  unu  hamurunun  deformasyonlar
karsisindaki direncini MAOS rejiminde artirmigtir
(Sckil 4a). Fakat karabugday unu hamurunun
MAOS gerinim araligi 8:2 (w/w) oraninda
karabugday unu:soya unu karsimi ile degisime
ugramamistir. Artan MAOS gerinim genliginin
neden oldugu deformasyonu asabilmek icin
karabugday ununun daha yiiksek oranda (>%20)
soya  unu ile  kamstirdmast  gerektigi
dustnilmektedit.

Hamur orneklerinin MAOS analizlerinin  bir

sonraki adiminda normalize edilmis G’ ve G”
verileri incelenmistir (Sekil 4b). Bu amacla 0.01%-
200% gerinim araliginda elde edilen G’ ve G”

verileri SAOS rejimindeki (yo: 0.1% gerinimde) G’
ve G" degetleti ile normalize edilmis ve getinim
genligine karst log-log eksende sunulmustur.
MAOS rejimine denk gelen G' ve G" (birinci
harmonik ~ MAOS  modilleri)  verilerine
bakildiginda, tim hamurlar icin G' ve G”
degerlerinin distis gOsterdigi tespit edilmistir
(Sckil 4b). Hyun ve ark. (2002) tarafindan ileri
striilen dogrusal olmayan materyal davranisi
siniflandirmasma  gére,  dogrusal — olmayan
viskoelastik  rejimin  baglangicinda  normalize
edilmis G" ve G” degetlerinin her ikisi de azali
gOsteriyorsa, materyal “gerinim incelmes?” olarak da
bilinen “tip I” dogrusal olmayan davranis
gosteriyor demektir. Bu durumda, bu calismada
analiz edilen tim hamur 6rnekleri tip I davranss
gostermistir. Hyun ve ark. (2002) tarafindan ileri
stiriilen bu siniflandirmaya dayalt bir analiz daha
o6nce hamur O6rnekleri {izerinde yapilmamustir.
Fakat gluten benzeri bir protein olarak
keciboynuzu riseymi glutelin  fraksiyonundan
Farinograf yogurma islemi ile 500 BU
konsistenste elde edilen hamurun da bu
calismadaki hamur Srnekleri gibi tip I davranis
gosterdigi tespit edilmistir (Yazar ve ark., 2023).
Diger taraftan, 500 BU konsistenste elde edilmis
gluten hamurunun (500 BU) ise tip III (zaysf
gerinim agimt) ve tip IV (kuvvetli gerinim  asimi)
karnisimi dogrusal olmayan davranis gosterdigi
belirlenmistir (Yazar ve ark., 2022).

Tip III dogrusal olmayan davramugta G’ azalirken,
G" 6nce artig gosterip sonrasinda azalarak devam
eder. Tip IV davranugta ise G’ ve G” degetlerinin
her ikisi de Once artis sonrasinda azalma
gostermektedir (Hyun ve ark., 2002; Song ve
Hyun, 2019). Tip IV davranisin temelinde artan
deformasyonlara diren¢ gosteren, hidrofobik
gruplar arasindaki intermolekiler (molekiiller
arast) baglantilardan olusmus ag yapist oldugu
distntlmektedir. Tip III davranis gosteren
sistemlerde bu ag yapisi biraz daha zayiftir. Tip 1
davranis ise daha ¢cok kayma incelmesi davranisina
benzetilmektedir. Deformasyonun kiiciik oldugu
dogrusal viskoelastik rejimde G’ ve G” sabittir.
Gerinim genligi (deformasyon) arttikca [MAOS
rejimine girildikee] polimer zincitleri ayrisir ve akis
alan1 yontnde hizalanmaya baslarlar. Bu sekilde
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sistem, uygulanan deformasyon karsisinda daha
kolay akmaya baslar ve G’ ve G" degetlerinin
azalma gosterdigi tip I dogrusal olmayan davranis
gbzlemlenir (Hyun ve ark., 2002).

Bu calismada bugday unu hamurunun tip 1
davrants gOstermesinin  arkasinda  yumusak
bugday ununun yiiksek oranda nisasta icermesinin
oldugu dustintilmektedir. Soya unu bu ¢alismada
kullanilan diger glutensiz unlar ve bugday ununa
kiyasla ~ daha  yiksek  protein  (%45-50)
icermektedir (Traynham et al., 2007; Yazar ve ark.,
2017). Fakat buna ragmen yine tip I davranss
gOstermesinin  sebebi  protein  kalitesi ile
aciklanabilmektedir.  Yine gluten icermeyen
keciboynuzu riseyminden ekstrakte edilen suda
¢bziinmeyen protein fraksiyonu da ayni sebeple
tip I davranis gdstermistir (Yazar ve ark., 2023).
Glutensiz unlardaki genellikle yitksek nigasta
miktart  ve  protein  yapilarinin  artan
deformasyonlar karsisinda  gluten  proteinine
kiyasla daha az dayanikli olmalari glutensiz
hamurlarin tip I davranis géstermesinin (Sekil 4b)
nedenleri olarak siralanabilmektedir. MAOS
deformasyonlart altinda hamur 6rnekleri icin elde
edilen normalize edilmis G' ve G” degetleri (Sekil

4b) MAOS rejiminde belitlenmis tand verileriyle
(Cizelge 1) uyum gostermektedir. Cizelge 17 de
verilen MAOS gerinimleri hamur 6rneklerinin
cogu icin gecerli araligt kapsamaktadir. Fakat, soya
unu hamuru icin MAOS rejimi daha genis bir
gerilim araligint kapsadigt icin (%2.5-18) Cizelge
1’ de verilen gerinim degetlerinde tand ve
normalize edilmis G' ve G” degerleri (Sekil 4b)
cok degisim gostermemistir. SAOS rejimindeki
tand degetleri gz 6ntine alindiginda, piring-soya
unu hamurunun tand degetleri piring unu
hamuruna kiyasla daha az artmistir (Cizelge 1). Bu
da soya unu ilavesiyle piring unu hamurunun
artmaya baslayan deformasyonlar karsisinda daha
dayanikli bir yap1 kazandigii géstermektedir.
Ayni durum karabugday ununa soya unu ilavesiyle
elde edilen hamur icin de belirlenmistir (Cizelge
1). Fakat karabugday-soya unu hamurunun
MAOS rejiminde artan deformasyonlara karst
dayaniklilig1 piring-soya unu hamuruna gére daha
dustiktir. Bugday unu hamuru ise hem tand
(Cizelge 1) hem de normalize edilmis G’ ve G”

degerlerinden (Sekil 4b) anlasildigy tizere, MAOS
deformasyonlart  altinda  piring-soya
hamuruna kiyasla daha zayif, karabugday-soya
unu hamuruna kiyasla daha dayanikli bir yapt
sergilemistir.

unu

Bir materyalin dogrusal viskoelastik rejimdeki
gerilim yanitt Fourier doéniisimi ile birinci
harmonik  tzerinden  belirlenebilmektedir.
Gerinim taramast analizinde gerinim genligi
arttkca, yani  materyalin = maruz  kaldig
deformasyonun  buyikligi arttitkea, gerilim
yanitint  gosteren  sintizoidal dalganin  sekli
bozulmaya baslar ve bu noktada materyal gerilim
yanitina baglt olarak tek sayilli daha buyik
harmonikler (3., 5., 7., vb.) analiz sirasinda elde
edilir. Tlk etapta 3. derece harmonik intensitesi
belirmeye baslar ve o nedenle dogrusal olmayan
viskoelastik  rejimin baslangicindaki materyal
davranist daha ¢ok 3. derece harmonik ile
tanimlanmaktadir (Ertirk ve ark., 2023). Sekil
4b’de goruldigi gibi 1. harmonik MAOS
modilleri Hyun ve ark. (2002) tarafindan ileri
stirilmiis olan dogrusal olmayan davranisin
belirlenmesinde kullanilmaktadir (Song ve Hyun,
2019). Diger taraftan, 3. harmoniklerin dogrusal
olmayan davransin sinyallerini vermeye basladig
noktada  Chebyshev  sabitleri  tzerinden
materyallerin fiziksel analizinin yapilmasi, daha
ileri dereceden harmoniklerin dahil oldugu LAOS
rejimine kiyasla daha saglikli bilgi verebilmektedir
(Ewoldt ve Bharadwaj, 2013). Sckil 4c” de 3.
derece elastik (es) ve viskoz (vs) Chebyshev
sabitlerinin 1. derece sabitlere (e1 ve vi)
oranlarinin mutlak degerleri tiim hamur 6rnekleri
icin belitflenen MAOS gerinim araliginda log-log
cksende verilmis ve dogrusal olmayan rejimin
baslangicinda  deformasyonlar — artarken  bu
sabitlerin sergilemis oldugu artis egimi tespit
edilmistir. Ewoldt ve ark. (2008) e3/e1 degetlerinin
gerinim  katilasmast  (>0) veya  gerinim
yumusamast (<0) davransint tanimlarken, vs/vi
degerlerinin kayma incelmesi (<0) veya kayma
kalinlasmast  (>0) davranisini  ifade etmekte
kullantldigint ileri strmiistir. Bu calismada elde
edilen sonuglar en dusik es/e; egim degerini
karabugday hamuru icin géstermistir. En yitksek
es/e1 egim degeri ise soya unu ve bugday unu
hamurlarti icin tespit edilmistir. Karabugday ununa
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soya unu ilavesiyle elde edilen hamurda es/e;
egiminde azalma gézlenmistir. Baska bir ifadeyle,
dogrusal ~ olmayan  viskoelastik  rejimin
baslangicinda soya unu ilavesiyle karabugday unu
hamurunun gerinim katilasmasinda artis meydana
gelmistir. Piring unu hamuru ve piring-soya unu
hamuruna ait e3/e; egim degetleri birbirine yakin
bulunmustur. Dolayisiyla piring ununa soya unu
ilavesi sonucu elde edilen hamurda, piring unu
hamuruna kiyasla, MAOS deformasyonlarinda
gerinim katillasmast davranisinda bir degisiklik
olmamistir (Sekil 4c).

MAOS  deformasyonlart  altitnda ~ hamur
orneklerinin - gosterdigi  vs/vi  egim degetleri
incelendiginde (Sekil 4¢) ise en disik egim degeri
soya unu hamuru i¢in belirlenmistir. Bu da demek
oluyor ki kademeli olarak artan gerinim genligi
karsisinda en az viskoz bozulma soya unu
hamurunda meydana gelmistir. En yiksek vs/vi
egim degerleri ise glutensiz un karisimlariyla
hazirlanmis hamur OSrneklerinde gérilmustiir.
Soya ilavesine ragmen glutensiz un
karnigimlariyla  hazirlanan  hamurlarin - MAOS
deformasyonlarinda daha yiiksek kayma incelmesi
gostermelerinin -~ nedeninin ~ farkli  unlarin
bitlesimiyle elde edilen hamur ag yapisinin artan
deformasyonlar karsisinda ilk etapta daha kolay
ayrisma gostermesi oldugu distinilmektedir.

unu

Glutensiz hamurtlarin LAOS
viskoelastik 6zellikleri
Lissajous-Bowditch egrilerinin analizi
Glutensiz unlarin karisgimt sonucu elde edilen
hamurlarin  artan  deformasyonlar karsisinda
gostermis olduklart dogrusal olmayan viskoelastik
davranis hakkinda kalitatif bilgi edinebilmek
amactyla glutensiz hamurlar ve bugday unu
hamuruna ait elastik (Sekil 5a) ve viskoz (Sekil 62)
Lissajous-Bowditch ~egrileri analiz  edilmistir.
Lissajous-Bowditch egrileri gerilimin gerinime
karst (elastik) veya gerilimin kayma gerilimine
karst (viskoz) cizilmesiyle elde edilen parametrik
grafiklerdir (Yazar ve ark., 2019; Macias-
Rodriguez ve ark., 2018). Bu grafikler kompleks
akiskanlarin reolojik davraniglarinin parmak izi
olarak kabul edilmektedir (Ewoldt ve ark., 2007).

rejimindeki

Sekil 5a, dogrusal rejimden dogrusal olmayan
rejime gecisi ifade eden secili gerilim degerlerinde

(%0.015, %1.5, %25, %70, %110, %Z200),
glutensiz ve bugday unu hamur 6rneklerine ait
elastik Lissajous-Bowditch egrilerindeki degisimi
gostermektedir.  Gerilim  degeri  %1.5” tan
disiikken (y0<%1.5) tim hamur 6rnekleri i¢in
Lissajous-Bowditch egrilerinin dar elips seklinde
olmast  gerilim  yamiti  Uzerinde  dogrusal
viskoelastik davranisin hakim oldugunu ifade
etmektedir. Gerinim genliginin artmastyla birlikte
(%1.5<y0<%200)  dar elipslerin  genislemeye
basladigt gorilmektedir. Bu da tim hamur
Ornekleri icin  elastisitenin  hakim  oldugu
viskoelastik davranisin  yerini viskoz agirhkl
viskoelastik davranisin  aldiginin - g6stergesidir
(Ewoldt ve ark., 2007). Diger bir ifadeyle, artan
deformasyonlar karsisinda hamur 6rnekleri daha
akiskan davranis géstermeye baslamuglardir. %200
gerinim degerinde, elastik Lissajous-Bowditch
egrileri arasinda en dar elips sekli soya unu
hamuruna aitken, en genis elips piring unu
hamurunda gorilmustiir.  Dolayisiyla, LAOS
deformasyonlart karsisinda en elastik davranist
soya unu hamuru gosterirken, en fazla elastik
bozulmaya ugrayan hamur pirin¢ unu hamuru
olmustur (Sekil 5a). Hatta, piring unu hamuruna
ait elastik Lissajous-Bowditch egrileri yuksek
gerinim  degerlerinde elips  seklinden  ctkip
dikdoértgen benzeri sekil almaya baglamustir.
Elastik Lissajous-Bowditch egrilerinde gérilen bu
dikdértgen sekil elastoviskoplastik davranigi ifade
etmektedir (Vishal ve Ghosh, 2020). Piring-soya
unu karisimindan elde edilen hamura ait elastik
Lissajous-Bowditch egrisinde en yiksek LAOS
gerinimde bile dikdortgen sekil gdrilmemistir
(Sckil 52). Bu da piring ununa soya unu ilavesinin
hamurun yiksek deformasyonlar karsisindaki
elastikiyetini artirdigini  g6stermektedir. Benzer
sekilde, %200 gerinimde, karabugday-soya unu
hamuruna ait elastik Lissajous-Bowditch egrisi
karabugday unu hamurununkine kiyasla daha dar
elips sekli gOstererek soya unu ilavesinin bu
glutensiz un Orneginde de elastikiyeti artirdigint
gbstermistir.

Her bir LAOS gerinim déngisi i¢in ham gerilim
[o(t)] verisinin gerinime [y(t)] karst cizilmesiyle,
dogrusal olmayan davrans ile ilgili, G1" ve Gy”
tarafindan belirlenemeyen daha derinlemesine
bilgi edinilebilmektedir (Ewoldt ve ark., 2008).
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Gerinim  artttk¢a  elastik  Lissajous-Bowditch
egrilerinin saat yoninde dénmesi kademeli olarak
artan bir yumusamanin gostergesidir (Ewoldt ve
ark., 2007). Sekil 52’ da verilen, secili LAOS
gerinimlerinde ¢izilmis elastik Lissajous-Bowditch
egrileri, her bir hamur 6rnegi icin st Uste gelecek
sekilde tek bir grafikte gosterilmistir (Sekil 5b).
Buna gore, artan LAOS gerinimlerinde en fazla
yumusama pirin¢ unu hamurunda gorilmistir.
Soya unu ilavesiyle, elastik Lissajous-Bowditch
egrilerinin artan gerinim degerleriyle birlikte saat
yoniinde dontsti azalmis ve piring unu hamuruna
kiyasla yumusama miktarinda azalma
kaydedilmistir (Sekil 5b).

Tsatsaragkou ve ark. (2014) bu calismada oldugu
gibi prin¢ ununu belitli oranlarda keciboybuzu
unuyla degistirerek glutensiz un karisimi elde
etmis ve bu un karisimindan elde edilen hamurun
dogrusal  olmayan  viskoelastik  rejimdeki
davranisint incelemistir. Keciboynuzu unu %50
nin Uzerinde protein miktariyla soya unu gibi
yiksek protein iceren glutensiz bir un
alternatifidir (Yazar ve ark., 2023). Dolayisiyla
keciboynuzu unu ilavesiyle piring unu hamurunun
dogrusal olmayan viskoelastik rejimde daha elastik
bir davrams gosterdigi belitlenmis (Tsatsaragkou
ve ark., 2014) ve bu calismadaki sonugla uyumlu
bulunmustur. Karabugday unu hamurunda ise
soya unu ilavesinin etkisi 6zellikle en yiiksek
LAOS geriniminde (%200) meydana gelmistir.
Daha disik LAOS gerinimlerinde (y0<%200)
karabugday karabugday-soya
hamurlarina ait elastik Lissajous-Bowditch egrileri
benzer derecede yumugsamaya isaret etmektedir.

unu ve unu

LAOS gerinimlerinde elde edilen tand degerleri
(Gizelge 1) elastik Lissajous-Bowditch egrilerinin
(Sckil 5b) isaret ettigi yumusama derecesiyle uyum
gostermektedir. Piring ve karabugday hamurlarina
kiyasla,  piring-soya ~ ve  karabugday-soya
hamurlarinin tand degetlerinde en bariz ve anlamlt
azalma %200 LAOS deformasyonunda (P<0.05)
gorulmustir (Cizelge 1). Glutelin proteinlerince
zayif olan karabugday ununa (Mariotti ve ark.,
2008) soya unu ilavesinin SAOS rejiminde
kazandirmis oldugu clastikiyet
deformasyonlar tarafindan gdlgelenmis olsa da
(Cizelge 1) en yiksek LAOS deformasyonunda
soya  proteinleri  karabugday-soya  hamur

artan

sisteminin deformasyon dayanikliligin
karabugday hamuruna kiyasla artirmustir (Sekil
5a,b). Diger taraftan ylksek miktarda glutelin
icermesine ragmen piring unu hamuru, SAOS
rejiminin aksine (Sekil 3a), LAOS rejiminde en
akiskan hamur yapisini sergilemistir (Sekil 5a,b).
nedeni ise pirin¢  glutelinlerinin
fonksiyonel 6zelliklerinin zayif olmast ve yiiksek
molekil agirlikli suda ¢ézlinmeyen protein yapilart
olusturmasi ile actklanmistir (Amagliani ve ark.,
2017). Dolayistyla soya ununda bulunan 2S, 7S, ve

Bunun

11S  proteinleri  piring  unu  hamurunun
deformasyonlar karsisindaki elastikiyetini
artirmistir.

Elastik Lissajous-Bowditch egrileri tizerinden
gerinim katillagmast veya yumusamast davranist
hakkinda fikir edinmek de mumkin olmaktadir.
LAOS gerinimi arttikga eliptik sekilde meydana

gelen bozulma gerinim katilasmasinin
gostergesidir  (Ewoldt ve ark., 2007). %25
gerinimde, ani gerilim artist  ile, hamur

orneklerinin hepsinin elastik Lissajous-Bowditch
egrilerinin  elips seklinde bozulma meydana
gelmistir. Bu gerilim artist s6z konusu gerinim
dongusiinde gerinim katilasmast davranisina isaret
etmektedir. LAOS gerinimi arttikea (y0>%25),
elastik Lissajous-Bowditch egrilerindeki gerilim
artisina baglt gérillen gerinim katilasmasi davranist
piring unu, soya unu, ve bugday unu hamurlar
icin artarak devam ederken, glutensiz un
kanigimlart ve karabugday unu ile elde edilen
hamur 6rneklerinde giderek yok olmustur (Sekil
5a).

Glutensiz hamur 6rneklerine ait viskoz Lissajous-
Bowditch egrileri ise bugday unu hamuruna ait
egrilerle birlikte Sekil 6a’ da verilmektedir.
Dogrusal viskoelastik rejimde (yo=%0.015), tim
hamur 6rneklerine ait viskoz Lissajous-Bowditch
egrileri dairesel sekil gOstermistir. Daha 6nce
benzer sekilde bugday unu hamurlar (Yazar ve
ark., 2016a; Yazar ve ark., 2016b) ve glutensiz
hamurlar (Yazar ve ark., 2017) icin dogrusal
viskoelastik rejimde dairesel sekil gosteren viskoz
Lissajous-Bowditch egrileri elde edilmistir. LAOS
gerinimleri artip hamur Ornekleri dogrusal
olmayan viskoelastik rejime gecince (y0=%1.5),
dairesel sekildeki viskoz Lissajous-Bowditch
egrileri daralma gOstermistir. Artan
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deformasyonlar

karsisinda

dairesel  sekildeki

viskoz Lissajous-Bowditch egrilerinde en fazla
daralma piring unu hamurunda gérilmiistiir. Bu
da elastik Lissajous-Bowditch egrilerinin isaret
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e Ve
Yo ove
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ettigi gibi (Sekil 5a) en fazla viskoz bozulmanin
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Sekil 5. Glutensiz hamur 6rnekleti ve yumusak bugday unu hamuruna ait elastik Lissajous-Bowditch egrileri:
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0
Gerinim (%)
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Gerinim (%)

goraldigini

a) Egrilerin secili LAOS gerinimlerinde aytt ayri gésterimi, b) Secili LAOS gerinimlerindeki egrilerin tek

grafikte gOsterimi

Figure 5. Elastic Lissajons-Bowditch curves of gluten-free flonr donghs and soft wheat flonr dongh: a) Separate plots of the
curves at each selected 1.AOS strain, b) Overlay of the curves obtained at each selected L. AOS strain
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Piring  unu  hamurundan  sonra, artan
deformasyonlar karsisinda en fazla daralma
gOsteren  viskoz Lissajous-Bowditch — egrileri
karabugday unu hamurunda gérilmistir. Bu iki
glutensiz una soya unu ilavesiyle elde edilen
hamurlara ait viskoz Lissajous-Bowditch egrileri
LAOS deformasyonlari arttik¢a daralmadan daha
cok sekil acisindan degisime ugramustir. Ornegin,
ylksek deformasyonlarda piring unu hamuruna ait

Kayma hizi (1/s)

ey
RN,

viskoz  Lissajous-Bowditch  egrilerinin = ug
kisimlarinda sivrilme ve biikiilme goriilmektedir.
Bu sivrilerek biikiilme, piring ununa soya unu
ilave edilmesiyle elde edilen hamurda azalmugstir
(Sekil 6a). Maksimum kayma hiz1 degerinde viskoz

Lissajous-Bowditch egrilerinde gorilen
bukilmeler kayma incelmesi  davranisiyla
iliskilendirilmistir  (Macias-Rodriguez ve ark.,
2018).

-
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Sekil 6. Glutensiz hamur 6rnekleri ve yumusak bugday unu hamuruna ait viskoz Lissajous-Bowditch egrileri:
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a) Egrilerin secili LAOS gerinimlerinde aytt ayri gésterimi, b) Secili LAOS gerinimlerindeki egrilerin tek
grafikte gOsterimi
Figure 6. Viscous Lissajous-Bowditch curves of gluten-free flour doughs and soft wheat flour dough: a) Separate plots of the
curves at each selected 1.AOS strain, b) Overlay of the curves obtained at each selected L AOS strain
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Sekil 6a’ da tiim hamur 6rnekleri icin secili LAOS
deformasyonlarinda  verilmis  olan  viskoz
Lissajous-Bowditch egrileri, her hamur icin tek bir
grafikte Ust Uste gelecek sekilde ayrica verilmistir
(Sekil 6b). Ewoldt ve Bharadwaj (2013) kademeli
olarak artan LAOS deformasyonlart karsisinda
viskoz  Lissajous-Bowditch  egrilerinin  saat
yoniinde dénmesini akiskanligin artist ve incelme
ile iliskilendirmistir. LAOS gerinimi artttk¢a saat
yoninde en az derecede doéniis soya unu ve
bugday unu hamurlarinda gorilirken, en yiksek
derecede doniis piring unu hamuru ve sonrasinda
karabugday unu hamurunda gérilmistiir. Soya
ilavesiyle elde edilen glutensiz un
karisimlartyla hazirlanan hamurlara ait viskoz
Lissajous-Bowditch egrilerinin artan
deformasyonlar karsisinda saat yoniinde dénme
derecesi piring ve karabugday unu hamurlarina
kiyasla azalmistir (Sekil 6b). Sekil 6b” de verilen
viskoz Lissajous-Bowditch egrilerinin gostermis
oldugu saat yoniinde dénme derecesiyle ifade
edilen incelme davranist Sekil 4b’de verilen

unu

normalize edilmis G"” verileriyle uyusmaktadir.

Chebyshev sabitlerinin analizi

Hamur 6rneklerinin MAOS davraniglari analiz
edilirken de belirtildigi gibi, 3. derece elastik (e3)
ve viskoz (v3) Chebyshev sabitlerinin biyiikligi
dogrusal viskoelastik rejimden dogrusal olmayan
viskoelastik ~ rejime  gecgis  hakkinda  fikir
vermektedir (Yazar ve ark., 2019). 3. derece elastik
Chebyshev sabitinin 1. derece elastik Chebyshev
sabitine oraninin pozitif bir degere sahip olmasi
(e3/e1>0) dongt ic¢i (gerinim donglst) gerinim
katilasmas: davranisi, negatif bir degere sahip
olmast (es/e1<0) ise gerinim yumugamast
davranst ile iligkilendirilmistir (Ewoldt ve ark.,
2008). Glutensiz hamur o6rneklerine ait es/e
verileri Sekil 7” de verilmektedir. Yaklasik 0.25
es/e degeri ile piring unu hamuru en yiksek
gerinim katillasmasi davranigini gstermistir ve bu
davranis LAOS  gerinimleri arttikga artis
gOstermistir (Sekil 7a). Piring unu hamurunun
LAOS gerinimlerinde géstermis oldugu yitksek
gerinim  katdlagsmasi davranisiin  piring unu
protein kalitesinin deformasyonlar karsisindaki
dusiik kalitesine ve dolaysiyla dogrusal olmayan
davranist nisasta  fraksiyonunun = istleniyor
olmasina baglt oldugu belirtilmektedir (Yazar ve

Demirkesen, 2022; Yazar ve ark., 2017). Soya unu
hamuru da benzer sekilde artan LAOS
deformasyonlar kargisinda siirekli artan gerinim
katilasmast davranist gOstermistir; fakat bu
davranusin derecesi piring unu hamuruna kiyasla
daha kigtiktiir (Sekil 7a). Sonug olarak piring-soya
unu hamurunun es/e; degetleri piring unu
hamuruna kiyasla buiytk 6l¢tide azalmig (P<0.05)
ve soya unu hamuruna yakin derecede gerinim
katilasmast davranist géstermistir. Fakat piring-
soya unu hamurunun es/e; degetleri artan LAOS
gerinimleri karsisinda artan, azalan ve tekrar artan
bir egilim gbstermistir (Sekil 7a).

Karabugday unu hamuruna ait e3/e1 degerleri de
piring-soya unu hamurunda oldugu gibi artip
azalan karmagik bir egilim gOstermistir. Fakat
karabugday unu hamurunda e3/e; %40-110
LAOS gerinim araliginda negatif degerler
gostererek gerinim yumusamasi davranisina isaret
etmistir. Karabugday-soya unu hamuruna ait es/e;
de porzitif ve negatif degerler gbstermistir, fakat bu
degerler karabugday unu hamuruna kiyasla
azalmistir  (Sekil 7b). Dolayistyla soya unu
ilavesinin karabugday unu hamurunun yiksek
deformasyonlar altindaki gerinim katilasmasi ve
yumugamast davranisini dengeledigini séylemek
mumkindir. Artan deformasyonlar karsisinda
bazi materyallerin Oncelikle gerinim katilagmast
gosterip, daha yiksek deformasyonlarda gerinim
yumusamast da gosterebilecegi  belirtilmistir
(Ewoldt ve ark., 2007). S6z konusu kompleks
dogrusal olmayan davranis yamtt glutensiz un
kanigimlariyla elde edilen hamur Srneklerinde
gorilmektedir.

Sekil 7¢” de glutensiz un karisimlariyla elde edilen
hamurlarin e3/e1 degetleri bugday unu hamuru ile
kiyaslanmistir. Glutensiz hamurlar bugday unu
hamuruna  kiyasla  daha  disik  LAOS
deformasyonlarinda gerinim katillagsmast
davranisinda azalma gostermigtir. Artan LAOS
gerinimleri karsisinda hamur 6rneklerinin gerinim
katilasmast  davranisinda  meydana  gelen
azalmanin ekmek hacminin artisina katki sagladigt
tespit edilmistir (Yazar ve ark., 2017). Fakat bu
azalmanin glutensiz hamurlarda bugday unu
hamuruna kiyasla daha dusik gerinimlerde
meydana gelmis olmasi glutensiz hamurlarin artan
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deformasyonlar  karsisinda daha  dayaniksiz
oldugunu gostermektedir. Farkli oranlarda soya
unu veya baska yap: olusturucu bilesenlerin
ilavesiyle glutensiz hamurlarin yiksek

03] —A— e,/e,- piring unu hamuru
—A— e /e - piring-soya unu hamuru
—A— e /e - soya unu hamuru

deformasyonlar  altinda  gosterdigi  gerinim
katilasmast davranisini kontrol etmek mumkin
olacaktir.
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Sekil 7. Glutensiz hamur 6rnekleti ve yumusak bugday unu hamurunun e3/er degetleri: a) Piring unu,
soya unu ve karisimindan elde edilen hamurlar, b) Karabugday unu, soya unu ve karisimindan elde
edilen hamurlar, ¢) Glutensiz un karisimi ile elde edilen hamurlarin yumusak bugday unu hamuru ile
kiyaslanmast
Figure 7. es/ e1 values of gluten-free flour doughs and soft wheat flonr dongh: a) Rice flour, soy flour, and rice-soy flour
blend doughs, b) Buckwheat flonr, soy flour, and buckwheat-soy flour blend donghs, c) Comparison of gluten-free flour
blend doughs with soft wheat flour dough

3. derece viskoz Chebyshev sabitinin 1. derece
viskoz Chebyshev sabitine oraninin pozitif bir
degere sahip olmasi (v3/vi>0) dongi ici kayma
kalinlagmasi, negatif bir degere sahip olmast
(v3/vi<0) ise kayma incelmesi davransiyla
iliskilendirilmistit (Ewoldt ve ark., 2008). Bu
calismada, soya unu hamuru disinda, glutensiz
hamurlarin MAOS rejiminde kayma kalinlasmasi
davranist gosterdigi tespit edilmistir (Sekil 8a,b).
Soya unu hamuru gibi, bugday unu hamuru da
dogrusal olmayan viskoelastik rejimde kayma
kalinlagmast gostermemistir (Sekil 8c). Soya unu
hamuru disindaki glutensiz hamurlarda gérilen

kayma kalinlagmasi sonrasinda artan
deformasyonlarla  gorilen kayma incelmesi
davranisi (Sekil 8) nedeniyle bu hamutlarin v3/vi
degerleri MAOS rejiminde yitksek egimle dusis
gostermistir (Sekil 4c). Soya unu ilavesiyle her iki
glutensiz un karisimi hamurunun da kayma
incelmesi davranisinin diizeyinde azalma meydana
gelmistir  (Sekil 8a,b). Baska bir ifadeyle
maksimum  vs3/vi  degetlerinde  azalma
gorilmustir. Diger taraftan piring-soya unu
hamuru piring unu hamuruna kiyasla daha duistik
LAOS  deformasyonlarinda  pik  noktasina
ulagmustir (Sekil 8a). Bu durumda, soya unu
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ilavesiyle pirin¢ unu hamurunun kayma incelmesi
diizeyi azalsa da artan deformasyonlar karsisinda
kayma incelmesi davranst daha hizli meydana
gelmistir. Karabugday unu hamurunun kayma
incelmesi davranist ise %25 LAOS geriniminde

kayma incelmesi davramist %45 LAOS
geriniminde pik noktasina ulasmustir (Sekil 8b).
Boylece soya unu ilavesiyle karabugday unu
hamurunun kayma incelmesi davranisi agisindan
deformasyonlar karsisinda dayanikliligi artmigtir.

pik yaparken, karabugday-soya unu hamurunun
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Sekil 8. Glutensiz hamur 6rnekleri ve yumusak bugday unu hamurunun vs/vi degetleri: a) Piring unu,
soya unu ve karisimindan elde edilen hamurlar, b) Karabugday unu, soya unu ve karisimindan elde
edilen hamurlar, ¢) Glutensiz un karisimt ile elde edilen hamurlarin yumusak bugday unu hamuru ile
kiyaslanmast
Figure 8. vs/ vi values of gluten-free flonr donghs and soft wheat flour dongh: a) Rice flour, soy flour, and rice-soy flonr
blend doughs, b) Buckwheat flonr, soy flour, and buckwheat-soy flour blend donghs, c) Comparison of gluten-free flour
blend doughs with soft wheat flour dough

Bu veriler bugday unu hamurunun vs/vy

SONUC

degetleriyle kiyaslandiginda ise %15 ile en dustk
LAOS geriniminde kayma incelmesi davranisinda
bir maksimum degere ulasan hamur Srneginin
piring-soya unu hamuru oldugu gorilmektedir.
Hem maksimum v3/vi degetleri hem de en yuksek
LAOS gerinimindeki (%200) vs3/vi degetleri
kiyaslandiginda her iki glutensiz hamurun da
bugday unu hamuruna kiyasla daha disik
dizeyde kayma incelmesi davranist gOsterdigi
belirlenmistir (Sekil 8c).

Glutensiz firin Grind Uretiminde, Uretimin ilk
basamaginda bir zorluk olarak karsimiza cikan
glutensiz  unlarin  optimum  su  kaldirma
kapasitelerinin belirlenmesi, ampirik yontemlere
alternatif olarak temel bir yontem olan frekans
taramasi testleri ile gerceklestirilmistir. Soya unu
ilavesiyle elde edilen model glutensiz un
karisgimlarinin su kaldirma  kapasitelerinde  artis
belitlenmistir. Glutensiz un karisimlariyla elde
edilen hamur 6rnekleri, Farinograf ile 500 BU
konsistens degerinde elde edilen bugday unu



Glutensiz hamurlarin mekanik ozellikleri

hamuruna denk kompleks viskozite (N*) degerine
sahip olsalar da LAOS testleri tim hamur
Orneklerinin  farkli  deformasyonlar  altinda
birbirinden farkli  viskoelastik ~ davrans
gosterdigini ortaya koymustur. Dolayistyla bu
calisma, glutensiz unlarin optimum su kaldirma
degetlerinin yant sira, disiikten yiiksege degisen
dretim  deformasyonlart  altnda  gOstermis
olduklart viskoelastik davranisa baglt olarak

formilasyonlarin  gelistirilmesinin =~ son  Griin
kalitesi ~ acisindan  daha  faydali  olacagini
gOstermigtir.  Ayrica, literatiirde  glutensiz

hamurlarin reolojik 6zellikleri ¢cogunlukla SAOS
rejiminde incelenmis ve kiiclik deformasyonlar
altinda elde edilen viskoelastik davranislar son
trtin  kalitesi ile bagdastirdmistir. Ancak, bu
calismada g6ruldigi gibi, soya unu ilavesi piring
unu hamurunun kii¢lik deformasyonlar altinda
clastikiyetini azaltirken, yliksek deformasyonlarda
clastikiyetini  artirmustir.  Karabugday  unu
hamurunda ise, soya unu ilavesi SAOS, MAOS ve
LAOS gerinimlerinde genel olarak hamurun
deformasyon  dayaniklihigini  artrmustir.  Bu
sonuglar glutensiz hamurlarin islenebilirlik ve
pisirme kalitelerinin daha dogru bir sekilde tahmin
edilebilmeleri icin dogrusal olmayan rejimdeki
viskoelastik  davraniglarinin  belirlenmesinin
O6nemini vurgulamaktadir. Sonu¢ olarak bu
calisma, LAOS testleri ile elde edilen parametreler
kullanilarak glutensiz hamur formilasyonlarinin
gelistirilebilmesi ve son {irtin kalitesinin kontrol
altinda  tutulabilmesinin  mimkin oldugunu
gOstermistir.
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ABSTRACT

This study investigates the effects of laurel extract (LE) and different sous-vide cooking durations on the
quality parameters of marinated turkey breast meat. For this purpose, samples were cooked for 90 min
(SP90) or 120 min (SP120) using the sous-vide method, with additional groups including laurel extract
(SPY9OE, SP120E). The samples were stored at +4°C for 9 days, and analyzed at three-day intervals for
marinade absorption, cooking loss, pH, color, lipid and protein oxidation, texture profile, sensory, and
microbiological properties. Cooking duration did not affect cooking loss, while LE addition and prolonged
cooking time led to darker color. At all storage stages, LE-treated samples showed lower TBARS and
carbonyl values regardless of cooking time, whereas LE-free samples had decreased sulthydryl content.
Cooking duration, LE, and storage time influenced color, appearance, and flavor, but no significant
differences were found in texture or overall acceptability at the end of storage. Microbiological analyses
confirmed that all samples remained safe for consumption throughout storage.

Keywords: Sous-vide cooking, laurel extract, lipid oxidation, protein oxidation, turkey breast meat

DEFNE EKSTRAKTI KULLANIMI VE PiSIRME SURESININ SOUS-VIDE
PiISIRILMIiS HINDI GOGUS ETI KALITESI VE OKSIDATIF STABILITESI
UZERINE ETKISI

oz

Bu ¢aligmada marinat uygulanan hindi gogiis etlerinin kalite parametreleri tizerine defne ekstrakt: ve
farkl stirelerde uygulanan sous-vide pisirmenin etkileri incelenmistir. Bu amagla 6rnekler, sous-vide
yontemi kullanilarak 90 dk. (SP90) veya 120 dk. (SP120) streyle pisirilmis olup, ek olarak her bir
pisirme siresi icin defne ekstrakti (LE) eklenen gruplar da degerlendirilmistir (SPO9OE, SP120E).
SP120E). Marinat absorbsiyonu, pisirme kayb1, pH, renk parametreleri, lipid ve protein oksidasyonu,
doku profili, duyusal ézellikler ve mikrobiyolojik 6zellikler, +4°C’de 9 gtin depolama stresi boyunca
3 gtinliik araliklarla degerlendirilmistir. Pisirme stresi, pisirme kayiplart tizerine etkili bulunmamaigtir.
Defne ekstrakt: ilavesi ve pisirme slresinin uzatilmast orneklerin renginin koyulasmasina neden
olmustur. Depolamanin tim asamalarinda, defne ekstrakti eklenen Ornekler, pisirme siiresinden
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bagimsiz olarak daha disik TBARS ve karbonil degerleri g&stermistir, buna karsin LE icermeyen
Orneklerde stlfhidril icerigi azalmistir. Defne ekstrakti eklenmeyen 6rneklerde, stlfidril miktarinda
azalma gbzlenmistir. Pisirme suresi, defne ekstraktt ve depolama siiresi, hindi gégiis etinin renk,
gbriniim ve lezzet gibi duyusal 6zelliklerini etkilemekle birlikte, depolama sonunda gruplar arasinda
doku veya genel kabul edilebilirlik acisindan anlamli bir fark gbzlenmemistir. Depolama sonunda
yapilan mikrobiyolojik analizler, tim 6rneklerin tiiketim i¢in uygun oldugunu géstermistir.

Anahtar kelimeler: Sous-vide pisirme, defne ekstrakti, yag oksidasyonu, protein oksidasyonu, hindi

g6gis eti

INTRODUCTION

Turkey meat is considered a healthier alternative
to red meat due to its high protein-to-calorie ratio,
low cholesterol content, low fat level, and
balanced n-6 to n-3 PUFA (polyunsaturated fatty
acid) ratio, (Marangoni et al, 2015; Akoglu et al.,
2018). Turkey meat production in Tirkiye
increased by 16.7% from 2023 to 2024, rising
from 44,540 tons to 52,000 tons (Anonymous,
2024). Also, the proportion of poultry in global
meat consumption has been steadily increasing.
This trend is attributed to economic and societal
factors: in low-income developing countries,
poultry is preferred over red meat due to its lower
cost, whereas in high-income countries, poultry is
favored for its perceived convenience and health
benefits as a dietary choice (OECD-FAO, 2023).

With advancing technology and changing
lifestyles, conscious consumers demand food that
is not only highly nutritious but also easy to
prepare, minimally processed, has an extended
shelf life, and tastes good. Consequently, the food
industry has been continuously striving to
develop new poultry meat products, particularly
ready-to-eat options, to meet consumer
preferences for convenience and nutritional value
(Resurreccion, 2004).

Sous-vide (SV) cooking is a precise and controlled
method utilized for the production of ready-to-
eat food products. This technique involves
vacuum-sealing food and cooking it at accurately
regulated low temperatures for extended periods,
which enhances the retention of moisture, flavor,
and nutritional value (Akoglu et al., 2018, Jeong et
al., 2018). The SV method is a gourmet cooking
commonly used for preparing foods, particularly
meat and fish. The sous-vide cooking is also
employed in the production of ready-to-eat meat
and fish products, ensuring consistency in texture

and doneness (Przybylski et al., 2021). SV cooked
meats are typically marinated and /or seasoned
and ready for consumption, requiring only
reheating in their packaging in the consumer's
kitchen. This technique typically involves low
temperatures (50-80°C) and extended cooking
times, depending on the type of meat (Pulgar et
al., 2012). These relatively low temperatures help
retain the meat's juiciness while enhancing its
flavor and tenderness (Aguilera, 2018; Biyikli et
al., 2020). In this method foods are placed into
vacuum sealed plastic bags and submerged in
water bath or steam oven (Ruiz-Carrascal et al.,
2019). The temperature and time parameters used
in SV cooking are crucial. Temperature, in
particular, plays a critical role as it induces changes
in the texture of meat products through protein
denaturation (Zielbauer et al., 2010).

Turkey meat is prone to oxidation based on its
PUFA content. Besides this, warmed-over flavour
(WOF) develops in heat treated, refrigerated and
reheated meats by oxidation of membrane
phospholipids.  These  oxidative  reactions
occurring in fats during processing and storage
cause significant changes in the flavor and
nutritional value of the product (Mielnik et al.,
2008). Protein oxidation is another quality
problem, which eventuates loss in essential amino
acids and functional properties of proteins via
changing in protein or peptide structure (Mariutti
and Bragagnolo, 2017). Protein oxidation can
initiate with same oxidants catalyzed lipid
oxidation but also associated with presence of
secondary lipid oxidation products (Jiang and
Xiong, 2016).

The Laurus nobilis, commonly known as laurel
plant, is predominantly cultivated in the
Mediterranean region. Its dried or fresh leaves are
widely utilized in culinary applications due to their
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aromatic properties, contributing to the sensory
profile of various food products (Polovka and
Suhaj, 2010; Ouchikh et al, 2011). The
antioxidant compounds in laurel leaves are
primarily  include  phenolic = compounds,
flavonoids, tannins, and essential oils such as 1,8-
cineole, eugenol, and methyleugenol.
Additionally, it contains bioactive compounds like
quercetin, kaempferol, and catechins, which
contribute to its strong antioxidant activity
(Mufiz-Marquez et al., 2013).

In recent years, the food industry has shown a
significant trend toward exploring the use of
natural additives as alternatives to synthetic
additives in food formulations. Antioxidants are
widely used as additives to limit oxidative
reactions (Falowo et al., 2014). Natural extracts
act as a natural antioxidant by means of their
phenolic compounds (Skerget et al., 2005; Shah et
al., 2014). There are limited studies on using laurel
extract as a natural antioxidant  in sous-vide
cooked meats. Besides this, as far as we can
observe, there are no studies investigating the
oxidative changes in marinated turkey meat
cooked using the sous-vide method. The aim of
this study was to investigate the effects of sous-
vide cooking on marinated turkey breast with and
without the addition of laurel extract (LE) by
applying two different cooking durations at 61°C,
with samples stored at +4°C for 9 days. Quality
parameters and oxidative changes were evaluated
throughout the storage period.

MATERIAL AND METHODS

Materials

Turkey breast muscles (Pectoralis major), trom
approximately 80-95 days old, 6-7 kg female
hybrid turkey were kindly donated by Pmar Et
Industry Co. (Izmir, Turkey). Marination
ingredients (salt and food grade citric acid) were
purchased from local market in Izmir, Turkey.
Laurel leaves powder and sous-vide bags
(thickness of 90 £3 um, 160 cc/m?/day oxygen
permeability, <8 g/m2day water vapor
permeability) were granted by Defne Dis Ticaret
ve Tarim Uriinleri AS (Izmir, Turkey) and Fitpak
Ambalaj ve Kimya San. Tic. AS (Manisa, Turkey),

respectively. All other reagents were analytical
grade.

Preparing lanrel extract

The extraction process was performed based on
the previously described by Akcan et. al (2017)
with some modifications. Firstly, laurel leaves
were grounded by using hammer mill (Brook
Crompton, Series 2000, England) then were
screened (Prifsieb Jel 200, Germany) and
particles which have more than 500 um particle
size were used for the extraction methods. 15 g
screened leaves were weighed onto filter paper for
each sample then samples with papers were
folded and put into a jar. This was followed by the
addition of 100 mL of a mixture of ethanol: water
(80:20, v/v). The sample was heated in a shaking
water bath for 4 h at 40° C. The combined
supernatant was then filtered through a 0.45-um
Millipore nylon filter and evaporated in a rotary
evaporator (IKA) until removed the alcoholic
portions then stored at 80° C.

Experimental design and sous-vide cooking process
Figure 1 shows the experimental design and
process progression. Fresh turkey breast meat,
(71.36% moisture, 21.98% protein, 0.81% fat, and
1.17% ash), was portioned into approximately 240
g slices with an average thickness of 1.5-2 cm.
The meat portions were perforated with needles
to facilitate the penetration of a marinade solution
containing 1.2% NaCl, 2% citric acid (w/v), and
150 mg/kg laurel extract (LE) for antioxidant-
added groups.

The fillets were marinated for 1 h in a tumbler
(Suhner Wastro MGH-20, Swiss model) at 8°C
and 20 rpm. After the tumbling/marinating
process, turkey breast meats were placed into
sous-vide cooking bags (903 um, oxygen
permeability 160 cc/m?/day, water vapor
permeability <8 g/m?/day) and vacuum-sealed
(Komet, Plusvac 24). The samples were
subsequently sous-vide cooked at 61°C for 90 or
120 min using a Sous-vide Creative Series device
(Poly Science, ORKA). After cooking, the
samples were immediately cooled in ice water for
30 min and stored at +4 °C. Analyses were
conducted at 3-day intervals for 9 days.
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Figure 1. Production flow chart of sous-vide cooked turkey breast meat
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, S90: Sous-vide cooked at 90
min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90 min +LE, SE120: Sous-vide
cooked at 120 min +LE

Methods

Total phenolic content analyses of Laurel extract

The Folin-Ciocalteu (FC) method, as described by
Escarpa and Gonzilez (2001) and modified by
Akcan et al. (2017), was used to determine the
total phenolic content of LE. A 30 pL of the
extract and 150 pLL of FC reagent were added
sequentially to a test tube containing 2.37 mL of
distilled water. After 8 min, 450 pL of saturated
Na2COs was added to the mixture. The sample
was then incubated for 30 min at 40°C, and the
absorbance was measured at 750 nm using a
Biochrom Libra S70 spectrophotometer (UK)
against a blank. The results were expressed as
milligrams of gallic acid equivalent per gram of
extract.

DPPH analyses of Laurel extract
The DPPH radical scavenging activity of LE was
assessed using the method described by Brand-

Williams et al. (1995) and modified by Yesilsu and
Ozyurt (2019). Extract concentrations ranging
from 0.1 to 0.15 mg/ml were utilized to
determine the IC50 value.

Marinade uptake

Marinade uptake was calculated by the following
equation;

Marinade uptake (g / 100g) = 100 * (W — Wy) /
W 1)
Where Wi, is marinated weight, W is raw weight
of meat.

Cooking loss

The cooking loss was calculated by recording the
weights of the samples before and after cooking
using the following equation:

% Cooking Loss = [(Raw sample weight- Cooked
sample weight) / Raw sample weight] X 100 (2)
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pPH

The pH value was measured at three different
points on each sample using a portable
penetration-type pH meter (WTW pH 3110 Set 2,
Germany).

Instrumental colonr

Color parameters were measured after blooming
for 30 min using a portable color measurement
device (Konica Minolta CM-5) based on the CIE
Lab (L* for brightness, a* for redness, and b* for
yellowness) color system. Before measurement,
the colorimeter was calibrated using white and
black standards. Measurements were performed
at three different locations on the surface of each
sample.

Peroxide valne (P1”)

The peroxide analysis was performed according
to AOAC (2012) procedure. For this, 10 g of
sample was blended with 60 mL of chloroform
for 2 min. The mixture was filtered through
Whatman No. 1 filter paper, and 25 mL of the
filtrate was transferred into a 250 mL ground-
glass Erlenmeyer flask. Then, 30 mL of glacial
acetic acid and 2 mL of saturated potassium
iodide solution were added, and the mixture was
manually swirled for 2 min. The flask was sealed
and kept in the dark for 5 min. Afterwards, 100
mL of distilled water and 2 mL of 1% freshly
prepared starch solution were added. The samples
were titrated with 0.1 N sodium thiosulfate
solution until the blue-purple color disappeared.
The peroxide calculated in
milliequivalents (mEq)/kg of sample using the
following equation:

py (mEao2) _ SxN 444
kg ws

S: Volume of sodium thiosulfate used for titration
N: The normality of sodium thiosulfate solution
WS: Weight of the sample

value  was

Thiobarbituric acid reactive substances

The 2-thiobarbituric acid reactive substances
(TBARS) value was determined using a modified
version of the extraction method described by
Witte et al. (1970). Twenty grams of the sample
was homogenized with Ultra-Turrax (6000 rpm,
Ultra-Turrax® T25basic, UK) in 50 ml. of a 4°C
extracting solution containing 20% trichloroacetic

acid in 2 M phosphoric acid. The resulting slurry
was quantitatively transferred to a 100 mL
volumetric flask with 40 mL of water, diluted to
100 mL with water, and homogenized again. A 50
ml portion of the homogenate was filtered
through Whatman No. 1 filter paper.
Subsequently, 5 mL of the filtrate was mixed with
5 mL of 2-thiobarbituric acid (0.02 M in distilled
water) in a test tube, which was stoppered,
shaken, and heated in a boiling water bath for 35
min. The absorbance of the thiobarbituric
extracts was measured at 532 nm, using 1,1,3,3-
tetracthoxypropane as the standard. The results
were expressed as TBARS (mg
malonaldehyde/kg sample), which was calculated
by multiplying the absorbance by 5.2. Each
sample was analyzed in triplicate at each storage
time.

values

Total carbonyl content

Total carbonyl content analysed by using the
method of Oliver et al., (1987). Sample (1g) was
minced and homogenized in a 1:10 (w/v) ratio
using 20 mM sodium phosphate buffer (pH 6.5)
containing 6 M NaCl with an ultraturrax for 30
seconds. Two 0.2 mL aliquots were taken and
placed in 2 mL Eppendorf tubes. Proteins were
precipitated with 1 mL cold 10% TCA and
centrifuged at 4200Xg for 5 min. One pellet was
treated with 1 mL of 2 M HCI for protein
concentration, while the other was treated with
02% DNPH in 2 M HCl for carbonyl
measurement. After 1-hour incubation at room
temperature, samples were precipitated with 10%
TCA and washed three times with ethanol acetate
(1:1, v/v) to remove excess DNPH. The pellets
were dissolved in 1.5 mL of 20 mM sodium
phosphate buffer with 6 M guanidine HCl (pH
6.5), stirred, and centrifuged at 4200Xg for 2 min.
Protein concentration was determined by
absorption at 280 nm using BSA as the standard,
and carbonyl content was expressed as nmol
carbonyl per mg of protein using an absorption
coefficient of 21.0 nM—1 c¢cm—1 at 370 nm for
protein hydrazones.

Determination of sulfhydry! groups
A modified version of the Ellman (1959) method
was employed to determine the sulfhydryl (thiol)
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content in the samples. Initially, 0.5 g of the
sample was homogenized with 10 mL of 0.05 M
phosphate  buffer (pH 7.2). Following
homogenization, 1 ml of the mixture was taken
and diluted with 9 mlL of phosphate buffer
containing 6 mM ethylenediaminetetraacetic acid
(EDTA), 0.6 M NaCl, and 8 M urea. The resulting
solution was centrifuged at 14,000 rpm for 15 min
in a chilled centrifuge. A 3 mL aliquot of the
supernatant was then treated with 0.01 M DTNB
(5,5'-dithiobis 2-nitrobenzoic acid) prepared with
sodium acetate (0.04 M) and incubated at 40°C
for 15 min. After incubation, the absorbance of
the sample was measured at a wavelength of 412
nm.

Texcture profile analysis

Texture Profile Analysis (TPA) was performed
using a texture analyzer (TA-XT2, Stable Micro
Systems, Haslemere, UK) with four replications
for each sample. Parameters such as hardness (N),
adhesiveness, springiness (mm), cohesiveness,
gumminess (N), and chewiness (N'mm) were
determined based on the force and time curves
generated during testing. The samples, prepared
as cubes measuring 2 cm X 2 cm X 1 cm, were
compressed twice to 50% of their original height.
The testing conditions included a load cell of 30
kg, a crosshead speed speed of 2 mm/s, and a
crosshead and test speed of 1 mm/s. An
aluminum cylindrical probe with a diameter of 36
mm was used for the compression tests.

Sensory analysis

Sensory evaluation of sous-vide-cooked turkey
breast was conducted by a group of 14 untrained
volunteers (7 men and 7 women) from the Food
Engineering Department. A nine-point hedonic
scale was used to evaluate the samples in terms of
color, appearance, juiciness, flavor, texture, and
overall acceptability, where 9 indicated "like
extremely” and 1 indicated "dislike extremely."
For oxidized flavor, a separate 9-point scale was
employed, where 9 indicated "very intense" and 1
indicated "not present at all."

The samples stored under refrigeration were
heated at 61°C for in a sous-vide cooking device
prior to sensory evaluation, then cut into

approximately 2x3x1.5 cm pieces and served.
Samples were presented to the panelists on plates
coded with randomly assigned three-digit
numbers.

Microbiological analysis

For the determination of total aerobic mesophilic
bacteria (TAMB), 1 mL from each prepared
dilution was aseptically transferred to a sterile
Petri dish containing Plate Count Agar (PCA)
medium. The Petri dishes were then incubated at
30 °C for 24 h. At the end of the incubation
period, colonies formed between 30 and 300 were
counted and recorded as TAMB (BAM, 2001).
Salmonella spp. detection was performed following
the guidelines of TSI (2020), while the detection
of Listeria monocytogenes was carried out using the
Bio-Rad Real-Time PCR Method.

Statistical analysis

The entite experiment independently
repeated twice, and the analyses were carried out
in triplicate. The data was assessed with General
Linear Model (GLM) procedure in SPSS program
(version 22.0, IBM, USA). SPSS for Windows
version 25.0 (Armonk, NY: IBM Corp.) was used
for statistical analysis. Four different treatments
(890, S9OE, §120, S120E) and storage (0, 3, 6, and
9 days) were assigned as fixed effects while each
replicate, day of sensory evaluation, panellist, and
the number of sessions were supposed as random
effects. The mean values of data obtained from
treatments before and during storage were
compared by one way and two way ANOVA
respectively. Sensory scores among samples were
settled by using MANOVA (multivariate analysis
of variance). The significant differences (95%
confidence level) between the treatments and
storage time wete obsetved by Duncan's Multiple
Range Test when any factor effect was found.

was

RESULTS AND DISCUSSION

Total phenolic content and DPPH free
radical scavenging activity of laurel extract
The antioxidant effect of LE is primarily
attributed to its high content of phenolic
compounds and flavonoids such as quercetin,
luteolin, and kaempferol. These bioactive
compounds neutralize free radicals and prevent
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lipid peroxidation by acting as hydrogen donors,
metal chelators, and radical scavengers (Skerget et
al., 2005; Dias et al., 2014).

The total phenolic content of LE was calculated
as 373.19 mg GAE/ g extract (87.9 mg GAE/ ¢
laurel powder). Akcan et al. (2017) reported that
the TP content of LE was 81.68 mg GAE/ 100 g
extract while Fernandez et al. (2019) measured it
as 110.43 mg GAE/ g extract, even though using
a similar solvent and extraction method. The
reasons for the variability of total phenolic
content may result from using different origins of
laurel plant, diversity of extraction time,
temperature and solvent, differences in phenolic
acid equivalent and the extraction method (Vinha
et al., 2015; Akcan et al., 2017).

The DPPH radical scavenging activity of LE was
determined to be 23.79%, which is lower than the
76.11% reported by Vinha et al. (2015) as the
lowest value among studies using different
ethanol: water ratios as the solvent. In the same
study, the total phenolic (TP) content of laurel
powder was reported as 43.03 mg GAE/g, which
is significantly lower than the TP content found
in our study (87.9 mg GAE/g). Since antioxidant
activity is closely linked to the total phenolic
content, we believe this variation is due to
differences in extract concentrations used during
the analysis. To standardize comparisons, the
1C50 value, representing the extract concentration
required to achieve 50% inhibition of the DPPH
radical, was calculated as 0.11 mg/ml in our study.
Fernandez et al. (2019), who used the same
solvent concentration as ours, reported an 1C50
value of 0.257 mg/ml, which is higher than our
tindings. This discrepancy is likely due to the
additional steps in our method, such as re-treating
the laurel powder with solvent to extract more
phenolics and increasing the surface area
accessible to the solvent. However, the oxidative
stress index (OSI) is principally important in the
assessment of antioxidant-oxidant loads of the
plant extracts. As a result, LE exhibited higher
antioxidant activity at lower concentrations,
attributed to its higher phenolic content. In this
regard, LE can be a good alternative as a natural

preservative against to synthetic antioxidants
which have negative effects on human health.
Marinate uptake

Marinade uptake is a critical aspect of meat
processing that influences both the sensory
qualities and the overall quality of the final
product. Marinade uptake is influenced by vatrious
factors, including the composition of the
marinade, the method of application, and the
inherent characteristics of the meat itself (Cimen
et al, 2024). Understanding these factors is
essential for optimizing the marination process
and enhancing the quality of turkey breast meat.
The marinade uptake was calculated as 5.85% in
groups with extract incorporation and 7.21% in
extract-free groups, indicating that the presence
of LE in the marinade had no effect on marinade
uptake. Previous studies have reported that the
marinade uptake of tumbled poultry breast meat
ranges from 3.51% to 31.94% (Lopez et al., 2012;
U-chupaj et al., 2017). The variability in these
findings may be attributed to differences in the
marination process. While short-term marination
was used in the referenced studies, the application
of long-term marination in our study could lead
to water release due to the formation of a more
fragile structure in the meat. This structural
change might explain the observed marinade
uptake values in comparison to the broader range
reported in the literature.

Cooking loss

During cooking, proteins undergo denaturation,
water evaporates, and melted fat is lost, all of
which contribute to the reduction in the cooked
weight of meat products. Cooking procedure
affects the juiciness of meat; longer cooking times
and temperature applications result in more
protein denaturation and muscle fiber shrinkage
hence losing more moisture (Ayub and Ahmad,
2019).

The cooking loss ranged from 13.86% to 15.02%
(Figure 2). Sous-vide cooking has been shown to
result in lower cooking losses compared to
traditional cooking methods (Hong et al., 2015;
Rasinska et al, 2019). This study further
demonstrates that marination effectively reduces
cooking losses even more when combined with
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sous-vide cooking. Hong et al. (2015) reported
that cooking loss was 12.41% in sous-vide cooked
chicken breast. In another study, it was found that
cooking loss was 11.2% with the application of
marination including %1 citric acid in chicken
breast before sous-vide cooking (Hong et al,
2010).

Although some tresearchers have observed that
increasing sous-vide cooking time induces
cooking loss (Babiir et al., 2019; Biyikl et al., 2020;
Park et al., 2020), cooking time was found to have
no significant effect on the cooking losses of the
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samples. This finding may be attributed to the
marinade application applied to the samples prior
to cooking. Nyam et al. (2023) concluded that
lower cooking losses were obtained when sous-
vide cooking at 60 °C for a long time than at 70
°C for a shorter time. Moreover, Ayub and
Ahmad (2019) were also stated that increase in
cooking loss is associated with increasing cooking
temperature. This consequent agreed with the
results of a study carried out by Zhang et al
(2022) in sous-vide cooked duck legs at different
temperatures (60-70-80 °C).
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Figure 2. Cooking loss of sous-vide cooked turkey breasts
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90
min +LE, SE120: Sous-vide cooked at 120 min +LE

pH

The changes in pH values of the samples during
storage are shown in Figure 3. pH values of sous-
vide cooked samples were measured between 5.52
and 5.94. Similarly, Park et al. (2020) recorded pH
values between 5.89 and 6.07 in sous-vide cooked
chicken breasts at different time and temperature
treatments  (60-70°C/1-2-3h). In  sous-vide
cooked  chicken breast ham  (60°C/2h)
incorporated with brine solutions containing
1.5% and 0.75% NaCl, the pH wvalues were
measured as 5.83 and 5.89, respectively (Song et
al.,, 2023).

Both cooking time and the use of LE were found
to have a significant effect on pH value (P <0.05).
On day 0, S120 and SE120 treatments
consistently showed higher pH values compared
to the 90 min samples (S90 and SE90). This
indicates that longer cooking times lead to greater
protein  denaturation,  water loss, and
concentration of soluble components, all of
which contribute to higher pH levels. Moreover
heating induces pH increase, generally associated
with breaking bonds containing imidazole,
hydroxyl and sulfhydryl groups (Oz and Seyyar,
2016). Similar results were stated in sous-vide
cooked turkey cutlets (Biyiklt et al., 2020) and
chicken sausages (Naveena et al., 2017). The pH



Quality of sous-vide turkey with laurel extract

values of 120 min samples increased more
noticeably during storage, particularly in S120.
S120's pH rose from approximately 6.00 on Day
0 to 6.20 on Day 6, before slightly decreasing or
stabilizing by Day 9. The extended cooking time
likely caused more significant protein breakdown
and water evaporation, which accelerated changes
in pH during storage. pH values tend to increase

6,4

slightly over time, particularly in the S120 and
SE120 groups, likely due to ongoing biochemical
changes. The laurel extract demonstrated a clear
stabilizing effect on pH throughout the storage
period. Samples treated with the extract (SE90
and SE120) consistently showed less variation in
pH compared to the non-treated samples (S90
and S120) at all time points.

6,2
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Figure 3. The pH values of sous-vide cooked turkey breast
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90
min +LE, SE120: Sous-vide cooked at 120 min +LE

Color Parameters (L*, a*, b¥)

Color parameters are shown in Table 1. The sous-
vide cooking time and the addition of LE extract
had a significant impact on the color parameters
(P < 0.05 of turkey breast meat during
refrigerated storage. Notably, the L* wvalues
(lightness) exhibited variations both between
samples and over the storage period. In general,
the SE groups (SE90 and SE120) exhibited
significantly lower L* values compared to the S
groups (890 and $120) (P <0.05) due to the effect
of the laurel extract. The L* value (77.17) of S90
was the highest among all samples on Day 0
indicating a lighter color. In contrast, the SE90
group had a lower L* value (74.47), suggesting a
darker appearance, likely due to the pigments
from the laurel extract. The L* value of the S120
group (74.95) was higher than that of the SE120

group (72.47) on Day 0. This indicates that the
longer cooking time contributed to a darker
appearance in SE120 due to the laurel extract.
Similar results were substantiated by Akcan et al.,
(2017) in meatballs covered by a film treated with
laurel extract. Laurel extract contains natural
pigments such as chlorophyll, flavonoids, and
other phenolic compounds (Evert et al., 2013).
These pigments impart a darker appearance to the
samples which reduces the lightness. Moreover,
during the marination and cooking process, the
compounds in the laurel extract may interact with
meat proteins, further enhancing the darker
appearance by altering the surface light
reflectance. In the §120 group, lightness remained
relatively stable over time, with a slight increase
on Day 9 (76.07) compared to Day 0 (74.95),
indicating that longer sous-vide cooking may help
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preserve or enhance lightness during storage.
Similarly, Biyikli et al., (2020) in turkey cutlet and
Babiir et al, (2019) in beef revealed that the

increase in sous-vide cooking time decreased the
L* values.

Table 1. Color parameters of sous-vide cooked turkey breasts

I

Sample Day 0 Day 3 Day 6 Day 9
S90 77.172x10.82 76.132xv1+0.1 75.202y210.11 74.16b2£0.77
S120 74.95bxv£0.79 74.673xv+1.36 74.302y+0.18 76.072x1+0.73
SE90 74.47bx10.34 72.82¢v10.54 71.37b2£0.57 74.80bx£0.52

SE120 72.47%v+0.58 73.76bex£0.21 71.68>v10.98 71.81ev%0.4

2%

Sample Day 0 Day 3 Day 6 Day 9
S90 1.99b5+0.64 2.69%10.37 3.02x£0.45 2.555+0.26
S120 2.36bv%0.08 2.68v1+0.64 3.285%0.35 2.815+0.36
SE90 1.6652£0.28 2.23v%+0.05 2.94x+0.23 2.415+0.48

SE120 3.722x%0.78 2.39710.28 2.89%10.23 2.76:+0.44

b*

Sample Day 0 Day 3 Day 6 Day 9
S90 7.69<7£0.47 11.16v+0.36 12.26+x%0.19 10.35bv10.68
S120 11.592v% 0.7 11.83%1+0.35 12.24axy%0.08 12.68%x£0.42
SE90 11.502%0.2 11.19%0.80 11.144£0.61 11.952+0.94

SE120 9.93by11.26 11.78:+0.04 12.592x£0.59 12.562x£0.65

a¢ Means marked with different letters on the same column are significantly different (P <0.05).
%Y Means marked with different letters on the same row are significantly different (P <0.05).
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90 min +LE,

SE120: Sous-vide cooked at 120 min +LE

On Day 0, the a* value of the SE120 samples was
found to be higher than that of the other samples.
However, on the subsequent storage days, there
were no significant differences in the a* values
among the samples. a* values increased during
storage, peaking on Day 6, with a slight decrease
by Day 9. The increase in a* values during storage,
peaking on Day 6, followed by a slight decrease
by Day 9, reflects changes in color development
potentially due to oxidative or biochemical
processes. The initial increase observed may be
attributed to factors such as the presence of
natural antioxidants like laurel extract and/or
marinade ingredients, which can enhance color
stability.

On Day 0, the b* value of S90 (7.69) was
significantly lower than that of $120 (11.59) (P <

0.05). The increase in cooking time caused an
increase in b* values in the extract-free groups
after cooking (Day 0), while it caused a decrease
in SE120 group. These results can be explained by
the increase in the b* value in meat associated
with the formation of metmyoglobin by heating
(Roldan et al., 2013) and inhibition of
metmyoglobin formation by extract treatment
(Yu et al,, 2002). Yellowness values increased
during storage in S90, S120, and SE120
treatments but remained more stable in the SE90
treatment. Higher sous-vide temperatures (5120
and SE120) could alter protein structure and
increase interactions between pigments and other
compounds, enhancing yellow tones during
storage. In contrast, the SE90 treatment's lower
temperature may have preserved protein integrity
and limited these interactions.
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Peroxide value

Peroxide value (PV) is an important indicator of
primary lipid oxidation in turkey meat. It
measures the concentration of peroxides, which
are initial oxidation products formed during the
degradation of unsaturated fats (Rasinska et al.,
2019). Peroxide value measured during +4 °C
storage and after sous-vide cooking of turkey
breast meats, was given Figure 4. The addition of
LE and cooking time had no significant effect on
the peroxide values of the samples on day 0 (P
>(.05). The PVs of the samples at the beginning
of storage were found to be similar. On day 3, PV
ranged between 0.39-0.95 meqO,/kg The
peroxide values of SE90 and SE120 samples were
similar across all storage days. The addition of
laurel extract effectively inhibits lipid oxidation,
reducing peroxide formation and maintaining
lower values throughout storage. The PV of the
samples with LE added (SE90 and SE120) were
found to be lower than those of the samples with

no added LE. The flavonoids found in the
structure of laurel extract exhibit antioxidant
activity by acting as reducing agents, hydrogen
donors, metal chelators, or radical scavengers due
to the hydroxyl groups attached to their ring
structure (Dias et al., 2014). The peroxide values
decreased until day 6, but on day 9, the peroxide
values of all samples increased. The peroxide
values of all samples decreased starting from the
6th day of storage. This decline can be attributed
to the breakdown of primary oxidation products
(peroxides) into secondary oxidation compounds,
such as aldehydes and ketones, as storage
progresses (Echegaray et al., 2022). Changes in
cooking time did not have a significant effect on
the peroxide values of the groups on different
storage days (P >0.05). In a study where cooking
temperatures of 65, 70 or 75°C were used, turkey
chops were cooked sous-vide with time
combinations of 20, 40 or 60 minutes, and it was
found that changes in cooking time did not affect
peroxide values (Biyiklt et al., 2020).
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Figure 4. Peroxide values of sous-vide cooked turkey breasts
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90
min +LE, SE120: Sous-vide cooked at 120 min +LE
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Thiobarbituric acid reactive substances

TBARS values of samples are given in Figure 5.
The TBARS values in meat and meat products
cooked using the sous-vide method typically
range from 0.5 to 2 mg malondialdehyde
(MA)/kg sample (Can and Harun, 2015).
Consistent with this range, TBARS values in the
present study were found to be between 0.34 and
1.13 mg MA/kg sample after cooking (on day 0).
On day 0, cooking time was found to significantly
affect the TBARS value in samples without added
LE (P<0.05). Roldan et al. (2014) observed that
an increase in sous-vide cooking time led to a
decrease in TBARS values in lamb meat. In
contrast, other studies have reported that sous-
vide cooking time had no significant effect on
TBARS values in various types of meat Pulgar et
al., 2012; Oz and Seyyar, 20106; Biyikli et al., 2020).
Cooking time had no significant effect in samples
with added LE (P >0.05). This effect of LE was
also observed at other stages of storage. At all
stages of storage, the TBARS wvalues of the
samples with added LE were found to be lower
than those of the other samples, regardless of the
cooking time. Previous studies have shown that
various natural extracts effectively delay MDA
formation during storage. For instance, laurel and
sage extracts in meatballs (Akcan et al., 2017),
grape seed extract (Mielnik et al., 2006), and
rosemary extract in sous-vide cooked minced
turkey breasts (Yu et al, 2002) have all been
reported to exhibit this protective effect. In the
SE90, the TBARS wvalue remained constant
throughout the storage period, while the TBARS
values of the S90 and S120 increased on day 3 and
then decreased afterwards. During storage
increasing TBARS wvalues, as an indicator of
advanced lipid peroxidation, was an expected
result. The decrease in TBARS values is attributed
to the reactions occurring at the later stages of
storage, where lipid oxidation products such as
malondialdehyde interact with primary amino
groups, phospholipids, DNA, and amino acids in
the meat. These interactions result in the binding
or transformation of free MDA into more stable
compounds, ultimately leading to a measurable
reduction in TBARS values over time (Roldan et
al., 2014; Biyikli et al., 2020). At the end of storage,

TBARS values ranged between 1.61 and 0.26 mg
MDA/kg sample. The limit value for the rancid
taste caused by lipid oxidation in cooked turkey
breast meat, as perceived by consumers, is
reported to be 3.4 mg MDA /kg sample (Sickler et
al., 2013). In the present study, the TBARS values
determined for all treatments were observed to
remain below the limit of 3.4 mg MDA/kg
sample throughout the storage period.

Total carbonyl content

Carbonyl formation, a key indicator of protein
oxidation, can result from the oxidation of amino
acids in the presence of reactive oxygen species or
metals, the cleavage of polypeptide chains, or the
binding of amino acids such as histidine, cysteine,
and lysine to lipid peroxidation products (Ergezer
et al, 2016; Papuc et al, 2016). The carbonyl
content of sous-vide cooked samples during the
storage is presented in Figure 6. Initially, the
carbonyl content of the samples ranged between
0.17 and 0.37 nmol carbonyl/mg protein. In
samples without the addition of LE, extending the
cooking time from 90 minutes to 120 minutes led
to a significant increase in carbonyl content
throughout all storage periods (P < 0.05). In
samples with added extract, this effect was
observed only on days 0 and 3. Prolonged
cooking time at a specific temperature has been
reported to increase carbonyl content in bovine
meat (Santé-Lhoutellier et al., 2008), pig meat
(Traore et al., 2012), and sous-vide cooked lamb
meat (Roldan et al., 2014). It was observed that at
the end of the storage, the extract-incorporated
groups had significantly lower carbonyl contents
when a similar cooking time was applied. Al-
Hijazeen et al. (2018) studied the effects of
different ratios of oregano essential oil and tannic
acid as antioxidants and reported that the
carbonyl content of sous-vide cooked ground
chicken breast and thigh meat ranged between
0.98 and 1.05 nmol carbonyl/mg protein. An
increase in carbonyl content was detected in all
samples throughout the storage period (P <0.05).
By the end of storage, the carbonyl levels were
approximately 3 to 5 times higher compared to
the levels measured initially (day 0).
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Figure 5. TBARS values of sous vide cooked turkey breasts

S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90

min +LE, SE120: Sous-vide cooked at 120 min
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Figure 6. Carbonyl content of sous vide cooked turkey breasts

S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90

min +LE, SE120: Sous-vide cooked at 120 min
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The reduction in sulfhydryl content due to their
conversion into intra- and intermolecular
disulfide bonds is another indicator of protein
oxidation in meat and meat products (Zahid et al.,
2020). Figure 7 shows the changes in sulthydryl
content of sous-vide cooked turkey breast meat
during cold storage over a period of 9 days. The
total sulthydryl content is expected to decrease
during storage due to oxidation, and supporting
studies have been reported in the literature (Shi et
al., 2014; Turgut et al., 2016; Zahid et al., 2020).
Sulfhydryl content after sous-vide cooking ranged
between 23.73 and 31.74 nmol sulfhydryl/mg
sample, similar to a study which was performed
on sous-vide cooked chicken (Silva et al., 2016).
SE90 treatment had the highest sulthydryl
content on day 0 (P <0.05). Present of LE and
reduced cooking time may have prevented the

oxidation of sulfhydryl groups. At the end of
storage, samples with added extract exhibited the
highest sulthydryl content (P <0.05), indicating
that LE functioned as an effective antioxidant
regardless of cooking time during cold storage.
The LE extract reduces the rate of sulfhydryl loss
by inhibiting oxidative reactions through its
phenolic compounds' free radical scavenging and
metal-chelating properties (Fernandez et al,
2019). This protective effect preserves protein
functionality and slows protein oxidation, as seen
in SE90 and SE120. Similarly, previous studies
have demonstrated the protective effect of
antioxidants on sulthydryl groups, such as
pomegranate peel extract in beef meatballs
(Turgut et al., 2016), grape seed and clove bud
extracts in silver carp (Shi et al., 2014), and clove
extract in cooked beef patties (Zahid et al., 2020).
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Figure 7. Sulthydryl groups of sous vide cooked turkey breasts
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90
min +LE, SE120: Sous-vide cooked at 120 min

Texture Profile Analysis

The results of the texture profile analysis are
presented in Table 2. On day 0, the SE120
samples exhibited significantly higher hardness
compared to the other groups (P<0.05),
correspondingly, the SE120 samples also

recorded the highest chewiness values (P<0.05).
Throughout storage, the hardness of the samples
showed variation. Longer cooking time at a higher
temperature likely led to greater protein
denaturation and water loss, which can increase
hardness and chewiness initially. Extended sous-
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vide cooking can also cause the meat fibers to
compact, contributing to a firmer texture (Biytklt
et al., 2020). By the end of the storage period, the
hardness values of the extract-incorporated
samples were not significantly different from their
initial values on day O (P> 0.05). Notably, the
SE90 samples demonstrated the lowest hardness
at the conclusion of storage (P < 0.05) Silva et al.
(2016) reported that the prolonged sous-vide
cooking time conduces to a decrease in the
hardness of jerky chicken, while Pulgar et al.
(2012) in pork ceeks and Roldan et al. (2013) in
lamb loin observed the direct opposite effect.
Similarly, we measured an increase in hardness
values in laurel extract added samples by
increasing cooking time (P <0.05), but
distinctively, extract-free samples had no
significant alterations in hardness values (P>0.05).
It is obvious that, excluding the prolonged
cooking time, some factors like meat source, meat
type and presence of extract may cause variances
in hardness value of sous-vide cooked meat.

Springiness means recovering the former shape of
food when the effect that causes deterioration on
shape disappears (Biyikh et al., 2020; Erdemir and
Karaoglu, 2021). Zhang et al. (2022) reported that
the springiness values tended to decrease as the
cooking time increased. In our study, the lowest
springiness was measured in the SE90 sample,
while the highest was in the S90 sample, both on
the first and last day of storage (P <0.05).
Interestingly, the highest cohesiveness value was
measured in SE90 sample (P <0.05).

Cohesiveness is defined as a degtree of difficulty in
breaking down the internal structure of the food
(Erdemir and Karaoglu, 2021). Park et al. (2020)
used different cooking temperature and tims (60-
70°/1-2-3 hours) on chicken breast sous-vide
cooking and reported that springiness and
cohesiveness values of samples were not
statistically affected by cooking time.

Chewiness is related to required energy to make
ready the food to swallow and related with the
mastication quantity and time (Biyiklt et al., 2020;
Erdemir and Karaoglu, 2021). It was shown that
the addition of laurel extract in sous-vide cooked

turkey breast induces to decrease in chewiness
with the storage, means less force is required to
masticate the food. On the contrary, it was
observed that the chewiness values of extract-free
samples increased in the last day of storage.
Similarly, Akoglu et al. (2018) were mentioned
that the chewiness of the sous-vide cooked turkey
cutlet increased at the end of the 35 days of
storage. Nevertheless, when the data was deeply
investigated to compare with our results for
similar storage days, there were no significant
changes in chewiness values on the days until the
281 (P >0.05). These results were in good
agreement with the findings of our study for SE90
samples.

Sensory analysis

Addition of laurel extract not only increases
product quality and shelf life, but also affects
sensorial attributes, which obligates sensory
analysis. The sesory scores were presented in

Color and appearance play a crucial role in
assessing cooked meat quality and are among the
most influential properties affecting consumer
preferences (Ayub and Ahmad, 2019). The color
scores of turkey breast meat ranged between 6.43
and 7.93. The lowest score after cooking was
observed in SE90 group (P<0.05), which
increased by the end of storage (P<0.05). It was
determined that an increase in cooking time raised
the color score in groups with extract, while the
addition of extract reduced the color score in
groups cooked for 90 minutes. No significant
differences were observed between treatments on
other storage days (P>0.05). Cooking time and
LE addition exhibited a similar effect on
appearance scores as well. The addition of LE
resulted in a decrease in flavor scores on days 0
and 3 of storage for both cooking durations, while
this effect was not observed on the other storage
dayslt was stated that the increase in the amount
of extract used affects the sensory quality (Akcan
et al.,, 2017). The oxidative flavor scores of the
samples showed no significant differences on the
first and last days of storage (P > 0.05). Meat
texture, which is closely related to its protein
structure, is primarily evaluated based on
tenderness and juiciness (Roldan et al., 2013).
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Cooking time had no significant effect on texture,
with similar texture scores recorded on days 6 and
9 (P > 0.05). Prolonged cooking time did not
significantly influence overall acceptability scores
(P> 0.05). Additionally, no significant differences
were observed in extract-free samples throughout
storage or among all treatments on the final day
(P> 0.05). Cooking time, LE addition, and storage

duration influenced sensory attributes such as
color, appearance, and flavor of turkey breast
meat, but no significant differences were
observed in texture or overall acceptability among
treatments by the end of storage. At the end of
storage, all sensory parameters were statistically
insignificant (P > 0.05)

Table 2. Texture profile analysis of sous vide cooked turkey breast

Day 0 Day 3 Day 6 Day 9
Sample Hardness (N)

S90 53.64>»%2.51 71.392y+13.9 77.002x+4.93 90.122x£12.48
S120 51.25bv+1.12 53.66bv16.5 52.11bv%12.35 79.20%x17.92
SE90 55.10b2£9.98 71.972xv1+7.37 74.60x£17.67 52.60+#1+5.38

SE120 76.012x+2.67 51.84>y£10.96 66.44>x17.17 73.47>x14.25
Sample Springiness(mm)

S90 0.612x£0.01 0.58%+0.08 0.52v£0.01 0.582xv+0.03
S120 0.58>+0.01 0.57£0.03 0.5220.09 0.55*£0.03
SE90 0.53¢y210.02 0.59x10.03 0.57%%0.04 0.51¢210.02

SE120 0.57>x10.03 057<£0.04 0.54+20.01 0.51ev+0.02
Sample Cohesiveness

S90 0.49+%0.01 0.512£0.02 0.53bv1+0.01 0.60+x£0.01
S120 0.52by40.02 0.54v+0.02 0.58+x£0.01 0.52¢v1+0.01
SE90 0.54:£0.02 0.53%0.01 0.53>£0.02 0.55>*0

SE120 0.52bx10.01 0.53x%0.01 0.51bxv+0.03 0.484v%0.01
Sample Gumminess(IN)

S90 25.98b+20.69 36.123by+5.44 40.84xv+2.38 48.33x£7.68
S120 24.52by4+2.3 29.61bey+3.55 30.17v1+6.84 38.18bx%5.75
SE90 27.56bv%06.54 41.75%x£4.87 38.09110.51 33.28bx1+3,13

SE120 42.56x£2.59 26.78<#£5.69 32.22v++4.68 36.91bxv+0.67
Sample Chewiness(N)

S90 16.1455%1.61 21.03abxv+5.35 22.01%+1.65 23.79%x14.4
S120 15.2355+0.73 15.85bx+1.52 15.95%%5.9 21.580x14.01
SE90 14.655v13.4 24.212v%2.66 17.32x£4.52 17.065¥£1.09

SE120 23.29x£1.79 17.34b5+4.26 17.065+2.69 18.70b¥£0.7

a¢ Means marked with different letters on the same column are significantly different (P <0.05).
%Y Means marked with different letters on the same row are significantly different (P <0.05).
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90 min +LE,

SE120: Sous-vide cooked at 120 min +LE
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Figure 8. Sensory evaluation of sous vide cooked turkey breasts
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90
min +LE, SE120: Sous-vide cooked at 120 min

Microbiological analysis

Neither Salmonella nor Listeria monocytogenes was
detected in raw or sous-vide cooked samples on
both day 0 and day 9. The total aerobic mesophilic
bacteria (TAMB) counts of sous-vide cooked
turkey breast during cold storage are presented in
Table 3. According to the Turkish Food Codex
Regulation on Microbiological Criteria (2011), the
acceptable limit for TAMB counts is 5 log cfu/g.
In raw turkey breast meat, TAMB was measured
as 3 log cfu/g. After sous-vide cooking, an

increase in TAMB values was observed in all
treatments except for the S120 treatment. This
increase may have been caused by contamination
from processing equipment such as chopping
boards, knives, vacuum bags, tumblers, or water
used in the marinade. Despite this, TAMB values
in all samples remained below the regulatory limit.
Additionally, the antimicrobial activity of laurel
extract (LE) became evident by day 6 of storage.
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Table 1. Total aerobic bacteria counts of sous-vide cooked turkey breast during cold storage

Total Aerobic Bacteria (log cfu/g)

Treatments Day 0 Day 3 Day 6 Day 9
S90 3.38¢210.14 4.005v+0.35 4.30bx+0.15 4.60+x£0.22
S120 2.654220.06 4.90~£0.04 4.78~£0.17 4.300y1+0.03
SE90 4.65>>%0.11 4.70x£0.08 3.92¢v+0.13 4.04<y+0.07
SE120 4.922:£0.04 4.95%:£0.04 4.30>v+0.18 3.784+£0.08

a¢ Means marked with different letters on the same column are significantly different (P <0.05).
%Y Means marked with different letters on the same row are significantly different (P <0.05).
S90: Sous-vide cooked at 90 min, S120: Sous-vide cooked at 120 min, SE90: Sous-vide cooked at 90 min +LE,

SE120: Sous-vide cooked at 120 min +LE

In a previous study, turkey cutlets cooked using
the sous-vide technique at 65°C for 40 minutes
showed that total mesophilic bacteria counts
exceeded 5 log cfu/g after 35 days of storage at
4°C and after 21 days at 12°C. The reseatchers
also reported that Listeria monocytogenes and
Salmonella pathogens were absent in all samples,
but long-term storage negatively impacted
sensory quality (Akoglu et al.,, 2018). Similarly,
Biyikl: et al. (2020) investigated sous-vide cooking
of tutkey cutlets at combinations of 65-70-75°C
for 20-40-60 minutes. They found no Salmonella
species in any samples; however, Listeria species
were detected in raw meat and in sous-vide
cooked samples processed at 65°C for 20
minutes. Their findings also indicated that sous-
vide cooking reduced TAB counts by
approximately 2 log cfu/g. Furthermore, Nyam et
al. (2023) reported that the total mesophilic
aerobic count of raw chicken breast meat was 6.36
log cfu/g. After sous-vide cooking, the counts
ranged between 2.81 and 4.49 log cfu/g, which is
consistent with our results.

CONCLUSIONS

This study highlights the potential of laurel extract
as an effective antioxidant in improving the
quality and stability of marinated turkey breast
meat during sous-vide cooking and refrigerated
storage. The incorporation of LE significantly
reduced lipid and protein oxidation, as evidenced
by lower TBARS and carbonyl values, regardless
of cooking time. Furthermore, the use of LE did
not negatively impact the sensory attributes of the
meat, even with extended cooking durations.
While cooking time alone had no significant effect
on cooking losses, longer sous-vide durations

contributed to increased protein oxidation in
samples  without LE. Additionally, the
microbiological ~analysis confirmed that all
samples remained within safe consumption limits
throughout the storage period.

The findings suggest that LE is a promising
natural antioxidant for maintaining the quality,
flavor, and oxidative stability of sous-vide cooked
turkey breast, particularly for extended cold
storage. This approach provides a practical and
consumet-friendly solution for the food industry,
catering to the growing demand for healthier,
minimally processed, and ready-to-eat poultry
products.
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ABSTRACT

Ethanol extracts of Sorbus ancuparia 1. and Sorbus kusnetzovii Zinserl. fruits, belonging to the Rosaceae family,
were obtained using an ultrasonic-assisted extraction method. The total phenolic contents of S. aucuparia and
S. kusnetzovii were 8.4410.66 mg GAE/g and 8.65£2.18 mg GAE/g, respectively, while their total flavonoid
contents wete 2.301£0.01 mg QE/g and 2.6710.13 mg QE/g, respectively. The fruits’ DPPH values wete
measured as 9.59+0.00 mg TE/g and 9.2840.05 mg TE/g, FRAP values as 9.51+0.42 mg TE/g and
13.3810.52 mg TE/g, and CUPRAC values as 13.43+0.01 mg TE/g and 23.21%£0.74 mg TE/g.
Furthermore, both Sorbus species were found to have a rich mineral content. Therefore, it can be concluded
that S. aucnparia and S. kusnetzovii fruits contain potent antioxidants, abundant phenolic compounds, and
valuable minerals. Furthermore, they have significant potential as functional foods and are strong candidates
for further clinical research.

Keywords: Sorbus ancnparia L., Sorbus kusnetzovii Zinsetl., antioxidant, phenolic, ICP-MS

SORBUS AUCUPARIA VE SORBUS KUSNETZOVII'DEN ELDE EDILEN
ETANOL EKSTRAKTLARININ ANTIOKSIDAN KAPASITESI, FENOLIK
BILESIK ICERIGI VE MINERAL KOMPOZISYONU
Oz
Rosaceae familyasina ait Sorbus aucuparia 1. ve Sorbus kusnetzovii Zinserl. meyvelerinin etanol ekstraktlar,

ultrasonik destekli ekstraksiyon yontemi kullanilarak elde edildi. S. awcuparia ve S. kusnetzoviinin
toplam fenolik icerikleri sirasiyla 8.4410.66 mg GAE/g ve 8.6512.18 mg GAE/g iken, toplam
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flavonoid icerikleti sirastyla 2.30£0.01 mg QE/g ve 2.67£0.13 mg QE/g idi. Meyvelerin DPPH
degetleri 9.59+0.00 mg TE/g ve 9.2810.05 mg TE/g, FRAP degetleri 9.51+0.42 mg TE/g ve
13.38%0.52 mg TE/g ve CUPRAC degetleri 13.4310.01 mg TE/g ve 23.211£0.74 mg TE/g olarak
olctldii. Ayrica, her iki Sorbus tiirtintin de zengin mineral icerigine sahip oldugu bulundu. Bu nedenle,
S. ancuparia ve S. kusnetzovii meyvelerinin gliclii antioksidanlar, bol miktarda fenolik bilesik ve degerli
mineraller icerdigi sonucuna varilabilir. Ayrica, fonksiyonel gida olarak 6nemli potansiyele sahiptirler

ve daha ileri klinik arastirmalar icin glcli adaylardir.

Anahtar kelimeler: Sorbus ancuparia L., Sorbus kusnetzovii Zinserl., antioksidan, fenolik, ICP-MS

INTRODUCTION
The extraction of valuable components from
plants has recently attracted considerable

attention from consumers and academic and
industrial circles. This interest focuses on
compounds, such as phenolic acids, phenolic
diterpenes, flavonoids, essential oils, and other
bioactive molecules (Beya et al., 2021; Aimone et
al,, 2024). Such compounds are characterized by
their  anti-inflammatory, antibacterial, and
antiviral effects and their potential to prevent
inflaimmation, cancer, neurodegenerative, and
cardiovascular diseases (Perron and Brumaghim,
2009; Beya et al., 2021). Therefore, these naturally
derived compounds can be used as dietary
supplements or food additives or to increase the
antioxidant activity of foods (Pereira et al., 2022).
Furthermore, compounds with rich bioactive
properties can also be used to produce various
drugs (AlAL et al., 2021). In this respect, wild
berries (mountain ash, blueberries, raspberties,
blackberries, cranberries, forest strawberries, and
cherries) attract attention due to their abundant
bioactive compounds and unique flavors (Aurori
et al,, 2024). With 121 genera and 5997 species,
the Rosaceae family has medicinal, nutritional,
ecological, and economic importance and is one
of the important plant families whose bioactive
properties have been studied (Banki et al., 2022).
This family includes various fruits, such as apple,
pear, medlar, plum, cherry, peach, rosehip,
hawthorn, and quince, and ornamental plants,
such as rose, meadow hyacinth, mountain ash,
and firethorn (D6nmez et al., 2022).

Sorbus L. is an important genus belonging to the
Rosaceae family (Oz Atasever and Gergekcioglu,
2013). It is commonly called rowan berry,

mountain ash, or European fruit (Rutkowska et
al., 2023). This genus, which is predominantly
found in the Northern Hemisphere, typically
consists of deciduous, thornless, small trees
and/or shrubs (Lykholat et al., 2021). Its flowers
are usually white, occasionally pink, and turn
yellow, red, or orange upon ripening (Odunkiran,
2016). Sorbus species are recognized for their
potential to protect against inflammation,
rheumatism, diabetes, kidney disorders, and
cardiovascular diseases. Additionally, they are
valued for their appetite-stimulating properties
and as a rich source of vitamins (Singh and
Mijakovic, 2022). Due to their bitter and
astringent taste, they are not commonly
consumed fresh but are widely used to produce
jellies, jams, and fruit juices (Aimone et al., 2024).
Furthermore, in several European countries, e.g.
Estonia, they are utilized in bread-making and to
flavor, clarify, and preserve alcoholic beverages
(Sulimanec et al., 2023). Eighty taxa worldwide
and 18 taxa in Turkiye represent the Sorbus genus
(Aksoy, 2013). In Turkiye, the regions with the
highest species diversity are located in Eastern
Anatolia, a part of the Caucasus region
(Akyildirim Begen and Eminagaoglu, 2022). The
important Sorbus species found in Ttrkiye include
Sorbus ancuparia (rowan) and Sorbus kusnetovii
(service tree).

S. awcuparia is one of the underutilized forest
fruits, reaching a height of 15-20 m, and is a
decorative plant with reddish-orange fruits
(Aurori et al, 2024). S. kusnetzovii is another
significant taxon belonging to the Sorbus genus. 1t
is distributed across open rocky slopes at altitudes
of 1200-2400 m above sea level in the middle and
high mountain ranges of the Caucasus. This
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species reaches a height of 4-5 m and has red,
shiny, and slightly hairy fruits (Ibrahimov and
Matsyura, 2018). The fruits of the Sorbus genus
contain organic acids (ascorbic acid), polyphenols
(phenolic, chlorogenic, and neochlorogenic
acids), carotenoids, and trace elements (Aurori et
al., 2023). The range of Sorbus phenolics, from
simple phenolic acids to complex tannin-type
proanthocyanidins, highlights the importance of
their bioactive compound content (Olszewska
and Michel, 2009). Moreover, these fruits have
historically been utilized in the treatment of
diverse gastrointestinal, pulmonary, renal, hepatic,
and cardiovascular disorders (Eremeevaa and
Makarova, 2022). Additionally, Sorbus fruits have
antidiabetic, diuretic, anti-inflammatory,
antibacterial, and antipyretic properties (Bobinaité
et al., 2020). The pulp of Sorbus fruits and their
seeds are nutritionally important since Sorbus
seeds contain a high amount of unsaturated fatty
acids (Sen, 2011).

In the literature, various studies have examined
the bioactive impacts of S. awcuparia (Petkova et
al., 2020; Sarv et al, 2021; Eremeevaa and
Makarovab, 2022; Sulimanec et al., 2023,
Krzywicka and Kobus, 2023; Ryszczynska et al.,
2024). However, few studies have focused on §.
kusnetzovii (Ekin et al., 2016). Furthermore, few
studies have investigated the mineral content of
these fruits (Raspe et al., 2000; Aslantas et al.,
2007; Sulimanec et al., 2023). Therefore, the
current research determined the total phenolic
content (TPC) and flavonoid content (TFC), as
well as the DPPH (1,1-diphenyl-2-picryl-
hydrazyl), FRAP (ferric-reducing antioxidant
power), and CUPRAC (cupric ion reducing
capacity) of ultrasonic-assisted ethanol extracts of
two Sorbus species (8. ancuparia and S. kusnetzovii).
Additionally, the macro- and micro-mineral
content of the fruits was analyzed with an ICP-
MS (inductively ~ coupled plasma-mass
spectrometry) device. This study investigated in
detail the bioactive properties of the two
important Sorbus species, aiming to fill the gap in
the literature in this area. Moreover, the high
bioactive properties of these fruits, their potential

applications in food and traditional medicine, and
the widespread occurrence of the Sorbus genus in
Turkiye further highlight this study’s significance.

MATERIAL AND METHODS

Material

S. ancuparia and S. kusnetzovii utilized in the study
were collected from Bayburt province in August
2022. References, such as “Flora of Turkey and
the Hastern Aegean Islands” (Davis, 1965-1985;
Davis et al., 1988; Guner et al.,, 2000), "List of
Plants of Turkey (Vascular Plants)" (Giner et al.,
2012), and "Identification of Wild Fruits Growing
in Bayburt Province and Some Studies" (Sefal,
2023), were taken as a basis when identifying the
plants. The fourth author identified the plants.
Afterward, the samples were brought to the Food
Engineering Laboratory of Bayburt University,
dried at 50°C for 2 days, and stored under
appropriate conditions until being analyzed. The
plants turned into herbarium specimens are
preserved in the Science Laboratory of the
Faculty of Education at Bayburt University.

Extraction

Extraction was catried out using an ultrasonic-
assisted technique, modified from the method
described by Meng et al. (2011). Ultrasonic-
assisted extraction was performed in an ultrasonic
bath (WiseClean WUC-DO6H) with a solvent
mixture of 80% ethanol and distilled water.
Initially, 3 g of the sample was mixed with 30 mL
of ethanol and sonicated. After extraction, the
samples were centrifuged at 2282Xg for a period
of 30 min. The supernatants obtained were
carefully separated, transferred into dark bottles,
and stored at a temperature of -18°C until the
subsequent analysis.

TPC

To determine the samples” TPC, a mixture of 5
mL of Folin-Ciocalteu reagent (Merck) (diluted
1:10 with water), 4 mL of 7.5% Na2COs solution,
and 1 mL of the extract was prepared. After the
mixture was incubated at room temperature in the
dark for a period of 60 min, the absorbance was
recorded with a spectrophotometer (Shimadzu
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UV-1800) at 750 nm. The results were presented
as gallic acid equivalents (GAE) (Fluka) in mg

GAE per gram of extract (mg GAE/g)
(McDonald et al., 2001).
TFC

To determine the TFC, 2 mL of 2% aluminum
chloride solution was added to 2 mL of the diluted
extract. The mixture was kept at room
temperature for 15 min. Afterward, the samples’
absorbance was read at a wavelength of 420 nm.
The results were presented as quercetin
equivalents (QE) in mg QE per gram of dry
matter (mg QE/g) (Chandra et al., 2014).

Antioxidant capacity

For the purpose of evaluating the extracts’
impacts on the DPPH radical scavenging activity
assay radical (Fluka), 3.9 mL. of DPPH solution
(6X107° M) was added to 100 plL of the diluted
extract, and the mixture was kept in the dark for
a period of 30 min. Afterward, the absorbance of
the color formed as a result of the reaction
between the extracts and DPPH was measured at
515 nm. The results were given as Trolox
equivalents (TE) in mg TE per gram of dry matter
(mg TE/g) (Bao et al., 2005; Zhou et al., 2009).

To determine the extracts’ FRAP wvalues, a
working solution was prepared by mixing acetate
buffer, TPTZ (Sigma-Aldrich), and FeCls-6H20
and then heated to 37°C. A 150 pL portion of the
extract was reacted with 2850 pL of FRAP
solution in the dark for a period of 30 min. The
colored product was measured at a wavelength of
593 nm, and the results were given as Trolox
equivalents (mg TE/g) (Upadhyay et al., 2010).

To determine the extracts’ CUPRAC values, 1.10
x 102 M CuCl2.2H20 solution, 1 M ammonium
acetate buffer (pH 7.0), and 7.5x103 M
neocuproine solution were prepared. The copper
solution, ammonium acetate buffer, neocuproine
solution, water, and 0.1 mM extract were mixed at
1 ml each to achieve a total volume of 4.1 mlL..
The mixture was kept in the dark for a period of

30 min, and absorbance values were measured at

450 nm (Apak et al., 2009).

Mineral composition

The samples’ macro- and micro-element contents
were analyzed with an ICP-MS (Agilent
Technologies 7800) instrument by making some
modifications to the method described by Mayda
etal. (2020). The results were expressed in mg/kg.
The following macro- and micro-clements were
identified within the scope of the current
research: sodium (Na), magnesium (Mg),
phosphorus (P), potassium (K), calcium (Ca),
manganese (Mn), iron (Fe), zinc (Zn), aluminum
(Al), copper (Cu), lithium (Li), beryllium (Be),
chromium (Cr), cobalt (Co), nickel (Ni), atsenic
(As), selenium (Se), ruthenium (Ru), rhodium
(Rh), palladium (Pd), silver (Ag), cadmium (Cd),
barium (Ba), and lead (Pb).

Statistical analysis

The results were subjected to analysis of variance
using the IBM SPSS Statistics 27 package
program.  Afterward, Duncan’s  multiple
comparison test compared the averages.
Furthermore, Pearson’s correlation test examined
the relationship between the results for TPC,
TFC, DPPH, FRAP, and CUPRAC. This study
analyzed the differences between the mineral
contents of two Sorbus genotypes using PCA
(principal component analysis). The first principal
component (PC1) was determined to represent
100% of the total variance.

RESULTS

TPC and TFC

The total phenolic contents of S. aucuparia and §.
kusnetzovii fruits were 8.44%0.66 and 8.65+2.18
mg GAE/g, respectively (Figure 1). The results
obtained agree with the literature. A similar study
found the TPC of methanol extracts from S.
ancuparia fruits collected from 12 populations in
the Alpine-Dinaric region of Croatia to be 932
mg/100 g on average (Sulimanec et al., 2023).
Another study evaluated the phenolic content in
the fruits, juices, and pomaces of 16 sweet rowan
berry varieties and wild rowan berries (5.
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ancuparia). The samples” TPC wvalues varied
between 2.53-15.05 mg GAE/g dry weight for
whole fruits, 0.53-14.8 mg GAE/g dry weight for
juices, and 15.97-44.68 mg GAE/g dry weight for
pomace fractions (Sarv et al, 2021). Another
research examined the TPC values of aqueous and
methanol extracts of S. aucuparia fruits. The study
concluded that the TPC values of water extracts
(2.07-3.33 mg GAE/g dry matter) were lower
than those of methanol extracts (2.71-4.15 mg

GAE/g dry matter) (Ryszczynska et al., 2024).
Considering both the current work and the
literature, it can be inferred that rowan betties are
a good source of polyphenols. Therefore, these
fruits are considered valuable functional
components for food and non-food applications.

30 30
mm TPC

C, S =m TFC

£ 20- 20 8 mm DPPH

= = mE FRAP

= S mm CUPRAC

8 10+ T 10 o

= ('S

S )

0- 0

S. aucuparia

S. kusnetzovii

Figure 1. TPC, TFC, DPPH, FRAP, and CUPRAC contents of S. aucuparia and S. kusnetzovii

Flavonoids are the most common polyphenols in
foods, consisting of anthocyanidins, flavones,
flavonols, flavanones, catechins, and
proanthocyanidins ~ (Kocaimamoglu,  2014).
Anthocyanidins and anthocyanins represent the
most abundant groups of flavonoids in red, blue,
and purple fruits. There are no anthocyanins in
the content of rowan berry extracts, and other
pigments determine their coloration (Eremeevaa
and Makarovab, 2022). The TFC of S. aucuparia
and . Ausnetzovii fruits was 2.30%£0.01 and
2.67£0.13 mg QE/g, respectively (Figure 1). A
study by Eremeevaa and Makarovab (2022) found
the TFC value of S. awcuparia extract to be
1.9210.04 mol C/L, while Auroti et al. (2024)
reported the TFC value of its ethanol extract as
537.58+3.255 ¢ QE/mL.

Antioxidant capacity
Substances with antioxidant properties are
involved in delaying and/or preventing oxidation

by inhibiting the formation of free radicals or
suppressing their propagation (Dorman et al.,
2003). In this regard, butylated hydroxytoluene,
butylated  hydroxyanisole,  ascorbic  acid,
tocopherol, and gallic acid are antioxidants
commonly used in foods (Garcia-Valencia et al.,
2022). However, since these compounds are
synthetic, they are not fully accepted by
consumers due to their potential toxicity and
carcinogenic effects (Mostafa and Azab, 2022).
Hence plants, fruits, and their extracts with
natural antioxidant properties have attracted
considerable attention (Wang et al, 2022).
Accordingly, research on natural antioxidants that
could replace synthetic antioxidants that are
utilized in the food industry at present is

progressing rapidly.

Antioxidant activity determination methods
depend on various parameters, such as the
substrate in the studied system, reaction

conditions, concentrations, and the structure of
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the compound to be analyzed. Therefore, there is
no standard method for determining a
compound’s antioxidant activity (Sen, 2011). For
this reason, multiple antioxidant activity
measurements should be performed to account
for phenolics exhibiting various antioxidant
mechanisms (Olszewska and Michel, 2009). In
this respect, the current research determined the
antioxidant capacity of rowan berries using the
DPPH, FRAP, and CUPRAC methods, and
Figure 1 displays the results. The DPPH radical
represents a stable free radical commonly utilized
to measure antioxidants' free radical scavenging
activity (Sanchez-Moreno, 2002). The DPPH
values of S. ancuparia and S. kusnetzovii fruits were
9.59+0.00 and 9.28%0.05 mg TE/g, respectively.
A study by Olszewska and Michel (2009) obtained
methanol extracts of S. awcuparia, S. aria, and S.
intermedia fruits. The DPPH values of these fruits
were determined to be 105.5, 181.1, and 86.9
umol TE/g dry matter, respectively. Another
study analyzed the effects of final reactor sizes on
the efficiency of ultrasound-assisted extraction of
S. awucuparia. The study reported DPPH values
between 23.63-73.28 umol TE/g for a 35-mm-
diameter vessel and between 24.48-74.92 pumol
TE/g for a 25-mm-diameter vessel (Krzywicka
and Kobus, 2023).

The FRAP assay, measuring the antioxidant
activity of rowan berries, determined the FRAP
values of S. amcuparia and S. Rusnetzovii to be
9.51+0.42 and 13.38%0.52 mg TE /g, respectively
(Figure 1). In the research by Raudonis et al.
(2014), the FRAP wvalues of different Sorbus
species ranged from 7.34 to 42.66 umol/g dry
matter, with the FRAP value of S. awcuparia
identified as 11.83 umol/g dry matter. Another
study reported the FRAP value of the methanol
extract of S. ancuparia fruits to be 441.5£5.8 pmol
Fe(Il)/g dry matter (Olszewska and Michel,
2009). A study analyzing the effects of final
reactor sizes on the efficiency of ultrasound-
assisted extraction of S. awuparia bioactive
compounds found FRAP values to range from
59.46 to 119.00 umol TE/g for a 35-mm-diameter

vessel and from 52.98 to 154.27 umol TE/g for a
25-mm-diameter vessel (Krzywicka and Kobus,
2023). The research by Ekin et al. (2016) obtained
ethanol extracts of 34 taxa from the genera
Amelanchier, Cotoneaster, Pyrus, and Sorbus. The
FRAP values of S. aucuparia collected from four
cities (Rize, Erzincan, Artvin, and Trabzon)
varied between 0.565%£0.03 and 0.974%0.07
pg/mL. The FRAP value of S. kusnetzovii extract
was determined to be 1.077£0.02 pg/mL.
Bozhuyuk (2011) reported that genetic factors
affect the FRAP activity of S. aucuparia, with the
FRAP values of 12 species ranging from 2.93 to
5.68 mM TE/100 g.

CUPRAC is another method used to determine
reducing power. In the above-mentioned method,
copper ions are reduced, and it serves as an
antioxidant activity index for hydrophilic and
lipophilic antioxidant compounds (Apak et al.,
2009). In the current work, the CUPRAC values
of S. awmcuparia and S. kusnetzovii fruits were
13.43+0.01 and 23.21£0.74 mg TE/g,
respectively (Figure 1). No studies in the literature
have analyzed the CUPRAC values of S. aucuparia
and S. kusnetzovii fruits. However, a study reported
the CUPRAC value of S. aria fruits collected from
Bulgaria to be 370.70 mM TE/100 g dry matter
in fresh fruits and 783.17 mM TE/100 g dry
matter in dried fruits (Petkova et al., 2020).

Pearson’s correlation analysis

Table 1 contains the test results of Pearson’s
correlation analysis for the variables TPC, TFC,
DPPH, FRAP, and CUPRAC. The table shows
that the TPC wvariable does not correlate
statistically significantly with the other variables.
The TFC wvariable was found to correlate
significantly (P<0.05) with DPPH, FRAP, and
CUPRAC. A highly significant correlation of
DPPH (P<0.07) with FRAP and CUPRAC was
observed. Furthermore, a highly significant
correlation was identified between FRAP and
CUPRAC (P<0.07), showing that both methods
are based on a similar measurement of antioxidant

capacity.
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Table 1. The test results of Pearson’s correlation analysis for the variables TPC, TFC, DPPH,

FRAP, and CUPRAC
TPC TFC DPPH FRAP CUPRAC
TPC 1
TFC 0.402 1
DPPH -0.230 -0.981* 1
FRAP 0.246 0.966* -0.9977% 1
CUPRAC 0.162 0.961* -0.997% 0.993* 1

*:P<0.05, **:P<0.01

ICP-MS

Minerals are important in plant metabolism. P is
essential for vital growth processes in plants,
while Ca and Mg are cell wall components. K is
used in the formation of carbohydrates and
proteins. S is a component of amino acids. Fe and
Mn are necessary for the formation of
chlorophyll, whereas Zn and Fe are cofactors. Na
replaces K in regulating stomata opening and
closing (Mishra et al., 2012). Furthermore, plants'
macro- and micro-element content have a
synergistic effect with other compounds, making
the plant’s elemental content important (Kremer
etal., 2012).

The present study examined in detail the macro-
and micro-element contents of rowan fruits
(Table 2). In the literature, very few studies have
investigated the mineral content of S. aucuparia.
However, no study on S. kusnetzovii has been
found. Na, Mg, P, K, Ca, and Al contents of S.
ancuparia and S. kusnetzovii froits were determined
to be the highest. Moreover, the contents of
minerals with antioxidant properties (Zn, Cu, Fe,
and Mn) are also quite high (Shin et al., 2012).
Additionally, minerals such as Li, Cr, Co, Ni, Pd,
Ag, Ba, and Pb have been identified. The
maximum permissible limits for the toxic
elements Cd and Pb, set by the World Health
Organization (WHO) in plant materials, are 0.3
and 10 mg/kg, respectively. The available fruits
do not exceed these critical values and can,
therefore, be considered safe (WHO 2007). A
study determined the mineral content of S.
ancuparia fruits collected from the Alpine-Dinaric
region of Croatia. The study obtained the

following results: K 2485>Ca 459>P 206>Mg
193>Na 6.29>Fe 3.68>Mn 3.58>Zn 1.11>Cu
0.731>Mo 0.098>Co 0.003>Se 0.001 mg/kg
(Sulimanec et al., 2023). The differences in some
elements can be attributed to the differences in
soil characteristics between Croatia and Ttrkiye.
However, Aslantas et al. (2007) determined the K,
P, Ca, Mg, Fe, Fe, Cu, Zn, and Mn contents of .
ancuparia  fruits collected from Northeastern
Anatolia to be 1540, 123, 299, 278.4, 24.2, 2.94,
8.61, and 5.03 mg/kg, respectively.

This study analyzed the differences between the
mineral contents of the two Sorbus genotypes by
PCA (Figure 2). The PCA plot shows the
differences between S. aucuparia and 8. kusnetzovii
species in terms of mineral composition. PC1
component explained 100% of the variance in the
entire data and cleatly showed the distinction
between the species. S. awenparia species was
found in negative PC1 values and was associated
with Na mineral. S. gusnetzovii species was found
in positive PC1 values and was associated with K
mineral. Mg and Li minerals in the center were
found in neutral positions between the species.

The results obtained and the findings of the
current work are similar. In this respect, the
results of the current work and the results
obtained from the literature show that rowan
fruits have valuable nutritional properties and can
be used in the food industry.

229



K. Cinar Topcu, P. Anlar, O. Cakir, A. Sefali

Table 2. The concentration of macro and micro elements of S. kusnetzovii and S. aucuparia

S. kusnetzovii

S. ancuparia

Element Content (ppm) RSD Content (ppm) RSD LOD LOQ
Na 942.50 0.43 1322.72 0.92 0.227 0.758
Mg 1898.57 0.28 396.17 0.57 0.580 1.934

P 2279.93 0.96 560.14 0.63 3.702 12.341
K 18413.10 0.22 2002.18 1.99 9.582 31.938
Ca 500.12 0.92 176.18 0.59 1.896 6.321
Mn 14.27 1.82 8.05 0.15 0.015 0.050
Fe 46.60 0.21 26.12 0.97 0.126 0.422
/n 15.95 0.19 4.58 0.98 0.434 1.448
Al 63.02 1.11 53.27 1.14 0.654 2.179

Cu 34.86 1.21 26.68 0.95 0.033 0.110
Li 1.52 0.84 62.45 1.25 0.048 0.161

Be <L.OQ 1.68 <L.OQ 24.68 0.005 0.017
Cr 0.16 1.86 0.07 3.23 0.040 0.135
Co 0.09 1.09 <LOQ 5.06 0.011 0.037
Ni 1.45 0.71 0.43 1.61 0.064 0.214
As <LOQ 10.66 <LOQ 14.09 0.014 0.045
Se <L.OQ 69.28 <LOQ 21.65 0.242 0.806
Ru <L.OQ 33.26 <L.OQ 56.93 0.001 0.004
Rh <L.OQ 8.84 <LOQ 11.23 0.000 0.001

Pd 0.02 1.36 0.01 2.39 0.003 0.009
Ag 0.20 2.63 0.35 1.05 0.019 0.063
Cd <L.OQ 4.85 <LOQ 18.86 0.109 0.363
Ba 7.62 1.43 3.20 0.46 0.008 0.028
Pb 0.38 0.89 0.25 1.18 0.007 0.024

RSD: Relative standard deviation; LOD/LOQ: Limit of detection/limit of quantitation
Mineral composition
10000 .
Kisnetzov® Minerals
@ Species
5000 -
- g
%j oo e ;lfig ;
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Figure 2. PCA analysis of mineral composition differentiating . auncuparia and S. kusnetzovii
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CONCLUSION

This study demonstrates that S. awcuparia and S.
kusnetzovi fruits are rich sources of antioxidants,
phenolic compounds, and essential minerals,
supporting their potential use as natural bioactive
ingredients. Their nutritional profile suggests that
rowan berries may contribute to functional food
development and dietary supplementation.

Future research should focus on the key aspects
to further explore their applications. Investigating
the bioavailability and metabolic pathways of their
bioactive ~ compounds is  essential  to
understanding their physiological effects. There is
a need for clinical studies to validate their health
benefits and assess long-term safety. Additionally,
research on incorporating rowan betries into food
formulations and optimizing processing methods
could enhance their industrial applicability while
preserving nutritional properties.

Overall, the findings above highlight the need for
further interdisciplinary studies to determine the
role of rowan berries in the pharmaceutical and
food industries.
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oz

Mistr (Zea mays L.) dinya capinda en ¢ok tiketilen tahillar arasinda olup 6nemli bir temel gidadir. Mevcut
calismada, gama 1stnlamanin misir ununun besin bilesimi, renk degerleri ve yag asitleri kompozisyonuna
etkileri aragtirlmustir. Misir unu 6rnekleri 0, 2.5, 5.0, 7.5 ve 10 kGy dozlarinda 9Co kaynag kullaniarak
sinlanmistir. Gama ssinlart musir unu yaginin oleik asit (18:1) ve linoleik asit (18:2) seviyelerinde 6nemli bir
azalmaya ve stearik asit (18:0) seviyesinde artisa neden olup yag asitlerini modifiye etmistir. Ayrica 1sinlama
dozunun artmasina paralel olarak, toplam tekli doymamus ve toplam ¢oklu doymamius yag asitlerinin azaldig
saptanmustir. Calismada incelenen besin bilesimi kuru madde, protein, kil ve yag bilesenleridir. Gama
stnlama musir ununun kuru madde, yag ve protein oranlarinda istatistiksel agidan 6nemli degisikliklere yol
agmaz iken (P> 0.05), kiil degeri ve renk parametrelerini istatistiksel olarak énemli (P< 0.05) diizeyde
etkilemistir. Isinlama ile I* degeri artarken, a* ve b* renk parametreleri 1sinlama dozunun arttirilmasina baglt
azalmustir.

Anahtar kelimeler: Gama 1sinlama, musir unu, gida gtivenligi, renk, yag asitleri

EFFECT OF GAMMA IRRADIATION ON FATTY ACID COMPOSITION AND
PHYSICOCHEMICAL QUALITY OF MAIZE FLOUR

ABSTRACT

Maize is an important staple food and one of the most consumed grains worldwide. In the present
study, y-irradiation effects on nutritional composition, color values and fatty acids profile of maize
flour were established. Maize flour samples were irradiated using ®“Co source at doses of 0, 2.5, 5.0,
7.5, and 10 kGy. Gamma irradiation modified the fatty acids, causing a significant decrease in the
levels of oleic acid (18:1) and linoleic acid (18:2) and an increase in the level of stearic acid (18:0) in
maize flour oil. Moreover, total monounsaturated and polyunsaturated fatty acids decreased with
increasing dose. The examined nutrient contents were moisture, protein, ash and fat contents.
Gamma irradiation did not cause statistically significant changes in dry matter, fat and protein
composition of maize flour. While L* value increased due to gamma irradiation, a* and b* color
parameters decreased with increasing irradiation dose.

Keywords: Gamma irradiation, maize flour, food safety, color, fatty acids
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GIRIS
Mistr, diinyada en yaygin kullanilan temel gida ve
yem bilesenlerinden biridir. Insan beslenmesinde
hayati bir yer tutan musir, diinya capinda en ¢ok
tiketilen tahil drtinleri arasindadir (FAO, 2019).
Misir Turkiye’de tretilen 6nemli tahillardan biri
olup, 2023 Tirkiye Istatistik Kurumu (TUIK)
verilerine gore tilkemizde yilda 9 milyon ton misir
uretilmektedir. Buna gére tahil ve tretilen diger
bitkisel tiriinler arasindaki payt %11.6’dir (TUIK,
2024). Misir tiiketiminin 6nemli miktarda vitamin
ve mineral sagladigt ve ayrica sik musir tiketiminin
insan ve hayvan organizmasi tizerinde gesitli saglik
yararlart saglayabildigi bilinmektedir (Kos vd.,
2020).

Ote yandan, insan ve hayvan tiiketimi icin
dinyanun her yerinde yetistirilen ana tahil
Urunlerinden biri olan misir, nem ve sicaklik
kogullarinda  toksijenik  kuifler  tarafindan
kontaminasyona karst hassastit. Gida ve yem
bilesenlerini  kiif olusumundan uzak tutmak,
Ozellikle nemli bolgelerde, ekili alanlarda
karsilasilan en buyik zorluklardan biridir. Mistr,
belitli kosullar altinda mikotoksin Uretebilen
Aspergillus, Penicillium ve Fusarium cinslerine ait
bazt  kuf tirlerinin  neden  oldugu  kif
kontaminasyonuna karsi olduke¢a hassastir (James
ve Zikankuba, 2018; Reddy vd., 2009; Pitt, 2000).
Mistr, insanlar ve hayvanlar icin en tehlikeli
maddelerden bazilarini tiretebilen Aspergillus flavus,
Fusarium verticillioides ~ve Fusarium graminearum gibi
bircok  mikotoksijenik  kiif  tirtriin  olast
konakeisidir (Leite vd., 2020). Bu mikotoksinler
arasinda aflatoksinler, okratoksin A,
deoksinivalenol (DON), zearalenon (ZEN)
siklikla misira bulagsmaktadir (Mir vd., 2021,
Tralamazza vd., 2016). Giresun ilinde pazarlardaki
farkli saticillardan  temin edilen muisir
Orneklerinde  aflatoksin  seviyesi  yiksek
performanslt stvi kromatografisi ile aragtirilmistr.
Analiz edilen 69 6rnegin 11'inde (%16) toplam
aflatoksin degeri 0,379-24,54 ug/kg araliginda
tespit edilmistir (Sengil vd., 2016). Yapilan benzer
calismalarda da Ulkemizde misir ununda
aflatoksinin  ciddi  bir problem oldugunu
gostermektedir (Algil ve Kara, 2014; Orug vd.,
20006; Giray vd., 2009).

unu

Gida maddelerinin mikotoksinlerle kirlenmesi
diinya capinda biiyiik bir sorundur. Utretim
kosullari, nem, sicaklik, depolama kosullar,
fiziksel hasar gibi bazt faktorler gidalarda
mikotoksin olusumunu hizlandirmaktadir. Cesitli
kimyasal yaptya ve gesitli toksisiteye sahip olan bu
toksinlerin ¢ogu, bircok gida isleme yontemine
karst dayaniklidirlar (Probst vd., 2014; Temba vd.,
2017). Ayrica, mistr gibi tahillarin mikotoksijenik
kiifler tarafindan kontaminasyonu, daha distk
kaliteli urtinlerle sonuclanabilmekte ve tuketim
icin oldukca zararh olabilmektedir. Tum bu
nedenlerle glvenli musir elde etmek icin
mikotoksin olusumunun 6nlemesi, kontrol altina
alinmast ve dekontaminasyon stratejilerinin gida
guvenligi ilkelerine dayandirilmasi gerekmektedir
(Alberts vd., 2017). Gida isleme yontemleri, bagta
tahul zincirleri olmak tizere bircok gida zincirinin
O6nemli bir parcasidir ve genellikle kif ve
mikotoksinler ~ de  dahil  olmak  lzere
kontaminantlar tzerinde Onemli bir etkiye
sahiptir. Kifleri ve mikotoksinleri etkisiz hale
getirme ve yok etmede her ne kadar farkli gida
isleme yontemlerinin potansiyeli arastirilmis olsa
da, kiaf ve mikotoksin detoksifikasyonu igin
gidanin besin degerini, lezzetini ve dokusunu
bozmayan teknikler 6nerilmektedir (Spadaro ve
Garibaldi, 2017). Gama 1sinlama mikotoksijenik
kiflelerin inhibe edilmesinde ve mikotoksinlerin
detoksifikasyonunda etkili 6nemli bir tekniktir
(Calado vd., 2018). Yapilan caligmalarda gama
isinlamanin musir ununda  Aspergillus flavus ve
Aspergillus  ochracens  inhibisyonunda = ve
aflatoksinler ve okratoksin A’nin
detoksifikasyonunda etkili oldugu kanitlanmigtir
(Khalil vd., 2021).

Gida 1sinlamast, cesitli gidalardaki
mikroorganizmalari zarar  vermeden
ortadan kaldirmak icin etkili bir ydntemdir (Jeong
vd., 2020). Gama sinlari, niifuz etme yetenekleri
ve cok cesitli mikroorganizmalart etkisiz hale
getirmedeki yiiksek etkinlikleri nedeniyle gida icin
tercih edilen radyasyon kaynagidir (Calado vd.,
2018). Soguk pastorizasyon olarak da adlandirilan
gama 1sinlamast, yizyillardir gidalarin
dekontaminasyonu ic¢in yaygin olarak kullanilan
etkili bir yontemdir (Apaydin vd., 2017). Gida
maddelerinin korunmasinda kullanilan bu fiziksel

urune
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yontemin, kif ve mikotoksinlerin kontroliine
katkist bircok arastirmact tarafindan ele alinmistir.
Yapilan bazi c¢alismalar gama 1sinlamasinin
okratoksin A (OTA), fumonisin B1, zearalenon ve
aflatoksinlerin  olusum riskinin azaltlmasinda
6nemli rol oynadigini géstermektedir (Mohamed
vd., 2015; Aquino vd., 2005; Aziz et vd., 2004).
Ayrica bu yeni teknoloji, potansiyel olarak
tahillarin besinsel Ozellikleri, kalite 6zellikleri ve
duyusal 6zellikleri tizerinde daha az olumsuz
etkiye neden olmaktadir (Mir vd., 2021). Tim bu
nedenlerden dolayt kullandan gama 1sinlama
uygulamast gidalarda 10 kGy' ye kadar olan dozlar
icin giivenli oldugu kabul edilmekte ve ¢ok sayida
tlkede ticari gida isleme icin uluslararasi givenli
doz olarak 10 kGy' ye kadar isinlamaya izin
verilmektedir (Apaydin vd., 2017). 10 kGy' ye
kadar 1sinlama insan sagligina yonelik hicbir
mikrobiyolojik,  besinsel ~ veya  toksikolojik
tehlikeye neden olmamaktadir (Mir vd., 2021).
Tirk Gida Kodeksi Gida Isinlama Yénetmeligi
(2019/30907) ’ne gore hububat, ogutilmus
hububat iriinleri vb. driinlerde sogurulan doz
miktart olarak en fazla 5 kGy’e izin verilmektedir
(Anonim, 2025).

Bu ¢alismay1 yapma motivasyonu, gida givenligini
saglamak amactyla misir ununun gama istnlanmast
ve farkli dozlardaki gama 1sinlamanin misir unu
kalitesi tzerindeki bazi degisimlerinin
belirlenmesidir. Bu kapsamda literatiir caligmalart
incelendiginde, gama ismnlamasinin misir unu
numunelerinin yag asitleri kompozisyonu ve
cesitli fizikokimyasal kalite parametrelerindeki
etkisinin arastirlldigt caligmaya rastlanmamustir.
Bu caligma ile farkli dozlardaki (2.5, 5.0, 7.5 ve 10
kGy) gama 1sinlama prosesinin musir ununun

fizikokimyasal = Ozelliklerindeki ve yag asidi
profilindeki etkilerinin arastirilmast
amaclanmaktadir.

MATERYAL VE YONTEM

Materyal

Misir unu 6rnekleri Edirne, Turkiye'deki yerel bir
marketten satin alinmustir. Calisma kapsaminda
kullanilan misir unu 6rnekleri ticari bir markanin
trtind olmayip actk olarak satisa sunulmaktadir.
Misir unu 6rnekleri bes pakete (her biri 100 g)

bolinmustiir ve 1sinlama icin polietilen torbalara
sikica paketlenmistir.

Gama 1g1nlama iglemi
Misir unu 6rneklerinin gama 1sinlariyla 1ginlanmast
Turkiye Enerji, Nikleer ve Maden Aragtirma

Kurumu (TENMAK), Saraykéy  Nikleer
Arastrma  ve  Bgitim  Merkezi  (Ankara,

Tirkiye)’nde maksimum aktivitesi 12000Ci olan
deneysel 1sinlama cihazt ile gerceklestirilmistir.
Isinlama islemi Tarim ve Orman Bakanligrnin
Gida Isinlama Yonetmeligi (2019/30907)’ne gore
gerceklestirilmistir  (Anonim, 2025). Gama
1sinlamast, oda sicakliginda (~25°C) yaklasik 1168
Gy/saat doz oranimna sahip ®Co gama isinlayict
(Ob-Servo Sanguis, Izotop Enstitiisti, Macaristan)
ile numunelere uygulanmistir. Uygulanan dozlar
2.5, 5.0, 7.5 ve 10.0 kGy’dir. Isinlama esnasinda
kaynak sabit tutularak, numune sepetinin
déndurilmesiyle doz dagiimi homojen olarak
elde edilmektedir. Numune sepeti boyutlart 220
mm x 250 mm olan yaklagtk 10 litre hacminde
silindirik ~ kap  seklindedir. Hedef dozun
dogrulugunun saglanmast i¢in numuneye bir
dozimetre yerlestirilmistir ve gercek dozlar
hedeflenen dozun %5'i icerisinde Olctlmustur.
Isimnlanmayan numuneler kontrol partileri olarak
ayrt sekilde tutulmustur. Hem kontrol hem de
isinlanmis numuneler analizler bitinceye kadar
dondurucuda bekletilmisti.

Yontem

Maser ununun kinyasal bilesiminin belirlenmesi

Misir ununun kimyasal bilesimi 1sinlamadan
hemen sonta belitlenmistir. Kuru madde, ham
protein, yag ve kil icerikleri AOAC (2000) resmi
metoduna gére belirlenmistir.

Miser ununun renk dederinin belirlenmesi

Misir unu Srneklerinin renkleri Konica Minolta
CM-5 (Konica Minolta, Inc. Osaka, Japonya)
kullanilarak belirlenmistir. Olciimden 6nce cihaz
beyaz ylizey kalibrasyon plakasina gore kalibre
edilmistit. Renk degetleri L* (parlaklik), a*
(kirmizilik) ve b* (sarilik) olarak ifade edilmistir.
L*, a* ve b* degerleri CIELab renk skalasina gore
tespit edilmistir. Olgiim bashiginin alt yarisina iig
gram numune yerlestirilmistir. Kolorimetrenin
basligi kolorimetrenin Ustiine yerlestirildikten
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sonra rastgele U¢ yerden Olcimler alinmistr
(Kwon vd., 2009).

Yag asitleri kompozisyonun belirlenmesi

Ekstrakte edilen musir unu yagt 6rneklerinin yag
asidi bilesimi, Gutiérrez ve Belkacemi (2008)
tarafindan belirtildigi gibi gaz kromatografisi ile
belitlenmistir.  Ekstrakte edilen musir unu
yaglarinin  yag asitleri alkali hidroliz ile
esterlestirildikten sonra methanol ilaveli BF; (%014
boron  trifluoride)  igerisinde  metilasyon
yapilmustir. Yag asidi metil esterlerinin (FAME)
son konsantrasyonu heptan iginde yaklagik 7
mg/mL idi. Kisaca, FAME analizleri, bir alev
iyonizasyon dedektoriine (FID) baglt kapiler GLC
(Agilent 6890 N) ve silika kapiler kolon (HP-88,
100 m x 0.25 mm i¢ ¢ap, %100 dimetilpolislioksen
ile kaplanmig, 0.2 um film kalinlikta, Chrompack)
kullanilarak  gerceklestirilmistir. GC  firmninin
baslangic sicakligs  120°C" ye ayarlanmustir;
sonrasinda 10 °C/dk hizla 175 °C'ye ¢ikarilmustir,
10 dakika bu sicaklikta tutulmustur ve ardindan 5
°C/dk hizla 175 °C'den 230 °C'ye cikarilmistir.
Enjeksiyon hacmi 1:50 oranda 1 pL idi. Enjektor
ve dedektdr sicakliklart sirastyla 250 ve 280 °C idi.
Helyum tastyict gaz olarak 0.5 mL/s akis hiziyla
kullanilmistir.

Yag asidi metil esterleri profili, tek tek standart

Chrom  Workstation  Yazilimi  kullanilarak

degerlendirilmistir.

Istatistiksel Analizler

Veriler SPSS 22.0 kullanilarak varyans analizi
(ANOVA) kullanilarak analiz edilmistir. Ortalama
degetler arasindaki farklar, Duncan'in ¢coklu aralik
testi kullanilarak «=0,05 anlamlilik dizeyiyle
karsilastirtlmistir.  TUm  analizler tGger kez
tekrarlanmistir.  TUim  veriler,  tekrarlanan
deneylerin  (N22) ve tekrarlanan Olgiimlerin
ortalamasidir (Snedecor ve Cochran, 1988).

SONUC VE TARTISMA

Gama 1ginlama isleminin misir ununun besin
bilesimi ve renk degerlerine etkisi

Cizelge 1°de isinlanmamis (kontrol grubu) ve
sinlanmis mustr unu 6rneklerinin % kuru madde,
kil, protein, yag degerleri gosterilmistir.
Isinlanmamus (kontrol grubu) musir ununun kuru
madde  igerigi = %89.44%0.6, kul icerigi
%0.557610.0068, protein icerigi %06.44%0.22 ve
yag icerigi % 2.33 = 0.21 olarak tespit edilmistir.
Calismada elde edilen bulgular, misir ununun nem
icerigini %10.53, yag icerigini %01.37, kil icerigini
%1.19 olarak tespit eden Sanni vd., (2008) ile
benzerlik gbstermektedir. Gama isinlamanin musir
unu 6rneklerinin kimyasal bilesimine etkisi g6z
ontine alindiginda (Cizelge 1), 0-10 kGy dozlariyla

FAME'lerin (~%99 saf) (Supelco, ABD) tutulma  1sinlama  sonrasinda  6nemli  bir  etki
strelerine dayalt olarak tanimlanmistir ve Total  gbzlenmemistir (P>0.05).
Gizelge 1. Isinlanmis ve 1stnlanmamis musir ununun kimyasal 6zellikleri
Table 1. Chenical properties of irradiated and non-irradiated maige flour
Ornek (Mistr Isinlama Dozu ~ Kuru madde
Unu) (kGy) (%) Protein (%) Yag(%) Kiil (%)
Sample Irradiation Dose Dry matter Protein (%) Oil (%) Ash (%)
Maize flour (kGy) (%)
Kontrol-Control = 89.44£0.34 6.4410.11 2.3310.12 0.5576+0.0068b
25 89.69£0.31 6.35£0.17 2.24%0.05 0.626910.0214a
5.0 89.7610.1 6.3710.12 2.2510.06 0.65531+0.0028a
7.5 89.8+0.2 6.4610.31 2.24£0.05 0.6351+0.0227a
10.0 89.6810.42 6.39+0.12 2.18£0.05 0.6233+0.0184a
Isinlama Etkisi NS NS NS *

Ay sttundaki ayni harfteki degerler Tukey testine gbre %5 seviyesinde 6nemli Slgiide farkl degildir.

NS dnemli degil,
* Onemli P < 0.05

Valnes with the same letter in the same column are not significantly different at the 5% level according to the Tukey test.

NS not significant,
* Significant P< 0.05
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Bu sonugclar Lee ve Kim (2018)’nin kahverengi
piringlerin 5.0 ve 10.0 kGy dozlarinda gama
isinlanma  sonrasinda  protein, nem ve kil
iceriklerinde onemli bir degisiklik
gbzlemlenmedigini bildirdigi ¢alismalari ile uyum
icerindedir. Benzer sekilde Gecgel (2013)
koftelere 1, 3, 5 ve 7 kGy dozlarinda gama
isinlama islemi uyguladigt calismasinda 7 kGy
isinlama dozundan sonra bile kéftelerin nem, yag,
protein ve kil iceriklerinde 6nemli bir farkldik
olmadigint  bildirmigtir. Sonuclarimiza paralel
sekilde Smita vd. (2023) ve Darfour vd. (2012), y-
isinlamanin sirastyla piring ununun ve boriilce
ununun protein ve nem igerigini degistirmedigini
bildirmislerdir. Bir bagka calismada benzer sekilde
Liu vd. (2018) gama sinlamanin yer fistiginin
tizikokimyasal ~Ozellikleri ve besin icerikleri
uzerine etkisini incelemisler ve isinlamanin nem
ve kil iceriginde Onemsiz bir degisime neden
oldugunu bildirmislerdir (P> 0.05). Apaydin vd.
(2017) gama 1smnlamanin Gzim  cekirdeginin
kimyasal ~ bilesimine  etkisini  inceledikleri
calismada, 7 kGy gama 1smlamanin dahi dzim
cekirdegi yaginda istatistiksel olarak O6nemli
degisimlere yol agmadigini bildirmislerdir. Ote
yandan Liu vd. (2018) yiiksek doz 1sinlamanin (10
kGy) yer fistiginin yag ve protein igerigini 6nemli
Olgiide azalttgini, su aktivitesini ise arttirdigin
bildirmislerdir.

Cizelge 2°de 1s1nlanmamis ve 1sinlanmis mistr unu
orneklerinin - renk  degerleri  (L*, a*, b¥*)
gOsterilmistir. Gida Urtinlerinin renk Szellikleri
tiiketici tercihini belirleyen 6nemli parametreler
arasindadir. Renk analiz sonuglarina  gére
orneklerin  parlakligim ifade eden L* degeri
kontrol grubunda 88.89 olarak belitlenmigtir
(Cizelge 2). Orneklerin yesillik-kirmizilik &zelligini
gosteren a* degeri kontrol grubunda 3.90 olarak
belirlenmistir. Renk 6zelliklerinden b* degeri,
orneklerin - mavilik-sarihk  6zelliklerini  ifade
etmektedir. Kontrol grubu rneklerinin b* degeri
29.52 olarak belirlenmistir. Gama 1sinlamanin
renk parametrelerine (L*, a* ve b*) etkisi
degerlendirildiginde, stnlamanin renk
parametreleri tizerinde istatistiksel olarak 6énemli
dizeyde (P < 0.05) etkili oldugu tespit edilmistir.
Gama sinlama ile L* degeri artarken, a* ve b*
renk parametreleri 1sinlama dozunun

artturilmasina baglt azalmistr (P<0.05). Smita vd.
(2023) 15 kGy' ye kadar artan 1sinlama dozuyla
pigmentli pirin¢ unlarinin a* degerindeki azalmaya
iliskin yaptiklart calismasinda benzer bulgular
bildirmislerdir. Calismamiz, 1sinlamanin trenk
parametreleri tizerinde istatistiksel olarak énemli
dizeyde (P< 0.05) etkili oldugunu tespit eden
diger calismalar ile uyum icerisindedir. Smita vd.
(2023)’n1n 15 kGy'ye kadar artan 1sinlama dozuyla
pigmentli piring unlarinin a* degerindeki azalmay1
rapor ettikleri bulgulart calismamiz ile paralellik
gostermektedir. Al-Bachir (2015), 1, 2 ve 3 kGy
dozlarinda gama 1sinlamanin fistigin
fizikokimyasal 6zelliklerindeki degisimi inceledigi
calismasinda, fistik yaginin renk degerlerinin gama
sinlamasindan énemli 6l¢tide etkilendigini ve L*,
a* ve b* degerlerinin 1 ve 2 kGy gama 1sinlama
dozlarinda arttigint  bildirmistir. Ote yandan
Sirisoontaralak ve Noomhorm (2007) depolama
strasinda 1sinlanmig pirincin  fizikokimyasal ve
duyusal 6zelliklerindeki degisimleri aragtirdiklari
calismalarinda, 1sinlanmis pirincin b* degerinin
sinlanmamus pirince gére daha yiksek oldugunu
bildirmigler, ancak 1sinlanmis pirincin = b*
degerinde bir yillik depolama siiresince énemsiz
degisiklikler  tespit etmislerdir. Mexis ve
Kontominas (2009), kaju fisuginin 3 kGy'in
tzerindeki 1s1nlama dozlarinda 1sinlanmastyla renk
parametrelerinden I* ve b* nin degismeden
kaldigini, a* renk parametresinin ise arttigini (P<
0.05) bildirmislerdir. Mexis ve Kontominas
(2009), renk parametresi b*'nin 5 kGy 1sinlama
dozunun tizerindeki uygulamalarda arttigint (P <
0.05), renk parametreleri L* ve a*nin ise
isinlamadan etkilenmedigini belirtmislerdir. Elde
edilen bu sonuclar, gama isinlama dozlarinin
gidalar icerik ve yapilarma goére farkli sekilde
etkileyebilecegini, dolayistyla 1sinlamanin gidalar
tzerindeki etkisinin ayri ayrt arastirilmast ve her
bir ilgili gida icin ayrt ayrt ismlama isleminin
yapilmast gerektigini gostermektedir.

Gama 1smlama isleminin misir ununun yag
asidi kompozisyonuna etkisi

Cizelge 3’te 1sinlanmis ve 1sinlanmamis musir unu
numunelerinin =~ yag  asidi  kompozisyonu
verilmigtir. Go6raldigi gibi misir unu yaginda
tespit edilen baslica yag asitleri %42.98 linoleik
asit (18:2), %29.08 oleik asit (18:1), %11.90 stearik
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asit (18:0) ve %11.74 palmitik asit (16:0) olmustur.
Isinlanmamig (kontrol) misir unu 6rneginden elde
edilen yagdaki coklu doymamis yag asitleri
(PUFA), tekli doymamis yag asitleri (MUFA) ve
doymus yag asitleri (SFA) sirasiyla yaklasik

%44.49, %29.37 ve %26.13 olarak tespit
edilmistir. Bu yag asidi profili 6nceki ¢alismalarla
uyum icerisindedir. Yiksek doymamis yag asidi
icerigi (%74), musir unu yaginin yiksek besin
degerini géstermektedir.

Cizelge 2. Isinlanmis ve 1sinlanmamis misir ununun renk degerleri
Table 2. Color values of irradiated and non-irradiated maize flonr

Ornek (Miste Isinlama Dozu

Unu) (kGy) L* degeri a* degeri b* degeri
Sample Invadiation Dyo o (kG) L* valne a* valne b* valne
Maize flour
Kontrol- Contro/ 88.89£0.27b 3.90£0.19a 29.52%0.70a
2.5 89.20£0.08a 3.3620.03b 26.6210.32b
5.0 89.37£0.07a 3.1320.01c 25.6610.01c
7.5 89.3620.01a 2.9620.01d 24.34%0d
10.0 89.41£0.02a 2.8620.03d 23.87£0.09d
* * *

Isinlama Etkisi

Ayni sttunda farkli harflerle gosterilen ortalamalar istatiksel agidan farklidir (P< 0.05)
Means with different letters in the same column are statistically different (P< 0.05)

Gama 1sinlamasinin musir unu Srneklerinin yag
asidi bilesimi uzerindeki etkisi
degerlendirildiginde, genel olarak misir unu
yaginin yag asidi bilesiminin gama 1sinlamasindan
onemli 6l¢tide etkilendigi gérilmektedir. Doymus
yag asidi stearik asit (18:0), 2.5 kGy 1sinlama

dozundan sonra kontrole gére 6nemli 6lgiide (P<
0.05) artmistir. Liu vd. (2018) de benzer sonuglar
bildirmisler ve isinlanmis fisttk cekirdeklerindeki
palmitik asit C16:0 ve stearik asit C18:0 doymus
yag asidi iceriklerinin 1sinlama dozu arttik¢a
arttugini belirtmislerdir.

Cizelge 3. Isinlanmis ve 1sinlanmamis misir ununun yag asidi bilesimi
Table 3. Fatty acid composition of irradiated and non-irradiated maize flonr

Yag asitleri Isinlama Dozu (kGy) Isinlama
(%o agirlik) Kontrol Irradiation Dose (kG)) Etkisi

Fﬂ;ﬁ;oj:jd‘r Control 95 5.0 -5 10.0 I Wg;ijz;chj(m
C16:0 11.74£0.01a  11.72£0b  11.68+0.01c 11.63%£0.0l1e 11.65%0.01d *
C18:0 11.9£0.01e  12.63£0.01d 13.02£0.01c  13.44+0.01a  13.27x0b *
C18:1 29.08+0.01a 28.7320.01b  28.62%+0.01c 28.55£0.01d 28.43%0.01e *
C18:2 42.9810.01a 42.86x0.01b  42.37£0.01c 42.19£0.01d 41.98%0.01e *
C18:3 1.11£0.01a  1.01%0.01c 0.98+0d 0.97£0.0le  1.08%0.01b *
SFA 26.13%£0.0le  26.75%0.01d 27.3720.01c  27.64£0.01b  27.88+0.01a *
MUFA  29.37%0.01a 28.97%0.01b 28.88%0.01c 28.81+0.01d 28.65%0.01e *
UFA 44.4910.01a 44.2910.01b  43.76£0.01c  43.55£0.01d 43.47£0.01e *

Ayni satirdaki farkli harflerle gosterilen ortalamalar istatistiksel olarak anlamli farkliliklari géstermektedir (P< 0.05)

Means with different letters in the same row indicate statistically significant differences (P< 0.05)

SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids UFA: Unsaturated fatty acids



Misir ununun kalitesine gama isinlamanin etkisi

Doymamis yag asitlerinden oleik asit (18:1) ve
linoleik asit (18:2) duzeylerinin misir
orneklerinde gama 1sinlama ile 6nemli derecede
azaldig1 tespit edilmistir. Misir unu 6rneginde 10
kGy dozundaki gama 1sinlama sonrasi linoleik asit
(18:2) icerigi kontrol 6rneklerine gére %42.98'den
%41.98'e dugmugtur. Misir ununda linoleik asit
(18:1) igerigi kontrol grubunda %29.08 iken
isinlama  dozunun artmastyla 6nemli  Slcide
azalmis olup 10 kGy 1sinlama sonrasinda
%28.43’¢ dismistir. Bu bulgular yag asitlerinin
sinlamaya karst oldukea hassas oldugunu ve gama
1sinlamasinin yag asidi bilesimini
degistirebilecegini géstermektedir. Sonuglarimizla
uyumlu olarak, 1smnlama dozu arttiginda doymus
yag asidi iceriinin artt1id1, doymamis yag asidinin
ise azaldigt rapor edilmistir (Li vd., 2019). Benzer
sckilde, Liu vd. (2018) yag asidi bilesiminin
isinlama  dozunun  artirdmasiyla  degistigini
belirtmislerdir. Benzer sonuglar, soya fasulyesi,
fistk ve susam tohumu yaglarinin yag asidi
profilleri tizerinde gama ismnlamasinin  etkisini
arastiran Afify vd. (2013) tarafindan bulunmustur.
Doymamis yag asitlerinin  (C18:1 ve C18:2)
miktarinin tim dozlarda azaldigini bildirmislerdir.
Isinlama islemi, doymamis yag asitlerinin cift
baglarint yok eden serbest radikallerin olusmasina
yol acabilmektedir (Apaydin, 2024). Ayrica lipit
molekillerinin gama 1sinlartyla etkilesiminin bir
sonucu olarak meydana gelen lipit oksidasyonu;
oksidasyon, dekarboksilasyon, dehidratasyon ve
polimerizasyon reaksiyonlarint
tetikleyebilmektedir. Isinlama ile olusan serbest
radikallerle yag asitlerinin doymamis bolgelerinin
oksidasyonunun bir sonucu olarak doymamis yag
asitlerinde azalma gortlebilmektedir (Slavova-
kazakova vd., 2025; Le vd., 2025; Xiang vd,,
2025).

unu

Ote yandan, bazt arastirma sonuglari calismamiz
ile uyumlu olmayan sonuglar bildirmislerdir. Di
Stefano vd. (2014), 0,5-10 kGy radyasyon
dozunun %95 giiven diizeyinde bademlerin yag
asidi bilesiminde 6nemli bir degisiklige neden
olmadigint belirtmislerdir. Barreira vd. (2012), 3
kGy gama isinlamasmin kestanelerin  tekli
doymamis (MUFA) ve ¢oklu doymamis (PUFA)
yag asitleri tizerinde herhangi bir degisiklige neden
olmadigint bildirmislerdir. Gama 1sinlarinin farkls

driinlerin  yag asidi kompozisyonu tzerindeki
farkli etkileri, 1stnlama strecinin her gida tGrind
icin ayr1 ayri calismast gerektigini gbstermektedir.

SONUC

Bu ¢alisma, gama 151inlama isleminin misir ununun
bazi kalite 6zelliklerinde degisikliklere yol agtigint
gostermistir.  Gama 1sinlama  musir  ununun
calismada incelenen besin iceriklerinden kuru
madde, yag ve protein bilesiminde istatistiksel
acidan 6nemli degisikliklere yol acmazken, kil
degeri ve renk parametlerini istatistiksel olarak
o6nemli diizeyde etkilemistir. Gama 1sinlama ile L*
degeri artarken, a* ve b* renk parametreleri
isinlama dozunun arttirilmasina bagl azalmistir.
Gama ginlamast misir ununun  yag asidi
kompozisyonunun degismesine yol acmustir.
Gama 1sinlari, oleik asit (18:1) ve linoleik asit
(18:2) seviyelerinde azalmaya ve stearik asit (18:0)
seviyesinde artisa sebep olmustur. Isinlama
dozunun artmasiyla paralel olarak, toplam tekli
doymamis ve c¢oklu doymamis yag asitleri
azalmistir. Gama 1sinlarinin  farkll  Granlerin
kimyasal bilesimi ve yag asidi kompozisyonu
uzerindeki farkli etkileri, 1sinlama strecinin her
gida Uriind icin ayr ayrt calismast gerektigini
gostermektedir.

Sonug olarak gama 1sinlamast misir ununda bazt
fizikokimyasal degisikliklere yol agmaktadir. Ote
yandan insan beslenmesinde hayati bir yer tutan,
Tirkiye'de ve diinyada yaygin olarak yetistirilen
mustr, mikotoksijenik kifler tarafindan kontamine
olabilmektedir. Bu nedenle gida glvenligini
saglamak, mikotoksin ve mikotoksijenik kaf
olusumunu 6nlemesi, kontrol altina alinmast igin
ve dekontaminasyon stratejileri kapsaminda misir
ununun kimyasal bilesime zarar vermeden Tirk
Gida Kodeksi Gida Ismnlama  Yoénetmeligi
geregince musit unlarina 5 kGy’a kadar gama
1sinlamast yapilmast 6nerilebilinir.

CIKAR CATISMASI BEYANI
Yazarlarin makale ile ilgili herhangi bir kisi veya
kurum ile ¢ikar catismast bulunmamaktadir.
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ABSTRACT

This study investigated the effects of various factors on the production of mundticin-KS in the Enferococcus
mundfii YB0.30 strain, previously isolated from Sucuk, a dry-fermented sausage. The examined factors
included the culture medium (de Man, Rogosa, and Sharpe broth; Brain Heart Infusion broth; M17 broth;
Luria-Bertani broth; and Trypticase Soy Broth), initial medium pH (4.5, 5.5, 6.2, 7.4, and 8.5), incubation
temperature (25°C, 30°C, 37°C, and 40°C), carbon source (glucose, fructose, lactose, or sucrose), and
sucrose concentration (1%, 2%, 3%, 4%, 5%, 7.5%, and 10%). A one-factor-at-a-time (OFAT) approach
was employed to determine the factors influencing bacteriocin production. Statistical analysis revealed that
optimal mundticin-KS production by E. zundtii YB6.30 was achieved after 6 and 8 hours of incubation at
30°C in modified MRS broth medium, adjusted to an initial pH of 6.2 with the addition of 1% (w/v) suctose.
The bactetiocin activity under these conditions was measured at 1495.621£29.93 AU/mL at the 6th hour
and 1567.21£26.27 AU/mL. at the 8th hour (P>0.05).

Keywords: Enterococcns mundtii, mundticin-KS, bacteriocin production, culture medium, incubation
temperature, carbon source

FARKLI KULTUR BESIYERI, BASLANGIC PH’SI, INKUBASYON SICAKLIGI VE
KARBON KARNAKLARININ ENTEROCOCCUS MUNDTIIYB6.30’UN
GELIiSIMI VE BAKTERIYOSIN URETIMI UZERINE ETKISI

oz

Bu ¢alisma, daha 6nce kuru fermente sucuklardan izole edilen Enterococcus mundtii YB6.30 susunda
mundtisin-KS dretimi tzerine ¢esitli faktSrlerin etkilerini incelemistir. Incelenen faktdrler arasinda
kiltir ortamt (de Man, Rogosa ve Sharpe broth; Brain Heart Infusion broth; M17; Luria-Bertani

broth; ve Tryptic Soy broth), baslangic pH't (4.5, 5.5, 6.2, 7.4 ve 8.5), inkiibasyon sicakligt (25°C,
30°C, 37°C ve 40°C), karbon kaynag: (glikoz, fruktoz, laktoz veya sakkaroz) ve sakkaroz
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konsantrasyonu (%1, %2, %3, %4, %5, %7.5 ve %10) yer almaktadir. Bakteriyosin Gretimini etkileyen
faktorleri belirlemek icin one-factor-at-a-time (OFAT) yaklasimi kullanilmistir. Istatistiksel analiz, E.
mundtii YBG6.30 tarafindan optimal mundtisin-KS tretiminin, 1% (w/v) sakkaroz eklenmis baslangi¢
pH't 6.2’ye ayarlanmis modifiye MRS broth besiyerinde 30°C'de 6 ve 8 saatlik inkiibasyon sonrast
elde edildigini ortaya koymustur. Bu kosullar altinda bakteriyosin aktivitesi 6. saatte 1495.62£29.93
AU/mlL ve 8. saatte 1567.21+26.27 AU/mL olarak ol¢tilmustar (P>0.05).

Anahtar kelimeler: Enferococcus mundtii, mundtisin-KS, bacteriyosin dretimi, kiltir besiyeri,

inkiibasyon sicakligi, karbon kaynagi

INTRODUCTION

Lactic acid bacteria (LAB) play a pivotal role in
the development of the distinct flavor, aroma,
scent, and texture of fermented foods (Laranjo et
al., 2019; de Souza et al., 2023). Moreover, LAB
are commonly employed as protective starter
cultures in fermented foods due to their
production of lactic acid, hydrogen peroxide, and
bacteriocins, ~ which  possess  antibacterial
properties (Garneau et al., 2002; G6k Charyyev et
al., 2019; de Souza et al., 2023). The use of
bacteriocin-producing  strains for food
preservation is increasingly widespread, driven by
growing consumer demand for foods preserved
with  natural preservatives and  minimal
processing, as opposed to those containing
synthetic additives (Oliveira et al., 2018; Ren et al.,
2021; Kasimin et al., 2022; Karnwal and Malik,
2024; Bisht et al., 2025). Enterococcns, a genus of
LAB, is adapted to extreme environmental
conditions, including wide pH ranges, elevated
temperatures, and high salt concentrations
(Alvarez-Cisneros and Ponce-Alquicira, 2019;
Sakoui et al., 2024). These bacteria are naturally
present in the gastrointestinal tracts of humans
and animals, as well as in soil, plants, surface
waters, feeds, and a variety of raw and fermented
foods, such as milk, red meat, cheese, sausage,
seafood, and poultry (Schelegueda et al.,, 2015;
Hanchi et al., 2018; Akpinar Kankaya and Tuncer,
2020; Graham et al., 2020; Sakoui et al., 2024).
Enterococci are also utilized as natural starter
cultures that enhance the sensory characteristics
and extend the shelf life of fermented foods such
as cheeses and sausages. They contribute to the
formation of flavor, odor, aroma, and texture
through acidification, citrate degradation, and the
production of volatile aromatic compounds
(Graham et al., 2020). The bacteriocins produced
by enterococci, called enterocins, exhibit strong
antilisterial activity (Franz et al, 2007; Gok

Charyyev et al, 2019; Graham et al, 2020;
Kasimin et al., 2022; Oztiirk et al., 2023). Among
the enterocins, the most extensively studied
strains are E. faecium and E. faecalis (Almeida-
Santos et al., 2021), although there have been
reports indicating that E. mundtii also produces
bacteriocins (Kawamoto et al., 2002; Altnkaynak
and Tuncer, 2020; Oztirk et al, 2023).
Bacteriocins can be employed in the food industry
as additives, incorporated into food packaging
and coating materials, and integrated into starter
culture formulations using producer strains
(Ahmad et al.,, 2017; Bisht et al., 2025). Given
their potential applications and the benefits they
offer in terms of food safety, large-scale
production of bacteriocins is essential for
commercial and economic viability (Reuben and
Torres, 2024). Consequently, investigating
optimal fermentation conditions to maximize the
growth and  bacteriocin  production  of
bacteriocin-producing  strains is critical for
achieving cost-effective production (Jawan et al.,
2020). The efficiency of bacteriocin production in
LAB is influenced by several factors. Cultural
conditions, such as the type of culture medium,
initial pH, incubation temperature and time, and
carbon and nitrogen sources, have significant
effects on bacterial growth and bacteriocin
production, with these factors varying across
different strains (Todorov et al. 2012; Abbasiliasi
et al., 2017; Oliveira et al., 2024).

In this study, we examined the effects of various
commercial culture media, initial pH levels,
incubation temperatures, and carbon sources on
the growth and bacteriocin production of the E.
mundtii YB06.30 strain. The objective was to
identify the optimal conditions for bacteriocin
production using a one-factor-at-a-time (OFAT)
method.
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MATERIAL AND METHODS

Bacteria and growth conditions

In this study, the mundticin KS-producing E.
mundtii YB6.30 strain, which was isolated from
Sucuk -a dry fermented Turkish sausage
(Alunkaynak and Tuncer, 2020- and obtained
from the culture collection of the Sileyman
Demirel ~ University  Food  Engineering
Department Bacterial Genetics Laboratory, was
used. The E. mundtiz YB6.30 stock culture, stored
at -32°C, was introduced into de Man, Rogosa,
and Sharpe (MRS) broth (Biokar Diagnostics,
BKO70HA, Beauvais, France) at a 1% (v/v)
concentration for activation and incubated at
37°C for 18 h. Before use in experiments, the
activated culture was subcultured twice in MRS
broth. The working culture was stored at +4°C,
while the stock culture was preserved at —32°C
with 20% (v/v) sterile glycerol.

Control of bacteriocin activity

The activity of the bacteriocin produced by the E.
mundtii YB0.30 was evaluated using the agar-spot
method (Todorov and Dicks, 2009) and the agar-
well diffusion method (Jawan et al., 2020). To
obtain the cell-free supernatant (CFS), an
overnight culture of E. mundti YB6.30 was
transferred into 10 mL sterile centrifuge tubes
(Thermo Scientific, Oak Ridge Centrifuge Tube
3114-0010, United States) and centrifuged at
10.000 x g for 5 minutes at +4°C (Sigma 2-16KL,
rotor no. 12141, Germany). Following
centrifugation, the supernatant was transferred to
a beaker glass, and its pH was adjusted to 6.0
using 1 N NaOH. The neutralized culture
supernatant was then sterilized by filtration
through a 0.45 um pore-diameter membrane filter
(Sartorius Stedim Biotech, Minisart® 16555-K,
Germany). Next, 100 uL of E. faecium ATCC
51559 (vancomycin-resistant) was inoculated into
5 mL of MRS soft agar (0.5% agar), vortex-mixed,
and spread on MRS agar plates to serve as the
indicator bacterium. Bacteriocin activity was
assessed using the agar-well diffusion and agar-
spot methods. For the agar-well diffusion assay, a
6 mm-diameter probe was used to create a well in
an MRS agar plate, which was then filled with 100
uL of neutralized CFS. In the agar-spot method,
10 uL. of neutralized CFS was deposited onto an

empty spot on the same MRS agar plate. The
plates were incubated at 37°C for 18 h. Following
incubation, bacteriocin activity of the E. mundtii
YB6.30 was evaluated by measuring the zones of
inhibition surrounding the well and the CFS
application site.

Factors affecting cell growth and bacteriocin
production

A one-factor-at-a-time (OFAT) method was
employed to identify the variables affecting
bacteriocin production. The most influential
factors were selected for subsequent experiments
based on their contribution to maximizing
bacteriocin yield (Jawan et al., 2020).

Culture medium

The effects of various commercial media on cell
growth and bacteriocin  production were
examined using MRS broth (Biokar, France), M17
broth (Biokar, KO12HA, France), Lutia Bertani
broth (LB, Sigma-Aldrich, 28713, St. Louis, MO,
USA), Brain Heart Infusion broth (BHI, Neogen
Culture Media, NCMO016A, England), and
Tryptone Soy Broth (TSB, Acumedia LabM,
LABOO4, England). E. mundtii YB6.30 was
cultured overnight in MRS broth at 37°C and
subsequently inoculated into 50 mL of MRS,
M17, LB, BHI, and TSB broths at a 2% (v/v)
concentration (Todorov and Dicks, 2009).

Initial pH of culture medium

In experiments conducted to determine the effect
of the initial pH of the culture medium on cell
growth and bacteriocin production, the initial pH
values of MRS broth were adjusted to 4.5, 5.5, 6.2,
7.4, and 8.5 using 0.5 N HCl or NaOH (Yang et
al., 2018). E. mundtii YB6.30 was then inoculated
into 50 mL of MRS broth at a 2% (v/v) ratio and
cultured at 37°C for 24 h (Todorov and Dicks,
2009).

Cultuvation temperature

To determine the effect of different incubation
temperatures on cell growth and bacteriocin
production, the E. zundtii YB6.30 was inoculated
at a rate of 2% (v/v) into 50 mL of MRS broth
with a pH adjusted to 6.2. The medium was then
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incubated for 24 h at 25°C, 30°C, 37°C, and 40°C
(Malheiros et al., 2015).

Carbone source

To investigate the impact of various carbon
sources on cell growth and bacteriocin
production, E. mundtii YB6.30 was cultured in
modified MRS broths, which were prepared by
adding 2% (w/v) glucose, fructose, lactose, or
sucrose to basal MRS broth (peptone 20 g, yeast
extract 5 g, Tween 80 1.08 g, dipotassium
phosphate 2 g, sodium acetate 5 g, ammonium
citrate 2 g, magnesium sulfate 0.2 g, manganese
sulfate 0.05 g), with the pH adjusted to 6.2. L.
mundtii YB6.30 was then inoculated into 50 mL of
modified MRS broth at a 2% (v/v) inoculum
concentration, and the media were incubated at
30°C for 24 h.

Sucrose concentration

To assess the effect of wvarying
concentrations on cell growth and bacteriocin
production in E. mundtii YBG6.30, sucrose was
incorporated into basal MRS broth at
concentrations of 1%, 2%, 3%, 4%, 5%, 7.5%,
and 10%, with the initial pH adjusted to 6.2. The
YB6.30 strain was inoculated into the modified
MRS broth at a 2% (v/v) inoculum, and the media
were incubated at 30°C for 24 h.

sucrose

Determination of pH, optical density and
bacteriocin activity

During the incubation, samples were collected
from the cultures at the Oth, 6th, 8th, 10th and
24th h to measure pH, optical density, and
bacteriocin  activity. Each experiment was
performed in duplicate. The pH of E. mundtii
YB6.30 cultures was measured using a WIW pH
3110 model pH meter (Germany). The optical
density was measured with a Soif UV5100
UV/VIS specttophotometer (Turkiye) at a
wavelength of 600 nm, using cuvettes with a 1 cm
light path. Bacteriocin activity was determined in
AU/mL, using Petri dishes prepared according to
Todorov and Dicks (2009), as described above. E.
Saecium ATCC 51559 was used as the indicator
bacterium. A well was created in the Petri dish
using a 6 mm-diameter probe, and 100 uL of the
neutralized CFS, prepared as described above,

was transferred with a pipette. The Petri plate was
stored in the refrigerator at 4°C for two h, then
incubated at 37°C for 18 hours. After the
incubation, the activity zone formed around the
well was measured with calipers, and bacteriocin
activity was calculated using the formula below.
A, represents the clear zone area (mm?) around
the well, Ay is the well area (mm?), and V is the
volume of the sample (mL) (Jawan et al., 2020).

Bacteriocin activity (AU/mL): (A, - Ay)/V
©)

Statistical analysis

The data were analyzed using factorial designs
with the repeated measures analysis of variance
(ANOVA). Repeated measurements were
conducted at different levels of the time factor,
with each subgroup containing two observations.
Following the analysis of variance, the Tukey test,
a method for multiple comparisons, was
employed to determine the differences between
the factor level averages (Mendes, 2019).

RESULTS AND DISCUSSION

Control of bacteriocin activity

The bacteriocin production capacity of E. mundtii
YB6.30 was re-evaluated to assess whether any
loss in bacteriocin production occurred during its
storage in the culture collection. Altinkaynak and
Tuncer (2020) reported that the sterile toothpick
method revealed the E. mundtii YB6.30 strain
produced a 19-mm zone of inhibition against E.
Saecium ATCC 51559. In the present study, the E.
mundtii YB6.30 demonstrated efficacy against .
Saecinm ATCC 51559 using both the agar spot and
well diffusion methods (Figure 1).

The genes responsible for bactetiocin production
are located on chromosomal DNA, plasmids, or
conjugative transposons (Fguira et al, 2014;
Miljkovic et al.,, 2018). Accordingly, this study
primarily examined the bacteriocin activity of E.
mundtii YB6.30, which was reactivated from a
stock culture stored at -20°C. Previous research
has demonstrated that bacteriocins AS-48
(Martinez-Bueno et al, 1990) and enterocin
416K1 (Sabia et al, 2002), produced by
Enterococcus strains, were plasmid-encoded, with
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this trait being lost in mutant strains that
underwent plasmid loss. Additionally, Kawamoto
et al. (2002) reported that the genetic
determinants of mundticin-KS were encoded on
the 50 kb pML1 plasmid in E. zundtii NFRI 7393,
Similarly, Feng et al. (2009) found that mundticin
L production was plasmid-encoded in E. mundtii

CUGFO08. After evaluating the antibacterial
activity of E. mundtii YB6.30, this study further
investigated the effects of various commercial
media, initial pH values, incubation temperatures,
and different carbon sources on cell growth and
bacteriocin activity.

Effect of culture medium

The increasing importance of bacteriocins in the
food industry has created a need for their
production to be more cost-effective and yield
higher quantities (Olivera et al., 2004; Garsa et al.,
2014). Studies addressing this need primarily
investigate the effect of culture media on
bacteriocin production. The E. mundtii YB6.30
strain was observed to grow in all of the media
used in the experiment and exhibited bacteriocin
production (Table 1). At the end of the 24-hour
incubation period, the lowest pH value was
recorded in MRS broth. A statistically significant
difference (P<0.05) was observed in the pH
values across all media during the incubation
period. The highest optical density values were
recorded at the 6th and 8th hours of incubation
in BHI broth, measuring 2.08£0.006 and
2.0620.008, respectively (P<0.05). However, no
statistical difference was observed between the
optical densities in BHI and MRS broth at the

-

Figure 1. Antibacterial activity of . mundtii YB6.30 against the indicator bacterium E. faecinm ATCC
51559 (vancomycin-resistant). A: agar-spot method, B: agar-well diffusion method.

10th hour of incubation, and in MRS, M17, and
BHI broth media at the 24th hour of incubation
(P>0.05). As expected, the effect of medium type
on bacteriocin activity at hour O was not
statistically significant (P>0.05). After 6 hours of
incubation, MRS broth was found to be more
effective for bacteriocin production
(1322.96146.67 AU/mL) (P<0.05) compated to
the other media, followed by BHI broth
(876.26146.67 AU/mL). Bactetiocin activity in
M17, TSB, and LB media did not differ
significantly (P>0.05). Throughout all incubation
periods, the highest bacteriocin activity was
detected in MRS broth (P<0.05). The peak
bacteriocin activity (1739.60114.09 AU/mL) was
observed at the 24th hour of incubation. Based on
these results, MRS medium was determined to be
the most suitable for the production of
mundticin-KS by the E. mundtii YB6.30.
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Table 1. pH, optical density, and bacteriocin activity values of E. mundtii YB6.30 culture measured at 0,

6, 8, 10, and 24 hours of incubation in MRS, M17, TSB, BHI, and LB broth media.

Inculiﬁzzg tme Media* Culture pH Optical density BaCt?X%C;;EUVHy
0. MRS 5.9410.009Ad™ 0.04£0.005b 332.41£26.99P2

M17 6.4410.0094¢ 0.100.005P2 291.44426.99¢

TSB 6.8410.00942 0.0920.00582 291.27426.99¢

BHI 6.8510.00944 0.0920.00582 326.01£26.99¢

LB 6.55£0.009AP 0.10+0.0058» 343.81£26.99¢

0. MRS 4.8810.0145¢ 1.82£0.0068> 1322.96£46.67¢

M17 5.8910.01482 1.48+0.006%¢ 643.12146.678¢

TSB 5.281+0.0148¢ 1.84£0.0064b 737.66146.67AB¢

BHI 5.06+0.0148d 2.08£0.0067 876.26£46.678>

LB 5.55+0.0148b 0.83+0.006A4 633.73£46.678¢

8. MRS 4.62+0.010¢ 2.000.0084b 1591.24+22.8282

M17 5.4910.010¢ 1.84£0.008B¢ 895.41£22.82A¢

TSB 5.27+0.0108b 1.85%0.0084¢ 829.12£22.824¢

BHI 5.05£0.0108¢ 2.06+0.0084A 1044.361+22.82Ab

LB 5.46£0.0108 0.8620.0084d 829.12422.824¢

10. MRS 4.47£0.009¢ 2.021+0.00842 1664.87138.408
M17 5.22%0.009P¢ 1.97£0.008ABb 811.14£38.40Abc

TSB 5.26+0.0098b 1.87£0.008A¢ 746.73138.40ABcd

BHI 5.05+0.0098d 2.06£0.0084 885.87£38.408>

LB 5.41£0.00982 0.860.008Ad 042.01£38.408d

24. MRS 4.04£0.007P¢ 2.03£0.015% 1739.60+14.0942

M17 5.04£0.007%d 2.01£0.015% 658.65114.098¢

TSB 5.31+0.0075b 1.82%0.0154b 650.06£14.098¢

BHI 5.09£0.0078¢ 2.03+0.01542 934.19114.09A8>

LB 5.48£0.0078 0.91£0.0154¢ 658.81£14.098¢

*MRS: de Man, Rogosa, and Sharpe broth; M17; M17 broth; TSB: Tryptone soy broth; BHI: Brain heart infusion

broth; LB: Luria Bertani broth.

** Capital letters denote distinctions between time periods within each medium, while lowercase letters represent

differences between media within each time period.

Consistent with previous research on other
bacteriocin-producing Enterococens strains, MRS
broth has been identified as the most efficient
medium for bacteriocin production compared to
other commercially available media (Zendo et al.,
2005; De Kwaadsteniet et al., 2005; Yang et al.,
2018). Zendo et al. (2005) evaluated various
media, including MRS broth, APT medium, M17
broth, BHI broth, Elliker broth, and tryptic soy
broth, for bacteriocin production by E. mundtii
QU2. Their results showed that MRS broth
yielded the highest bacteriocin production
(102.400 AU/mL), while APT medium supported
the greatest cell growth. Similarly, De
Kwaadsteniet et al. (2005) reported that E. mundtii
ST15 exhibited the highest bacteriocin activity
(51.200 AU/mL) when grown in MRS broth,
compared to BHI broth, M17 broth, soymilk

(10% w/v, soy flour), and molasses (8% and 10%
w/v). Yang et al. (2018) also identified MRS broth
as the optimal medium for bacteriocin production
by E. faecinm JR-1 compared to BHI broth.
Furthermore, they found that MRS broth was also
the optimal medium for the bacteriocin activity in
other LAB species, including Lactobacillus curvatus
Arla-10, Lactobacillus paracasei subsp. paracasei JER-
5, and Streptococcus thermophilus TSB-8. In another
study, Parlindungan et al. (2021) reported that
Lactiplantibacillus plantarum B21 exhibited higher
cell growth and bacteriocin production in MRS
broth than in M17 broth. Oliveira et al. (2024)
tound that Pediococcus  pentosacens STO65ACC
produced higher levels of bacteriocin when grown
in MRS broth compared to BHI broth, meat
broth, and reconstituted skim milk. Conversely,
other studies have reported that media other than
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MRS broth support maximum bacteriocin
production in LAB (Sidek et al., 2018; Jawan et al.,
2020; Valledor et al., 2022). Sidek et al. (2018)
identified M17 as the optimal medium for the
growth and bacteriocin activity of Pedjococcus
acidilactici kp10. Jawan et al. (2020) reported that
Lactococeus  lactis Ghl  exhibited the highest
bacteriocin production activity in BHI broth.
Valledor et al. (2022) found that among two
enterocin-producing E. faecium isolates from
kimchi, the ST20Kc strain exhibited the highest
bacteriocin  activity (25.600 AU/ml) when
cultured BL and M17 (containing 0.5% glucose)
broths, while the ST41Kc strain showed the
highest activity in BL broth.

Effect of initial pH of culture medium

It was determined that E. mundtii YBG6.30
exhibited growth and bacteriocin activity at all
initial pH values, although at varying levels (Table

2). The highest optical densities of the culture,
observed at the 6th, 8th, and 10th hours of
incubation, were recorded in MRS broth with an
initial pH of 6.2 (P<0.05). However, by the end of
the 24th hour of incubation, no statistically
significant difference was found between the
optical densities in MRS broth with initial pH
values of 6.2 and 8.5 (P>0.05). The highest
bacteriocin activity, measured at 1790.31£24.56
AU/mL, occurred at the 6th hour of incubation
in MRS broth with an initial pH of 6.2 (P<0.05).
Bacteriocin activity decreased during the later
hours of incubation. Conversely, the highest
bacteriocin activity (1358.09+51.00 AU/mL) was
recorded at the 10th hour of incubation in MRS
broth with an initial pH of 8.5. By the end of the
24th hour of incubation, the highest bacteriocin
activity values were found to be 1777.63%£27.76
AU/mL and 1777.87£27.76 AU/mL in MRS
broth adjusted to pH 5.5 and 8.5, respectively.

Table 2. pH, optical density, and bacteriocin activity values of E. mundtii YB6.30 culture measured at 0,
0, 8, 10, and 24 hours of incubation in MRS broth, with pH levels adjusted to 4.5, 5.5, 6.2, 7.4, and 8.5

Incubation time Initial pH . . Bacteriocin activi
(hour) of the mepdium Culture pH Optical density (AU/mL) Y
0. 4.5 4.58+0.0124¢ 0.08%0.006¢ 118.73+12.068¢

5.5 5.3710.0124d 0.10£0.006Pa 346.38+12.06¢
6.2 5.8610.0124¢ 0.07£0.00682 201.16£12.06<P
7.4 6.44%0.0124b 0.08%0.00682 396.43112.06¢
8.5 6.9610.0124a 0.0520.00682 367.46112.06P2
6. 4.5 4.5610.0174b 0.16£0.017¢d 130.04+24.5684
5.5 4.98+0.0178a 1.25+0.017¢¢ 1391.02£24.568¢
6.2 4.75%0.0178b 1.93+0.01742 1790.31£24.56A4
7.4 4.69%0.0178b 1.8510.0174b 1579.19+24.56Ab
8.5 5.02+0.0178a 1.8410.0174b 1425.29+24.568¢C¢
8. 4.5 4.5310.0274a 0.21£0.017¢d 107.58+27.458d
5.5 4.6910.0278 1.72£0.017%8¢ 1367.94127.458¢
6.2 4.5610.0278 2.03£0.0174a 1689.67127.454a
7.4 4.55+0.0278 1.93%0.0174b 1531.14127.454b
8.5 4.62%0.027¢a 1.94140.0174b 1495.62+27 .458b
10. 4.5 4.531+0.026A2 0.29£0.0098d 213.72+51.008¢
5.5 4.5540.02682 1.901+0.0094Bc 1311.46£51.0082b
6.2 4.4340.02682 2.05+0.009Aa 1300.59+51.0082b
7.4 4.4440.02682 1.9440.0094bc 1245.05+51.008b
8.5 4.48+0.026¢ 1.97£0.0094b 1358.09+51.00¢
24, 4.5 4.351+0.104A2 0.90£0.007Ad 418.60£27.76Ad
55 4.11£0.104Ba 1.95+0.0074b 1777.63£27.76A4
6.2 4.10£0.1048b 2.05+0.00742 1289.17£27.768¢
7.4 4.3140.104Bab 1.8610.00747¢ 1483.65+27.76Ab
8.5 4.1240.104¢b 2.03%0.007Aa 1777.87£27.76A4

*Capital letters denote differences between times at each pH level, while lowercase letters indicate differences

between pH values at each time point.
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Similar to our findings, Yang et al. (2018) reported
that an initial pH of 6.2 in MRS broth was optimal
for bacteriocin production in several LAB strains.
Additionally, Cladera-Olivera et al. (2004)
examined the effect of initial pH on bacteriocin
activity in Bacillus licheniformis and found that
activity was highest between pH 6.5 and 7.5.
Conversely, Jawan et al. (2020) observed that
Lactococeus  lactis Ghl  exhibited maximum
bacteriocin activity in BHI broth at initial pH
values of 7.4 and 8.5. Furthermore, bacteriocin
activity declined when the initial pH dropped
below 6.0. These studies collectively highlight the
crucial role of initial pH in cell growth and
bacteriocin production, while also indicating that
the optimal pH varies by strain (Cladera-Olivera
et al.,, 2004; Yang et al., 2018; Jawan et al., 2020).

Effect of incubation temperature
The results of pH, optical density, and bacteriocin
activity measurements, taken at 0, 6, 8, 10 and 24

hours of incubation at different temperatures, are
presented in Table 3. It was found that the
differences in pH values measured at all
incubation temperatures from the 6th houtr of
incubation was statistically significant (P<0.05).
The YB6.30 strain exhibited the greatest increase
in cell density during the 6th hour of incubation
at 37°C, with an optical density measurement of
1.92%£0.018. However, at the 6th hour of
incubation, no statistically significant difference
was detected in bacteriocin activity between
cultures incubated at 30°C, 37°C, and 40°C
(P>0.05). At the 8th hour of incubation, the
highest cell density was measured in the culture
incubated at 37°C (P<0.05), while the maximum
bacteriocin activity (1752.28+30.49 AU/mL) was
observed in the culture incubated at 30°C
(P<0.05). When evaluating bacteriocin activity in
the culture incubated at 30°C, no statistical
difference was found between the values
measured at 6 and 8 hours of incubation (P>0.05).

Table 3. pH, optical density, and bacteriocin activity values of E. mundtii YB6.30 culture measured at 0,
6, 8, 10, and 24 hours of incubation in MRS broth (initial pH 6.2) at 25°C, 30°C, 37°C, and 40°C.

. . Incubation . ..
Incubation time temperature Culture pH Optical densi Bacteriocin activity
(hour) 1(30 s p p El (AU/mL)

0. 25 5.9410.011Aa* 0.06£0.002Ea 271.37%15.89Dab
30 5.9410.0114a 0.08+0.002¢ 339.28+15.89Cab

37 5.9610.0114a 0.071£0.0028Ba 245.311+15.89¢b

40 5.9410.0114a 0.071£0.0028Ba 389.24+15.89¢Ca

6. 25 5.801+0.008B= 0.42£0.018D¢ 1169.34+44.00¢b
30 5.29£0.0088b 1.4410.0188Bb 1690.46144.00Aa

37 4.74£0.0088B¢ 1.9240.0184a 1714.48+£44.00Aa

40 4.6210.00884 1.87£0.0184a 1603.361+44.004a

8. 25 5.641+0.0128Ba 0.88+0.017¢¢ 1356.681+30.498¢
30 4.924+0.012¢b 1.88+0.0174b 1752.28+30.494a

37 4.5410.012¢¢ 1.99140.017Aa 1640.22130.49Aab

40 4.4610.012¢d 1.93+0.0174b 1507.36+30.494b

10. 25 5.361+0.013¢Ca 1.41£0.01958¢ 1379.28+37.0482
30 4.72£0.013Dbb 2.03£0.0194a 1437.18+37.048

37 4.441+0.013C¢ 2.01£0.0194a 1413.99£37.0482

40 4.31£0.013¢d 1.93+0.0194b 1223.38+37.048b

24, 25 4.5310.004Da 2.0910.010Aa 1591.23+35,814a
30 4.2710.004Eb 2.08£0.0104a 1677.39%£35.814a

37 4.0910.004Dc 2.01£0.0104a 1322.73+35.81Bb

40 3.9910.004DPd 1.96%£0.0104b 1322.96+35.81Bb

* Capital letters denote the differences between times at each temperature, while lowercase letters indicate the

differences between temperatures at each time.
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Studies conducted in previous years have
demonstrated that incubation temperature
significantly affects bacteriocin production and
that optimal incubation conditions for cell growth
and bacteriocin production may vary depending
on the strain (Cladera-Olivera et al., 2004; De
Kwaadsteniet et al., 2005; Bayram and Yildirim,
2016; Mohd Rasid et al., 2023). Cladera-Olivera et
al. (2004) found that Bacillus licheniformis produced
bacteriocins most effectively at 26°C and 37°C.
Similarly, De Kwaadsteniet et al. (2005) reported
that E. mundtii ST15 exhibited the highest
bacteriocin activity at 30°C compated to 37°C, a
finding consistent with our study. Bayram and
Yildirim (2016) examined the effects of various
incubation temperatures (25°C, 30°C, and 37°C)
on bacteriocin production in the E. faecium BP
strain and concluded that 30°C and 37°C were
optimal. Likewise, Mohd Rasid et al. (2023) found
that the cell growth and nisin activity of Lactococcus
lactis ATCC 11454 were higher at 30°C than at
37°C.

Effect of using different carbon sources in
culture medium

The results of the culture pH, optical density, and
bacteriocin activity of the YB6.30 strain, cultured
in modified MRS broth with different carbon
sources, measured at 0, 6, 8, 10, and 24 hours of
incubation, are presented in Table 4. Statistically
significant differences (P<0.05) were observed
between the culture pHs measured at the 6th and
8th hours of incubation. However, no statistically
significant difference was found between the
culture pHs measured in MRS broth containing
sucrose and fructose at the 10th and 24th hours
of incubation (P>0.05), while the culture pHs
measured in MRS broth containing glucose or
lactose were statistically significant (P<0.05). The
lowest pH values were observed in E. mundtii
YB6.30 cultures grown in MRS broth containing
sucrose or fructose at the 24th hour of incubation.
It was found that the highest cell density at each
hour of the incubation occurred in samples
cultured in MRS broth containing sucrose
(P<0.05). Regarding bacteriocin activity, the
highest activity (1507.36£21.94 AU/mL) was
measured in the sample cultured in MRS broth
containing sucrose at the 6th hour of incubation
(P<0.05). At the 8th hour of incubation, the

highest bacteriocin  activity  (1652.66+39.39
AU/mL) was observed in the sample cultured in
MRS broth containing sucrose. However, at this
time, no statistically significant difference was
found between the bacteriocin activity of the
sample cultured in MRS broth containing sucrose
and that cultured in MRS broth containing
glucose (P>0.05). At the 10th and 24th hours of
incubation, no statistical difference was observed
between the bacteriocin activities of all samples
cultured in modified MRS broth (P>0.05). Based
on these findings, sucrose was determined to be
the optimal carbon source for inducing high
bacteriocin activity in E. mundtii YB6.30 when
cultivated in MRS broth.

Consistent with our findings, Saraiva et al. (2020)
reported that sucrose was the most effective
carbon source for bacteriocin production in
Lactococcus lactis, a nisin Z producer isolated from
Brazilian  fermented  sausage. Conversely,
Todorov and Dicks (2009) examined the effects
of wvatious carbon sources on bacteriocin
production in E. mundti STASA and found that
the highest bactetiocin activity (102.400 AU/mL)
achived when fructose (20 g/L) was used as the
carbon source in MRS broth. They also reported
that when the same concentration of glucose was
used, bacteriocin activity decreased to 51.200
AU/mL.  Similarly, other studies have
demonstrated that different carbon sources
influence bacteriocin production across various
LAB genera (Turgis et al., 2016; Jawan et al., 2020;
Kuhan Sreedharan et al., 2021; Tareq and Luti,
2022). Turgis et al. (2016) found that the highest
nisin production in Lactococcus lactis MM19
occurred in the presence of glucose and lactose,
while the highest pediocin production in
Pediococcus  acidilacticc MM33 was observed with
galactose and fructose. Jawan et al. (2020)
reported that fructose was the most effective
carbon source for bacteriocin production in L.
lactis Ghl. Kuhan Sreedharan et al. (2021) found
that Lactobacillus brevis C23 exhibited the highest
production of bacteriocin-like antibacterial
substances when cultured with lactose. Tareq and
Luti (2022) determined that glucose was the most
suitable carbon source for enhancing both cell
growth and bacteriocin production in Lactobacillus
crispatus 1S30.
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Table 4. pH, optical density, and bacteriocin activity values of E. mundtii YB6.30 culture measured at 0,
0, 8, 10, and 24 hours of incubation at 30°C in MRS broth (initial pH 6.2) supplemented with glucose,

lactose, suctrose, or fructose.

Incubation time

(hour)

Carbone sources

Culture pH

Optical density

Bacteriocin activity
(AU/ml)

0.

Glucose
Lactose
Sucrose
Fructose

5.691 0.008Ac
5.90% 0.008Ab
6.12% 0.00872
5.62% 0.008Ad

0.07%£ 0.002¢b
0.08% 0.002Cab
0.09% 0.002B-
0.08+ 0.002¢

298.06% 14.40Pa
339.28% 14.40Fa
291.43+% 14.40Fa
304.78% 14.40C

Glucose
Lactose
Sucrose
Fructose

5.43% 0.0078¢
5.83% 0.00772
5.61% 0.0078b
5.33% 0.007Bd

1.09£ 0.0058b
1.06% 0.005B¢
1.40% 0.005
0.94% 0.005Bd

1472.07+ 21.94Bab
1289.17+ 21.94Bab
1507.36+ 21.94Ba
1234.10% 21.948b

Glucose
Lactose
Sucrose
Fructose

4.94% 0.008¢d
5.48% 0.0088-
4.95% 0.008¢b
4.87% 0.008¢¢

1.67£ 0.006ABb
1.42+ 0.006ABd
1.90% 0.006A
1.48% 0.006ABe

1615.73% 39.3942
1333.91+ 39.394b
1652.66% 39.39Aa
1555.32+ 39.39Aab

10.

Glucose
Lactose
Sucrose
Fructose

4.74% 0.004Pb
5.20% 0.004¢~
4.70% 0.004P¢
4.69% 0.004DP¢

1.82% 0.005ABb
1.65% 0.005ABd
1.98% 0.005Aa
1.70% 0.0054¢

1158.70% 19.60¢
983.53% 19.60P=
1095.74% 19.60P2
1148.14% 19.60B=

24.

Glucose
Lactose
Sucrose
Fructose

4.26% 0.003Fp
4.49% 0.003P2
4.18% 0.003F«
4.19% 0.003F¢

1.97£ 0.010Ab
1.98% 0.010Aab
2.00% 0.0104a
1.83+ 0.010A¢

1158.70% 25.35¢C
1054.45% 25.35C2
1223.38+ 25.35¢2
1148.14+ 25.3582

* Capital letters denote the differences between times at each carbone sources, while lowercase letters indicate the

differences between carbon sources at each time.

Effect of adding different rates of sucrose in
culture medium

The effects of adding different sucrose
concentrations (1%, 2%, 3%, 4%, 5%, 7.5%, and
10%) to MRS broth on cell growth and
bacteriocin production by E. mundtii YB6.30 are
presented in Table 5. The pH values of cultures
grown in MRS broth with varying sucrose
concentrations  differed  significantly  over
incubation time (P<0.05); however, no
statistically significant differences were observed
at each measurement time (P>0.05). Similarly, the
optical densities of cultures containing 1%, 2%,
and 3% sucrose did not differ significantly at the
6th and 8th hours of incubation (P>0.05).
Nevertheless, the highest bacteriocin activity was
observed in the medium containing 1% sucrose
during both incubation times (P<0.05).
Specifically, bacteriocin activity was measured at
1495.62+£29.93 AU/mL at the 6th hour and
1567.21426.27 AU/mL at the 8th hour (P>0.05).
Bacteriocin activity declined at later incubation
times compared to the 6th and 8th hours. These

findings indicate that a 1% sucrose concentration
is optimal for maximizing bacteriocin activity in
E. mundtii YB6.30.

Consistent with our findings, previous studies
have reported greater bacteriocin activity with a
low-rate carbon source than with a high-rate
carbon source (Pattnaik et al., 2005; Todorov &
Dicks, 2009; Valledor et al., 2022). Pattnaik et al.
(2005) tested glucose at concentrations of 0.5%,
1%, 1.5%, and 2% as a carbon source for the
production of lichenin, a bacteriocin produced by
Bacillus licheniformis 261.-10/3RA, and found that
higher carbon source concentrations negatively
affected bacteriocin activity. Similatly, Todorov
and Dicks (2009) reported that enterocin
production in E. mundtii STASA peaked with the
addition of 1.5% or 2% fructose to the culture
medium. Valledor et al. (2022) also observed that
enterocin-producing E. faeciur ST20Kc and
ST41Kc exhibited higher bacteriocin activity in
MRS broth with 0.5% glucose than in MRS broth
with 5% glucose.
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Table 5. pH, optical density, and bacteriocin activity values of E. mundtii YB6.30 culture, measured at
0, 6, 8, 10, and 24 hours of incubation at 30°C in MRS broth (initial pH 6.2), supplemented with

different concentrations of suctrose.

Incubation time conscuecnrt?:zion Culture nH Optical density Bacteriocin activity
(hour) v p p (AU/mL)
0. 1 6.14£0.00242" 0.11£0.008¢ 226.12+13.25¢2
2 6.19£0.00242 0.11£0.008¢ 232.52113.25¢
3 6.19£0.00242 0.11£0.008¢ 264.90£13.25¢
4 6.18%0.00242 0.10£0.008¢ 271.37£13.25P2
5 6.15£0.00242 0.08£0.008P2 170.89+13.25¢C
7.5 6.11£0.00242 0.08%0.008¢ 176.98+13.25C
10 6.13£0.00242 0.09£0.008P~ 219.80£13.25P2
0. 1 5.54%0.01082 1.51£0.013B2 1495.62£29.934
2 5.531£0.0108= 1.53£0.013B2 1413.79£29.934ab
3 5.55£0.0108= 1.50£0.013B2 1402.36£29.934ab
4 5.51%0.01082 1.44£0.0138b 1311.62£29.9348b
5 5.79%0.01082 1.12+0.013¢¢ 1322.73£29.938b
7.5 5.76%0.01082 1.04£0.01384 1334.07£29.938b
10 5.80£0.0108= 0.9420.013Ce 1367.94£29.93A8b
8. 1 5.0240.008¢a 1.90£0.00842 1567.21+26.274a
2 5.02£0.008¢ 1.91£0.00842 1425.44£26.274bc
3 5.03£0.008¢ 1.88£0.00842 1345.18£26.274¢
4 4.99£0.008¢» 1.8310.0084b 1425.44+26.27Abc
5 5.18£0.008¢ 1.73£0.008B¢ 1483.73£26.274ab
7.5 5.18£0.008¢ 1.73£0.0084¢ 1483.73£26.2742b
10 5.18£0.008% 1.53£0.0088B4 1483.65£26.2744b
10. 1 4.77£0.010P2 2.00£0.0124a 1256.08£27.918a
2 4.76£0.010P2 1.99£0.01242 1234.18£27.918a
3 4.77£0.010P2 1.97+0.0124ab 1148.06£27.918a
4 4.7620.010P2 1.94+0.012Abc 1201.72£27.918Ca
5 4.88%0.010P2 1.91£0.0124¢ 1223.38+27.9182
7.5 4.89£0.010P2 1.83£0.0127d 1234.18£27.918a
10 4.90£0.010P2 1.76£0.0124¢ 1234.41£27.91¢
24. 1 4.24%0.006%2 2.00£0.00642 1245.21£27.858
2 4.25%0.006%2 1.98£0.00642 1212.67£27.85Bb
3 4.2710.006F= 1.97£0.00642 1127.26£27.858b
4 4.2710.006F= 1.92+0.006Abc 1116.47£27.85¢b
5 4.30£0.006F= 1.96£0.006Aap 1212.43+27.85Bb
7.5 4.31£0.006%2 1.89£0.0064¢ 1278.06£27.858
10 4.3240.006" 1.82£0.0062d 1289.17£27.858C

*Capital letters represent the variation between different times in the proportion of each carbon source, while
lowercase letters represent the variation between different carbon source proportions at each time.

CONCLUSION

In the food industry, antibacterial proteins known
as enterocins, produced by enterococci, are
gaining significant attention as alternatives to
chemical food additives, aligning with consumer
health concerns and demands. In this context,
optimizing fermentation conditions is crucial for

enhancing the cost-effective production of these
bacteriocins in greater quantities. This study
employed the one-factor-at-a-time (OFAT)
method to investigate various commercial media,
initial pH values, incubation temperatures, and
carbon sources to determine the optimal
conditions for producing mundticin-KS by
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Enterococcns mundtii YBG6.30. The highest yield of
mundticin-KS was achieved by incubating the
culture at 30°C for 6 to 8 hours in MRS broth
supplemented with 1% (w/v) sucrose and an
initial pH of 6.2. Future research should explore
additional nutritional components or food-grade
agricultural byproducts to further enhance cost-

effective bacteriocin production by E. mundtii
YB6.30.
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ABSTRACT

Spent coffee grounds (SCG) were used as a flour substitute at different ratios (5, 10, 15, 20 and 25%) in the
production of the sekerpare. Baking and textural properties, nutritional content (moisture, fat, ash, protein,
dietary fiber amount, total phenolic content, and antioxidant activity), color and sensory properties were
investigated. SCG-added sekerpare samples had higher moisture, protein, and ash than the control samples.
The highest dietaty fiber content (6.96 g/100 g) was observed in samples with a 25% SCG addition. With
increasing SCG addition, hardness decreased and, fracturability increased. The microbial count did not
increase during the storage period in samples containing 5 to 20% SCG. As the amount of SCG increased,
the total phenolic content and the DPPH radical scavenging activity increased. The sensory analysis results
indicated that sekerpare with 5% SCG addition was found to be the most appealing product in terms of
flavor, softness, chewiness, and swallowing.

Keywords: Dietary fiber, phenolics, bakery products, natural antioxidants

SEKERPARE TATLISININ KULLANILMIS KAHVE TELVESI ILE
ZENGINLESTIRILMESI: FIZIKOKIMYASAL, BESINSEL, DUYUSAL VE
DOKUSAL OZELLIKLERI

oz
Kullanilmis kahve telvesi (KKT) sekerpare tretiminde farkli oranlarda (%5, 10, 15, 20 ve 25) un
ikamesi olarak kullanilmistir. Pisirme ve dokusal 6zellikler, besin icerigi (nem, yag, kiil, protein, diyet

lifi miktari, toplam fenolik madde igerigi ve antioksidan aktivite), renk ve duyusal 6zellikler
arastirilmistir. KKT ilaveli sekerpare 6rnekleri kontrol 6rneklerine gére daha yitksek nem, protein ve
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kil icerigine sahiptir. En yuksek diyet lifi icerigi (6.96 g/100 g), %25 KKT ilaveli 6rneklerde
gozlenmistir. KKT ilavesi arttikca, sertlik azalmis ve kirllganhik artmistir. %5-20 KKT iceren
orneklerde depolama siiresi boyunca belirgin mikrobiyal yiik artist gézlenmemistir. KKT miktar
arttikca, toplam fenolik madde igerigi ve DPPH radikali temizleme aktivitesi artmigtir. Duyusal analiz
sonuglart, %5 SCG ilaveli sekerparenin lezzet, yumusaklik, ¢ignenebilirlik ve yutma acisindan en

begenilen triin oldugunu géstermistir.

Anahtar kelimeler: Diyet lif, fenolik, firincilik Griinleri, dogal antioksidanlar

INTRODUCTION

The taste/aroma and health benefits of coffee
make it one of the world's most popular beverages
(FAOSTAT, 2016; Torga and Spers, 2020). It is
mainly sourced from Brazil (Arabica and
Robusta), Vietnam  (Robusta), Colombia
(Arabica) and Indonesia (Robusta). Brazil is the
largest coffee producing country, accounting for
40% of the wotld's coffee supply. Vietnam is the
second largest coffee producing country
accounting for around 20% of world production.
Colombia and Indonesia are also significant
contributors to the coffee market ICO, 2017;
Statista, 2024). Global daily coffee consumption
has been reported to be three billion cups (ICO,
2022).

The bioactivities of coffee such as antioxidant,
antibacterial, anti-inflammatory, anti-obesity, and
neuroprotective properties due to various
components have been reported in the literature
(Carneiro et al, 2021; Castaldo et al., 2021,
Bramantoro et al., 2022; Diaz-Hernandez et al.,
2022; Liczbidski and Bukowska, 2022;
Rawangkan et al., 2022; Wang et al., 2024). In
addition, coffee has been shown to be high in
fibre, which has a significant effect on
cardiovascular health, reducing the risk of heart
attack and preventing diseases such as diabetes,
obesity and hypertension (Salazar-Loépez et al.,
2020). The daily intake of dietary antioxidants
from coffee consumption has been indicated to
be greater than that from tea, fruit and vegetables
(Elhussein et al., 2018). In a study conducted by
Agudelo-Ochoa et al. (2016), it was reported that
the plasma antioxidant capacity exhibited a
significant increase in the groups one hour after
coffee consumption compared to the control
group. Tunnicliffe and  Shearer (2008)
demonstrated that the ability of coffee to reduce
blood glucose possibly due to chlorogenic acid.
Agudelo-Ochoa Gloria et al. (2016) showed an

increase in the caffeic and ferulic acid

concentrations after coffee consumption.

The processing of coffee cherries and the brewing
of coffee using various techniques generate large
quantities of by-products (Scully et al., 2010).
Spent coffee grounds (SCG) are a by-product of
coffee production (45%) which is the insoluble
residue formed during the preparation of coffee
beverages (Cruz et al., 2012; Murthy and Naidu,
2012; Ballesteros et al., 2014). Approximately 6
million tonnes kg of SCGs are generated annually
from 1 tonnes of green coffee (Mussatto et al.,
2011). The adverse environmental impact of SCG
has been emphasized due to their high organic
load (Balzano et al., 2020). Most researchers have
focused on the composition of SCG for their
potential utilization to contribute to the circular
economy of countries. One of these alternative
ways could be the use of SCG in the food
industry. Following the European Commission
policy on food waste management (Directive
2008/98/EC, 2008; EU Publication (2012), it was
reported that they could be used in new functional
foods (Balzano et al., 2020). It has been reported
that SCG contain 54% insoluble dietary fibre,
about 6% resistant starch, high antioxidant
activity and DPPH radical scavenging capacity
(Salazar-Lopez et. al., 2020; Franca and Oliveira,
2022).

SCG have been formulated in various bakery
products and beverages (Bevilacqua et al., 2023).
Hussein et al. (2019) evaluated sponge cakes with
wheat flour replaced by SCG (2%, 4, and 6) and
found higher dietary fiber content and the
rheological properties. Severini et al. (2020)
utilized SCG as a flour substitute at 15% and 30%
in muffin cakes and they found higher total
phenolic content and dietary fibre content.
Martinez-Saez et al. (2017) reported that the
addition of SCG to biscuit formulations was

261



262

K. Topaloglu Giinan, T. Boga, D. Berber, O. Aktiirk Giimiisay

effective in providing microbiological safety in
addition to antioxidant insoluble fiber, essential
amino acids. According to Vazquez-Sanchez et al.
(2018), the use of SCG-derived antioxidant
compounds in bakery foods increased the
antioxidant potential of the food sample, total
dietary fiber and phenolic bioaccessibility of the
samples, as these criteria are expected from
fortified/formulated functional foods. Castaldo
et al. (2021) found high levels of polyphenols,
melanoidins, and caffeine, and observed high
antioxidant activity and the total phenolic
compounds in SCG used in baked foods.

In this study, we aimed to use SCG which are
generated by the production of instant and
granulated coffee, for the functionalization of
sekerpare. Sekerpare is a traditional Turkish
dessert made by kneading flour, eggs, oil and
various flavours or yoghurt into a smooth dough,
which is then baked and served with sherbet. Due
to the high availability and quantity of SCG and
its beneficial effects on human health, its
evaluation in a functional food can be an
alternative approach to both waste management
and sustainability issues. The composition, color,
and textural properties, microbial load and
antioxidant capacity of sekerpare dessert
containing varying amounts of SCG were
investigated and sensory analyses of samples were
performed.

MATERIALS AND METHODS

Materials

Except for the spent coffee grounds specified in
the recipe, all other ingredients were sourced from
local markets in Istanbul. SCG samples were
obtained from a third-wave coffee shop in
Istanbul, using espresso-based  beverages
prepared exclusively from Arabica coffee beans.
Plate count agar and potato dextrose agar used in
microbiological analysis were purchased from
Neogen (Neogen Corporation, Lansing, MI,
USA). Gallic acid, Trolox, Folin-Ciocalteu
reagent, 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
and all chemicals used in the determination of
chemical composition were analytical grade and
supplied from Sigma-Aldrich (St. Louis, MO,
USA).

Preparation of SCG

The SCG samples were dried in a laboratory oven
(at 50£5°C) until their moisture content ranged
between 12% and 14.5%. After drying, the
samples were sieved through a 60-mesh sieve.
Subsequently, they were stored in glass jars at a
tempetature of -18°C (Vizquez-Sinchez et al.,
2018).

Preparation of $ekerpare Samples

In this study, the sekerpare samples were prepared
by modifying the method of Ertiirk (2015). Wheat
flour was the primary ingredient for producing
sckerpare, a traditional Turkish dessert. The
wheat flour was partially replaced with SCG at
substitution rates of 5%, 10%, 15%, 20%, and
25%. The added SCG ratios were determined
based on the study of Aguilar-Raymundo et al.
(2019). The dough was prepared using butter,
powdered sugar, eggs, wheat flour, SCG,
semolina, and baking powder. The syrup was
prepared by 1200 ml boiling water and 700 g
sugar, followed by adding 5 ml lemon juice after
achieving the desired consistency. The syrup was
cooled before use. The ingredients and their
proportions used in the recipes are detailed in the
accompanying Table 1. Using a stand mixer
(KitchenAid) with a paddle attachment, butter
and powdered sugar were mixed for three
minutes. Eggs were then added, and mixing
continued for another three minutes. Flour was
added in three increments while mixing, followed
by the addition of semolina, resulting in the
sekerpare dough. The dough was portioned into
35 g pieces, shaped into round forms by hand, and
placed on baking trays. The sekerpare dough was
baked in an industrial convection oven (Inoksan)
at 180+2°C for 20 minutes. The images of control
and SCG added samples shown in Figure 1. After
baking, they were allowed to rest on the trays for
five minutes. Baked samples were soaked in
room-temperature syrup for three hours before
removal, while others were unsweetened. Sensory
analysis was conducted exclusively on sekerpare
samples soaked in syrup, while all other analyses
were performed on unsweetened sekerpare
samples. Color analysis was conducted on
unsweetened samples the same day after cooling,
while texture analysis was performed on
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unsweetened samples after 24 hours. The
remaining samples were portioned, packed in
plastic bags, and stored at -18°C for further

analyses. Sensory analysis was conducted on the
same day for syrup-soaked samples.

Table 1. Ingredients used for the dough of sekerpare dessert samples.

DOUGH
. Butter Powdered . Wheat Sodium

Ingredients! (25 °C) sugar Semolina  Fgg Flour?  bicarbonate SCE?
Control 250 g g 40¢ 120 g 350 ¢ 5¢ -
SGC5 250 ¢ 90 ¢ 40¢g 120g  3325¢ 5¢ 175¢
SCG10 250 ¢ 90 ¢ 40¢g 120 ¢ 315¢ 5¢ 35¢
SCG15 250 g 9¢g 40g 120g  2975¢ 5¢ 525¢g
SCG20 250 g 9¢g 40g 120 ¢ 280 g 5¢ 70¢g
SCG25 250 g 9 ¢g 40g 120g  2625¢g 5¢ 87.5

! Ingredients at 21+1°C,
2 Based on 14% moisture content.

(SCG5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare

sample with 25% SCG addition)

Control

SCG5  SCGI0 SCGIS SCG20  SCG25

Figure 1. Sekerpare dessert produced from wheat flour (control) and its supplement with different
SCG ratios. (SCG5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10%
SCG addition, SCG15: Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20%
SCG addition, SCG25: Sekerpare sample with 25% SCG addition)

Chemical Analyses

Moisture content was determined according to
AOAC Official Methods 990.19 (AOAC, 2016).
The ground samples were spread as thinly as
possible in pre-weighed aluminium drying trays
and dried at 105%£5°C to constant weight.
Moisture content was calculated based on the
difference between the pre-and post-drying
weights. The samples were incinerated at 550 °C
in a muffle furnace to determine ash content
(Nabertherm LV 9/11, Germany) according to
NMKL No. 173 (2005). Protein content was

analyzed using the Dumas method (Velp Dumas
Nitrogen Analyzer — NDA 701, Italy) according
to AOAC (2016). Total dietary fiber was
measured enzymatically and gravimetrically
following AOAC (2016). Total fat content was
determined using the acid hydrolysis method with
petroleum  ether extraction and solvent
evaporation, based on NMKL No. 160 (1998). An
automated fat extraction device (Velp SER 148/06,
Italy) was used. The energy and carbohydrate
values of the sekerpare samples were calculated
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using equations (1) and (2) (FAO, 2003). Every
analysis was carried out in triplicate.

% Total Carbonhydrate = 100 - (% Moisture + %
Ash + % Protein + % Fat) )
Energy (kcal) = 9 x Fat (g) + 4 x Protein (g)+4 x
[Carbonhydrate (g) — Dietary fiber (g)] (2)

Spread Factor of $ekerpare Samples

Standard calipers were used to measure the
sckerpare samples' diameter and thickness by
AACCI Approved Method No. 10.54. The spread
ratio was calculated as the diameter-to-thickness
ratio for each sample (AACCI, 1995).

Color Analysis

The CIE LAB* scale was used to measure color
properties using the Minolta Chroma Meter CR-
400 (Minolta Camera, Osaka, Japan). L*
represents lightness, a* red-green values, and b*
yellow-blue values.

Texture Profile Analysis

A TA-XT Plus texture analyzer (Stable Micro
Systems, UK) with a heavy-duty platform
(HDP/90) and a three-point bending probe
(HDP/3BP) was used to conduct the texture
profile analysis (TPA). The settings included a
trigger force of 25 g and a load cell capacity of 50
kg. The analysis was cartied out at 1.0 mm/s for
the pre-test, 3.0 mm/s for the test, and 10 mm/s
for the post-test. The test parameters included a
travel distance of 10 mm, with the gap between
the two bottom supports set to 5 mm. The
maximum force (g) recorded at the point where
the cookies fractured into two primary pieces was
noted as the hardness (g). The deformation of a
sample until it breaks during compression was
recorded as fracturabillity (mm) of sample.
Measurements were taken after the cookies had
been baked and allowed to cool to room
temperature for 24 hours (Buyik and Dulger
Altiner, 2024).

Extract preparation for antioxidant activity
and total phenolic content analysis

Extracts were prepared according to the literature
procedure with a few modifications (Wojdylo et
al., 2007). Three grams of baked sekerpare
samples were weighed and the methanol extract

was prepared by adding 15 ml of methanol
solution (75%). The test tubes were kept in an
ultrasonic water bath at 25°C for 15 minutes. The
supernatants were used for analysis of antioxidant
activity and total phenolic content after
centrifugation at 8000 rpm for 10 minutes.

Determination of Total Phenolic Content
The Folin—Ciocalteu colorimetric method was
carried out for the determination of total phenolic
content according to Wojdylo et al. (2007).
Briefly, 0.1 ml of extract was treated with 2 ml of
Folin-Ciocalteu reagent and 1 ml of sodium
catbonate solution was added after 3 minutes.
Then, the samples were kept in the dark at room
temperature for 1 hour. The absorbance values
were recorded at 765 nm with a
spectrophotometer (Shimadzu UV-1240, USA).
Gallic acid standard curve (y=0.003x+ 0.0796 and
R?=0.9985) was used to express the data as mg
gallic acid equivalent (GAE) /kg sample.

Determination of DPPH Radical Scavenging
Activity

The evaluation of the DPPH activity of the
samples was in accordance with the colourimetric
method of Brand-Williams et al. (1995) with
minor modifications. 50 pL. of extract and 150 pl.
of methanol solution (75%) were put into the test
tube and, 3 ml of DPPH solution (0.051 mmol/L)
was added to the mixture and incubated in the
dark place at room temperature for 30 minutes.
The absorbance was measured at 517 nm with a
spectrophotometer (Shimadzu UV-1240, USA).
The results were expressed as mg Trolox
equivalent (TE) /kg sample, using a trolox
standard  curve  (y=-0.0053x+0.4766  and
R2=0.9983).

Microbiological Analysis

The samples were stored at room temperature
conditions in double-layer plastic bags for 30
days. The assessment of the microbial load was
performed on days 0, 15, and 30. A microbiologic
load analysis was conducted, which included
counting the total aerobic mesophilic bacteria,
yeast, and mold. Each sample of sekerpare (10 g)
was taken aseptically and placed in a sterile 90 ml
peptone saline solution. A series of three fold
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dilutions was performed using the sample

homogenates for the inoculation of the
experimental setup. The total number of
mesophilic  aerobic  bacterial colonies was

enumerated on PCA following incubation at
30£2°C for 48 hours, while the fungal colonies
were counted on PDA at 2522°C for five days.

Sensory Analysis

Sekerpare samples were analyzed by sensory
evaluation via a semi-trained panel of 38
participants, including students and faculty
lecturers from the Department of Gastronomy
and Culinary Arts. The evaluation criteria
included color, aroma, taste, appearance, softness,
mouthfeel, chewability, and overall acceptability.
A 9-point hedonic scale was used, with scores
ranging from 1 ("disliked extremely") to 9 ("liked
extremely"). This sensory analysis in this study
was reviewed and approved by the Ethics
Committee of Maltepe University (Approval
Number: 2024/22-14).

Statistical Analysis

SPSS software (version 16; SPSS Inc., Chicago,
IL, USA) was used for data analysis. The mean
values were presented with standard deviations.
One-way ANOVA and Tukey’s multiple
comparison test were used to determine statistical
differences at the 0.05 level.

RESULTS AND DISCUSSION
Nutritional ~Composition of
Dessert Samples

The nutritional composition of the sekerpare
samples is presented in Table 2. The moisture
content ranged from 7.9% to 9.4%, ash content
from 0.6% to 1.1%, protein content from 8.8% to
9.3%, and fat content from 29.3% to 31.0%. As
the SCG  substitution level increased,
carbohydrate content (from 53.4% to 49.1%)
decreased, and dietary fiber content (from 0.8%
to 7.0%) increased. Adding SCG significantly
increased moisture, protein, ash, fat, and fiber
content compared to the control group (P<0.05).
The increase in moisture content was attributed
to the water holding capacity of SCG during
kneading, a property linked to its soluble dietary
fiber content, as reported in the literature (Song et

Sekerpare

al., 2021). This moisture enhancement may
contribute to a softer and more acceptable texture
in syrup-soaked sekerpare.

SCG is rich in wunsaturated fatty acids,
phytosterols, and tocopherols (Sakouhi et al,
2024), which explains the increase in fat content
(29.3% to 31.0%) with SCG addition. The rise in
ash content (0.6% to 1.1%) is due to the mineral
composition of SCG, which includes essential
minerals such as potassium, calcium, magnesium,
sulfur, phosphorus, iron, manganese, boron, and
copper (Ballesteros et al., 2014). According to Ali
et al. (2018), nutraceutical biscuits with higher
SCG additions (2, 4, and 6%) showed a good
increase in ash content compared to the control.
In a different study, Aguilar-Raymundo et al.
(2019) reported that the ash content of cookies
prepared with 25% SCG addition was 1.4 g per
100 g of sample. The results from our research
showed that the 25% SCG added sekerpare
sample had a similar ash content (1.1020.05
g/100 g sample).

With SCG substitution levels of 15%, 20%, and
25%, the dietary fiber content reached 3.7%,
5.5%, and 7.0%, respectively. This classifies the
sekerpare samples as “fiber source” and “fiber-
rich” products, according to thresholds of 3.0
g/100 g and 6.0 g/100 g, respectively (Giuberti et
al., 2018). Coffee has high cellulose, lignin, and
hemicellulose content (Campos-Vega et al., 2020,
Arya et al,, 2022). The addition of coffee grounds
increases the fiber content of sekerpare, which
may contribute to enhanced satiety and a reduced
risk of diabetes and obesity (Vazquez-Sanchez et
al., 2018; Hosseini and Pazhouhandeh, 2023). The
energy content of sekerpare samples, ranging
from 485.3 to 509.1 kcal/100 g (dty basis),
decreased with increasing SCG levels due to the
high dietary fiber content of SCG. This trend
aligns with findings in the literature. A study
found that the control sample without SCG had
the highest calorie content, while the shortbread
containing 10% SCG had a reduced calorie
content, approximately 10% lower. The study
suggested that as the SCG percentage increased,
the energy content decreased, likely due to the
high dietary fiber content of SCG, which is
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associated with a low glycemic index and lower
calorie content in foods (Koay et al, 2023).
Another study reported that SCG  was
incorporated into biscuit formulations along with
low-calorie sweeteners and oligofructose. The
results indicated that SCG could be used as a

direct food ingredient in biscuits (up to 4% w/w)
without negatively affecting the final nutritional
or sensory quality of the product (Franca and
Oliveira, 2022).

Table 2. Nutritional composition of sekerpare dessert samples, (g/100g sekerpare).

Total Toral Energy

Samples Moisture Ash Protein Fat Carbohydrate DFliegZiy (keal /10b "
Control 7.9.£0.04f 0.61£0.04d 8.821+0.02¢ 29.30%0.12¢ 53.35%0.062 0.83£0.05fF 509.10£0.98

SGC5 8.15+0.06¢ 0.75£0.06¢ 8.951+0.02d 30.33%£0.114 51.82£0.09 2.06£0.04¢ 507.78%0.613b
SCG10 8.37£0.07¢  0.87£0.04>  9.00%0.04<d 30.6110.04< 51.15%0.16¢ 2.4240.13d 506.41£0.71b
SCG15 8.61£0.04c  0.92%0.02b 9.07£0.04¢ 30.7710.02bc 50.63%0.034 3.73+0.10¢ 500.8310.38¢
SCG20 8.821+0.07b 0.98£0.04> 9.19£0.05b 30.90£0.063> 50.11£0.13¢ 5.49+0.11b 493.341£0.684
SCG25 9.41£0.07a  1.10%0.052 9.331+0.032 31.030.062 49.13£0.13¢ 6.96%0.062 485.30£0.79¢

Data are presented as mean * standard deviation.

Letters that are different in the same column are considered to be significantly different (P<0.05).
(SCGS5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare

sample with 25% SCG addition)

Physical Properties of Sekerpare

The baking and textural properties of the
sekerpare samples are given in Table 3. Sample
diameters ranged from 5.85 to 6.2 cm, with
increasing SCG addition levels leading to larger
diameters. Replacing wheat flour with SCG
enhanced the spread ratio compared to the
control group. This may result from a lowering in
dough viscosity, influenced by SCG, and
increased fat content in the samples (Oliveira
Batista et al,, 2023). Regarding hardness and
fracturability, SCG addition reduced hardness and
increased fracturability. Factors such as moisture
content, baking conditions, partial substitution of
wheat proteins, and high fiber content likely

contributed to the softer texture of SCG-enriched
sekerpare. The high fiber content of SCG may
have enhanced water retention capacity,
improving the softness of the cookies
(Papageorgiou et al., 2024). The fracturability has
a strong effect on the crispiness of the bakery
products. Singh et al. (2015) observed that
fracturability increased in biscuits enriched with
dietary fiber. They reported that fracturability may
have increased due to reduced resistance for
snapping during texture analysis. Similatly, in this
study, the high fiber content of SCG also
enhanced the fracturability of SCG-added
samples.

Table 3. Baking and textural properties.

Samples  Diameter (mm)  Thickness (mm)  Spread Ratio Hardness (g) Fracturability (mm)
Control 58.54£0.72¢ 33.871+1.46 1.73£0.094 6719.51£690.64 2.6610.34P
SGC5 58.89£0.70¢ 33.28%0.682 1.77£0.044 5514.20£567.99 4.4510.842
SCG10 59.03%0.65¢ 30.98%0.66" 1.91£0.04¢ 5547.881£601.43> 5.29%0.77>
SCG15 60.13%0.36>¢ 30.30%0.60° 1.99£0.04>  5436.18£503.60% 5.2310.34>
SCG20 01.34£1.13% 29.28+1.08b 2.10+0.07° 5306.69£238.76 6.54+0.86P
SCG25 01.95%1.44 24.85+0.39¢ 2.4940.08 4091.06£1979.81> 6.36+1.71b

Data are presented as mean * standard deviation.

Letters that are different in the same column are considered to be significantly different (P<0.05).
(SCGH5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare

sample with 25% SCG addition)
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In Table 4, the color analysis results are presented.
Measurements were conducted for the outer and
inner sections, reporting L*, a*, and b* values.
The control sample exhibited a lighter color
(L¥ianer: 08.5, L¥*ouert 72.2). With increasing SCG
levels, the samples darkened (L*inner: 36.8—08.5,
A*inner: -1.3=4.3, b*inner: 9.1-25.3; L¥*ouer: 39.2-72.2,
a¥ourer: 4.9—0.4, b*ouer: 11.5-31.8). These changes
are attributed to the dark color of SCG and the
caramelization of sugars during baking (Desai et
al.,, 2020; Oliveira Batista et al., 2023). The a*
value of sekerpare samples increased with an

increased amount of SCG. In contrast with a*
value, b* value of the sekerpare samples with SCG
addition  decreased  significantly.  Color
characteristics are mainly affected by the degree
of browning during baking. At the beginning of
non-enzymatic browning, which occurs as a result
of the interaction of proteins or amino acids and
sugars, an increase in a* value can be observed
due to increased browning (Azuan et al., 2020). It
is also known that the Maillard reaction during
baking creates brown pigments (Petrovig¢ et al.,
2010).

Table 4. Color properties of sekerpare samples.

Samples L*outer 2-*outer b*outer L*inner a*inner b*inner
Control 72.19+1.302 4.8910.93b 31.78+0.362 68.461+1.94 -1.25%0.37¢ 25.31+1.27»
SGC5 54.27£2.27° 6.38%1.23¢ 22.67%0.85b 52.37+£1.26° 2.97£0.234 15.00£0.40b
SCG10 48.76+1.89¢ 6.05£0.79% 18.35%0.62¢ 44.41£1.89¢ 3.5710.24¢ 12.63%0.65¢
SCG15 45.4911.044 6.06£0.67 16.40+1.254 41.2610.814 3.82£0.19b¢ 10.86%0.674
SCG20 40.79+1.28¢ 6.6510.45 13.45%0.90¢ 40.271£1.994 4.07+0.19 9.10+1.06¢
SCG25 39.211+0.44¢ 6.19£0.18 11.5410.72f 36.78+1.79¢ 4.30+0.272 10.3610.88¢

Data are presented as mean F standard deviation.

Letters that are different in the same column are considered to be significantly different (P<0.05).
(SCGS5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare

sample with 25% SCG addition)

Phenolic Content and Antioxidant Activity

The variations in antioxidant activity and total
phenolic content of sekerpare samples at different
ratios of SCG are shown in Table 5. When
increasing the SCG ratio in the sekerpare samples,
the total phenolic content and DPPH scavenging
activity statistically increased (P<0.05). Similar
results were found in the study by Aguilar-
Raymundo et al. (2019), who added SCG to

cookies at three different ratios. Flavonoids,
chlorogenic acid, and protocatechuic acid is the
most important phenolic compounds of SCG
(Mussatto et al.,, 2011; Han and Lee, 2021). As
phenolic compounds such as flavonoids and
phenolic acids are known as the main antioxidants
in plant-based foods, adding SCG is expected to
increase the phenolic content and antioxidant
activity and  consequently improve the
functionality of the sekerpare samples.

Table 5. Antioxidant activity and total phenolic content of sekerpare samples.

Total Phenolic Content

DPPH Scavenging Activity

Samples (mg GAE/kg sample) (mg Trolox/kg sample)
Control 191.65£5.092 118.10£7.56*
SGC5 516.86£12.60P 520.22£13.36°
SCG10 965.11£20.97¢ 912.96£22.11¢
SCG15 1248.03+32.454 1149.78+19.944
SCG20 1446.92+12.28¢ 1545.64144.19¢
SCG25 1641.26+28.31f 1828.51+34.54¢

Data are presented as mean T standard deviation.

Letters that are different in the same column are considered to be significantly different (P<0.05).
(SCG?5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare

sample with 25% SCG addition)
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Microbiological Properties
Dessert Samples

The total number of mesophilic aerobic bacteria
in the control group was 0.84 log CFU/g and 0.98
log CFU/g on days 0 and 15, respectively. On day
30, the total number of bacteria was highest in the
control group (1.39 log CFU/g) compared to the
SCG groups with substitution ratios of 5%, 10%,
15%, 20% and 25%. The total number of bacteria
in the other SCG groups ranged from 0.20 to 0.75
log CFU/g. Total molds/yeasts were also
evaluated in all samples. On day 0, no mold or
yeast was detected in any of the samples. The total
mould/yeasts in the control group were found to
be 0.93 and 0.77 log CFU/g at the end of day 15

of Sekerpare

and 30. The highest number of mold/yeast
between the SCG groups was found in the 25%
SCG group (0.93 log CFU/g) at the end of day
30. Although there were fewer molds in the other
groups (5%, 10%, 15% and 20% substitution),
there was no notable difference and the number
of mold/yeast ranged from 0.15 log CFU/g to
0.85 log CFU/g (Table 6). Similar results were
also found in a study conducted by Ahmet et al.
(2023) with cakes enriched with spent coffee and
tea powder. Researchers reported that after 7 and
14 days of storage, cakes fortified with spent
coffee and tea powders had considerably higher
levels of total bacterial account, total mold, and
yeast than cakes stored for 0 days.

Table 6. Microbiological shelf life analysis

Total plate count (log CFU/g)

Mold and yeast count (log CFU/g)

Day 0 Day 15 Day 30 Day 0 Day 15 Day 30

Control 0.85¢ 0.9828 1.3924 n.d. 0.932A 0.77<8
SGC5 0.63b8 n.d. 0.75b4 n.d. 0.49v8 0.85b4

SCG10 n.d. n.d. 0.20<A n.d. n.d. 0.15¢A
SCG15 0.63b4 0.30<B n.d. n.d. 0.43b4 0.494A
SCG20 0.53bA n.d. 0.30<8 n.d. n.d. 0.5644
SCG25 0.30<B 0.65bA 0.33<8 n.d. 0.50vB 0.932A

n.d.: not determined

Different lower case letters (a, b, ¢) in the same column indicate the difference between samples.
Different capital letters (A, B, C) on the same row indicate the difference between days (P<0.05).
(SCGS5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare

sample with 25% SCG addition)

Given the high concentration of organic
compounds, including fatty acids, amino acids,
polyphenols, minerals, polysaccharides and
dietary fiber present SCG, there is increased
potential for mold/yeast growth. The higher
proportion of spent ground coffee in a sample
may provide favorable conditions for the growth
of mold/yeast. Some researchers have also
reported that SCG did not show antifungal
activity against some species (Vitézova et al.,
2019; Calheiros et al, 2023). Belokurova et al.
(2021) indicated that some osmophilic yeasts and
xerophilic mycelial molds in food samples may
multiply slowly through water activity.

The increase in microbial load of SCG groups
with substitution ratios of 25% as compared to
control may be due to increase in moisture

content with increasing SCG supplementation
level. Overall the value of microbial load has been
found to be within acceptable limit in accordance
with microbiological standards of fortified
blended products which were found that total
plate count less than 105 CFU/g (Wani et al.,
2015).

The antibacterial activity of coffee extracts has
been reported in the literature. In one of these
studies, Monente et al. (2015) showed
antibacterial effect of coffee extracts against
Staphylococcns — aurens, Listeria  monocytogenes and
Candida albicans. Almeida et al. (20006) evaluated
that three different brands of roasted coffee
extracts and chemical compound (caffeic acid,
chlorogenic acid, and protocatechuic acid) against
nine  Enterobacteria and  reported  the
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antimicrobial activity. Moreover, melanoidins
were reported that antibacterial activity against
Gram-negative and Gram-positive bacteria
(Rufian-Henares and de la Cueva, 2009).
Furthermore, it has been reported in the literature
that SCG has antibacterial activity. From this
respect, we suggest that the number of bacteria is
lower in SCG groups because of potential
antibacterial activity of SCG.

The compounds of coffee such as chlorogenic
acid, caffeine, quinic acid, malic acid, phenolic
acids, tannin and other hydroxycinnamic acids
suggested to contribute to its antimicrobial
activity (Duangjai et al, 2016). It has been
reported that phenolic compounds may cause
alterations the cell membrane causing disruption
in the permeability or in the intracellular
functions. They also affect cell wall rigidity,
disrupting membrane interactions and causing
irreversible cytoplasmic membrane damage and
coagulation of contents, resulting in the cessation
of enzyme activities and cell death (Cushnie and
Lamb, 2011; Khochapong et al., 2021). These
compounds are likely to be involved in the
underlying mechanism of antibacterial activity of
SCG supplementation. As a result, adding 5% to
20% SCG in the sekerpare formulation is
acceptable for the microbiological quality of the

food product because the sekerpare formulation
did not increase the microbial count.

Sensory Analysis

A hedonic test was conducted to evaluate the
sensory properties of sckerpare samples with
varying SCG concentrations, and the results are
summarized in Table 7. The scores for evaluated
attributes ranged from 4.71 to 7.42, indicating that
some formulations were neither liked nor disliked,
while others received mild to moderate levels of
preference. There was a significant difference
between control samples and SCG added samples
in terms of color acceptance amongst the
panelists. Koay et al. (2023) observed that the
SCG ratio added to shortbreads reduced color
acceptance in sensory analysis. According to
softness results in Table 7, the addition of SCG in
sekerpare is acceptable without adverse effect on
the softness which is one of the significant
characteristic for bakery products. Higher SCG
concentrations teduced flavor and overall
acceptability, likely due to the intense coffee taste,
which was not well-received by the panelists
(Aguilar-Raymundo et al., 2019). Bitter xanthines,
such as caffeine found in SCG may have
contributed to the formation of bitter taste and,
consequently, SCG-added sekerpare samples may
have received lower scores in terms of taste,
flavor and overall acceptability.

Table 7. Sensory analysis results.

Sensoty properties Control SCG5 SCG10 SCG15 SCG20 SCG25

Color 6.82£1.872  4.92£2.29>  4.71£2.14> 4.79+2.38> 4.87+2.40> 5.16£2.68
Odor 6.82£1.78  6.00£1.90®> 555%2.02®> 5.16%£2.05> 5.21£2.20> 5.08%2.24>
Flavor/Taste 6.74£1.67*  6.03+2.16® 550%2.12®> 55312312 4.9242.44> 4.95%2.58>
Appearance 7.26£1.64*  524£1.97> 526£2.26> 5.21£2.21>  5.00£2.27> 5.50£2.46P
Softness 6.76£1.94*  6.47+1.83*  6.05+2.22* 6.11+2.13* 6.21+£1.76* 6.00£2.05
Mouthfeel 7.05£1.75*  6.58+1.95¢  6.66+2.02*  6.68+1.96*  6.47t1.62*  6.081+2.022
Crumbling 0.55%£2.24*  6.24+2.09*  6.21+2.15*  6.61+£1.91*  6.16+2.01* 5.71+2.18
Chewing and swallowing  7.42+1.43* 6.95%1.83*> 6.66£1.96® 6.42+1.86®> 6.40£1.76*> 5.71+2.47>
General acceptability 71311512 6.18£1.83*> 5871215 5.82%2.24 555+2.17> 5.24+2.40b

Data are presented as mean * standard deviation.

Letters that are different in the same row are considered to be significantly different (P<0.05).

(SCG?5: Sekerpare sample with 5% SCG addition, SCG10: Sekerpare sample with 10% SCG addition, SCG15:
Sekerpare sample with 15% SCG addition, SCG20: Sekerpare sample with 20% SCG addition, SCG25: Sekerpare
sample with 25% SCG addition)
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CONCLUSION

In this study, SCG powder was a valuable source
of fiber and phenolic ingredients and
demonstrated high antioxidant activity. The
addition of SCG to the sekerpare dessert
formulation improved the textural property,
hardness decreased and, fracturability increased.
The protein, ash, and fiber content of sekerpare
samples increased with the increase of SCG
addition, compared to the control group. The
highest dietary fiber content (6.96 g/100 g) and
the lowest energy value (48530 kcal) were
observed in samples with a 25% SCG addition.
Sensory acceptance revealed that the most
acceptable product in terms of taste, softness,
chewiness, and swallowing was sekerpare with 5%
SCG addition.  The microbial count did not
increase when 5% to 20% SCG was added to the
sekerpare formulation, suggesting that the food
product has acceptable microbiological quality.
Considering these findings, SCG is a potentially
valuable and functional ingredient that can be
utilized to develop different bakery products with
enhanced nutritional value. It can also be
recommended as a beneficial flour substitute for
energy-reduced food formulations. However, the
incorporation of SCG in large quantities can
negatively impact sensory characteristics, leading
to a reduction in overall acceptability, which
restricts its potential applications. Therefore,
future research could focus on exploring various
extraction methods for the preparation of SCG
extract or investigating the use of different
solvents to effectively remove bitter compounds.
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ABSTRACT

This study aimed to analyze wheat hardness at varying moisture (10%—18%) using SKCS equipment and to
establish regressions for relationship between moisture content and hardness index (HI). For this purpose,
three bread wheat cultivars, Kinaci, Altay, and Selimiye, each with different hardness, were used. Differences
between cultivars in terms of various physical and chemical properties were significant (P < 0.05). HI for
Kinac, Altay, and Selimiye decreased significantly from 18.7%, 31.5%, and 66.4% at 10% moisture to 10.9%,
16.5%, and 41.3% at 18% moisture, respectively (P < 0.05). In the regression equations, moisture content
was used as the independent variable and HI as the dependent variable. Determination coefficients (R%) of
equations were 0.9669 for soft wheat Kinact, 0.9906 for medium wheat Altay and 0.9278 for hard wheat
Selimiye. Consequently, regression equations are feasible and can be used to determine HI based on moisture
for different hardness groups in wheat.

Keywords: Wheat, hardness, SKCS, quality, tempering, regression

BUGDAY SERTLIGI UZERINE RUTUBET ICERIGININ ETKISi: SKCS
TABANLI BiR CALISMA

oz

Bu calisma, SKCS cihazi kullanarak farklt nem iceriklerinde (%10—18) bugday sertligini analiz etmeyi
ve nem icerigi ile sertlik indeksi (HI) arasindaki iliski icin regresyon denklemleri belirlemeyi
amaclamustir. Bu dogrultuda, farkl sertlik degerlerine sahip ti¢ ekmeklik bugday ¢esidi, Kinaci, Altay
ve Selimiye kullanilmistir. Cesitler arasindaki bazi fiziksel ve kimyasal 6zellikler acisindan farklar
6nemli bulunmustur (P < 0.05). Kinaci, Altay ve Selimiye'nin HI degetleri, sirastyla %10 nemde
%18.7, %31.5 ve %066.4 iken, %18 nemde sirasiyla %10.9, %16.5 ve %41.3’e 6nemli derecede
azalmistir (P < 0.05). Regresyon denklemlerinde nem igerigi bagimsiz degisken olarak, HI ise bagiml
degisken olarak kullanilmistir. Esitliklerin determinasyon katsayilari (R?) sirasiyla yumusak bugday
Kinaci icin 0.9669, orta sertlikteki bugday Altay icin 0.9906 ve sert bugday Selimiye i¢cin 0.9278
olmustur. Sonug olarak, regresyon denklemleri uygulanabilir olup, bugdaydaki farkls sertlik gruplarina
gbre nem igerigine dayalt olarak HI'yi belirlemek i¢in kullanilabilir.

Anahtar kelimeler: Bugday, sertlik, SKCS, kalite, tavlama, regresyon
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INTRODUCTION

Wheat, along with rice, corn, batley, and oats, are
grains  cultivated worldwide for human
consumption (Liu, 2007; Ganti et al., 2012). These
cereals, which are also rich in components called
plant bioactive substances or phytochemicals with
positive effects on health, are the main
components of human nutrition and the main
foods that meet the needs of people’s
carbohydrates, proteins, vitamins and minerals
(Slavin, 2003; Madhujith et al., 2006; Goldberg,
2008). Wheat comes to the forefront among all
cereals in terms of processing features and is used
as the raw material of many products (Hruskova
and Svec, 2009; Pasha et al., 2010).

Quality is a complex concept in wheat and is a
phenomenon that can be defined as compliance
with a specific purpose or use, which differs
according to the soil structure and climatic
conditions of the grown area and climatic
conditions. (Finney et al., 1987; Pasha et al., 2010).
In general, for flour, bread, and pasta industries,
high protein content and good gluten quality are
important, while for consumers, sensory and
textural properties define quality wheat that
produces a healthy final product (Cetiner et al.,
2021).

Grain hardness or endosperm structure has a
significant effect on technological properties such
as milling and shelf life of wheat and is one of the
key parameters that determine its quality (Nirmal
et al., 2016). It is a feature that affects physical
properties such as endosperm hardness, starch
damage, particle size and distribution of flour and
semolina and grinding efficiency (Brites et al.,
2008). Therefore, grain hardness is one of the
important distinctive factors in the evaluation of
wheat for commercial purposes and plays an
important role in the suitability of grinding in a
commercial mill. Hardness and softness are
related to the disintegration of the endosperm. In
hard wheat, grain disintegration tends to occur
along the cell boundaries. According to one view,
grain hardness is related to the degree of adhesion
between starch and protein, while another view
suggests that hardness depends on the continuity
of the protein matrix (Hruskova and Svec, 2009).

In wheat, grain hardness is largely controlled by
genetic factors and is believed to be influenced by
the presence of friabilin in the endosperm during
the intermediate phase, as well as by water-soluble
proteins. On the other hand, it may be affected by
environmental factors and other factors such as
fat, humidity and pentosane content. Friabilin, a
sign protein that shows grain hardness, consists of
two proteins: Puroindolin A (Pina) and
Puroindolin B (Pinb) (Martin et al., 2006). Lipid
binding proteins are defined as responsible for
determining the differences between Pina and
Pinb, hard and soft uniform properties (Szabo et
al., 2016). Friabilin is present in large amounts in
soft wheat, in small amounts in hard wheat, and
at an almost negligible level in durum wheat
(Szabé et al., 2016). The presence of friabilin in
the wheat kernel weakens the bond between
protein and starch, making the endosperm texture
softer (K&ksel et al., 2000).

Grain hardness is an important factor in
determining the functional properties of wheat.
Wheat is classified as soft, medium soft, hard,
medium hard and extra hard according to grain
hardness (Kent and Evers, 1994; Hansen and
Poll, 1997; Pasha et al.,, 2010). In general, hard
wheats are expected to be good in terms of bread
quality depending on high gluten quality and
protein amount. Baljeet et al., (2017) reported that
hard wheat cultivars have higher dough stability
and lower dough softening values. Hard bread
wheat cultivars are the main source of flour used
in bread production. Hard wheats generally use it
in the production of breads and similar products
with high quality requirements. Soft wheat
varieties are a good raw material for the
production of flour to be used in cookies and
cakes (Delcour and Hoseney, 2010). Along with
evaluating the quality of wheat, the hardness of
the grain plays a crucial role in the grinding
process and needs to be measured prior to milling,
This feature affects the use of power during
milling. Hard wheat cultivars consume more
power than soft wheat types during grinding
(Dziki and Laskowski, 2005). In the tempering
process performed before the grinding, water is
added to wheat samples according to the specified
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grain hardness. In the tempering, hard wheat
should be given more water and more waiting
time should be applied than soft wheats.

Grain hardness determination involves several
methods, such as the Particle Size Index (PSI),
Pearling Index (PI), and Single-Kernel
Characterization System (SKCS), which are based
on different principles. In the PSI method, the
hardness value, wheat breaking is based on the
percentage calculation of the amount that passes
under the sieve as a result of shaking for a certain
period of time in a fixed sieve. In the PI method,
it is determined by determining the abrasion
amount on the surface of the peeled grains in a
special peeling (Cetiner et al., 2021). In the SKCS
method, the hardness wvalue is based on the
determination of the resistance of the grains to
crushing (Szabé et al,, 2016). In addition to the
grain hardness, the weight, size and moisture
content of the grains are determined in the SKCS
method (Sissons et al., 2000; Osborne and
Andersen, 2003).

The objective of the present study was to
determine the behavior of grain hardness values,
determined using the SKCS equipment, for wheat
samples with different hardness properties at
varying moisture contents, and to establish the
regression equations between the SKCS hardness
index values and moisture content.

MATERIALS AND METHODS

Material

In the study, three bread wheat (Triticum aestivum)
cultivars with different grain hardness, Kinac1-97,
Altay-2000, and Selimiye were used. Cultivar (cv)
Kinact is a soft wheat with red kernel colot, cv
Altay-2000 is a medium hard wheat with white
kernel color beside these cv Selimiye is a hard
wheat with a red kernel color. The names of
cultivars Kinaci-97, Altay-2000 were shortened as
Kinact and Altay respectively, in the text for
convenience.

Methods

Firstly, wheat samples were first cleaned to
eliminate broken and severely damaged kernels
using laboratory-grade wheat cleaning equipment

(Labofix 90, Brabender, Beilngries, Germany).
The kernels remaining on 2.0 mm sieve were used
in the study. For the purpose of eliminating the
differences between wheat samples in terms of in
the moisture content, samples were kept in the air
circulation cabin (Protech, Ankara, Tturkiye) at
45°C for 24 hours. Wheat samples were ground
by using the sieve laboratory type mill (Retsch ZM
200, Germany) with a 500 um eye opening for
moisture, ash and protein analyses. Wheat
samples were tempered to 10%, 12%, 14%, 16%,
and 18% moisture content by adding water,
according to the determined moisture content, to
determine the SKCS hardness index at those
moisture contents. Unless otherwise noted, all of
the compounds employed in the investigation
were analytical grade.

Physical and Chemical Characteristics

Thousand kernel weight of wheat samples were
determined according to ISO 520 (2010) method
using Tripette & Renaud Numigral II (Villeneuve,
France) while the hectoliter weight of them were
determined according to the ISO 7971-3 (2019)
method using the nilemalitre device (Bastak,
Ankara, Tirkiye). The kernel size distribution of
wheat samples was determined by weighing the
samples in each range after the shaking of 100 g
sample in the sieve device (Pfeuffer Sortimat,
Kitzingen, Germany) for 180 second. The color
values (L*, a* and b*) of wheat samples were
measured by using a colorimeter (BYK Gardner
Color-View, USA). The weight, length, moisture
and hardness values of the samples were
determined by a single characterization system
(SKCS 4100, Springfield Illinois, USA) according
to approved method 55-31.01 (AACC
International, 2010). Peatling index (PI) of wheat
samples was described as in Acar et al. (2019).
Moisture, ash and protein contents of the samples
were determined according to approved methods
44-15.02, 08-01.01 and 46-30.01, respectively
(AACC International, 2010).

Statistical analysis

The results were expressed as the average of
measurements of at least twice. In order to
determine the significant differences between the
results, variance analysis (ANOVA) was
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performed using JMP software (version 13.0.0,
SAS Institute Inc., 2013). When significant
differences (P < 0.05) were found, the least
significant difference (LSD) method was used to
determine the differences between the averages.
Linear regression analysis was performed using
the MS Excel (Microsoft Office Professional Plus
2016) was used for deriving the regression
equations and coefficient of determination (R?)
values.

RESULTS AND DISCUSSION

Various physical properties of the wheat cultivars
are presented in Table 1. The differences between
the samples were significant in terms of thousand
kernel weight (TKW), hectoliter weight (HLW),
hardness index (HI), pearling index (P1), and sieve
classes (2.8>, 2.8-2.5 and 2.5-2.0 mm). The cv
Selimiye had higher HLW, HI, and lower PI than
other cultivars (P < 0.05). The TKW of Kinact
and Selimiye were same and also significantly
higher than that of cv Altay (P < 0.05).
Furthermore, the highest ratio of kernels bigger
than 2.8 mm was obtained from cv Kinact

(76.1%) while the lowest was obtained from the
cv Altay (42.5%) according to the results of sieve
analysis (P < 0.05). Besides these, cv. Altay had
the highest ratio (50.3%) for the 2.8-2.5 mm
kernel length, while cv. Selimiye had the highest
ratio (7.9%) for the 2.5-2.2 mm kernel length,
significantly (P < 0.05). In the present study, the
hardness values of wheat cultivars were
determined by SKCS whereas the PI values of
those were determined by using grain pearling
equipment as indicated. In wheat samples, the
high HI value and the low PI value indicate that
wheat is hard, while the low HI value and the high
PI value indicate that wheat is soft (Acar et al.,
2019). Therefore, cv Selimiye was the hardest
wheat, with a significantly high HI and low PI,
while cv. Kinact was the softest wheat, with a
significantly low HI and high PI (P < 0.05). The
original HI distributions of wheat cultivars,
before being placed in the air circulation cabin at
45°C for 24 hours to eliminate moisture content
differences between the wheat samples, are also
presented in Figure 1.

Table 1: Various physical properties of wheat samples

TKW HILW HI PI Sieve Analysis (0/0)
Cultivars 0 o

(g, db) (kg/hl) (Vo) (%) 2.8>mm  2825mm  2.5-2.0 mm
Kinaci 37.6x0.2a 78.8%0.1c 20.6x0.1c 361ft0.1a 76.1x1.1a 232%0.7b 0.7£0.1 ¢
Altay 36.7£0.2b 79.1%x0.1b 369%x0.0b 27.6x0.1b 425+0.6c 50.3%7.1a 7.1x0.1b
Selimiye 37.6x0.2a 81.4*x0.0a 73.7£0.3a 209%t00c 69.9+0.1b 222%*79b 7.910.1 a

TKW: Thousand kernel weight; HLW: Hectoliter weight; HI: Hardness index; PI: Pearling index, db: Dry
basis; Means followed by different letters in columns are significantly different at P < 0.05.
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Figure 1. Hardness index distributions (%0) of wheat cultivars
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Several chemical properties and kernel color
values of wheat cultivars are given in Table 2. The
differences between the samples were significant
in terms of moisture, protein and ash content, L*
and b* (except a*) values. The moisture content
of the cv Selimiye was the significantly highest
while that of Kinaci was the significantly lowest
(P < 0.05). The protein content of cv Kinact was

higher as compared to other cultivars while the
ash content of cv Selimiye was higher and cv Altay
was lower (P < 0.05). On the other hand, the L*
and b* color values of cv. Altay was also the
highest (P < 0.05). This means that the kernels of
cv Altay were yellower and brighter than the other
cultivars.

Table 2: Various chemical properties and color values of wheat samples

i Moisture Protein Color Values
Cultivars (%) (%, db) (%, db) I e o
Kinact 11.21£0.0 ¢ 12.810.1a2 1.7320.00b 53.6£03b  10.8+03a 27.7£0.7b
Altay 12.0£0.0b  10.6£0.0b 1.2240.00c 58.6£09a  102+0.1a  31.910.4a
Selimiye 12210.1a  11.0x02b 1.78£0.00a 44.2%*02c 109+0.1a 23.8%0.1c

db: Dry basis; Means followed by different letters in columns are significantly different at P < 0.05.

The HI values of wheat cultivars according to the
different theorical moisture content are given in
Table 3. The cv Selimiye was the hardest wheat
cultivar while the cv Kinact was the softest and
the Altay was the medium ones. According to the
increasing moisture content the HI values were
significantly decreased. The HI of cvs Kinac,
Altay and Selimiye were decreased from 18.7, 31.5
and 66.4 at 10% moisture content to 10.9, 16.5
and 41.3 at 18% moisture content, respectively.
Therefore, the samples with 18% moisture
content were softest, while those with 10%
moisture content were the hardest for all wheat
samples.

The Single-Kernel Characterization System
(SKCS) assesses the crushing resistance of

individual kernels. For this purpose, it analyzes
300 individual kernels by crushing them to
determine the HI (Gaines et al., 1996; Osborne
and Anderssen, 2003). The HI distributions (%)
of these individual kernels of wheat samples at
different moisture contents are also shown in
Figure 2. The changes in grain hardness in
different moisture content of the cv Selimiye were
clearly realized as compared to the other cultivars.
The reason for this was that the maximum
decrease in grain hardness value with increasing
moisture content occurred in cv Selimiye. The
decrease in grain hardness values with the increase
of moisture content from theoretically 10% to
18%, were determined as 7.8, 15.0 and 25.1
respectively for the cvs Kinaci, Altay and Selimiye
(Table 3).

rnel Number (%)

Kinact

Altay

Selimiye

Figure 2. The changing HI distributions (%) of wheat cultivars according to the increasing moisture
contents
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Table 3: HI values of wheat samples in different
moisture content

Moisture HI (%)

Content Kinact Altay Selimiye
10% 18.7£0.7a 31.5£0.5a 66.4%£0.22a
12% 17.2£0.5a  28.0x0.7b  63.9%0.6 a
14% 147101 b 23.2102c 57.5%10.1b
16% 13.2+03b  19.5£0.2d 52.1+0.6¢
18% 109103 ¢ 165+0.5¢ 41.3+1.6d

HI: Hardness index. Means followed by different letters
in columns are significantly different at P < 0.05.

The regression analysis could help to understand
the relationships among moisture as well as the
kernel hardness of wheat samples. In the study,
moisture content approved method 44-15.02
(AACC International, 2010) was the independent
variable and hardness index (HI) was the
dependent variable. The effect of wheat grain
moisture content on HI for each wheat cultivar
and the regression equations are given in Figure 3.
Significant negative linear relationships were
observed between HI and the moisture content of
the samples, with coefficients of determination
(R?) of 0.9669, 0.9906, and 0.9278 for cvs Kinact,
Altay and Selimiye, respectively (Figure 3 and
Table 4). Moreover, the correlation coefficients of
regression equations were -1.1841, 2.4333 and -
3,6981 while the standard errors of the slope of

the regressions were 0.59, 0.57 and 2.71 for the
same cultivars, respectively (Table 4). Windham et
al. (1991), studied on the effect of wheat moisture
content on hardness score and determined the
coefficients of determination as 0.99, 0.98, 0.97
and 0.96 for the four wheat hardness classes. In
another study (Qiao at al., 2022), the coefficient
of determination overall regression model of
hardness and moisture content for maize cultivars
was determined as 0.9336. When the results of the
present study are compared with relevant studies,
similar results wete obtained with Windham et al.
(1991), but the results were higher than those of
Qiao et al. (2022). This difference is considered to
be due to the different product group studied. In
the present study, cv Selimiye was the hardest
sample, cv Kinact was the softest, and cv Altay
was the medium one (Table 1). Within each wheat
cultivar, as moisture increased, HI decreased.
However, with increasing moisture values, the
highest decrease in HI was observed in cv
Selimiye, while the least decrease of that was
observed in cv Kinact. This situation can also be
understood from the differences in the slopes of
the lines on the graph (Figure 3). According to the
results, the HI wvalues of wheat samples in
different hardness classes can be determined
according to their moisture content.

80,0
y =-3,6981x + 104,82
70,0 R2=0,9278
60,0
50,0
<
< 40,0 y =-2,4333x + 55,124
I 2
50,0 R? = 0,9906 o..... ..
g,
200 | el TTg
y=-11841x+30358 & @ o o..®
10,0 R2 = 0,9669 e
0,0
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0
Moisture (%)
®Kinaci ®Altay ® Selimiye

Figure 3. The regression equations of wheat cultivars between the hardness index (HI) and moisture
content
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Table 4: The coefficients of regression equations described the changes of HI in relation to moisture
content for each sample

Culéi y=ax+b
wavars a b R2 r Standard Error

Kinact -1.1841 30.358 0.9669 0.9833 0.59
Altay 2.4333 55.124 0.9906 0.9952 0.57
Selimiye -3.6981 104.82 0.9278 0.9632 2.71
HI: Hardness index. a and b: Coefficients of regression. R?: Coefficient of determination. r: Coefficient of
correlation

CONCLUSION help enhance the quality of wheat-based products

One of the most important cereals cultivated all
over the wotld for human nutrition is wheat. It
stands out among all cereals due to its easy
processability, which allows it to be used as a raw
material in a variety of products. Furthermore,
essential nutrients such as carbohydrates,
proteins, vitamins and minerals can be obtained
through the consumption of wheat and wheat-
based products. Grain hardness, a crucial criterion
for determining wheat quality, is a key factor in
assessing its suitability for commercial use and
milling. However, when the moisture content of
wheat changes due to vatrious reasons, a change in
grain hardness is also observed. The Single-
Kernel Characterization System for Wheat Kernel
Texture is a method used to determine grain
hardness, where the kernel texture (degree of
hardness or softness) is assessed through
instrumental measurement of the average force
required to crush 300 individual kernels, and is
reported as the hardness index (HI).

In the present study, the HI values of wheat
cultivars in three different hardness classes were
determined at varying moisture levels, and the

regression  equations between these two
parameters were established. The findings
demonstrated that there were significant

variations in the hardness index (HI) values actoss
the three wheat cultivars. Moreover, all cultivars
showed a significant decrease in grain hardness
with increasing moisture content and showed a
significant negative correlation between HI and

moisture content, according to the linear
regression analysis.
Consequently, wheat hardness is highly

influenced by moisture content, and these results

and optimize milling procedures. The findings
highlight the necessity of modifying processing
variables, like water addition and tempering
duration, according to grain hardness in order to
improve product quality and energy efficiency. All
results considered, better industrial utilization of
wheat depends on an understanding of the link
between moisture content and wheat hardness.
The findings of this study may provide insightful
information to help guide future studies in this
area.
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oz

Bu calismada, sebze (kereviz, karnabahar, britksel lahanasi) ve meyve (elma, portakal, hurma) bazli yulafh
barlarin formulasyonu olusturulmus, Gretim kosullart yizey yanit yontemi (RSM) ile optimize edilerek
kurutma siirecine en uygun matematiksel model belitlenmistir. Tekstir ve lezzet iyilestirmek amactyla
formiilasyona kuruyemisler, tarcin ve kestane unu eklenmistir. Box-Behnken tasariminda, kurutma sicakhigy
(65-95 °C), son tirtin nem igeridi (%025-35) ve bar kalinligi (0.5-1 cm) degiskenleri kullanilarak, kuruma siiresi,
sertlik ve duyusal kabul edilebilitlik tizerindeki etkileri incelenmistit. Optimum kogullar 95 °C kurutma
sicakligl, %033.96 nem ve 1.06 cm kalinlik olarak belirlenmistir. Efektif difiizivite degerleri 3.04 X 107°-7.00
X 1071 m?/s araliginda olup, en uygun kurutma modelleri Page ve Modifiye Page olarak tespit edilmistir. Bu
caligma, sebze titketimini artirmaya yonelik fonksiyonel ve saglikh bir atistirmalik gelistirmektedir.

Anahtar kelimeler: Saglikh atistirmalik, fonksiyonel gida, yanit ylizey yontemi (RSM), ince tabaka kurutma
modelleme, tekstiir, duyusal profil, temel bilesen analizi (PCA)

OPTIMIZATION OF VEGETABLE AND FRUIT BASED OATMEAL BAR
PRODUCTION WITH RESPONSE SURFACE METHODOLOGY AND
MODELLING OF DRYING PROCESS

ABSTRACT

This study formulated vegetable (celery, cauliflower, brussel sprout) and fruit (apple, orange, date)
oat bars, optimized production conditions using the response surface methodology (RSM), and
identified the most suitable drying model. Nuts, cinnamon, and chestnut flour were incorporated to
enhance texture and flavor. The Box-Behnken design evaluated drying temperature (65-95 °C), final
moisture content (25-35%), and bar thickness (0.5-1 cm) concerning drying time, hardness, and
sensory acceptability. The optimal conditions were determined as 95 °C drying temperature, 33.96%
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Sebze ve meyve bazli yulafli bar Gretiminin optimizasyonu

moisture content, and 1.06 cm thickness. Effective diffusivity values ranged from 3.04 X 107'° to
7.00 X 107'* m?/s, with Page and Modified Page models identified as the best fit. This study presents
a functional and healthy snack alternative, particularly for individuals with difficulty consuming

vegetables.

Keywords: Healthy snack, functional food, response surface methodology (RSM), thin layer drying
modelling, texture, sensory profile, Principal Component Analysis (PCA)

GIRIS

Kiiresel boyutta yiyecek-icecek ve fonksiyonel
gida pazari, diger endustriyel sektSrlere kiyasla
strekli biytiyen bir ekonomik deger tasimaktadir.
Beslenmenin temel bir ihtiya¢ olmasi, hizla artan
dinya niifusu ve bu dogrultuda artan tiketim
talepleri, gida endistrisinin  blylime hizint
artirmaktadir. Fonksiyonel gida pazarinin hizla
blytmesi, Grlin ¢esitliliginin ve erisilebilirligin de
artmasina neden olmaktadir (Gupta vd., 2023).
Yasam standartlarinin  yikselmesiyle  birlikte
bireyler, saglikli bir yasam tarzinin 6nemini daha
iyi  kavrayarak bu dogrultuda  beslenme
aligkanliklart  edinmektedir. Bilingli tiiketiciler,
gida Urlnlerinin saglik tzerindeki etkilerine daha
fazla 6nem verereck beslenme aliskanliklarinda
degisiklik yapmakta ve saglik acisindan faydalt ek
islevlere sahip atistirmaliklari tercih etmektedir.
Bu atistirmalik gidalar, sebze, meyve, kuruyemis,
tahil, stt Grtinleri ve yenilebilir cigekler gibi dogal
ve saghgt destekleyen bilesenler icermektedir
(Chen vd., 2022). Artan talep dogrultusunda,
saglikli atistirmalik pazart 2018 yilinda kiresel
olarak 23.05 milyar Amerikan (ABD) dolarn
buyikligine ulasmis olup, 2026 yili itibariyla
yaklasik 40.769 milyar ABD dolart degerine
ulasacagi tahmin edilmektedir (Chen vd., 2022).
Son yillarda, &gilin yerine gegen saglikli
atistirmaliklarin popiilerlik kazanmasiyla birlikte,
bu alanda yenilik¢i Urlnlerin  gelistirilmesi
gindeme  gelmistir.  Awuigtirmabklar,  6giin
aralarinda tiketilen kiiciik porsiyonlu yiyecekler
olarak tanimlanmakta olup, sebze batlari enerji
saglayan, protein, vitamin, mineral acisindan
zengin, tokluk hissi veren, lif yoniinden zengin ve
dustik  kalorili  Ozellikleriyle  fonksiyonel
atistirmaliklar arasinda 6ne ¢ikmaktadir.

Meyve ve sebze tiketimi, insan saghgini
destekleyerek obezite riskini azaltabilen 6nemli bir
unsurdur. Diinya Saglik Orgiitii, gtinliik en az 400
g meyve ve sebze titketimini 6nermekte; ne var ki
bircok tilkede cocuklarin sebze tiketimi 6nerilen

miktarin altinda kalmaktadir (Jonsson vd., 2019).
Bu baglamda c¢ocuklarin sebze tlketimini
artirmaya yonelik saglikl atistirmalik alternatifleri
gelistirilmesi gerekliligi 6ne ¢tkmaktadir. Kereviz,
karnabahar ve lahana gibi sebzelerin kanser riskini
azaltict etkilere sahip oldugu literatiirde yapilan
calismalatla ortaya konulmustur (Kiyak vd., 2014).
Bu sebzeler, lif, vitamin, karotenoid ve mineral
acisindan zengin olup, antioksidan Ozellikleri

sayesinde tip 2 diyabet, kardiyovaskiiler
hastaliklar, koroner kalp hastaligt ve hipertansiyon
gibi  hastabklara  karst  koruyucu  etki

gostermektedir. Bu dogal antioksidan bilesenler,
flavonoidler gibi radikal temizleyici ajanlar
icermekte ve oksidatif strese karst koruma
saglamaktadir (Nandasiri vd., 2023). Benzer
sekilde, elma, portakal ve hurma gibi meyveler de
saglikli atistirmaliklar icin 6nemli birer segenek
olarak 6ne ¢tkmaktadir. Elma, yiiksek lif igerigi ve
tatli-asidik lezzetiyle dengeli bir tat sunarken
(Boyer ve Liu, 2004), portakal, zengin C vitamini
icerigi ve ferahlatict aromastyla tercih edilmektedir
(Abakpa ve Adenaike, 2021). Hurma ise, dogal
seker icerigi ve yumusak dokusuyla tat ve kivam
actsindan saglikli atistirmaliklara katk1
saglamaktadir (Mahomoodally vd., 2024). Bu
meyveler,  saglikll  atigtirmaliklarin  besin
degerlerini  artirmakla  birlikte,  fonksiyonel
Ozelliklerinin -~ de  gelistirilmesine  olanak
sunmaktadir. Dolayistyla, sebzeler ve meyveleri
iceren Urlnler, cocuklarin saghkli atigtirmalik
tercihleri icin hem besleyici hem de lezzetli bir
alternatif olusturmakta, bu da saghklhi beslenme
aliskanliklarinin kazanilmasina katki saglamaktadir
(Alemu, 2024). Ayrica, bu c¢alisma kapsaminda,
triiniin islevsel 6zelliklerini artirmak ve glutensiz
seceneklere yonelen tiketicilerin taleplerine yanit
vermek amactyla kestane unu  kullandmistir.
Kestane unu, icerdigi dogal baglayict bilesenler
sayesinde gida uriinlerinde kivam ve yapi
saglamada etkili bir katki maddesi olarak 6ne
ctkmaktadir (Brochard vd., 2021).
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FAO (Gida ve Tarim Orgiitii) verilerine gore,
2022 yili itibariyla Diinya genelinde kereviz (k6k)
tretimi  yaklastk 4476000  ton  olarak
gerceklesmistir. Kereviz, Ozellikle Avrupa ve
Asya'nin  farklt bolgeletinde  yaygin  olarak
yetistirilen bir sebze olup, bu bélgelerdeki tarimsal
dretim Onemli bir yer tutmaktadir. Briksel
lahanast Gretimi ise aynt yil yaklasik 1352000 ton
olarak kaydedilmistir ve basta Belcika ve Amerika
Birlesik Devletleri olmak tizere, bu tlkeler
uretimde basi ¢cekmektedir. Karnabahar Gretimi
Dinya genelinde 26058228 ton olarak belirlenmis
olup, ozellikle Cin, Hindistan ve ABD gibi
tlkelerde yogun sckilde yetistirilmektedir. Bu
durum, karnabahari dinya pazarinda 6nemli bir
sebze yapmaktadir. Diinya genelinde 6nemli bir
meyve olan elma, Uretim ve ticaret acisindan
stratejik bir rol oynamaktadir. Cin, diinya elma
Uretiminin  yaklastk %50'sini  karstlamaktadir.
Diger buyiik dretici tilkeler arasinda Hindistan,
Amerika Birlesik Devletleri ve Tirkiye yer
almaktadir. Ttrkiye, 2022 yilinda 4.7 milyon ton
elma dretimiyle diinya swralamasinda tglincd
sirada yer almis ve elma idretimi, Glkenin tarim
sektérinde 6nemli bir ekonomik faaliyet olarak
one ctkmistir. Bu Gretim artigt, kiiresel elma arzint
artirarak diinya genelindeki meyve tiiketimi ve
ticaretinde 6nemli bir rol oynamaktadir. Portakal,
Dinya capinda 6nemli bir narenciye meyvesi
olarak tretim ve ticaretinde belitleyici bir rol
oynamaktadir. 2022 yilt itibariyla portakal tiretimi
yaklasik 75.4 milyon ton olarak kaydedilmistir.
Hurma, 6zellikle Orta Dogu ve Kuzey Afrika
bélgelerinde 6nemli bir meyve olup, bu
bélgelerdeki idretim yogunlasmaktadir. Hurma
tretimi, basta Misir, Suudi Arabistan, Iran,
Cezayir ve Irak olmak tzere bircok tlkede
gerceklestirilmektedir ve bu tlkeler, dinya
capinda hurma tretiminin buyik bir kismint
tstlenmektedir (FAO, 2024).

Tirkiye Istatistik Kurumu (TUIK) verilerine gore,
kereviz (kok) tretimi 2023 yilinda 22460 ton
olarak gerceklesmisken, 2024 yili icin bu miktarin
28100 ton seviyesine ¢tkmast beklenmektedir. Bu
arttg, Turkiye’nin i¢ pazar talebinin artisinin bir
gOstergesidir. Britksel lahanasi tretimi ise 2023
yilinda 2209 ton iken, 2024 yilt i¢in bu miktarin
2200 ton olarak 6ngérilmektedir. Bu sebzelerin
tretimsel hacimlerindeki artiglar, saglikli beslenme

talebindeki artis ile iliskilendirilmektedir. Dinya
genelinde elma, portakal ve hurma tretimi 6nemli
bir ekonomik faaliyet alani olusturmakta olup,
Tirkiye bu alanda dikkat c¢ekici bir Uretici
konumundadir.  TUIK  verilerine  gore,
Turkiye'deki elma tretimi 2023 yilinda 4.7 milyon
ton iken, 2024 icin bu miktarin 5 milyon tona
ctkmast beklenmektedir. Portakal iretimi ise
2023’te 1.8 milyon ton seviyelerinde gerceklesmis
olup, 2024 icin 2 milyon ton civarina ulagmast
ongorilmektedir. Hurma tretimi 2023’te 120000
ton olarak kaydedilmisken, 2024’te 130000 ton
olmast beklenmektedir. Bu artislar, i¢ talebin yani
sira  ihracat potansiyelindeki yiikselmeyi de
gostermektedir ve Tirkiye'nin meyve tretimi,
kiiresel pazarda 6énemli bir rol oynamaktadir. Bu
gelismeler, saglikli beslenme aligkanliklarini tesvik
etmekte ve Turkiye’nin tarmsal  Gretim
kapasitesinin arttigint ortaya koymaktadir (TUIK,
2024).

Market raflarinda yeni meyve, sebze, tahil bazl ve
yitksek proteinli atigtirmalik bar gesitleri oldugu
gibi literatiirde de bu kapsamda yapilan kapsamlt
calismalar mevcuttur. Bu calisgmalarda domates,
kabak, mantar, cilek ve incir gibi bitki bazli
hammaddeler kullamlmistir (Chen vd., 2022;
Dimopoulou vd., 2023; Hastaoglu vd., 2023; Atik
vd., 2024; Gul vd., 2024; Ali vd., 2024; Sharma
vd.,, 2024). Literatiirde stnih sayida yapilan
calismalarda karnabahar ve kereviz kullanilarak
fonksiyonel kurabiye (Nicetin vd., 2024), vegan
sakizli sekerleme (Ghodsi ve Nouri, 2024) ve tahil
bazli atistirmalik (Stojceska vd., 2008) tretildigi
gorilmustir.  Santiago-Ramos — vd.,  (2022)
arastirmasinda Uzim ve domates posalarindan
elde edilen yan drtinlerin (%36) kullanimiyla
yenilikci bir atistirmalik gelistirmistir.
Formiilasyonda yulaf, chia tohumu, kinoa, bal ve
fistik ezmesi gibi besin degeri yliksek bilesenler de
yer almustir. Uriin, hedef tiiketici grup tarafindan
hem  lezzetli hem de saghkli  olarak
degerlendirilmistir. Atistirmalik, 50 °C, 60 °C ve
70 °C olmak tzere tg¢ farkli sicaklikta zorlamalt
hava yontemiyle kurutulmustur. Kurutma verileri,
Newton, Page, Henderson ve Pabis ile Midilli—
Kicik modellerine uygulanmis ve bu modellerin

kurutma egrilerine yitksek uyum sagladigt
belirlenmistit.
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Ancak turpgiller ve maydanozgiller familyasina ait
biyoaktif bilesenlerce zengin kereviz, karnabahar
ve briksel lahanasi sebzeleriyle gelistirilmis ve
meyve iceren yulafli atisirmalik bir barin
tretilmesine ait bir calismaya rastlanmamigtir. Bu
nedenle calismada, meyve (elma, portakal ve
hurma) ve sebze (kereviz, karnabahar ve briiksel
lahanast)  bazli  yulafli  bar  {retiminin
formilasyonunu  olusturmak, yanit yizey
yontemiyle tiretim kogullarint optimize etmek ve
kurutma prosesine en uygun matematiksel modeli
belitlemek amaglanmustir.

MATERYAL VE METOT

Materyal

Calismada, Bursa ilindeki semt pazarindan tedarik
edilen kereviz (Apium graveolens), karnabahar
(Brassica oleracea), briksel lahanasi (Brassica oleracea
Gemmifera), elma (Malus sp., Rosaceae) ve portakal
(Citrus sinensis) le marketten temin edilen cesitli
ticari firmalara ait hurma, ceviz ici, findik ici,
tarcin, kakao, yulaf, kestane unu ve sitrik asit
kullandmustir. Laboratuvara getirilen tim sebze ve
meyveler, bar Gretimleri gerceklestirilinceye kadar
+4 °Cde buzdolabt kosullarinda muhafaza
edilmistir.

Metot
Sebze ve meyve bazl yulafls bar jiretimi
Sebze ve meyve bazli yulaf barinin idretiminin

formilasyonunun  ve  iretim  yOnteminin
olusturulmasi icin on denemeler
gerceklestirilmistir.  Yapillan  6n  denemeler
sirasitnda  farkli  oranlarda sebze  (kereviz,

karnabahar, britksel lahanast), meyve (elma,
hurma, portakal), kuruyemis (findik ici ve ceviz
ici), yulaf ve batlarin lezzet ve yapisal dengesinin
olusturulmast icin dretime yardimect diger
maddeler (kestane unu, kakao, tarcin ve sitrik asit)
kullanilmistir.  On denemeler sirasinda hedonik
duyusal degerlendirme sonuglarina gére barlarin
genel kabul edilebilirligi ve tekstirel yapist dikkate
alinmistir.  Yapilan bu denemeler sonucunda
barlarin formilasyonunda yer alan bilesenler ve
oranlart belirlenmis ve asagida aciklanan Uretim
yontemi olusturulmustur.

Barlarin ilk Gretim asamasinda “yzkama, ayiklama ve
kabuk  soyma”  islemleri  gerceklestirilmistir.

Formiilasyonda yer alan kereviz (%12.5),
karnabahar (%9.5) ve briiksel lahanasindan
(%10.5) olusan sebzeler ile meyve olarak yer alan
elmalar (%14) yikanmus, aytklanmis ve kabuklar
soyulmugtur.  Formilasyon  Cizelge  1de
verilmistir. Tkinci asama “baglama” islemi olup
sebzeler  buharda  haslanmistir.  Haglama
isleminden 6nce dograma islemiyle kiiciik parcalar
haline getirilen sebzeler, yizey alanlarinin
arttirtlmastyla birlikte daha kisa stirede etkili bir
haslama isleminden ge¢mistir. Gergeklestirilen 6n
denemeler sirasinda haslama sirasinda sebzelerde
istenmeyen kokular olustugu ve genel kabul
edilebilirligi  olumsuz  etkiledigi
varilmustir. Bu amagla haslama suyuna sebzelerin
istenmeyen kokularint bertaraf etmek icin ev tipi
kati meyve sikacagi (Arzum, Tirkiye) kullanilarak
stkilan portakal suyu (%25 v/v) ilave edilerek
haslama iglemi 30 dakika sire ile 100 °C’de
buharda gerceklestirilmistir. Ugtincii agama olarak
“Pulp elde etme”  islemi  gergeklestirilmistir.
Haslanmis sebzeler stuzildikten sonta bir kaba
alinmistir. Portakal kabugu (%2.8) elde etmek ve
elmanin (%14) pulpa islenmesini kolaylastirmak
amactyla meyveler rendelenmistir. Rendeleme
asamasinda ac¢iFa c¢tkan meyve suyuna sitrik asit
(%0.2) ilave edilerek bu stvida kestane ununun
(%5) c¢ozinmesi gerceklestirilmistir. Kestane
ununun bu islemin ardindan daha etkili bir sekilde
hamur tekstiirinde rol oynadigi ve yapt
butinligini saglanmast ve fonksiyonel urin
olusturulmast icin 6nemli oldugu sonucuna
varilmustir (Bignardi vd., 2012; Paciulli vd., 2016;
Littardi vd., 2020; Brochard vd., 2021). Taze
hurma, besin degeri agisindan bir¢ok meyveden
ustin olup, yiksek lif icerigi ile sagliga yararli
ctkileriyle bilinmektedir (Mrabet vd., 2019).
Dolayisiyla  hurma formiilasyona fonksiyonel
6zelliginin olmast ve barlari tatlandirmast amactyla
katdmistir. Onceden 1lik suda bekletilip ve
yumugatilmis ve cekirdekleri c¢ikartilmis hurma
(%17) da karisima eklenmistir. Itk suda
bekletmek hurmanin yumusamasint ve bdylece
daha kolay isleme alinmasini saglamistir. On
islemden gecirilen tim hammaddeler bir
ogitiicide pulp haline getirilmistir. Pulp, 2-5
dakika sireyle ev tipi bir homojenizatérde
(Arzum, Tirkiye) homojen hale getirilmistir.
Dérdunct asama “Yan diriinlerin gegtigi islemler ve

sonucuna
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pulpa ilavesi” olup findik ici (%68) ve ceviz ici (%05)
15 saniye siireyle oOgutilmistir.  Ogiitiilen
kuruyemisler, hamura eklenmis ve ardindan yulaf
ezmesi (%14) ile birlikte tarcin (%0.5) ve kakao
(%1) gibi aroma verici bilesenler ilave edilerek
karistirma islemi gerceklestirilmistir. Son asamada,
hamurda tim malzemelerin dengeli bir sekilde
dagilmast barin  kalite 6zelliklerini  dogrudan
etkilediginden, 3 dakika stireyle karistirma islemi
uygulanmustir. Bar Gretimi “Hamur sekillendirme ve
kurutma” islemi ile devam etmistir. Asagida
actklanan deney tasartminda belitlenen 3 farkl
kalinliga (0.5, 1 ve 1.5 cm) uygun olarak
dikd6rtgen prizma olacak  sekilde kalipla
sekillendirilen bar hamurlar (Cizelge 2), Gretimin
son asamasinda sicak hava kurutucusunda
kurutulmustur.

Cizelge 1. Sebze ve meyve bazli yulaflt barin

formulasyonu
Table 1. Formulation of the vegetable and fruit-based oat
bar
Bilesenler Miktar (%o)
Components Amount (%)
Kereviz
Celery 12.5
Karnabahar 9.5
Canliflower ’
Briiksel lahanasi 105
Brussels sprouts ’
Elma
Apple 14
Portakal kabugu 23
Orange peel '
Kestane unu 5
Chestnut flonr
Taze hurma 17
Fresh dates
Findik ici 8
Hazelnut kernel
Ceviz ici 5
Walnut kernel
Yulaf ezmesi 14
Oatmeal
Portakal suyu
Orange juice 25
Tarcin
Cinnamon 0-5
Kakao 1
Cocoa

Kurutma Lslemleri

Sicak hava ile kurutma yénteminde, bir kabin
kurutucu (200 W, 220 V, 50-60 Hz; Yicebas
Makine Analitik Cihazlar Sanayi Y35, Izmir,
Tirkiye) kullanilmistir. Kurutucunun sicakligt ve
bagil nemi, sirastyla £2 °C ve * %2 hassasiyete
sahip sensorler ile Slculmustir. Kurutma islemi
%20 bagl nem ve 6n denemelerle belirlenen 65,
80 ve 95 °C sicakliklarda gerceklestirilmistir.
Barlar sicak hava ile kurutma yéntemi kullanilarak
deneme desenine gére son uriiniin nem miktart
%25, 30 ve 35'e ulasana kadar kurutulmustur
(Gizelge 2). Kurutma islemi, barlarin yag gecirmez
kagit  Uzerine  yerlestirilmesinin  ardindan
gerceklestirilmistir. Kurutma islemleri boyunca 30
dakika araliklarla 6rneklerin  agirhgt 0.01 g
hassasiyetle dijital bir terazi (Mettler Toledo,
MS3002S) aractligtyla periyodik olarak izlenmistir.
Daha sonra barlar oda sicakliginda sogumaya
birakidlmistir.

Deneysel Tasarim

Bu ¢alisma kapsaminda sebze ve meyve bazli yulaf
barlarinin tretimi “Yanit Yiizey Metodu (RSM)”
kullanilarak optimize edilmistir. RSM, basit
ampirik deneysel modeller kullanarak sistemlerin
modellenmesini kilmaktadir.  Bu
yontem, bircok degiskenin eszamanlt olarak
incelenebilmesine olanak tanimakta ve sistemin
yamutini etkileyen faktotlerin optimize edilmesini
saglayarak minimum sayida deney yapimasini
hedeflemektedir. ~ Ayni  zamanda,  proses
sonrasinda islem parametrelerindeki degisikliklere
verilen yanitin anlasilmasina katkida
bulunmaktadir (Ozcelik vd., 2009; Ko¢ ve
Kaymak-Ertekin, 2010; M'hir vd., 2019; Ozkan
Karabacak vd., 2022; Tunckal vd., 2022).

mumkun

Yanitlart optimize etmek amaciyla tig¢ seviyeli Box-
Behnken deney tasarimi  kullanilmistir.  Bu
tasarimda degiskenler yapdan 6n denemeler
sonucunda belirlenmistir. Bagimsiz degiskenler,
kurutma sicakhigs (°C), son tGriiniin nem igerigi (%o)
ve bar kalinhgr (cm) olarak belirlenmistir. Bu
calismada yanit degiskenleri olarak kurutma stiresi
(Y1), tekstir parametresi olarak sertlik (Y2) ve
duyusal analiz parametresi olan genel kabul
edilebilirlik (Y3) degetlendirilmistir. Deneysel
tasarimi olusturmak icin t¢ faktér ve seviyeleri
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(1,0,-1) dikkate alinmistir. Seviyeler, yiksek deger
(1), optimum deger (0) ve dusiik deger (-1) olarak
tanimlanmustir  (Cizelge 2). Calismada deney
tasarimi bu parametreler ve seviyeler gbz 6éntinde

bulundurularak 15 kosuldan  olusmaktadir
(Cizelge 2).
Y :ﬂ0+zi3:1ﬁi X i-'-zi?’:llgii x i2+zi2:123j:i+1ﬂij X i X j té
M

Cizelge 2. RSM’de kullanilan bagimsiz degiskenlerin Box Benhken matrisi ve deneme deseni
Table 2. Box-Benkhben matrix of independent variables used in the RSM and excperimental design

Bagimsiz degiskenler Parametre Seviyeler
Independent variables Parameter Levels
Dastk (-1) Orta (0)  Yiksek (1)
Low (-1) Medium (0)  High (1)
Xi Kurutma sicakligt (°C)
Drying temperature (°C) 65 80 95
X2 Son triniin nem igerigi (%) 25 30 35
Moisture content of the final product (o)
X5 Bar kalinhgr (cm)
Bar thickness (cm) 0-> ! 15
Bagimsiz degiskenler ve seviyeleri
Independent variables and their levels
Deneme Kosullari
Experimental Conditions X - X
1 1 0 -1
2 1 -1 0
3 1 1 0
4 1 0 1
5 0 -1 -1
6 0 0 0
7 0 0 0
8 0 0 0
9 0 1 -1
10 -1 1 1
11 -1 -1 0
12 -1 0 1
13 -1 0 -1
14 -1 -1 1
15 -1 1 0
RSM optimizasyonu cercevesinde, Bo, Bi, Bi ve Bj yurttilmesinde, polinom denklemlerinin
sembolleri sirastyla kesisim noktasi, dogrusal, olusturulmasi, regresyon katsayilarinin
ikinci dereceden ve etkilesim regresyon terimlerini  hesaplanmasi, uyum eksikliginin
ifade etmektedir. e terimi, modeldeki hata degerini degerlendirilmesi, R* ve  dizeltilmis R?
temsil ederken, X; ve Xj bagimsiz degiskenleri; Y = degerlerinin hesaplanmasi,  p-degerlerinin
ise Ongorilen yanit degiskenini gostermektedir belirlenmesi ve uygun modellerin tanimlanmast
(Denklem 1). Cesitli faktotlerin her bir yanit  icin  Design Expert 11  (Stat-Ease Inc.,
degiskeni tizerindeki etkisini gérsel olarak analiz Minneapolis, ABD)  yazilmi  kullandmistr.

edebilmek amaciyla t¢ boyutlu  grafikler
olusturulmus ve ayrica her bir fakt6r icin en uygun
seviyeler belirlenmigtir. Regresyon analizinin

Degetlendirilen faktorlerin - yanit  degiskenleri
tzerindeki etkisi, %5 anlamhlik diizeyinde analiz
edilerek tanimlanmustir.  Modelin p-degerinin
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0.05'ten kicuk olmasi, model terimlerinin
istatistiksel olarak anlamli oldugunu gdstermistir
ve bu durum, denklemlere karsilik gelen katsayilars
anlamli hale getirmistir. Buna karsilik, p-degerinin
0.05'ten buyuk olmasi, ilgili modelin tasarima
yeterli uyum saglamadigini ve uyum eksikligi
degerlerinin anlamli olmadigint isaret etmistir.
Ayrica, R* degerinin 0.80'den biyitk olmast,
modelin istatistiksel anlamliliginin bir géstergesi

olarak kabul edilmistir (Ozkan-Karabacak vd.,
2023).

Deneysel Kurutma Kinetigi ve Matematiksel Modellerle
Kargilastzrma

Sebze ve meyve bazli yulafli barlar i¢in uygun
kurutma modelini segmek amactyla yaygin olarak
kullanilan 6 ince tabaka matematiksel modeli
kullanilmigtir. Bu modeller Cizelge 3’te verilmistir.

Cizelge 3. Ince tabaka kurutma model 6rnekleri
Table 3. Thin layer models and equations

Model Model Denklem Referanslar

No Egunation References

1 Page MR = exp (—42) (Liu vd., 2009)
Modifiye page MR = exp [(—42)7] (Togrul, 2006)
Modified Page

3 Logaritmik MR = aexp (k) +¢ (Bhattacharya vd., 2015)
Logarithnic

4 Lewis MR = exp (=47 (Doymaz, 20006)

5 Henderson & Pabis MR = a exp (—£7) (Evin, 2012)

6 Two term MR = g exp(—4#) + (1 — a) exp(—kat)  (Ertekin ve Heybeli, 2014)

Barlarin nem oranlart (MR) Denklem 2 ile

hesaplanmustir.
MR = Mi—M, (2)
M;—M,

Yukaridaki denklemde; M, M; ve M. sirastyla t
anindaki nem icerigini (g HxO/g km), baslangi¢
nem igerigini (g H»O/g km) ve denge nem
icerigini (¢ HxO/g km) ifade etmektedir (Doymaz,
2011).

En uygun modeli se¢mek icin ana kriter belirleme
katsayisidir  (R?). Kok ortalama kare hatast
(RMSE) ve Ki kare (¥2) uyum derecesini tahmin
etmek icin kullantlmistir. R2 bire yakin oldugunda
ve hem RMSE hem de y2 stfira yakin oldugunda
en iyl uyum elde edilmistir (Doymaz, 2011). R2
model egrisinden hesaplanmis olup RMSE ve y2
degerleri Denklem 3 ve Denklem 4 kullanilarak
hesaplanmistir.

1 o 2 %
RMSE = ‘:NZi—l(MRevai - MRpre,i) :l (3)

N

Z(MRexp,i - Ilepre,i)z

2 _ i=l

N-n 4

Burada N gézlem sayisi, MRep; i konumundaki
deneysel MR, MRy 1 konumunda tahmin edilen
MR ve n tahmin edilecek parametre sayisidir.

Etkin Nem Difiizivitesinin Belirlenmesi

Bar oOrneklerinin  kuruma davranslarint analiz
etmek amaciyla Fick'in ikinci yasasi kullantdlmustir.
Bu yasa, kurutma sirecinde nem transferinin
difiizyon  yoluyla gerceklestigi  varsayimina
dayanir. Bu cercevede, sonsuz levhalar icin etkili
diftizyon katsayist (Degr) (Crank, 1975) Denklem
5'e gore hesaplanmistir.

s41°

7 ©
Burada Deg (m? /s), L (m) ve n sirastyla etkin nem
diftizivitesini, malzemenin yart kalinhigini ifade
etmektedir. “S” ise Desr ve InMR'n zamana (t)
karst diiz bir cizgisinin egimi ile elde edilmistir
(Sufer ve Palazoglu, 2019; Ozkan Karabacak vd.,
2022; Tunckal vd., 2022).

Dy =
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Renk Analizi

Meyve ve sebze bazli yulaflt batlarin kolorimetrik
degerleri [L¥ a* b¥* Croma (C¥) ve ton agist (5°)]
CR-5 Konica Minolta Chroma Meter (Osaka,
Japonya) kullanilarak Slcilmustir. L* degeri
aciklik veya koyulugu, a* degeri kirmizilik veya
yesilligi, b* degeri ise sarilik veya maviligi temsil
etmektedir. Ayrica, bu 6lciimlerden elde edilen C*
degeri renk yogunlugunu, /° degeti ise 0° ile 360°
arasinda degisen actyla renk tonunu temsil
etmektedir. Ek olarak, toplam renk degisimi
(AE*w) L¥* a* b* degerleri kullanilarak asagidaki
denklem 6’ya gbre hesaplanmustir:

AES, = J(L - )2 +(@ —a)* +(b" —b])’
(6)

Burada, L, a*o ve b*omeyve ve sebze bazli yulafl
bar orneklerinin kurutma oOncesi hamur halinin
renk degerlerini temsil etmektedir.

Tekstiir Analizi
Kurutma isleminden 24 saat sonra, barlarin
tekstirini degerlendirmek amactyla 50 kg yik

hticresiyle donatilmis bir tekstiir analiz cihazi (TA-
XT PLUS, Stable Microsystems, UK)
kullanilmustir. Barlarin sertligini géstermek icin
kirilmalart esnasinda uygulanan maksimum tepe
kuvveti Olctlmustar. Her test icin
kuvvet/penetrasyon grafigi olusturulmustut.

Dunyusal Analiz

Duyusal  degetlendirme,  Bursa  Uludag
Universitesi Gida Miithendisligi Boliimii'nden 10
egitimli panelist tarafindan gerceklestirilmistir
(Sekil 1). Her bir numuneye 3 haneli bir kod
atanmustir. Panelistler, Girintin parlaklik-matlik,
renk, yiizey diizglinligi, sertlik, gevreklik, agizda

dagilmama, lezzet, koku ve genel kabul
edilebilirlik gibi cesitli Ozelliklerini
degerlendirmigtir.  Ayrica, kabuk-i¢ renk farki,

partikil dagilimi ve kalinlk gibi kesitsel 6zellikler
de degerlendirilmistir. Degerlendirme 5 puanlik
(1: hi¢ begenmedim 5: ¢ok begendim) bir hedonik
Olcek kullantlarak yapilmustir (ISO 2006; ISO
2011; ISO 2012a-b).

Sekil 1. Sebze ve meyve bazli yulafli bar 6rnegi
Figure 1. Vegetable and fruit-based oat bar sample

£
Istatistiksel Analiz

Tum tUretim ve analizler G¢ tekrarlh olarak
gerceklestirilmistir.  Istatistiksel — optimizasyon

Design-Expert Versiyon 11 yazilimi (StatEase
Inc., ABD) kullanilarak yapilmustir. Ttm 6l¢im

verileri SPSS for Windows (strtim 23.00)
yaziliminda analiz edilmis ve sonuglar ortalama +
standart sapma seklinde raporlanmistir. Veriler,
tek yonli varyans analizine (ANOVA) tabi
tutulmus ve gruplar arasindaki  anlamlt
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farkliliklarin  tespiti  icin  Duncan’m  ¢oklu
karsilastirma testi kullantlmistir (p < 0.05). Ayrica,
barlardaki benzerlik ve farkliliklar incelemek ve
verilerdeki 6rtntiileri ortaya ¢ikarmak amactyla
Temel Bilesen Analizi (PCA) uygulanmistir. Bu

analiz, Minitab 21.0 yazilimi ile
gerceklestirilmistir.
SONUC VE TARTISMA

Kuruma Kinetigi ve Etkili Nem Difiizyon
Katsayis1 (Desr) Degerleri

Barlarin  kurutma islemi, deneme desenine
(Cizelge 1 ve Cizelge 2) 65, 80 ve 95 °C
sicakliklarda sicak hava ile kurutma yoéntemi
kullanidarak %89 nem igeriginden son iriiniin
nem miktart %25, 30 ve 35'e ulasana kadar
gerceklestirilmistir. Son Urin nemine, kurutma
sicakhigina ve barlarin kalinligima baglh olarak
kurutma stresi 70 dk ile 310 dk arasinda
degismistir.

Etkili nem difiizyon katsayist (De.rr), gidalarda
nemin igsel hareketini tamimlayan ve kurutma
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slirecinin ~ kinetigini  Ongérmede  kritik  bir
parametredir. Bu katsayl, Urinin nem igerigi,
fiziksel yapist ve sicaklik gibi i¢ kosullara bagh
olarak degisiklik gosterir ve kurutma verimliligi ile
enerji gereksinimlerini dogrudan etkiler. Desr
degerlerinin, Griin gelistirme ve kurutma islemi
optimizasyonunda dikkate alinmasi, kurutma
zamaninin  kisaltlmast  ve Uriin  kalitesinin
korunmasi agisindan kritik 6neme sahiptir. Des'in
dogru modellenmesi, asir1 veya yetersiz kuruma
risklerini azaltarak driin kalitesinin korunmasina
ve tekstur, renk ve besin Ozelliklerinin
iyilestirilmesine olanak tanir (Dadali vd., 2007;
Akter vd., 2022). Her bir deneysel ¢alisma icin
elde edilen Deg degetleri Sekil 2'de sunulmustur.
Bar numuneleri icin Deg degerlerinin 3.04 X 1071
ile 7.00 X 107 m?/s arasinda degistigi tespit
edilmistir. Bu aralik, genel olarak gida
malzemelerinin kurutma islemi sirasinda nem
diftizyon katsayisindaki degisikliklerle iliskili olan
107" ile 10® m?/s araliginda yer almaktadir
(Surendhar vd., 2019).
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Deneme Kosullar:

Experimental Condifions
Sekil 2. Sebze ve meyve bazlt yulafli bar 6rneklerinin Deg degerleri
Figure 2. Dy values of vegetable and fruit-based oat bar samples
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Bu calismada elde edilen Des degetlerinin,
numunelerin isleme kosullarina goére Onemli
farkldiklar gOsterdigi sonucuna varlmistur. En
yuksek Deg degeri, 4. deneme koguluyla (95 °C,
%30 nem ve 1.5 cm) dretilen barlarin
kurutulmasinda elde edilmistir. Bu barlar, deney
tasariminda belirlenen en yliksek kurutma sicakligt
olan 95 °C'de kurutulmustur. Buna karsilik, en
disik Degr degeri 11. denemeden (65 °C, %25
nem ve 1 cm) elde edilmis olup, bu 6rnek deney
tasariminda 6ngoérilen en dusiik kurutma sicakligt
olan 65 °C'de kurutulmustur. Bu bulgular,
kurutma sicakhginin Degr degerleri tizerindeki
onemli etkisini ortaya koymaktadir. Genel olarak,
diger deneme kosullarinda da yiiksek sicaklikta
gerceklestirilen kurutma islemlerinin daha yiiksek
Deee degetleri ile sonuglandigt gézlemlenmistir.
Ayrica, Degr  degerlerinin - kurutma  zamam
kisaldikga arttigr gbzlenmistir.

Gida trinlerinde Deg degerleri, kurutma sicakligy,
trtin kalinlig, baslangic ve son nem icerigi,
kurutma yéntemi ve kosullart gibi faktorlere bagl
olarak  degiskenlik  gOsterebilir.  Yiiksek
sicakliklarda gergeklestirilen kurutma islemi, gida
maddelerindeki nemin daha hizli buhatlasmasint
saglayarak daha yiksek D.g degetlerinin elde
edilmesine yol agar (Deng vd., 2018). Ayrica, Grlin
kalinligt da nemin difizyon hizint etkileyen kritik
bir faktordir; daha ince Grtunler, daha disik nem
icerigi ve dolayistyla daha yiiksek Degr degerleri ile
sonuglanabilir. Farkli calismalarda artan kurutma
sicakligy ile etkili diftizivite degerlerinin yitkseldigi
gozlemlenmistir (Torki-Harchegani vd., 2016).
Ozkan-Karabacak vd., (2023) calismasinda, 60, 70
ve 80 °C sicakliklarda sicak hava kurutucusunda
kurutulan portakal dilimlerinin Degr degerlerini
1.77-5.71x1077 m?/s arasinda tespit etmistir.
Bagka bir calismada, yesil ve yari olgun mango
dilimlerinin 50, 60, 70 ve 80 °C sicakliklarinda
sicak  hava kurutulmast
sonucunda, Desr degerlerinin yesil mango dilimleri
icin yaklasitk 1.74 X 1071 ile 3.15 X 107'® m?/s
arasinda, yar1 olgun mango dilimleri i¢in ise 2.30
X 1071 ile 3.28 X 107'® m?/s arasinda degisim
gOsterdigi belirlenmigtir. Bu bulgular, kurutma
sicakliginin  ve olgunluk diizeyinin mango
dilimlerinin nem diftizyon 6zellikleri tizerindeki
etkisini  degetlendirmede Onemli bir veri

kurutucusunda

sunmaktadir (Corzo vd., 2008). Calismalarda
gbzlemlenen difiizivite degerlerindeki farkliliklar,
uygulanan kurutma yontemleri, farkli sicaklik
kosullart ve formilasyonda kullanilan spesifik
katki maddelerinin etkileriyle iliskilendirilebilir.
Kuruma Matematiksel
Modellemesi

Ince tabaka kurutma modelleri, gida ve tarim
triinlerinin kurutma kinetigini analiz ederek, trtin
kalitesinin korunmasina ve hasat ile isleme
siirecinde  meydana  gelebilecek  kayiplarin
azaltlmasina katki saglayan yaklasimlar olarak
degerlendirilmektedir (Inyang vd., 2018). Sebze ve
meyve  bazli  yulafli  batlarin  kuruma
karakteristikleri altt farkli ince tabaka kurutma
modeli kullanilarak modellenmistir (Cizelge 3).
Sicak hava ile kurutulan bar 6rnekleri icin tahmin
edilen model katsayilari ve istatistiksel sonuclar
sirastyla  Cizelge 4 ve 5te sunulmustur. Bu
cizelgeden de gorilebilecegi gibi, R?, RMSE ve %2
degerlerine  dayalt  istatistiksel =~ parametreler
strastyla 0.8623 ile 0.9999, 0.0000046 ile 0.089632
ve 0.000011 ile 0.052844 arasinda degismektedir.
En uygun model i¢in karar kriteri 1’e en yakin R?
degerine ve 0’a en yakin RMSE ve %2 degerlerine
dayanmaktadir. Bu kriterlere gbre, hem Page hem
de Modifiye Page modelleri bar Orneklerinin
kuruma Ozelliklerini dogru bir sekilde temsil
etmek icin en uygun modeller olmustur.

Egrilerinin

Karabacak vd., (2018) calismasinda, mikrodalga
(190, 375 ve 680 W), vakum (500, 600 ve 700
mbar) ve sicak havada (70, 85 ve 100 °C) kurutma

yontemlerinin - kereviz  dilimlerinin  kuruma
Ozellikleri  Uzerindeki etkileri  incelenmistir.
Calismada elde edilen R?% RMSE ve 2

degerlerinin sirasiyla 0.8454 ile 0.9994, 0.001912
ile 0.136406 ve 0.000045 ile 0.215306 arasinda
degistigi belirlenmis; Page ve Modifiye Page
modellerinin bu kurutma kosullar: altnda en iyi
uyumu sagladig sonucuna ulastlmistir. Uzim ve
domates posalarindan elde edilen yan trinlerin
kullanimiyla, 50 °C, 60 °C ve 70 °C sicakliklarinda
zotlamalt hava yOntemiyle kurutulan  bir
atstrmalik  gelistirilmistir.  Kurutma  verileri,
Newton, Page, Henderson ve Pabis ile Midilli—
Kiiciik modellerine uygulanmis ve bu modellerin
kurutma egrileriyle yitksek uyum gosterdigi tespit
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edilmistir (Santiago-Ramos vd., 2022). Wang vd.,
(2022) tarafindan gerceklestirilen bir bagka
calismada ise, Cin hurmast dilimlerinin konvektif
bir kurutma sistemi kullanilarak kurutulmasinda
Page modelinin  en iyi uyumu sagladig
belirlenmistir. Benzer sekilde, bu sonuglar daha

6nce bamya (Dadali vd., 2007), maydanoz (Ozcan
vd., 2018) ve portakal dilimleri (Ozkan-Karabacak
vd., 2020) tzerine yapilan ¢alismalarda da Page ve
Modifiye Page modellerinin en uygun modeller
olarak belitlendigini ortaya koymaktadir.

Cizelge 4. Incelenen kurutma modellerinden elde edilen istatistiksel veriler (1-8)
Table 4. Statistical data obtained from the analysed drying models (1-8)

Modeller 1 2 3 4 5 6 7 8
Page Model n 0.7696 0.6933 1.0283 0.5288 0.9690 1.0874 0.9998 1.0662
katsayist  k  0.0153 0.0270 0.0054 0.0585 0.0053 0.0024 0.0046 0.0028
Model
coefficient
R2 0.9752 0.9965 0.9984 0.9987 0.9987 0.9970 0.9999 0.9982
RMSE 0.006355  0.002648  0.01723 0.001169  0.001238  0.001932  0.000275  0.001465
x? 0.00029 0.00005 0.000016  0.0000073 0.000016  0.000034  0.0000055 0.00002
Modifiye Model n  0.7696 0.6953 1.0283 0.5288 0.9690 1.0874 0.9998 1.0662
Page katsayist  k  0.0044 0.0055 0.0063 0.0042 0.0045 0.0039 0.0046 0.0040
Modified Model
Page coefficient
R2 0.9752 0.9965 0.9984 0.9987 0.9987 0.9970 0.9999 0.9982
RMSE 0.006355  0.002648  0.001723  0.006999  0.001238  0.001914  0.000275  0.001465
x? 0.0000290  0.0000504 0.0000158 0.0000261 0.0000152 0.0000341 0.0000545 0.0000196
Logaritmik ~ Model k  0.0047 0.0057 0.0061 0.0069 0.0044 0.0039 0.0046 0.004
Logarithmic katsayist 51,0513 1.0713 1.0023 1.0672 1.0129 1.0127 1.0003 1.0103
Mode{ , c 0.531185  0.408466  0.646695  0.529157  0.313221  0.414199  0.414449  0.402024
coefficien
R2 0.9654 0.9807 0.9988 0.9375 0.9989 0.9986 0.9999 0.9991
RMSE 0.031654  0.040562  0.002108  0.052651  0.005232  0.003093  0.001208  0.002403
2 0.007214  0.011846  0.000024  0.014785  0.000277  0.000087  0.000011  0.000053
Lewis Model k  0.0035 0.0057 0.0043 0.0047 0.0029 0.0027 0.0027 0.0028
katsay1st
Model
coefficient
R2 0.9301 0.9807 0.9504 0.9990 0.9430 0.9430 0.9464 0.9395
RMSE 0.041301  0.022263  0.031724  0.064365  0.045596  0.034541  0.060964  0.034545
x2 0.012282  0.003569  0.005367  0.022095  0.021050  0.010908  0.026759  0.010910
Henderson ~ Model k  0.0047 0.0057 0.0061 0.0069 0.0044 0.0039 0.0046 0.004
and Pabis katsayist 3 1.0513 1.0713 1.0023 1.0672 1.0129 1.0127 1.0003 1.0103
Model
coefficient
R2 0.9654 0.9807 0.9988 0.9375 0.9989 0.9986 0.9999 0.9991
RMSE 0.031654  0.040562  0.002108  0.052651  0.005232  0.003093  0.001208  0.002403
2 0.007214  0.011846  0.000024  0.014785  0.000277  0.000087  0.000011  0.000053
Two Term  Model k  0.0031 0.0038 0.0041 0.0046 0.0029 0.0026 0.0031 0.0027
Exponential katsayist 2 (.5125 0.5172 0.5006 0.5162 0.5032 0.5031 0.5001 0.5025
Model
coefficient
R2 0.9654 0.9807 0.9988 0.9375 0.9989 0.9986 0.9999 0.9991
RMSE 0.069573  0.081261  0.056463  0.088601  0.072244  0.064242  0.077776  0.065823
x? 0.034851  0.047545 0.017003  0.041867  0.052844  0.037733  0.043554  0.039613
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Cizelge 5. Incelenen kurutma modellerinden elde edilen istatistiksel veriler (9-15)

Table 5. Statistical data obtained from the analysed drying models (9-15

Modeller 9 10 11 12 13 14 15
Page Model n  0.4694 0.5854 1.1244 1.3286 1.0235 0.8415 0.8285

katsayist  k  0.0693 0.0302 0.0016 0.0007 0.0036 0.0082 0.0132

Model

coefficient

R2 0.9841 0.9657 0.9785 0.9846 0.9873 0.9987 0.9995

RMSE 0.003827 0.006242 0.006387 0.006800  0.000195  0.002320 0.0000046

2 0.000092 0.00028 0.00048 0.000327  0.00046 0.000013 0.000859
Modifiye Model n  0.4694 0.5854 1.1244 1.3286 1.0235 0.8415 0.8285
Page katsayist ~ k  0.0034 0.0036 0.0032 0.0044 0.0041 0.0033 0.0054
Modified Page ~ Model

coefficient

R2 0.9841 0.9657 0.9785 0.9846 0.9873 0.9987 0.9995

RMSE 0.003827 0.006242 0.006387 0.006837  0.004629  0.001331 0.000859

e 0.0000913  0.0002805  0.000534 0.000381  0.000195  0.0000232  0.0000461
Logaritmik Model k  0.0052 0.0048 0.00121 0.0038 0.0038 0.0118 0.0061
Logarithmic katsayist a2 1.049 1.0695 1.1977 1.0238 1.0238 1.1053 1.0164

Model ¢ 0.523014 0.506533 0.4350487  0.550669  0.569475  0.364095 0.593177

coefficient

R2 0.9003 0.9638 0.9188 0.9403 0.9916 0.8824 0.9945

RMSE 0.070081 0.042603 0.061843 0.013963  0.006369  0.047032 0.012366

e 0.030696 0.013068 0.050066 0.001592  0.000371  0.028957 0.000956
Lewis Model k  0.0035 0.0035 0.0035 0.0048 0.0046 0.0038 0.0039

katsay1st

Model

coefficient

R2 0.9711 0.9833 0.9965 0.9432 0.9751 0.8623 0.9708

RMSE 0.068796 0.048310 0.012461 0.028980  0.013386  0.009272 0.045863

e 0.029581 0.016804 0.002033 0.006859  0.001638  0.001125 0.013146
Henderson Model k  0.0052 0.0048 0.003 0.0038 0.0039 0.0032 0.0061
and Pabis katsayist a4 1.1049 1.0695 1.0045 1.0238 1.0105 1.0631 1.0164

Model

coefficient

R2 0.9003 0.9638 0.9964 0.9950 0.9916 0.9926 0.9945

RMSE 0.070081 0.042603 0.004276 0.005412  0.006369  0.022325 0.012366

e 0.030696 0.013068 0.000239 0.000239  0.000371  0.006524 0.000956
Two Term Model k  0.0035 0.0032 0.0020 0.0025 0.0026 0.0021 0.0041
Exponential ~ katsayist 5 0.5025 0.5168 0.5009 0.5059 0.5026 0.5153 0.5041

Model

coefficient

R2 0.9003 0.9638 0.9967 0.9950 0.9916 0.9926 0.9945

RMSE 0.089632 0.074778 0.049771 0.046826  0.050836  0.059049 0.063686

e 0.050211 0.040260 0.032428 0.017907  0.023628  0.045645 0.025350
Renk Analizi Kurutma islemi sonucu iretilen batlarin [*

Renk, bir gida maddesinin tiiketici tarafindan
kabul edilmesinde 6nemli bir kalite kriteridir
(Ozkan-Karabacak  vd., 2023). Kurutulmus
uriinlerin mekanik 6zellikleri fiziksel durumlariyla
(Roos vd., 1998) ve kurutma siireci boyunca
meydana gelen yapisal degisikliklerle yakindan
iliskilidir (Garcfa-Martinez vd., 2013). Cizelge
6'da, batlarin renk parametreleti
karsilastirilmaktadir.

degerleri 26.39+0.08 ile 32.4910.44 arasinda
degismektedir (P<0.05). Bu da, kurutulmus
barlarin hamur haline kiyasla daha koyu oldugunu
gostermektedir. 15. kogsul (65 °C, %35 ve 1 cm)
sonucu Uretilen barlar, en yitksek L* degerine
sahipken, 13. kosuldan (65 °C, %30 ve 0.5 cm)
elde edilen barlar en disitk L* degerine sahiptir.
Bu durum, barin kalinhg: ve nem igerigine baglt
olarak actklanabilir.
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Cizelge 6. Sebze ve meyve bazli yulaflt barlarin renk degerleri
Table 6. Color values of vegetable and fruit-based oat bars

Deneme

Kosulu L a* b* N c b
Experimental

Conditions

Bar hamuru

Bar dough 34.94+0.12»  12.1240.02*  19.63%0.08% - 23.07£0.06* 58.3110.11¢
1 30.85%0.10d 5.6710.04i 11.78£0.06¢  10.95%£0.14F  14.2140.04¢ 60.59%0.17>
2 31.06+0.404 6.69£0.03h 11.19£0.09¢  10.76+0.07f  14.20+0.10¢ 59.64%0.01>
3 31.05%0.084 5.81+0.03f 12.09£0.11¢  10.57£0.06%  13.66%£0.10f  61.26%0.252
4 30.5510.08¢ 5.68%0.02i 11.61£0.04¢  11.18+0.20¢F  13.18%£0.028  61.25%£0.07»
5 27.60%0.11s 6.98£0.058 10.08£0.25F  13.10£0.19¢  12.26£0.22h 55.30%0.58f
6 29.03+0.25f 5.9910.14i 7.4810.261 14.8410.21» 9.5840.29i 51.311+0.43
7 31.01£0.084 5.85+0.08fi 8.03+0.078 13.76+0.11> 9.94+0.117 53.94£0.17h
8 31.29+0.16< 5.87£0.03f 8.12+0.04s 13.60+£0.15>  10.02+0.041  54.10%0.162"
9 28.90£0.04f 8.03%0.034 10.93£0.12¢  11.35+0.16¢  13.57£0.09f  53.6710.38"
10 26.9410.04h 8.81£0.04> 12.25£0.19¢  11.384+0.13¢  15.09+0.17¢  54.26%0.38sh
11 30.961+0.314 6.7110.04h 10.19£0.11F  11.59£0.12¢  12.20£0.11" 56.61%0.14¢
12 31.6510.26¢ 7.4310.03f  11.51£0.25¢ 9.9410.018 13.71£0.22f  57.17£0.444
13 26.39£0.08t 8.33+0.07¢ 11.77£0.204  12.2240.024  14.42+0.199¢  54.71+0.31¢
14 30.32£0.09¢ 7.72£0.06¢ 12.17£0.01¢ 9.8210.18¢  14.74£0.60d  57.59%0.214
15 32.49+0.44b 8.26+0.05¢ 13.42+0.14> 7.71£0.03h 15.76+0.13b 58.4010.24¢

*Sutunlardaki farkli harfler istatistiksel olarak 6nemli farkliliklart temsil etmektedir (P<0.05)
*Different letters in the columns indicate statistically significant differences (P<0.05)

Orneklerdeki  yesilligin-kirmiziligin -~ géstergesi
olan a* degerleri 5.6710.04 ile 8.81%0.04 arasinda
degistigi  gozlemlenmistir. Bar hamurunun *
degerinin istatiksel olarak kurutma sonrast elde
edilen barlara gore ylksek oldugu gézlenmistir.
Bar hamurunun a* ise 12.12+£0.02 olarak
Olctlmustir. Barlardaki mavilik-sarilik gostergesi
olan bir diger renk parametresi b* ise 7.4810.26
ile 13.42£0.14 arasinda tespit edilmigtir. C* ve A°
degerleri  siasiyla  9.58%0.29-15.76+0.13  ve
51.31£0.43-61.26+0.25 arasinda degismistir. Bir
sire¢  boyunca gida  Uriinlerindeki  renk
degisiminin (AE*,,) kurutulmus bar 6rnekleri icin
7.7120.03 ile 14.84%£0.21 arasinda degistigi
bulunmustur. 15. kosul ile tretilen barlarin en
dustik  renk degeri elde etmesi, renk
parametrelerinin - bar hamuruna daha yakin
oldugunu ortaya koymustur. Kurutma islemi

strasinda meydana gelen renk degisimleri, Griniin
besin degeri ve duyusal 6zellikleri tzerinde de
etkili olabilmektedir. Istk (2024) tarafindan
gerceklestirilen bir calismada, Trabzon hurmasi,
balkabag1, yaban mersini ve muz gibi farkli meyve
piireleri igeren barlarin renk parametreleri ¥, a¥,
b*, C* ve b* degerleri sirasiyla 44.85%1.00,
7.70£0.01,  15.76£0.49,  17.29%£0.13  ve
64.33%0.86 olarak belirflenmistir. Hurma barlarina
iliskin I* degeri 43.85, a* degeri 9.85 ve b* degeri
ise 29.03 olarak raporlanmistir (Parn vd., 2015).
Ayrica, literatiirde Kinow cesidi mandalinadan
elde edilen mandalina suyu kullanilarak bar
tretiminin gerceklestirildigi bildirilmektedir. Bu
calismada, formile edilen barin kalitesini artirmak
amaciyla %1, %2, %3 ile %4 oranlarinda farklt
konsantrasyonlarda pektin ilavesi yapilmustir.
Pektin ilavesinin, L*, 4% b* renk degerleri
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tzerindeki etkisi incelenmis ve L* degerinin
41.50£0.85 ile 42.32%0.08, a&* degerinin
539+0.17 1ile 5.87%0.17, b* degerinin ise
6.20+0.16 ile 06.90%0.16 arasinda degistigi
bulunmustur. Calismada pektin ilavesinin barlarin
renk ve besin Ozellikleri tzerinde bir etkisinin
olmadigt rapor edilmistir (Aggarwal vd., 2022).
Literatiirdeki diger barlarin renk parametreleri ile
calismamizda elde edilen parametre degetleri
arasindaki farkliliklarin, bar Gretiminde kullanilan
bilesenler, kurutma turii ve kosullari ile nem
iceriginden kaynaklanabilecegi diistiniilmiistiir.

Duyusal Analiz

Bar Orneklerinin yiizey géruntimi Ozelliklerinin
duyusal degerlendirme sonuglar1  Sekil 3’de
sunulmustur. Renk ve ylzey dizginligi
parametrelerini panelistler ortalama olarak 3.10 ile
450 arasinda  degerlendirildiklerinden  tim
batlarin ortanin Gstinde bir begenilme derecesine
sahip oldugu sonucuna varidmistir. 3. kosul (95 °C,
%35 ve 1 cm) ile tretilen barlar, bu iki parametre
bakimindan en begenilen numune olmustur (Sekil

3 ve Cizelge 7). Ayrica, bu 6rnek en kisa kuruma
siresine sahip olmasiyla da One c¢tkmaktadir
(CGizelge 11). Diger barlara kiyasla 14. ve 15.
deneme kosuluyla iretilen barlarin begeni puant
daha dusuk elde edilmistit. Bu numunelet,
minimum kurutma sicakligt olan 65 °C'de
kurutulmus olup, kalinliklart sirastyla 1.5 cm ve 1
cm'dir. Bu kosullarda tretilen batlarin daha az
begenilen numuneler olarak degerlendirilmesinin,
digiik  kurutma  sicakhgmmn  ve  kalinligin
etkilerinden  kaynaklandigt  diistintlmektedir.
Dastik kurutma sicakligl, yizeyde daha purtzli
bir gérinim ve renk homojenliginde bozulmaya
neden olabilir, ¢lnkii nemin daha yavas
uzaklasmasi, Uriinin  homojen  kurumasini
engelleyebilmektedir.  Ayrica, daha  kalin
numunelerde, ic kisimlarin yeterince
kuruyamamasi, Urinin genel gorsel ve tekstirel
kalitesini olumsuz yonde etkileyebilmektedir. Bu
faktorler, panelistler tarafindan renk ve ylzey
diizgtinliigii parametreleri icin verilen puanlarin
disiik olmasina neden olmus ve bu numuneler en
az begenilenler arasinda yer almustur.

Cizelge 7. Yizey gorunim 6zellikleri parametrelerinin sonuglart
Table 7. Results of surface appearance characteristics parameters

Ornek Parlaklik-Matlik Renk Yiizey diizgiinligi
Sample Gloss-Mattness Color Surface smoothness
1 3.30%0.94ab* 3.40£0.702 3.70£0.672>

2 3.40£0.692> 3.80£0.91a 4.50%0.702

3 3.80%0.78a 4.10%£0.992 4.50£0.52a

4 3.50%0.844b 3.90£0.87a 3.80£0.91ab

5 2.60£1.26> 3.50%0.84a 4.40%0.692

6 2.90%0.873b 3.70£0.48a 4.00£0.94a>

7 2.50%0.84> 3.40£0.692 4.10£0.872

8 2.70x1.15b 3.40%£1.17a 4.20%£0.91ab

9 2.80%1.03b 3.90£0.732 3.80%£1.133b
10 2.50%£1.08b 3.80£0.782 3.90%1.28b
11 3.30%1.33ab 4.00£0.94a 4.30£0.672
12 3.20%£1.31ab 4.201+0.782 4.00£1.05
13 3.50%1.08ab 4.00%1.152 4.40£0.69=
14 2.60£1.07> 3.20%£0.78a 3.10+1.19b

15 2.70£0.94ab 3.10£0.872 3.10£1.37b

*Sttunlardaki farklt harfler istatistiksel olarak 6nemli farkliliklar temsil etmektedir (P<0.05)

*Different letters in the columns indicate statistically significant differences (P<0.05)
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Sekil 3. Sebze ve meyve bazli yulafli bar 6rneklerinin ylizey gérintim 6zelliklerinin degerlendirilmesi
Figure 3. Elvaluation of surface appearance properties of vegetable and fruit-based oat bar samples

Barlarin kesit 6zellikleri, Griintin gorsel cekiciligi
ve titketici begenisi tizerinde dogrudan etkili olan
6nemli  bir  duyusal  kriterdirt.  Duyusal
degerlendirmede barlarin  kesit  6zellikleri  de
incelenmistir  (Sekil 4 ve Cizelge 8). Bu
degerlendirme sonucunda, 11, 13. ve 14
kosullarda iretilen barlarin, kabuk-i¢ renk farki
parametresinde en begenilen OSrnekler oldugu

belirlenmistir. Bar kalinlig1 acisindan ise, 11. ve 13.
kosullarda tretilen barlar en yiiksek puanlar
almugtir. Bu barlarin kalinliginin sirasiyla 0.5 ve 1
cm oldugu tespit edilmistir. Bar kalinligr da
triniin tekstiirel 6zelliklerini etkileyen 6nemli bir
faktér olup, daha ince barlarin homojen bir
kuruma profiline sahip oldugu ve bu nedenle
begeni kazandigi gérilmektedir.

izelge 8. Kesit 6zelliklerinin sonuclart
Cizelg ¢
Cizelge 8. Results of sectional properties

Ornek Partikil dagilimi Kalinlik Kabuk i¢ renk farki
Sample Particle distribution Thickness Crust-interior color difference
1 4.10+0.87 3.60£0.96%> 4.00£0.66*

2 4.30£0.82+ 4.10£0.73% 3.90%£1.10-

3 4.10%0.732 4.00+1.05% 4.00£0.81=

4 4.20%1.032 3.80£0.78 3.60£1.07=

5 4.30%0.822 3.20%1.13bc 3.60%1.50¢

6 4.4010.69- 4.00£1.05% 3.70%£1.702

7 3.90£0.73¢ 4.30%0.67+ 3.60£1.17=

8 4.00£0.94 4.30£0.822 3.70£1.15¢

9 4.6010.69- 4.20%0.78 4.00%£1.63

10 3.80£1.03¢ 2.60£1.42¢ 3.40%1.17=

11 4.10+1.102 4.50£0.52+ 4.30£0.94

12 4.30£0.827 3.80£1.13% 3.90£0.99-

13 4.4010.84 4.50%0.70- 4.30£0.94

14 3.70£1.25 4.10£0.87+ 4.30£0.67¢

15 3.80£1.03¢ 3.80£1.03 4.10£0.87=

*Sttunlardaki farklt harfler istatistiksel olarak 6nemli farkliliklar: temsil etmektedir (P<0.05)

*Different letters in the columns indicate statistically significant differences (P<0.05)
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Sekil 4. Sebze ve meyve bazli yulafli bar rneklerinin kesit 6zellikleri puanlari
Figure 4. Section properties scores of vegetable and fruit-based oat bar samples

Barlarin  tekstiir, agiz hissi, lezzet ve koku
parametreleri degerlendirildiginde, 5’lik hedonik
skalada 3 tzerinde begeni gdsterdigi sonucuna
ulastmistir  (Sekil 5 ve Cizelge 9). Bar
numunelerinin sertlik ve gevreklik parametreleri
degerlendirildiginde 3. kosul ile tretilen barlarin
bu o6zellikler agisindan en ¢ok begenilen 6rnek
oldugu gézlenmistir. Bu barlar, maksimum %35
son urin nem igerigine kadar kurutulmus olup,
kurutma sicakligt 95 °C ve bar kalinligi 1 cm’dir.
13. kosul ile dretilen barlar, “kumlu-kuru
olmama” parametresi agisindan en ¢ok begenilen
numune olarak 6ne c¢tkmistir. 2. kosul bu
parametrelerde en disik puant alan numune
olarak belirlenmistir. Bu duruma yitksek kurutma
sicaklign ve diisitk bar kalinliginin sebep oldugu
dustintlmistir. Bu bulgular, barlarin duyusal
Ozellikleri ile kurutma kogullari arasinda iliski
oldugunu ortaya koymaktadir. Yiksek kurutma
sicaklig1, bazi barlarda yiizeyde asirt kuruma ile
sonuclanmis ve bu durum, olumsuz duyusal geri
bildirimlere yol agmistir. Ozellikle, diisiik kalinlik
ve ylksek kurutma sicakligi kombinasyonunun,
trtiniin agizda dagilmama Ozellikleri ile lezzet
algist tizerinde olumsuz etkiler olusturdugu tespit
edilmistir.

Korelasyon Analizi

Korelasyon — analizi, degiskenler — arasindaki
etkilesimlerin anlagilmasinda ve dolaylh iliskilerin
belirlenmesinde  kritik bir rol oynamaktadir
(Ratner, 2009). Bu analizden elde edilen bulgular,
meyve ve sebze bazlt yulaflt bar 6rneklerinin renk,
duyusal ve tekstiirel 6zellikleri tizerindeki etkilerin
daha iyi kavranmasina Onemli Olclide katk:
saglamaktadir.

Duyusal degerlendirme, trtin 6zellikleri ile insan
algis1 arasindaki yasal ve spesifik iliskilerin nicel
verilerle  belirlenmesini  saglayan temel bir
yontemdir. Bu yontemin enstriimantal analizlerle
iliskilendirilmesi, duyusal degerlendirmelerin
dogrulugunu  artirmanin  yami  swra  Urlin
Ozelliklerinin =~ daha  kapsamlhi  bir  sekilde
anlasilmasint saglamaktadir. Enstriimantal
Olctimler, genellikle maliyet etkinligi ve verimlilik
avantajlart nedeniyle duyusal panellerin yerine
kullanilmaktadir (Wang vd., 2007). Meyve ve
sebze bazll yulafli bar 6rneklerinde duyusal ve
enstrimantal analizler arasinda elde edilen
korelasyon sonuclari, bu baglamda tirtin 6zellikleri
ve algisal degerlendirmeler arasindaki iligkilerin
belitlenmesine olanak tanimaktadir (Sekil 6).
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Cizelge 9. Tekstiir ve ag1z hissi, lezzet ve koku 6zelliklerinin sonuglart
Table 9. Results of texture and mouthfeel, flavour and odonr characteristics

Ornek Sertlik Gevreklik  Kumlu-Kuru Olmama  Agizda Dagilmama Lezzet Koku

Sample  Hardness Crispness Dryness Disintegration in the mouth  Flavor Odor

1 3.70£0.82%>"  3.90+0.992 3.60%£0.962 4.10£0.732 3.701£0.942  4.301+0.822
2 3.30+1.33% 3.20%£1.3120 3.40+1.502 3.30+1.252 3.10+£0.992  4.00+0.812
3 4.00+0.81*  4.10£0.732 3.90%0.732 4.30£0.672 4.201£0.912  4.00+0.66*
4 3.40+1.17%  3.50£1.08 3.50+1.352 3.90£0.992 3.70+£1.33*  4.20+0.78
5 2.90%£1.19>  3.00£0.942b 3.50+1.262 3.40+1.072 3701252 3.90+1.102
6 3.70%£1.15%  4.10%0.87 3.90%0.872 4.20£0.782 4.20+0.78  4.30+0.822
7 3.80+0.78%  3.60£0.69 4.20£0.782 3.80+0.912 4.00+0.812  4.20+1.03*
8 3.10+0.99%  3.30£0.822 3.70+1.252 3.40£0.962 3.90+£0.992  3.80+1.03*
9 3.60+£1.57%  3.60£1.172 3.80+1.032 3.90+0.872 3.90+£0.992  4.20+1.03*
10 2.90£1.52>  2.90%1.28b 4.00£1.15% 3.50£1.082 3.50£1.08*  3.90£1.192
11 3.50+1.17% 3.50%1.35% 3.80£1.13¢ 4.10£0.992 3.60£1.34+  3.80£1.392
12 3.60+£1.07%  3.60£0.96% 4.10£1.102 4.00£0.942 3.70£0.94*  4.10£0.997
13 3.50+1.35% 3.50%+1.26% 4.40£1.072 4.20£0.91» 4.00£1.24*  4.10£1.192
14 3.50+0.70%  3.50%1.08 3.50£0.84 3.70£0.822 3.80£1.13*  3.80£1.03%
15 3.60+1.07%>  3.30£0.82% 3.70£0.822 3.80£0.917 3.40£1.17¢  3.90£0.997

*Sttunlardaki farkls harfler istatistiksel olarak 6nemli farkliliklart temsil etmektedir (P<0.05)
*Different letters in the columns indicate statistically significant differences (P<0.05)

4
5
6
9 8
=== Sertlik (Hardness) === Gevieklik (Crispness)
Kumlu-Kuru Olmama (Dryness) Agizda Dagilmama (Disintegration in the mouth)
=== ezzet (Flavor) w===K oku (Odor)

Sekil 5. Sebze ve meyve bazlt yulafli bar 6rneklerinin tekstiir ve agiz hissi, lezzet ve koku 6zellikleri
puanlart
Figure 5. Texcture and mouth feeling, flavour and odonr scores of vegetable and fruit-based oat bar samples
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Sekil 6, meyve ve sebze bazli yulafli bar
orneklerinde Olgiilen ve hesaplanan parametreler
arasindaki  pozitif ~ve negatif  dogrusal
korelasyonlart ortaya koymaktadir. Bu kapsamda,
renk, duyusal ve tekstiirel parametreler arasinda
bir¢ok anlamli pozitif ve negatif dogrusal iligki
tespit edilmistir. Renk parametreleri arasinda C*
ile b* (R?=0.99), C* ile a* (R?=0.90) ve a* ile b*
(R®>=0.80) arasinda vyiksek dizeyde pozitif
korelasyonlar belirlenmistir. Buna karsilik, h ile
kabuk-i¢ renk farki (R®>=-0.70) arasinda yuksek
duizeyde negatif bir iliski gézlenmistir.

Duyusal parametreler arasinda yiizey dizgiinligii
ile renk (R*=0.84), gevreklik ile sertlik (D)
(R2=0.72) ve lezzet ile koku (R?>=0.71) arasinda
yuksek pozitif korelasyonlar tespit edilmistir.
Ayrica, lezzet ile kalinhk (R?=0.58) arasinda orta
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Kahnhk
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Yiizey Dizglnli...
Sertlik (D)
Gevreklik
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Kabuk-ig Renk F...

Senlikm§ g E
Kalnhk | =

Partilciil Dagnlim

Parlaklik-Mathk

dizeyde pozitif bir iliski saptanmustir. Agizda
dagidmama, sertlik ile (R*>=0.63), gevreklik ile
(R?=0.61) ve kumlu-kuru olmama ile (R?=0.61)
arasinda orta diizeyde porzitif korelasyon
gOstermistir.

Bu calisgmaya ek olarak, atistirmalik barlarin fiziko-
kimyasal Ozellikleri arasindaki korelasyonlart
inceleyen bagka bir arastirmada benzer bulgular
rapor edilmistir. S6z konusu ¢alismada, L*
degerinin a*ile negatif, b*ile ise pozitif korelasyon
gosterdigi  belirlenmistir.  Ayrica,  sertligin
kirllganlik ile negatif korelasyon gdsterdigi tespit
edilmistir (Zulaikha vd., 2021). Bu bulgular,
calismamizda elde edilen renk ve teksturel
Ozellikler arasindaki iligkileri desteklemekte ve
literatiirdeki mevcut verilerle uyumlu oldugunu
gostermektedir.

Correlation

0.5

Sertlik (D) |4
Koku

Yiizey Diizgiinli...
Kumlu-Kuru Ol...
Agizda Dagilma...

Sekil 6. Sebze ve meyve bazli yulafh bar 6rneklerinin korelasyon analizi
Figure 6. Correlation analysis of vegetable and fruit-based oat bar samples
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Bununla birlikte, sertlik (T) parametresi, sertlik
D) ile (R?=-0.41), renk ile (R*>=-0.40) ve agizda
dagilmama ile (R®>=-0.52) arasinda negatif yoénde
zayif bir iliski sergilemistir. Bu durum, sertligin
tanimlanmasinda enstriimantal analiz ile duyusal
degerlendirme arasinda farkli mekanizmalarin
etkili olmasindan kaynaklanabilir (Wang vd.,
2007). Panelistler, duyusal sertlik algisin1 yalnizca
uygulanan kuvvetin buyiikligine gére degil, aynt
zamanda Urinin  yizey Ozellikleri, yapisal
butiinligh ve elastikiyet gibi cok yonlia fiziksel
niteliklerine dayanarak degerlendirmektedir. Bu
durum, duyusal analizlerin bireysel algtya bagh
olarak degisebilecegini ve ¢ok boyutlu bir
degerlendirme streci icerdigini géstermektedir.
Buna karsin, tekstlir analiz cihazlari, belitli bir
kuvvet, stkistirma veya penetrasyon testine dayalt
olarak sertligi objektif ve tekrarlanabilir bir sekilde
Olemektedir. Bu farklilik, duyusal ve enstriimantal
sertlik  Gl¢imleri arasindaki olast  sapmalart
aciklamaktadir (Bland vd., 2018).

Bu bulgular, meyve ve sebze bazl yulafli batlarin
duyusal ve fiziksel 6zellikleri arasindaki karmagsik
iligkilerin daha iyi anlagilmasina ve tiriin gelistirme
calismalarinda  etkili stratejiler belirlenmesine
olanak saglamaktadir.

Temel Bilesen Analizi (PCA)

Temel bilesen analizi, biyik veri kiimelerinin
boyutlulugunu azaltmak ve sonuglarin daha
anlamli bir sekilde yorumlanmasini kolaylastirmak
icin kullanilmistir. Istatistiksel analiz icin tutulmast
gereken faktOr sayisi, verl setinin yani sira
aciklanan  varyans miktarina  da  bagldir

(Cozzolino vd., 2019).

Sekil 7'ye gore, ylukleme grafigindeki her nokta bir
degiskenin  (Tekstiir, Renk ve Duyusal
parametreler) skora katkisini temsil ederken, skor
grafigindeki her nokta test edilen bir 6rnegi temsil
etmektedir. Temel bilesen analizinde, analizin
guvenilirligini korumak icin 6zdegerleri 1.00'den
bityiik olan bilesenler korunmustur. Tlk bes temel
bilesenin varyasyonlarin sirastyla %28.2, %20.1,
%15.3, %13.6 ve 9%8.0’mni acikladigr ve
varyasyonun kiimilatif oraninin toplam varyansin
%85.2’sine karsihik geldigi bulunmustur (Cizelge
10). PCA'da, otijinal verilerden iki temel bilesen

olusturulmus  ve  varyasyonun  %48.3’uni
aciklamistir (PC1-%28.2 ve PC2-%20.1).

Temel Bilesen Analizi (PCA) sonuglarina gore,
Temel Bilesen 1 (PC1), duyusal parametreler ve
L* degeri ile porzitif bir korelasyon gdsterirken,
sertlik (T), a% b% C ve h* degerleri ile negatif bir
korelasyon sergilemistir. PC2 seviyesinde ise
partikil dagilimi, ylzey dizginligi, kumlu-kuru
olmama, lezzet ve koku gibi degiskenler pozitif
yonde etkili olmustur. Diger parametreler PC2
dizeyinde negatif bir etki gstermistir. Vektor
yoniinde ilerledikge, 1ilgili niteliklerin degeri
artmakta ve bu konumdaki 6rnekler s6z konusu
nitelikler ile karakterize edilmektedir. Vektorin
ters yoni ise, bu niteliklerde ters bir korelasyona
isaret etmektedir.

Sekil 8'de sunulan PCA analizinin skor grafigi, bar
orneklerinin PC1 ve PC2 eksenleri boyunca nasil
konumlandigin gostermektedir. Sekilden
gorildigi tzere, 6, 7 ve 9 numaral 6rnekler PC1
boyunca yiksek korelasyon sergilemis ve duyusal
parametrelerde yuksek degerlere sahip olacak
sekilde kiimelenmistir. Buna karsin, 2 (95 °C, %25
ve 1 cm), 14 (65 °C, %25 ve 1.5 cm) ve 15 (65 °C,
%35 ve 0.5 cm) numarah 6rnekler PC1l'e negatif
katki saglamis ve 6zellikle renk parametrelerinde
yiksek degerler gostermistit. Bu durum, renk
parametrelerinin (C* ve b") 6zellikle 14 ve 15
numarali 6rneklerde ylksek olmasiin, disik
kurutma sicakligs (65 °C) ve uriin kalinligi gibi
isleme kosullartyla iliskilendirilebilecegini
gostermektedir. Disiik sicaklikta ve daha uzun
strede gerceklestirilen kurutma isleminin, Grintin
renk koruma kapasitesini artirarak daha canlt ve
istenen renklerin elde edilmesini sagladig
distuntlmektedir. Bununla birlikte, 2 numarali
ornek, yiksek sicaklikta (95 °C) kurutulmus
olmasina ragmen benzer bir etki g6stermemistir.
Bu durumun, yiiksek sicaklik kosullarinin pigment
bozunmasint hizlandirarak renk parametreleri
tzerinde olumsuz etkilere neden olmasiyla
aciklanabilecegi degerlendirilmektedir. Ayrica, 5, 8
ve 10 numarali 6rnekler PC2 ekseni boyunca
pozitif katki yaparken, 1, 3, 4, 11, 12 ve 13
numaralt 6rnekler negatif katkida bulunmustur.
Bu bulgular, elde edilen tim degiskenler icin
gozlemlenen sonuglarla tutarlidir ve 6nceki
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bolimlerde tartisilan verilerle uyum icindedir. belirli 6n islem kosullarinin bu profiller iizerindeki
PCA analizi, bar 6rneklerinin kimyasal ve duyusal onemli etkisini de agik bir sekilde ortaya
profillerini belirgin bir sekilde ayirt etmis ve gesitli koymustur.

parametrelerin  dagilimi hakkinda kapsamli bir

perspektif sunmustur. Bu analiz ayni zamanda

Cizelge 10. Bes temel bilesene kadar aciklanan varyans oranlar
Table 10. %o Variance ratios explained up to 5 principal components

Degisken

B PC1 PC2 PC3 PC4 PC5
Ozdeger 5.0845 3.6016 2.7532 2.4548 1.4377
Eigenvalue

Yiizde (%)

Pereont (%) 28.2 20.1 153 13.6 8.0
Kimilatif 28.2 483 63.6 77.2 85.2
Cumulative

I* 0.053 0.226 20.211 0.430 0.101
a* 20.229 -0.068 0.006 -0.512 0.077
b+ 20.160 -0.440 0.051 0.217 -0.138
C* 20.192 -0.407 0.059 -0.262 0111
b 20.013 -0.445 0.090 0.264 0102
Sertlik (N)*

Flardness (N)* -0.069 20104 0.436 0.259 -0.051
Partikiil Dagilims 0.220 0.088 0.317 0.115 0.049
Particle distribution

Kalinlik 0.267 -0.042 -0.145 0.051 0.554
Thickness

Kabuk-I¢ Renk Farki 0114 0321 0186 0211 0.454
Crust-interior color dzﬁereme

Parlaklik-Matlik 0.247 -0.310 0.303 0.069 0.090
Gloss-Mattness

Renk 0.196 -0.066 0.475 -0.143 0.068
Color

Yizey Diizginligh 0.148 0.169 0.423 0.069 0.285
S mface smoothness

Sertlik**

AT 0.348 -0.206 -0.208 0.010 -0.098
Gevreklik 0.397 -0.096 -0.148 0.052 20173
Crispness

Kumlu-Kuru Olmama 0.191 0.128 0.043 -0.387 -0.003
Dryness

Agizda Dagilmama 0.363 0.164 -0.060 -0.199 -0.138
Disintegration in the mouth

Lezzet 0.320 0.194 -0.156 -0.136 -0.098
Flavor

Koku 0.272 0.040 0.066 -0.004 -0.511
Odor

*Sertlik (N) tekstiir parametresi, **Sertlik duyusal parametresi
*Hardness (N) texture parameter, **Hardness sensory parameter
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Sekil 7. Sebze ve meyve bazlt yulafli bar 6rneklerinin PCA-ytkleme grafigi
Figure 7. PCA-loading plot of vegetable and fruit-based oat bar samples
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Sekil 8. Sebze ve meyve bazli yulafli bar 6rneklerinin PCA-skor grafigi
Figure 8. PCA-score plot of vegetable and fruit-based oat bar samples
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Modellerin Uyumlandirilmas: ve Yanitlarin
Matematiksel Modelleri

Sebze ve meyve bazlt yulaflt batlarinin bagimsiz
degiskenlerinin (bar kalinligi, kurutma sicakligs ve

son uriiniin nem icerigi) kurutma siresi, tekstiir
parametresi olarak sertlik ve duyusal analiz
parametresi olan genel kabul edilebilirlik tzerine
olan etkileri Cizelge 11°de sunulmustur.

Cizelge 11. Bagimsiz degiskenlerinin yantlara olan etkisi
Table 11. Effect of independent variables on responses

Ornek Sertlik (N) Kurut@a zamani (dk)  Genel kabul edilel.)i.lir]ik
Sample Hardness (N) Drying time (min) General acceptability
(Y) 9 vy

1 0.35%0.01" 130 3.50%0.70%>

2 1.55£0.052 150 3.30%1.05

3 0.68%0.02f 70 4.30%0.822

4 1.49£0.03b 90 3.60%1.174b

5 0.41£0.01n 265 3.10£1.10b

6 0.42%0.02" 230 3.80%0.78%

7 0.66%0.02f 230 3.50%0.8442b

8 0.48%0.01s 230 3.60%£1.174b

9 0.23%0.01 165 3.60x£1.174b

10 1.13£0.044 130 3.20%£1.31b

11 0.88%0.03¢ 285 4.0010.94>

12 1.30£0.05¢ 165 4.0020.66

13 0.35%0.02! 150 3.80%£1.03¢

14 0.35%0.02! 310 3.0020.9442b

15 0.2520.01 85 3.40%0.96

*Stutundaki farklt harfler istatistiksel olarak 6nemli farkliliklart temsil etmektedir (P<0.05)
*Different letters in the columns indicate statistically significant differences (P<0.05)

Belirlenen  kriterler  dogrultusunda, kurutma
stresini (dk) tahmin etmek icin en uygun model
kuadratik model olarak  belitlenmis;  bar
numunelerinin sertlik (N) parametresi ve duyusal
analizin genel kabul edilebilirlik parametresi icin
ise indirgenmis kibik model en uygun model
olarak  degerlendirilmistir. Bu  modellerin
istatistiksel anlamliligi, P-degerlerinin  0.05’ten
kiicik olmastyla gosterilmistir. Tim modeller i¢in
uyum  eksikligi istatistiksel olarak 6nemsiz
bulunmustur (P > 0.05). Yiksek R? ve dizeltilmis
R? degerleri, deneysel ve tahmin edilen sonuclar
arasinda kuvvetli bir korelasyon oldugunu ortaya
koymaktadir (Cizelge 12).

Deneysel tasarima gore belirlenen kosullar altinda
kurutulan bar numunelerinin kurutma zamanlar
Cizelge 11'de verilmistir. Sonuclara gore, 3. kosul
ile tiretilen barlar en hizlt kuruyan 6rnek olmustur.

En yavas kuruyan numune ise 14. kosul ile tiretilen
barlar olmustur. 14. kosul ile iretilen barlarin
kurutma sicakhigt (65 °C) ve nem icerigi (%25
nem), deney tasariminda belitflenen minimum
kosullarda gerceklestirilmistir. Denklem 7’ye gbre,
kurutma zamani tzerinde en Onemli etkilerden
biri kurutma sicakligt (Xi) olup, bu degiskenin
artist  kurutma  siresini  anlamli  sekilde
azaltmaktadir. Son iriinin nem igerigi (Xz) de
benzer sekilde negatif bir etki gosterirken, triin
kalinhiginin (X3) etkisi nispeten daha dusik
dizeyde kalmistir. Ayrica, bagimsiz degiskenler
arasindaki etkilesimler (X;1X> ve XiX3) ve ikinci
dereceden etkiler (X;?) kurutma zamanint anlaml
sekilde etkilemistir. Kurutma sicakligt ve son
triindeki nem igerigi, kurutma zamanint olumsuz
yonde etkilemektedir. Bu sonu¢ beklenen bir
durumdur. Nitekim, kurutma prosesi disik
sicakliklarda uygulandiginda trinin  kurutma
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siresi uzamakta; buna karsin, son urindeki
istenen nem igerigi arttitk¢a, kurutma suresini
kisalmaktadur.

Cizelge 12. Regresyon analizi yanitinin 6zeti
Table 12. Summary of regression analysis response

Kurutma . Genel kabul

%egres_yon kats.ayfl zamant (dk) I_Sler;hk ™) edilebilitlik
cgression coefficien Drying time (min) ardness (N) General acceptability
bo +225.12 +0.5963 +3.63
X1 Kutrutma sicakligt (°C)
- + -
X, Dryying temperature (°C) 34.29 0.1985 0.0625
X2 Son uriinin nem igerigi (%) -63.33
Xo Moisture content of the final product (%o) 03750 +0.1000
X3 Bar kalinhigt (cm)
X5 Bar thickness (c1) T4 +0.3907 -1.32
Xi X +206.67 -0.0600 +0.4000
XX -21.07 +0.1221 -0.0250
XX -6.67 -0.2850 -0.1500
X2 -81.80 +0.2227 +0.9042
X2? +7.85 -0.7875
X32 -5.90 -0.8125
XiXoXs -0.9900 -0.5500
Xi2X5 +1.39
Uyum eksikligi
Lack of compliance 0.1765 0.1757 0.1727
R2 0.9710 0.8843 0.9180
Dizeltilmis R?
Adjusted R? 0.9187 0.7299 0.6174
p degerd 0.0025 0.00237 0.0194
b value
. Indirgenmis - RN
Model Kua;irz;t}k Kiibik E(j{1rg;nn21.§ kiibik
Qunadratic Reduced cnbic uced cubic

Kurutma zamani

(Y1) = 22512 — 34.29X; — 63.33X, + 4.74X; +
26.67X1Xo — 21.07X1 X5 — 6.67XoX5 — 81.80X,2 +
7.85X2? — 5.90X5?
()

Denklem 7°de, bar kalinligi ile kurutma stresi
arasinda pozitif bir iliski oldugu
gozlemlenmektedir. Bu durum, bar kalinligt
arttkca kurutma siresinin de artacagini ortaya
koymaktadir. Calisgmamizda bar kalinligr 1.5 cm
olarak belirlenen 14. kosuldan elde edilen 6rnegin
kurutma siresinin, diger numunelere gére daha
uzun olmasi da dikkat ¢ekicidir. Nitekim, deneysel
tasarimda belirlenen en ylksek bar kalinligi 1.5

cm'dir. Bu bulgular, kurutma zamani tizerinde bar
kalinligr ve sicakhigin kritik bir etkiye sahip
oldugunu gostermektedir.

Sekil 9-a, kurutma zamaninin son Uriin nemi
tzerindeki etkisini  gOstermektedir. Grafikte
gozlendigl Uzere, her iki parametredeki artis,
kurutma zamaninin azalmasina sebep olmaktadir.
Sekil 9-b, artan bar kalinhiginin kurutma zamani
tzerindeki olumlu etkisini yansitmaktadir; bu
durum beklenen bir sonuctur. Sekil 9-b ile Sekil 9-
c’nin karstlastirilmasi, kurutma zamant Uzerinde
bar kalinliginin yani sira son iriin neminin de
belirgin  bir etkiye sahip oldugunu ortaya
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koymaktadir. Bu bulgu, Denklem 7'de actk bir
sckilde ifade edilmistir. Denklem 7°deki parametre
katsayilart incelendiginde, son iriin neminin
(63.33X) kurutma zamani uzerindeki etkisinin,
kurutma sicakliginin (34.20X) etkisinden daha
fazla oldugu anlagilmaktadir. Ozkan-Karabacak
vd., (2023) calismasinda, portakal dilimleri 60, 70
ve 80 °C sicakliklarda sicak hava kurutucusunda
kurutulmustur. Bu calismada, ince tabaka kurutma
davranist degerlendirilmis ve kurutma sicakliginin
artmastyla birlikte kuruma siiresinin  kisaldigt

rapor edilmistir. Benzer bir ¢alismada, patates
dilimleri 50, 60 ve 70 °C sicakliklarda, farkli hava
hizlarinda (0.6, 0.7 ve 0.8 m/s) ve dilim
kalinliklarinda (2, 4 ve 6 mm) konvektif hava
kurutucusunda kurutulmustur. Bu calismada da
kuruma stresinin artan kurutma sicakhgr ile
kisaldigr bildirilmistir (Al Faik vd., 2024). Bu
calisma kapsaminda elde edilen bulgular
literatirde rapor edilen calismalarla uyumlu
oldugu sonucuna varilmustir.

Kurutma zamani (dk)

29
B: Son Urinin nem miktan (%) A: Kurutma sicakhgr (°C )

25 65

Kurutma zamani (dk)

C: Bar kalinhgt (cm)

(b)

Kurutma zamani (dk)

C: Bar kalinlign (cm)

27 B: Son GriinGin nem miktars (%)

©

Sekil 9. Kurutma sicaklif, son triiniin nem igerigi ve bar kalinhgmnimn kurutma zamani tzerindeki
etkilerini gésteren 3D yiizey grafikleri
Figure 9. 3D surface graphs showing the effects of drying temperature, moisture content of the final product and bar
thickness on drying time
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Sertlik

Sertlik parametresi, gidalarin dokusal ézelliklerini
belirlemede 6nemli bir gésterge olup, 6zellikle
atistrmalik Griinler gibi katt formdaki gidalarda
tiketici kabuliini etkileyen temel bir kriterdir
(Jaworska ve Hoffmann, 2008). Sertlik degeri,
drinin  yapisal butinligi ve stabilitesi ile
dogrudan iliskilidir. Sebze ve meyve bazli yulaflt
bar numuneleri, sertlik parametresi agisindan
analiz edilmis olup, sonuglar Cizelge 11'de
sunulmustur. Bar numunelerinde sertlik, uriinin
kuruma sicakligt nem igerigi ve kalinlk gibi gesitli
islem kosullarina bagh olarak degisim gdstermistir.
En yuksek sertlik degerine sahip numune 2. kosul
ile tretilen bar olarak belirlenmistir. Bu 6rnegin
kurutma sicakligi 95 °C ile en yiksek seviyede
olup, son Urliin nem icerigi %25 ile en distk
diizeydedir. En disiik sertlik degerine sahip
numune ise 9. kosul ile Uretilen bardir. Bu
numunenin 6ne ¢tkan iki ozelligi, %35 ile
maksimum nem igerigine sahip olmasi ve
minimum kalinliginin 0.5 cm olmasidir. Denklem
8e gore, sertlik (Y2) tizerinde en 6nemli etkilerden
biri iirtin kalinligr (X3) olup, bu degiskenin artist
sertligi anlaml sekilde artirmaktadir. Kurutma
sicakhigt (Xi1) da sertlik tizerinde pozitif bir etki
gosterirken, son trinin nem igerigi (X2) sertligi
azaltict bir etki yapmaktadir. Bu bulgular, bar
numunelerinin  sertligi ile kurutma sicakligi
arasinda pozitif bir iliski bulunmustur. Buna gére,
kurutma sicakhiginin artist, sertlik parametresinin
artmasina yol agmaktadir.

(Y) = 0.5963 + 0.1985X; — 0.3750X; + 0.3907X
— 0.0600X:X, + 0.1221X:X5 — 0.2850X,X; +
0.2227X2 — 0.9900X,X,X; ®)

Sekil 10, Denklem 8’e benzer bir sekilde, kurutma
sicakligy ile sertlik arasindaki pozitif iliskiyi gorsel
olarak ortaya koymaktadir. Ayni zamanda, bar
kalinligr ile sertlik arasinda da dogrusal bir iliski
bulunmustur. Bununla bitlikte, son riin nemi ile
numunelerin  sertligi arasinda ters bir iliski
gozlemlenmistir; yani son uriin nem igerigi
azaldikca, numunelerin sertliginde artis meydana
gelmistir.  Deneysel  veriler, parametrelerin
etkilesimlerinin numunelerin sertligi tzerindeki
etkilerini de ortaya koymustur. Kurutma sicaklig
ile son Griin nemi arasindaki etkilesimin yani sira,
son uriin nemi ile bar kalinlig: etkilesiminin sertlik
ile ters orantilt oldugu belirlenmistir. Ote yandan,
kurutma zamani ve bar kalinligr etkilesimi sertlik
ile porzitif bir korelasyon sergilemektedir. Daha
yitksek kurutma sicakliklari, genellikle nemin daha
hizli uzaklastirilmast ve Uriinin sertlesmesi ile
sonuglanirken, daha yiksek son drin nem
icerigine sahip numunelerde buharlasma daha
stnirlt olup, trin daha yumusak bir doku
kazanabilir. Bu nedenle 2. Kosul ile iretilen
barlarin yiksek sertlik degerleri, yiiksek kurutma
sicakhigina ve diistik nem icerigine baglanabilirken,
9.kosul ile tretilen batlarin distik sertlik degerleri
daha vyiksek nem igerigine (%35) sahip
olmasindan kaynaklanmaktadir.

Sertlik (N)
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Sertlik (N)

27 B: Son Grlindin nem miktan (%)

Sekil 10. Kurutma sicakligy, son triiniin nem igerigi ve bar kalinhiginin sertlik (N) tizerindeki etkilerini
gosteren 3D yiizey grafikleri
Figure 10. 3D surface graphs showing the effects of drying temperature, moisture content of the final product and bar
thickness on hardness (N)

Calismamizda barlarin sertlik degerleri 0.23-1.55
N arasinda  degismektedir. Meyve  bazl
fonksiyonel atistirmalik barlarda kontrol, diyet lifi
ve intlin ilaveli barlarin sertlik degerleri 44.05 ile
62.22 N arasinda degisim gostermistir (Sun-
Waterhouse vd., 2010). Literatirde, domates
suyu, domates tozu, diigitk metoksillenmis pektin
ve bezelye protein izolatt kullanilarak hazitrlanan
domates bazli atstirmalik  barlarin = sertlik
degerlerinin  ise  10.6 ile86.6 N arasinda
rapotlandigi  bildirilmektedir (Gul vd., 2024).
Calismamizda elde edilen barlarin sertlik degerleri,
bu literatiirdeki sonuclara kiyasla daha disik
bulunmusgtur. Ayrica, domates bazli barlarin
%8in altinda nem seviyesine kadar kurutuldugu
belirtilmisken, ¢calismamizda elde edilen en disiik
nem degeri %25 olarak saptanmistir. Bu farkhilik,
artan nem iceriginin sertlifi azaltmasi ile
aciklanabilir. Ayrica bu c¢alisma kapsaminda
gbzlendigi gibi, literatirde yapilan calismalarda

artan  kurutma  sicakligt e  kurutulmus
malzemenin sertliginin  artug raporlanmugtir

(Zhang vd., 2019; Pashazadeh vd., 2024). Sonug
olarak, sertlik parametresinin etkin bir sekilde
kontrold, barlarin tiiketici beklentilerine daha iyi
yanit vermesini saglayarak pazar rekabetinde
Onemli bir avantaj yaratabilecegi belirtilebilir.

Genel kabul edilebilirlik

Denklem 9’a gore, genel kabul edilebilirlik (Y3)
tzerinde en 6nemli etkilerden biri trtin kalinhig
(X5) olup, bu degiskenin artist kabul edilebilirligi
o6nemli Olgiide azaltmaktadir. Kurutma sicakhig
(X1) ve nem igerigi (X2) ise, sirastyla pozitif ve
negatif etkiler yapmaktadir. Kurutma sicakligy ile
nem icerigi arasindaki etkilesim (XiXz2) kabul
edilebilitligi artirirken, kurutma sicakhigr ile Grin
kalinlip1 arasindaki etkilesim (X1X3) olumsuz bir
etki yaratmaktadir. Urln kalinhg1 ile nem icerigi
arasindaki etkilesim (X2X3) de kabul edilebilirligi
azaltmaktadir. Ikinci dereceden etkilerde, kurutma
sicakliginin karesi (X1?) ve tiriin kalinliginin karesi
(X3?) genel kabul edilebilitligi artirirken, nem
Xz?) bir etki

iceriginin  karesi olumsuz

yapmaktadir.

Denklem 9'a ve Sekil 11°e dayanan bulgular, son
driniin nem miktar1 ile panelistler tarafindan
duyusal olarak degerlendirilen genel kabul
edilebilirlik parametresi arasinda pozitif bir iliski
oldugunu ortaya koymaktadir. Bu iligki, son
driiniin nem miktarindaki artigla birlikte duyusal
panelistlerin genel kabul edilebilirlik kriterlerinin
de olumlu bir sekilde ytkseldigini géstermektedir.
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(Y3) = 3.63 - 0.0625X; + 0.1000X, — 1.32X;5 +
0.4000X;Xz — 0.0250X: X5 — 0.1500X,X5 +
0.9042X,2 — 0.7875X2% — 0.8125X32 —

0.5500X:X5X5 + 1.39X42X; ©)
Ancak, kurutma sicakligi ve bar kalinliginin genel
kabul edilebilirlik tzerinde olumsuz bir etki
yarattit  gozlenmistir.  Ozellikle, genel kabul
edilebilirlik parametresinde en distk puant alan

Genel kabul edilebilirlik

29
B: Son Grnin nem miktar (%) 27

A: Kurutma sicakhgi (°C )

14. kosulla tretilen bar, hem en duisiik kurutma
sicakligt (65 °C) hem de deney tasariminda
belirlenen en diisiik son trtin nem igerigi (%025) ile
iliskilidir. Ek olarak, bar kalinliginin maksimum
degeri 1.5 cm olarak belirlenmis olup, bu durum
elde edilen sonuglarin  denklem ile
paralelligini desteklemektedir.

olan

Genel kabul edilebilirlik

(@)

Genel kabul edilebilirik

B: Son GrinGn nem miktar (%)

©

Sekil 11. Kurutma sicakligl, son triiniin nem icerigi ve bar kalinliginin duyusal analizin genel kabul
edilebilirlik parametresi tizerindeki etkilerini gdsteren 3 boyutlu yiizey grafikleri
Figure 11. 3D surface graphs showing the effects of drying temperature, moisture content of the final product and bar
thickness on general acceptability parameter of sensory analysis
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Bagimsiz Degiskenlerin
Optimizasyonu

Bagimsiz degiskenler, sebze ve meyve bazli yulaflt
barlarin  kalite Ozelliklerini  iyilestirmek igin
sistematik olarak optimize edilmis ve tim
yanitlarin - son  urln  Uzerindeki  etkileri

Seviyelerinin

degerlendirilmistir. Kullanilan  kriterler, hem
deneysel hem de tahmin edilen yanitlarla birlikte
Cizelge 13'de sunulmustur. Tim yamtlar igin
optimum kosullar 95 °C kurutma sicakligt (X),
%33.96 son triin nem igerigi (Xz) ve 1.06 cm bar
kalinligr (X5) olmustur.

Cizelge 13. Proses kogullart i¢in optimizasyon kriterleri
Table 13. Criteria for optimization for process conditions

Deneysel durum

Hedef Alt sinir Ust Sinir~ Ongdriilen durum Eberimental
Target Lower bound — Upper bound ~ Predicted situation “xpermenta
sutnation
Kurutma zamani (dk) minimum 70 310 82.075 85
Drying time (min) mininize
Sertlik (N) minimum 0.23 1.55 0.610 0.66
Hardness (N) minimize
Genel kabul edilebilirlik  maksimum 3 4.3 4.300 4.30
General acceptability maxcimige
Istenirlik degeri = 0.878
Desirability value= 0.878
SONUC yardimct  olabilecektir. Sebzelerin atistirmalik
CGalisma kapsaminda elde edilen deneysel formunda sunulmasi, besleyici bir secenek olarak

sonuglar, kurutma sicakliginin, son irin nem
iceriginin ve bar kalinliginin kurutma stresi,
tekstiir analizindeki sertlik parametresi ve duyusal
Ozellikler tzerindeki genel kabul edilebilirlik
agisindan anlaml etkiler yarattigini géstermistir.
Optimizasyon sonucunda, 95 °C kurutma
sicakligt, %33.96 son triin nem icerigi ve 1.06 cm
bar  kalinligi, optimum  kogullar  olarak
belirlenmistir.  Ayrica, kurutma modelleme
analizleri, Page ve Modifiye Page modellerinin en
uygun modeller oldugunu ortaya koymustur.

Bu calisma, sebzelerden
atistirmaliklarin,

tretilen  saglikl
Ozellikle sebze titketiminde
zotluk yagayan tiketiciler icin Onemli bir
potansiyel sunmaktadir. Sebzelerin genellikle
tercih edilmeyen tatlartnin, lezzetli ve pratik
formlarda  sunulmasi,  saglkli  beslenme
aliskanliklarinin yayginlasmasina katkida
bulunabilir. Uretilen atistirmaliklar, sebzelerin tat
ve koku faktorlerini  maskeleyen  biyoaktif
bilesenlerle zenginlestirilmis olup, sinirli sebze
tiketimi olan  bireylere hitap etmektedir.
Uriinlerin kolay tasmabilirligi ve uzun raf émri,
geleneksel sekerli ve ylksek yaglt atistirmaliklara
saglikli bir alternatif olusturarak, obezite gibi
beslenme ile iliskili saglik sorunlarini azaltmaya

gida pazarinda yer bulma potansiyeline sahiptir.
Tiketicilerin bu Griinlerin faydalart hakkinda
bilinglendirilmesi,  ebeveynlerin  ¢ocuklarina
saglikli alternatifler sunmasina olanak taniyacaktir.
Sebze ve meyve bazli yulafli atistirmalik barlarda
kestane kullanimi, glutensiz  yapisinin
sagladigl avantajlarin yani sira Urlinlin tekstiirel
butinligini artirarak  dilimlenebilirligini  ve
homojen yapisini desteklemektedir. Yitksek diyet
lifi icerigi, barin besin degerini artirirken, diistk
yag orant ise sagliklt bir atistirmalik olarak tiiketici
tercihlerini karstlamaktadir. Bu 6zellikler, kestane
ununun sebzeli bar Gretiminde 6nemli bir bilesen
olarak kullanilabilecegini ve 6zellikle glutensiz
trtinlere yonelik talepleri karsilamada degerli bir
katki saglayabilecegini g&stermektedir. Hurmanin
dogal tatlandirict olarak triine dahil edilmesi,
sadece Urltiniin fonksiyonel 6zelliklerini artirmakla
kalmayip, ayni zamanda Urln tekstiiriine de
olumlu katki: saglamaktadir.

unu

Ayrica, barlara  kurutma  islemiyle  kolay
tasinabilirlik ve uzun raf 6mri kazandirilmistir. Bu
durum, fonksiyonel ve saglikli atistirmaliklarin
gelistirilmesine yonelik gelecekteki arastirmalara

saglam bir temel olusturmakta ve strdirtlebilir
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kalkinma stratejileri dogrultusunda yeni trtnlerin
formiilasyonu i¢in degerli bir kaynak sunmaktadir.

Gelecek arastirmalar, sebze bazli atistirmaliklarin
besin degerini ve tiketici kabulini artirmak
amactyla  yeni formiulasyonlar  izerinde
yogunlasabilir. Bitkisel bilesenlerin ve dogal
tatlandiricldarin - kullanimi,  Grlnlerin -~ lezzet
profillerini iyilestirerek tliketici ¢ekiciligini artirma
potansiyeline sahiptir. Bu kapsamda, farklt sebze
tirlerinin bir araya getirilmesiyle elde edilecek
kombinasyonlarin  besin profili ve duyusal
Ozellikler Uzerindeki etkisi detayli bir sekilde
incelenmelidir. Elde edilen son
biyoaktif bilesenlerinin detaylt karakterizasyonu
ve n-vitro sindirimi sonrast biyoerisilebilirligi
gelecekte  yapilan calismalarda ele  alinacak
hususlardir. Bunun = yamt  sira, farkh  yas
gruplarindaki bireylerin beslenme aliskanliklarint
ctkileyen  sosyal ve  kilturel faktorlerin
arastirilmast,  sebze  bazli  atistirmaliklarin
pazarlama stratejilerinin  gelistirilmesine katk:
saglayabilir. Ozellikle cocuklar ve gencler gibi
belirli demografik gruplara yonelik hedeflenmis
drin gelistirme stirecleri, bu tiir ¢alismalarla daha
etkili bir sekilde yoOnlendirilebilir.  Ayrica,
surdirtlebilir Gretim yontemlerinin ve dongisel
ekonomi ilkelerinin entegrasyonu,  gida
endistrisinde  cevre  dostu  uygulamalarin
benimsenmesine yardimet olabilir. Atik yonetimi
ve kaynak verimliligi konularinda yapilacak
aragtirmalar, sebze bazll Urlnlerin ¢evresel
etkilerini azaltarak sektérdeki surdirtlebilirlik
hedeflerine ulasilmasina katk: saglayacaktir. Tim
bu unsurlar, sebze bazli atistirmaliklarin hem
ekonomik hem de cevresel acidan strdirilebilir
bir sekilde gelistirilmesine olanak tantyacaktir.
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