ISSN Online 2148-015X

1D:A

Gida Bilimi ve Teknolojisi Dergisi

https://dergipark.org.tr/tr/pub/akademik-gida Cilt/Volume: 22 Sayi/Number: 4 Ekim - Aralik 2024

AKADEMIK

ACADEMIC FOOD JOURNAL

A JOURNAL ON FOOD SCIENCE & TECHNOLOGY
B
®
SIDAS MEDYA




Akademik Gida 22(4) 2024

AKADEMIK GIDA®
ACADEMIC FOOD JOURNAL

Akademik Gida® dergisi Gida Bilimi ve Teknolojisi alaninda hazirlanmis 6zgiin arastirma ve derleme makalelerin
yayinlandigi hakemli bir dergidir. Arastirma Notu ve Editére Mektup gibi yazilar da yayin icin degerlendiriimektedir. Dergi

3 ayda bir basilmakta olup 4 sayida bir cilt tamamlanmaktadir. Dergide Tiirkge veya ingilizce olarak hazirlanmig
makaleler yayinlanmaktadir.

Bas Editor / Editor-in-Chief

Oquz Giirsoy

(Burdur Mehmet Akif Ersoy Universitesi, Gida Miihendisligi Bolim, Burdur, Tiirkiye)
(Burdur Mehmet Akif Ersoy University, Food Engineering Department, Burdur, Turkey)

@ ogursoy@yahoo.com

Yardimci Editorler / Associate Editors

Ozer Kinik

(Ege Universitesi, Stit Teknolojisi Béltimdi, izmir, Tirkiye)
(Ege University, Department of Dairy Technology, Izmir, Turkey)

@ ozer.kinik@ege.edu.tr

Ramazan Gokce

(Pamukkale Universitesi, Gida Miihendisligi Bélim, Denizli, Tiirkiye)
(Pamukkale University, Food Engineering Department, Denizli, Turkey)

@ rgokce@pau.edu.tr

Yusuf Yilmaz

(Burdur Mehmet Akif Ersoy Universitesi, Gida Miihendisligi Bolim, Burdur, Tiirkiye)
(Burdur Mehmet Akif Ersoy University, Food Engineering Department, Burdur, Turkey)

@ yusuf.yilmaz@mehmetakif.edu.tr

Teknik Editor / Technical Editor

Hande Ozge Giiler Dal

(Burdur Mehmet Akif Ersoy Universitesi, Gida Miihendisligi Boliimi, Burdur, Tiirkiye)
(Burdur Mehmet Akif Ersoy University, Food Engineering Department, Burdur, Turkey)

@ handequler@mehmetakif.edu.tr



https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
mailto:ogursoy@yahoo.com
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
mailto:ozer.kinik@ege.edu.tr
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
mailto:rgokce@pau.edu.tr
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
mailto:yusuf.yilmaz@mehmetakif.edu.tr
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
mailto:handeguler@mehmetakif.edu.tr

Akademik Gida 22(4) 2024

AKADEMIK GIDA®
ACADEMIC FOOD JOURNAL

Uluslararasi Yayin Kurulu / International Editorial Board

Gida Miihendisligi / Food Engineering

Name and Surname Affiliation City Country
Cvnthia Ditchfield Unlv_erS|ty of Sao Paolo, Faculty (_)f Ar_umal Science and Food Sao Paolo Brazil
=ynthia Uitchfie’d Engineering, Department of Food Engineering
Arif Hepbasli Yasar University, Department of Energy Systems Engineering !zmir Turkey
Filiz Icier Ege University, Faculty of Engineering, Food Engineering Department Izmir Turkey
Erkan Karacabe Sule_yman Demirel University, Faculty of Engineering, Food Isparta Turkey
=rkan haracabey Engineering Department
Sami Gékhan Ozkal Pamukkale University, Faculty of Engineering, Food Engineering Denizli Turkey
- Department
. Technological Educational Institute of Larissa, Department of )
Konstantinos Petrotos . . : - Larissa Greece
Agricultural Engineering Technologists
Escuela Politécnica Nacional, Departamento de Ciencias de Alimentos .
Jenny Ruales ; . Quit Ecuador
y Biotecnologia
. Pamukkale University, Faculty of Engineering, Food Engineering -
Yahya Tulek Department Denizli Turkey
Gida Kimyasi / Food Chemistry
Name and Surname Affiliation City Country
Fahrettin Goaii gamantep University, Faculty of Engineering, Food Engineering Gaziantep Turkey
el b epartment
Piotr Koczon Warsaw University of_ Life Sciences, Faculty of Food Sciences, Warsaw Poland
- Department of Chemistry
Erdodan Kiicikéner Suleymap Demirel University, Faculty of Engineering, Food Isparta Turkey
Fraegan suguroner Engineering Department
oo Ege University, Faculty of Engineering, Food Engineering P
Semih Otle: Department Izmir Turkey
Beraat Ozcelik |star_1bu| Techmcal Un|v_erS|t)_/, Faculty of Chemical and Metallurgical istanbul Turkey
peraal Dzeell Engineering, Food Engineering Department
Osman Sagdi YI|d!Z Teghnlcal Unlver§|ty, Faculty of Chemical and Metallurgical istanbul Turkey
HSMAn Sageie Engineering, Food Engineering Department
Romeo Toledo Emerltus Professor, University of Georgia, Department of Food Georgia USA
- Science and Technology
Gida Mikrobiyolojisi & Biyoteknoloji / Food Microbiology & Biotechnology
Name and Surname Affiliation City Country
luliana Aorodu Dunarea de Jos University of Galati, Department of Food Galati Romania
p ) ) . h ;
Science, Food Engineering and Applied Biotechnology,
Muhammet Arici Yildiz Technical University, Faculty of Chemical and istanbul Turkey

Metallurgical Engineering, Food Engineering Department

Jurislav Babic University of Osijek, Faculty of Food Technology Osijek Croatia

Dunarea de Jos University of Galati, Department of Food

Science, Food Engineering and Applied Biotechnology, Galati Romania

Oana Emilia Constantin

ibrahim Cakir Aba_nt Izz_et Baysal University, Faculty of Engineering, Food Bolu Turkey
Engineering Department

Ondokuz Mayis University, Faculty of Engineering, Food

Ahmet Hilmi Con ) f Samsun Turkey
Engineering Department

Mehmet Yekta Goksunaur Ege University, Faculty of Engineering, Food Engineering izmir Turkey
Department

Sebnem Harsa izmir Institute of Technology, Food Engineering Department izmir Turkey

Patricia Munsch-Alatossava Independent Researcher Helsinki Finland

Omer Simsek Yildiz Technical University, Faculty of Chemical and istanbul Turke
Metallurgical Engineering, Food Engineering Department Y

Ozqiir Tarhan Usak University, Faculty of Engineering, Food Engineering Usak Turkey

Department



http://www.fzea.usp.br/?page_id=3300
https://staff.yasar.edu.tr/Create/Cv/VG1wak1sUkhaM2h45VlU1MlRsUkJOVTVFU1RN45$xYSR/tr
https://avesis.ege.edu.tr/filiz.icier
https://w3.sdu.edu.tr/personel/02929/doc-dr-erkan-karacabey
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://www.teilar.gr/person_en.php?pid=107
http://www.espol.edu.ec/postgrados/profesores/jenny-ruales-n%C3%A1jera
https://www.pau.edu.tr/gidamuhendisligi/en/sayfa/assoc-prof-dr-yahya-tulek
https://akbis.gantep.edu.tr/detay/?A_ID=104097_prof-dr_fahrettin-gogus
https://bw.sggw.edu.pl/info/author/WULS493fae26920b4bb0a49d1f695e8e1a0b/Piotr%2BKoczo%25C5%2584?r=diploma&tab=bscAndMsc&sort=&lang=pl
https://w3.sdu.edu.tr/personel/02776
https://avesis.ege.edu.tr/semih.otles
https://avesis.itu.edu.tr/ozcelik
https://avesis.itu.edu.tr/ozcelik
https://avesis.yildiz.edu.tr/osagdic
https://foodscience.caes.uga.edu/people/emeritus-faculty.html
http://www.ugal.ro/files/doctorat/abilitari/CV_Aprodu.pdf
https://avesis.yildiz.edu.tr/muarici/
http://www.ptfos.unios.hr/index.php/component/gridbox/nastavno-osoblje-2/jurislav-babic-phd-full-professor
http://www.sia.ugal.ro/files/site/2020/CV_Constantin.pdf
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://personel.omu.edu.tr/en/ahmeth.con
https://avesis.ege.edu.tr/yekta.goksungur
http://likya.iyte.edu.tr/food/people/FACULTY%20PEOPLE/SEBNEMHARSA.htm
https://loop.frontiersin.org/people/128049/overview
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
http://akbis.usak.edu.tr/Home/Index/ozgur.tarhan

Gida Analizleri / Food Analysis

Name and Surname Affiliation City Country
Abdullah Akdodan Pamukkale Un|verS|t‘y, Faculty of Arts and Science, Denizli Turkey
ADAUial ArEogan Department of Chemistry
ismail Hakki Bovac Hagettepg University, Faculty of Engineering, Food Ankara Turkey
1Smafl Hakki covacl Engineering Department
. Burdur Mehmet Akif Ersoy University, Faculty of Science and
Hale Secilmis Canbay Arts, Chemistry Department Burdur Turkey
) University of Hertfordshire, School of Life and Medical Hatfield
Mustafa Zafer Ozel Sciences, Department of Clinical, Pharmaceutical and 0. UK
. ; ! Hertfordshire
Biological Science
Gida Ambalajlama / Food Packaging
Name and Surname Affiliation City Country
Zehra Avhan gzl;zrr{r?]é]nrllversny, Faculty of Engineering, Food Engineering Sakarya Turkey
Cenaiz Caner Can_akkal_e Onsekiz Mart University, Faculty of Engineering, Food Canakkale Turkey
~enalz Laner Engineering Department
Avhan Oral Canak_kale Onsekiz Mart University, Faculty of Science, Department of Canakkale Turkey
Ayhan ral Chemistry
Siit Teknolojisi / Dairy Technology
Name and Surname Affiliation City Country
Mohamed H. Abd El-Salam Ementug Professor, National Research Centre, Department of Cairo Egypt
Dairy Sciences
Avse Sibel Akalin Ege University, Faculty of Agriculture, Dairy Technology izmir Turkey
Ayse sibel Akalin Department
Istanbul Technical University, Faculty of Chemical and ;
Meral Kilic Akyilmaz Metallurgical Engineering, Food Engineering Department Istanbul Turkey
Tapani Alatossava University of Helsinki, Department of Food and Nutrition Helsinki Finland
. . University of Zagreb, Faculty of Food Technology and .
Rajka Bozanic Biotechnology, Department of Food Engineering Zagreb Croatia
Abdullah Caglar Kocaeli Unlversny,. Faculty of Agrlcglture and Natural Sciences, Kocaeli Turkey
Department of Agricultural Economics
Sonaiil Cakmaka Atatlrk University, Faculty of Engineering, Food Engineering Erzurum Turkey
Department
Ali Adnan Hayalodlu IIgonu University, Faculty of Engineering, Food Engineering Malatya Turkey
epartment
Harun Kesenka Ege University, Faculty of Agriculture, Dairy Technology izmir Turkey
Harun fesenkas Department
Ahmet Kiiciikcetin Akdeniz University, Faculty of Engineering, Food Engineering Antalya Turkey
Ahmet ~uetkeetin Department
Barbaros Ozer Ankara University, Faculty of Agriculture, Department of Dairy Ankara Turkey
- Technology
Harun Rasit Uvsal Ege University, Faculty of Agriculture, Department of Dairy izmir Turkey
Farn rasit Uysal Technology
Yonca Yiiceer Qanakkalg Ongeklz Mart University, Faculty of Engineering, Canakkale Turkey
- Food Engineering Department
Yag Teknolojisi / Oil and Fat Technology
Name and Surname | Affiliation City Country
Pamukkale University, Faculty of Engineering, Food Engineering -
Aydin Yapar Department Denizli Turkey
Emin Yilmaz Qangkka[e Onsekiz Mart University, Faculty of Engineering, Food Canakkale Turkey
- Engineering Department
Hububat Teknolojisi / Cereal Technology
Name and Surname Affiliation City Country
. . Sileyman Demirel University, Faculty of Engineering, Food Engineering
Hulya Gul Department Isparta Turkey
Pamukkale University, Faculty of Engineering, Food Engineering -
Fatma Isik Department Denizli Turkey
.. Manisa Celal Bayar University, Faculty of Engineering, Food .
Ergun Kse Engineering Department Manisa Turkey
Pichan Prabasankar CSIR-Central Food Technological Research Institute, Flour Milling Mvsore India
- Baking and Confectionery Technology Department Y



https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://www.researchgate.net/profile/Mustafa-Ozel-6
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://avesis.comu.edu.tr/1342/
https://www.researchgate.net/profile/Mohamed-Abd-El-Salam-4
https://avesis.ege.edu.tr/sibel.akalin
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://researchportal.helsinki.fi/en/persons/tapani-alatossava
http://www.pbf.unizg.hr/zavodi/zavod_za_prehrambeno_tehnolosko_inzenjerstvo/laboratorij_za_tehnologiju_mlijeka_i_mlijecnih_proizvoda/rajka_bozanic
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://avesis.comu.edu.tr/yoncayuceer/
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://cftri.res.in/faculty_detail/2063

Et Teknolojisi / Meat Technology

Nutrition and Dietetic Department

Name and Surname Affiliation City Country
L Nevsehir Haci Bektas Veli University, Faculty of Engineering and .
Nesimi Akt Architecture, Food Engineering Department Nevgehir Turkey
Haluk Ergezer Pamukkale University, Faculty of Engineering, Food Engineering Denizli Turkey
s el Department
Hiidavi Ercoskun Can_klrl K_aratekln University, Faculty of Engineering, Food Cankiri Turkey
Hiugayl Ereoskun Engineering Department
Miikerrem Kava gtaturk University, Faculty of Engineering, Food Engineering Erzurum Turkey
vukefrem Raya epartment
Semra Kavaard Man.lsa Qelal Bayar University, Faculty of Engineering, Food Manisa Turkey
=emra Rayaardi Engineering Department
Juna Hoon Lee Fort Valley State University, College of Agriculture, Family Sciences Georgia USA
<ung Hoon Lee and Technology
Department of Animal Raw Materials, Institute of Meat Technology,
Edward Pospiech Faculty of Food Sciences and Nutrition, Poznan University of Life Poznan Poland
Sciences,
Fatma Meltem Serdarodlu IIgge University, Faculty of Engineering, Food Engineering izmir Turkey
epartment
. Agricultural University of Tirana, Faculty of Biotechnology and . .
Kapllan Sula Biotechnology . . . . . Tirana Albania
ismail Yilmaz g:gllk Kemal University, Faculty of Agriculture, Food Engineering Tekirdag Turkey
Meyve-Sebze Teknolojisi / Fruit and Vegetable Technology
Name and Surname Affiliation City Country
Chockry Barbana Canadian Food Inspection Agency Montréal Canada
Uludag University, Faculty of Agriculture, Food Engineering
Utku Copur Department Bursa Turkey
Seda Ersus Ege University, Faculty of Engineering, Food Engineering Department izmir Turkey
Hakan Karaca Pamukkale University, Faculty of Engineering, Food Engineering Denizli Turkey
- Department
Sebahattin Nas Pamukkale University, Faculty of Engineering, Food Engineering Denizli Turkey
_ Department
Akdeniz University, Faculty of Engineering, Food Engineering
Ayhan Topuz Department Antalya Turkey
Yakup Sedat Veliodlu gnkara University, Faculty of Engineering, Food Engineering Ankara Turkey
. epartment )
Unal Riza Yaman Tire Kutsan Vocational School, Department of Food Technology Izmir Turkey
Oktay Yemi Szl;:lrryt/fngnrllversny, Faculty of Engineering, Food Engineering Sakarya Turkey
Ufuk Yiicel Ege University, Ege Vocational Training School, Department of Food izmir Turkey
- Technology
Saglik, Beslenme, Toksikoloji ve Gida / Health, Nutrition, Toxicology and Food
Name and Surname Affiliation City Country
Adriana Pavesi Arisseto Bragotto State University of Campinas, Faculty of Food Engineering Campinas Brazil
Gézde Ede Cankin Karatekin University, Faculty of Health Sciences, Cankiri Turkey



https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://ag.fvsu.edu/members/profile/view/36
http://cnbm.amu.edu.pl/pl/zespo%C5%82/prof-dr-hab-edward-pospiech
https://avesis.ege.edu.tr/meltem.serdaroglu
https://ubt.edu.al/en/dean-of-fbu/
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
http://www.goc411.ca/en/31487/Chockry-Barbana
https://avesis.uludag.edu.tr/ucopur
https://avesis.ege.edu.tr/seda.ersus
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://avesis.ege.edu.tr/unal.riza.yaman
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://avesis.ege.edu.tr/ufuk.yucel/
https://portal.dados.unicamp.br/perfil?origem=&docente=308204&sigla_unidade=&nome_unidade=&nome_programa=
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp

SiDAS MEDYA

Akademik Gida® / Academic Food Journal
Online: 2148-015X
https://dergipark.org.tr/tr/pub/akademik-gida

N LN =

Akademik Gida 22(4) 2024

AKADEMIK GIDA

ABSTRACTED / INDEXED / LISTED IN

Abstracts on Hygiene and Communicable Diseases
Academic Index

Academic Keys

Academic Search Ultimate

Academindex

Advanced Science Index (ASI)

AgBiotech News and Information

AgBiotechNet

Agricultural Economics Database

. Agricultural Engineering Abstracts

. Agroforestry Abstracts

. Animal Breeding Abstracts

. Animal Production Database

. Animal Science Database

. Asian Science Citation Index (ASCI)

Asos indeks

. Biocontrol News and Information

Biofuels Abstracts

. Botanical Pesticides

. CAB Abstracts

. CAB Direct

. Cite Factor

. Crop Science Database

. CrossRef

. Dairy Science Abstracts

. Directory of Research Journals Indexing (DRJI)

. EBSCO - Academic Search Ultimate Database

. Environmental Impact

. Environmental Science Database

. Eurasian Scientific Journal Index

. EuroPub

. Field Crop Abstracts

. Food Science and Technology Abstracts (FSTA)

. Forest Science Database

. Global Health

. Google Scholar

. Horticultural Science Abstracts

. Horticultural Science Database

. Impact Factor Services for International Journals (IFSIJ)
. International Innovative Journal Impact Factor (I1JIF)
. International Institute of Organized Research (I120R)
. ideal Online

. Maize Abstracts

. MIAR (Information Matrix for the Analysis of Journals)

45.

46.

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

77.
78.
79.
80.
81.
82.

Nutrition Abstracts and Reviews Series A:Human and
Experimental

Nutrition Abstracts and Reviews Series B: Livestock
Feeds and Feeding

Nutrition and Food Sciences Database
Ornamental Horticulture

Parasitology Database

Plant Breeding Abstracts

Plant Genetic Resources Abstracts

Plant Genetics and Breeding Database

Plant Protection Database

Postharvest Abstracts

Potato Abstracts

Poultry Abstracts

Protozoological Abstracts

Review of Agricultural Entomolog

Review of Aromatic and Medicinal Plants (RAMP)
Review of Medical and Veterinary Entomology
Review of Medical and Veterinary Mycology
Review of Plant Pathology

Rice Abstracts

Rural Development Abstracts

Science Library Index

Scientific Indexing Services (SIS)

SCOPUS (Elsevier)

Seed Abstracts

Scilit

Soil Science Database

Soils and Fertilizers Abstracts

Soybean Abstracts

Sugar Industry Abstracts

Systematic Impact Factor (SIF)

The Belt and Road Initiative Reference Source
The Turkish Academic Network and Information Centre
Life Sciences Database (TUBITAK-ULAKBIM Yasam
Bilimleri Veritabani, TR-DIZIN)

Tropical Diseases Bulletin

Veterinary Science Database

VetMed Resource

Weed Abstracts

Wheat, Barley and Triticale Abstracts

World Agricultural Economics and Rural Sociology
Abstracts (WAERSA)



Akademik Gida 22 (4) (2024)
i(}iNDEKiLER | CONTENTS

W Editérden | Editorial ViI-vill

B MAKALELER / PAPERS

B Arastirma Makaleleri | Research Papers

Effect of Different Heat-Treated Ultrafiltration (UF) Retentates with Altered Protein-to-Fat Ratios on Chemical,

Physicochemical and Sensory Properties of UF White Cheese | Farkli Isil Islem Gérmiis ve Protein-Yag Oranlari
Degistirilmis Ultrafiltrasyon Retentatlarinin Stizme Beyaz Peynirin Kimyasal, Fizikokimyasal ve Duyusal Ozellikleri Uzerine

Etkisi | Mustafa Demiral, Firuze Ergin Zeren, Ahmet Kligiikgetin

Quality Characteristics of Cookies Made with Red Rice Flour Composite Flour | Kirmizi Piring Unu Karigimiyla 253.261

Yapilan Kurabiyelerin Kalite Ozellikleri | Leong Kar Yee, Syaidahtull Naseha Ibrahim, MacDalyna Esther Ronie, Ahmad
Hazim Abdul Aziz, Rovina Kobun, Wolyna Pindi, Jumardi Roslan, Norazlina Md Ridhwan, Nicky Rahmana Putra, Hasmadi
Mamat

Effect of Heat Treatment on Storage Stability of Sheep Tail Fatl Isil islemin Koyun Kuyruk Yaginin Depolama 262-272

Stabilitesi Uzerine Etkisi | Merve Bozdemir, Hiseyin Gengcelep, Mustafa Onur Yiizer

Validation of an HPLC-UV Method for Simultaneous Analysis of Ascorbic and Oxalic Acids in Beverages /

Iceceklerde Askorbik ve Oksalik Asitlerin Eszamanii Analizi jgin HPLC-UV Yénteminin Validasyonu/
Glilsen Aksin Biltekin, Abdullah Akdogan, Mustafa Soylak, Umit Divrikli

273-281

Consumer Interest and Its Effect on Purchase Intention for Plant-Based Milk Substitutes | Tiiketici llgisi ve Bitki Bazli

Sat Alternatiflerine Yénelik Satin Alma Niyeti Uzerindeki Etkisi | Tugba Tavmasat, Meryem Gdksel Sarag, Ugur Ugur,
Ozlem Pelin Can

282-287

Limonlarda Bulunan Bazi Fungisit Kalintilari Uzerine Evsel Gida Isleme Yéntemlerinin Etkisi | Effect of Household

Food Processing Methods on Some Fungicide Residues in Lemons / Biisra Acoglu Celik, Perihan Yolci Omerogiu 288-302

Sustainability of Hospital Catering Services: Water and Carbon Footprint/ Hastane Yemek Hizmetlerinin

Siirdtirdlebilirligi: Su ve Karbon Ayak Izi | Hatice Baygut, Saniye Bilici 303-313

Termosonikasyon ve Mikrodalga On Islemlerinin Kirmizi Pancar (Beta vulgaris L.) Pestilinin ince Tabaka Kuruma
Kinetigi Uzerine Etkileri | Effects of Thermosonication and Microwave Pre-treatments on Thin Layer Drying Kinetics of
Red Beetroot (Beta vulgaris L.) Pestils | Neslihan Ersoyak, Elif Kog Alibasoglu, Biisra Acodlu Celik, Perihan Yolcr Omerogiu

314-327

IX-XIl
B Akademik Gida Dergisi Yazim Kurallar | Guidelines to Authors

H Etik Beyani | Ethics and Publication Malpractice Statement XI-XVIII

Vi



N
AKADEMIK

Gida Bilimi ve Teknolojisi Dergisi

Sahibi
SIDAS MEDYA AJANS TANITIM
DANISMANLIK LTD. STi.Adina

imtiyaz Sahibi ve Yazi igleri Sorumlusu

Sakir SARICAY

Genel Yayin Yonetmeni
Sakir SARICAY
info@akademikgida.com
ssaricay@gmail.com

Bas Editor
Prof. Dr. O§uz GURSOY
ogursoy@yahoo.com

Editorler

Prof. Dr. Ozer KINIK

Prof. Dr. Ramazan GOKCE
Prof. Dr. Yusuf YILMAZ

Reklam Mudiirii
Nurcan AKMAN SENGOR

Hukuk Danigsmani
Av. Yrd. Dog. Dr. Murteza AYDEMIR

Abone Sorumlusu
Halil SOLAK

Grafik Tasarim
Sidas Medya Tasarim Grubu

Yonetim Yeri

Fevzipasa Bulv. Celik is Merkezi
No:162 Kat:3 D:302 Gankaya/IZMIR
Tel: 023244160 01

Fax: 0 232 441 61 06

Ug Ayda Bir Yayinlanan Dergimiz
Basin Meslek Ilkelerine Uymaktadir.

Yil / Cilt: 22

Sayi: 106

Ekim-Kasim - Aralik 2024
ISSN Print 1304-7582
ISSN Online 2148-015X
Akademik Gida Dergisi

I STMEDY A RS
GRUP

Yayin Tiri: Yerel Sireli

Akademik Gida Dergisi Hakemli Dergidir.

Akademik Gida 22 (4) (2024)

Editordentl Edi-

Akademik Gida dergisinin 22. yayin yilinin dérdinct ve son sayisinda yine sizlerle
birlikteyiz. Bu sayimizda 8 arastirma makalesi yer almaktadir.

Makale yazarlarindan gelen sorular nedeniyle makale kabull ile ilgili daha 6nce
yaptigimiz bilgilendirmeyi tekrar etmek istiyoruz. Dergimize yayimlanmak Uzere
gonderilen  makalelerin  kabuli  halen  http://www.academicfoodjournal.com/
submission.php adresinden yapilmakta olup, DergiPark Uzerindeki makale kabul
sureglerini iceren sistem henliz kullaniimamaktadir.

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus dergimize génderilecek
makalelerde Etik Kurul izni gerektiren galigmalarin ilgili izni aldiklari ile ilgili bilgi ve
belgelerini dergimize (makalelerini dergimize gdénderme asamasinda) sunmalari
gerekliligidir. Dergimizin etik hususlarla ilgili detayli etik beyanina web sayfamizdan
(https://dergipark.org.tr/tr/pub/akademik-gida/page/6477) ulasilabilir.

Dergimiz halen SCOPUS ve TR-Dizin veri tabanlari basta olmak tzere 80'in Uzerinde
veri tabani kapsaminda indekslenmekte, 6zetlenmekte ya da listelenmektedir.
Dergimizin 2022 yili ve sonrasinda yayinlanan sayilarinda yer alan makalelere
SCOPUS veri tabani Gzerinden ulagilabilmektedir. Dergimizin kalitesini ve uluslararasi
alanda sayginhgini arttirabilmemiz icin etki faktdérinin ylkseltimesi baglica
hedeflerimiz arasindadir. Bu nedenle siz deg@erli bilim insanlarindan gerek dergimize
ve gerekse diger ulusal ve uluslararasi dergilere génderdiginiz makalelerde Akademik
Gida dergisinde yayimlanan makalelere mimkin oldugunca atif yapmanizi tekrar rica
ediyoruz.

Dergimizin yayincisi Sidas Medya Limited Sirketi'nin 1 5 Ocak 2024 tarihli karari
uyarinca, 1 Subat 2024 tarihinden sonra Akademik Gida dergisine goénderilen Turkce
makaleler i¢in “kabul/red sartina bagli olmaksizin” yazar/yazarlar tarafindan katki payi
olarak 1000 TL (KDV Dahil) édenmesinin uygun goérulduguni tekrar hatirlatmak
istiyoruz. Diger taraftan Ingilizce olarak dergiye génderilen makalelerden 750 TL (KDV
Dahil) talep edilecektir (https://dergipark.org.tr/tr/pub/akademik-gida/price-policy).

Katkilarinizla dergimizin daha iyi noktalara gelecegine yurekten inaniyoruz. Bu sayinin
olusmasinda katkida bulunan; calismalarini yayimlanmak Ulzere dergimize génderen
yazarlara ve bu calismalar titizlikle degerlendiren yayin kurulu uyelerimiz ve
hakemlerimize tesekkurlerimizi sunuyoruz.

Saygilarimla.

Prof. Dr. Oguz Giirsoy
Bas Editor
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3. Uluslararasi Geleneksel Gidalar ve Siirdiiriilebilir
Beslenme Sempozyumu

Toros Universitesi tarafindan diizenlenen 3. Uluslararasi
Geleneksel Gidalar ve Sirdurtlebilir Beslenme Sempozyumu
3-4 Ekim 2024 tarihlerinde online olarak arastirmaci ve
akademisyenlerin katihmiyla gerceklestirilecektir.
Surdurulebilirlige yonelik kiresel zorluklarla miicadele etme
yéntemlerinin ana konu olarak belirlendigi sempozyum ile ilgili
bilgilere https://food24.toros.edu.tr/ adresinden ulagilabilir.

XI. Uluslararasi Beslenme ve Diyetetik Kongresi

Hacettepe Universitesi Beslenme ve Diyetetik Bélimii
tarafindan 30 yili askin slredir duzenlenmekte olan
Uluslararasi Beslenme ve Diyetetik Kongrelerinin on birincisi,
Hacettepe Beslenme ve Diyetetik Egitim Arastirma Dernegi
catisi altinda 10-12 Ekim 2024 tarihlerinde Hacettepe
Universitesi  Kiiltir Merkezinde ilkemizden ve diinyadan
alaninda uzman birgok degerli bilim insaninin katihmi ile
gerceklestirilecektir. Kongre ile ilgili bilgilere
https://www.bdk2024.org/ adresinden ulasilabilir.

7. Uluslararasi Malzeme ve Polimer Bilimi Kongresi

7. Uluslararasi Malzeme ve Polimer Bilimi Kongresi, 10-13
Ekim 2024 tarihleri arasinda S Class Hotel Convention Center,
Gaziantep'te dlzenlenecektir. Malzeme ve Polimer Bilimi
alanindaki yeni gelismelerin paylasilacagi, sektdrun sorunlari
ve ¢6zUm Onerilerinin konusulacagl, bu alanlardaki sektor
temsilcileri ile akademisyenlerin bulugsmasinin saglanacagi bu
etkinlikle ile ilgili bilgilere https://www.iscmp.org/ adresinden
ulasilabilir.

3. Uluslararasi Gida Arastirmalari Kongresi

Sivas Cumbhuriyet tniversitesi Gida Calismalari Uygulamalari ve
Arastirma Merkezi tarafindan 16-18 Ekim 2024 tarihleri arasinda
3. Uluslararasi Gida Arastirmalari Kongresi (ICONFOOD’24 3.
International Congress on Food) isimli kongre
gerceklestirilecektir. Alaninda uzman bilim insanlari, ilgili kamu
kurum ve kuruluslarinin yetkilileri veya sektér temsilcilerinden
olusan katilimcilarin bir araya gelecegi kongre ile ilgili bilgilere
https://iconfood.cumhuriyet.edu.tr/index.php adresinden
ulasilabilir.

5. YABITED Fats and Oils Congress

Yag Bilimi ve Teknolojisi Dernegi tarafindan 7-9 Kasim 2024
tarihleri arasinda Antalya’da gerceklestirilecek olan kongre ile
ilgili bilgilere https:/lyabited.org/5th-yabited-fats-and-oils-congress/
adresinden ulasilabilir.
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ABSTRACT

In this study, ultrafiltration (UF) white cheese samples were manufactured using UF retentate, which had been heat-
treated at different temperatures (75°C and 85°C for 15 s) and had altered ratios of protein-to-fat (P/F) (0.8, 0.7, and
0.6). The physicochemical and sensory properties of UF white cheeses during storage (90 days) were determined.
White cheese manufactured from UF retentate with a P/F ratio of 0.6 had higher fat and lower protein contents than
those with the P/F ratios of 0.7 and 0.8. Treatment temperature significantly influenced the pH and titratable acidity
values of UF white cheeses. The highest hardness and chewiness values and the lowest adhesiveness values were
determined in UF white cheese with P/F ratios of 0.8 and heat-treated at 85°C. During storage, the L*, a*, b*, and AE*
values of white cheeses varied between 94.51 and 98.34, -0.77 and -0.06, 7.78 and 10.13, and 10.61 and 13.00,
respectively. The use of high-fat-content ultrafiltered retentate subjected to high temperatures in the manufacture of
white cheeses had a positive effect on overall acceptability scores.

Keywords: Cheese, Membrane filtration, Texture

Farkli Isil iglem Gérmiis ve Protein-Yag Oranlari Degistirilmis Ultrafiltrasyon Retentatlarinin
Siuzme Beyaz Peynirin Kimyasal, Fizikokimyasal ve Duyusal Ozellikleri Uzerine Etkisi

0z

Bu cgalismada farkh sicakliklarda isil igslem uygulanan (75°C ve 85°C’de 15 s) ve protein yad orani degistirilmis
ultrafiltrasyon (UF) retentatlari kullanilarak beyaz peynir oOrnekleri Uretilmisti. UF beyaz peynir 6rneklerinin
fizikokimyasal 6zellikleri ve tiketici kabuli 90 glinlik depolama stresince belirlenmistir. Protein/yad orani 0.6 olan UF
retentattan Uretilen peynirler, protein/yag orani 0.7 ve 0.8 olan UF retentatlardan Uretilen 6rneklere gore yuksek yag
ve dusuk protein igerigine sahiptir. Isil islem sicakligi, beyaz peynirlerin pH ve titrasyon asitligi degerlerini istatistiksel
olarak onemli diizeyde etkilemistir. En yliksek sertlik ve gignenebilirlik ile en dustk yapigkanlik degerleri protein/yag
orani 0.8 olan 85° C’de 1sil islem gormus UF retentantlardan Uretilen beyaz peynirlerde belirlenmistir. Depolama
suresince, beyaz peynirlerin L*, a*, b* ve AE* degerleri sirasiyla 94.51-98.34, -0.77 - -0,06, 7.78-10.13 ve 10.61-13.00
arasinda degismistir. Beyaz peynirlerin Uretiminde yuksek isil islem sicakliklarina tabi tutulan yiksek yag iceren UF
retentant kullanimi genel kabul edilebilirlik puanlari Gzerine olumlu bir etkiye sahiptir.

Anahtar Kelimeler: Peynir, Membran filtrasyon, Tekstir

244


https://orcid.org/0009-0005-4377-2291
https://orcid.org/0000-0002-9751-1020
https://orcid.org/0000-0002-0132-1581

M. Demiral, F. Ergin Zeren, A. Kiigiikgetin Akademik Gida 22(4) (2024) 244-252

INTRODUCTION

The use of concentrated milk through ultrafiltration (UF)
membranes in its production has created a new
production process for white cheese. The use of the UF
process for milk concentration enables the selective
separation of molecules with a molecular weight ranging
from 1 to 200 kDa from the milk serum through cross-
flow processing on the membrane surface under
pressure [1]. In the UF process, the milk is divided into
two parts: the diluted part, known as permeate, and the
concentrated part, referred to as retentate. In the
production of white cheese by the UF process, the
retentate is utilized, and unlike traditional white cheese,
whey is not expelled from the curd [2]. The salt, starter
culture, and rennet could be added to the UF retentate
in the production of white cheese by the UF process [1].
The UF process can increase the cheese yield and
textural quality and decrease protein, fat, and total solids
loss compared to traditional cheese production [3].

Different strategies, such as full concentration
(approximately 7.5 times), 4 to 6 times concentration, a
maximum of two-fold concentration, and concentration
plus evaporation, can be employed in cheese production
by the UF process. In the production of white cheese, as
well as feta, mozzarella, havarti, danbo, and cheddar
cheeses with the UF process, milk can be concentrated
four to six times [4-6]. Alterations in the composition and
structure of the UF retentate create differences in casein
aggregation compared to milk. Casein micelles move
more closely together because of the reduced distance
between them, which likely increases the aggregation
rate and directly influences the curd structure. The
protein network becomes coarser with increasing casein
concentration in cheeses produced by the UF process
[7, 8]. The fat content, distribution of fat globules, and
protein-fat interactions within cheese are important for
the textural and structural properties of cheese [9]. The
concentration of fat by the UF process appears to
enhance the contact surface among fat globules, which
causes them to aggregate and then fuse. When the fat
globules remain intact within the protein matrix, the
plasticizing influence of fat and water restricts the
interactions among casein chains. Moreover, the
retention of whey proteins in cheeses produced by the
UF process results in the entrapment of water within the
cheese matrix due to the hydrophilic characteristics of
whey proteins [10]. The degree of whey protein
denaturation may also impede rennet-induced
aggregation of the casein micelles. Consequently, the
manufacture of semi-hard and hard cheeses should not
be achieved by subjecting milk to severe heat treatment.
These lead to textural defects, such as softness and
openness in cheeses produced by the UF process [11-
13]. The heat treatment temperature and time
significantly influence the degree of whey protein
denaturation [14]. The milk composition and processing
parameters affect the properties of cheeses [15].

Although there are many studies in the literature on the
use of the UF process in cheese production, to our
knowledge, there is no study evaluating the combined
effects of the P/F ratio of UF retentate and the heat
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treatment applied to UF retentate on the quality and
sensory characteristics of white cheese. The aim of this
study was to ascertain how three different P/F ratios in
UF retentate, along with two different heat treatments,
affected the physicochemical and sensory properties of
white cheese.

MATERIALS and METHODS

For the manufacture of white cheese by the UF process,
raw cow milk was obtained from the Cattle Farms of
BBB, Tirkiye. Rennet (600 International Milk Clotting
Units mL™") and starter culture (R-704-DVS, including
Lactococcus lactis subsp. lactis and Lactococcus lactis
subsp. cremoris) were purchased from Maysa Food
(Istanbul, Tirkiye) and Peyma-Hansen Cheese Rennet
Industry and Trade Inc. (Istanbul, Tirkiye), respectively.
The commercial salt (NaCl), polyethylene boxes (500
mL), and lids were supplied from local markets of BBB.
All the chemicals were of analytical grade, produced by
Sigma Aldrich (Steinheim, Germany).

Manufacture of White Cheese by Ultrafiltration

The raw milk was heat treated at 72°C for 15 s and then
standardized to about 3% fat using a separator (Tetra
Pak, Alfa Laval Tumba AB, Eskilstuna, Sweden) at 50°C.
Standardized milk was concentrated using an UF unit
(UF 2000, Teknoproses Engineering Consulting Industry
Trade Ltd. Co., Ankara, Turkiye) with a spiral-type
membrane module (GR73PP-UF-pHt, Alfa Laval) at a
pressure of 4.5 bar and a temperature of 50°C. After
concentration, UF retentate was divided into three parts
to adjust the protein-to-fat ratios of each differently as
0.6, 0.7, and 0.8 using milk cream (with 65% fat). The
UF retentates with different P/F ratios were
homogenized at 80 bar with an MG4-140B model
homogenizer (BOS Homogenizers BV, Hilversum,
Netherlands). The homogenized ultrafiltered retentates
were heat treated at 75°C for 15 s and at 85°C for 15 s
with a plate heat exchanger (Alfa Laval, PHE, Lund,
Sweden) to denature whey proteins, respectively, in 1%
and 10% ratios according to the kinetic data of Kessler
[16]. After heat treatment, the UF retentates with varying
P/F ratios were cooled at 32°C, followed by the addition
of salt (1.0% w/v) and inoculation with starter culture
(0.1% wl/v). Then, the UF retentates were mixed with
rennet solution in the filler machine (RPK-SBPD 2000,
Ropak Machine Process Automation Industry and Trade
Inc., Bursa, Tlrkiye). Then, the polyethylene boxes were
filled immediately with the UF retentates and sent to a
coagulation  tunnel  (Tdnel 2000, Teknoproses
Engineering Consulting Industry Trade Ltd. Co.). After
moving through the tunnel at 32°C for 30 min, boxes
were then sealed with aluminum foil and closed with
lids. The UF retentates were incubated at 32°C for 24
hours until the pH reached about 4.7 and then cooled to
4°C. The white cheese manufactured by the UF
process, named UF white cheese, was stored at 4°C for
90 days.
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Physicochemical Analysis

Total solids, fat, and protein contents were determined in
the raw milk, UF retentates, and UF white cheeses
according to the Association of Official Analytical
Chemists (AOAC) methods by the gravimetric, Gerber,
and Kjeldahl, respectively [17-19]. The pH values of the
raw milk, UF retentates, and UF white cheeses were
measured with a pH meter (Thermo Scientific Orion 2
Star, Bremen, Germany). The titratable acidity and salt
(NaCl) content of the UF white cheeses were
determined by the Soxhlet-Henkel and Volhard
methods, respectively [20, 21]. The CIE Lab color
parameters (L*, a*, and b*) of each UF white cheese
were measured by using a Konica Minolta Chroma
Meter CR300 (Minolta Co., Ltd., Osaka, Japan) [22].
AE* values were calculated using the equation 1 below
[18]:

AE* = \[(AL)? + (Aa*)? + (Ab*)? (1)
The device was calibrated using a white calibration plate
(L=95.14, a=-0.13, b=2.71, and AE=0.57) before use.
The TA-XT2 Texture Analyzer (Stable Micro Systems,
Haselmere, Surrey, UK), equipped with a cylinder probe
(P/2, 25 mm diameter), was used to measure the texture
quality attributes (hardness, cohesiveness, resilience,
and chewiness) of the UF white cheese samples [23].

Sensory Analysis

For the sensory analysis, 100 participants (59 females
and 41 males) between the ages of 20 and 50 who did
not have any specific health problems that would have
an impact on the sensory evaluation were selected from
the Department of Food Engineering at the Akdeniz

University (Antalya, Turkiye) and from Yorikoglu Dairy
Product Inc., Co. (Antalya, Turkiye). The selected
participants were informed about the sensory evaluation
for approximately 1 h to become familiar with the
descriptors. All samples were presented with a three-
digit code. The hedonic scale ranging from 1 = “dislike
extremely” to 7 = “like extremely” was used to evaluate
the sensory quality parameters (color, texture, taste, and
overall acceptability) for the sensory properties of the
UF white cheese samples during the stored period. The
participants evaluated a total of six UF white cheeses
after 1, 45, and 90 days of storage [24].

Statistical Analysis

Each test was done in triplicate. SAS Statistical
Software (release for Windows, SAS Institute Inc., Cary,
NC, USA) was used to analyze the data. A three-factor
ANOVA was performed to determine the effects of P/F
ratio, heat treatment temperature, and storage time on
the physicochemical and sensory properties of the UF
white cheese samples. To identify differences among
treatment means, Duncan's multiple range test was
used.

RESULTS

Table 1 presents the chemical composition of the UF
retentate with varying P/F ratios alongside raw milk. The
total solids and protein contents of the UF retentates
increased more than 2.6 and 4.1 times compared to raw
cow milk, respectively. The highest fat content was
found in the UF retentate with a P/F of 0.6. Similar pH
values were observed for the raw cow milk and in UF
retentates.

Table 1. The chemical composition of the UF retentate with varying P/F ratios alongside raw cow milk

Components Raw cow milk UFRO0.8 P/F * UFRO0.7 P/F UFRO0.6 P/F
Total solids (%) 12.02+0.22 31.98+0.72 31.7840.29 32.0140.23
Fat (%) 3.76+0.08 16.12+0.11 17.85+0.15 19.81+0.09
Protein (%) 2.95+0.08 12.95+0.12 12.54+0.06 12.10+0.14
pH 6.71+0.06 6.66+0.51 6.71+0.36 6.68+0.44

Values are the means * standard deviations. * UFR0.8 P/F: UF retentate with a P/F ratio of 0.8, UFR0.7 P/F: UF retentate with a
P/F ratio of 0.7, * UFR0.6P/F: UF retentate with a P/F ratio of 0.6.

Total solids, fat, protein, and salt contents as well as pH
and titratable acidity of the UF white cheeses are shown
in Table 2. The results of ANOVA analysis showed that
only storage time significantly (P<0.05) affected the total
solids content of the UF white cheeses. The total solids
content of the UF white cheese samples decreased from
day 1 until day 45 and then slightly increased up to day
90 (Table 3). This may be explained by the
rearrangement of peptide bonds in cheeses and the
osmotic pressure difference between the cheese and
the environment during storage [25, 26]. The UF white
cheese sample manufactured from the UF retentate with
a P/F ratio of 0.6 had a higher fat content and a lower
protein content than that of other UF white cheese
samples (Table 3). It might be due to the higher fat
content and lower protein content of the UF retentate
with a P/F ratio of 0.6 comparing the UF retentates with
P/F ratios of 0.7 and 0.8. During the storage period, both
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the fat and protein contents of the UF white cheeses
decreased. Gholamhosseinpour et al. [27] also found a
notable decrease in fat content in cheese with a
prolonged storage period. This phenomenon is
attributed to the lipolysis of fats, resulting in the
production of glycerol and free fatty acids. Soltani et al.
[28] reported that changes in protein contents related to
protein proteolysis and diffusion of water-soluble
nitrogen into brine in UF Iranian white cheese. In the
current study, the P/F ratio and heat treatment
temperature did not significantly affect the salt content of
the UF white cheeses. Salt content increased at the end
of the storage period related to the osmotic pressure
difference between the cheese moisture and the brine.
This trend was similar to results reported by Al-Otaibi
and Wilbey [29] and Guven et al. [30].
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Storage

Parameters (day 0.8 P/[F-75* 0.7P/F-75 06P/F-75 08P/F-865 0.7P/F-85 0.6 P/F-85
1 35.95+0.29  35.63+x0.39 35.44+0.69 36.02+0.42 35.63+0.32 35.33+0.32
Total solids (%) 45 35.24+0.10  35.06%0.22 35.11+0.09 35.48+0.10 35.56+0.48 35.13+0.37
90 35.43+0.18  35.12+0.08 35.21+0.07  35.56+0.27 35.62+0.10 35.21+0.25
1 17.00+0.28  19.05+0.35 20.65+0.14  17.25+0.07 18.75%1.06 20.20+0.99
Fat (%) 45 16.40+0.57  18.75+0.35 20.25+0.21 16.90+0.42 18.00+0.28 19.50+0.71
90 16.15+0.21 18.70+0.28 19.77+0.32  16.81+0.84 17.52+0.11  19.29+0.34
1 13.43£0.46  12.96+0.13 12.46x0.18 13.51£0.25 12.98+0.06 12.56+0.19
Protein (%) 45 13.00+£0.30  12.88+#0.20 12.37+0.35 13.16x0.11 12.87+0.04 12.43+0.11
90 12.64+0.21 12.32+0.28  12.18+0.18  12.84+0.08 12.65+0.25 12.21+0.49
1 1.79+0.03 1.85+0.09 1.86+0.12 1.82+0.04 1.831£0.11 1.85+0.08
Salt (%) 45 1.88+0.03 1.87+0.05 1.86+0.09 1.89+0.07 1.96+0.09 1.88+0.06
90 1.93+0.12 1.89+0.04 1.94+0.02 1.89+0.03 1.99+0.07 1.95+0.09
1 4.74+0.04 4.78+0.03 4.75+0.03 4.65+0.04 4.66+0.02 4.66+0.01
pH 45 4.63+0.03 4.65+0.04 4.68+0.04 4.58+0.02 4.55+0.01 4.57+0.03
90 4.68+0.01 4.72+0.03 4.71£0.04 4.69+0.03 4.69+0.04 4.69+0.03
Titratable 1 74.05+2.47  68.15%1.91 72.90+3.82 80.95+1.63 71.10+3.54 74.85+3.46
acidity 45 79.7522.19  79.05+2.05 82.10+0.42 89.25+1.91 80.15+3.61 84.95+1.91
(SH) 90 90.75+2.05  82.95+1.91 85.00+0.99 82.00+0.42 85.95+1.91 86.85+2.19

Values are the means + standard deviations. * 0.8 P/F-75: UF white cheese manufactured from UF retentate heat treated at
75°C and having a P/F ratio of 0.8, 0.7 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and
having a P/F ratio of 0.7, 0.6 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and having a P/F
ratio of 0.6, 0.8 P/F-85: UF white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.8,
0.7 P/F-85: UF white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.7, 0.6 P/F-85: UF

white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.6

The pH and titratable acidity values of the UF white
cheeses were determined to be 4.55-4.78 and 68.15-
90.75 SH, respectively. The effect of the P/F ratio of the
UF retentate on pH and titratable acidity values of the
UF white cheese was not significant. The UF white
cheeses manufactured from the UF retentate heat-
treated at 85°C had lower pH and higher titratable
acidity than those manufactured from the UF retentate
heat-treated at 75°C. Because of their increased
moisture content and consequent lactic acid, as well as
their lower protein content (casein as a proportion of
total protein) and buffering capacity, high-temperature

cheeses have a lower pH [31, 32]. An increasing heating
temperature leads to the denaturation of whey proteins,
and the insolubilization of calcium phosphate causes
changes in buffering capacity [33]. The pH values of all
UF white cheese samples decreased during the first 45
days, after which a significant increase was observed.
The increase in pH at the end of the storage is ascribed
to the utilization of lactic acid, the formation of non-
acidic decomposition by-products, and the release of
alkaline substances resulting from the hydrolysis of
proteins [34].

Table 3. The effects of the P/F ratio, heat treatment temperature, and storage time on some chemical and

physicochemical characteristics of the UF white cheese

;ﬁg{;’“em&' T°ta('o/j§"'ds Fat (%) Protein (%) Salt (%) pH alléﬁ?iagﬁ)
P/F ratio ns ok okk ns ns ns
0.8 35.61+0.38a" 16.75¢0.50c 13.09+0.38 a 1.87+0.08a 4.66+0.06 a 82.79+6.11 a
0.7 35.44+040a 18.46+0.67b 12.78+0.28 b 1.90+0.10 a 4.68+0.08a 81.75+6.85a
0.6 35.24+0.40a 19.94+0.63a 12.37+0.25c 1.89+0.10a 4.68+0.06 a 81.11+5.85a
Heat treatment ns ns ns ns - -
temperature (°C)
75 35.50+0.42a 18.53+1.62a 12.69+0.44 a 1.88+0.09a 4.70+0.05a 78.77+5.96 b
85 35.35+0.39a 18.25+1.28a 12.80+0.41 a 1.90+0.10a 4.64+0.06 b 84.99+6.55 a
Storage time (day) * *ok Fkk * *kk *kk
1 35.67+0.53a 18.82+1.49a 12.98+0.45a 1.83£0.09b 4.71£0.06 a 75.32+4.63 ¢
45 35.26+0.36 b  18.30+1.46b 12.784+0.34a 1.89+0.08ba 4.61+0.05b 83.61+4.08 b
90 35.36+0.27 ba 18.04+1.41b  12.47+0.33 b 1.93+0.08a 4.70+0.03a 86.71+3.23 a

Values are the means * standard deviations; different letters for each parameter in a column show significant differences using
Duncan’s multiple range test (P<0.05). Significant effects at * P<0.05, ** P<0.01, ***P<0.001. ns; not significant.

The textural properties of the UF white cheese samples
are shown in Table 4. The UF retentate with a P/F ratio
of 0.8 resulted in the UF white cheese having
significantly (P<0.05) higher hardness and lower
adhesiveness compared to those samples

manufactured from the UF retentates with P/F ratios of
0.6 and 0.7. However, non-significant effects of the P/F
ratio of the UF retentate were recorded on the
springiness and chewiness of the UF white cheese
samples (Table 5). Similar to our results, Lepesioti et al.
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[35] determined higher hardness and lower
adhesiveness in fat-reduced Quark-type cheese. When
the P/F ratio decreased, the fat content of the UF white
cheese increased, and its hardness decreased. This
may be explained by the effect of fat, which disrupts the

Table 4. Some textural properties of the UF white cheese

protein matrix and acts as a lubricant, resulting in
smoothness and a softer texture [36]. Moreover, the UF
white cheeses manufactured from the UF retentate with
a P/F of 0.8 had the highest protein content, which may
be related to adhesiveness [35].

Parameters Storage 0.8 P/F-75 0.7 P/F-75 0.6 P/F-75 0.8 P/F-85 0.7 P/F-85 0.6 P/F-85
(day)
Hardness 1 795.13+90.31 745.51+90.23  640.07+70.08  874.78+66.63  821.63t41.81  769.21+55.05
©) 45 682.64+51.53  544.34+62.67  599.31+86.78  837.06+64.39  756.21+64.24  719.82+80.09
9 90 606.72+82.05  435.17+79.57  486.60+63.04  627.94+51.08  615.64+16.78  647.29+64.54
Adhesiveness 1 -113.09£33.25  -77.79+24.80 -60.57£19.88  -121.01+48.83 -82.73+6.56 -79.67+11.89
(g.mm) 45 -71.15£9.98 -64.79+6.34 -53.66+18.03 -86.31+19.90 -69.65+7.71 -60.27+18.04
90 -48.50+11.57 -46.57+8.44 -40.91+7.75 -64.87+9.04 -56.04+15.97  -54.51+21.19
Springiness 1 0.690.15 0.75+0.13 1.16+0.48 0.59+0.20 0.71+0.15 1.08+0.59
(mm) 45 0.78+0.10 0.75+0.09 0.72+0.15 0.94+0.36 1.08+0.58 0.81+0.11
90 0.88+0.40 0.82+0.41 0.690.18 1.13+0.65 0.92+0.46 0.74+0.23
Chewiness 1 122.86+14.88  109.90+22.71 105.80+35.73  140.06+33.79  130.66+13.92  125.82+35.74
45 106.02¢16.45  100.90+22.14 99.49+15.00 111.89+41.27 108.92+17.35  107.67+31.78
(g-mm) 90 97.07+30.76 94.72+26.23 91.27+23.15 102.99+4.39 96.71+31.90 86.68+15.17

Values are the means + standard deviations. * 0.8 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C
and having a P/F ratio of 0.8, 0.7 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and having a P/F
ratio of 0.7, 0.6 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and having a P/F ratio of 0.6, 0.8
P/F-85: UF white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.8, 0.7 P/F-85: UF white
cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.7, 0.6 P/F-85: UF white cheese

manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.6.

The increasing heat treatment temperature increased
the hardness and chewiness values of the UF white
cheese samples. Aydemir and Kurt [37] observed that
the highest hardness value was determined in white
cheeses produced from milk heated at 85°C for 5 min,
followed by white cheeses made from milk at 75°C for 5
min and at 65°C for 20 min, respectively. The authors
attributed this to the fact that intramolecular and
intermolecular interactions of casein occur more
intensely with higher heat treatment temperatures.
Moreover, the percentage of denatured protein in
cheese increases with temperature, which leads to an
improvement in the overall cheese structure. In the UF

white cheese samples, chewiness demonstrated a
similar trend to hardness, which was in accordance with
the study of Jia et al. [38]. The results of the ANOVA
analysis showed that heat treatment temperature and
storage time had no significant effect on the springiness
of the UF white cheeses (Table 5), which may be
because of the constant and high moisture content of
the samples [39]. The hardness and chewiness of the
UF white cheeses decreased during storage. Aydemir
and Kurt [37] and Fathollahi et al. [40] explained the
decrease in hardness value caused by protein
proteolysis in white cheeses during storage.

Table 5. The effects of the P/F ratio, heat treatment temperature, and storage time on some textural properties of

the UF white cheese

Adhesiveness

Chewiness

Experimental factors Hardness (g) (@.mm) Springiness (mm) (.mm)
P/F ratio ik ik ns ns
0.8 737.361122.74 a* -84.16+£37.00 b 0.85+0.42 a 113.48+30.37 a
0.7 653.06+£147.21 b -66.27+18.23 a 0.83+0.36 a 106.97+26.05 a
0.6 644.89+114.00 b -58.27+20.22 a 0.87+0.35a 102.79+30.34 a
Heat-treatment temperature (°C) rkx *x ns *
75 615.05+131.81 b -64.12+27.17 a 0.82+0.30 a 103.11£25.58 b
85 741.82+166.49 a -75.01£29.04 b 0.89+0.36 a 112.38+31.98 a
Storage time (day) il Fohk ns rohk
1 773.49198.01 a -89.15+35.00 ¢ 0.83+0.36 a 122.52+30.14 a
45 691.93+118.48 b -67.64+17.46 b 0.85+0.31 a 105.82+26.19 b
90 569.89+101.64 ¢ -51.90+£15.26 a 0.88+0.44 a 94.91+24.47 b

Values are the means + standard deviations; different letters for each parameter in a column show significant differences using
Duncan’s multiple range test (P<0.05). Significant effects at * P<0.05, ** P<0.01, **P<0.001. ns; not significant.

*

The color parameters, such as L* (lightness), a
(+redness/-greenness), and b* (+yellowness/-blueness),
and AE* (total color differences) values [41] are shown
in Table 6. The highest L*, a*, b*, and AE* values were
found in the UF white cheeses manufactured from the
UF retentate with a P/F of 0.6. Sanchez-Macias et al.
[42] also determined that during 28 days of ripening, the

L*, a*, and b* values of the full-fat goat cheeses were

higher than those of reduced-fat and low-fat goat
cheeses. An increasing fat content leads to lightness
due to the high light scattering ability of fat globules [43].
In cheese, light penetrates the outer layers and is
dispersed by milk fat globules and the boundaries of
whey pockets [44]. According to the AE value ranges,
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the color difference between samples can be estimated all UF white cheeses, which is noticeable to the
as recognizable (1.5-3.0) and well visible (3.0-6.0) [18]. consumer.
In the current study, AE* values were found above 6.0 in
Table 6. Color characteristics of the UF white cheese
Parameters Szg:’y‘?e 08P/F-75  0.7P/F-75 06P/F-75 08P/[F-85 0.7P/F-85 0.6 P/F-85
1 96.54+0.45 96.07+0.80 97.15+1.20 97.20+0.48 97.46+0.80  98.34+0.52
L* 45 95.45+0.37 95.02+1.25 95.80+0.66 96.45+0.27 96.52+0.38  96.56+0.41
90 94.71£0.78 94.87+0.24 94.94+0.66 94.57+£2.09 94.51£2.16  94.64+2.04
1 -0.35+0.19 -0.35+0.16 -0.30+0.11 -0.77+0.20 -0.64+0.05 -0.51+0.05
a* 45 -0.29+0.11 -0.20+0.12 -0.18+0.10 -0.68+0.12 -0.64+0.09 -0.54+0.06
90 -0.19+0.14 -0.10£0.13 -0.06+0.05 -0.60+0.23 -0.4310.13 -0.41+0.08
1 8.02+0.20 8.30+0.29 8.45+0.19 7.81+0.41 8.19+0.35 8.23+0.05
b* 45 8.69+0.27 8.84+0.27 8.84+0.19 7.78+0.36 8.23+0.26 9.44+0.72
90 8.97+0.57 9.97+0.87 10.00+0.38 8.25+0.15 9.21+0.42 10.13+0.91
1 10.84+0.20 11.0810.25 11.411£0.32 10.7610.35 11.20£0.20  11.43+0.13
AE* 45 11.42+0.26 11.52+0.34 11.59+0.18 10.61£0.37 11.06£0.24  12.25+0.71
90 11.71+0.61 12.68+0.17 12.74+0.40 11.1910.15 12.14+0.58  13.00£1.05

Values are the means * standard deviations. * 0.8 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C
and having a P/F ratio of 0.8, 0.7 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and having a P/F
ratio of 0.7, 0.6 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and having a P/F ratio of 0.6, 0.8
P/F-85: UF white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.8, 0.7 P/F-85: UF white
cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.7, 0.6 P/F-85: UF white cheese
manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.6.

As seen in Table 7, high heat treatment temperatures
caused an increase in L* values and a decrease in the
a* and b* values of the UF white cheeses. Darnay et al.
[22] compared the color parameters of cheese made
from raw or pasteurized (72°C, 15 s) buffalo milk and
observed higher L* values and lighter yellow color in
buffalo cheese made from pasteurized milk. The color
properties of cheeses may be related to the changes in
milk during heat treatment. As an example, the larger
size of casein micelles during heat treatment results in
milk  whitening, which  subsequently influences
reflectance and reduces the yellow index [45]. The
storage time was found to be significantly effective on

the L*, a*, b*, and AE* values of the UF white cheese
samples (P<0.001). Although lipolysis and amounts of
carotenoid compounds were not measured in this study,
alteration of color parameters in cheeses during storage
may be due to lipolysis of fats and oxidation of
carotenoids. Sabbagh et al. [46] also noticed a decrease
in the L* value, probably due to the degree of lipolysis
during the storage period. Moreover, Sabetsolat et al. [2]
explained that the color alterations in the cheese
samples are likely attributable to the oxidation of the
carotenoid compounds that contribute to red color
during storage.

Table 7. The effects of the P/F ratio, heat treatment temperature, and storage time on color parameters of the UF

white cheese

Experimental factors L* a* b* AE*
P/F ratIO * *%% *kk *%%
0.8 95.81+1.38 ba  -0.4840.27 c 8.25+0.57 c 11.09+0.53 ¢
0.7 95.73+1.54 b -0.39+0.24 b 8.7910.79 b 11.6320.77 b
0.6 96.23+1.67 a -0.33+0.19 a 9.18+0.89 a 12.07+0.85 a
Heat treatment temperature (°C) * *rk roxx ns
75 95.61+1.11 b -0.2240.16 a 8.89+0.77 a 11.68+0.75 a
85 96.24+1.83 a -0.5740.17 b 8.54+0.90 b 11.52+0.90 a
Storage time (day) *kk Fkk *kk K*kk
1 97.12+1.04 a -0.484+0.22 ¢ 8.16+0.34 c 11.12+0.36 c
45 95.96+0.88 b -0.4240.23 b 8.63+0.65b 11.43+0.64 b
90 94.70+1.55 ¢ -0.29+0.24 a 9.4240.91 a 12.2540.93 a

Values are the means * standard deviations; different letters for each parameter in a column show significant differences
using Duncan’s multiple range test (P<0.05). Significant effects at * P<0.05, ** P<0.01, ***P<0.001. ns; not significant.

Table 8 shows the scores of panelists for the UF white
cheeses during 90 days of storage. Farah et al. [47]
reported that acceptance of food depends mostly on
three attributes: appearance, taste, and texture, and is
independent of the nutritional content of the food. The
effect of the P/F ratio and heat treatment temperature on
the appearance, texture, and taste scores of the UF
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white cheese samples was not significant (P>0.05),
whereas the lowest overall acceptability scores were
found in the samples manufactured from the UF
retentate with a P/F of 0.8 (Table 9). Sanchez-Macias et
al. [42] demonstrated that most of the 50 untrained
consumers were not accepting of lower-fat goat cheese
because of its hard, dry, and rough texture. Besides,
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Kaczynski et al. [48] showed that the fat content, which
affects the texture and color of cheeses, determines its

Table 8. Sensory properties of the UF white cheese

acceptability.

Parameters Szggv;e 0.8 P/F-75* 0.7P/F-75 06P/F-75 0.8P/F-85 0.7 P/F-85 0.6 P/F-85
1 3.791.40 3.77+1.30 3.63x1.43 3.78+150  3.73t1.55 3.67+1.54
Appearance 45 3.20+0.94 3.33+1.34 3.34+1.27 3.23+0.95  2.69+0.85 3.03+0.96
90 3.9241.54  4.00+1.25 3.87+1.50  4.65+1.36  4.14+1.36 3.81+1.20
1 3.36+0.98 3.55+0.81 3.3740.78 3.3840.80  3.15+0.80 3.51%0.70
Texture 45 3.20+0.98 3.69+0.70 3.79+0.84 3.64+0.81  3.45+0.76  3.31+0.80
90 3.51+0.82 3.34+0.84 3.70+0.72 3.74+0.86  3.70+0.81 3.68+0.92
1 2.73+0.71 3.03+0.84 3.3140.82 2.99+0.85  3.06+0.83 3.33%0.61
Taste 45 2.53+0.61 2.78+0.63 2.99+055  2.98+0.85 2.71+0.64 2.78+0.70
90 3.52+0.96 3.44+0.78 3.59+0.85 3.35+0.80  3.22+0.62 3.22+0.69
overall 1 3.97+1.45 3.63x1.83 4.40+1.72 3.73:1.98  3.83+1.73 4.23%1.78
acoontabilty 45 4.50+1.37 3.88+1.80 4.13+1.22 3.94+1.71  4.06+1.43 4.25+1.25
90 2.44+1.79 3.24+1.82 3.40+2.00 3.3241.67  4.80+1.55 4.32+1.62

Values are the means + standard deviations. * 0.8 P/F-75: UF white cheese manufactured from UF retentate heat treated at
75°C and having a P/F ratio of 0.8, 0.7 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and
having a P/F ratio of 0.7, 0.6 P/F-75: UF white cheese manufactured from UF retentate heat treated at 75°C and having a P/F
ratio of 0.6, 0.8 P/F-85: UF white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.8, 0.7
P/F-85: UF white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.7, 0.6 P/F-85: UF
white cheese manufactured from UF retentate heat treated at 85°C and having a P/F ratio of 0.6.

Overall acceptability scores increased when the heat
treatment temperature was increased from 75 to 85°C
(Table 9). Similar to our results, Frau et al. [49]
demonstrated that spreadable cheese obtained from
milk pasteurized at 75°C had higher general acceptance
scores than those obtained from milk pasteurized at
65°C because of the change in the water-holding
capacity of protein. Miloradovi¢ et al. [50] found that as
the heat treatment temperature of milk increased, the
sensory acceptability in cheeses increased and reported
that after high heat treatment, components of the milk
fat globule membrane engaging with milk proteins,
which resulted in the microstructure of cheese produced
from milk subjected to high heat treatment having fewer
spherical voids. The storage time significantly affected
the appearance, taste, and overall acceptability scores

of the UF white cheeses. The appearance and taste
scores of the UF white cheese samples decreased from
day 1 to day 45 and then increased until day 90. The
overall acceptability scores increased on the 45th day
and then decreased at the end of the storage period
(Table 9). The research conducted by Soltani et al. [28]
demonstrated no correlation among appearance scores,
texture scores, and total scores noted in UF cheeses
during storage time. Al-Otaibi and Wilbey [39] reported
that consumers' appreciation of UF cheeses on a
hedonic scale did not change during 12 weeks of
storage and explained that the breakdown of proteins
and release of proteolysis products at moderate levels
may cause the formation of an acceptable taste in
cheeses.

Table 9. The effects of the P/F ratio, heat treatment temperature, and storage time on sensory properties of

the UF white cheese

Experimental factors Appearance Texture Taste Ov_eyall
scores scores scores acceptability scores
P/F ratio ns ns ns *
0.8 3.87+1.45 a* 3.5410.87 a 3.201£0.94 a 3.35£1.93 b
0.7 3.69+£1.38 a 3.46+0.82a 3.07+0.78 a 3.88+1.78 a
0.6 3.61£1.39 a 3.56+0.80 a 3.25+0.76 a 4.14+1.69 a
Heat-treatment temperature (°C) ns ns ns rkk
75 3.7311.40 a 3.54+0.83a 3.241+0.89 a 3.54+1.90 b
85 3.7241.43 a 3.50+0.83a 3.10+0.76 a 4.04+1.73 a
Storage time (day) kk ns rxk *x
1 3.75%£1.47 a 3.43+0.82a 3.20+£0.85a 3.77£1.91 ba
45 3.13£1.08 b 3.52+0.84a 2.79+0.68 b 412+1.49 a
90 4.08+1.40 a 3.63+0.83a 3.391#0.80 a 3.60£1.90 b

Values are the means = standard deviations; different letters for each parameter in a column show significant differences
using Duncan’s multiple range test (P<0.05). Significant effects at * P<0.05, ** P<0.01, ***P<0.001. ns; not significant.

CONCLUSION

The findings of this study indicated that the P/F ratio of
UF retentate and the temperature of applied heat
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treatment to UF retentate led to substantial differences
in the physicochemical and sensory properties of the UF
white cheese. The decreasing P/F ratio and heat
treatment temperature decreased the hardness value
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and increased the adhesiveness, a*, and b* values in
the UF white cheese. The overall acceptability scores
were lower for the UF white cheeses, which were
manufactured from the UF retentate heat-treated at
75°C for 15 s and had a P/F of 0.8. In conclusion, when
the physicochemical and sensory properties of the UF

white cheese are taken

into account, experiments

conducted within the scope of this study showed that the
UF retentate, which was heat treated at 85°C for 15 s
and has a P/F ratio of 0.7, is more suitable for use in the
manufacture of UF white cheese.
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ABSTRACT

Red rice flour (RRF) is renowned for its nutritional richness, particularly in terms of total dietary fiber and essential
minerals. This flour is derived from red rice, a variety of rice known for its distinctive red husk and bran layer. The
study aimed to identify the best formulation through sensory evaluation, determine nutritional composition, physical
characteristics, and assess shelf life compared to a control cookie. Five formulations of red rice cookies were
prepared with RRF substitution levels ranging from 20% to 100%. The F2 red rice cookie with 40% RRF substitution
was chosen as the best formulation based on sensory evaluation. It showed similarities to the control cookie in terms
of sensory attributes. Nutritional analysis revealed lower moisture and crude protein content but higher crude fiber and
total dietary fiber in the F2 compared to the control. Physical analysis showed lower hardness and different color
characteristics for the F2. Consumer study results indicated high acceptability for the F2 red rice cookie. In
conclusion, this study offers a promising strategy to improve the nutritional profile of cookies by boosting their dietary
fiber content, effectively addressing a common deficiency observed in cookies made with conventional wheat flour

Keywords: Cookies, Pigmented rice, Rice flour, Sensory evaluation, Proximate composition

Kirmizi Piring Unu Karisimiyla Yapilan Kurabiyelerin Kalite Ozellikleri
(oy4

Kirmizi piring unu (KPU), 6zellikle toplam diyet lifi ve temel mineraller agisindan besin zenginligi ile taninir. Bu un,
kendine 6zgu kirmizi kabuk ve kepek tabakasiyla bilinen bir piring ¢esidi olan kirmizi piringten elde edilir. Calisma,
duyusal degerlendirme yoluyla en iyi formilasyonu belirlemeyi, besin bilesimini, fiziksel 6zellikleri incelemeyi ve
kontrol kurabiyesine kiyasla raf omrini degerlendirmeyi amaglamistir. Kirmizi piring kurabiyelerinin bes farkh
formulasyonu, %20 ile %100 arasinda degisen KPU ikame seviyeleriyle hazirlanmistir. Duyusal degerlendirme
sonuglarina gore, %40 KPU ikamesi ile hazirlanan F2 kirmizi piring kurabiyesi en iyi formulasyon olarak segilmistir.
Duyusal o6zellikler acgisindan kontrol kurabiyesine benzerlik gdstermistir. Besin degeri analizi, F2'nin kontrol
kurabiyesine kiyasla daha diisik nem ve ham protein igerigine, ancak daha ylksek ham lif ve toplam diyet lifi icerigine
sahip oldugunu ortaya koymustur. Fiziksel analiz, F2’'nin daha duguk sertlik ve farkli renk 6zelliklerine sahip oldugunu
gostermistir. Tlketici calismasi sonuglari, F2 kirmizi piring kurabiyesinin yiiksek kabul gérdigind gostermistir. Sonug
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olarak, bu ¢alisma, geleneksel bugday unu ile yapilan kurabiyelerde yaygin olarak gérilen diyet lifi eksikligini etkili bir
sekilde ele alarak, kurabiyelerin besin profilini iyilestirmek i¢in umut verici bir strateji sunmaktadir.

Anahtar Kelimeler: Kurabiye, Pigmentli piring, Piring unu, Duyusal degerlendirme, Yaklasik bilesim

INTRODUCTION

Cookies are a popular convenience snack favored by
individuals with busy lifestyles due to their grab-and-go
nature and extended shelf life compared to other baked
goods [1, 2]. Cookies provide significant amounts of
nutrients such as minerals, protein, fiber, and some
vitamins, contributing to our dietary intake and meeting
daily nutritional needs [3, 4]. However, traditional
cookies, primarily composed of wheat flour, eggs, sugar,
and butter, are often considered unhealthy due to their
high starch content, low dietary fiber, and gluten
intolerance issues [5, 6].

In efforts to develop healthier cookies with enhanced
nutritional and textural attributes, various studies have
explored the substitution of wheat flour with different rice
flour, offering gluten-free options with added nutritional
benefits [7-10]. Bolarinwa et al. [5] demonstrated that a
blend formulation of germinated brown rice flour and
potato starch vyielded quality gluten-free cookies.
Similarly, Klunklin and Savage [11] investigated the
effects of substituting purple rice flour for wheat flour in
biscuits, resulting in improved nutritional properties and
reduced starch digestibility. Pigmented rice varieties,
including black, purple, and red rice, are rich in pigments
and nutrients deposited in their bran layers [12].

This research focuses on utilizing red rice flour (RRF) as
a substitute for wheat flour in various ratios to develop
healthier cookies. Red rice, characterized by its red bran
layer, is rich in iron, fiber, vitamins, and other essential
nutrients [13-15]. Previous studies have shown that
pigmented rice varieties, including red rice, have higher
dietary fiber content than non-pigmented rice [16, 17].
However, the substitution of RRF in cookies is expected
to alter their textural qualities due to the higher content
of dietary fiber [18].

The lack of awareness and limited market access for
pigmented rice pose challenges to its production and
consumption. Moreover, there is limited research on the
nutritional composition of pigmented rice in Sabah,
Malaysia, where upland rice cultivation predominates
due to geographical constraints [19]. Addressing these

Pre-wash

gaps, this study aims to produce cookies from RRF to
increase market awareness of pigmented rice in Sabah,
promote its cultivation, and contribute to achieving self-
sufficiency in rice production as outlined in the National
Agrofood Policy (NAP) 2021-2030. By producing
cookies from RRF, this study aims to align with NAP
2.0's objectives of strengthening the domestic market,
developing demand-driven products, and capitalizing on
local specialty rice varieties to drive growth in the agri-
food sector. Furthermore, this research responds to
changing consumer dietary preferences by offering
healthier, nutrient-rich cookie options while showcasing
the unique attributes of pigmented rice to the consumer.

MATERIALS and METHODS
Raw Materials

The raw materials used in preparing the cookies
included all-purpose flour (Bake with Yen, 9.8% protein
content, 11% moisture content), red rice (Pasar Besar,
Kota Kinabalu), unsalted butter (Ausicows, Bake with
Yen), granulated sugar (Central Sugar Refinery, Bake
with Yen), icing sugar (Namye, Bataras), eggs, and salt
(E&G Food Ingredient, 99 Speedmart).

Preparation of Red Rice Flour

The procedure for preparing RRF was adapted from
Bolarinwa et al. [5]. Initially, red rice grains were
thoroughly washed and cleaned under tap water for five
minutes to ensure the removal of dust and dirt particles.
After draining, rice grains were dried in a drying cabinet
(Thermoline Scientific TD-78T-SD, Australia) at 40°C for
a minimum of 12 hours until the moisture content
reached below 10%. Once dried, red rice grains were
ground into RRF using a Waring blender (Panasonic
MX-898, Malaysia) at low speed for five minutes, with
intermittent scraping of residue from the blender walls at
one-minute intervals. Subsequently, RRF was sifted
using a sieve shaker (Endecotts Ltd., UK) to achieve a
consistent particle size of less than 250 ym. Figure 1
depicts the photographs of RRP after washing, drying
and milling processes.

Figure 1. The photographs of RRP after washing, drying and milling processes
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Formulation of Cookies

The cookie formulation incorporating RRF was adapted
from Klunklin and Savage [11] with minor adjustments.
The experimental cookies were prepared by replacing

Table 1. Rice flour cookies formulations

all-purpose flour with RRF at various levels: 20%, 40%,
60%, 80%, and 100% of the total flour weight. Table 1
presents the formulation of cookies substituted with
RRF.

Ingredient Control F1 F2 F3 F4 F5
All-purpose flour (%) 100 80 60 40 20 0

Red rice flour (%) 0 20 40 60 80 100
Butter® 50 50 50 50 50 50
Granulated sugar* 30 30 30 30 30 30
Icing sugar* 20 20 20 20 20 20
Egg* 20 20 20 20 20 20
Salt* 1 1 1 1 1 1

*Baker’s percentage
Preparation of Cookies

The procedure for preparing red rice cookies was
adapted from Zouari et al. [20] with slight modifications.
Firstly, the butter was softened at room temperature and
creamed with granulated sugar and icing sugar using a
kitchen mixer (Panasonic, Malaysia) until smooth and
pale in color. Beaten egg liquid was then added
gradually, ensuring thorough mixing between each
addition. Sifted flour and salt were gently folded into the
mixture to prevent gluten formation. The dough was
rolled out to a thickness of 6 mm, chilled in the freezer
for 20 minutes, and then cut into shapes using a 5cm
diameter cookie cutter. The cookies were baked in a
commercial oven (Sinmag, Malaysia) at 150°C for 15
minutes, cooled on a wire rack for 30 minutes, and
finally stored in zip-lock polyethylene bags at room
temperature before analysis.

Sensory Evaluation

The sensory evaluation of the cookies was conducted at
the Sensory Laboratory within the Faculty of Food
Science and Nutrition, UMS, Malaysia. Panellists were
recruited from the faculty staff and students through
advertisements, and all participants provided informed
consent. To ensure anonymity, the cookies were coded
with three-digit numbers, permutated, and randomly
served to panellists on trays. The panel evaluated the
six formulations, with a total of 60 untrained panellists
participating in the hedonic tests. Panellists assessed
product attributes including appearance, color, aroma,
taste, crispness, and overall acceptability using a nine-
point hedonic scale ranging from 1 (“dislike extremely”)
to 9 (“like extremely”) [21]. Sensory evaluation was
conducted using printed questionnaires

Proximate Composition, Dietary Fibre and Total
Energy

The proximate analysis of the samples was conducted
according to the AOAC method [22] to determine their
moisture, crude protein, crude fat, crude fiber, and ash
content. Moisture content was determined by subjecting
the samples to oven drying at 105°C until a constant
weight was achieved. Crude protein content was
assessed using Kjeldhal method (Kjeltex System-
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Texator), where the nitrogen value was converted to
protein using a factor of 6.25. The crude fat content was
determined using the Soxhlet system (Soxtec System-
Texator), while carbohydrate content was calculated
using the difference method. Ash content was
determined by dry-ashing the samples in a furnace at
550°C for 24 hours. Total dietary fiber was evaluated
using a Megazyme TDF kit [23]. The calorific content
(kcal/100g) of the samples was calculated by multiplying
the crude protein, crude fat, and available carbohydrate
contents by factors of 4, 9, and 4, respectively.

Hardness Measurement

The hardness test to assess the breaking strength of the
cookies was adapted from the methodology outlined by
Jauharah et al. [24]. For this test, a texture analyzer
(Stable Micro Systems, UK) was equipped with a 3-point
bending rig (HDP/3PB) was utilized, operating at
specific parameters: a pre-test speed of 1mms?, a test
speed of 3mms™?, with force measured at a distance of 5
mm and a trigger force of 50g was set to ensure
accurate measurement of the cookies' hardness.

Color Analysis

The color characteristics of the cookies were assessed
using a colorimeter (Hunterlab ColorFlex EZ, Reston)
following the method described by Nielsen [25]. The
Hunter color solid measures three dimensions: L, a, and
b. The L value represents lightness, where a value of
100 indicates white color and a value of O indicates dark
color. The a value indicates the red (+) or green (-)
coordinate, while the b value indicates the yellow (+) or
blue (-) coordinate.

Aspect Ratio and Bulk Density Determination

The aspect ratio of the cookies was determined using
the length or diameter and the width or thickness of the
cookies, following the methods described by AACC [23].
The bulk volume of the cookies was measured using the
green beans displacement method, adapted from Mir et
al. [26].
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Consumer Study

In this study, 100 respondents were randomly selected
from the general public, representing users or frequent
users of the product. The consumer study was
conducted at Padang Merdeka Kota Kinabalu (Sabah,
Malaysia). Participants were asked to evaluate sensory
attributes such as color, aroma, taste, texture, and
overall acceptability.

Statistical Analysis

The experimental data collected from the nine-point
hedonic test for the best formulation of red rice cookies
were statistically analyzed using a one-way ANOVA with
a completely randomized design. The mean values
obtained were further analyzed using Tukey’s honestly
significant difference (HSD) test for a multicomparison of
means. A t-test was used to analyze the results of the
two samples. A significance level of p<0.05 was applied.
Frequency analysis was utilized to analyze the data

obtained from the consumer study. All statistical
analyses were conducted using SPSS Statistics version
28.

RESULTS and DISCUSSION
Sensory Evaluation

Table 2 shows the sensory characteristics of the control
cookie and different formulations of red rice cookies.
Cookies achieving a score of 5 or higher were deemed
acceptable, as noted by Yildiz and Gocmen [27], while a
mean score of 7 or above typically indicates highly
satisfactory sensory quality, making it a reliable
benchmark for the “target” attribute [28]. Color plays a
pivotal role in food acceptability and palatability [29],
significantly influencing consumer preference and
purchase decisions for baked goods [30]. Consumers
often gauge food quality based on its color, which forms
their initial impression and serves as a quality indicator
[31].

Table 2. Sensory characteristics of control cookies and different formulations of red rice cookies

Attributes Control F1 F2 F3 F4 F5

Color 7.11+2.142 6.79+2.012 6.57+1.872 6.48+1.832 6.41+2.012 6.16+2.012
Aroma 6.56+2.172 6.67+2.072 6.63+£1.91° 6.48+2.042 6.19+1.93% 6.22+1.972
Taste 7.22+1.942 6.90+1.942 7.02+2.072 6.84+2.15%¢ 5.84+2.26 5.79+2.20¢
Crispness 7.16+2.022 7.10+£2.042 7.21+£1.83% 6.78+1.98% 5.89+2.28>  570+2.15°
Overall acceptability ~ 7.11+1.86%  6.90+1.88%  7.00+1.92%  6.75+2.03*®  5.86+2.10° 5.87+2.18°

+

Data expressed as mean

standard deviation, (n=63). Mean values in the same row with different superscripts are

significantly different with p<0.05. Sample details: A = Control, 100% wheat flour; B = 20% substitution red rice flour, C =
40% substitution red rice flour, D = 60% substitution red rice flour, E = 80% substitution red rice flour, F = 100% substitution

red rice flour.

Based on the mean scores for color presented in Table
2, no notable differences were found in color
acceptability between the control cookie and any of the
red rice cookie samples. This differs from Klunklin and
Savage’s [11] findings, where substituting up to 50%
resulted in significant color variation. However, in our
investigation, even with a complete substitution of RRF,
color acceptability remained unchanged. The absence
of a distinct red hue in the natural beige color of RRF
could indeed contribute to this observation. Washing
raw rice grains before processing is a common practice
for hygiene, but it also removes aleurone layers
containing red pigments like anthocyanins and
proanthocyanins [32]. Thus, the resulting RRF may
closely resemble unbleached white flour in color.
Consequently, it can be inferred that RRF substitution
does not significantly alter cookie color acceptability.

Aroma, along with taste, texture, color, and warmth,
significantly  influences food acceptance and
appreciation [33]. However, based on the mean scores
obtained for aroma in Table 2, RRF substitution levels
from 20% to 100% did not significantly affect aroma
acceptability compared to the control cookie. This
indicates high acceptability among panelists for various
levels of wheat flour substitution with RRF. This
contrasts with Klunklin and Savage’s [11] study, where
all levels of purple rice flour substitution (20%, 40%,
60%, 80% and 100%) resulted in significant aroma
differences compared to the control wheat cookie. The
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lack of aroma impact in our study may stem from the
aromatic compound content in RRF itself. Processing
methods, including rice washing, roasting, milling, and
storage, can affect aromatic volatile compounds in rice
flour. Washing rice grains before drying and grinding
significantly reduces volatile content [34]. Additionally,
the removal of the lipid-rich bran layer during milling
reduces lipid breakdown products, impacting aroma.
Storage conditions can also alter rice aroma over time.

Taste is a critical factor in consumer acceptance, with
the four primary taste qualities being sweet, salty, sour,
and bitter [31]. In our study, formulations F4 and F5
showed a significant taste difference compared to the
control sample and F2. However, these formulations
received the lowest taste scores, indicating lesser
preference among panelists. Formulations F1, F2, and
F3 did not significantly differ from the control, with F2
being the closest to the control sample.

Crispness, describing cookie hardness, affects textural
preference [35]. Mean scores for F4 and F5 were
significantly lower than the control and F1 — F3,
indicating undesired crispness. Additionally, crispness
decreased significantly as RRF substitution levels
exceeded 60%. This trend is consistent with previous
studies on flour substitutions [20]. Overall acceptability
reflects a blend of sensory attributes in a product [36].
Mean scores for overall acceptability decreased as RRF
substitution  levels exceeded 60%. However,
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formulations F1, F2, and F3 did not significantly differ
from the control, with F2 being the closest to the control
sample.

Selection of Best Formulation

Color, flavor, aroma, and texture, including hardness,
crispiness, and dryness, are critical sensory attributes
defining the quality of cookies [35]. ldentifying the
optimal formulation involves comparing it to the control
cookie, aiming for similarity and achieving high mean
scores across sensory attributes. Analysis of Figure 2
and preceding discussions reveals that formulation F2 of

the red rice cookie closely resembles the control cookie
in terms of taste, crispness, and overall acceptability.
Notably, these attributes attained mean scores
exceeding seven, indicating exceptionally satisfactory
sensory quality. Additionally, feedback from the hedonic
test highlighted that the cookie with a 40% substitution
level was perceived as the most palatable by the
majority of respondents. Therefore, based on these
findings, formulation F2 with a 40% substitution level of
RRF emerges as the optimal choice among the various
substitution levels tested. Thus, formulation F2 was
chosen for further evaluation through proximate
analysis, physical assessment, and consumer study.

4

Figure 2. Cookies made of wheat flour and red rice flour (RRF) with different levels of
substitution (A: control, B: 20% substitution RRF, C: 40% substitution RRF, D: 60%
substitution RRF, E: 80% substitution RRF and F: 100% substitution RRF)

Proximate Composition

Table 3 presents the nutritional compositions of red rice
flour, the control cookie, and formulation F2. A notable
finding from Table 3 is the significantly higher moisture
content in the control cookie compared to the F2 red rice
cookie. This disparity can be attributed to the inherently
lower moisture content of RRF. Consequently, the
reduced moisture content in F2 can be attributed to the
characteristics of RRF itself. Contrary to the findings in
this study, Klunklin and Savage [11] reported a linear
increase in moisture content with higher concentrations
of purple rice flour. This discrepancy could be due to
differences in flour particle size, with coarser particles,
as observed in RRF, possessing lower water-holding
capacity. Additionally, the dryland soil conditions of
upland rice cultivation may limit mineral availability,
possibly contributing to the lower ash content in RRF
[37]. Although it was anticipated that RRF would exhibit
higher mineral content, including iron and potassium,
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the ash content did not significantly differ from that of
refined wheat flour.

Moreover, the crude protein content in the control cookie
was significantly higher than that of F2. This difference
is attributable to the lower protein of the rice flour than
wheat flour. Furthermore, the crude fat content did not
significantly differ between the control cookie and F2,
despite RRF exhibiting a higher fat content than refined
wheat flour. Regarding crude fibre content, F2 displayed
significantly higher levels compared to the control
cookie. This discrepancy is consistent with the higher
fibre content of RRF compared to refined wheat flour
[37]. Furthermore, available carbohydrate content did
not significantly differ between the control cookie and
F2. However, RRF exhibited higher available
carbohydrate content compared to refined wheat flour,
aligning with previous research [38, 39]. This higher
carbohydrate content in RRF may contribute to the
carbohydrate content of F2.
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Table 3. Nutritional compositions of red rice flour, control cookie and F2 red rice cookie

Composition (%) Red rice flour Control F2
Moisture 8.98+0.38 3.6+0.14* 2.05+0.07°
Ash 0.58+0.05 0.47£0.03? 0.55+0.05?
Crude protein 7.58+0.30 7.14+0.112 6.15+0.10°
Crude fat 1.62+0.30 22.30+£1.58?2 20.35+0.342
Crude fibre 2.15+0.11 1.13+0.09° 1.90+0.112
Total dietary fibre 3.75+0.32 1.90+0.14° 3.02+0.212
Carbohydrate 75.34+0.10 63.46+1.772 65.97+0.292
Energy (kcal) 353.81+2.53 486.86+7.03* 477.69+2.25%

Data expressed as mean + standard deviation, (n=3). Mean values in the same row with different superscripts are
significantly different with p<0.05. F2 = 4% substitution red rice flour.

Total Dietary Fibre

The total dietary fiber content in the F2 was significantly
higher compared to that of the control cookie (Table 3).
These findings align with the results reported by Klunklin
and Savage [11], where the substitution of purple rice
flour significantly increased the total dietary fiber content
in purple rice cookies compared to control wheat
cookies. Dietary fiber encompasses the indigestible
components of food, primarily derived from plant cell
wall material and consisting mainly of polysaccharide
molecules. Major constituents include cellulose,
hemicelluloses, lignin, and  other  non-starch
polysaccharides like pectin. According to AACC [23],
dietary fiber refers to edible plant parts or similar
carbohydrates that resist digestion and absorption in the
small intestine, undergoing complete or partial
fermentation in the large intestine. Adequate dietary
fiber intake from diverse sources is associated with
reduced colon cancer risk and helps maintain healthy
blood lipid levels, lowering the likelihood of obesity,
hypertension, and cardiovascular disease. Given that
the total dietary fiber content in the F2 significantly
exceeds the threshold required for a nutrition claim,
consideration may be given to such a claim. As per the
Fifth A Schedule (Regulation 18 c) of Malaysia Food
Regulations 1985, products must contain at least 3g of
total dietary fiber per 100g (solids) to claim a source of
total dietary fiber. With the F2 red rice cookie containing
3.02g of total dietary fiber per 100g, it meets the criteria
for making such a claim.

Total Energy Content

There was insignificant difference in the energy contents
between the control and the F2 red rice cookies (Table
3). Although not statistically significant, the slight
decrease in energy content of the F2 red rice cookie
could be attributed to its lower crude protein and crude
fat content compared to the control cookie.

Hardness

The texture of cookies, particularly their hardness, is a
crucial aspect influenced by various factors [27]. As
depicted in Table 4, the hardness was significantly
greater for the control cookie compared to the F2. This
aligns with findings from Klunklin and Savage [11],
where incorporating different levels of purple rice flour
resulted in a notable reduction in cookie hardness.
Additionally, cookies substituted with coarse-grained
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short-grain rice exhibited decreased hardness compared
to the control wheat cookie, as observed by Mancebo et
al. [40]. Chung et al. [41] similarly reported that all
cookies containing rice flour required less force to snap
compared to the control cookie.

Several factors may contribute to the decreased
hardness of substituted cookies. Firstly, changes in the
dough matrices due to reduced gluten content could
play a role. The hardness of cookies relies on the
structure of the composite matrix comprising gluten
protein aggregates, lipids, sugars, and ungelatinized
starch granules. Therefore, substituting wheat flour with
gluten-free rice flour reduces the gluten protein content
in the dough, resulting in a less rigid composite matrix
and decreased cookie hardness [41]. Secondly, the use
of flours with different particle sizes could influence
hardness. Research by Mancebo et al. [40] indicates
that cookies made from fine-grained flour require higher
peak force compared to those made with coarse-grained
flour. While the RRF used in this study was ground and
sieved to achieve a consistent particle size of <250um,
most cookie flours typically have an average patrticle
size of around 50 pym, with fewer than 10% larger than
130 ym. Consequently, the coarser particle size of RRF
used in baking F2 may contribute to their lower
hardness compared to the finer wheat flour used in the
control cookies.

Color

Color plays a pivotal role in influencing consumer
preferences and purchasing decisions when it comes to
bakery products. In the case of the F2, notable
differences were observed compared to the control
cookie. The F2 exhibited significantly lower lightness,
higher redness, and lower yellowness than the control
cookie (Table 4). The lightness of a cookie is not only
influenced by the Maillard reactions occurring during
baking but also by the color of the flour used, as noted
by Mancebo et al. [40]. The darkened color observed in
cookies can result from caramelization of sugars in the
recipe or the Maillard reaction, both of which contribute
to the browning effect during baking. The incorporation
of RRF in the cookie formulation may lead to a darker
surface compared to control cookies, which typically
exhibit higher lightness values. Moreover, the increased
redness observed in the F2 could be attributed to the
presence of red pigments naturally found in the husk of
red rice. Conversely, the decrease in yellowness of the
F2 may be due to the degradation of unstable yellow
compounds present in RRF during the baking process.
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Table 4. Physical characteristics of red rice cookie

Parameter Control F2

Hardness (N) 35.07+0.372 28.45+0.61°
L* 70.67+0.042 57.22+0.02°
a* 10.05+0.032 13.42+0.01°
b* 32.69+0.03? 30.74+0.13°
Aspect ratio 5.70+0.10? 6.43+0.152
Bulk density (g/mL) 0.77+0.022 1.15+0.04°

Data expressed as mean = standard deviation, (n=3). Mean values in the same
row with different superscripts are significantly different with p<0.05. F2 = 40%

substitution red rice flour.
Aspect Ratio

The aspect ratio of cookies serves as a crucial quality
indicator, with higher values generally associated with
desirable cookie characteristics, such as a larger
diameter and thinner thickness [42]. The aspect ratio
was notably higher for the F2 compared to the control
cookie (Table 4). Similarly, Chung et al. [41] reported a
significant increase in the aspect ratio of cookies with
rice flour incorporation. Research by Mancebo et al. [41]
revealed a positive correlation between particle size and
aspect ratio (r= 0.75; 99%) and a negative correlation
between aspect ratio and water holding capacity (WHC)
(r= 0.47; 95%). Finely ground flours demonstrated
higher water binding and holding capacities compared to
coarse-grained flours. This suggests that flours with
finer particle sizes tend to have higher WHC and water
binding capacities, resulting in lower spread ratios. The
spread ratio of cookies is also affected by dough
viscosity. Flours possessing high water holding capacity
WHC and water binding capacities tend to limit the
availability of water for sugar dissolution in the dough,
consequently resulting in elevated initial viscosity.

Bulk Density

Referring to Table 4, the bulk density exhibited a
significant increase in the F2 compared to the control
cookie. This trend aligns with findings from other studies
[43, 44], where bulk density showed a significant
increase with higher formulations of jering seed flour.
Similarly, research by Zouari et al. [20] indicated a
significant increase in bulk density when wheat flour was
substituted with sesame flour. Bulk density
determination holds significance as it serves as a
parameter for determining storage, transportation, and
packaging considerations for cookies [45]. The variance
in bulk density can be attributed primarily to differences
in particle size and flour density [43].

Consumers Study

To evaluate consumers’ acceptance towards the 40%
substitution red rice cookie, a consumer study was
conducted. A total of 100 respondents were chosen
randomly during the event, with which 55 of them were
female, and 45 of them were male. The respondents
collected consisted of a wide range of ethnic groups,
which include Bisaya, Bajau, Chinese, Dusun, Iban,
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Lundayeh, Malay, Murut, Sea Dayak and Toraja. In the
consumer study conducted, respondents were
presented with a range of attributes to evaluate their
preferences and perceptions regarding the red rice
cookie with a 40% substitution rate. These attributes
included color, aroma, taste, texture, and overall
acceptability. A significant proportion of respondents,
constituting over 80% of the total participants, exhibited
a high level of acceptance toward the red rice cookie
with 40% substitution (Figure 3). This indicates that the
majority of individuals who participated in the study
found this particular variation of the cookie to be
appealing across multiple sensory dimensions. The high
level of acceptance observed among participants
underscores the favorable sensory characteristics and
overall palatability of the red rice cookie with 40%
substitution. These findings suggest that the
incorporation of red rice flour into the cookie formulation
at this specific substitution rate has successfully met or
exceeded consumer expectations, eliciting positive
responses across various attributes such as color,
aroma, taste, texture, and overall acceptability.

CONCLUSION

The study revealed that incorporating 40% RRF led to
reductions in moisture and crude protein content while
increasing crude fiber and total dietary fiber content in
the cookies. Physical analysis showed significant
changes in hardness, color, aspect ratio, and bulk
density of the best formulation (F2) compared to the
control. However, the sensory evaluation indicated no
significant differences between the F2 red rice cookie
and the control, suggesting that the 40% substitution of
RRF did not negatively impact sensory characteristics
according to the panelists. Through sensory evaluation,
the red rice cookie with 40% substitution emerged as
the best formulation, closely resembling the taste,
crispness, and overall acceptability of the control cookie,
with no significant differences observed in sensory
attributes. The F2 received higher palatability ratings
based on comments from the sensory evaluation forms.
In conclusion, this study presents a promising approach
to enhance the cookies' nutritional profile by increasing
dietary fiber content, addressing the deficiency typically
found in cookies made with wheat flour. However,
further research is needed to optimize the formulation to
reduce fat content and produce lower-fat cookies.



L.K. Yee, S.N. Ibrahim, M.E. Ronie, A.H.A. Aziz, R. Kobun, W. Pindi, J. Roslan, N.M. Ridhwan, N.R. Putra, H. Mamat
Akademik Gida 22(4) (2024) 253-261

B Like
100

~
1]

o
o

Colour Aroma

B Dislike

Not sure

Taste

N Iﬁ Iﬂ Iﬂ Iﬁ Iﬂ

Texture Overall acceptability

Figure 3. Consumers’ acceptance towards sensory attributes of 40% substitution red rice cookie (n=100)
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ABSTRACT

In this study, the effects of various physical, chemical, and technological properties of sheep tail fat (fresh and ghee)
as well as different storage durations, storage temperatures, and the use of additives on the storage stability of
thermally processed sheep tail fat (ghee tail fat) were investigated. To prevent lipid oxidation and other degradation
factors during use after long-term storage, salt and antioxidant additives were used. Samples were stored in glass jars
at 25°C, +4°C, and -18°C for 90 days. The moisture, protein, fat, and ash contents of fresh tail fat was determined as
11.2%, 3.47%, 85.0%, and 0.07%, respectively. In clarified fat, the moisture content was determined as 0.4%, protein
content as 2.98%, fat content as 96.0%, and ash content as 0.05%. Additionally, the cholesterol content in tail fat was
60 mg/100 g in fresh tail fat and 58 mg/100 g in ghee tail fat. The pH values of fats were determined as 5.7 in fresh
samples and 6.2 in ghee samples. The fatty acid compositions of samples revealed that the dominant fatty acid
groups in both fresh and ghee sheep tail fat were palmitic, stearic, and oleic acids. Fresh tail fat stored at room
temperature deteriorated in terms of chemical properties (FFA, peroxide, and TBA) within 7 days, while those stored
at +4°C deteriorated within 15 days. However, thermally processed samples were preserved without deterioration for
60 days at these storage temperatures.

Keywords: Sheep tail fat, Tallow, Animal fat, Storage stability

Isil islemin Koyun Kuyruk Yaginin Depolama Stabilitesi Uzerine Etkisi
oz

Bu calismada, isil islem gormis koyun kuyruk yaginin (sade) depolama stabilitesini belirlemek amaciyla, kuyruk
yaginin (taze ve sade) cesitli fiziksel, kimyasal ve teknolojik 6zellikleri ile farkli depolama surelerinin, depolama
sicakliklarinin ve katki maddesi kullaniminin bu 6zellikler Gzerindeki etkileri arastiriimistir. Uzun sireli depolamadan
sonra, kullanim sirasinda lipit oksidasyonu ve diger bozulma faktorlerini 6nlemek icin tuz ve antioksidan katki maddesi
kullaniimigtir. Ornekler cam kavanozlarda 25°C, +4°C ve -18°C’de 90 giin boyunca depolanmistir. Taze kuyruk
yaginda nem, protein, yag ve kil igerigi sirasiyla %11.2, 3.47, 85.0 ve 0.07 olarak belirlenmistir. Berraklastiriimig
yagda nem, protein, yag ve kil oranlari sirasiyla %0.4, 2.98, 96.0 ve 0.05 olarak belirlenmistir. Ayrica, kuyruk yagi
kolesterol icerigi taze ve sade kuyruk yaglarinda sirasiyla 60 ve 58 mg/100g olarak belirlenmistir. Yaglarin pH
degerleri taze drneklerde 5.7, sade drneklerinde ise 6.2 olarak belirlenmistir. Orneklerin yag asidi kompozisyonlari
incelenmis ve taze ve sade koyun kuyruk yaginda baskin yag asidi gruplarinin palmitik, stearik ve oleik asit oldugu
belirlenmistir. Oda sicakhginda depolanan taze kuyruk yaglari kimyasal 6zellikler (FFA, peroksit ve TBA) agisindan 7
gln icinde bozulurken, +4°C’de depolananlar ise 15 gun icinde bozuldu. Ancak isil iglem gérmis &rnekler bu
depolama sicakliklarinda 60 giin boyunca bozulmadan muhafaza edilebilmistir.

Anahtar Kelimeler: Koyun kuyruk yagi, i¢ yag, Hayvansal yag, Depolama stabilitesi

262


https://orcid.org/0000-0001-9991-7342
https://orcid.org/0000-0002-8689-7722
https://orcid.org/0000-0002-8192-2298

M. Bozdemir, H. Gengcelep, M.O. Yiizer Akademik Gida 22(4) (2024) 262-272

INTRODUCTION

One of the products obtained from the slaughter of cattle
and tailed sheep is tallow and tail fat. Sheep tail fat is
the main source of flavoring, especially in the production
of kebabs and some dishes. Animal fats are the second
most important source of lipid raw materials produced in
Turkey [1]. Fat-tailed sheep store fat in their tails for use
when natural food sources are scarce [2, 3]. Sheep tail
fat is used in kitchens in Turkey and Central Asian
countries. In China, sheep tail fat functions as a food
seasoning in cooking [4]. However, the use of sheep tall
fat in the food industry is limited due to its not widely
accepted flavor [5]. Sheep tail fat constitutes a large part
of Turkey's animal fat production. It has been reported
that as of 2022, there are approximately 44,700,000
sheep in Turkey, and most of them have fat-tails [6, 7].
The weight of sheep tail fat from individual sheep ranges
from 3 to 8 kg [5]. It has also been reported that
21,500,000 sheep are slaughtered annually [6],
according to a rough calculation, it can be calculated
that 100,000 tons of tail tissue can be used as a source
of lipid production.

The high ratio of unsaturated fatty acids in their structure
causes lipids to be more susceptible to deterioration.
Tail fat among animal fats is considered less risky in
terms of health compared to tallow fats, since the
content of unsaturated fatty acids is higher than other
tallow fats [1, 8]. Animal fat can stabilize the three-
dimensional network of dissolved myofibrillar proteins
that increase the mouthfeel and tenderness of
processed meat products. In addition, animal fat
increases juiciness and yield by reducing water losses
during cooking or ripening [9].

Fats with an average melting point of up to 45°C are
absorbed by the body at a rate of 95% or more. From
this point of view, tail fat, which has a melting point
below 45°C, can be digested more easily by the body.
Approximately 94% of the tail fat is lipid [10]. In this
respect, tail fat can be considered as an important
source of fat. The main fatty acids in tail fat are oleic
acid (28.37-44.43%), palmitic acid (24.77-31.49%),
stearic acid (16.51-30.02%), but also include different
fatty acids such as margaric (4.32%), myristic (3.67-
3.92%), palmitoleic (3.01-3.14%), linoleic (0.66-2.77%)
and lauric acids (0.20%) [7, 11].

In addition to tail fat use as a natural lipid in dishes by
melting in Turkey, it is widely used in products such as
kebabs, doner, lahmacun, especially in terms of
softening meat and providing flavor. Although it is
thought to have a high value in terms of cholesterol, it is
emphasized that it can prevent joint pain in later ages,
so it should be consumed at young ages. However,
since it contains omega-6 and omega-3 fatty acids, it is
thought to reduce the risk of cardiovascular diseases in
people while consumed at a young age, but it is
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recommended to be consumed occasionally in older
ages [12].

Although tail fat, which is used both fresh and as edible
fat after long-term storage in Turkey and has a wide
range of uses in the food industry, is so important for our
country, the number of studies in the literature is very
limited. Especially after long-term storage, consumers
may experience various problems in quality properties
as a result of oxidation of lipids during use. For this
reason, determining the oxidation degree and other
structural changes of tail fats stored under different
conditions and times are important factors in terms of
food quality and technology. In this study, the effects of
storage time, temperature, salt and antioxidant use on
the storage stability of heat-treated tail fat (ghee tail fat)
were examined, and some physical and chemical
properties of tail fat and storage quality were determined
and the data obtained will guide other researchers and
the food industry.

MATERIALS and METHODS
Preparation and Storage of Tail Fat Samples

The tail fat of the sheep (Karayaka breed) used in the
study was purchased fresh from a private
slaughterhouse in  Samsun  domestic  market
immediately after slaughtering and then passed through
a meat grinder (+4°C) with a mirror size of 3 mm. A total
of 10 sheep were used in the study, with approximately
2 kg of tail fat obtained from each animal. For fresh tail
fat samples, 100 g of tail fat taken from the meat grinder
was filled into glass bottles with a lid, which were
sterilized by keeping them in an oven the day before.
For the heat-treated tail fat (ghee tail fat) sample, 30
minutes of heat treatment was applied to the tail fat with
an initial temperature of 14°C, and when the
temperature reached 100°C, heat treatment was
continued for another 5 minutes. Then, the tail fat was
passed through a muslin cloth, and the cartilage tissue
was separated, and the remaining fat part was filled in
the same way at about 80 °C in glass bottles with a lid.
In this way, fat was obtained with 62% yield from the tail
tissue used in the research. For the heat-treated salt
added (salted tail fat) sample type, 2% (17.5 g) salt
(sodium chloride, =299.8% Merck, USA) was added to
3500 g tail fat, melted in a saucepan and heat treated at
100°C for 5 minutes. Then, it was passed through a
muslin cloth and filled at approximately 80°C at 75 g per
jar. For the sample with heat-treated additive (additived
tail fat), 2000 g of weighed 0.2% (2 g) antioxidant was
added from the tail fat melted and filtered in the same
way as the other samples, mixed and then filled into jars
at about 80°C. Butylhydroxyanisole (BHA) was preferred
in the study because it is a widely used antioxidant.
Each prepared sample was stored at room temperature
(25°C), +4°C and -18°C for 90 days.
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Figure 1. Preparation of tail fat samples

Physicochemical Analysis

Chemical compositions of the samples were determined
according to the methods described by AOAC [13],
moisture (925.10), crude protein (976.05), ash (923.03)
and oil content (920.39). After the samples were diluted
by 10%, readings were made using a pH-meter (Starter
2100, Ohaus, USA) and pH values were determined.
Water activity was carried out at 25°C using a
measuring device (Aqualab Dew Point Water Activity
Meter, USA).

Cholesterol Analysis

Cholesterol analysis was performed using gas
chromatography  (Varian, 3400, Varian Inc.,
Netherlands) [14]. 5-a-Cholestane was used as internal
standard solution (IS). Cholesterol (CH) standard (2
mg/mL hexane) was prepared into vials. Cholesterol
content was calculated with the help of the following
Equation (1):

Cholesterol content (mg/100g) = (mg IS x area CH) / (area IS x 100g sample) (8]

Color Analysis

Color analysis was performed using the Colorflex EZ
(Hunter Associates Laboratory Inc., USA) measuring
device. In the samples, the International lllumination
Commission L*, a*, b* values were measured. Prior to
undertaking colour readings, the instrument was
calibrated using a white standard plate. For each
sample, replicate measurements were taken at
randomly selected locations across the surface, and the
average value was calculated [15].

Free Fatty Acidity Analysis

Gengcelep [16] method was modified and FFA analysis
was performed. After weighing approximately 5 g of the
samples taken homogeneously into a 250 mL flask, 50
mL of diethylether:ethanol (1:1,v/v) was added and
shaken for 1 minute. 3-4 drops of phenolphthalein
indicator were dropped into it and titration was
performed with 0.1 N NaOH. The amount of NaOH used

was recorded and the % free fatty acidity of the samples
was calculated with the following equation (2):

FFA (% in oleic acid) = (V/m) x 2.82 (2)

where V is the amount of NaOH used (mL), and m is the
sample weight (g).

Peroxide Value Analysis

Approximately 2 g of the samples were weighed into
flask and 10 mL of chloroform was added to it and then
shaken. 15 mL of acetic acid and 1 mL of saturated
potassium iodide were added, respectively, then the lid
was closed and shaken for 1 min. 75 mL of distilled
water and 1 mL of 1% soluble starch solution were
added to the bottles, which were kept in a dark place for
about 10 minutes, and titration was carried out with 0.01
N sodium thiosulfate solution. The used amount was
recorded, and the result was determined as
milliequivalents of O2/kg oil with the help of the following
equation (3) [17]:

Peroxide value (milliequivalents O2/kg oil) = [ (a-b) x N x 1000] / m 3

where a is the amount of thiosulfate used for the sample in the titration (mL), b is the amount of thiosulfate consumed
for the blank in the titration (mL), N is the normality of the thiosulfate, and m is the sample amount (g).
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Thiobarbituric Acid Reactive Substance (TBA)
Analysis

Approximately 10 g of sample was weighed for analysis.
25 mL of 20% trichloroacetic acid and 20 mL of distilled
water were added and homogenized with Ultra Turrax
for about 2 minutes. The homogenized sample was
passed through Whatman No: 1 filter paper. 5 mL of the
obtained filtrate was taken and transferred to tubes.
After adding 5 mL of 0.02 M TBA solution, the lids were
closed and shaken. The tubes, which were kept in a
boiling water bath at 93°C for about 30 minutes, were
cooled in tap water for 10 minutes after being removed.
Then, it was transferred to spectrophotometer (T80+,
PG Instruments Limited, UK) cuvettes and the
absorbance value was read at 532 nm wavelength. TBA
value was determined as mg malonaldehyde/kg sample
by multiplying the recorded value with the coefficient of
7.8 [18].

FTIR Spectroscopy Analysis

The FTIR spectra of the samples were determined with
a (Spectrum Two, Perkin Elmer Inc., Netherlands)
device at a wavelength of 4000-450 cm™. For the
measurement, the fat samples were ground and
transferred to the instrument plate in solid form.

Differential Scanning Calorimetry Analysis

DSC analysis was performed using the DSC (DSC8000,
Perkin Elmer Inc., Netherlands) instrument. An empty
aluminum DSC container was used as a reference
sample. In the study, melting and crystallization
processes were carried out at a speed of 10°C/minute
and between 0-100°C. The melting and crystallization
temperatures of the samples were calculated using the
instrument software.

Fatty Acids Composition Analysis

For the analysis of fatty acids composition of fresh and
ghee tail fat samples, the samples were derivatized with
1.5 M methanolic HCI and taken into vials and then
analyzed in gas chromatography device (Trace 1310,
Thermo Scientific, USA). In the analysis, detector
temperature and injection temperature are 240°C,
detector type is FID (Flame lonization Detector), helium
carrier gas at 1.0 ml/min, oven temperature at 120°C for
0 min, at 210°C for 10 min, 250°C for 1 min parameters
were used.

Statistical Analysis

Trials created within the scope of the study were set up
in two repetitions according to a completely random trial
plan. The obtained data were subjected to ANOVA
analysis via SPSS Statistics program (V21, SPSS Inc.,
Chicago, USA) and the statistical significance limits of
the differences were determined and compared by
applying Duncan multiple comparison test (p>0.05).

RESULTS and DISCUSSION

Compositional Propeties of Fresh and Ghee Tail
Fats

The results of moisture, fat, protein, ash and cholesterol
values in fresh and heat-treated tail fat (ghee tail fat) are
given in Table 1. Composition analysis was not
performed in the samples of ghee salted tail fat and
ghee additived tail fat obtained by adding salt and
antioxidant, because it was predicted that the salt and
additive used would not have much effect on the
composition.

The moisture content of fresh tail fat is higher than that
of ghee tail fat. In the process of obtaining ghee oil as a
result of heat treatment, water is separated from the
fatty tissue and a tissue with a very high oil content is
left. The difference in moisture content between the
obtained fats are very important for both technological
and storage quality. As a matter of fact, the moisture
content of adipose tissues affects the efficiency, and in
this case, the yield value of an adipose tissue with a low
moisture content is higher than an adipose tissue with a
high moisture content. In addition, the hydrolytic
degradation potential of water shortens the storage life
in adipose tissue with high moisture content [8].

A portion of the protein (3.47%) found in fresh tail fat
remained in the cartilage part as a result of melting, and
therefore the amount was lower in ghee talil fat (2.98%).
There was no statistically significant difference between
the amounts of ash and cholesterol in fresh tail fat and
ghee tail fat. However, due to the removal of water by
the effect of temperature, very small decreases occurred
in their amounts. Cholesterol analysis results in fresh
and ghee tail fats were determined as 61.10 mg/100 g
and 59.02 mg/100 g, respectively.

Table 1. Composition analysis results of fresh and ghee tail fat

Moisture (%) Crude fat (%) Crude protein (%) Ash (%) Cholesterol (mg/100 g)
Fresh tail fat 11.240.32 85.0+0.8° 3.47+0.32 0.07+0.022 61.10+0.022
Ghee tail fat 0.4+0.02° 96.0+0.62 2.98+0.2° 0.05+0.022 59.02+0.022

abDjfferences between means with different letters in the same column are significant. Results are mean value + standard deviation.

Physical and Physico-chemical
Fresh and Ghee Tail Fats

Properties of

The pH, aw and color values (L*, a* and b*) results of
fresh tail fat, ghee tail fat, salted tail fat and additived tail
fat are given in Table 2. When Table 2 was examined,

the pH value of the fresh tail fat sample was 5.69 lower
than the other samples. It is thought that the increase in
pH value of 6.17 in ghee tail fats is caused by the loss of
buffering properties of the proteins in the composition
with the application of heat treatment. When ghee tail
fat, salted tail fat and antioxidant added tail fat were
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compared among themselves, no statistical difference
was found in pH value (p>0.05). However, with the
dissolution of the added salt, some pH change was
observed in the salted sample due to the Na and CI
elements, but it did not show a statistical difference. It is
known that the pH values of animal fats are generally in
the range of 6-7. While the water activity value of the
fresh tail fat group samples was determined as 0.988,
this value was determined as 0.830 in the ghee tail fats
with the application of heat treatment. In the salt and
antioxidant added samples, the water activity value was
determined as 0.728 and 0.780, respectively. It is
thought that the heat treatment application in our

research may have reduced the water activity value by
affecting the amount of water in the tail fat, and it may
have had a lowering effect on the water activity due to
the water binding property of the salt. It has been
determined that BHA, which is used as an antioxidant in
the research, also has a water activity-lowering effect. It
is known that low water activity has a limiting effect on
deterioration such as enzymatic reactions, oxidation and
growth of microorganisms. It is thought that the
difference in water activity, which is one of the important
parameters in the processing and preservation of foods,
may be one of the important parameters affecting the
storage stability of tail fat.

Table 2. pH, aw and color analysis results of tail fats with different application processes before storage

pH aw L a b
Fresh tail fat 5.69+0.1° 0.988+0.12 74.48+0.022 1.38+0.022 6.15+0.22
Ghee tall fat 6.17+0.12 0.830+0.1° 74.20+0.032 0.20+0.01° 5.40+0.22
Salted tail fat 6.26+0.12 0.728+0.1°¢ 75.45+0.022 0.05+0.01° 5.20+0.22
Tail fat with additives 6.19+0.12 0.780+0.1°¢ 74.55+0.02° 0.62+0.02° 5.83+0.22

acDifferences between means with different letters in the same column are significant. Results are mean value + standard

deviation. aw: water activity

The L* values of fresh tail fat, ghee tail fat, salted tail fat,
antioxidant added tail fat were determined as 74.48,
74.20, 75.45 and 74.55, respectively, and the difference
between them was not statistically significant (p>0.05).
However, when the L* gloss values of the samples were
examined, it was determined that the gloss values of the
samples studied with the addition of salt slightly
increased with the effect of salt. While the a* value of
the fresh tail fat sample was 1.38, the a* value of ghee
tail fat was 0.20, the a* value of salted tail fat was 0.05,
and the a* value of additived tail fat was 0.62. It is
thought that the heat treatment application that we used
to obtain ghee tail fat reduces this value by affecting the
a* value. Considering the b* values, the highest value
was observed in fresh tail fat samples as 6.15, this value
was determined as 5.40 in ghee tail fat, 5.20 in salted
tail fat and 5.83 in additived tail fat.

Fatty Acid Composition of Fresh and Ghee Tail
Fats

The fatty acid compositions of fresh tail fat and ghee tail
fat samples are shown in Table 3. It was determined
that the heat treatment application did not have a
significant (p>0.05) effect on the fatty acid composition.
The difference may be due to the proportional
distribution of fatty acids in the ghee tail fat sample with
water removal. Three main fatty acids that dominate
both samples were determined. Oleic acid, one of the
unsaturated fatty acids, was found to be 20.5% and
21.26% in fresh tail fat and ghee tail fat samples,
respectively. In saturated fatty acids, palmitic acid was
determined as 21.09% in fresh tail fat and 22.02% in
ghee tail fat, while stearic acid was determined as
20.61% in fresh tail fat and 20.82% in ghee tail fat. In
addition to these, less myristic acid, heptadeconoic acid,
linoleic acid, pentadeconoic acid, a-linolenic acid,
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myristoleic acid were detected. Except for these, all the
remaining fatty acids remained below 1%.

When the palmitic acid contents of the samples were
evaluated, although there was not statistically significant
(p>0.05) difference between them, the palmitic acid
content of ghee tail fat (22.02%) was found to be higher
than that of fresh tail fat (21.09%). The palmitic acid
content of the samples detected in the study is similar to
the literature. Mehran and Filsoof [19], in their study,
reported that the palmitic acid ratio in the tail fat of
Iranian domestic sheep varies between 18.2% and
23.6%. Yilmaz [8] found the palmitic acid content of the
tail tissue to be 19.79% on average. Tufekci et al. [20] in
their study on the tail fat of sheep from different breeds
bred in the Black Sea Region, they determined the
palmitic acid contents of the tail fats of Arth, Cepni,
Karayaka and of sheep as 21.81%, 25.28%, 25.47%
and 26.28%, respectively. When the stearic acid
contents of the samples were examined, it was found
that the stearic acid content of the fresh tail fat sample
was 20.61%, and the stearic acid content of the ghee
tail fat was 20.82%. These values are partly similar to
the literature, partly differing. Mehran and Filsoof [19]
reported that the rate of stearic acid in the tail fat of
Iranian domestic sheep varies between 7.1 and 22.1%.
In the study, the amount of oleic acid in fresh and ghee
tail fat samples was determined as 20.50% and 21.26%,
respectively. Mehran and Filsoof [19] determined this
value as 39.6-53.5% in their study on tail fat of Iranian
domestic sheep. Yilimaz [8] determined the amount of
oleic acid belonging to sheep tail fat tissues as 35.65%,
Unsal and Aktas [7] as 28.37%. Total saturated fatty
acids were 60.35% in fresh tail fat and 61.97% in ghee
tail fat (p>0.05). Total unsaturated fatty acids were
39.65% and 38.03%, respectively (p>0.05). Since the
amount of saturated fatty acids is higher, the tail fats are
solid at ambient temperature.
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Table 3. Fatty acid composition of fresh and ghee tail fat

% Fatty acids

Fatty acids Fresh tail fat Ghee tail fat
C14:0 6.94+0.232 7.20+1.042
Cl4:1 1.33+0.05? 1.38+0.202
C15:0 6.77+1.162 5.54+0.992
C16:0 21.09+0.612 22.02+3.152
C17:0 6.42+0.212 6.88+0.772
C17:1 4.68+0.112 4.81+0.582
C18:0 20.61+0.652 20.82+0.042
C18:1n9 20.50+0.962 21.26+1.512
C18:2n6 6.64+0.122 7.01+0.752
C18:3n3 2.09+0.072 2.15+0.282
Total Saturated Fatty Acid 60.35+£1.78 61.97+5.74
Total Unsaturated Fatty Acid 39.65+1.78 38.03+5.74
Mono Unsaturated Fatty Acids 26.51+0.00 27.45+0.00
Poly Unsaturated Fatty Acids 8.73+0.00 9.16+0.00

PUFA/SFA 0.15+0.00 0.15+0.00

SFA/UFA 1.52+0.00 1.63+0.00

@€ Differences between means with different letters in the same column are significant. Results are

mean value + standard deviation.

Although the composition of fatty acids obtained in the
study of fat samples is similar to the information in the
literature, it has been determined that there are partial
differences. These differences may be caused by
factors such as sheep type, age, nutritional status. As a
matter of fact, the fact that tail fat contains essential fatty
acids in its structure can be considered among the
features that make tail fat important.

Calorimetric Properties of Fresh and Ghee Tail
Fats

DSC is the most widely used thermo-analytical
technique to study oils and fats and is a widely accepted
method for determining the crystallization and melting
properties of fats [21]. DSC thermograms of fresh and
ghee tail fat samples are given in Figures 2 and 3. When
the DSC thermogram of the fresh tail fat sample was
examined (Figure 2), one crystallization peak at 14.77°C
and three melting peaks at 10.26°C, 23.34°C and
34.62°C were obtained. One crystallization peak at
19.82°C and three melting peaks at 11.19°C, 26.12°C
and 36.88°C were detected in the DSC thermogram of
ghee tail fat (Figure 3). Yimaz and Karakaya [21]
conducted thermal analysis of lipids isolated from
various tissues of sheep fat and obtained two similar
crystallization peaks (31.25-24.69°C and 7.44-3.90°C)
and melting peaks (15.36-13.44°C and 45.98-44.60°C)
in the DSC thermograms of tallow and intestinal fat.
When compared with this information examined in the
literature, the results found in the research differ. As a
result, although the thermograms of fresh tail fat and
ghee tail fat are similar to each other, the differences
may be due to small differences in fatty acid
composition.
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Figure 2. Crystallization (a) and melting (b) DSC
thermogram of fresh tail fat sample
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FTIR Spectral Properties of Fresh and Ghee Tail
Fats

FTIR spectra of fresh tail fat and ghee tail fat is given in
Figures 4 and 5, respectively. 4000-3050 cm?
absorption frequency determines the O-H bond type and
the state of water, alcohol, hydroperoxides [22]. When
the spectra of fresh tail fat (Figure 4.) and ghee tail fat
(Figure 5.) were examined, a difference was found in the
frequency range of 4000-3050 cmt, which is thought to
be caused by the decrease in the amount of water in the
ghee tail fat samples with the application of heat
treatment. It is thought that the absorption frequency of
3025-2850 cm, which gives information about C-H
stretching, methylene and methylene groups at the end
of the fatty acid chain [22], is parallel to the fact that the
fatty acid compositions of fresh and ghee tail fat
samples are similar. 1870-1550 cm? absorption
frequency C=0 stretch gives information about the ester
bond between fatty acid and glycerol [22]. When the
absorption frequency of 1870-1550 cm™ is examined in
both spectra, it is seen that the deterioration in the
triglyceride structure is more in the fresh tail fat sample.
It has been determined that the FTIR spectrum of sheep
tail fat obtained in a study is similar to the spectrum
obtained in our study [23].
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Figure 4. FTIR spectrum of fresh tail fat sample
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Figure 5. FTIR spectrum of ghee tail fat sample

Results of Analyses in Tail Fats during Storage

Hydrolysis and oxidation are the most important
spoilage factors in storage. In this direction, free fatty
acidity (FFA) analysis was performed to determine the
extent of hydrolysis. In order to determine the degree of
oxidation, the primary products of oxidation were
determined by the peroxide number, and TBA analysis
was performed to determine the secondary products
formed in the advanced stages of oxidation. Samples
with different applications (fresh tail fat, ghee tail fat,
salted tail fat, additived tail fat); The analyzes were
made on the Oth, 15th, 30th, 60th and 90th days stored
at room temperature (25°C), +4°C and -18°C. In
addition, fresh tail fat stored at room temperature was
analyzed on the 7th day. According to the results of the
7th day analysis and due to bad odor and deterioration,
fresh tail fat stored at room temperature was excluded
from the analysis plan.

Free fatty acids, which are not bound to triglyceride
structure in the structure of oils, are an important quality
parameter for oils. The change in free fatty acidity during
storage gives information about the rancidity of the
product, and by detecting the change in free fatty
acidity, how far the hydrolysis mechanism has
progressed can be determined. The FFA values
determined during the storage of tail fats with different
application processes are given in Table 4. The highest
free fatty acidity value was found as 3.28% in the fresh
tail fat sample, which was not processed after being
minced, while this value was determined as 0.47%,
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0.45% and 0.42% in the ghee tail fat, salted tail fat and
additived tail fat, respectively. The difference between
fresh and ghee tail fat was significant (p<0.05). Free
fatty acidity values determined in ghee tail fat, salted tail
fat and additived tail fat were between the same values
on average and were not statistically different (p>0.05).
A lower percentage of FFA was determined in ghee tail
fats compared to fresh tail fat samples. It may be due to
the fact that hydrolytic degradation is largely controlled
by removing water with the application of heat
treatment. FFA values determined at 25, 4 and -18°C
were determined as 1.43, 1.14 and 0.53%, respectively,
and it was observed that different temperature values
had a significant (p<0.05) effect on free fatty acidity. As
the temperature value is lowered, the decrease in %
FFA value can be said to slow down the activity of the
lipase enzyme by limiting the activity of the enzymes in
the low temperature application. The effect of storage
time on the formation of free fatty acidity is important.
The highest % FFA value (2.28) was found in the
analysis results performed on the 7th day for the
samples stored at 25°C. A decrease in FFA value
occurred after the 15th day and this is expected, as the
free fatty acidity formed until the 15th day was broken
down into further degradation products as the storage
progressed [8, 12]. After being minced, fresh tail fat
stored at 25°C without any treatment showed a
significant increase in free fatty acidity until the 15th day,
and it was also determined that it could not be used as
food due to the bad smell and spoilage. In addition, it is
seen that the heat treatment application has a limiting
effect on the formation of free fatty acidity.
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Table 4. FFA (%), peroxide (meqg O2/kg) and TBA (mg MDA/kg) values of tail fats stored in

different treatments, temperatures and times

Parameters N FFA Peroxide TBA
Treatment

Fresh tail fat 50 3.28+3.592 4,75+5.712 0.93+0.892
Ghee tail fat 64 0.47+0.07° 2.67+1.37° 0.72+0.39b
Salted tail fat 64 0.45+0.10P 2.45+1.23°¢ 0.81+0.38b
Additived tail fat 64 0.42+0.09b 2.28+1.114 0.76+0.36°
Storage temperature (°C)

4 84 1.14+1.58° 3.73+4.462 0.94+0.702
25 84 1.43+2.962 2.97+2.10b 0.89+0.402
-18 84 0.53+0.25°¢ 2.11+1.06° 0.55+0.32b
Storage (day)

0 48 0.49+0.10¢ 1.03+0.12f 0.31+0.08°
7 16 2.28+3.242 5.45+2.812 0.83+0.19¢d
15 48 1.54+3.41° 2.44+0.87¢ 0.90+0.46"¢
30 48 0.88+1.11¢ 4.58+5.74b 0.97+0.6020
60 48 0.94+1.36°¢ 3.14+1.33°¢ 1.06+0.692
90 48 0.92+1.37¢ 2.85+1.06¢ 0.76+0.314

afDifferences between means with different letters in the same column are significant. Results are mean value *
standard deviation. N: Number of samples, FFA: Free fatty acidity, TBA: Thiobarbituric acid reactive substance

The peroxide value, which is an indicator of the progress
in lipid oxidation, is obtained by measuring the peroxide
(R-OOH) value, which is one of the main reaction
products formed in the first stage of oxidation [12]. Table
4. shows the peroxide values determined during the
storage of tail fats with different application processes.
Peroxide values of fresh tail fat, ghee tail fat, salted tail
fat and additived tail fat samples were determined as
4.75, 2.67, 2.45, 2.28 in meqg O2/kg, respectively, and
the differences between them were found to be
statistically significant (p<0.05). It is thought that the
removal of water by heat treatment prevents oxidation,
thus causing a lower peroxide value detected in ghee
tail fat, and at the same time, peroxides that are not
heat-resistant substances may be removed by heat
treatment, so the peroxide value is lower in ghee tail
fats. Likewise, it can be said that the salt and additive
added to the samples reduce the peroxide value in
salted and additeved tail fats by inhibiting oxidation. It
has been observed that the temperature has a
significant effect on the peroxide value in tail fats stored
at different temperatures. The peroxide values of tail fats
were determined as 2.97 meqg O2/kg at 25°C, 3.73
meqg O2/kg at 4°C and 2.11 meqg O2/kg at -18°C.
Lower peroxide values were obtained at -18°C
compared to other temperatures. It is expected that the
lowest peroxide value will be detected at -18°C in the
research. An increase was observed in peroxide values
until the 30th day of storage, and a decrease was
observed in the following periods. It is estimated that
this result may be caused by the breakdown of
hydroperoxides formed in the initial stage of oxidation to
malonaldehydes. It is thought that the changes in
peroxide values are due to the fact that the
hydroperoxides released in the first stage of oxidation
are not stable and can turn into different decomposition
products as the degradation progresses [8, 12].

TBA analysis is the most suitable method for the
measurement of oxidative rancidity in fat-containing
foods, and in this method, malonaldehyde is measured
as the secondary oxidation product of polyunsaturated
fatty acids [18]. There is an increase in the number of
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TBA (mg malonaldehyde/kg) in parallel with the
accumulation of short carbon chain products that cause
rancidity. The TBA values determined during the storage
of tail fats with different application processes are
presented in Table 4. While the TBA value was found to
be 0.93 mg malonaldehyde/kg in the fresh tail fat group
samples, it was determined as 0.72 mg
malonaldehyde/kg, 0.81 mg malonaldehyde/kg and 0.76
mg malonaldehyde/kg in ghee tail fat, salted tail fat, and
additived tail fat, respectively. The difference between
fresh and ghee tail fat was found to be statistically
significant. The increase in TBA value determined in
salted tail fat may be due to the prooxidative effect of
salt. TBA values of tail fats stored at 25°C, 4°C and -
18°C were determined as 0.89 malonaldehyde/kg, 0.94
malonaldehyde/kg and 0.55 malonaldehyde/kg,
respectively. The lowest TBA value was found in the
samples stored at -18°C, and it is thought that freezing
at -18°C delays lipid oxidation in the samples, compared
to storage at room temperature and +4°C, which may be
a better method for the preservation of tail fat. There are
statistically significant (p<0.05) differences between
storage times. In parallel with the storage period of tail
fat, an increase occurred in TBA values until the 60th
day, and then a decrease was observed. It is thought
that the decrease in the TBA value observed after the
60th day may be due to the transformation of the
released malonaldehydes into further degradation
products. Yilmaz (2009) reported that the TBA value in
fat samples increased depending on the storage period

[8]-
CONCLUSION

Within the scope of the study, the effects of heat
treatment, temperature, storage time, salt and
antioxidant addition on the storage stability of heat-
treated tail fat were investigated and some physical and
chemical properties of tail fat were investigated. The
high amount of fat in the tail tissue has made it an
important source of fat and increased demand [24]. It
has been determined that fresh tail fat and ghee tail fat
have lower cholesterol amounts compared to many
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foodstuffs, and it can be said that they are preferable in
terms of nutrition thanks to this feature. The amount of
water, which affects technological properties of food,
has been reduced by the application of heat treatment.
In this context, the water activity value was low in ghee
tail fat and this improved the technological and storage
conditions of tail fat. Color is one of the most important
features of acceptability for consumers, and the
absence of a negative effect of heat treatment on color
can increase the preferability of ghee tail fats. It was
determined that the heat treatment did not have a
significant effect on the fatty acid composition, and the
fact that the saturated fatty acid content of fresh and
ghee tail fat was lower than that of other animal fats
enabled tail fat to be considered as an important source
of fat in terms of nutrition. The fact that the melting
temperatures in DSC thermograms were lower than
body temperature in fresh tail fat and ghee tail fat
showed that the absorption by the body was high and
made tail fat preferable. FFA formation was significantly
prevented by inactivating the enzymes in the structure
with heat treatment. Removal of water by heat treatment
prevented hydrolytic rancidity and peroxide values
decreased. Fresh tail fat stored at room temperature
deteriorated within 7 days, while samples stored at +4°C
deteriorated within 15 days. However, ghee tail fat could
be preserved at these storage temperatures for 60 days
without deterioration. As a result, heat treatment of tail
fat and keeping it at low temperatures affected the
storage stability of tail fat and allowed it to remain intact
for a longer period of time.
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ABSTRACT

A reversed-phase high-performance liquid chromatography (RP/HPLC-UV) method was developed for the rapid and
simultaneous analysis of ascorbic and oxalic acids in both industrial and freshly squeezed beverages. Due to the rapid
degradation of ascorbic acid, its stability was also investigated. The analysis was performed using an Inertsil ODS-3
column with a mobile phase consisting of 0.01 mol L™t KH,PO, phosphate buffer at pH 2.3. Detection wavelengths were
set at 245 nm for ascorbic acid and 205 nm for oxalic acid. The limits of detection (LOD) were 1.4 mg L™ for ascorbic
acid and 1.3 mg L™ for oxalic acid. After 48 hours of opening an industrial fruit juice package, an 18.5% reduction in
ascorbic acid content was found. The method demonstrated within-day repeatability (n = 3) of 4.1% for ascorbic acid
and 4.6% for oxalic acid. Between-day precision, expressed as relative standard deviation (RSD), was 3.85% for
ascorbic acid and 4.33% for oxalic acid, based on 10 replicates (n= 10). The accuracy of the method was validated with
an average recovery rate ranging from 93% to 104%.

Keywords: Liquid chromatography, Ascorbic acid, Oxalic acid, Beverage, Fruit juice

iceceklerde Askorbik ve Oksalik Asitlerin Egzamanh Analizi igcin HPLC-UV Yénteminin
Validasyonu

6z

Ters faz ylksek performansli sivi kromatografisi (RP/HPLC-UV) yontemi, endistriyel ve taze sikilmig igceceklerde
askorbik ve oksalik asitlerin hizli ve es zamanl analizi igin gelistiriimistir. Askorbik asidin hizli bozulmasi nedeniyle,
stabilitesi de arastinimistir. Analiz, pH 2.3'te 0.01 mol L™t KH,PO, fosfat tamponundan olusan hareketli faz ile Inertsil
ODS-3 kolon kullanilarak gergeklestirilmistir. Tespit dalga boylari askorbik asit igin 245 nm ve oksalik asit i¢cin 205 nm
olarak ayarlanmistir. Tespit limitleri (LOD), askorbik asit icin 1.4 mg L™ ve oksalik asit i¢cin 1.3 mg L™ olarak
belirlenmistir. Endustriyel meyve suyu paketinin agilmasindan 48 saat sonra, askorbik asit iceriginde %18.5'lik bir
azalma tespit edilmistir. Yontem, giin ici tekrarlanabilirlik (n= 3) agisindan askorbik asit igin %4.1 ve oksalik asit igin
%4.6 oraninda bir dogruluk géstermistir. Glnler arasi hassasiyet, bagil standart sapma (RSD) olarak ifade edilmis ve
10 tekrar (n= 10) temelinde askorbik asit igin %3.85 ve oksalik asit icin %4.33 olarak hesaplanmistir. Yéntemin
dogrulugu, %93 ile %104 arasinda degisen ortalama geri kazanim orani ile dogrulanmigtir.

Anahtar Kelimeler: Sivi kromatografisi, Askorbik asit, Oksalik asit, icecek, Meyve suyu
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INTRODUCTION

The importance of a healthy and balanced diet is an
undisputed fact of life today. Fresh fruit and fruit juice are
one of the most important links in the healthy food chain.
Organic acids, natural compounds found mainly in fruits,
differ in their additive or preservative content between
fresh and industrial fruit juices. Fruit juices are an
important source of vitamin C and minerals for humans,
and their consumption is increasing as ready-made fruit
juices become more widely available. Hence, the
detection and determination of organic acids in fruit juices
are critical for quality and process control. The
concentration of organic acids in fruits are important for
the taste, color, aroma, stability, nutritional value, and
overall quality of fruit juices.

The amount of organic acids in fruits and vegetables
depends on factors such as the type of fruit, soil, and
stress conditions to which the fruit is exposed. Fruit juices
contain oxalic acid, an antioxidant and weak organic acid,
and ascorbic acid, commonly known as vitamin C.
Vitamin C (L-ascorbic acid) is a water-soluble vitamin.
Fruit juices are an important source of vitamin C for
humans and since ready-made fruit juices are easy to
obtain, their use is becoming more widespread [1-5]. It
protects our immune system and increases our
resistance. Ascorbic acid and calcium ascorbates are
used as antioxidants in pharmaceutical preparations and
the food industry. They are essential for growth and
development, as well as playing a significant role in cell
renewal, protection, and defense against oxidative stress
[6]. However, ascorbic acid is highly sensitive to various
deteriorative factors during food processing and storage,
making it one of the most vulnerable vitamins [7]. It is
easily lost during food processing, storage, and
preparation. Due to its sensitivity to processing, ascorbic
acid loss is used as a criterion to assess the negative
effects of many food processing techniques. Additionally,
oxalic acid, being a weak acid, has the tendency to form
stable complexes with calcium in the body, leading to the
formation of calcium oxalate precipitates. This not only
prevents the absorption of calcium in the human body but
also easily initiates the formation of bladder stones.
Excess oxalic acid can affect human health [8].
Therefore, the determination of the amount of oxalic acid
in some samples, such as fruits, etc. has very important
practical importance [9].

It is important to identify the organic acids present in fruits
and vegetables. Total acidity, microbial stability,
freshness, and other sensory and chemical properties of
the matrix are all influenced by the amounts and relative
ratios of organic acids. Many methods have been
published for the determination of organic acids in foods
and beverages such as cheese, tomatoes, green beans,
carrots, apples, kiwi, blackberries, currants, fruit juices,
grape must, and wine. In particular, methods such as
spectroscopy [10,11], electrochemical [12-15],
spectrofluorimetry  [16,17], high-performance liquid
chromatography [18,19] and colorimetry [20] were used
to determine ascorbic and oxalic acids.
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Among these methods, chromatographic methods are
mainly based on GC or HPLC separations and the
simultaneous determination of organic acid amounts.
There are several methods of analysis of fruit and fruit
juices based on GC. Although these methods offer
excellent separation and sensitivity, they have
disadvantages such as being time-consuming, involving
derivatization steps, and the use of toxic derivative
markers. Additionally, the high temperature needed for
these analyses can lead to sample deterioration. On the
other hand, the disadvantage of HPLC methods is based
on low separation power and high detection limits.
Nevertheless, HPLC separations are effective methods
for the separation and quantification of organic acids due
to its simplicity and better chromatographic conditions
[21].

This study aims to establish a direct RP/HPLC method for
the simultaneous analysis of ascorbic and oxalic acids in
both industrial and freshly squeezed beverages, such as
iced tea and fruit juices, under optimized conditions.
Additionally, the levels of ascorbic and oxalic acids
present in various beverages are profiled and quantified.

MATERIALS and METHODS
Reagents and Samples

HPLC-grade phosphoric acid and sodium dihydrogen
phosphate monohydrate were purchased from Merck
(Darmstadt, Germany). The standards of ascorbic and
oxalic acids were of analytical purity and were purchased
from Sigma-Aldrich. Solutions were prepared and diluted
using ultra-pure deionized water with a resistance of 18
MQ-cm that was acquired from an ultra-pure water
system (Human Power | plus Water Purification System).

Fruit juices and cold teas were purchased from local
markets in Denizli (Turkiye). The samples analyzed were
new-production, 100% fruit juices (orange, cherry,
pomegranate, apple, apricot, mixed fruit, and cold tea in
1 L TetraPak packages) without any preservatives or
added sugars. Natural orange juice samples were
obtained from a local market in Denizli, squeezed in the
juice apparatus, and analyzed without delay. All samples
were run in triplicate.

Preparation of Standard Solutions

To prepare solutions with concentrations of 1000 mg L*
of ascorbic acid and oxalic acid, 0.05 g of solid ascorbic
acid and 0.05 g of solid oxalic acid were weighed and
dissolved in an aqueous buffer (pH 2.5). These solutions
were prepared in 50 mL volumetric flasks. Working
standard solutions were prepared by diluting the
appropriate volume of stock solutions with buffer at
concentrations between 10-500 mg L of ascorbic acid
and 15-500 mg L of oxalic acid. All standard solutions
were stored at 4°C.

Sample Preparation

The ready-to-drink fruit juices were directly analyzed. For
this purpose, three samples of the same type of fruit juice
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(3 L) were homogenized simultaneously. Prior to
injection, they were centrifugated at 4,000 rpm for 10 min
and filtered through a 0.45 pm membrane filter (Millipore
Corporation, France). The mobile phase (2.5 pH buffer
solution) was degassed in an ultrasonic bath before use.
The prepared fruit juice samples were further diluted 5-
fold and then injected into the HPLC (20 pL).

The stability of ascorbic acid concentration over time and
the effect of dilution with the mobile phase were also
evaluated. For this purpose, the same juice sample was
analyzed every 15 min for up to 90 min to detect changes
in ascorbic acid concentration.

Instrument and Chromatographic Conditions

A Hettich EBA 20 centrifuge was used for centrifugation
of the sample before injection. An ultrasonic bath from
Bandelin Sonarex (Berlin, Germany) was used to remove
dissolved oxygen from the mobile phase.
Chromatographic separations were performed using an
HPLC system from Shimadzu (Kyoto, Japan) equipped
with the following: LC-20AD pump, SPD-M20A
photodiode array detector (DAD), SIL-20A automatic
sampler, CTO-20A column oven, and DGU-20A5
degasser. Automatic sampling was performed with an
autosampler volume of 20 pL. An Inertsil ODS-3 column
(250%x4.6 mm; GL Sciences, Japan) was used as the
analytical column at 25°C. The mobile phase consisted of
a 0.01 mol L** NaH2PO..H20 buffer solution (adjusted to
pH 2.5 with phosphoric acid) and was eluted isocratically
at a flow rate of 0.9 mL mint.

Standard solutions of ascorbic and oxalic acids were
injected separately to determine their retention times and
elution order. The results obtained and chromatograms
were processed via LabSolutions (Shimadzu).

Analytical Parameters of the Method

The analytical parameters of a method include linear
range, precision, accuracy, limit of detection (LOD), and
limit of quantification (LOQ) [22]. Once the method was
optimized, the determination of ascorbic acid and oxalic
acid in real samples was carried out.

Linearity

Analytes were identified by comparing the UV-visible
region spectra of ascorbic and oxalic acids via standard
addition. The linearity of the RP/HPLC-UV method was
studied by constructing seven-point calibrations for
selected organic acids over a wide concentration range.
Calibration curves were generated by plotting peak areas
against the concentration of the selected organic acids.
Correlation coefficients were calculated from the best-fit
line. The experimental results were expressed as the
mean (X)xstandard deviation (SD) of three replicates.

Repeatability and Accuracy
The repeatability and reproducibility of the method were

calculated by taking the percent relative standard
deviation of the retention times (RSD, %) for six

275

independent samples containing known amounts of
ascorbic and oxalic acid, both on the same day (intraday)
and on different days (interday).

For the determination of the organic acids studied, the
accuracy of the RP/HPLC-UV system was expressed as
the relative error term and calculated by ten repeated
injections of the solution with standard addition. The
concentrations were calculated from the calibration curve
equation for each organic acid.

Limit of Detection and Limit of Quantification

The theoretical LOD and LOQ for the analyzed ascorbic
acid and oxalic acid were represented by 3.3 times and
10 times the ratio of the standard deviation of the lowest
concentration value to the slope of the calibration graph.
The equations for calculating LOD and LOQ are provided
below [23]:

LOD (mg L) = (3.3 x residual standard deviation of y -
intersection of the regression line) / slope (1)
LOQ (mg L) = (10 x residual standard deviation of y -
intersection of the regression line) / slope (2)

The content of ascorbic and oxalic acids in the samples
was determined by interpolating from the calibration
curve, taking into account the dilution factors applied
during sample preparation.

Recovery Study

The accuracy of the method was calculated as the
recovery efficiency by adding known amounts of the
studied organic acids. For this purpose, Ascorbic acid
and oxalic acid were spiked into freshly squeezed orange
juice at concentrations of 20 mg L, 25 mg L, 50 mg L°
1 and 100 mg L prior to extraction. Analyte addition was
repeated three times.

Stability of Ascorbic Acid

The oxidation of ascorbic acid during sample preparation
affects the measurement results. The stability of ascorbic
acid was tested in freshly squeezed orange juice
obtained immediately after squeezing or, in the case of
commercially available orange juice samples,
immediately after opening the package. Both samples
were diluted 5-fold with the mobile phase and filtered
through a 0.45 pm membrane filter. Prior to sample
preparation, both orange juices were stored at 5 °C.

RESULTS and DISCUSSION
Optimization of the RP/HPLC-UV Method

RP/HPLC coupled with UV detection is a common
technique used for the determination of organic acids.
Separating and quantifying organic acids using high-
performance liquid chromatography is challenging
because these acids have similar chemical structures
and spectral properties.
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In the RP/HPLC-UV method, a UV region was scanned
to determine a common wavelength for ascorbic acid and
oxalic acid. Since the chemical structures of the organic
acids being studied are different, they exhibited maximum
absorption at different wavelengths. Ascorbic acid was
determined at a maximum absorbance wavelength of 245
nm, while oxalic acid was at 205 nm. However, the
acceptable common wavelength for both ascorbic and
oxalic acids was determined to be 220 nm.

Generally, when C18 is used as the packing material, it
can be operated within the pH range of 2 to 7. When the
pH is < 2.00, protonation can occur, which may increase
solubility. However, this condition is limited by column
efficiency. On the other hand, when the pH is = 7, the
siloxane material that makes up the column packing can
undergo hydrolysis, causing the column packing to
degrade.

uv

Most organic acids have relatively low and similar pKa
values. This limits the pH values that can be used for
chromatographic separation [24]. An acidic eluent
(pH=1.5-2.5) is necessary to keep organic acids
protonated. This ensures the best interaction between
organic acids and the stationary phase, resulting in
optimal separation. The solubility performance of
ascorbic and organic acids was tested within a pH range
of 2-3. For the simultaneous determination of ascorbic
and oxalic acids with optimal separation and peak shape,
a mobile phase consisting of a 0.02 mol L** NaH2PO4.H20
buffer solution was used at a flow rate of 1 mL min™.

In Figure 1, the standard solution of ascorbic acid,
ascorbic acid peaks in ready-to-drink orange juice and
apple juice are superimposed, and in Figure 2, the
standard solution of oxalic acid, oxalic acid peaks in
ready-to-drink orange juice and apple juice are
superimposed. The peaks are seen overlapped on top of
each other.
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Figure 1. Chromatogram of the standard solution of the ascorbic acid
(black), ready-to-drink orange juice (pink), and ready-to-drink apple juice

(blue) at 245 nm
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Figure 2. Chromatogram of the standard solution of the oxalic acid (black),
ready-to-drink orange juice (pink), and ready-to-drink apple juice (blue) at
205 nm
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According to Figures 1 and 2, the analysis time required
for the separation of ascorbic and oxalic acids using an
ODS column at 1 mL min™ was less than 6.5 min.

Evidently, the method provides good selectivity and
resolution for the simultaneous determination of ascorbic
acid and oxalic acid.

Method Validation

Linearity, LODs, LOQs, Reproducibility and
Accuracy

In the RP/HPLC-UV method, the linear range of the
calibration curve was established for ascorbic acid within
the concentrations of 10, 20, 30, 50, 100, 250, and 500
mg L%, and for oxalic acid within the concentrations of 15,
30, 50, 100, 250, and 500 mg L. Linearity was evaluated
based on the calibration curves. Each standard was

injected three times to assess repeatability. The
calibration curves for ascorbic and oxalic acids were
linear based on a high correlation coefficient (R?). The
method exhibits a wide linear range.

The repeatability of the RP/HPLC-UV method for
retention times, both intraday and interday, was obtained
through repeated injections of standard solutions at 250
mg L. The calculated LOD and LOQ, retention times (tg),
and %RSD of retention times for the method are provided
in Table 1. The intraday and interday %RSD for retention
times were less than 4.6%. As seen in Table 1, the LOQ
for each acid has a good correlation coefficient (R? 2
0.997). Coupled with good stability and repeatability
values, these data indicate that the applied method can
be reliably used for the simultaneous analysis of ascorbic
and oxalic acids in fruit juices. Using a test method that
conforms to the guidelines stated in internationally
accepted guidance publications allowed the procedure to
be validated (Eurachem 2014).

Table 1. Linear calibration equation, range, LOD, LOQ, and precision of retention time (tr) of standard organic

acids for the RP/HPLC-UV method

Analytical Parameters

Organic Acids Linear Range

Calibration Equation R?

LOD LOQ tR %RSD of tr

(mg L) (mgLYH (mgLY (min) Intraday Inter day
Ascorbic 10-500 y=65603x-184517  0.995 1.4 4.2 6.2 4.6 4.3
Oxalic 15-500 y=27906x+31434  0.997 1.3 3.9 3.1 4.1 3.8

The accuracy of the RP/HPLC-UV method was verified
by analyzing standard solutions of ascorbic and oxalic
acids with concentrations of three different ppm values
within the calibration graph range of 10-500 mg L. The

concentration of the standard solutions was calculated
using a calibration curve (Table 2). The relative error was
found to be less than %5.

Table 2. Accuracy of the RP/HPLC-UV method for the determination of organic acids

Organic Acids Concentration  Calculated Concentration Relative Error
(mg LY (mg L1 (%)
10 10.4+1.2 4.0
Ascorbic 30 29.5+2.3 1.6
100 97.5+3.4 2.5
20 20.9+1.6 4.8
Oxalic 30 29.4+2.5 2.0
100 98.5+3.2 1.6

Recovery

The accuracy of the RP/HPLC-UV method for the
determination of ascorbic and oxalic acids was also
evaluated by calculating the recovery according to the
standard addition method to eliminate possible matrix
effects. Initially, the amount of ascorbic and oxalic acids
in freshly squeezed orange juice was determined. After
finding the initial amount, the solution was diluted 5 times,
and the addition method was then performed. 20, 25, 50,
and 100 mg L* ascorbic acid were added to the diluted

juice. The recovery results obtained are given in Table 3.
According to Table 4, recovery values in the range of 81-
102% in apple juice and 81-103% in orange juice were
obtained for the studied organic acids. The low recovery
value might be due to the sample preparation. This step
included filtration and solid-phase extraction. These
values indicate that the accuracy of the applied analytical
method is highly efficient and applicable for the
simultaneous determination of ascorbic and oxalic acids
in various industrial and freshly squeezed fruit juices.

Table 3. Recovery of ascorbic acid added to fresh orange juice

Initial Content  Added Found
(mgL?) (mgL?)  (mgL?)
25 55.5+2.5
35.0£1.6 50 85.7+3.2
100 127.0+4.1

RecoverytStandard Deviation
(%)
82+2.2
101+1.5
92+1.7
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Table 4. Recovery of organic acids added to industrial apple and orange juices

Juice  Organic Acid Initial Content  Added Found Recovery+Standard Deviation
(mgL™) (mgL?) (mgL™) (%)

20 22.0+1.7 90.2+2.1
© Ascorbic 4.0+0.6 50 53.1+2.7 98.3+1.7
i 100 106.0+3.1 102.0+£1.3
g 20 88.3x2.4 81.7+2.2
Oxalic 72.0£1.3 50 121.1+2.5 98.1+1.4
100 174.5+4.9 102.5+£1.6
20 44.5+£1.5 89.2+2.4
® Ascorbic 26.7£1.2 50 74.1+1.3 94.8+£1.7
2 100 130.1+4.1 103.3£1.4
s 20 29.115 81.7+2.3
Oxalic 12.7+1.4 50 64.1+1.6 102.7£1.7
100 113.0+£3.9 100.3+£1.3

Stability Results for Ascorbic Acid

The stability of ascorbic acid was also examined in freshly
squeezed and industrial orange juice samples at room
temperature after dilution with the mobile phase. The
label information on the industrial orange juice
recommended consumption within 3 days of opening the
package. In the case of the chosen industrial orange
juice, the ascorbic acid concentration was intermittently
analyzed during the first 48 hours after the package was
opened (Figure 2). The ascorbic acid concentration
decreased by 1.5% after 4 hours of opening the package,
by 9% after 24 hours, and by 18.5% after 48 hours. Thus,

after opening the package of industrial orange juice and
diluting the sample, it was observed that there was no
significant decrease in ascorbic acid concentration 48
hours later (2 days) compared to the initial concentration
(p < 0.05). Therefore, it is possible to accurately analyze
orange juice without significant ascorbic acid loss for at
least 48 hours after opening the package. Similarly, fresh-
squeezed orange juice was also monitored for a
decrease in ascorbic acid concentration for 48 hours after
dilution with the mobile phase, and the results were
comparable to those obtained with industrial juice (Figure
3).
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Figure 3. Stability of ascorbic acid in freshly squeezed and industrial orange juice at room temperature

Real Sample Analysis

The proposed method was applied to determine ascorbic
and oxalic acids in various brands of beverages
purchased from the local market (Table 5).

According to Table 5, ascorbic acid concentration was
highest in orange juice (133.5+5.07 mg L?) and oxalic
acid concentration was highest in apple juice (360+4.28
mg L1). Both ascorbic and oxalic acids were found in the
fruit juices studied. The recommended daily allowance
(RDA) of vitamin C is 100-120 mg day* [1]. RDA is the
recommended daily intake. It is the minimum amount
needed daily in nutrients that varies depending on age,
gender, and body weight.
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When daily vitamin C intake is adequate and regular, the
risks of heart disease, cancer, and stroke are reduced.
The daily amount of vitamin C that should be taken from
the diet varies between 35-100 mg depending on various
factors. This amount is estimated to be 35 mg for infants,
60 mg for adults, and 100 mg for nursing mothers [1].
According to the Food and Agriculture Organization, the
RDI value of ascorbic acid for adults is recommended as
45 mg [25]. According to some data in the literature, the
concentration of ascorbic acid in orange juice was found
to be 32+1.2 mg 100 mL* [26], 344.3 mg L1 [27], 490 mg
L1 [28]. Accordingly, the concentration of ascorbic acid in
orange juice in our study (133.5+0.07 mg L) is lower
than the literature data. We can think that this may be due
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to the origin of the fruit and/or the difference in
temperature conditions during storage and transportation
after the fruit has become juice. The concentration of
ascorbic acid in the studied orange juice does not meet
the daily intake of one glass of orange juice (200 mL, 26.8
mg). Therefore, it may be recommended to drink at least
two glasses of orange juice per day. Freshly squeezed
orange juice had a higher concentration of ascorbic acid
(35 mg L) than industrial orange juice. This means that

consuming freshly squeezed orange juice will provide the
body with a higher intake of vitamin C than industrial
orange juice. So freshly squeezed orange juice should be
consumed. In addition to orange juice, ascorbic acid
concentration in cold tea was also found to be high
(98.5+2.2 mg L1). The concentration of ascorbic acid in
other fruit juices studied was about one-tenth of the
concentration in orange juice and was low.

Table 5. Concentrations of ascorbic and oxalic acids in various beverages

Ascorbic Acid Concentration
(X£S.D, mg LY

Beverage Type

Oxalic Acid Concentration
(X£S.D, mg LY

Orange 133.5¢5.1
Cherry 15.0+1.8
Pomegranate 13.0+1.2
Apple 20.0+1.1
Apricot 12.5+1.1
Mix 22.5+1.2
Ice Tea 98.5+2.2

63.5+2.6
271.0+5.1
172.0+£3.7
360.0+4.3
220.0+3.5
274.0x4.4
44.0+1.4

Table 6 gives a summary of the literature studies with
similar analysis methods to our study. Each study has
advantages over the other in terms of LOD, LOQ, and
recovery values in terms of analysis method. In the

developed method, ascorbic acid and oxalic acid were
determined simultaneously. This method is of more
practical importance, especially for the simultaneous
determination of trace levels of oxalic acid with ascorbic
acid.

Table 6. Comparison of the described method with other methods in the literature

i ’ ) 3 ,  Column LOQ LOD RsDr  RsDt

Compound tr Range (ppm)  Mobile Phase FR v WL Type %R (opm)  (ppm) ) %) Ref.
Ascorbic Acid 4.3 1-100 %0.1 Formic acid 1.0 10 245 ODS-3 [29]
Ascorbic Acid 4.2 2-100 Phosphate buffer pH:2.2 1.0 20 245 ODS-4 93 2.00 0.50 0,9 45 27]
Oxalic Acid 2.2 5-80 Phosphate buffer pH:2.2 1.0 20 210 ODS-4 105 5.00 1.00 4.9 5.4

Ascorbic Acid 4.2 6-330 Phosphate buffer pH:2.6 0.5 20 250 RP-C18 0.03 0.10 1.9 3.8 [26]
Ascorbic Acid 5.3 1-215 Phosphate buffer/ACN pH:4.75 1.2 20 205 S5NH2 94 0.18 0.9 4.0 [30]
Oxalic Acid 11.9  15-150 Sulfuric acid pH:2.5/MeOH 035 20 215  VP-ODS 85 0.94 52 45 31]
Ascorbic Acid  14.5  10-100 Sulfuric acid pH:2.5/MeOH 035 20 215 VP-ODS 106 5.17 0.3 1.6

Ascorbic Acid 8.3 1-100 Aqueous sulfuric acid pH:2.2 0.6 20 210 OoDS 1.05 0.34 1.0 1.2 24]
Oxalic Acid 5.7 0,1-100 Aqueous sulfuric acid pH:2.2 0.6 20 210 ODS 4.08 1.34 0.2 14

Ascorbic Acid 6.2 10-500 Phosphate buffer pH:2.5 1.0 20 245 ODS-3 93 4.20 1.40 4.1 3.9 This
Oxalic Acid 3.1 15-500 Phosphate buffer pH:2.5 1.0 20 205 ODS-3 104 3.90 1.30 4.6 4.3 Study

1Retention time (min), 2Flow rate (mL min), 3Injection volume (microliter), “Wavelength (nm)

CONCLUSIONS

The present study describes the simultaneous analysis of
ascorbic and oxalic acids in various fruit juices using
RP/HPLC-UV. The linearity of the method is very high
over a wide concentration range (R? 0.997-1.002). The
relative error is less than 5%. The wide linear range
obtained allows the determination of ascorbic and oxalic
acids in more samples with the current method. The
theoretical LOD and LOQ were 1.4 mg L' and 4.2 mg L*
for ascorbic acid and 1.3 mg L and 3.9 mg L for oxalic
acid, respectively. Extraction recoveries were between
82-103.3% for ascorbic acid and 81.7-102.5% for oxalic
acid. The proposed method was applied to a real sample.
Ascorbic acid was highest in orange juice and oxalic acid
was highest in apple juice. Ascorbic acid was found in
higher concentrations in freshly-squeezed orange juice
than in industrial orange juice. But even this value (35 mg)
is lower than the RDI for ascorbic acid for adults (45 mg),
according to the Food and Agriculture Organization. In
this case, drinking 2 glasses (400 mL) of freshly-
squeezed orange juice can be recommended to get
enough vitamin C daily. The developed method provides
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an easy, simple, and acceptable solution for the accurate,
reliable, and precise simultaneous determination of
ascorbic and oxalic acids in a variety of fruit juices with a
wide linear range and interchangeable LOD and LOQ
values. The RP/HPLC-UV method wused offers
convenience with uncomplicated sample preparation.
This method is suitable for high-throughput analysis of
multiple samples.
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ABSTRACT

Interest in plant-based milk substitutes has been increasing steadily. This growing demand can be attributed to
various factors, including health concerns, environmental awareness, and ethical values. Among the health-related
reasons are lactose intolerance and cow’s milk allergy, both of which have become increasingly prevalent worldwide.
Additionally, the rising diversity in consumer diets, such as veganism and vegetarianism, has made plant-based milk
substitutes a suitable alternative for these groups. Plant-based milk substitutes are suspensions made from various
raw materials, such as cereals, pseudo-cereals, legumes, nuts, and seeds, dissolved in water. These products
resemble cow’s milk in appearance. In many countries, including Tirkiye, the term “milk” is used in a broader sense to
refer not only to animal-derived milk but also to plant-based milk-like beverages, which have become more prominent
in recent years. The purpose of this study was to investigate the relationship between plant-based milk substitutes,
consumer interest in these products, and purchase intention. A total of 400 consumers aged 18 years and older
participated in the study, with 392 valid questionnaires included in the analysis. Correlation analysis was conducted to
evaluate the relationship between consumer interest and purchase intention, while regression analysis was used to
determine the effects of interest on purchase intention. Results of collinearity analyses revealed a positive and
significant relationship between consumer interest and purchase intention. Furthermore, the regression analysis
demonstrated that consumer interest has a significant impact on purchase intention. It was concluded that as
consumer interest increases, purchase intention also rises.

Keywords: Plant-based milk substitute, Consumer Interest, Purchase Intention

Tiiketici ilgisi ve Bitki Bazh Siit Alternatiflerine Yénelik Satin Alma Niyeti Uzerindeki Etkisi
0z

Bitki bazl sit alternatiflerine olan ilgi giderek artmaktadir. Bu artan talep, saglhk endiseleri, gevresel farkindalik ve etik
degerler gibi gesitli faktorlere dayandirilabilir. Saglikla ilgili nedenler arasinda laktoz intoleransi ve inek st alerjisi yer
almakta olup, her ikisi de dinya genelinde giderek daha yaygin hale gelmistir. Ayrica, veganlk ve vejetaryenlik gibi
tuketici diyetlerindeki cesitliligin artmasi, bitki bazli sit alternatiflerini bu gruplar i¢in uygun bir secenek haline
getirmistir. Bitki bazl sit alternatifleri, tahillar, psédo-tahillar, baklagiller, sert kabuklu meyve ve tohumlar gibi cesitli
hammaddelerin suda c¢o6zilmesiyle elde edilen slspansiyonlardir. Bu Urdnler, gérinim olarak inek sltine
benzemektedir. Tirkiye dahil birgok Ulkede, “sit” terimi, yalnizca hayvansal kaynakli sitl degil, ayni zamanda son
yillarda daha belirgin hale gelen bitki bazli sit benzeri igcecekleri de kapsayacak sekilde daha genis bir anlamda
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kullaniimaktadir. Bu galismanin amaci, bitki bazl sut alternatifleri, bu Urtinlere olan tuketici ilgisi ve satin alma niyeti
arasindaki iligkiyi arastirmaktir. Calismaya 18 yas ve Uzeri toplam 400 tiketici katilmis olup, analizde 392 gegerli
anket degerlendirilmigtir. Tlketici ilgisi ile satin alma niyeti arasindaki iliskiyi dederlendirmek i¢in korelasyon analizi
yapilmis, ilginin satin alma niyeti Gzerindeki etkilerini belirlemek igin ise regresyon analizi uygulanmistir. Kollineerlik
analizlerinin sonuglari, tiketici ilgisi ile satin alma niyeti arasinda pozitif ve anlaml bir iliski oldugunu ortaya
koymustur. Ayrica, regresyon analizi, tlketici ilgisinin satin alma niyeti Uzerinde anlamli bir etkisi oldugunu
gostermistir. Sonug olarak, tiiketici ilgisi arttikga satin alma niyetinin de arttigi sonucuna varilmistir.

Anahtar Kelimeler: Bitki bazli st ikamesi, Tuketici ilgilenimi, Satin alma niyeti

INTRODUCTION

A visit to the dairy section of any grocery store shows a
wide range of plant-based milk substitutes based on a
wide variety of herbal products. The popularity of plant-
based milk substitutes has significantly increased in
recent years. Many consumers today limit or avoid milk
and dairy consumption for a variety of reasons, including
milk protein allergies, lactose intolerance, personal and
environmental health concerns, and dietary differences,
such as vegetarian diets [1]. In this context, sales of
plant-based milk substitutes have been steadily
increasing at a high rate over the years. The global
plant-based milk substitutes market is estimated to
reach a market size of $47.2 billion by 2033, with an
annual growth rate of 9.9% between 2023 and 2033 [2].

Plant-based milk substitutes are defined as aqueous
extracts from raw plant materials that are a source of
protein and calories for human consumption, have a
lower percentage of fat compared to cow's milk, and are
cholesterol- and lactose-free [3]. In addition to the
advantageous effect they provide to consumers due to
their nutritional value, plant-based milk substitutes are
also economically favorable for the industry, as their
production costs can be lower than those of cow's milk.
Another advantage is that food industry residues that
are rich in proteins and carbohydrates can be used as
raw materials. These materials are often discarded or
sold cheaply as feed. However, when they are recycled,
environmental benefits such as less water is needed to
treat wastewater and the impact on climate change and
ecotoxicity can be reduced [4].

Plant-based milk substitutes are extracts obtained by
dissolving nuts, cereals, pseudocereals, seeds, and
legumes in water. Although plant-based milk substitutes
do not contain the nutritional content of animal dairy
products, they have similar sensory and functional
properties. They have been described as a healthy
alternative product group owing to their nutrient content,
including healthy fatty acids and carbohydrates, as well
as B, E, and antioxidants. They are also an important
product group for consumers with protein allergies and
lactose intolerance [5]. Plant-based milk substitutes are
considered a food source for the development of
products that can be an alternative to animal milk and
for the production of products with nutritional content
that can be considered as qualified products. Plant-
based milk substitutes contain minerals, vitamins, and
many health-beneficial components, and are considered
functional products. They are offered as nutritious
alternative products, such as special drinks, cheese,
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and yogurt, for consumers suffering from protein
allergies and lactose intolerance as well as for
consumers following a vegan diet [6].

Although different raw materials are used in the
production of plant-based milk substitutes, their
production stages are generally similar. First, the raw
material was soaked in water for a few hours prior to
processing. The mixing process was then carried out
with water. After the mixture was obtained, filtration was
performed to separate the residues that did not dissolve
in water, and components such as sweeteners, sugar,
and stabilizers were added upon request. In the last
production step, stability, homogenization, and
pasteurization processes were carried out (Figure 1).
Liquid extracts were obtained using these processes [7].

| |
| Wetting || Dry Milling |
| !

Wet Milling | Converting To Flour Form

‘ Separation Hard Materials ‘

|

| Product Formulation |

Homogenization

Pasteurization

Packaging

Figure 1. Production scheme of plant-based milk
substitutes [8]
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To improve the quality and acceptability of plant-based
milk substitutes, a number of technological interventions
have been applied to improve product stability, eliminate
bad tastes, inactivate or remove inhibitors, and improve
shelf life [9].

Table 1 shows the processes applied for the production
of plant-based milk substitutes and their advantages.

Table 1. Technological interventions applied to the production of plant-based milk substitutes and their objectives [4]

Ultrasound Pulsed

High intensity

Ultra-high and

e ultrasound Ohmic heating high pressure
procedure electric field : . .
irradiation homogenization
Improving shelf Improving shelf life Sedimentation and product Removal of bad taste _ Improving shelf life
life Inactivation of stability and aroma Sedimentation and

inhibitors

product stability

Today’s consumers are becoming more nutritionally
conscious and changing their eating habits towards a
healthier, sustainable and ethical diet, which is reflected
in the demand for plant-based milk substitutes.
However, the majority of consumers also have
reservations about including such beverages in their
daily diet.

Some factors limit consumers’ consumption of plant-
based milk substitutes. The most important of these
factors are taste and appearance. Taste and
appearance are the most important purchasing criteria
of consumers. The plant material used as raw material
in plant-based milk substitutes may have a green, gray,
and brownish color due to the natural color of the plant
material used as raw material, has a sandy structure
due to its insoluble particles, and the feeling it leaves in
the mouth, which can negatively affect consumers’
desire to buy [10].

Another factor is that consumers lack knowledge of the
social, economic, and health impacts of replacing
animal-based foods with plant-based foods in their
dietary preferences. Economically, it is also noted that in
some countries, plant-based milk substitutes are offered
at high prices, making it difficult for consumers from all
walks of life to access these products [8].

The aim of this research is to measure the relationship
between consumers' interest and purchase intention
towards plant-based milk, which has entered our lives
for various reasons, considering the increasing demand
for cow's milk substitutes that have no allergic effects,
nutritional, sensory, and technological properties, and to
raise awareness.

METHODS

This study examines the consumer profile of plant-
based milk and the relationship between consumer
interest and purchase intention. The main mass of
research consists of individuals aged 18 years and older
living in Turkiye. This study was conducted in January
and February 2024. The research sample comprised
400 people, and a face-to-face and online survey
method was applied. Eight questionnaires found to be
incomplete and inaccurate were excluded, and 392
questionnaires were included in the analysis.
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The questionnaire consists of three parts. In the first
part, a 7-point semantic differences scale was
developed by Zaichkowsk [11]. It consists of 10 items
(worthless/ valuable, unattractive/ attractive, ordinary/
magical, means nothing to me/ means something to me,
unnecessary/ necessary, boring/ interesting,
unimportant/ important, irrelevant/ relevant to me,
unexciting/ exciting, and inappropriate/ appropriate) to
measure the participants’ level of interest in plant-based
milk.

In the second part of the study, in order to measure the
participants' purchase intention towards plant-based
milk, a 4-item, 5-point Likert (1: strongly disagree, 5:
strongly agree) purchase intention scale was taken from
the research site www.surveymonkey.com [12].

The last part of the questionnaire contained five
questions (gender, age, education, occupation, and
income) to reveal the demographic characteristics of the
participants.

RESULT and DISCUSSION

The demographic characteristics of the participants are
presented in Table 2. Accordingly, it can be said that the
gender distribution of the participants is approximately
equal. Approximately two-thirds of the participants were
aged between the ages of 21-40. It can be said that the
marital status of the participants is approximately half
and half. Most of the participants (77.5%) were
university graduates, and the proportions of workers,
civil servants, and self-employed were close to each
other. Civil servants provided the highest level of
participation by civil servants. Consumer interest in milk
and its substitutes is influenced by advertising and
promotion [13], product quality and price [14],
sociodemographic factors [15], [16], and consumer
education [17].

Studies have shown that young people are likely to
prefer milk [18]. Similar studies have determined that
age affects purchasing behavior, and that the level of
education has a significant effect on purchasing
behavior [15]. In this respect, when the age range of the
participants was taken into consideration and the effect
of occupational groups was also evaluated, it can be
expected that the results of the analyses would be
positively affected. Young people’s interest in such
product groups is likely to affect their interest and
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purchase intentions. Especially in young people under
the age of 30, the likelihood of trying and preferring
plant-based milk and its products increases because of

health concerns, environmental awareness, and
veganism, and concerns such as the following trends
among young people [19-21].

Table 2. Demographic characteristics of participants in the study

F Percentage F Percentage
Gender Marital status
Woman 208 53.1 Single 207 52.8
Male 184 46.9 Married 185 47.2
Age Profession
20 and under 73 18.6 Not working 43 11.0
21-30 164 41.8 Worker 97 24.7
31-40 96 24.5 Officer 121 30.9
41-50 41 105 Self-employment 96 24.5
51 and over 18 4.6 Student 35 8.9
Education Revenue
Primary education 34 8.7 15000 TL and under 98 25.0
High school 54 13.8 15001-25000 TL 143 36.5
Associate degree 126 32.1 25001-35000 TL 75 19.1
Bachelor's degree 95 24.2 35001-45000 TL 46 11.7
Postgraduate 83 21.2 45001 TL and over 30 7.7

The Kaiser-Meyer-Olkin (KMO) value of the scale used
in the study was 0.936 and the Bartlett Sphericity Test
value was p<0.05 (p:0.000) and it was determined that
the scale was suitable for factor analysis. The results of
confirmatory and exploratory factor analyses are
presented in Table 3. Accordingly, the interest scale
consisted of a single dimension and was represented by

10 items. Purchase intention consists of a single
dimension, and is represented by three items. The scale
items represented 68% of the total explained variance.
The reliability values were 0.953 for the interest scale
and 0.888 for the purchase intention scale. Thus, the
scale is highly reliable.

Table 3. Shopping influencers scale factor analysis results

ltems Fac_tor Eigenvalue Varia_nce Cronbach
Loadings Explained a

Factor 1. Interest 8.286 59.184 0.953
Worthless/Valued 0.838

Not Attractive/Attractive 0.828

Ordinary/Enchanting 0.805

Doesn’t/do not mean anything to me 0.792

Unnecessary/Necessary 0.774

Boring/Interesting 0.769

Unimportant/Important 0.742

Irrelevant to me/Relevant for me 0.733

Unexciting/Exciting 0.719

Not suitable / Suitable 0.708

Factor 2. Purchase Intention 1.293 9.239 0.888
| plan to buy milk-like herbal drinks in 6 months. 0.889

I plan to buy milk-like herbal drinks in 9 months. 0.858

| plan to buy milk-like herbal drinks in 3 months. 0.821

Statistical data revealing the interest and purchase
intention profiles of the participants towards plant-based
milk are presented in Table 4. Accordingly, participants'
level of interest in plant-based milk was high (x=4.11).
Although the participants' purchase intention towards
plant-based milk was lower than interest (x=3.12), it can
be said that it was above average. These results show
that the participants were interested in plant-based milk
but were more hesitant to purchase it. Plant-based milk
substitutes are generally more expensive than animal
milk. This is thought to be because of the costlier
processing of the product and the limited number of
companies engaged in production. Some studies state
that price changes positively affect purchase
probabilities [21, 22]. Other situations identified in the
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literature are that consumers find plant-based milk
substitutes and analogue products obtained from them
nutritionally inadequate and sensory inappropriate; as a
result, they do not want to buy them [19, 21, 23].
However, more processed packaged product groups
may also contain negative messages for consumers.
Consumers may classify plant-based milk substitutes as
more processed products and, therefore, may choose
not to prefer them [19].

Table 4. Shopping influencers statistics

X S
Interest 4.1133 1.7388
Purchase Intention 3.1259 1.13te 36




T. Tavmasat, M. Goksel Sarag, U. Ugur, O.P. Can Akademik Gida 22(4) (2024) 282-287

The findings of the correlation analysis applied to
examine the possible relationship between interest in
and purchase intention towards plant-based milk are
presented in Table 5. Accordingly, there is a significant
positive relationship between interest and purchase
intention.

Table 5. Correlation analysis for the
between the sub-dimensions of the scales

relationship

Purchase Intention

Interest  Pearson Correlation 0.642"
Sig. (2-tailed) 0.000
N 392

“Significant relationship at 0.01 significance level

According to the results of the correlation analysis, the
results of the regression analysis conducted to reveal
the strength of the relationship between the variables
with a significant positive relationship are presented in
Table 6.

Accordingly, consumers’ interest has a significant effect
on purchase intention. Accordingly, as interest
increases, purchase intention also increases. There is a
fixed purchase intention of 1.403 units for plant-based
milk and each unit increase in interest increases
purchase intention by 0.642.

Table 6. Regression analysis for the relationship between the sub-dimensions of the scales

Independent Variable Dependent Variable

Fixed*

St. Error

(B) (®) p

Interest Purchase Intention

1.403

0.642 0.025 16.550 0.000

*The regression equation: Purchase Intention = 1.403 + 0.642xInterest

The results of research conducted in January and
February 2024 across Turkey contain similar findings to
studies on consumer interest and purchase intention in
the literature. In our country, people are interested in
plant-based milk substitutes, but remain somewhat
hesitant about purchasing them. This interest is
generally influenced by increasing milk allergy and
perception of healthy nutrition [4, 8, 24], curiosity and
perception of social media [25-27] environmental
impacts of milk production facilities, protection of animal
rights, and preference for a vegan lifestyle [27-29].

CONCLISION

The results of the study show a strong relationship
between consumer interest in plant-based milk
substitutes and purchase intention. Consumers were
found to be interested in and intended to purchase
plant-based milk substitutes due to factors such as
health concerns, environmental impacts, and ethical
values. In this study, purchase intention was found to be
lower than the level of interest, suggesting some
hesitation among consumers to purchase these
products. This hesitation could be due to factors such as
economic reasons and the taste and texture
characteristics of the product. Furthermore, based on
the research results, it was observed that consumer
interest in plant-based milk substitutes and purchase
intentions are associated with consumers' demographic
characteristics. For example, young and middle-aged
respondents were found to have higher interest and
purchase intentions towards plant-based milk
substitutes than other age groups. Similarly, the interest
and purchase intention of respondents with higher levels
of education towards plant-based milk substitutes were
more pronounced than for those with lower levels of
education. These results provide important guidance for
developing marketing strategies and communicating
effectively with consumers regarding plant-based milk
substitutes.  Improving the taste and texture
characteristics of the product, reviewing pricing, and
providing consumers with more information on the
health benefits and environmental impacts of the
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product could increase purchase intention and expand
the market share of plant-based milk substitutes. In
conclusion, consumer interest in and purchase intention
for plant-based milk substitutes is a complex process
shaped by the interaction of health, environmental, and
social factors. Future research could conduct further
analysis on this topic to gain a deeper understanding of
the effects of these factors on consumer behavior and
contribute to more effective management of marketing
strategies for plant-based milk substitutes.
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6z

Bu cgalismanin amaci, limon meyvesi ve urlnlerindeki bazi fungisit kalintilarina evsel igleme yontemlerinin etkilerini
belirlenmektir. Arastirmada, limon ve islenmis Urlnlerinde imazalil ve thiophanate-methyl kalintilarinin analizi igin
QUEChERS (Hizli, Kolay, Ucuz, Etkili, Saglam ve Guvenli) yontemi basariyla uygulanmistir. Limonun meyve eti, suyu
ve recel gibi islenmis Urlnlerinde gerceklestirilen analizler, pestisit kalinti seviyelerinin %88 ile %100 arasinda énemli
Olclide azaltilabildigini ortaya koymustur. Bu durum, pestisitlerin fizikokimyasal 6zelliklerine (log Po/w degeri, polarite
ve ¢Ozunurlik gibi) ve limonun biyolojik yapisina baglanmistir. Ancak, limon kabugu ve rendelenmis dondurulmus
kabuk gibi UrlGinlerde pestisit kalinti seviyelerinde artis gézlenmistir. Bu artis, pestisitlerin kabuk ytizeyinde birikme
egilimiyle iliskilendirilmistir. Sonug¢ olarak, isleme faktorlerinin pestisitlerin fizikokimyasal Ozelliklerine ve uygulanan
isleme yontemlerine bagli olarak degistigi gorilmustir. Meyve eti, limon suyu ve recel gibi Uriinlerde isleme faktorleri
1’den kiigiik bulunmus, bu da bu islemlerin pestisit kalintilarini azaltmada etkili oldugunu géstermektedir. Ote yandan,
kabuklu Urinlerde isleme faktorlerinin 1’den biyilk oldugu ve bu islenmis drinlerde kalinti birikiminin daha fazla
oldugu tespit edilmigtir.

Anahtar Kelimeler: Limon (Citrus lamas), Pestisit kalintilari, Fungisit, Evsel gida islemleri, isleme faktori

Effect of Household Food Processing Methods on Some Fungicide Residues in Lemons
ABSTRACT

The aim of this study is to determine the effects of household processing methods on certain fungicide residues in
lemon fruit and its products. In the research, the QUEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe)
method was successfully applied for the analysis of imazalil and thiophanate-methyl residues in lemons and
processed products. Analyses on the fruit pulp, juice, and processed products like jam revealed that pesticide residue
levels could be significantly reduced by 88 to 100%. This was attributed to the physicochemical properties of the
pesticides (e.g., log Po/w value, polarity, and solubility) and the biological structure of lemon. However, an increase in
pesticide residue levels was observed in products such as lemon peel and grated frozen peel. This increase was
associated with the tendency of pesticides to accumulate on peel surface. Consequently, it was observed that
processing factors varied depending on the physicochemical properties of the pesticides and the processing methods
applied. Processing factors were less than 1 in products such as fruit pulp, lemon juice, and jam, indicating that these
processes are effective in reducing pesticide residues. On the other hand, processing factors were greater than 1 in
peel-containing products, indicating higher residue accumulation in these processed products.

Keywords: Lemon (Citrus lamas), Pesticide residues, Household food processing, Processing factor
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GiRiS
Limon, zengin besin igerigi ve saglik tzerindeki gesitli
yararlariyla dikkat ¢eken bir turunggil meyvesidir.
Yiksek C vitamini igerigi, bagisiklik sistemini

desteklemenin yani sira hicresel oksidatif stresi
azaltarak kronik hastaliklara karsi koruma saglamaktadir
[1]. Ote yandan, limonun besin profili potasyum,
kalsiyum ve magnezyum gibi temel minerallerin yani
sira anti-inflamatuar 6zelliklere sahip flavonoidleri de
icermektedir; bu biyoaktif bilesiklerin kardiyovaskuler
saglig! destekledigi ve yaslanma belirtilerini azaltmada
etkili oldugu bilinmektedir [2, 3]. Son yillarda diinya
genelinde ve Tirkiye’de limon (Uretiminde bir artis

g6zlemlenmektedir. 2023-2024 doneminde kiresel
narenciye Uretiminin yaklagik 103.7 milyon tona
ulasacagr Ongorilmektedir. Turkiye’de ise 06zellikle

Akdeniz ve Ege bolgelerinde yogunlasan limon Uretimi,
2022-2023 sezonunda yaklasik 1.4 milyon ton olarak
gerceklesmistir.  Tuarkiye, kuresel limon ticaretinde
O6nemli bir konuma sahip olup uretiminin %50’sinden
fazlasini ihrag etmektedir [4]. Diinya ¢apinda ispanya,
Arjantin ve Meksika gibi Ulkelerle rekabet eden Trkiye,
Ozellikle Avrupa pazarinda guglu bir yere sahiptir. FAO
verileri, dudnya genelinde limon dretim alanlarinin
genigledigini ve artan talebe baglh olarak uUretimin de
yukseldigini gostermektedir [5].

Limon uretimindeki bu artis, ayni zamanda pestisit
kalintilarinin kontrol edilmesi gerekliligini de gindeme
getirmektedir. Limonun besin degeri kadar pestisit
kalintilarinin gida glvenligi ve insan sagligl agisindan
olusturdugu riskler de 6nemlidir [6, 7]. Tarimda yaygin
olarak kullanilan pestisitlerin yanlis veya asiri dozlarda
uygulanmasi, Urinlerde istenmeyen dizeyde kalinti
birikimine yol acarak tuketici saghdini olumsuz
etkileyebilmektedir. Bu dogrultuda, limon gibi Grlnlerin
tuketici glvenligini artirmak amaciyla cesitli gida isleme
yontemleri uygulanarak pestisit kalintilari
azaltiimaktadir. Bu baglamda, pestisitlerin insan saghgi
Uzerindeki olasi etkileri ve isleme ydntemlerinin bu
kalintilari azaltmadaki etkinligini inceleyen c¢alismalar
onemli bir yere sahiptir [7-12].

Tarimsal Urlnlere zarar yapan ve Urun kayiplarina
neden olan pestleri (bécek, mikroorganizma, fungus ve
yabanci) kontrol altina almak amaciyla gesitli pestisitler
yaygin olarak kullaniimaktadir [13-15]. Bu baglamda,
sistemik Ozellikteki imazalil ve thiophanate-methyl,
fungisitleri  6zellikle  turunggil  Urinlerinde  sikga
uygulanan iki 6nemli pestisit olarak 6ne g¢ikmaktadir [6,
11, 16, 17]. imazalil, turuncgillerde fungal hastaliklarin
kontrolini saglamak ve UrGnun raf émrinu uzatmak
amaciyla oncelikli olarak tercih edilmektedir. Hidrofobik
Ozelliklere sahip olmasi nedeniyle kabukta daha yiksek
birikme egilimindedir; bu durum, kabugun isleme tabi
tutulmasiyla pestisit kalinti diizeyinde azalmalara yol
acabilmektedir [18, 19]. Ote yandan, thiophanate-
methyl, genis spektrumlu bir fungisit olarak mantar
kaynakli  hastaliklarin  dnlenmesinde  etkili  olup,
uygulamadan sonra bitki icinde sistemik bir dagilim
gostermektedir. Her iki pestisit de 6zellikle turuncgillerde
hasat sonrasi streglerde kullaniimakta olup, urlnlerin
saglik ve kalite standartlarini koruma amaciyla tercih
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edilmektedir [20, 21]. Ancak, hasat sonrasinda
Urinlerde kalinti olarak bulunabilen bu pestisitler,
tuketicilerin kontroli disinda olup, insan saghdina zarar
verebilmekte ve dinya genelinde gida drinlerinin
ticaretine 6nemli bir engel teskil etmektedir. Gidalardaki
pestisit kalintilarinin konumu; gida materyalinin tur ve
miktari, kullanilan pestisit molekulinin kimyasal
Ozellikleri ve cevresel kosullara bagl olarak degisiklik
gOsterebilmektedir [22]. Ancak, bu pestisitlerin kalintilari
tiketici saghgi ve c¢evre agisindan olumsuz etkiler
yaratabileceginden, Urinlerdeki kalinti seviyelerinin
kontroli ve azaltiimasina yonelik Onlemler alinmasi
biyuk 6nem arz etmektedir [18, 23].

Pestisitlerin tarimsal Uretim sureglerinde kullanimi,
Ozellikle hasat Oncesi ve sonrasi asamalarda mahsul
verimliligini artirarak Ureticilerin ekonomik getirisini
yukseltmektedir. Ancak, bu kimyasallarin hatali veya
gereginden fazla kullanimi, gida Urlnlerinde kalinti
birikimine yol agarak insan saghgi uzerinde potansiyel
zararlara ve gevresel kirlilige neden olabilmektedir. Bu
durum, hem gida glvenligi standartlarini tehdit etmekte
hem de surdurilebilir tarim uygulamalari Uzerinde
olumsuz etkiler yaratmaktadir [24-26]. Hasat doneminde
tiketilen ham tarimsal Urinlerde (Raw Agricultural
Commodity-RAC) maksimum kalinti limitlerinin (MRL)
asilmasi riski bulunmakta olup, tiketim 6ncesinde bu
drunlerin buayldk ¢ogunlugu cgesitli isleme asamalarindan
geciriimektedir [27]. Nitekim, gidalardaki pestisit kalinti
seviyeleri; ylkama, soyma, meyve suyu sikma,
kaynatma, kurutma, fermantasyon veya pisirme gibi
temel isleme yontemleriyle azaltilabilir. Bununla birlikte,
pestisitlerin  isleme  slreglerinde  kimyasal yapi
degisikliklerine ugrayarak toksisiteyi artirabilecedi veya
azaltabilecegi de bilinmektedir. Ozellikle imazalil ve
thiophanate-methyl gibi pestisitlerin molekuiler
yapllarindaki degisiklikler, tuketici saghgi acisindan
potansiyel riskler olusturabilir [28]. Bu baglamda meyve
ve sebzelerin uygun isleme yodntemleriyle islenmesi,
kalinti seviyelerini azaltarak tuketici glvenligini saglama
acisindan énem arz etmektedir [16, 29, 30). Iisleme
faktori  (if), islenmis gidalardaki pestisit Kkalinti
seviyesinin, ham tarimsal uUrindeki kalinti seviyesine
orani olarak tanimlanir [27]. Bu deger, gida isleme
sirasinda pestisitlerin ne Olglde indirgenip
indirgenmedigini belirlemek igin kritik bir gosterge olarak
kullanilir. if degeri, pestisitlerin fizikokimyasal dzellikleri
(suda c¢ozundrlik, log Po/w vb.) ve pestisitlerin
uygulama zamanlamasi gibi faktorlere bagh olarak
degisiklik gosterebilir [7, 30]. Ozellikle islenmig Uriinlerin
givenilirligi agisindan, If degerlerinin degerlendirilmesi
biylik ©6nem tasirmaktadir [31]. Sonu¢ olarak,
pestisitlerin tarimsal Uretim sireglerinde etkin kullanimi
arin verimini artirsa da asiri veya yanlig kullanimlari
saglik risklerini beraberinde getirebilir. Bu sebeple,
pestisit kalintilarinin denetimi ve kullanilan gida igleme
tekniklerinin etkinligi, gida glvenligi ve halk saghgi
acisindan hayati 6nem tasimaktadir. Gida urinlerindeki
pestisit kalintilarinin insan saghgi Gzerindeki potansiyel
etkileri, glnumizde ©nemli bir tartisma konusudur.
imazalil ve thiophanate-methyl gibi yaygin olarak
kullanilan fungisitlerin kalintilarinin ylksek seviyelerde
bulunmasi, kanserojen etkiler, hormonal dengesizlikler
ve bagisiklik sisteminin zayiflamasi gibi saglik sorunlari
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ile iligkilendiriimektedir [15, 32]. Bu durum, tiketici
guvenligi acisindan pestisit kalintilarinin daha siki
kontrol edilmesi gerekliligini giindeme getirmektedir.

Tuketiciler tarafindan siklikla tercih edilen ev tipi isleme
yontemleri, pestisit kalintilarinin azaltiimasinda énemli
bir rol oynamaktadir. Bu ¢alismanin amaci, limon
meyvesinde bulunan imazalil ve thiophanate-methyl
pestisitlerinin kalintilarini azaltmaya yonelik farkli igsleme
tekniklerinin etkinligini degerlendirmektir. Ayrica, bu
kimyasallarin fizikokimyasal ozellikleri ve halk sagligi
Uzerindeki potansiyel etkileri ile ilgili literatlr de kapsaml
bir sekilde ele alinacaktir. Pestisitlerin igleme
sureclerinde  kimyasal vyapilarindaki  degisiklikler,
toksisiteyi artirabilecegi veya azaltabilece@i igin, bu
tekniklerin pestisitlerin yapisal 6zellikleri Gzerindeki
etkilerini anlamak biydk o©nem tasimaktadir. Bu
baglamda, evde uygulanan isleme yontemlerinin imazalil
ve thiophanate-methyl kalintilarinin azaltiimasindaki
etkinligini ortaya koymak amaciyla yapilacak
degerlendirme, halk saghgi agisindan kritik bir 6neme
sahiptir. Sonug olarak, galismamiz, limon meyvesindeki
bu pestisit kalintilarinin ev tipi isleme teknikleriyle nasil
azaltilabilecegini incelemeyi hedeflemektedir.

MATERYAL ve METOT
Materyal

Bursa'daki bir pazardan ayni yil yaklasik 30-40 kg
agirhiginda limon o&rnekleri  (Citrus lamas) temin
edilmistir. Bu érnekler, analitik islemler 6ncesinde 5-7°C
sicaklik ve %90-95 bagll nem kosullarinda uygun
sartlarda muhafaza edilmistir. Toplu 6rneklerde yer alan
limonlarin bireysel kitleleri 156 g ile 185 g arasinda
degisiklik gosterdiginden, Avrupa Komisyonu'nun yasal
dizenlemeleri [33] dogrultusunda, en az 1 kg agirliginda
ve en az 10 meyve iceren laboratuvar 0ornekleri
hazirlanmigtir. Toplu 6rneklerden ugi “islem gormemis
kontrol grubu (K)” olarak ayriimig, geri kalan laboratuvar
ornekleri ise ilerleyen kisimlarda detaylandirilan pestisit
uygulama surecine tabi tutulmustur.

Kimyasal ve Cozeltiler

QUEChERS ekstraksiyon Kkitleri, 6000 mg susuz
magnezyum siilfat (MgSO,) ve 1500 mg susuz sodyum
asetat (NaOAC) igerigine sahip olarak tedarik edilmistir.
Ayrica, 1200 mg MgSO, ve 400 mg birincil ve ikincil
aminler (PSA, partikil boyutu 40 um) iceren temizleme
kitleri Chromabond (Almanya) firmasindan saglanmistir.
Pestisit kalinti analizlerinde kullanilmak Uzere gerekli
¢cozicller olan asetonitril, buzlu asetik asit, metanol ve
formik asit gibi kimyasallar ise Merck (Almanya)
firmasindan temin edilmistir. Pestisit kalinti analizleri icin
her biri %99 saflikta olan imazalil ve thiophanate-methyl
standartlari, Dr. Ehrenstorfer (Almanya) tarafindan
saglanmistir.

Calismada pestisit ¢Ozeltilerinin hazirlanmasinda, %1
asetik asit iceren asetonitril ile 1 mg/mL
konsantrasyonunda stok c¢odzeltiler olusturulmustur. Bu
stok ¢ozeltiler, 20 ila 800 ug/L arahiginda olacak sekilde
cesitli  seyreltmeler yapilarak c¢alisma ¢ozeltilerine
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donustirilmastir. Hedef analitlerin  konsantrasyon
araligini kapsayacak sekilde yedi farkli seviye matrisle
eslestirilmis kalibrasyon standartlari, galisma
cozeltilerinden tlretilmistir. Stok c¢ozeltiler, -18 °C’de
kahverengi cam siseler icinde bir yil boyunca saklanmis;
kisa sureli ¢ozeltiler ise 4°C'de en fazla bir hafta
boyunca muhafaza edilmistir. Tim analizlerde, Merck
National Q saflastirma sisteminden elde edilen
deiyonize su kullaniimistir.

Cihaz

Pestisit kalinti analizleri igin, Agilent 1260 1l model LC-
MS-MS-6470A  sivi  kromatografisi-tandem  kitle
spektrometresi  (LC-MS/MS)  sistemi  kullanilarak
gerceklestirilmistir. Bu sistemde 2.1 mm x 150 mm x 2.7
um boyutlarinda Agilent Poroshell Cis analitik kolonu
kullaniimistir.  Kitle spektrometresi icin  calisma
parametreleri, 325°C 1s1 blogu sicakhgi, 400°C kurutma
gazi sicakligl, puskurtme gazi icin 10 L/dakika, kurutma
gazi i¢in 11 L/dakika ve nebdlizatér gazi igin 14 L/dakika
azot gazi akis hizlari ile ayarlanmistir. Kilcal voltaj 3000
V olarak belirlenmigtir. Analiz, her bir bilesen igin pozitif
elektrosprey iyonizasyon (ESI) modunda
gerceklestirilmistir.

Mobil faz, 0.3 mL/dakika akis hizinda, %0.1 formik asit
iceren 5 mM amonyum asetat (bilesen A) ve metanol-su
karisimindan (bilesen B) olusmaktadir. Gradyan eliisyon
programi, ilk olarak 0.5 dakika boyunca %80 A ve %20
B ile baslar, ardindan 10 dakika igcinde %95 B'ye
dogrusal olarak artar ve 3 dakika boyunca bu oran
korunur. Toplam kosum sresi (total run time) 13 dakika
olup, ardindan baslangi¢ kosullarini kullanan son 3
dakikalik bir calisma gergeklestiriimistir. Calisma
sirasinda akis hizi 0.5 mL/dakika ve enjeksiyon hacmi 1
pL olarak belirlenmistir.

Calismada kullanilan diger ekipmanlar arasinda
homojenizatér (Recht GM 200, Haan, Almanya),
sogutmali santriflj (Sigma 2-16P, Osterode, Almanya),
Ustten yuklemeli hassas terazi (Shimadzu ATX224,
Japonya), 5 mL'lik politetrafloroetilen (PTFE) siringalar,
0,45 ym gozenek gapina sahip PTFE filtreler, Eppendorf
otomatik pipetler (10, 100, 1000 pL) ve 1.5 mL vial
siseleri yer almaktadir.

Pestisit islemi

Bu calismada kullanilan limon Orneklerinin  aktif
maddeleri, tarimsal uygulamalarda yaygin kullanim
alanlarina ve kalinti bulunma sikliklarina dayal olarak
belirlenmis ve laboratuvar ortaminda ticari formilasyon
cozeltilerine daldirilarak hazirlanmistir [7, 16, 23, 34,
35]. Bu yontemle, laboratuvar 6rneklerinde hem birimler
aras! hem de birim i¢i homojen bir dagihm saglanmig ve
tespit edilebilir dizeyde kalinti elde edilmistir [34]. Ticari
formilasyonlar olarak, imazalili ve tiyofanat-metil
sirasiyla Emtop (60%, islanabilir toz) ve Novamite (110
g/L, sUspansiyon konsantre) seklinde secilerek yerel bir
marketten temin edilmistir.

isleme faktorlerinin hesaplanmasinda temel kriterlerden
biri, kalintilarin ham tarimsal Grinlerde (RAC) tespit
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edilebilir seviyede olmasidir. Bu nedenle, bitki koruma
Urtnlerinin onerilen dozlarin (zerinde uygulanmasina
izin verilir ve RACler hasat doneminden ©Once
toplanabilir  [27]. On calismalar temel alinarak,
formulasyonlar 6nerilen dozun yaklasik bir ila dort kati
olacak sekilde hazirlanmisgtir [7, 16, 35]. Hazirlanan
formilasyon ¢ozeltileri, yeterli sayida plastik kap iginde
10 L'lik karisimlar halinde hazirlanmig ve tim limon
ornekleri 30 dakika sireyle bu ¢ozeltilere daldiriimistir.
islem sonrasi érnekler, polipropilen ortiiler (izerinde 3-4
saat boyunca gines isiginda kurutulmus, ardindan
analiz o6ncesi +4°C'de 1 gun sireyle muhafaza
edilmistir.

Evsel iglemler

Uygulanan evsel islemlerin yontemi Acoglu Celik ve
Yolci Omeroglu tarafindan [7] detayll bir sekilde
aciklanmigtir.  Ticari formilasyonlarla ilaglanan ve
ilaclanmayan 6rneklerden, (¢ laboratuvar o6rnegi
siraslyla ilaglanmig  kontrol numunesi (IK) ve
ilaglanmamis kontrol numunesi (K) olarak ayrilmistir ve
bu o6rnekler higbir ev tipi isleme yontemine maruz
birakilmamistir.  Bu  kontrol numuneleri, isleme
adimlarinin etkilerini degerlendirebilmek ve uygulanan
tedavi yontemlerinin karsilastiriimasi icin baz alinan
ornekler olarak saklanmistir. Her bir iglem adimi, farkl
lic laboratuvar érnegi ile (ic kez tekrarlanmistir. islem
oncesinde, her bir meyve birimi 2-3 dakika boyunca
akan musluk suyu altinda yikanmigtir. Kabuk Soyma
Islemi (S) ve Meyve Eti (ME) numunelerini elde etmek
icin limon oOrneklerinin kabuklari ve beyaz i¢ kisimlari,
meyve eti kismindan bigak yardimiyla dikkatlice
ayrilmistir. Kabuk/meyve agirlik oranlari (%) %26 ile
%32 arasinda degismistir. Limon Suyu Uretimi (LS)
asamasinda limon o6rnekleri, mutfak bigagi kullanilarak
iki esit pargaya ayriimis ve limon suyu, bir mutfak robotu
(Arzum, Turkiye) yardimiyla elde edilmistir. Elde edilen
limon sularinin ortalama pH degeri, Mettler Toledo
Seven Compact pH/ilyon pHmetre (Kanada) kullanilarak
2.2+0.05 olarak belirlenmigtir.  Limon  Kabugu
Rendelenmesi ve Dondurulmus Kosullarda Saklanmasi
(LRD) asamasinda limon kabuklari rendelenmis ve -
20°C'de U¢ ay boyunca saklanmistir. Saklama suresi
boyunca her ay analitik ornekler alinmistir. Limon
kabuklari, meyve etleri, limon suyu ve rendelenmis
kabuklar, sonraki analizlere kadar polipropilen numune
kaplarinda -20°C'de muhafaza edilmistir. Limon Receli
Uretimi (LR) icin [35] tanimlanan tarif uygulanmigtir.
Calisma kapsaminda, meyvenin dis kabugu hassas bir
sekilde rendelenerek cikarilmis ve ardindan posalarin
15 dakika slreyle (¢ defa su igerisinde kaynatimistir.
Dis kabugun aci tadini gidermek amaciyla her kaynatma
islemi sonrasi su taze su ile degistiriimistir. Uretimin
diger asamalari ise geleneksel recgel Uretim yontemlerine
paralel olarak, 95°C'de 30 dakika sureyle pisirme
isleminden olusmaktadir. Elde edilen regellerin ortalama
pH degeri 3,45+0,06, suda ¢ozinur kuru madde miktari
(Brix) ise 72.65+0.64 g/100 g olarak belirlenmistir (RA-
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500 Model Kyoto Electronics Manufacturing Co. Ltd.,
Japonya). Limon receli, sonraki analizlere kadar oda
sicakhiginda saklanmistir.

Pestisit Kalinti Analizi

Her bir laboratuvar 6rnegi, pestisit kalinti analizi
surecinde ayri ayri islenmistir. Laboratuvar
numunelerinin homojenizasyonu igin, K, iK, S, ME kodlu
orneklerde bulunan her bir limon dorde bolinmis ve
capraz karsilikh iki kisim alinarak, 2-3 mm partikdl
boyutuna ulasana kadar homojenize edilmistir
(RechtGM 200, Haan, Almanya). LR kodlu laboratuvar
ornekleri tamamen homojenize edilirken, LRD ve LS
kodlu érnekler bu igleme tabi tutulmamistir. Laboratuvar
orneklerinden alinan analitik 6rnekler, ekstraksiyon ve
clean-up (temizleme islemi) adimlarina kadar -20°C'de
PTFE o6rnek kaplarinda muhafaza edilmistir. Pestisit
kalinti analizinde kullanilan ekstraksiyon, clean up ve
sivi kromatografisi-tandem kitle spektrometresi (LC-
MS/MS) prosedirleri, QUEChERS [36] olarak bilinen ve
gegerliligi  kanittanmis standart ¢oklu kalinti analiz
yontemi temel alinarak uygulanmistir. Bu metodoloji,
cesitli pestisitlerin analizi icin hizli, kolay, ucuz, etkili,
saglam ve guvenli ekstraksiyon yontemi kullaniimigtir.
Bu ybntem, ayni anda birden fazla kalinti analizi
yapabilme yetenegi ile taninmakta olup, ylksek
verimlilik saglamaktadir. Yontemin ayrintilari, LC-MS/MS
tanimlamalari ve ekipman parametreleri Tablo 1'de
sunulmustur. Bu standartlastirimis yontem, farkli érnek
tiplerinde pestisit kalinti analizlerinde ylksek dogruluk
ve tutarhhk saglar.

Metodun uygulanmasindan &nce laboratuvarimizda
yapllan ydntem dogrulama (method verification)
galismasi ile analizlerin guvenilirligi saglanmis ve her
analiz serisi sirasinda kalite kontrol ¢alismalari, Avrupa
Birligi SANTE/11312/2021 Rehber Belgesi [37] ve
EURACHEM yobnergeleri [38, 39] dogrultusunda
gerceklestiriimisti. Bu kalite glivence prosedirleri,
analizlerin dogru ve tutarli sonuglar Gretmesini saglamak
amaciyla blyuk bir titizlikle uygulanmistir.

isleme Faktorii

islem faktori (If), ham tarimsal (riindeki pestisit
miktarinin, islenmis trine oranidir [27, 30]. 1'den kiglk
veya daha yiksek bir faktor, sirasiyla azalma veya
artmay! gostermektedir. Isleme faktdriiniin  denklemi
esitlik 1’de verilmigtir.

B

if=2
A

)
Burada B, islenmis limon numunelerindeki (S, ME, LS,
LRD ve LR) kalinti seviyesini ifade eder. A ise ham
tarimsal Griinlerdeki (iK) kalinti seviyesini ifade eder.
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Tablo 1. Pestisitlerin fizikokimyasal 6zellikleri [40] ve LC-MS/MS kosullari
Table 1. Physicocehmical properties of pesticide [40] and LC-MS/MS conditions

Aktif Bilesenler Imazalil Thiophanate-methyl
Molekil Formulu C14H14CI2N20 C12H14N404S2
Etli Sekli Sistemik Sistemik
L Molekdl Agirhgi (g/mol) 297.179 342.388
Pestisit Ozellikleri Suda ¢ozinirlik (mg/L) 180 (20°C) 26.6 (20°C)
Log Po/w! 3.82 1.50
Kaynama Noktasi (°C) 347 342
Alikonma Zamani (tr) 8.685 7.953
MRL (mg/kg) 5 6
LOQ (mg/kg) 0.01 0.01
LC-MS/MS Kosullari Kone Voltaji 120 120
Onclil lyon 297.1 343.1
Parcalanma lyonu 41.2 151
Carpisma Enerijisi -21 -3

Log Polw “Pestisitlerin oktanol/su b6ime katsayisi (LogPo/w), bir bilesigin oktanol igindeki ¢6ziiniirlliginin (polar
olmayan bir ¢dzlci) sudaki ¢bziindirltigiine (polar bir ¢bziici) oranini temsil eder.
1The octanol/water partition coefficient (Log Po/w) represents the ratio of a compound's solubility in octanol (a nonpolar

solvent) to its solubility in water (a polar solvent).
istatistiksel Analiz

Tum evsel iglemler G¢ tekrarli olarak yurGtulmas; her
laboratuvar 6rnegi icin pestisit kalinti analizleri iki tekrarli
sekilde gerceklestiriimis ve her bir analitik 6rnek igin LC-
MS/MS enjeksiyonlari iki kez yapilmistir. Elde edilen
veriler, ortalama + standart sapma olarak raporlanmistir.
Farkh islem yoOntemlerinin pestisit kalinti seviyeleri
Uzerindeki etkilerini ve iglem faktorlerinin indirgeme
oranlarindaki anlamli farkhliklarini belirlemek amaciyla

Varyans Analizi  (ANOVA) kullaniimig, anlaml
farklilklarin tespiti icin ise Tukey Post Hoc testi
uygulanmistir.  Istatistiksel analizler SPSS yazilimi

(strim 28.0; SPSS Inc., Chicago, IL, ABD) kullanilarak
yapilmis olup, p < 0,05 dizeyi istatistiksel olarak anlamli
kabul edilmistir.

BULGULAR ve TARTISMA

Pestisit kalinti analizlerinde uygulanan analitik ydntemin
dogrulanmasi laboratuvarimizda basariyla dogrulanmig
olup, portakal [35] ve limon [7] matrislerinde yapilan
calismalarda rapor edilmistir. Elde edilen sonuglara
gore, yontemin ortalama geri kazanim orani (dogruluk
Olgutu olarak %70-120 araliginda), kesinlik
(tekrarlanabilirlik ve ara kesinlik icin goreli standart
sapma, RSDr ve RSDwR <%20) ve LOQ degeri (0.01
mg/kg < MRL), Avrupa SANTE/11312/2021 Kilavuz
Belgesi [37] tarafindan belirlenen kriterlere uygun
bulunmustur. Bunun yani sira, 6lgim belirsizligi de
maksimum %50 goreli genisletilmis belirsizlik sinirina
uygun olacak sekilde hesaplanmistir. Analitik yoéntemin
dogrusalligini degerlendirmek ve her numunede mevcut
kalintt  seviyelerini dlgmek amaciyla, her analiz
partisinde yedi noktali matris uyumlu bir kalibrasyon
egdrisi olusturulmustur. Bu egri, 10 pg/kg ile 1500 pg/kg
araligindaki konsantrasyonlari kapsamaktadir.
Kalibrasyon egrisi, yontemin hesaplama sinirinin (LOQ)
altinda kalinti  seviyelerine sahip kontrol limon
orneklerinin  ekstraktlarindan hazirlanmistir.  Agirlikh
dogrusal regresyon analizi sonucunda, belirleme
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katsayisi (R?) 0.9990'dan blyUk olan bir kalibrasyon
fonksiyonu elde edilmistir; boylece konsantrasyonlarin
Mg/kg cinsinden hesaplanmasi mimkin hale getirilmistir
[41]. Ayrica, her bir analitik parti suresince
konsantrasyon sapmalari ve geri kazanim oranlari
iceren kalite kontrol suregleri uygulanmistir. Kalibrasyon
fonksiyonu kullanilarak standartlarin gercek
konsantrasyonlari ile hesaplanan degerler arasindaki
farkliliklar ~sistematik olarak analiz edilmigtir. Bu
sapmalar, her partiye 06zel kalite kontrol slreci
kapsaminda degerlendiriimis ve -%3.0 ile %19.0
arasinda degismistir. Bu oranlar siraslyla,
SANTE/11312/2021 Kilavuz Belgesi'nde [37] belirtilen
+%20 ve kabul sinirlart ile uyumludur. Ayrica, 6lgiim
sinir (LOQ) seviyesinde kor limon 6rneklerine analit
eklenerek yapilan analizlerde, her partideki bireysel geri
kazanim oranlarinin %83 ile %117 arasinda degistigi
saptanmis ve bu oranlar kilavuzda belirtilen %60-140
araligina uygun bulunmustur [37].

Fungisit Kalintilarinin  Evsel Gida islemleri
Sirasinda Degisiminin Incelenmesi
Ekonomik Kalkinma ve Isbirligi Orgiti (OECD)

tarafindan 2008 yilinda yayimlanan rehberde, isleme
faktorlerinin hesaplanabilmesi igin, islenmemis tarimsal
artnlerdeki kalinti seviyelerinin tayin limitinin (LOQ)
Uzerinde olmasi gerektigi belirtiimistir [27]. Laboratuvar
kosullarinda, daldirma yontemi ile ilaglanan ancak iglem
goérmemis limonlarda tespit edilen pestisit kalinti
seviyeleri 0.014 mg/kg ile 4.173 mg/kg arasinda
degismistir (Tablo 2). Bu seviyeler, analiz metodunun
LOQ seviyesi olan 0.010 mg/kg'dan yuksek oldugundan,
OECD kriterleriyle uyumlu oldugu sonucuna varilmistir.
Tablo 2'de sunulan istatistiksel analiz, farkl evsel isleme
yontemlerinin, 1K &rneklerinde gézlemlenen kalinti
seviyeleri ile karsilastirildiginda, evsel gida isleme
yontemlerinin ~ kalinti  seviyelerini  6nemli  6lgide
degistirdigini (p< 0.05) gbstermektedir.
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Kabuk Soyma islemi ve Meyve Eti

Soyma islemi (S), g¢esiti meyve ve sebzelerin
islenmesinde kritik bir ilk asama olarak kabul
edilmektedir. Uriinlerin dis katmanlarini veya kabuklarini
cilkarmak amaciyla uygulanan bu islem, pestisit
kalintilarinin  seviyesini azaltmada etkili bir ydntem
sunar. Evsel iglemlerde yaygin olarak kullanilan
mekanik soyma, meyve etindeki (ME) pestisit
kalintilarini  azaltmada basarili olurken, endustriyel
sureclerde siklikla tercih edilen kimyasal soyma ise bu
etkiyi daha da artirabilmektedir [42]. Arastirmalar,
mekanik ve kimyasal soyma yodntemlerinin yani sira
buharla soyma ve dondurma gibi cesitli tekniklerin de
pestisit kalintilarini etkin bir gekilde azaltabilecegini
gOstermektedir. Ancak, bu ybntemlerin etkinligi;
pestisitlerin kimyasal yapisi, sistemik yayilim durumu ve
cevresel kosullara bagli olarak degisiklik
gosterebilmektedir [43, 44]. Pestisitlerin blylk bir kismi
dogrudan Urdnlerin  ylizeyine uygulandigindan, kabuk
soyma islemi, kitikil tabakasina nufuz etmis pestisit
kalintilarini azaltmada en etkili ydntemlerden biri olarak
kabul edilmektedir [7, 44]. Limon kabuklarina uygulanan
kabuk soyma isleminin sonucunda, kontrol érnekleriyle
(IK) Karsilastiriidiginda kalinti  konsantrasyonlarinda
istatistiksel olarak anlamli bir artis meydana gelmistir
(p<0.05). Konsantrasyondaki artis 1.8 ila 3.2 kat
arasinda degismistir. Limon kabuklarinin  meyve
posasindan ayrilmasi, pestisit kalintilarinda dikkate
deger bir azalmaya neden olmustur. Ozellikle soyma
islemi, posadaki imazalil kalintisini %97 oraninda,
thiophanate methyl konsantrasyonunu ise %94 oraninda
azaltmigtir. Bu bulgu, kabuklarin uzaklastiriimasinin
pestisit maruziyetini 6nemli o6lgide dislrebilecegini
gostermektedir. Ozellikle kabuk soyma islemi, yiizeyde
birikmis olan pestisitlerin uzaklastirilmasinda etkili
olmus, meyve etinde kalan pestisit seviyelerinde belirgin
bir azalma saglamistir. Bu sonug, pestisitlerin blylk
Olgide kabuk kisminda yogdunlastigini ve soyma
islemiyle 6nemli Olglide bertaraf edilebilecegini ortaya
koymaktadir. Limon ve benzeri turunggil Urlnlerinde
tuketici  saghgini koruma  acgisindan  kabugun
uzaklagtiriimasinin etkili bir ydntem oldugu sonucuna
varilabilir. Bulgularimizla  uyumlu  olarak  [45]
arastirmasinda limon orneklerinde fenhexamid
kalintisinin %43'Gndn kabuktan albedoya, %18'inin ise
albedodan meyve etine gectigi belirlenmistir. Portakal

orneklerinde, imazalil kalintisinin  %58'inin  kabuktan
albedoya, yalnizca %6'sinin ise meyve etine gectigi
saptanmistir. Mandalina o6rneklerinde ise imazalilin

yalnizca %1.6 oraninda meyve etine gegis yaptidi tespit
edilmistir. Fungisitlerin meyve etine gegis oraninin
nispeten dusuk olmasinin, analiz edilen bilesiklerin ve
meyve kabuklarinin  fizikokimyasal o6zelliklerinden
kaynaklandidi rapor edilmigtir. Ayrica, kabuklardaki
pestisit seviyelerinin, butin meyvelere kiyasla belirgin
sekilde daha yiiksek oldugu ortaya konmustur. Uriinlerin
mensei hakkinda yeterli bilgiye sahip olunmamasi da
g6z 6nidnde bulunduruldugunda, narenciye kabuklarinin
yemek veya icecek hazirlamada kullaniimasinin
Onerilmedigi  vurgulanmigtir.  Portakal kabuklarinda
imazalil konsantrasyonunun 3.5 ila 3.6 kat arasinda
arttigr tespit edilmistir [46]. Turuncgil meyvelerinde
spirodiclofen kalintisinin kabuk ve meyve eti igindeki
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dagihmini degerlendirmistir. Kabuklarda, tum
turuncgillerle karsilastirildiginda sirasiyla 5.1, 2.9 ve 1.9
kat oraninda spirodiclofen konsantrasyonunda artis
tespit edilmistir. Ancak meyve eti 6rneklerinde kalinti
seviyeleri hesaplama limit degerinin altinda kaldigi
saptanmistir [47].

Bir baska calismada, Ilimon, portakal, greyfurt,
mandalina, pomelo ve misket limonu gibi alti farkli
turunggil tdrinde pestisit kalintilari analiz edilmistir.
Calismada, en sik tespit edilen fungisit kalintisi imazalil
olup, bu kalintiya test edilen orneklerin %88'inde
rastlanmistir. Bunu, 6rneklerin %57'sinde tespit edilen
bir diger fungisit olan pyrimethanil takip etmistir.
Kalintilarin dagilimini  degerlendirmek ve tliketicilerin
diyet kaynakli maruziyet riskini tahmin edebilmek
amaciyla, kalintilar kabuk ve meyve eti ayri ayri analiz
edilmistir. Turunggil tirine ve c¢esidine bagh olarak,
kabuk ile meyve eti arasindaki agirlik orani %15 (misket
limonu) ile %42 (portakal) arasinda degisiklik
gOstermistir. Arastirmada, analiz edilen pestisitlerin cogu
icin meyve etinde, kabuga kiyasla belirgin sekilde daha
distk kalinti seviyeleri tespit edilmigtir. Sistemik ve
temas pestisitleri karsilastirldiginda, temas
pestisitlerinin blyuk gogunlugunun kabukta yogunlastigi
belirlenmistir. Ote yandan, sistemik pestisitlerde transfer
orani 6nemli élgtide daha yulksek olup, %30 (prochloraz)
ile %70 (spirotetramat) arasinda degismistir. Bu durum,
sistemik pestisitlerin puskurtildiginde bitki yapraklarina
nifuz etmesi ve bitki dokulari araciigiyla meyveye

gecerek posada, kabuktakine gére daha fazla
yogunlagabilmesi ile aciklanabilecegini belirtmiglerdir
[48]. Benzer sekilde, literatirde yer alan diger

arastirmalar da kabuk soyma isleminin meyve ve
sebzelerdeki pestisit kalintilarini kayda deger oranda
azalttigini gostermistir [7, 20, 35, 47, 49, 50]. Pestisit
kalintilarinin ~ baydk bir kismi, genellikle meyve
kabugunun soyulmasiyla birlikte uzaklastiriimaktadir.
Ancak, pestisit kalintilarinin sistemik olarak meyve
dokusuna yayilmasi durumunda, soyma islemi her
zaman pestisit kalintilarinda belirgin bir azalmaya yol
acmayabilir [42]. Elma kabuklarinin soyulmasi, pestisit
seviyelerinde %24 (carbendazim) ile %2100 (triflumuron,
thiodicarb, tebuconazole) arasinda degisen oranlarda bir
azalma saglamigtir [11].

Portakallar tzerinde yapilan bir ¢galismada, kabuklardaki
pestisit iceriginin, meyve etine kiyasla belirgin sekilde
daha yuksek oldugu (%7.5-17.9) tespit edilmistir. Fakat
prochloraz kalintisi igin durum farkli olup, meyve
etindeki seviyesi %65.4 olarak belirlenmistir. Bu nedenle
turunggil meyvelerinin kabuklari genellikle dogrudan
tiketilmez; ancak limon kabugu, baharat degeri tagimasi
nedeniyle bir istisna olusturur [51]. Bunun yani sira,
turuncgil kabuklari, sekerleme Urlnlerine katki maddesi
olarak islenebilmekte veya esansiyel yag Uretimi igin
hammadde olarak kullanilabilmektedir [11]. Bu
baglamda, pestisitlerin seviyelerinin izlenmesi ve
uluslararasi gida guvenligi standartlarina uygunlugunun
saglanmasi, tuketicinin saghgi agisindan kritik éneme
sahiptir [30].

Benzer bulgular, daha o6nce yapilan caligmalarla da
uyum  gostermektedir.  Ornegin, [52] tarafindan
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gerceklestirilen bir arastirmada, soyma igleminin
domatesteki thiophanate-methyl kalintisinda %84.2 ve
carbendazim kalintisinda %87.3 oraninda kayiplara
neden oldugu bildirilmigti. Bunun yani sira, [53]
tarafindan yapilan bir baska calismada, domateslerin
kabuklarinin soyulmasinin chlorothalonil, oxadixyl ve
thiophanate-methyl kalintilarinda sirasiyla %96, %60 ve
%94 oraninda azalma sagladigi tespit edilmistir. Bu
bulgular, farkli pestisit tirlerinde soyma isleminin etkili
bir azaltma yontemi olabilecegini gostermektedir.

Bu arastirma kapsaminda elde edilen bulgular,
pestisitlerin kabuk tabakasinda kaldigini ve meyve etine
dogru difiizyonlarinin dusik diizeyde gergeklestigini
gostermektedir. Pestisit kalintilarindaki artis, pestisitlerin
etki mekanizmalarinin yani sira, 6zellikle oktanol-su
katsayisi (log Po/w) ve suda ¢dzunurlik gibi fiziksel ve
kimyasal 6zellikleri ile iligkilendirilebilir. Imazalil ve
thiophanate-methyl her iki pestisit de sistemik etki
gOstermektedir; ancak imazalil, thiophanate-methyl'e
kiyasla daha yiksek suda ¢ozinurlik ve log Po/w
(Tablo 1) degerlerine sahip oldugundan, daha fazla
azalma gostermektedir. Bu durum, bu pestisitlerin
meyve etine difiize olmak yerine, meyve kabugundaki
kitikdler mumlara veya daha derin katmanlara tutunma
egiliminde  oldugunu  gOstermektedir [43, 54].
Turunggillerin dis ylzeyinde yer alan kitin ve mum
tabakalarinin pestisit kalintilarinin fiziksel korunmasinda
kritik bir rol oynadigini rapor etmistir [55]. Ayrica, Liu ve
ark. [56] tarafindan gergeklestiriien bir g¢alismada,
turuncgil  kabuklarindaki  spirotetramat  kalintilarinin
baslangi¢ konsantrasyonlarina goére arttigi belirlenmistir.
Bu durum, kutikdler balmumunun pestisit kalintilarinin
meyve etine dogru diflizyonunu engelleyerek bir bariyer
gorevi gordugu seklinde yorumlanmistir. Bu bulgu,
pestisit kalintilarinin meyve kabugunda birikim egilimini
aciklamakta ve fizikokimyasal Ozelliklerin  kalinti
dagilimindaki 6nemini vurgulamaktadir. Portakal [35] ve
limon [7] Uzerinde gergeklestirdikleri c¢alismalarda
benzer pestisit kalintisi bulgularina ulagsmiglardir. Her iki
calismada da, turuncgil ve limon kabuklarindaki katiktler
mum tabakasinin, pestisit kalintilarinin meyve etine
difizyonunu engelleyerek etkin bir tagsima bariyeri gorevi
gordiglu sonucuna varilmistir. Bu bulgular, farkli pestisit-
matriks kombinasyonlarini ele alan gesitli galismalarda
da benzer sekilde gézlemlenmistir. Ozellikle kabuklarin
soyulmasinin, meyve etindeki pestisit kalintilarini énemli
Olgude azalttigi sik¢ca vurgulanmigtir; bu durumun,
pestisitlerin  fizikokimyasal 6&zelliklerinden etkilendigi
bildiriimektedir. Baska bir ¢alismada, pestisitlerin
kitikiler mum tabakasina tutunmasinin, meyve etine
dogru difiizyonunu fiziksel olarak engelledigi belirtiimistir
[57].

Benzer sekilde, Liu ve ark. [58] tarafindan yapilan

arastirmada, UzUm meyvelerinin soyulmasi islemi
sonrasinda dinotefuran, imidacloprid, acetamiprid,
triadimefon, triadimenol, tebuconazole, azoxystrobin,

pyraclostrobin,  fluxapyroxad, pydiflumetofen ve
difenoconazole gibi pestisit kalintilari incelenmistir.
Arastirma bulgulari, soyma isleminin hedef pestisitlerin
kalinti seviyelerinde belirgin bir azalma sagladigini
gostermis; uzaklastirma oranlarinin %13 ila %91
arasinda degistigi rapor edilmistir. Bu durum, kabuk
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Uzerinde bulunan mumsu tabakanin soyulmasiyla,
pestisit kalintilarinin etkili bir gekilde azaltilabilecegini
ortaya koymaktadir.

Bu sonuglar, 6nceki ¢calismalarla da tutarhdir [43, 53, 54,
55, 59]. S6z konusu arastirmalar, balmumu tabakasinin
pestisit kalintilarinin meyve etine gegcisini kisitlayarak
koruyucu bir bariyer olusturdugunu gdstermistir.
Dolayisiyla, meyve yuzeyindeki pestisitlerin kuitikuler
tabaka tarafindan engellendigi ve bu bariyerin ortadan
kaldiriimasiyla birlikte kalinti  miktarinda azalma
gOzlendigi sonucuna varilabilir. Bu durum, soyma
isleminin fungisit kalintilarinin azaltiimasinda énemli bir
rol oynadigini ortaya koymaktadir.

Limon Suyu Uretimi

Meyve suyu eldesi, bitki dokularindan sivinin ¢ikariimasi
islemidir ve hizli bir sekilde blylk miktarlarda meyve
suyu tuketmek, genellikle tercih edilen bir yéntemdir
[60]. Bu c¢alismada, limon meyvelerinin tamami
kullanilarak evsel yontemlerle limon suyu (LS) elde
edilmis ve bu islem sirasinda pestisit kalinti seviyelerinin
islenmis numunelerde 6nemli &lgide degistigi tespit
edilmistir.

Pestisit kalintilarinin meyvelerden meyve suyuna gegisi,
meyve kabugu ve posasinda kalan miktarlara ek olarak,
pestisitlerin fizikokimyasal 6zelliklerine de bagli olarak
degisiklik gostermektedir. Meyve suyu eldesi sirasinda
uygulanan  santrifijleme  veya  filtrasyon  gibi
berraklagtirma iglemleri, pestisit kalinti seviyelerinde
belirgin bir azalma saglamaktadir. Bu berraklastirma
sureglerinin, pestisitlerin sudaki ¢ozinurligu ve fiziksel
ayrilabilirligi  Gzerinde etkili oldugu dusuniimektedir,
dolayisiyla meyve suyu urlnlerinde kalinti miktarlarini
azaltma potansiyeline sahiptir [43, 61]. Bu galismada,
limon suyunda imazalil kalintisinin %92 oraninda
azalirken, thiophanate-methyl kalintisi %88 oraninda
azaldigi tespit edilmistir. Limon meyve suyuna islenirken
ylksek oktanol-su bélme katsayisi (log Po/w) ile iligkili
oldugu dusunulerek imazalil kalintisi daha fazla
azalmigtir (Tablo 1).

Ev yapimi meyve suyu lretim slrecinde herhangi bir
Isitma islemi (sterilizasyon/pastoérizasyon)
uygulanmadigindan, meyve suyundaki pestisit
kalintilarindaki azalmanin, dis ylzeydeki balmumu ve
kutikuler tabakaya pestisitlerin yapismasina
baglanabilecedi ve bunun da yliksek oktanol-su bdlme
katsayisi (log Po/w) ile iligkili oldugu dustnulmektedir
[34]. Domateslerden meyve suyu elde etme islemi, her
iki pestisitin uzaklastiriimasinda en etkili yontem olarak

tespit  edilmistir. Domates suyunda  metalaxyl
kalintilarinda %66 oraninda, chlorpyrifos kalintilarinda
ise %98 oraninda kayda deger bir azalma
gOzlemlenmistir. Arastirmacilar, bu yiksek azalma
oranlarini, pestisitlerin fiziko-kimyasal 6zellikleri ve
ozellikle log Po/w (oktanol-su dagilim katsayisi)
degerleri ile iliskilendirmistir:  Yiksek log Po/w

degerlerine sahip olan pestisitler, hidrofobik dogalari
nedeniyle meyve suyu igerisinde daha az ¢dziinmekte
ve biyidk odlcide kabuk veya posa kisminda
tutulmaktadir  [34]. Carbendazim, thiamethoxam,
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imidacloprid, acetamiprid, prochloraz ve difenoconazole

kalintilarinin, berrak ve bulanik elma suyu Uretim
suregleri ile hizlandirimig depolama kosullarindaki
davraniglari kapsamli bir sekilde degerlendirilmistir.

Berrak elma suyu uretiminde uygulanan enzimleme
islemi, pestisit kalintilarinda %1.9 ile %31.6 arasinda
dislk dizeyde bir azalmaya neden olmustur.
Klarifikasyon ve saflastirma adimlarini takiben yapilan
filtrasyon agamasi, kalinti seviyelerinde %14.0 ile %87.5
arasinda 6énemli bir azalma saglamistir. Ote yandan,
bulanik elma suyu Uretiminde santriflj islemi, pestisit
kalintilarinda %6.3 ile %88.9 arasinda degisen
oranlarda azalmasina yol agmistir. Elde edilen bulgular,
farkh  isleme adimlarinin  pestisit  kalintilarinin
azaltilmasinda 6nemli bir rol oynadigini gostermekte ve
meyve suyu uretim sureglerinin  kalinti  yonetimi
Uzerindeki etkisini vurgulamaktadir [62].

Baska bir calismada, Uzimden meyve suyu Qretimi
sirasinda  dinotefuran,  imidacloprid, acetamiprid,
triadimefon, triadimenol, tebuconazole, azoxystrobin,
pyraclostrobin,  fluxapyroxad, pydiflumetofen ve
difenoconazole kalintilari incelenmistir. Calismada,
hedef pestisitlerin kalinti seviyelerinde belirgin azalmalar
gozlemlenmis ve uzaklastirma oranlarinin %6 ile %62
arasinda degistigi rapor edilmistir. Posada ise nispeten

daha vylksek dizeyde pestisit kalintilarinin tespit
edilmesi, posanin disuk su igerigine bagh olarak
pestisitlerin konsantrasyonunun artmasi ile

iliskilendirilmistir [58]. Bagka bir c¢alismada, turuncgil
meyve suyu Uretimi sirasinda prochloraz kalintilarinin
baslangigtaki seviyelere kiyasla %94.3 ve %94.5
oraninda azaldi§i tespit edilmigtir. Benzer gsekilde,
kasugamisin kalintilarinda %96’nin Gzerinde bir azalma
kaydedilmis, oxine-bakir kalintilarinda ise bu oranlar
siraslyla  %95.6 ve %94.6 olarak belirlenmistir.
Fenaminstrobin kalintilarinda %94.2 ve %95.2 oraninda
azalma gozlemlenmigtir. Bu sonuglar, turunggil meyve
suyu Uretim sureglerinin dort farkh fungisit kalintisini
etkili bir sekilde azaltabildigini gdstermektedir. Ozellikle,
yagda ¢oziinebilen pestisitlerin buyuk bir kisminin kabuk
ve posada tutuldugu, bu nedenle meyve suyuna
gecisinin sinirh oldugu ifade edilmistir. Bu durum,
presleme ve posanin ayrilmasi gibi isleme adimlarinin
pestisit kalintilarinin gideriminde 6nemli bir ydntem
oldugunu ortaya koymaktadir [63]. Benzer sekilde, tath
portakal meyvesi ve yan Uriinlerinde, endustriyel meyve
suyu Uretim slreci boyunca spiropidion ve bes ana

metabolitinin kalinti seviyeleri incelenmigtir. Portakal
suyu Uretiminde uygulanan sikma, filtrasyon,
sterilizasyon ve konsantrasyon gibi islem

basamaklarinin, pestisit kalintilarini %34.2 ile %70.8
oraninda azalttigi belirlenmistir. Bu bulgular, meyve
suyu isleme  sureglerinin  pestisit  kalintilarinin
azaltilmasinda etkili bir rol oynadigini vurgulamakta ve
bu tdr islemlerin gida guvenligi Uzerindeki olumlu
etkilerini ortaya koymaktadir [64].

Bir calismada, armut suyu Uretimi sirasinda chlorpyrifos
kalintilarinin ~ tamamen  (%100) giderildigi  tespit
edilmistir. Benzer sekilde, elma suyu Uretiminde
mancozeb kalintilarinin %100 oraninda ortadan kalktig
rapor edilmistir [65]. Ayrica, literatiirde yer alan diger
calismalar, meyve suyu Uretim sureglerinde pestisitlerin
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davraniglari ile bu pestisitlerin fizikokimyasal 6zellikleri
arasindaki iliskiyi desteklemektedir [34, 58, 63, 64, 66].

Limon Kabugu Rendelenmesi ve Dondurulmus
Kosullarda Depolanmasi

Dondurma, gida kalitesini  etkileyen  kimyasal
reaksiyonlari engellemek igin etkili bir yéntem olup, bu
sayede gidanin tadi, dokusu ve besin degeri alternatif
koruma yontemlerine kiyasla daha iyi korunmaktadir
[43]. Limon kabuklari, hem evsel hem de ticari
dondurma yontemleriyle korunabilir; bu sayede atiklarin
geri dondsturtlmesi saglanir  ve kabuklarin
fizikokimyasal butinligl bozulmadan raf édmru uzatilr.
Tablo 1'de, limon kabugu Uretimi sirasinda ve -20°C'de
saklama slresi boyunca pestisit kalintilarindaki
degisiklikler sunulmustur. Limon kabuguna islendikten
sonra, imazalil ve thiophanate-methyl kalintilarinin
konsantrasyonlarinin, kontrol limon érneklerine (iK) gére
istatistiksel olarak anlamli sekilde daha yuksek oldugu
gézlemlenmistir (p<0.05). U¢ aylik depolama siireleri
sonucunda pestisit kalintilarinin  anlamli  derecede
azaldigr gorulmustir (p<0.05). Bu nedenle depolama
suresinin kalinti konsantrasyonlarini etkiledigi sonucuna
varilimistir. Bu gbzlem, pestisitlerin limon meyvesinin dis
ylzeyinde birikmesinden kaynaklanmaktadir. Calisma
kapsaminda analiz edilen pestisitlerin ylksek yag
¢ozunurlikleri, bu pestisitlerin kalintilarinin  limonun
mumsu dis ylzeyine adsorplanmasina yol agmigtir.
Bulgularimizla korelasyon gOsteren calismalar
literatirde yer almaktadir [7, 35].

Yapilan bir arastirmada, haglama islemleri, dondurma
ve donmus depolamanin (-20°C) pestisit kalintilari
Uzerindeki etkisini incelemek ve on aylik bir sire
boyunca 1spanakta bulunan chlorantraniliprole, lambda-
cyhalothrin ve fluopicolide kalinti miktarlari incelenmistir.
Bu kapsamda, dondurulmus depolama siresi (0-300
glin) boyunca, farkli surelerle haslanmis (2, 6 ve 10
dakika) ve ardindan -20°C'de dondurulmus ispanak
orneklerinde  onemli  degisiklikler — gozlemlenmistir.
Chlorantraniliprole kalinti duzeyleri, haslama siresine
bagh olarak 2, 6 ve 10 dakika haslanan &rneklerde
depolama siresinin sonunda (300. gun) sirasiyla 5.83,
12.15 ve 11.94 mg kg™ seviyelerine ulagsarak anlamli bir
artis gostermistir (p<0.05). Benzer sekilde, lambda-
cyhalothrin kalintilarinda depolama sulresince artis
egilimi tespit edilmis; bu artis 6zellikle 105. ginden
itibaren belirginleserek, 300. glinde sirasiyla 4.17, 6.38
ve 8.63 mg kg™ seviyelerine ulagmistir. Diger yandan,
fluopicolide igerigi, 2 dakika haslanan 0rneklerde
depolama stiresince sabit kalmis; ancak 6 ve 10 dakika
haslanan o6rneklerde depolama slresinin sonunda
anlamh  bir artis kaydedilmistir [67]. Baska bir
calismasinda, 14 yerel taze balik 6rneginde (tilapia,
kefal ve yayin bahgi) yedi farkli pestisitin (endosulfan,
heptaklor, malathion, chlorpyrifos, bifenthrin,
deltamethrin  ve  fenoxycarb) kalinti  seviyeleri
incelenmistir. Kontamine baliklarin -70°C’de bir ay
sureyle dondurularak muhafaza edilmesi, pestisit
kalintilarinda yalnizca %6-30 oraninda bir azalma
saglamistir. Ancak bu sure¢ sonucunda elde edilen
kalinti seviyeleri, 6nerilen maksimum kalinti limit
degerlerinin altina digmemigstir [68]. Elde edilen bu



B. Acoglu Celik, P. Yolci Omeroglu Akademik Gida 22(4) (2024) 288-302

bulgular, dondurma igleminin pestisit kalintilarinin
giderilmesi Uzerinde sinirli bir etkiye sahip oldugunu
ortaya koymaktadir.

Elde ettigimiz sonuglar, literatirde sunulan sinirl
verilerle genellikle korelasyon gostermektedir. Kabak
orneklerinde -30°C'de 15 ve 30 ginlik depolama
kosullarinda diethofencarb, pyriproxyfen, trifloxystrobin,
imidacloprid ve myclobutanil kalintilari incelenmisgtir.
Dondurma islemi sonrasinda ve depolama siresince,
kabak 6rneklerinde trifloxystrobin ve myclobutanil kalinti

seviyelerinin  blaydk dlgide korundugu ve bu
pestisitlerdeki  kayiplarin ~ %7’in  altinda  kaldigi
belirlenmisgtir. Buna karsilk, imidacloprid ve

diethofencarb kalintilarinda sirasiyla %31.7 ve %9.8
oraninda daha ylksek diizeyde kayiplar tespit edilmistir.
Ancak, depolama siresinin (15 ve 30 gin) bu
pestisitlerin  konsantrasyonlari Uzerinde anlaml bir
degisiklige yol agmadigi gozlemlenmistir. Buna karsin,
dislk depolama sicakliklarinin pestisit kalintilarina
etkisi Gzerine yapilan bazi galismalarda azalmalar rapor
edilmistir [69]. Ornegin, mango érneklerinde —20 °C'de
difenoconazole kalintilarinda [70], taze, ¢ig uskumru
filetolarinda -20 °C’de piretroit pestisitlerde [71] ve
elmalarda -25 °C’de fungisit kalintilarinda [72] belirgin
azalmalar gbzlemlenmistir. Bu calismalar, dusuk
depolama sicakliklarinin bazi pestisit tirlerinde kalinti
dizeylerini o6nemli o6lgide azaltabilecegini ortaya
koymaktadir. Duslk sicakliklarin, organik bilesiklerin

kimyasal reaktivitesini ve bozunumunu azalttigi genis bir
sekilde kabul edilen bir durumdur. Pestisitlerle
kontamine olmus gidalarin ¢ok duslk sicakliklarda
depolanmasinin, genellikle pestisit seviyeleri Uzerinde
anlaml bir etkisi olmadig: bildiriimektedir [68]. Bununla
birlikte, gida drneklerinin matrisinde bulunan enzimler ve
mikroorganizmalar, pestisit kalintilarinin bozunmasina
yol acabilmektedir. Dusuk sicakliklar, enzimatik ve
mikrobiyal aktiviteleri sinirlayarak bu bozunmayi
engelleyebilir, ancak ayni zamanda pestisit kalintilarinin
stabilitesini de etkileyebilir [67]. Ozellikle, dondurma
isleminin  rendelenmis limon kabuklari gibi gida
orneklerinde  buz  kristallerinin ~ olugsmasi,  bitki
dokularinda 6nemli hasarlara yol agabilmektedir. Bu
hasarlar, su kaybi, hicre yapilarinin bdlinmesi,
konsantrasyon degisiklikleri veya bilesiklerin
bozunmasini etkileyebilir [73]. Bu mekanizmalar,
donmus gidalarda pestisit kalintilarinin  seviyelerini
etkileyebilir.

Ayrica, pestisit molekillerinin fizikokimyasal o6zellikleri
de bu sorecleri etkileyen ©nemli bir faktordar.
Pestisitlerin molekiler yapisi, tasinim davraniglari ve
cevresel kosullar, kalintilarin bozulma hizini ve miktarini
belirleyen kritik etmenlerdir [67]. Dondurma ve
depolama kosullarinin pestisitlerin davranisina olan
etkilerini daha iyi anlayabilmek icin bu faktorlerin her
birinin detayli bir sekilde incelenmesi gerekmektedir.

Tablo 2. Limon numunelerinde farkli igsleme tekniklerinin pestisit kalinti miktarlarina etkisi (n=3)
Table 2. Effect of different processing technigues on pesticide residue levels in lemon samples (n=3)

Evsel islemler (Kod)

imazalil Thiophanate-methyl

islemsiz (IK)

1.730+0.242° 0.253+0.028°

Kabuk Soyma (S)

3.030+0.526° 0.813#0.115°

Meyve Eti (ME)

0.056+0.003¢ 0.014+0.002¢

Limon Suyu (LS)

0.146+0.023¢ 0.031+0.05°

Dondurulmus Limon Kabugu Rendesi
(Depolamanin 1. ay1) (LRDy)

4.173+0.0772 0.716+0.005°

Dondurulmus Limon Kabugu Rendesi
(Depolamanin 2. ay1) (LRD2)

4.163+0.213? 1.230+0.173?

Dondurulmus Limon Kabugu Rendesi
(Depolamanin 3. ay1) (LRDs)

3.116+0.083" 0.563+0.142°

Limon Receli (LR)

0.116+0.024¢ <LOQ

Siitunlardaki farkli harfler istatistiksel olarak 6nemli farkliliklari temsil etmektedir (p<0.05). LOQ: belileme siniri, 0.01 mg/kg
Different letters in the columns represent statistically significant differences (p<0.05). LOQ: limit of detection, 0.01 mg/kg

Limon Receli Uretimi

Recel, sekerin meyve veya sebze posasi ile diger
malzemeler (seker, asit vb.) karistirilarak, uygun kivama
gelene kadar pigiriimesiyle hazirlanan yari kati bir gida
arinudar [74, 75]. Regel yapim sirecinde, pestisitlerin
davranisi, sudaki ¢oézinurllikleri, kaynama noktalari ve
diger fizikokimyasal parametrelerle dogrudan iligkilidir.
Isil islem sirasinda, pestisit kalintilari ylksek sicaklik
etkisiyle bozunarak azalabilir. Bu sirecgte, uygulanan
yuksek sicaklik, pestisitlerin buharlasma, hidroliz veya
diger bozunma yollari araciliiyla gideriimesine katki
saglamaktadir [60]. Bu calismada, limon receli Uretimi

sirasinda thiophanate-methyl kalintisi tespit
edilemezken, imazalil kalintisinda %93 oraninda bir
azalma gozlemlenmistir. Recgel Uretim surecinde,

kaynatma iglemi 6n iglem olarak uygulanmis ve bu
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esnada su, U¢ kez taze su ile degistiriimistir. Son
asamada ise meyvelere taze su ve seker eklenerek
pisirme islemi gerceklestiriimistir. Receldeki pestisit
kalinti seviyelerindeki azalmanin, kaynama esnasinda
suda ¢ozlinebilen pestisitlerin uzaklastiriimasi [43, 60],
buharlagsma, ayrisma, 1sil bozunma, iglem suresi ve
pisirme surecinde uygulanan sicaklik gibi faktorlerle
iliskili oldugu degerlendiriimektedir. Regel yapim
surecinde pestisitlerin davraniglari, suda ¢ézinurlugu ve
kaynama noktasi gibi fizikokimyasal &6zelliklerine bagli
olarak degisiklik gosterebilmektedir. Isil iglem sirasinda
pestisit kalintilar, yiksek sicaklik etkisiyle bozunarak
azalabilmektedir. Bu nedenle, regel Uretimi sirasinda
uygulanan iglemler, pestisit kalintilarinin etkin bir sekilde
azaltilmasina katki saglayabilmektedir [60].
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Bu calismada, piyasadan temin edilen ¢ilek 6rneklerine
2 mg kg™ konsantrasyonunda karistirilan piretroid grubu
pestisitler  (bifenthrin,  carbofuran, chlorfenpayer,
chlorpyrifos, cypermethrin, deltamethrin, esfenvalerate,
ethion, fenvalerate, lambda-cyhalothrin, permethrin ve
thiamethoxam)  Uzerine  odaklaniimistir.  Calisma
kapsaminda, bu pestisitlerin cileklerin regel Uretim
strecindeki davraniglari ve kalinti seviyelerinde
meydana gelen  degisimler sistematik  olarak
incelenmistir. Ev tipi isleme yoOntemleri ile hazirlanan

cilek receli oOrneklerinde, chlorpyrifos hari¢ (%51.8
azalma), tespit edilen tim pestisit kalintilarinin
konsantrasyonlarinda %96’'nin Uzerinde bir azalma
g6zlemlenmigtir.  Arastirma,  pestisit  kalintilarinin

azaltilmasina yonelik gesitli basit yontemlerin etkinligini
degerlendirmigtir. Bu baglamda, recgel Uretimi sirasinda
uygulanan yikama, isitma ve kurutma islemleri, pestisit
kalintilarinin uzaklastirimasinda etkili temel yontemler
arasinda yer aldigi belirlenmistir [76]. Baska bir
calismada, muz kabugu unu ilavesi yapilan recel
Orneklerinde pestisit kalintilari incelenmistir. Analiz
edilen bilesiklerin (azoxystrobin, bifenthrin,
difenoconazole ve simazine) azalma oranlarinin %28 ile
%60 arasinda degistigi belirlenmistir. Bu azalmanin,
yuksek sicakliklarin  etkisiyle  analitlerin  termal
kararsizligindan kaynaklandigi rapor edilmistir. Elde
edilen bulgular, regel Uretim sirecinde uygulanan isil
islemlerin pestisit kalintilarinin  azaltiimasinda etkili
oldugunu ancak tamamen ortadan kaldiriimasini
saglayamadigini géstermektedir [75].

Yapilan bir calismada, Brezilya ve ispanya'dan temin
edilen sekiz farkli markaya ait toplam 51 adet kayisi,
Uzim, seftali, ananas ve cilek regeli 6rnegi analiz
edilmistir. Incelenen 6rneklerin %80'inde en az bir
pestisit kalintisi tespit edilmis ve toplamda 42 farkli
pestisit belirlenmigtir. En ylksek kalinti dizeyleri,
Brezilya kaynakl gilek recellerinde gdézlemlenmis; bu
recellerde difenoconazole, procymidon ve thiophanate-
methyl ylksek konsantrasyonlarda tespit edilmigtir.
ispanya kaynakl gilek regellerinde ise penconazole ve
spinosyn A en sik rastlanan pestisitler arasinda yer
almistir.  Uzim  recellerinde  pyrimethanil, ananas
regellerinde ise carbendazim ©ne ¢ikan pestisitler
olmustur. Bu bulgular, pestisit kalintilarinin nihai Griinde
kalabildigini ve bu durumun insan sagligi agisindan
potansiyel bir risk teskil edebilecegini gostermektedir.
Bu nedenle, recel (runlerinin pestisit kalintilar
acisindan dizenli olarak denetlenmesi buylk 6nem
tagimaktadir [77].

Benzer sekilde, siyah frenk UGzimi receli Uretimi
sirasinda thiophanate-methyl kalintisinin %82 oraninda,
difenoconazole kalintisinin ise %29 oraninda azaldigini
rapor etmistir. Bu durum, recel Uretiminde kullanilan
pisirme teknidi ve Urdndeki pestisit kalintisinin
fizikokimyasal ozelliklerine bagli olarak azalma
oranlarinin  degisebilecegini  ortaya  koymaktadir.
Ozellikle, kaynatma ve pisirme islemlerinin, su
¢ozunurligud ve kaynama noktasi gibi pestisitlerin
fizikokimyasal parametrelerine gére kalinti seviyelerini
onemli  olciide  etkileyebilecegi  anlasilmaktadir.
Dolayisiyla, regel yapim slrecinde kullanilan isil
islemlerin pestisit kalintilarinin  azaltiimasinda etkili

297

olabilecegi, ancak bu etkinligin pestisitin turine ve
urindeki davranigina gore degisiklik gosterebilecegi
sonucuna varilmistir [60]. Bu bulgularla uyumlu olarak,
turuncgil marmelat Uretimi sirasinda spirotetramatin
metabolitlerinden B-keto’nun baslangi¢
konsantrasyonuna gore %68 oraninda azaldidini; diger
metabolitlerin (B-enol, B-glu ve B-mono) ise tamamen
yok oldugunu rapor etmistir [56]. Yapilan baska bir
calismada ise, elma regelinde mancozeb kalintisinin
%100 oraninda azaldigini géstermistir [65].

Baska bir calismada ise portakal receli ve guava
meyvesi regellerinde perfekthione, vydate ve teldor
kalintilari incelenmis; portakal regelinde sirasiyla %87.5,
%100 ve %100 oraninda azalma tespit edilirken, guava
meyvesi recelinde ise bu oranlar sirasiyla %72.5, %100
ve %100 olarak belirlenmigtir. Bu sonuglar, yuksek
sicakliklarin etkisiyle 1sil islem sirasinda bu pestisitlerin
sudaki hidrolizine baglh olarak kalintilarin azalabilecegini
gostermektedir [78]. Bu bulgular, yukarida agiklandigi

Uzere regel Uretim sireglerinde gergeklestirilen
asamalardan  kaynaklanmaktadir.  Ayrica, pestisit
kalintilarindaki azalmanin yalnizca suda
¢ozunurliklerine degdil, ayni zamanda sil iglem

sirasinda gerceklesen kimyasal ve termal bozunmalara
da bagh oldugu séylenebilir [7, 60, 65, 75, 78].

isleme Faktori

Gida igsleme suregleri, genellikle birden fazla asamadan
olusur ve bu asamalar pestisit kalinti seviyelerinde
azalma ya da artisa yol acgabilir [69]. Sekil 1, evsel
isleme yontemlerinin farkli agsamalarinda pestisit kalint
seviyelerinde meydana gelen degisikliklere iligkin
bulgulari sunmaktadir. Arastirmada, If, islenmis gidada
tespit edilen kalnti miktarinin, ham tarimsal Grindeki

kalinti  miktarina orani olarak tanimlanmis ve
hesaplanmistir [27].
IK numunelerinde tespit edilen pestisit kalinti

konsantrasyonlari 0.014 mg/kg ile 4.173 mg/kg arasinda
degisiklik gostermistir (Tablo 2). Bu degerlerin analitik
yontemin kantitatif belirleme limiti (LOQ) Uzerinde
olmasi, isleme faktorlerinin hesaplanmasinda OECD
kilavuzunda belirtilen kriterlerin karsilandigini
gostermektedir [27]. Isleme faktoriin etkinligi, test edilen
bilesiklerin fizikokimyasal ozelliklerine, etki
mekanizmalarina (Tablo 1), secilen meyve veya sebze
turdinin biyolojik 0Ozelliklerine ve uygulanan teknolojik
islemlerin kosullarina baghdir [79]. Yapilan analizlerde,
en dusuk isleme faktorleri meyve eti (ME), limon suyu
(LS) ve limon regeli (LR) icin saptanmistir. Bu islemler
sonucunda incelenen pestisitler igin isleme faktorleri (if)
1’den dusuk bulunmus, bu da taze dUrine kiyasla
tuketiciler icin daha dusuk bir risk dizeyi oldugunu isaret
etmektedir.

Buna karsilik, kabuk kisminda (S) ve limon kabuklarinin
rendelenip dondurulmasi (LRD) isleminde pestisit
konsantrasyonlarinda artis gézlenmis ve bu islemler icin
if degerleri 1'den biylk olarak belirlenmigtir. Bu durum,
pestisitlerin fizikokimyasal 6zelliklerinden biri olan log
Po/w degerleriyle iligkilendirilmistir. Kalinti seviyelerinin
azaltiimasinda 6nemli etkiye sahip temel parametreler
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arasinda ¢ozUndrlik, polarite ve aktif maddenin bitki
dokusuna nifuz etme ydntemi bulunmaktadir. Yiksek
polariteye  sahip  pestisitler ~ (6rnegin, imazalil,
logPo/w =3.82), suda yuksek c¢ozunlrlik gosterenler
(imazalil, 20 °C'de 180mg/L) ve sistemik etkisiyle
calisanlar (imazalil ve thiophanate-methyl) bitki
dokularina daha derinlemesine nifuz eden ve
asimilasyon akisiyla hareket eden sistemik bilesiklerin

isleme sirasinda azaltiimasi kabuklarda ve kabuklarin
rendelenip dondurulmasi sirasinda daha zor olmustur.

Literatirde yapilan arastirmalarda da benzer sekilde
isleme faktorlerinin  hesaplandigi, bu faktorlerin  aktif
maddenin turtine, fizikokimyasal 6zelliklerine ve
formulasyonda kullanilan tasiyicilarin tirtine bagh olarak
degisiklik gosterdigi rapor edilmistir [7, 79, 80-85]. Bu
sonuglar, mevcut c¢alismadan elde edilen bulgularla
uyumlu oldugunu géstermektedir.

isleme faktord (if)

| 0.039 Bd
LR & 0.067 Ac
2.198 Ac
el = b
18228 4.928 Aa
LRDZ s 2 446 Ba '
LRD1 — 12.853 Ab
T Bal
Ls [ 0126 Ad
0.085 Bc
ME [ 0.056 Ad
0.033 Bd
S E-3.203 Ab
s — T 785 BD
0 1 2 3 4 5 6 7

Thiophanate-methyl

® imazalil

Sekil 1. Farkli evsel tekniklerin isleme faktorleri (if) (Sttunlardaki farkli harfler istatistiksel olarak 6nemli farkliliklari
temsil etmektedir (p<0.05). *S (Soyma), ME (Meyve eti), LS (Limon suyu), LRD: (Dondurulmus Limon Kabugu Rendesi
(Depolamanin 1. ayi)), LRD2 (Dondurulmus Limon Kabugu Rendesi (Depolamanin 2. ayi)), LRDs (Dondurulmus Limon

Kabugu Rendesi (Depolamanin 3. ay1))

Figure 1. Processing factors (Pf) of different household techniques (Different letters in the columns represent
statistically significant differences (p<0.05). *S (peel), ME (pulp), LS (lemon juice), LRD1 (frozen grated lemon peel (1st
month of storage)), LRD2 (frozen grated lemon peel (2nd month of storage)), LRD3 (frozen grated lemon peel (3rd month

of storage))
SONUC

Bu calismada, limonlarin evsel isleme yontemleriyle
(kabuk soyma ve meyve eti, limon suyu Uretimi, recel

Uretimi, kabuklarin rendelenerek dondurulmasi gibi)
islenmesi  sirasinda pestisit  kalinti  seviyelerinde
meydana gelen degdisimler incelenmigtir. Arastirma

sonuglari, pestisitlerin fizikokimyasal o6zelliklerinin (log
Po/w  degeri, ¢ozinurlik ve  polarite), etki
mekanizmalarinin yani sira iglenen drdnun biyolojik
Ozelliklerinin,  kalintt  seviyelerindeki  degisimlerde
belirleyici bir rol oynadigini ortaya koymaktadir.

Yiksek polariteye sahip (6rnegin log Po/w degeri dustk
olan) ve suda yiksek ¢ozunurlik gosteren pestisitler,
daha etkili olduklarindan, igleme sirasinda daha kolay
uzaklastiriimigtir. Ozellikle, meyve eti, limon suyu Uretimi
ve regel yapimi gibi islemlerde If degeri 1’den diisiik
olarak tespit edilmis, bu da pestisit kalintilarinin énemli
Olgude azaldigini ortaya koymustur. Buna karsin, kabuk
soyma ve dondurma sureclerinde, pestisitlerin
konsantrasyonlarinin artis gostermesi nedeniyle if
degerleri 1’den blylk olarak bulunmustur. Bu durum,
sistemik pestisitlerin bitki dokularina derinlemesine
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nifuz etmesi ve tasinabilir 6zellikleri nedeniyle iglemle
tamamen uzaklastirlamadigini géstermektedir.

Sonug olarak, bu calisma, evsel isleme ydntemlerinin
pestisit kalintilarini azaltmada etkili oldugunu, ancak bu
etkinligin pestisit tiriine ve fizikokimyasal 6zelliklerine
bagh olarak degisiklik gosterebilecegini ortaya
koymustur. Ayrica, elde edilen bulgular, tiketicilerin
glvenli gida tiketimini saglamak adina evsel isleme
yontemlerini bilingli bir sekilde kullanmasinin énemini

vurgulamaktadir. Bununla birlikte, laboratuvar
kosullarinda Urtnlerin pestisitlerin ticari
formulasyonlarina daldiriimasi, gercek isleme

sureglerinin etkilerini tam olarak yansitmamaktadir. Bu
nedenle, daha dogru ve glvenilir isleme faktorlerinin
belirlenmesi icin gelecekteki calismalarda, pestisit
uygulamalarinin tarlada gerceklestiriimelidir. Tarlada
islenmis bitkilerde, pestisitler hasat dncesi slirece bagli

olarak bitkinin  farkh dokularina nifuz edebilir.
Pestisitlerin bitkilerden emilimi ve tasinmasi, isleme
surecinde pestisit kalintilarinin  kaderini  dogrudan

etkileyebilmektedir. Bu baglamda, mevcut galisma bir
vaka c¢alismasi olarak degerlendiriimeli ve tarlada
islenmis bitkiler kullanilarak farkli gida tirleri ve igleme



yontemlerini
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iceren daha kapsamli arastirmalar

yaratalmelidir.
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ABSTRACT

It is important that mass catering services in hospitals adhere to health quality standards and are carried out sustainably
and reliably, aligning with the planning of patients’ nutritional treatments in clinical services. This study aims to analyze
the carbon and water footprints of menus used in hospital catering services. The research was conducted across all
four seasons, with 31-day months included to standardize the number of days in the selection of seasonal menus.
Among the menus, one of the most frequently prepared meals using traditional production methods was selected
separately for lunch and dinner. In the study, carbon and water footprint calculations were performed for pre-selected
meals used in hospital catering services. During spring, summer, autumn, and winter, the carbon footprint levels of the
first meal group were significantly higher than those of the second and third meal groups (p<0.001). Similarly, in all
seasons, the water footprint levels of the first meal group were significantly higher than those of the second and third
meal groups (p<0.001). Hospital catering services, which primarily serve patients, staff, and visitors within mass nutrition
systems, play a vital role in protecting health, supporting medical nutrition treatments, and contributing to the sustainable
nutrition chain. In this context, to ensure sustainability in hospital catering services, it is essential to develop guidelines
tailored to public catering systems and consider the carbon and water footprints of these menus.

Keywords: Sustainability, Carbon footprint, Water footprint, Catering, Hospital

Hastane Yemek Hizmetlerinin Siirdiiriilebilirligi: Su ve Karbon Ayak izi
oz

Hastanelerdeki toplu yemek hizmetlerinin saglhk kalite standartlarina uygun, sirdurdlebilir ve guvenilir bir sekilde
gercgeklestiriimesi, klinik hizmetlerdeki hastalarin beslenme tedavilerinin planlamasiyla uyumlu olmasi énemlidir. Bu
calisma, hastane yemek hizmetlerinde kullanilan menulerin karbon ve su ayak izlerini analiz etmeyi amacglamaktadir.
Arastirma, dért mevsim boyunca gergeklestiriimis ve mevsimsel menu segiminde giin sayisini standartlastirmak igin 31
gunluk aylar dahil edilmistir. Menuler arasinda, geleneksel uretim yontemleriyle en sik hazirlanan yemeklerden biri, 6gle
ve aksam yemekleri igin ayri ayri segilmistir. Calismada, hastane yemek hizmetlerinde kullanilan énceden segilmis
yemekler igin karbon ve su ayak izi hesaplamalari yapilmistir. ilk yemek grubunun karbon ayak izi seviyeleri, ilkbahar,
yaz, sonbahar ve kis mevsimlerinde, ikinci ve Uglinci yemek gruplarina gore anlamli derecede daha yilksek
bulunmustur (p<0.001). Benzer sekilde, tim mevsimlerde, ilk yemek grubunun su ayak izi seviyeleri, ikinci ve Ggincu
yemek gruplarina gére anlamli derecede daha yuksek bulunmustur (p<0.001). Hastane yemek hizmetleri, toplu
beslenme sistemleri icinde 6ncelikli olarak hastalara, personele ve ziyaretcilere hizmet vererek sagligin korunmasinda,
tibbi beslenme tedavilerinin desteklenmesinde ve sirdirulebilir beslenme zincirine katkida bulunmada hayati bir rol
oynamaktadir. Bu baglamda, hastane yemek hizmetlerinde surdurulebilirligi saglamak i¢cin kamu yemek sistemlerine
Ozel yonergeler gelistiriimesi ve bu mendlerin karbon ve su ayak izlerinin dikkate alinmasi gereklidir.

Anahtar Kelimeler: Surdurulebilirlik, Karbon ayak izi, Su ayak izi, Yemek hizmetleri, Hastane
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INTRODUCTION

It is of great importance that mass nutrition services
carried out within the scope of quality standards in health
in hospitals are carried out sustainably and reliably
following the planning of the patient’s nutritional treatment
in clinical services. In hospital menus, both healthy
nutrition-specific and disease-specific therapeutic diet
meals should be prepared and standardized in quality,
taste, and variety that will increase the consumption of
patients and should be offered to the consumption of
patients [1]. In addition, taking measures to ensure a
sustainable service in all processes in hospital catering
services is one of the issues that have gained importance
in recent years [2].

The term sustainability was first used in the late 1980s by
the Brundland Commission in its report “Our Common
Future”. Sustainability is defined as “the frugal,
regenerative use of renewable resources” and in another
definition, it is defined as “the conservation of assets
needed by economic, social and ecological systems, at
least at the level needed” [3]. In the “Brundtland Report”
published by the World Commission on Environment and
Development (WCED) in 1987, the concept of
sustainable development was defined as “a development
that focuses on meeting the needs of the present without
compromising the ability of future generations to meet
their own needs” [4].

Sustainable development is not only multidimensional but
also dynamic. Wealth, development, and success, which
are generally measured by the level of gross domestic
product, need to be renewed to include social and
environmental indicators. In this respect, ecological
footprint and carbon footprint appear as indicators that
measure environmental sustainability.  Ecological
footprint is defined as the area of fertile land and water
used for the reproduction of consumed resources and the
disposal of wastes. The concept of carbon footprint is
called a subset of the “ecological footprint” proposed by
Wackernagel in the early 1990s [5]. Climate change,
which manifests itself as an important problem of the
world, refers to “the changes in the global climate system
and consequent changes in ecosystems due to the
excessive increase in the accumulation of greenhouse
gases in the atmosphere due to anthropogenic effects”
[6]. The rapid rise in global temperature is due to the
increasing greenhouse effect due to the release of
anthropogenic greenhouse gases into the atmosphere.
The carbon footprint of a product or service refers to its
total greenhouse gas (GHG) emissions at each stage of
its lifecycle: production, use/consumption, and disposal.
Global Warming Potential (GWP) is calculated
mathematically and its unit is carbon dioxide equivalent
(CO2-€) [7]. Current dietary trends indicate a 95.0 percent
increase in global demand for meat and animal food
products, which will increase food-related GHG to 80.0
percent by 2050 [8]. An indicator of sustainability in
societies is the measurement of the amount of water used
within the country and on a global scale. The concept of
water footprint was first introduced by Hoekstra in 2002
to identify water use along the supply chains of products
and services. The concept of water footprint is an
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expression of both direct water use and indirect water use
in the production process in all processes from raw
material processing, direct operations and consumer use
of the product. Methodologies for calculating the water
footprint of products have been developed by Hoekstra et
al. In the case of agricultural products, the water footprint
is usually expressed in m%/ton or litres/kg. Other ways to
express the water footprint of a product are water
volume/kcal (for food products in the context of diets) or
water volumel/joule (for electricity or fuels) [9,10]. The
water footprint of a product is also defined as the volume
of freshwater used to produce the product, measured
along the full supply chain. The water footprint shows not
only the volume of water used but also the type of water
used, where, and when it is used. The blue, green, and
grey water footprints are the three components of the
water footprint that represent water use and quality [11].
Blue water footprint refers to the consumption of blue
water resources (surface and groundwater) along the
supply chain of a product. Green water footprint refers to
the consumption of green water resources (rainwater
stored in the soil as soil moisture). Grey water footprint
refers to pollution and is defined as the volume of
freshwater required to assimilate a load of pollutants
according to current ambient water quality standards [12].
Approximately one-third of the total water footprint of
agriculture in the world is generated by the production of
animal products. It is reported that the water footprint of
any animal product is more than the water footprint of
plant products with equivalent nutritional value [13].

MATERIALS and METHODS

Place and Time of the Study

This study was planned and conducted in a Research and
Application Hospital in Isparta to examine the carbon and
water footprints of the menus used in hospital catering
services between August 2020 and March 2021.
Approval for the research was obtained from Gazi
University Ethics Commission with the research code
2020-168 on 21.02.2020. The legal permission for the
study to be conducted in hospital kitchen menus was
obtained on 26.06.2020 with the decision numbered
26515734-605.01-E. The entire budget of the study
belongs to the researcher.

General Plan of Study

In the study, carbon and water footprint calculations of
pre-selected meals applied in hospital catering services
were made by the researcher in person. The study was
conducted in 4 seasons. To standardize the number of
application days in the selection of seasonal menus, 31-
day months were included in the study. August menu for
the summer season, October menu for the autumn
season, January menu for the winter season, and March
menu for the spring season were taken into
consideration.

In the hospital, 3 food groups are applied to 3 meal
alternating menus without a set selection. Only the
selected meals at lunch and dinner were included in the
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study. Due to the frequent repetition of some of the meals
in the menus and the presence of meals with similar
workflow and raw material content in the food groups, one
of the most frequently produced meals using traditional
production methods was selected separately for lunch
and dinner. If the selected meal was repeated in that
month, it was not re-evaluated. The standard recipe of the
selected meal and the amounts of nutrients in a portion
were obtained from the institutional authority through the
executive dietician.

In the study, the first group of meal types consisted of
large pieces of meat meals, small pieces of meat meals,
meatballs, chicken meals, fish meals, meaty vegetable
meals, meaty legume meals, egg meals, and liver meals,
the second group of meal types consisted of pasta, rice,
soups, vegetable meals with olive oil, legume meals with
olive oil, Turkish ravioli, pastries, and flatbreads, and the
third group consisted of salads, milk desserts, pastry
desserts, compotes, and pleasantries, fruits, and others
(yogurt, pickles, etc.).

Carbon and Water Footprint Calculation

The average carbon and water footprint factors published
in the extant literature were utilised in the carbon and
water footprint calculations of the selected meals
included in the study. As Turkey-specific data on the
carbon and water footprint factors of foods is lacking, the
carbon and water footprint factors obtained from meta-
analyses [14, 15] and studies [16, 17] in the existing
literature were used. These sources provided robust and
widely recognized estimates that were deemed
appropriate for the scope of this investigation. The carbon
footprint factors for each food item were quantified in units
of kilograms per product (kg-product), while the water
footprint factors were measured in cubic meters per ton
(m3/ton). This differentiation in units reflects the distinct
nature of carbon and water usage associated with food
production and consumption. To ensure consistency and
accuracy in the footprint calculations, each of these food-
specific factors was meticulously converted into grams
per product (gram-product). This conversion was
essential for facilitating precise calculations at the portion
level. The carbon and water footprint factors for each food
are expressed in kilograms per product and cubic metres
per ton, respectively.In the study, each of the food-
specific factors was converted into a gram per product to
calculate the carbon and water footprints of one portion
of the meals included in the standard meal recipes
applied in the institution. Subsequently, these
standardized footprint factors were applied to determine
the carbon and water footprints of individual meal
portions. The meals analyzed were based on standard
meal recipes that are routinely implemented within the
institution under study. By adopting this methodological
approach, the research was able to provide detailed
insights into the environmental impacts of each meal
component, thereby enabling a comprehensive
assessment of the overall sustainability of the institution’s
meal offerings.
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From the ingredients in the recipes, pepper paste, black
cumin, noodles, hazelnut, semolina, baking powder,
kadayif, cocoa, black pepper, kemal pasha, cornichon
pickles, curry sauce, lemon salt, pasta, Turkish ravioli,
parsley, puff pastry, corn starch, leek, proline, saffron,
tomato paste, grape vinegar, soda, sumac, granulated
sugar, vermicelli, cinnamon powder, salt, vanilla, allspice,
phyllo dough, and turmeric are not included in the
calculation since they do not have food-specific carbon
footprint factors. Also, among the ingredients in the
recipes, trout, pumpkin, black cumin, coconut, baking
powder, kadayif, cocoa, kashar cheese, kemal pasha, red
cabbage, cumin, cornichon pickles, curry sauce, cream,
dried thyme, lemon salt, curd cheese, Turkish ravioli, puff
pastry, proline, saffron, grape vinegar, soda, sumac,
tahini, vermicelli, salt, allspice, yogurt, phyllo dough,
turmeric are not included in the calculation since they do
not have food-specific water footprint factors.

Statistical Evaluation of Data

The data were analyzed with IBM SPSS V23.
Compliance with normal distribution was analyzed by the
Shapiro-Wilk test. The Independent two-sample t-test
was used to compare normally distributed data according
to binary groups and the Mann-Whitney U test was used
to compare non-normally distributed data. One-way
analysis of variance was used to compare normally
distributed data according to groups of three or more and
multiple comparisons were analysed by Duncan test.
Kruskal Wallis test was used for the comparison of non-
normally distributed data according to groups of three or
more. The significance level was taken as p<0.050.

Limitations of the Study

Due to the insufficiency of the literature data, when
evaluating the water footprint of the meals, grey, green,
and blue water footprints were evaluated as total water
footprints, not separately. In addition, the lack of water
and the carbon footprint of all foods constitutes another
limitation.

RESULTS

The data obtained in the study conducted to examine the
carbon and water footprints of the menus used in hospital
catering services are given below under the relevant
headings.

Table 1 shows the carbon footprint values of 1 portion of
the meals included in the study according to the groups
in terms of CO:2 equivalent/kg. The meal with the highest
carbon footprint value of one portion is elbasan tava
(4.098) for the first group and the meal with the lowest
carbon footprint value is chickpea with chicken (0.077).
For the second group, the highest meal was flatbread with
minced meat (2.348) and the lowest meal was sawdust
pastry with cheese (0.036). For the third group, the
highest meal was cacik (1.183) and the lowest meal was
quince compote (0.028).
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Table 1. Carbon footprint values for each portion of meals according to groups (CO2 equivalent/kg)

Group 1 Group 2 Group 3
Meal Name .COZ Meal Name 4002 Meal Name .COZ
equivalent/kg equivalent/kg equivalent/kg
Elbasan Tava 4.098 Flatbread with Minced 2.348 Cacik (Tzatziki) 1.183
Stick Kebab 4.085 Wedding Rice 1.455 Kalburabasti 0.436
Hungarian Goulash (Puree) 4.071 Trotter Soup 0.676 Yogurt 0.404
Tas Kebab 4.062 Fresh Beans with Olive Qil 0.605 Cocoa Pudding 0.380
Forest Kebab 4.051 Imambayildi 0.353 Keshkul 0.326
Shepherd Roast with Vegetables 3.984 Bulgur Rice with Chicken 0.347 Orange 0.320
Boiled Meat 3.948 Manti 0.332 Milk Halva 0.317
Beef Emense Over Rice 3.541 Pasta with Yoghurt 0.305 Semolina Halva 0.275
Minced Meat Sauteed Over Rice 3.418 Oven Pasta 0.302 Oven Rice Pudding 0.250
Sauteed Meat Over Rice 3.411 Puff Pastry with Chicken 0.286 Kazandibi 0.249
Albanian Liver 3.199 Tomato Soup 0.252 Sekerpare 0.244
Abant Kebab 2.978 Lentil Pastry 0.243 Peanut Dream 0.205
Izmir Meatballs 2.869 Yayla Soup 0.214 Mixed Salad 0.145
Dalyan Meatballs (Puree) 2.811 Leek with Olive Oil 0.208 Tulumba 0.143
Izmir Meatballs 2.752 Cheese Pastry 0.204 Seasonal Salad 0.140
Farm Meatballs 2.742 Celery with Olive Oil 0.198 Shepherd Salad 0.137
Grilled Meatballs 2.702 Ayran Soup 0.185 Spoon Salad 0.135
Terbiyeli Meatballs 2.633 Bulgur Rice 0.170 Yoghurt Dessert 0.100
with Sesame
Celery with Meat 1.748 Pasta with Cheese 0.158 Yogurt Dessert 0.100
Karniyarik 1.629 Rice 0.147 Pumpkin Dessert 0.098
Patlican Oturtma 1.585 Gemici Soup 0.132 Ashoura 0.092
Minced Spinach with Yoghurt 1.568 Vermicelli Soup 0.117 Peach 0.086
Egg with Minced Meat 1.561 Peas with Olive Oil 0.115 gglr;(ét Cabbage 0.083
Fresh Beans with Meat 1.511 Cauliflower with Olive Oil 0.114 Watermelon 0.064
Peas with Meat 1.435 Rice Soup 0.113 Pear 0.058
Cauliflower with Mince 1.425 Bulgur Rice with Vermicelli 0.110 Kadayif 0.053
Okra with Meat 1.406 Wire Vermicelli Soup 0.104 Wire Kadayif 0.053
Sour Pumpkin with Meat 1.400 Cheese and Walnut Noodles 0.102 Kemalpasha 0.048
Potato with Meat 1.397 Meyhane Rice 0.097 Mixed Compote 0.039
Kabak Kalye 1.396 Noodles with Cheese 0.096 Quince Compote 0.028
Chickpeas with Meat 1.386 Bulgur Rice with Lentils 0.096
Dried Beans with Meat 1.367 Kidney Beans with Olive Oil 0.092
Meat Fajita (Saffron Rice Garnish) 0.988 Pasta with Tomato 0.090
Chicken Nuget 0.953 Ezogelin Soup 0.087
(with Vegetable Garnish)
Chicken Fajita 0.874 Lentil Soup 0.081
Chicken Over Rice 0.870 Bulgur Rice with Chickpeas 0.081
Chicken Casserole 0.832 Dried Beans with Olive Oil 0.070
Boiled Chicken 0.827 Pasta with Sauce 0.064
Sauced Chicken 0.822 Tutmag Soup 0.058
Creamy Chicken (with Pasta Garnish) 0.809 Flatbread with Cheese 0.052
Tavuk Dinyasi 0.809 Flatbread with Spinach 0.041
Trout (with Potato Garnish) 0.710 Sawdust Pastry with Cheese 0.036
Chicken Galantine (Puree) 0.622
Chicken Meatloaf 0.622
Chicken Bowl with Spinach 0.607
Chicken Cauliflower with 0.452
Bechamel Sauce
Potato with Chicken 0.327
Roman Style Spinach 0.319
Chickpeas with Chicken 0.077

Table 2 shows the mean (X), standard deviation (SD),
and upper and lower values of the carbon footprint of 1
portion of the meals included in the study according to the
groups in terms of CO: equivalent/kg. For the first group,
the highest average carbon footprint of a portion of the
carbon footprint was for large meat meals (4.047+0.067)
and the lowest was for fish meals (0.683+0.027). For the
second group, the highest meal type was flatbreads
(0.814+1.329) and the lowest meal type was legume
meals with olive oil (0.078+0.015). For the third group, the
highest meal type was yogurt, pickles, and other meals
(0.434+0.316), while the lowest meal type was compote
and pleasantries (0.034+0.008).

Table 3 shows the mean (X), standard deviation (SD),
median, and lower and upper values of the carbon
footprint (CO:2 equivalent/kg) of one portion of the meals
included in the study according to the groups and
seasons. In the spring season, the highest average
carbon footprint of one portion for the first group was large
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meat meals (4.072), while the lowest was egg meals
(0.320). For the second group, the highest carbon
footprint was flatbreads (2.349) and the lowest was
legume meals with olive oil (0.056). For the third group,
the highest meal type was yogurt, pickles, etc.
(X+SD=0.314+0.128) and the lowest meal type was fruits
(X+SD=0.029+0.041). In the summer season, the highest
average carbon footprint of a portion of the meal for the
first group was large pieces of meat meals (4.098), while
the lowest was fish meals (0.656). For the second group,
the highest meal type was Turkish ravioli (0.332) and the
lowest meal type was flatbreads (0.041). For the third
group, the highest meal type was yogurt, pickles, etc.
(X+SD=0.794+0.551), while the lowest meal type was
compote and pleasantries (0.040). In the autumn season,
the highest average carbon footprint of one portion for the
first group was large pieces of meat meals
(X£SD=4.010+0.087), while the lowest was fish meals
(0.684). For the second group, the highest meal type was
Turkish ravioli (0.332) and the lowest meal type was
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pasta (X+SD=0.080+0.032). For the third group, the
highest meal type was yogurt, pickles, etc.
(X+SD=0.314+0.127) and the lowest meal type was fruits
(X+SD=0.072+0.020). For the first group, the highest
mean or median of the carbon footprint of a portion of
meal in the winter season is small pieces of meat meals
(median=3.988), while the lowest is legume meals with
meat (median=0.643). For the second group, the highest
meal type was Turkish ravioli (0.332) and the lowest meal

type was flatbreads (0.052). For the third group, the
highest meal type was yogurt, pickles, etc.
(X+SD=0.314+0.127), while the lowest meal types were
fruits (X+SD=0.029+0.041), compote, and pleasantries
(0.029). There was no statistically significant difference
between the seasons according to the means and
medians of the carbon footprint of one portion of all meal
types in the first group, second group, and third group
(p>0.05).

Table 2. Mean (X), standard deviation (SD), and lower upper values distribution of carbon
footprint (CO: equivalent/kg) for each portion of meals according to groups

Carbon Footprint for Each Portion (CO2 equivalent/kg)

Meal Group Meal Types S X+SD Lower-Upper
Large Piece Meat Meals 4 4.047+0.067 3.949-4.098
Small Piece Meat Meals 12 3.839+0.344 2.978-4.086
Meatballs 13 2.855+0.256 2.634-3.418
Chicken Meals 23 0.739+0.187 0.327-0.988
Group 1 Fish Meals 3 0.683+0.027 0.656-0.711
Vegetable Meals with Meat 22 1.485+0.106 1.334-1.749
Legume Meals with Meat 7 1.140+0.475 0.078-1.386
Egg Meals 2 0.941+0.878 0.319-1.562
Liver Meals 3 3.199+0.000 3.199-3.199
Pastas 15 0.131+0.083 0.058-0.305
Rice 17 0.272+0.419 0.072-1.455
Soups 24 0.155+0.167 0.039-0.677
Group 2 Vegetable Meals with Olive Oil 6 0.266+0.188 0.115-0.605
Legume Meals with Olive Oil 7 0.078+0.015 0.056-0.092
Manti 4 0.332+0.000 0.332-0.332
Pastries 5 0.179+0.100 0.036-0.287
Flatbreads 3 0.814+1.329 0.041-2.349
Salads 12 0.132+0.023 0.083-0.145
Milk Desserts 12 0.209+0.109 0.092-0.381
Group 3 Pastry Desserts 16 0.158+0.118 0.048-0.436
Compote and Pleasantries 2 0.034+0.008 0.029-0.039
Fruits 9 0.052+0.032 0.058-0.320
Others (Yoghurt, Pickles, etc.) 8 0.434+0.316 0.223-1.183

In Table 4, it is examined whether there is a difference
between the meal groups according to the carbon
footprint (CO2 equivalent/kg) values of the meal types
included in the study within each season. In the spring
season, the carbon footprint level (median) of one portion
of the meal types in the first meal group is 1,489, while
the level in the second meal group is 0,159 and in the
third meal group is 0.145. In the summer season, the
carbon footprint level (median) of one portion of the meal
types in the first meal group is 1.418, in the second meal
group it is 0.114, and in the third meal group, it is 0.118.
In the autumn season, the carbon footprint level (median)
of one portion of the meal types in the first meal group
was 1.426, while the level was 0.097 in the second meal
group and 0.140 in the third meal group. In the winter
season, the carbon footprint level (median) of one portion
of the meal types served in the first meal group is 1.407,
in the second meal group it is 0.092, and in the third meal
group, it is 0.142. In the spring, summer, autumn, and
winter seasons, the carbon footprint levels of the first
group portion were significantly higher than the carbon
footprint levels of the second group and third group
portion (p<0.001).
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Table 5 shows the water footprint values of 1 portion of
the meals included in the study according to the groups
in m3/ton. The meal with the highest water footprint value
of one portion is stick kebab for the first group (2500.804)
and the meal with the lowest water footprint value is
chickpea with chicken (119.323). For the second group,
the highest meal was wedding rice (985.745) and the
lowest meal was Turkish ravioli (56.431). For the third
group, the highest meal was mixed compote (618.683)
and the lowest meal was cacik (52.175).

Table 6 shows the mean (X), standard deviation (SD),
and lower and upper values of the water footprint of 1
portion of the meals included in the study according to the
groups in m3ton. For the first group, the highest water
footprint average of a portion of water footprint was for
large meat meals (2447.275+29.554) and the lowest was
for fish meals (230.435+0.000). For the second group, the
highest meal type was legume meals with olive oil
(425.194+10.051) and the lowest meal type was Turkish
ravioli (56.431+0.000). For the third group, the highest
meal type was compotes and pleasantries
(361.958+363.065) and the lowest meal type was yogurt,
pickles, and other meals (52.175+0.000).
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Table 3. Mean (X), standard deviation (SD), median and lower upper values of carbon footprint (CO2 equivalent/kg) for

each portion of meals according to groups and seasons.

Spring Summer Autumn Winter p
Mea X:rS_D )?tSp )?tSD )?iS_D
Group Meal Types S Median S Median S Median S Median
(Lower-Upper) (Lower-Upper) (Lower-Upper) (Lower-Upper)
Large Piece Meat Meals 1 4.072 1 4.098 2 4.010+0.087 - - -
Small Piece Meat Meals 4 3.762 (2.980- 2 4.057 (4.050- 4 3.989 (3.410- 2 3.988 (3.980- 0.225**
3.990) 4.060) 4.090) 3.990)
Meatballs 2 3.080 (2.740- 3 2.789 (2.750- 2 2.818 (2.770- 6 2.722 (2.630- 0.313*
3.420) 2.810) 2.870) 3.420)
Chicken Meals 6 0.818 (0.450- 5 0.827 (0.360- 4 0.829 (0.710- 8 0.716 (0.330- 0.665**
Group 1 0.990) 0.870) 0.950) 0.870)
Fish Meals 1 0.711 1 0.656 1 0.684 - - -
Vegetable Meals with 3 1.533+0.039 7 1.471+0.083 7 1.476+0.111 5 1.490+0.164 0.869*
Meat
Legume Meals with Meat 2 1.365 (1.360- 1 1.386 (1.386- 2 1.288 (1.210- 2 0.643 (0.080- 0.228**
1.370) 1.386) 1.370) 1.210)
Egg Meals 1 0.320 1 1.562 - - - -
Liver Meals 1 3.199 1 3.199 1 3.199 - - -
Pastas 5 0.186+0.113 4 0.110+0.058 2 0.080+0.032 4 0.108+0.058 0.350*
Rice 4 0.133 (0.070- 4 0.244 (0.070- 5 0.084 (0.070- 4 0.123 (0.070- 0.619**
0.180) 1.450) 0.140) 1.280)
Soups 5 0.117 (0.040- 8 0.114 (0.060- 7 0.104 (0.060- 4 0.080 (0.060- 0.481*
0.250) 0.680) 0.670) 0.100)
Vegetable Meals with 2 0.407 (0.210- - 1 0.116 3 0.198 (0.110- 0.248%*
Group 2 Olive Oil 0.600) 0.350)
Legume Meals with Olive 1 0.056 2 0.081 (0.070- 2 0.082 (0.070- 2 0.082 (0.070- 0.773*
oil 0.090) 0.090) 0.090)
Manti 1 0.332 1 0.332 1 0.332 1 0.332 -
Pastries 2 0.184 (0.120- 1 0.205 (0.205- 2 0.161 (0.040- - - 1.000***
0.240) 0.205) 0.290)
Flatbreads 1 2.349 1 0.041 - - 1 0.052 -
Salads 3 0.123+0.035 4 0.140+0.004 3 0.122+0.034 2 0.143+0.004 0.653*
Milk Desserts 2 0.237+0.204 3 0.223£0.119 2 0.172+0.112 5 0.204+0.104 0.954*
Pastry Desserts 6 0.202+0.104 3 0.068+0.029 3 0.211+0.200 4 0.122+0.092 0.342*
Group 3 Compote _and - - 1 0.040 - - 1 0.029 -
Pleasantries
Fruits 2 0.029+0.041 3 0.069+0.015 2 0.072+0.020 2 0.029+0.041 0.318*
Others (Yoghurt, Pickles, 2 0.314+0.128 2 0.794+0.551 2 0.314+0.127 2 0.314+0.127 0.388*
etc.)

*One-way analysis of variance, **Kruskal Wallis test, ***Mann-Whitney U test.

Table 0. Comparison of the median values of carbon
second, and third groups according to the seasons.

footprint (CO2 equivalent/kg) for each portion of the first,

Season Group 1 Group 2 Group 3 p
S Median (Lower-Upper) S Median (Lower-Upper) S Median (Lower-Upper)
Spring 21 1.4892(0.319-4.072) 21 0.159°(0.039-2.349) 15 0.145°(0.000-0.404) <0.001"
CO2 Summer 22 1.4182(0.108-4.098) 21 0.114(0.041-1.455) 16 0.118"(0.039-1.183) <0.001"
Footprint Autumn 23 1.4262(0.245-4.086) 20 0.097°(0.036-0.668) 12 0.140° (0.054-0.436) <0.001"
Winter 23 1.4072(0.078-3.994) 19 0.092° (0.052-1.277) 16 0.142°(0.000-0.404) <0.001"

*Kruskal-Wallis test, a-b: There is no difference between groups with the same letter

Table 7 shows the mean (X), standard deviation (SD),
median, and lower upper values of the water footprint
(m3/ton) of one portion of the meals included in the study
according to the groups and seasons. In the spring
season, the highest average water footprint of one portion
for the first group was large meat meals (2459.529) and
the lowest was fish meals (230.435). For the second
group, the highest meal type was flatbreads (792.428)
and the lowest meal type was Turkish ravioli (56.431). For
the third group, the highest meal type was milk desserts
(X+SD=326.149+18.736), while the lowest meal type was
salads (X+SD=131.303+6.288). In the summer season,
the highest mean or median of the water footprint of one
portion for the first group was small pieces of meat meals
(median=2469.135) and the lowest was fish meals
(230.435). For the second group, the highest meal type
was rice (X+SD=439.631+378.735) and the lowest meal
type was Turkish ravioli (56.431). For the third group, the
highest meal type was compotes and pleasantries
(618.684), while the lowest meal type was yogurt, pickles,
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etc. (52.176). In the autumn season, the highest mean or
median of the water footprint of a portion of water footprint
for the first group was small pieces of meat meals
(median=2470.705) and the lowest was fish meals
(230.435). For the second group, the highest meal type
was vegetable meals with olive oil (483.026), while the
lowest meal type was Turkish ravioli (56.431). For the
third group, the highest meal type was milk desserts
(X+SD=300.801+54.583), while the lowest meal type was
yogurt, pickles, etc. (52.175). In the winter season, the
highest mean or median of the water footprint of one
portion of the first group was small pieces of meat meal
(median=2469.135) and the lowest was legume meal with
meat (median=583.598). For the second group, the
highest meal type was legume meals with olive oil
(median=423.850) and the lowest meal type was Turkish
ravioli (56.431). For the third group, the highest meal type
was milk desserts (X+SD=303.633+33.485) and the
lowest meal type was compotes and pleasantries
(105.232). There was no statistically significant difference



H. Baygut, S. Bilici Akademik Gida 22(4) (2024) 303-313

between the seasons according to the means and
medians of the water footprint of one portion of all meal

types in the first group, second group, and third group
(p>0.05).

Table 5. Water footprint values for each portion of meals according to groups (m®/ton)

Group 1 Group 2 Group 3
Meal Name m?/ton Meal Name m?/ton Meal Name m?/ton

Stick Kebab 2500.804 Wedding Rice 985.745 Mixed Compote 618.683
Tas Kebab 2493.257 Imambayildi 887.710 Melon 481.000
Elbasan Tava 2466.800 Flatbread with Minced 792.428 Ashoura 339.397
Hungarian Goulash (Puree) 2459.529 Peas with Olive Oil 483.026 Keshkul 333.670
Shepherd Roast with Vegetables 2448.152 Kidney Beans with Olive Oil  433.253 Tulumba 329.385
Forest Kebab 2445.012 Dried Beans with Olive Oil 414.450 Kalburabasti 320.640
Boiled Meat 2403.243 Bulgur Rice with Chicken 401.945 Cocoa Pudding 312.901
Albanian Liver 2305.617 Ayran Soup 393.304 Pumpkin Dessert 303.500
Beef Emense Over Rice 2238.116 Trotter Soup 391.559 Milk Halva 298.865
Minced Meat Sauteed Over Rice 2137.400 Rice 343.525 Peanut Dream 287.199
Sauteed Meat Over Rice 2137.105 Cheese and Walnut Noodles 335.088 Kazandibi 279.395
Izmir Meatballs 2055.794 Oven Pasta 327.707 Sekerpare 265.483
Abant Kebab 1830.356 Leek with Olive Oll 324.556 Oven Rice Pudding 262.205
Farm Meatballs 1793.819 Fresh Beans with Olive Oil ~ 292.267 Apple 192.400
Dalyan Meatballs (Puree) 1748.165 Noodles with Cheese 288.688 Watermelon 192.400
Izmir Meatballs 1706.668 Lentil Pastry 284.555 Mandarin 192.400
Terbiyeli Meatballs 1694.146 Celery with Olive Oil 271.810 Banana 192.400
Grilled Meatballs 1672.565 Puff Pastry with Chicken 266.449 Orange 192.400
Dried Beans with Meat 1095.127 Cheese Pastry 247.329 Peach 192.400
Celery with Meat 1056.837 Pasta with Cheese 244.503 Fresh Grape 192.400
Chickpeas with Meat 1048.453 Cauliflower with Olive Oil 216.370 Pear 184.400
Karniyarik 1034.306 Bulgur Rice with Lentils 207.163 Yoghurt Dessert with Sesame 166.219
Egg with Minced Meat 1029.048 Lentil Soup 204.131 Yogurt Dessert 166.219
Patlican Oturtma 1012.270 Bulgur Rice with Chickpeas 200.637 Semolina Halva 158.064
Fresh Beans with Meat 956.686 Ezogelin Soup 190.834 Mixed Salad 136.910
Chicken Nuget (with Vegetable Garnish) 945.871 Tutmag Soup 181.788 Shepherd Salad 135.981
Meat Fajita (Saffron Rice Garnish) 935.935 Bulgur Rice with Vermicelli ~ 178.760 Kadayif 135.500
Sour Pumpkin with Meat 927.030 Flatbread with Cheese 170.650 Wire Kadayif 135.500
Okra with Meat 916.512 Pasta with Tomato 162.070 Carrot Cabbage Salad 132.495
Peas with Meat 910.454 Rice Soup 162.043 Spoon Salad 132.445
Potato with Meat 906.581 Yayla Soup 158.956 Seasonal Salad 124.505
Kabak Kalye 906.145 Bulgur Rice 158.867 Quince Compote 105.232
Cauliflower with Mince 896.414 Pasta with Sauce 158.082 Kemalpasha 89.100
Minced Spinach with Yoghurt 888.695 Meyhane Rice 157.770 Cacik (Tzatziki) 52.175
Sauced Chicken 778.883 Pasta with Yoghurt 150.537

Creamy Chicken (with Pasta Garnish) 774.901 Vermicelli Soup 126.484

Tavuk Dunyasi 774.901 Wire Vermicelli Soup 126.484

Chicken Fajita 770.010 Tomato Soup 123.877

Boiled Chicken 738.787 Flatbread with Spinach 122.986

Chicken Casserole 733.493 Gemici Soup 107.052

Chicken Over Rice 716.460 Sawdust Pastry with Cheese 73.633

Chicken Meatloaf 590.065 Manti 56.431

Chicken Galantine (Puree) 589.034

Chicken Bowl with Spinach 512.328

Chicken Cauliflower with Bechamel Sauce 409.067

Potato with Chicken 352.081

Zucchini with Bechamel Sauce 346.915

Roman Style Spinach 335.360

Trout (with Potato Garnish) 230.435

Chickpeas with Chicken 119.323

In Table 8, it is examined whether there is a difference
between the meal groups according to the water footprint
(m3/ton) values of the meal types included in the study
within each season. In the spring season, the water
footprint level (median) of one portion of the meal types
in the first meal group was 1012.270, in the second meal
group the level was 247.329, and in the third meal group,
the level was 192.400. In the summer season, the water
footprint level (median) of one portion of the meal types
in the first meal group was 941.859, in the second meal
group it was 181.788 and in the third meal group, it was
184.400. In the autumn season, the water footprint level
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(median) of one portion of the meal types in the first meal
group was 1034.306, in the second meal group it was
202.384 and in the third meal group, it was 192.400. In
the winter season, the water footprint level (median) of
one portion of the meal groups in the first meal group was
916.512, in the second meal group the level was 216.370
and in the third meal group, the level was 192.400. In the
spring, summer, autumn, and winter seasons, the water
footprint levels of the first group one portion were
significantly higher than the water footprint levels of the
second group and third group one portions (p<0.001).
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Table 6. Distribution of mean (X), standard deviation (SD), and lower and upper values of water
footprint (m3/ton) for each portion of meals according to groups.
Water footprint of 1 Portion (m3/ton)

Meal Group Meal Types S X+SD Min-Max

Large Piece Meat Meals 4 2447.275+29.554 2403.243-2466.800
Small Piece Meat Meals 12 2371.883+205.310  1830.356-2500.804
Meatballs 13 1825.884+167.693  1672.565-2137.400
Chicken Meals 23 675.423+167.101 346.915-945.871

Group 1 Fish Meals 3 230.435+0.000 230.435-230.435
Vegetable Meals with Meat 22 906.030+178.840 140.402-1056.837
Legume Meals with Meat 7 928.807+357.639 119.323-1095.127
Egg Meals 2 682.204+490.512 335.36-1029.048
Liver Meals 3 2305.617+0.000 2305.617-2305.617
Pastas 15 232.867+76.951 150.537-335.088
Rice 17 364.040+306.855 157.770-985.745
Soups 24 208.842+101.212 107.052-393.304

Group 2 Vegetable Meals with Olive Oil 6 412.623+249.499 216.370-887.710
Legume Meals with Olive Oil 7 425.194+10.051 414.448-433.254
Manti 4 56.431+0.000 56.431-56.431
Pastries 5 223.859+85.392 73.633-284.555
Flatbreads 3 362.021+373.504 122.986-792.428
Salads 12 132.546+5.168 124.505-136.910
Milk Desserts 12 310.378+£31.721 262.205-339.398

Group 3 Pastry Desserts _ 16 210.144+92.336 89.100-329.385
Compote and Pleasantries 2 361.958+£363.065 105.232-618.684
Fruits 9 221.095+91.649 184.400-481.000
Others (Yoghurt, Pickles, etc.) 8 52.175+0.000 52.175-52.176

Table 7. Mean (X), standard deviation (SD), median and lower upper values of water footprint (m*tonne) of 1 portion of meals according to groups and seasons.

Spring Summer Autumn Winter P
Meal X£SD X+SD X£SD X+SD
Group Meal Types S Median (Lower-Upper) s Median (Lower-Upper) s Median (Lower-Upper) s Median (Lower-Upper)
Large Piece Meat Meals 1 2459.529 1 2466.800 2 2431.386 (2431.386-2431.386) - -
Small Piece Meat Meals 4 2341.564(1830.356-493.257) 2 2469.135 (2445.012-2493.257) 4 2470.705 (2137.105-2500.804) 2  2469.135 (2445.012-2493.257) 0.631™
Meatballs 2 1965.610 (1793.819-2137.400) 3 1748.165 (1706.668-1793.819) 2 1901.932 (1748.069-2055.794) 6  1727.417 (1672.565-2137.400) 0.433*
Chicken Meals 6 727.624 (409.067-935.935) 5 733.493 (346.915-778.883) 4 756.844 (733.493-945.871) 8 653.263 (352.081-774.901) 0.348*
Group 1 Fish Meals 1 230.435 1 230.435 1 230.435 - - -
Vegetable Meals with Meat 3 957.556 (888.695-1012.270) 7 910.454 (888.695-1012.270) 7 906.581 (140.402-1034.306) 5 916.512 (888.695-1056.837) 0.890*
Legume Meals with Meat 2 1071.500(1047.873-1095.127) 1 1048.453 2 1071.5 (1047.873-1095.127) 2 583.598 (119.323-1047.873) 0.325*
Egg Meals 1 335.360 1 1029.048 - - - - -
Liver Meals 1 2305.617 1 2305.617 1 2305.617 - - -
Pastas 5 233.903£78.441 4 234.137+87.004 2 247.290£124.166 4 223.091£80.318 0.990*
Rice 4 423.825+382.687 4 439.631+378.735 5 217.790+72.821 4 411.477£392.675 0.695*
Soups 5 181.788 (123.877-393.304) 8 160.500 (107.052-391.559) 7 190.834 (123.877-393.304) 4 197.483 (126.484-393.304) 0.572*
Group 2 Vegetable Meals with Olive Oil 2 308.412 (292.267-324.556) - 1 483.026 3 271.810 (216.370-887.710) 0.800***
P Legume Meals with Olive Oil 1 433.253 2 423.851 (414.447-433.253) 2 423.852 (414.450-433.253) 2 423.850 (414.450-433.250) 0.893*
Manti 1 56.431 1 1 ¥ 1 56.431 -
Pastries 2 265.942 (247.329-284.555) 1 247.330 2 170.041 (73.633-266.449) - - 0.667***
Flatbreads 1 792.428 1 122.986 - - 1 170.650 -
Salads 3 131.30346.288 4 132.46145.642 3 135.12942.328 2 130.70848.772 0.811*
Milk Desserts 2 326.149+18.736 3 317.488433.113 2 300.80154.583 5 303.633£33.485 0.837*
Group 3 Pastry Desserts 6 227.748£82.912 3 130.273+38.825 3 261.8424109.502 4 204.867+111.643 0.358*
Compote and Pleasantries - - 1 618.684 - - 1 105.232 -
Fruits 4 192.400 (184.400-192.400) 5 192.400 (184.400-481.000) 4

Others (Yoghurt, Pickles, etc.)

192.400 (184.400-481.000) 6
1

192.400 (184.400-192.400) 0.844*

*One-way analysis of variance, **Kruskal Wallis test, ***Mann-Whitney U test

Table 8. Comparison of median values of water footprint (m3/ton) for each portion of the first, second, and third

groups according to seasons

Season Group 1 Group 2 Group 3 p
S Median (Lower-Upper) S Median (Lower-Upper) S Median (Lower-Upper)
Spring 21 1012.270%(230.435-2493.257) 21 247.329"(56.431-985.745) 15 192.400° (124.505-339.397) <0.001"
Water Summer 22 941.8592(230.435-2493.257) 21 181.788"(56.431-985.745) 17 184.400" (52.176-618.684) <0.001"
Footprint Autumn 23 1034.306% (140.402-2500.804) 20 202.384° (56.431-483.026) 15 192.400° (52.175-481.000) <0.001"
Winter 23  916.5127(119.323-2493.257) 19 216.370"(56.431-985.745) 16 192.400°(89.100-339.397) <0.001"

*Kruskal-Walllis test, a-b: There is no difference between groups with the same letter.

DISCUSSION menus used in hospital catering services. To the best of
our knowledge, this is the first study conducted to
In catering services, various activities cause determine the carbon and water footprints of menus used

environmental impacts at all stages from raw material
procurement, acceptance, storage, food production,
distribution, and service. Environmental sustainability in
hospital catering services, which are usually carried out
as service procurement, is increasingly recognized and
researched [18-21]. This study was planned and
conducted to examine the carbon and water footprints of
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in hospital catering services. As a result of the study, the
carbon footprint assessment of catering services and the
meals on the menu were discussed.

With the increasing awareness of climate change, it is
seen that the number of researchers and companies who
want to calculate the carbon footprint of food products,
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determine their impact on global warming, and increase
awareness by sharing this data with consumers is
increasing and this trend is becoming popular [22]. The
high proportion of discarded food waste produces
negative environmental impacts that are fuelling climate
change. The breakdown of food in landfills produces
methane, a powerful GHG with a GWP 104 times higher
than carbon dioxide [23]. In the study conducted by
Madali et al. (2021) vegetable dishes with meat, fish, and
turkey, and legumes with meat and chicken dishes were
found among the food types with high SG emission
values. Accordingly, it was determined that the GHG
emission of the food types containing animal products
was higher than the other food types and the first group
meals had higher GHG emission values than the other
groups [24]. In a study conducted in the USA, GHG
emissions associated with food waste were analyzed
using the Life Cycle Assessments approach. The total
emissions from the production, processing, packaging,
distribution, retail sale, and disposal of food were found
to be 112.9 million metric tons (MMT) CO: equivalent.
Beef was identified as the largest source of loss-related
emissions, accounting for 16.0 percent of loss-related
emissions, despite accounting for 22.0 percent of food
losses per kilogram [25]. In another study conducted in
the Netherlands, the current Dutch dietary pattern and the
GHG emissions of 4 different dietary patterns were
evaluated. Consumption patterns consist of healthy
dietary patterns with and without meat, and diets
containing nutrients with lower environmental impacts. At
the end of the study, it was revealed that eliminating meat
products from the diet and/or consuming only foods with
low GHG emissions would reduce the average GHG
emission by 28.0-46.0%. However, it was also
emphasized in the study that consumption patterns in
which only foods with low GHG emissions are consumed
may cause deficiency in terms of some nutrients [26].
Adequate and balanced menus in hospital catering
services ensure reduced GHG emissions [27]. In the
study, in parallel with the results of other studies, the first
three food types with the highest carbon footprint were
determined as large piece meat dishes, small piece meat
dishes, and liver dishes. This is an expected result
considering that the minimum amount of red meat used
in these products is 50 g and the maximum amount is 150
g according to the standard recipes of the institution.
There was no statistically significant difference between
the seasons according to the means and medians of the
carbon footprint of all meal types in the first group, second
group, and third group (p>0.05). One of the reasons for
this result is that the standard recipes of these meals
applied in the institution do not show seasonal
differences, although the products that are abundant and
cheap in season are used in the recipes. Similar to other
studies, the carbon footprint levels of the first group were
significantly higher than the carbon footprint levels of the
second group and the third group in the spring, summer,
autumn, and winter seasons (p<0.001). The use of meat
or the addition of eggs in almost all of the first group
meals was considered as one of the factors increasing
the carbon footprint of the first group meals.

The commercial sector, which includes health care,
public institutions, and restaurants, reportedly consumes
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900 million gallons of water per day, ranging from 1.5
gallons per meal for school lunches to 2.0 gallons per
meal for all-day restaurants or cafeterias [28]. In addition
to the total water used in the production stages of catering
services, the total water footprint of the meals varies
depending on the type of raw material used in the meals.
When calculating the total water footprint, attention is
paid to indirect water use in addition to the water used in
production and consumption. In other words, both the
direct water use and the indirect water use of a product
along the production line should also be calculated [29].
In this study, while evaluating the water footprint of meals,
grey, green, and blue water footprints were evaluated as
total water footprints, not separately. In a study
conducted in India, 5 different diets were evaluated in
terms of water footprint. The diets were categorized as
rice with less variety; rice and fruit; wheat and legumes;
wheat, rice and oils; and rice and meat. While the green
water footprint of rice-based diets was higher, the blue
water footprint of the wheat-based diet was found to be
higher. In addition, it was determined that the
environmental impact of the rice and meat diet model was
higher than the other models [30]. Mekonnen and
Hoekstra (2012) reported that the average water footprint
per calorie for beef was 20 times higher than for cereals
and starchy crops; the water footprint per gram of protein
for milk, eggs, and chicken meat was 1.5 times higher
than for legumes [15]. In a study conducted in Turkey, it
was calculated that the food group that increased the
water footprint the most was small piece meat dishes,
similar to GHG emissions. Vegetable dishes with meat
(11.9%) were shown to increase the water footprint level
significantly in the summer season, while large meat
dishes (11.4%) and meatballs (11.3%) were shown to
affect water footprint levels at similar rates, although the
frequency of serving them was lower compared to
vegetable dishes with meat [31]. In a study conducted in
thirteen cities in Mediterranean countries where the water
source is from outside the city, the water footprint of the
current diet was determined to be between 3277 L/g and
5789 L/g per capita. These values were shown to be
about thirty times higher than local water use. In addition,
in this study, 3 different diet types were created, and in
the calculations; it was determined that the
Mediterranean diet could reduce the water footprint by
19.0% to 43.0%, the pesco vegetarian diet by 28.0% to
52.0% and the vegetarian diet by 30.0% to 53.0% [32].
Ucar and Capar emphasized that Turkey is not a water-
rich country and that it is a good practice to export
products that do not provide added value to the country
but have a high share in water consumption [33]. In the
study, the first three meal types with the highest total
water footprint in parallel with the carbon footprint were
calculated as large piece and small piece meat dishes
and liver dishes; the first group water footprint levels were
found to be significantly higher than the second group and
third group water footprint levels in all seasons (p<0.001).
It is known that the water footprint increases as well as
the carbon footprint due to the increase in the amount of
meat used in meat-containing dishes. Considering that
the largest part of the water footprint of consumption in
Turkey is caused by agriculture with 89.0%, this is an
expected result and consistent with the previously
mentioned studies.
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CONCLUSIONS

This study was carried out on 62 meals in selected
months representing each season and 248 meals in total,
produced in the kitchen of a research and application
hospital in Isparta. The carbon and water footprint of the
meals were calculated and evaluated. In the spring,
summer, autumn, and winter seasons, the carbon
footprint levels of the first group were found to be
significantly higher than the carbon footprint levels of the
second and third pots (p<0.001). Again, in all seasons,
the first-group water footprint levels were significantly
higher than the second and third-group water footprint
levels (p<0.001).

Hospital catering services, which serve primarily patients,
staff, and patient visitors within the collective nutrition
systems, have an important place both for the protection
of health and support for medical nutrition treatment and
their effects on the sustainable nutrition chain. Hospital
catering services, which primarily serve patients, staff,
and patient visitors within collective nutrition systems,
have an important place both in terms of health protection
and support for medical nutrition therapy and in terms of
their effects on the sustainable nutrition chain. Health
professionals play a key role in the implementation of
sustainable food systems. For this reason, it is important
to plan training activities to increase the awareness and
knowledge levels of dietitians, physicians, nurses, and
other auxiliary health personnel, especially food services
nutrition dietitians.
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6z

Meyve ve sebzelerin zengin biyoaktif bilesenler igermesi, pestillerin fonksiyonel bir atistirmalik olarak tiiketilmesini cazip
kilmaktadir. Koyu kirmizi bir kék sebzesi olan pancar (Beta vulgaris L.), saglik Uzerindeki olumlu etkileri ve zengin besin
icerigi ile son yillarda dikkat gekmistir. Bu galismanin amaci, termosonikasyon ve mikrodalga 6n islemlerinin fonksiyonel
bir atistirmalik olarak gelistirilen kirmizi pancar pestilinin ince tabaka kuruma kinetigi Gzerindeki etkilerini arastirmaktir.
Ayrica 6n iglem slresini ve etkisini azaltmak icin pestil herlesinin suda ¢6zindr kuru madde oranini geleneksel
yontemlerde uygulanan 40°Brix (Bx) degerinden 15-20°Bx’e distirme olanaginin irdelenmesi hedeflenmistir. Yapilan
calisma sirasinda pestil herlesine uygulanan 6n islemlere bagli olarak kuruma siresi 75-120 dakika arasinda
degismistir. Geleneksel haglama yontemine alternatif olarak uygulanan termosonikasyon on iglemi, kuruma suresini
%4-10 araliginda azaltmistir. Kuruma slresi, termosonikasyon ve mikrodalga on isleme yontemlerinin birlikte
uygulanmasiyla %12-22 araliginda azalmigtir. Dolayisiyla farkli 6n islem uygulamalari, kirmizi pancar pestillerinin
kuruma suresi ve buna bagli olarak kuruma hizini etkilemistir. Kirmizi pancar pestillerinin kuruma davranisina en uygun
ince tabaka matematiksel modellerinin belirlendigi galismada, 6n islem kosullari degistikge kurutma kinetigini agiklayan
en uygun model de degismistir. Pestillerin efektif nem diflizyon katsayisi (m?s) 8.91x108-1.14x107 arasinda
degismigtir.

Anahtar Kelimeler: Kirmizi pancar, Pestil, Mikrodalga, Termosonikasyon, ince tabaka kurutma modelleri

Effects of Thermosonication and Microwave Pre-treatments on Thin Layer Drying Kinetics of
Red Beetroot (Beta vulgaris L.) Pestils

ABSTRACT

The rich bioactive components found in fruits and vegetables make pestils an attractive option as a functional snack.
Beetroot (Beta vulgaris L.), a dark red root vegetable, has received a great attention in recent years due to its positive
health effects and rich nutritional content. The aim of this study is to investigate the effects of thermosonication and
microwave pre-treatments on the thin-layer drying kinetics of red beetroot pestil developed as a functional snack.
Additionally, it aims to explore the possibility of reducing the water-soluble dry matter content of the pestil pulp from the
traditionally applied 40°Brix (Bx) to 15-20°Bx to minimize pre-treatment time and influence. During the study, the drying
time of the pestil pulp varied between 75 and 120 min depending on the pretreatments applied. Thermosonication pre-
treatment, used as an alternative to the conventional blanching method, reduced the drying time by 4-10%. When
thermosonication and microwave pretreatment methods were applied together, the drying time decreased by 12-22%.
Therefore, different pretreatment applications influenced the drying time and, consequently, the drying rate of red
beetroot pestils. In the study, which identified the most suitable thin-layer mathematical models for the drying behavior
of red beetroot pestils, the optimal model explaining the drying kinetics changed as the pre-treatment conditions varied.
The effective moisture diffusion coefficient (m?/s) of the pestils ranged between 8.91x10% and 1.14x107.

Keywords: Red beet, Pestil, microwave, Thermosonication, Thin layer drying models
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GiRiS

Gunimulz endustrisi; artan dinya nifusu ile birlikte
tiketime hazir gida  gesitliliginin  artirimasina
odaklanmistir. Bununla birlikte, saglikli beslenmeye olan
taleplerin karsilanmasi igin ise ¢gevre dostu yaklagimlar ile
enerji ve zaman tasarrufu saglayacak ve ayni zamanda
kaliteli drunler gelistirecek galismalari da ele almaya
baslamistir. Global fonksiyonel Urin pazarinin 2030
yiinda 285.3 milyon Dolar hacmine ulasmasi
beklendiginden [1] bu ylUkselise gegcen pazara yenilikgi
Urdn alternatifinin eklenmesi, bilimsel olarak Urin ve
proses detaylarinin incelenmesi gok énemlidir. Uriinlerin
fonksiyonel 6zelliklerinin ortaya koyulmasi, gelistiriimesi
ve Uretim metotlarinin optimize edilmesi gibi hususlar ele
alinmahdir ve tiketim oranlarinin artinimasi igin
farkindalik yaratma galismalarina devam edilmelidir [2].

Chenopodiaceae familyasinin koyu kirmizi bir kok
sebzesi olan pancar (Beta vulgaris L.), saglk Uzerine
olumlu etkileri ve zengin besin igerigi ile son yillarda bilim
dinyasinin ilgisini gekmektedir. Vitaminler, mineraller,
fenoller, karotenoidler, nitrat, askorbik asit ve betalainler
gibi temel bilesenleri iceren, bitki diinyasinin en zengin
gidalarindan biridir [3, 4, 5]. Pancar yaygin olarak sebze
formunda tlketilse de cesitli mutfak ve beslenme
amaglari icin meyve suyu, tursu, toz ve gida takviyeleri
formuna da iglenebilmektedir [5-10]. Buna ragmen kirmizi
pancarin zengin saglikh atistirmalik formulasyonlarinda
daha fazla yer almasi gerektigi dusunilmektedir. Diger
taraftan kirmizi pancar uriine islendigi zaman terapétik
etkilerinin korunmasi igin buna uygun optimum kosullarin
secilmesi 6nem arz etmektedir [11].

Pestil, meyve pulpuna seker ve nisasta gibi katki
maddelerinin  eklenerek koyulastirimasindan sonra
kurutulmasiyla Uretilen geleneksel Grindur. Pestillerin
uzun raf émriine sahip olmasi, kurutma sonrasi gelisen
hacim kicilmesi, agirhdinin azalmasi ve paketleme
asamasinin kolay olmasi gibi 6zellikleri tercih edilmesini
artirmistir.  Uretildigi meyve ve sebzelerin, zengin
biyoaktif bilesenleri icermesi, pestillerin fonksiyonel
atistirmalik olarak kullanimini cazip kilmaktadir [12-14].
Literattrde gesitli meyve ve sebzelerden Uretilmis saghkli
atistirmalik  kategorisinde siralanabilecek pestiller
Uzerine c¢alismalar mevcuttur [12, 14-19]. Ancak,
literatirde yapilan galismalarda ve marketlerde kirmizi
pancarindan elde edilen fonksiyonel pestil gibi yenilikgi
alternatif bir geleneksel trtin bulunmamaktadir.

Kurutma, gida dGrlnlerini korumanin  geleneksel
yollarindan biridir. Kurutmanin temel amaci binyesindeki
suyun gida matrisinden kismen uzaklastiriimasi, sonug
olarak raf Oomrinin uzatiimasi ve gida bozulmasinin
onlenmesidir [20]. Kurutma sayesinde, gidanin hacim ve
agirhginda azalma, buna bagli olarak ambalaj boyutunda
kiigilme, nakliyede ve depolamada daha dusik maliyet
ve kolaylik gibi avantajlar saglanmaktadir [21]. Ote
yandan, kurutma islemi, gidadaki fiziksel ve biyokimyasal
degisikliklere bagl olarak nihai trinin kalitesini 6énemli
Olglide etkilemektedir. Gida matrisindeki bu degisiklikler,
kuruma siresi, sicaklik ve urinin su aktivitesi gibi
faktorlerden etkilenmektedir [22]. Kurutmayi

hizlandirmak, enzimlerin etkin bir sekilde
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inaktivasyonunu saglamak ve oksidasyona engel olmak
amaciyla kurutmadaki bazi dezavantajlari azaltmak ve
gidermek adina kurutma 6ncesi 6n-muamele teknikleri
Uzerine galismalar yapilmaktadir [23]. Konvansiyonel n
islemler genellikle sicak su ile haglama, buharda
haslama, hiperozmotik solusyon, alkali sollsyonlar,
sulfatlama ve asit ile muameleleri igerir. Bu 6n iglemlerin,
kuruma suresini kisaltarak ve kaliteyi artirarak kurutma
islemi Uzerinde olumlu etkileri olmasina ragmen, 6zellikle
uzun sureli kurutma sirasinda kimyasal absorpsiyon,
kalite bozulmasi, yetersiz rehidrasyon, yapisal ¢dkme,
besin kayiplari ve yiksek enerji tiketimi gibi olasi
sorunlari da ortaya ¢ikarabilmektedir. Dolayisiyla,
kurutma prosesini daha da iyilestirmek ve gelistirmek icin
yeni i1sil ve isil olmayan 6n islemler de arastiriimaktadir.
Yeni 6n islem tekniklerinin gelistiriimesi ve uygulanmasi,
kuruma slresini kisaltmakla birlikte kuruma hizini
artirmaktadir, nem dagihimini iyilestirmektedir ve enerji
tuketimini azaltmaktadir. Ayni zamanda kurutulmusg
Urtnlerin  fonksiyonel ve besinsel kalite ©zelliklerini
gelenekselden daha iyi hale getirebilmektedir [24]. Bu tip
ihtiyaclar dogrultusunda, soguk plazma (CP), darbeli
elektrik alani (PEF), yenilebilir film kaplama, termal
olmayan ultrasonikasyon, yuksek nemli sicak havayla
haglama (HHAIB), kizilétesi haglama (IRB) ve mikrodalga
(MW) gibi alternatif termal teknikler arastirilmigtir [24].
Ultrases, 20 kHz veya daha ylksek sonik dalgalarla
uretilen bir enerji seklidir [24]. Meyve sebzelerin
kurutulma islemlerinden 6nce US ile 6n muamelesinin,
gida kalitesini geligtirici etkilere sahip oldugu tespit
edilmigtir. Boylece kurutma siresinde azalma, ener;ji
tuketiminde tasarruf ve kurutulmus Urin kalitesinin
korunmasi saglanir [24-27]. Mikrodalgalar, 300 MHz ila

300 GHz arasinda degisen frekansa sahip
elektromanyetik  dalgalardir.  Gida  endustrisindeki
uygulamalari, igleme siresinin azaltiimasi, Isitma

verimliligi, glvenli kullanim ve kolayligi, kalitede iyilesme
ve suda ¢ozinlr besin kayiplarini azaltma gibi avantajlar
nedeniyle buyuk popdlerlik kazanmistir [28]. Bu nedenle
mikrodalga, ylzey neminin hizla giderilmesi igin bir n
islem teknigi olarak tavsiye edilmektedir [24]. Literatlrde,
farkli isleme tekniklerinin kirmizi pancarin kuruma kinetigi
Uzerine etkisinin arastinldigr calismalar mevcuttur.
Yapilan bir galigmada, kirmizi pancar dilimlerine farkl
sicaklik ve surelerde (65°C ve 85°C’de 10-15 dakika)
sicak su ile haslama ve ultrasonikasyon (5-10 dakika 40
kHz) ©6n islemleri uygulanmig, ardindan dondurarak
kurutma teknigi ile kurutma gerceklestiriimistir. Bu 6n
islemler sonrasinda haglama uygulanan 6rneklerde
bizilme oraninin azaldigi, ayni zamanda gézenekliligin
arttigi  gozlemlenmistir [29]. Baska bir calismada
mikrodalga 6n isleminin kirmizi pancarin kuruma suresi,
kimyasal bilesenler ve besin igerigi Uzerindeki etkileri
incelenmistir. Kirmizi pancarin suda haslama ve
mikrodalga (600 W) 6n islemine tabi tutulduktan sonra
kurutulmasi karsilastirilmis ve mikrodalga 6n isleminin,
besin bilesenlerinin  korunmasina yardimci oldugu
belirtiimistir [30]. Ayrica, farkli mikrodalga guglerinin
kirmizi pancar pulresinin kuruma karakteristigi Uzerine
etkileri incelenmis ve mikrodalga isleminin kuruma
suresini 6Gnemli 6lguide azalttigi sonucuna variimistir [31].
Bu tir on islemler, kirmizi pancar drdnlerinin kalitesini
iyilestirebilecek  potansiyel yontemler olarak ©ne
cikmaktadir.



N. Ersoyak, E. Kog Alibasoglu, B. Acoglu Gelik, P. Yolci Omeroglu Akademik Gida 22(4) (2024) 313-327

ince tabaka kurutma modelleri, gida ve tarim Urdnlerinin
kurutma kinetiginin analiz edilmesine yardimci olarak,
urtn kalitesinin korunmasina, hasat ve isleme sirasinda
ortaya cikabilecek kayiplarin azaltiimasina destek
olabilecek yaklagimlardir [32]. Ince tabaka kurutma
denklemileri teorik, yari teorik ve ampirik modeller olmak
tzere Ug kategoriye ayrilimaktadirlar [32, 33]. ince tabaka
kurutma modelleri gidalarin ve pestillerin kurutulmasi
sirasinda basariyla uygulanmigtir. Bu ¢alismalarda hint
inciri pestillerinin kuruma kinetigini aciklayan en uygun
modelin Page modeli oldugu [34], musmula, dut, havuglu
kirmizibiber biberli pestilinin kurutulmasinin incelendigi
¢alismada Page ve Modifiye Page modelleri [13, 35, 36],
kivi, mugsmula ve mango pestillerinde Midilli modelinin
uygun oldugu [14, 37] sonucuna varilmistir.

Bu ¢alismanin amaci elma (dogal tatlandirici) ve tapyoka
nisastasini (kivam artirici) kullanarak kirmizi pancar
pestil formilasyonunu optimize etmek ve geleneksel
haslama 6n islemine alternatif olarak mikrodalga ve
termosonikasyon kullaniminin  ince tabaka kuruma
kinetigine olan etkisini irdelenmektir.

MATERYAL ve METOT
Materyal

Calisma icin kullanilan kirmizi pancarlar (Beta vulgaris
var. conditiva) ve elma (Starkrimson delicious) Bursa
ilinde yerel bir marketten temin edilmistir. Calisma
kapsaminda kullanilan kirmizi pancarlar ve elmalar, pestil
Uretim surecine kadar, 4.0£0.5°C sicaklikta buzdolabinda
1 ay sureyle saklanmigtir. Diger hammaddelerden olan
sitrik asit Bursa Uludag Universitesi Gida Mihendisligi
Pilot Tesisi'nden temin edilmistir. Tapyoka nisastasi
(TMS Organik Gida San. Tic. Ltd. S$ti) ise glutensiz bir

Tablo 1. On islem kosullari
Table 1. Pre-treatment conditions

Urtin olup Talya Foods isimli internet aligveris marketten
temin edilmistir.

Pestil Uretimi

Bu calisma kapsaminda vyapilan ©On denemeler
asamasinda, pestil formilasyonunun optimize edilmesi
icin farkli oranlarda elma, topyaka nisastasi ve kirmizi
pancar kullanilmistir. Uretim asmasinda ise uygulanan
haslama siiresi ve yontemi (agik kazan, termosonikasyon
ve mikrodalga), koyulastirma siresi, hedef briks degerleri
(40, 20 ve 15°Bx) ve kurutma sicakligi gibi parametreler
kapsamli bir sekilde degerlendirilmistir. On denemeler
asamasinda bu parametrelerin pestilin hedonik agidan
genel kabul edilebilirligi (9: ¢cok fazla bedendim; 1: hig
begenmedim) Uzerine olan etkisi 12 adet egitimli panelist
tarafindan analiz edilmistir [19]. Genel begdeninin 7 puan
Uzerinde elde edildigi nihai formilasyon asagida
aciklanmistir ve calisma kapsaminda irdelenecek 6n
islemlere ait kosullar Tablo 1'de sunuldugu gibi
olusturulmustur.

Pestillerin Uretimi sirasinda, kirmizi pancarlarin ve
elmalarin yapraklari ve saplari ayriimistir. Meyve ve
sebzelerin dis yuzeyi, toprak ve diger kirliliklerden
arindiriimak igin etkili bir sekilde yikanmigtir. Yikama
sonrasi kabuklari soyulmustur ve elmalarin ¢ekirdekleri
cikariimistir. Kirmizi pancarlar ve elmalar, bir sonraki 6n
islemler asamasinda kullanilmak Uzere 2x2x2 cm
ebatlarinda kupler halinde kesilerek hazirlanmistir. Kip
kesilmis kirmizi pancar (recetenin agirlikga %47'i) ve
elma (regetenin agirlikca %47’i) agirhik¢a “1:1” oraninda
tartilmistir ve Uzerine agirlikga “1:1” oraninda su ilave
edilmistir.  Sonra, aglk kazan, termosonikasyon,
termosonikasyon ve mikrodalganin hibrit uygulanmasini
iceren 6n haglama islemine tabi tutulmuslardir.

Kurutma Oncesi Uygulanan On islemler

Kosul Haglama Koyulastirma®
1. On Islem 2. On iglem Pirre Eldesi  Sire (min)  Hedef Son Brix (°)

Kontrol Aglk kazan-15 dk* - Nz 105 20
1 Termosonikasyon?- 30 dk - NZ 78 40
2 Termosonikasyon?- 45 dk - NZ 58 40
3 Termosonikasyon?- 30 dk Mikrodalga3-10 dk V4 60 40
4 Termosonikasyon?- 45 dk Mikrodalga3-10 dk V4 30 40
5 Aclk kazan-15 dk?! - NZ 63 20
6 Termosonikasyon?- 30 dk - NZ 27 20
7 Termosonikasyon?- 45 dk - JA 6 20
8 Termosonikasyon?- 30 dk Mikrodalga3-10 dk V4 6 20
9 Termosonikasyon?- 45 dk Mikrodalga3-10 dk V& 4 20
10 Termosonikasyon?- 45 dk - V5 - 15
11 Termosonikasyon?- 45 dk Mikrodalga3-10 dk 5 15

tAtmosferik basingta agik kazanda 95°C’de 1sil islem, 235 kHz frekansta ve 80°C sicaklikta termosonikasyon,Mikrodalga
glicii: 360 W, “1. On iglem sirasinda kullanilan su ile birlikte piire haline getirilir, 1. On islem sirasinda kullanilan su
slizlldlkten sonra kalan meyve ve sebze pire haline getirilir, SAtmosferik basingta agik kazanda 100-103°C’de 1sil iglem,

'Heat treatment at 95°C in an open boiler at atmospheric pressure,?Thermosonication at a frequency of 35 kHz and a
temperature of 80°C,*Microwave power: 360 W, “1. Pureed together with the water used during pre-treatment, °1. After
draining the water used during pre-treatment, the remaining fruit and vegetables are pureed.®Heat treatment at 100-103°C in

an open boiler at atmospheric pressure
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Haglama amacli yapilan birinci agsama 06n islemlerin
sonunda yumusayan kirmizi pancar ve elma, haslama
suyu ile birlikte bir pargalayicida (Arzum, Istanbul,
Turkiye) pure haline getirilmistir. Bu islem kontrol Gretimi
dahil olmak tzere 1 ve 9. Kosullari iceren tiim Uretimlerde
uygulanmigtir. 10  ve 11. kosullar uygulanarak
gerceklestirilen Uretimde, haglama suyunun sizilmesinin
ardindan yumusayan meyve ve sebzeler mekanik bir
pargalayici kullanilarak pire haline getirilmigtir. Tim
Uretimler sonucu elde edilen purenin %25’si ayrilarak
tapyoka nisastasi (recetenin agirlikga %5.8’i) ve sitrik asit
(recetenin  agirhkga %0.2'i)) ile karnistimak (zere
ayrilmistir. Geri kalan pire atmosferik basingta acgik
kazanda koyulastirma (100-103°C) islemine tabi
tutulmustur. Hedef son ¢6zunir kuru madde oranina
ulasmaya yakin bir zamanda, nisasta igceren plre
koyulastirma islemi sirasinda yavas yavas eklenmistir.
Bu asamadan sonra belirlenen kurutma 6ncesi hedef
suda ¢o6zunur kuru madde oranina ulagildidinda
koyulastirma islemi sonlandirilmistir. Ancak 10. ve 11.
kosullarda koyulastirma islemi uygulanmadigindan
haslama islemi sonrasinda elde edilen pureye katki
maddeleri eklenip homojen bir sekilde karistirilarak
kurutma igslemine gegilmigtir. Tim 6n islem kosullarda
gerceklestirilen Uretim sonucu elde edilen koyulastiriimig
pureler (pestil herlesi), kurutma islemi gerceklestirilinceye
kadar, +4°Cde 1-2 gin sureyle dusik yogunluklu
polietilen film ile paketlenmis ve analiz edilene kadar
depolanmistir.

On islemlerin tamamlanmasinin ardindan, 25.0+0.5 g
koyulastiriimis pure (herle), 8x8x0.5 cm ebatlarinda bir
kalip kullanilarak yagl kagit tGzerine bir spatil yardimiyla
serilmigtir. Daha sonra, kurutma islemi icin %20 nispi
nemde ve 70°C’de, 2 m/s hizinda konveksiyonel kabin tipi
kurutucu (Yiicebas Makine Tic. Ltd. Sti., Izmir)
kullanilarak kurutma islemi gergeklestiriimistir. Kurutma
islemi, pestillerin nem igeriginin 0.90 ile 0.10 g su/g kuru
madde (KM) oranina ulaginca sonlandiriimistir. Kurutma
islemi boyunca, baslangigta 15 dakika arayla, daha sonra
ise sona yaklasirken 20 dakika araliklarla, 0.01 g
hassasiyetinde dijital bir terazi (Mettler Toledo,
MS3002S) ile tartimlar yapilmis ve nem igeriginin kuruma
boyunca degisimi izlenmigtir. Tartimlar, kisa bir surede
(10 s) gergeklestiriimistir. Kurutma iglemi tamamlanan
pestiller sogutularak 4°C’de depolanmistir.

Kurutma Kinetigi

Pestil drneklerinin kurutulmasi sirasinda, nem igerigi
degerleri Egitlik 1 kullanilarak hesaplanmigtir.

_ (M-KM)

M,
KM

(1)
Burada; M: kuruma sirecinin “t” zamanindaki pestillerin
nem igerigini (g su/ g KM), M pestillerin “t” anindaki
agirhigini (9), KM ise pestillerin kuru madde miktarini (g)
ifade etmektedir.
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Pestil drneklerinin kuruma hizi (KH) Esitlik 2 kullanilarak
hesaplanmigtir.

KH = (Myyqe—M) @)
dt

Bu esitlikte KH; kuruma hizi (g su/g KM. dakika), M t+ dt;
t+dt zamanindaki nem iceridi (g su/kg KM), di kuruma
zamanidir (dakika).

Nem oraninin (MR, birimsiz) hesaplanmasinda Esitlik 3
kullaniimistir.

_ (M¢—M,)

MR =
(MO_Me)

®3)

Bu esitlikte, Me; denge anindaki nem igerigi (g su/g KM),
Mo; baslangictaki nem igerigidir (g su/g KM).

MR degerleri hesaplanirken, Me degerinin her Griiniin son
nem igerigi oldugu éngdrulmustur [32, 38].

ince Tabaka Matematiksel Modellerle Uyum

Kirmizi pancar pestillerinin kuruma davranisini analiz
etmek icin farkh ince tabaka kurutma modellerinin
kullaniimasi, Urtnlerin nem igerigi ve kuruma hizi gibi
6nemli  parametrelerinin  belirlenmesine  yardimci
olmaktadir. Bu calisma kapsaminda, yaygin olarak
kullanilan yedi farkh ince tabaka kurutma modeli,
literatirde tanimlanmis ve Oneriimis olan modeller
arasindan segilmistir. Bu modeller (Tablo 2), kirmizi
pancar pestilinin kuruma sirecini analiz etmek ve kuruma
kinetigini anlamak i¢in kullaniimigtir.

Kirmizi pancar pestillerinin deneysel ¢alismasi sirasinda
elde edilen MR degerlerini acgiklayan en uygun ince
tabaka kurutma modelleri istatiksel parametreler
kullanilarak  secilmisti. Bu kapsamda korelasyon
katsayisini (R?’nin 1’e yakin olacak sekilde en yiiksek
degerini saglayan, tahmini standart hata (RMSE) ve ki-
kare (x?) degerlerinin de 0’a yakin olacak sekilde en
distk degerlerini saglayan modeller belirlenmistir. Bu
parametreler Esitlik 4, 5 ve 6 kullanilarak hesaplama
yapilmistir [32].

1
RMSE = [% thv=1(MRexp,i - MRpTE.i)Z]Z

4
2 21111(MR6Xp,i—MRpre,i)2
= N-n ) (5)
2
RZ — 1 _ [(MRexp.L_MRpre,z)z (6)
(MRexp,i_MRort)

Burada, “MR” nem oranini, alt indis olarak kullanilan
“exp,i “ i. deney sirasinda elde edilen degerini, “pre,i” i.
tahmin edilen degerini, “ort” ortalama degerini, “N”
g6zlemlenen deneysel veri adedini,” “n” modelde yer

alan bagimsiz degisken sayisini ifade etmektedir.
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Tablo 2. ince tabaka kurutma modelleri
Table 2. Thin layer drying models

Model No Model Denklem* Kaynaklar
1 Lewis (Newton) MR= exp(-kt) [39]
2 Page MR = exp(-kt") [40]
3 Modifiye Page MR = exp[-(kt)" ] [41]
4 Henderson & Pabis MR = a exp(-kt) [42]
5 Logaritmik MR = a exp(-kt) + ¢ [43]
6 Two Term MR = a exp(-kt) + (1-a) exp(-kat) [44]
7 Wang ve Singh MR =1 + at + bt? [45]

*MR: nem orani; a, b, c: kurutma katsayilari; k: kurutma sabiti; t: kurutma siiresi
*MR: moisture ratio; a, b, c: drying coefficients; k: drying constant; t: drying time

Efektif Nem Difiizyon Katsayisinin Hesaplanmasi

Kirmizi pancar pestil 6rneklerinin kuruma davraniglarini
incelemek icin Fickin ikinci Yasasi kullanimistir. Bu
yasa, kurutma islemi sirasinda nem transferinin difiizyon
ile gergeklestigini varsaymaktadir. Ozellikle plaka
seklindeki malzemeler icin gecerli olan bu varsayim,
nemin homojen bir sekilde dagdildidi, Griinde deformasyon
olmadigi, yuzey direncinin ihmal edilebilir dizeyde
oldugu ve ortam kosullarinin degisiminin 6nemsiz oldugu
durumlari kapsamaktadir [46]. Bu baglamda, sonsuz
levhalar icin efektif difflzyon katsayisi literatlirde yer alan
varsayimlar ve sadelestirmelerle kirmizi  pancar
pestillerinin  nem diflizyon katsayisi (Der) Kkuruma
suresine karsilik gizilen In MR grafiginin egiminden elde
edilmistir (Esitlik 7) [47]. Burada sicakligin her noktada
esit oldugu ongoérilmuistir [48].

4KkL?
Desr = —5-

2 (7)
Burada k, cizilen grafigin egimidir. Der nem diflizyon
katsayisi (m?%s), L levhanin yari kalinligini ifade
etmektedir.

BULGULAR ve TARTISMA

Kirmizi Pancar Pestilinin Kurutma Kinetigi: Nem
Degisimi

Farkh 6n islemlerle (Tablo 1) elde edilen koyulastiriimis
kirmizi pestil plresi (herle) 70°C'de sicak hava ile
kurutulmustur. Kurutma islemi sirasinda nem iceriklerinin
zamanla degisimi Sekil 1-3'de sunulmustur.

Kurumadde icerigi 40°Bx’e kadar koyulastinlan ve
baslangi¢c nem igerigi 1.13-1.37 g su/g KM olan kirmizi
pancar pestil herleleri, 0.10 g su/g KMye kadar
kurutulmustur (Sekil 1). Kurutma sireci sonunda, istenen
nem oranina ulasabilmek igin 75-95 dakika arasinda bir
kurutma silresi gerekmistir. Benzer sekilde, 20°Bx’e
kadar koyulastirilan ve baglangi¢ nem igerigi 2.42-2.72 g
su/g KM olan kirmizi pancar herlelerinden 75-120 dakika
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arasinda degisen bir kurutma suresi sonrasi pestil
Uretilmigtir (Sekil 2). Calisma kapsaminda, 45 dakika
termosonikasyon (10. Kosul) ve 10 dakika mikrodalga
(11. Kosul) kombinasyonuyla gergeklestirilen haglama 6n
islemlerinin ardindan, koyulastirma islemi uygulanmadan
herle elde edilmistir ve baslangi¢c nem icerigi 2.84-3.92 g
su/g KM olan bu herleler, hedef nem orani olan 0.10 g
su/g KM’ye kadar kurutulmustur. Gergeklestirilen kurutma
suresi, Sekil 3'te goruldugu Uzere 75-120 dakika
araliginda degismistir.

Herlenin kurutma o6ncesi baslangi¢ suda ¢6zunir kuru
madde oranindan bagimsiz olarak, en fazla kurutma
suresine (120 dakika) 5., 6. ve 11. kosullarinda
ulagiimistir. En az kurutma stresi (75 dakika) ise,
haslama igleminin “45 dakika termosonikasyon ve 10
dakika mikrodalga” kombinasyonu ile desteklendigi on
islem kosullarinda (4., 9. ve 11. Kosul) elde edilmistir.
Acik kazanda gerceklestirilen 6n haslama islemine
alternatif olarak uygulanan termosonikasyon isleminde,
kurutma suresinin, artan termosonikasyon siresi ile %4-
10 oraninda azaldigi gézlemlenmistir. Termosonikasyon
islemi sonrasi haslama islemine eklenen 10 dakikalk
mikrodalga islemi ise kurutma suresini %12-22 oraninda
azaltmistir. Sonug olarak, farkl 6n islem uygulamalarinin
ardindan, ayni sicaklikta ve kosullarda konveksiyonel
yontemlerle kurutulan kirmizi pancar pestillerinin kuruma
surelerine 6n islemlerin etkisi oldugu gozlemlenmistir.

Literatirde yapilan bir galismada, havuglu kirmizibiber
pestii  karisimi agik kazanda 40°Bx’e kadar
koyulastirimis ve akabinde 60 ve 70°C’de sicak hava
kurutma islemiyle 0.07 g su/g KM’e kadar kurutulmustur.
Kurutma islemi sirasiyla 175 ve 110 dakikada
tamamlanmistir [13]. Benzer kosullarda koyulastirma
islemi gecgiren musmula (42° Bx) ve dut pestilinin (45°Bx)
70°C’de sicak hava kabin kurutucuda kurutulmasi igin
kurutma suresi sirasiyla 115 dakika ve 100 dakika olarak
raporlanmistir [35, 36]. Bu galisma kapsaminda “Kontrol”
(Tablo 1) kosulunda dUretilen kirmizi pancar pestili
kurutma sturesinin, literatirde raporlanan bu sonuclarla
uyumlu oldugu gézlenmigtir.
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Sekil 1. Kurutmalar sirasinda pestillerin nem orani degisimi (Kontrol, 1-4. Kosul).
Figure 1. Moisture content change of pestils during drying (Control, Condition 1-4).
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Sekil 2. Kurutmalar sirasinda pestillerin nem orani degisimi (5-9. Kosul)
Figure 2. Moisture content change of pestils during drying (Condition 5-9)
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Sekil 3. Kurutmalar sirasinda pestillerin nem orani degisimi (10-11. Kosul).
Figure 3. Moisture content change of pestils during drying (Condition 10-11).
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Literatirde vyapilan c¢alismalarda pestil Uretiminde
kurutma 6ncesi On islem olarak haslama islemi yaygin
olarak kullaniimaktadir [13, 49]. Ancak, haslama islemine
alternatif olarak veya destekleyen nitelikte
ultrasonikasyon/termosonikasyon ve mikrodalga
uygulamalarina ait c¢aligsmalara rastlanmamigtir. Diger
taraftan, bu tekniklerin 6n islem olarak meyve ve
sebzelerin  kurutulmasi sirasinda kurutma suresini
azaltmak ve nihai Urlintn kalitesini iyilestirmek amaciyla
kullanildigr  raporlanmistir.  Yapilan bir c¢alismada,
ultrason banyosunda 10, 20 ve 30 dakika sireyle 35 kHz
ultrason gicl ile 6n islem goérmids elma kupleri
konveksiyon yontemi kullanilarak 70°C’de ve 1.5 m/s
hava hizinda kurutulmustur ve ¢alismanin sonucunda 30
dk ultrason banyo uygulamasinin, iglem goérmemis
orneklere kiyasla kuruma siresini %31 oraninda
azalmasina neden oldugu raporlanmisgtir [50]. Kavun
dilimlerinin kurutulmasi i¢in yapilan bir calismada, 25 kHz
frekansda 10, 20 ve 30 dakika surelerinde uygulanan
ultrason 6n islemi sonrasinda kurutma islemi 50, 60 ve
70°C sicakliklarda gergeklestiriimisti.  Calismanin
sonucunda, 20 ve 30 dakika boyunca uygulanan ultrason
On igleminin kuruma suresini sirasiyla %25 (50°C) ve
%40 (70°C) oraninda azalttigi belirtimistir [51]. Benzer
sekilde, yer elmasinin kurutulmasi igin yapilan bir
g¢alismada, kurutma oOncesi 5-15 dakika arasinda
uygulanan ultrasonikasyon o6n islemlerinin kurutma
suresini azalttigi raporlanmistir [52].

Tatli patatesin 80°C sicak hava ile kurutulmasi 6ncesi
uygulanan mikrodalga 6n igleminin, geleneksel buharda
ve geleneksel sicak suda haslama on iglemlerine goére
kurutma  suresini  azalttigi  raporlanmigtir ~ [53].
Ahududularin Uzerine yapilan bir galismada, ahududunun
mikrodalga enerjisi ve ultrason destekli hibrit bir sistemi

(100-200 W, 55°C) kullanilarak kurutulmasinda, kurutma
suresinin mikrodalga kullanimiyla %79, mikrodalga
kullaniimadigr  kosullara gore ise konveksiyonel
kurutmaya gére %59 oraninda azaldidi rapor edilmistir
[54]. Benzer sekilde Abbaspour-Gilandeh ve ark. [55]
tarafindan alic meyvesinin kurutulmasi Uzerine yapilan
bir calismada, ultrasonik 6n isleminin mikrodalga destekli
sicak hava kurutma islemininin diger farkli kurutma
tekniklerine (sicak hava, mikrodalga-sicak hava,
kizilotesi-sicak hava, dondurarak kurutma, ultrasonik +
sicak hava, ultrasonik + mikrodalga-sicak hava,
ultrasonik + kizilétesi-sicak hava) gore kurutma suresini
kisalttigr raporlanmigtir. Rocha armutunun kurutulmasi
icin yapilan bir gcalismada, mikrodalga (4 dakika boyunca
539 W) ve ultrasonikasyon (35 kHz- 160 W gci ile 30°C
sicaklikta 10 dakikallk uygulama) o6n iglemleri
karsilastirilmis ve mikrodalga 6n islem kosulunun daha
kisa kuruma slresi sagladigi tespit edilmigtir [27].
Kurutma sudresinde belirgin  degisiklik yaratmayan
ultrasonik 6n iglem oOrneklerinde ise kalite 6zelliklerinin
daha iyi korundugu raporlanmistir. Literatiirde yer alan bu
sonuglarla calismamiz kapsaminda elde edilen
sonuglarin uyumlu oldugu sonucuna varilmistir.

Kirmizi  Pancar Pestilinin
Kuruma Hizi Degigimi

Kurutma Kinetigi:

Farkh 6n islem kosullariyla hazirlanmis herlenin
kurutulmasiyla elde edilmis kirmizi pancar pestil
orneklerinin kuruma hizlarini hesaplamak igin Esitlik 2
kullaniimistir. Kirmizi pancar pestillerinin degisen nem
iceriklerine kargi kuruma hizi degisimleri Sekil 4-6'de
gOsterilmistir.

——1 —4—2 —%—3 —%— 4 —O—Kontrol

0.035 -
T 0.030 -
<
]
S 0.025 4
=
X
o 0.020 4
>
(2]
2 0.015 -
N
s 0010
(“ -
e 0
2
2 0.005 - ’s"L
0.000 +—&3— .
0.00 0.20 0.40

0.60

0.80 1.00 1.20 1.40 1.60

Nem igerigi (g su/g KM)

Sekil 4. Kurutmalar sirasinda pestillerin kuruma hizi degisimi (Kontrol, 1-4.Kosul)
Figure 4. Drying rate variation of pestils during drying (Control, Conditions 1-4)
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Sekil 5. Kurutmalar sirasinda pestillerin kuruma hizi degisimi (5-9.Kosul)
Figure 5. Drying rate variation of pestils during drying (Conditions 5-9)
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Sekil 6. Kurutmalar sirasinda pestillerin kuruma hizi degisimi (10.-11.Kosul)
Figure 6. Drying rate variation of pestils during drying (10th -11th conditions)

Sekil 4, 5 ve 6'da goruldigu Uzere gergeklestirilen
termosonikasyon ve termosonikasyon ile kombine
edilmis mikrodalga 6n islem uygulamalarinin kuruma
hizini dnemli dlgctde etkiledigi gortlmektedir. Baslangig
nem iceriginin (g su/g KM) diger kosullara gére yuksek
oldugu durumlarda (5.-11. kosullarda) kuruma hizinin da
baslangi¢ periyodunda yiiksek oldugu gorilmektedir. Bu
calisma kapsaminda kuruma evresinde genellikle azalan
bir kuruma hiz periyodu gézlemlenmistir, yani birim
zamanda buharlasan nem miktari, bir énceki zamana
kiyasla azalmigtir. Kuruma hizinin azalmaya basladigi,
difizyonun etkili oldugu doénemlerde olusan bu hiz
disUsleri, yuzeyde olusan kuru tabakanin altindaki nemli
tabakalara buzulserek baski yapmasi ve alt tabakalarda
nemin bulunmasi nedeniyle baskiya direng
gostermesinden kaynaklanabildigi belirtiimektedir. Bu
durum, kuruma sonucunda Ust tabakada buzismenin
gerceklesemedigi ve sert kabuk olusumunun meydana
geldigi durumlarda kuruma hizini ani bir sekilde
dislrebilmektedir. Kabuk baglanmasi, c¢ozindr kuru
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madde gogline bagli olarak da meydana gelebilmektedir
[56].

Diger taraftan bu calisma kapsaminda, sabit oranli bir
kuruma hiz periyodunun da belirgin olarak ortaya
ctkmadigr da gortlmastir (Sekil 4-6). Isi iletimi ve kiitle
iletimi hizinin esit oldugu bu periyodun goérilmemesi,
pestil Grunlerinin Gst tabakasinda uzun bir siire boyunca
sabit su tabakasinin bulunmamasindan veya nem
olcimlerinin uzun zaman araliklarinda
gergeklestirimemesinden kaynaklanabildigi
dusunilmektedir [57].

Bazi Gretim kosullarinda (1, 8, 9 ve 10) azalan kuruma hiz
periyodu sirasinda kuruma hizinda ani kisa artiglar da
gOzlenmistir. En ylksek kuruma hizi, haglama 6n
isleminin 45 dakika termosonikasyon ile gergeklestirildigi
ve koyulastirmanin 20°Bx'e kadar surdirildugu tretimde
(8. Kosul), dakikada 0.0067 g su/g kuru madde olarak
elde edilmigtir. Literatlirde raporlanan ultrason destekli
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kurutma c¢alismalarinda, kuruma hizinin genellikle kisa
bir stre arttigi belirtiimistir. Bu dénemin, gogunlukla ortam
ile Urin ylzeyi nemindeki farka bagl oldugu ve ayni
zamanda On isitma donemi olarak adlandirildig
belirtiimektedir. Bu ani artis periyodunun ardindan daha
uzun sire devam eden ve asil kuruma isleminin
gerceklestigi disen hiz  periyodunun goézlemlendigi
raporlanmistir [58-60].

Bozkir ve ark. [61] tarafindan Trabzon hurmasinin
kurutma ve Kkalite Ozelliklerine ultrason ve ozmotik
dehidrasyon 6n iglemlerinin etkisinin arastirldigi
calismada, ultrason destekli ozmotik dehidrasyon
uygulamasi ile kurutulan numunelerin kuruma suresinin
onemli oOlcide azaldigi ve kuruma hizinin arttigi
raporlanmistir. Yapilan bir arastirmada, sari manyok
Orneklerine kurutma islemi (sicak havayla konveksiyonel
kurutma) 6ncesi uygulanan ultrasonikasyon igleminin (20
kHz ve 600 W gugte 10 dakika), kuruma suresini kontrol

orneklerine gére %35 oraninda azalttidi, kuruma hizini da
%63’luk arttirdigi belirtiimistir [58]. Mikrodalga ve ultrason
destekli konvektif kurutmanin gilek 6rneklerinde, isi ve
kutle transferini Snemli élglde iyilestiren etkileri oldugunu
raporlamistir [62]. Mikrodalganin isitma etkisi ve
ultrasonun titresim etkisi ile birlikte hareket eden bu ener;ji
kaynaklarinin sinerijistik etkisi, kuruma hizinda artiga yol
acmistir.

ince Tabaka Matematiksel Modelleri ile Kurutma
Davranisinin Agiklanmasi

Farkh 6n islemler sonucu elde edilen kirmizi pancar pestil
herlelerinin kuruma davranigina uygun ince tabaka
matematiksel modelleri irdelenmistir. Kurutma
modellerine uygun parametreler Tablo 3 ve 4’te
sunulmustur.

Tablo 3. Kuruma modellerine ait sabitler ve modellerin istatistiksel uygunluk parametreleri (Kontrol, Kosul 1-4).
Table 3. Constants of the drying models and statistical fit parameters of the models (Control, Conditions 1-4).

On islem Kosullar?

1

Model No Kontrol 1 2 3 4
Model sabitleri k 0.02140 0.02060 0.02490 0.01830  0.02840
1 Istatiksel parametreler R? 0.98360 0.93210 0.99210 0.98340  0.99260
RMSE 0.01056 0.02848 0.00917 0.17831  0.01452
X2 0.00223 0.00982 0.00077  0.32191  0.00172
Model sabitleri n 1.43470 1.41960 1.16690 1.34160  1.33440
k 0.00303 0.00310 0.01200  0.00410  0.00690
2 Istatiksel parametreler R? 0.94860 0.82970 0.97330 0.97450  0.98730
RMSE 0.00542 0.02017 0.00594 0.00821  0.00440
X2 0.00063 0.00547 0.00038  0.00078  0.00019
Model sabitleri n 1.43470 1.41960 1.16690 1.34160  1.33440
k 0.01755 0.01690 0.02258  0.01650  0.02400
3 Istatiksel parametreler R? 0.94860 0.82970 0.97330 0.97450 0.98730
RMSE 0.00542 0.02017 0.00594 0.00821  0.00440
X2 0.00063 0.00547 0.00038  0.00078  0.00019
Model sabitleri k 0.02140 0.02090 0.02490 0.01830  0.02840
a 2.14470 1.47060 1.10010 1.52590 1.12513
4 Istatiksel parametreler R? 0.98360 0.91540 0.99210 0.98340  0.99260
RMSE 0.07266 0.05295 0.01419  0.07287  0.02001
X2 0.11733 0.03770 0.00215  0.06144  0.00392
Model sabitleri k 0.03070 0.02690 0.03460 0.02910  0.03920
a 1.85726 1.54130 111728 1.23146  1.08112
5 c 0.07972 0.07001 0.08670 0.14173  0.09198
Istatiksel parametreler R? 0.93920 0.88750 0.95340 0.92390 0.97060
RMSE 0.04899 0.06089 0.02758  0.04433  0.02981
X2 0.05647 0.04091 0.00974  0.02653  0.01088
Model sabitleri k 0.01356 0.01303 0.01440 0.01057 0.01618
a 0.57781 0.58105 0.52380 0.73106  0.75494
6 Istatiksel parametreler R? 0.98360 0.93210 0.99210 0.98340  0.99260
RMSE 0.04739 0.05774 0.07691  0.06219  0.06876
X2 0.04492 0.04483 0.06309  0.04475  0.04633
Model sabitleri b 0.00010 0.00001 0.00010 0.00003  0.00009
a -0.01300 0.98738  -0.01870 -0.01220 -0.01880
7 Istatiksel parametreler R? 0.93490 0.87800 0.97390 0.88830  0.99030
RMSE 0.17720 0.06086 0.00786  0.00838  0.00467
X2 0.69780 0.04980 0.00066  0.00081  0.00021

Tablo1’de Ince tabaka matematiksel modellerin detaylari sunulmustur. 2Tablo 2'de 6n islem kosullarinin detaylari sunulmustur.
!Details of the thin layer mathematical models are presented in Table 1.2Details of the pretreatment conditions are presented in

Table 2.
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Tablo 4. Kuruma modellerine ait sabitler ve modellerin istatistiksel uygunluk parametreleri (Kosul 5-11)
Table 4. Constants of the drying models and statistical fit parameters of the models (Control, Conditions 5-11)

On Islem Kosullari?

1

Model No 5 6 7 8 9 10 11
Model sabitleri K 002370 002030 003400 _ 0.02780 _ 0.03200 _ 0.02300 _ 0.06510
L istatiksel parametreier 2 0.97770 0.96830 "0.99410 " 0.96180 " 0.99020 0.96010 ~0.97900
RMSE  0.03524 002724 0.01084 003696 001701 0.03646  0.08232
X2 0.00894 0.00972 0.00131 0.01383 0.00236 0.01215 0.04879
Model sabitleri n 143730 171760 132260 1.67180 1.33190 159820  2.04740
k 000310 000070 0.00840 0.00137 0.00610 0.00138  0.00054
2 istatiksel parametreier 2 0.98490 0.96950 0.98730 " "0.90000 0.98430 " 0.97310 0.98260
RMSE  0.01065 0.00913 0.00357 0.02150 0.01782 0.01028  0.00655
X2 000102 0.00120 0.00016 0.00535 0.00209 0.00113  0.00039
Model sabitleri n 143730 171760 1.32260 1.67180 1.33190 159820  2.04740
K 001790 001500 0.02710 0.01939 0.02560 0.01620  0.02520
3 istatiksel parametreier 2 0.98490 0.96950 0.98730 " "0.90000 0.98430 " 0.97310 0.98260
RMSE  0.01065 0.00913 0.00357 0.02150 0.00509 0.01028  0.00655
X2 000102 0.00120 0.00016 0.00535 0.00025 0.00113  0.00039
Model sabitleri K 002370  0.02190  0.03400 _ 0.02780 _ 0.03200 _ 0.02300 _ 0.04150
a 199210 1.64560 1.21680 152166 117304 1.47110 1.50863
4 istatiksel parametreier R2 0.97770 0.96540 "0.99410 "0.96180 " 0.99020 " 0.96010 ~0.96870
RMSE 017710 0.05654 0.02236 0.06286 0.02656 0.06086  0.08948
X2 0.28229 0.04604 0.00625 0.04572 0.00691 0.03951  0.07205
Model sabitleri K 002720  0.02780  0.04620  0.33320 _ 0.04220 _ 0.02530 _ 0.05090
a 1.29540 2.08760 1.46961 1.66500 1.19650 1.48914  1.62418
. _ c 004165 003861 004712 0.03792 0.06682 0.02652  0.03525
istatiksel parametreier RZ 096700 0.92540 0.95940 0.95330 0.96860  0.97150  0.93620
RMSE  0.05092 0.09636 0.05600 0.08215 0.04084 0.06666 0.11575
X2 003177 014857 0.04481 0.09111 0.02044 0.05687 0.16078
Model sabitleri K 001510 0.01350 0.02195 0.01734  0.02078  0.01442 _ 0.02592
a 056970 062201 054889 0.60344 053982 0.59532  0.60138
6 istatiksel parametreier R2 097770 0.96540 0.99410 ~0.96180 0.99020 0.96010  0.96870
RMSE  0.06276 0.04683 0.06017 0.05636 0.07470 0.05448  0.06040
X2 003545 0.03158 0.04525 0.03675 0.05468 0.03166 0.03284
Model sabitleri b 0.00004 _ 0.00008 _ 0.00010 _ 0.00010 _ 0.00010 _ 0.00002 _ 0.00020
a .0.01310 -0.00900 -0.02170 -0.01310 -0.02000 -0.01050  -0.01620
7 istatiksel parametreler R 098070  0.90380  0.98770  0.88790  0.99080  0.94950  0.89320
RMSE  0.00786 0.22820 0.04011 0.25862 0.00583 0.00449  0.31303
X2 0.00056 0.74989 0.02011 0.77394 0.00033 0.00021  0.88188

ITablo1’de Ince tabaka matematiksel modellerin detaylari sunulmustur. 2Tablo 2’de én islem kosullarinin detaylari sunulmustur.
Details of the thin layer mathematical models are presented in Table 1.?Details of the pretreatment conditions are presented in

Table 2.

Farkh on islemlerden gegcirilen yaklasik 40°Bx’e sahip
kirmizi pancar pestillerinin (Kontrol, 1.2, 4. Kosullar)
kuruma davraniglarini en iyi aciklayan modeller igin en
ylksek R? (0.93210-0.99260) degerini ve en dislk X2
(0.00077-0.00982) ve RMSE (0.00917-0.02848)
degerlerini veren Lewis, yaklasik 20°Bx’e sahip kirmizi
pancar pestillerinin (5, 6, 10 ve 11) icin ise en yilksek R?
(0.9650-0.98490) degerini ve en disik x> (0.000127 —
0.001108) ve RMSE (0.000655— 0.1065) degerlerini
veren Page ve Modifiye Page modelleri olarak
belirlenmigtir. Bunlarin disinda kalan 3. ve 8. Kosullari
icin en yuksek R? degerini (0.96180-0.9910) ve en dusuk
x? (0.03675-0.06309) ve RMSE (0.05636-0.07691)
degerlerini Two Term modeli, 7. ve 8. kosullari igin en
ylksek R? degerini (0.99020-0.99410) ve en dusuk x2
(0.00691-0.00625) ve RMSE (0.02236-0.026561)
degerlerini Henderson & Pabis modeli saglamigtir. Elde
edilen bu sonuglar, kirmizi pancar pestili kuruma
davranigini agiklayan tek bir matematiksel model
olmadigi ve uygulanan 6n islemlere de bagli olarak farkli
modeller ile agiklanabilecedi sonucuna varilmigtir.

Mikrodalga ve konvansiyonel kurutma tekniklerini de
iceren farkli tekniklerle kurutulan dut ve musmula
pestilinin kurutma kinetigi Page ve Modified Page modeli
ile aciklanmistir [34, 35]. Son yillarda yapilan glncel bir
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galismada da i1s1 pompasi ile kurutulan kizilcik-kapya
pestilinin kuruma davranisini en iyi bu iki modelin
acikladigi raporlanmistir [63].

Termosonikasyon ©6n islemine tabi tutulan pestilin
kurutulmasiyla ilgili ince tabaka modellerine uyum
literatiirde siklikla galisiilmasa da, sebze ve meyvelerin
kurutulmasi 6ncesinde ultrasonikasyon uygulanmasiyla
ilgili calismalar mevcuttur ve bu alandaki galismalarin
sayis| artmaktadir. Ananas dilimlerinin 40 kHz'de 20 ve
30 dakika ultrasonik banyo 6n islem sonrasi 70°C'de
sicak hava ile kurutulmasinda, Logaritmik model en
yliksek R? (0.99602 ve 0.99692) en diisiik RMSE (0.0156
ve 0.0138) degerleri ile uyum gdsteren model olarak
belirlenmigtir [64]. Patatesin ultrasonik (20 kHz) 6n
muamelesi sonrasi 60°C'de sicak hava ile
kurutulmasinda Modifiye Page ve Henderson & Pabis
modelinin en iyi uyumu gosterdigi raporlanmistir [65].
Tath muz kabugu dilimlerinin kuruma hizlarini ve kalite
parametrelerini arttirmak igin ultrasonikasyon ve
karbonasyon-ultrasonikasyon destekli konvektif kurutma
tekniklerinin  degerlendiriimesi lzerine yapilan bir
arastirmada, Wang and Singh modeli deneysel verilere
en iyi sekilde uyan model olarak tanimlanmistir [66].
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Ultrason 6n isleminin (0, 20 ve 40 dakika) ve mikrodalga
gucinin (120, 150 ve 180 W) oldugu 60°C'de sicak hava
ile birlestirilmis mikrodalga uygulamasi ile kurutulan
domates dilimleri galismasinda Page modeli (R?>0.99)
deneysel verilere uyum gosteren en iyi model olarak
belirlenmigtir [67].

1.50E-07
1.35E-07
1.20E-07
1.05E-07
9.00E-08
7.50E-08
6.00E-08
4.50E-08
3.00E-08
1.50E-08

De(m?/s?)

Efektif Nem Diflizyon Katsayisi (Dett) Degerleri

Degerlendirilen Dest de@erleri, Sekil 7'de grafiksel olarak
sunulmustur. Bu degerler, Esitlik 7 kullanilarak
hesaplanmis olup, 8.91x10®8— 1.01x107 (m?/s) aralijinda
yer almaktadir.

0.00E+00 T T T T

Kontrol 1. 2 3 4

5

6 7 8 9. 10. 11.

Kosul Kosul Kosul Kosul Kosul Kosul Kosul Kosul Kosul Kosul Kosul
On Islem Kosul Numaralari

Sekil 7. Farkh 6n islemler uygulanarak elde edilen kirmizi pancar pestil Grtinlerinin Dert degerleri
Figure 7. Der values of red beet pestil products obtained by applying different pretreatments

Kurutma o6ncesi kirmizi pancar pestili herlesinin sahip
oldugu baslangi¢ suda ¢ézinur kuru madde miktarindan
bagimsiz olarak, herlenin elde edilmesinde uygulanan 30
dk termosonikasyon 6n islemi (1. ve 6. Kosul), sadece
aclk kazanda haglama 6n isleminin uygulandigi Kontrol
ve 5. Kosullara gore Dert degerini 1.77x10® m2/s’den
2.49x10°® m?/s’e ve 4.94x10® m?/s’den 5.67x10® m?/s'ye
artirmistir.  Ayni etki 45 dakika olarak uygulanan
termosonikasyon (3. ve 7. Kosul) isleminde de
gorulmustur. Termosonikasyon islemi ile hibrit bir sekilde
uygulanan mikrodalga isleminin de Derr degerini artirdigi
g6zlenmigtir. Termosonikasyon uygulamasi, kirmizi
pancar pestil 6rneklerinde, mekanik ve termal uyarimlarla
olusan mikroskobik kanallarin artmasini saglamistir ve
bunlarda hiicre yapisinin zayiflamasina yol agmistir. Bu
durum, sicak hava ile kurutma sirasinda nem transferine
karsi i¢ direncin azalmasina ve yuzeyde olusan sicaklik
artisinin etkisiyle kitle transferinin hizlanmasina neden
olmustur. Mikrodalga 6n islemi de kitle transfer hizini
artirarak kuruma sulresinde zaman tasarrufu saglamis ve
tim mikrodalgasiz 6n islemlere gbére daha etkili bir
performans sergiledigi gdzlenmistir. Sonug olarak, Sekil
7'de  belirgin  bir sekilde gordldigu  Gzere,
termosonikasyon ve mikrodalga 6n islemleri kirmizi
pancar pestil Urinlerinde kditle transferi karekterize eden
efektif nem difiizyon katsayisinda artisa yol agmistir.

Bu galisma kapsaminda elde edilen efektif nem diflizyon
katsayr araligi, gida drlnleri igin 6nerilen sinirlar
icindedir. Gdzenekli ve kati gidalarda nem difiizyonu
genellikle 3.6x10° m?%s ile 3.6x10° m?s arasinda
degismistir [68, 69]. Kirmizi pancar pestilinin kurutulmasi
sirasinda uygulanan kurutma kosullarinda (70°C’da
konvektif sicak hava ile kurutma) dut pestilinin
kurutulmasini inceleyen [35], Dert degerini 8.73x1078 m?/s
olarak, [13] kabak pestilinde 9.61x10° m?%s, olarak
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raporlamistir. Diger taraftan bu ¢alisma kapsaminda elde
edilen sonuglarla uyumlu olarak literatirde, aci su
kabaginin sicak hava ile kurutulmasi 6ncesi uygulanan
mikrodalga 6n isleminin kuruma suresinin azalmasina ve
nem yaylliminin artmasina yol actigi [23] ve siyah zeytin
kurutulmasinda farkh guclerde uygulanan
ultrasonikasyon isleminin Det degerlerini artirdigi [70]
raporlanmistir.

Derf de@eri Uzerine kuruma sirasindaki havanin sicakhgi,
gidanin yapisal 6zellikleri ve igerdigi nem etkili oldugu
literatirde belirtiimistir. Derr degeri hesaplanmasi igin
kullanilan Esitlik 7, ince tabaka matematiksel modelleri
icin kullanilan éngortilerle iligkili oldugu belirtiimektedir ve
bu degerin tim kurutma siresini kapsayacak sekilde
hesaplanarak ortaya konulmasi farkl gidalarin kurutma
davraniglari ile karsilastirma yapilmasina olanak
saglamaktadir [20, 71].

SONUCLAR

Bu calisma kapsaminda, elma ve tapyoka nisastasi gibi
bilesenlerin  kullanimi ile kirmizi  pancar pestilinin
formilasyonu  olusturuimus ve  mikrodalga ve

termosonikasyon 6n iglemlerinin geleneksel haslama
islemine  alternatif  olarak  kullanim  olanaklari
arastinlmigtir.  Farkli  6n islemlerin, kirmizi pancar
pestilinin ince tabaka kurutma davranigi (zerine olana
etkisi irdelenmis ve en uygun matematiksel model ortaya
konulmustur. Elde edilen bulgular, termosonikasyon,
mikrodalga ve geleneksel haslama yontemlerinin
kombinasyonlarinin pestil Uretiminde olumlu etkiler
sagladigini ortaya koymustur. Onerilen alternatif ©n
islemlerin kurutma suresini belirgin o6lgide kisalttigi,
kuruma hizini artirdigi ve effektif difizyon katsayisi
Uzerine etksi Ustinde olumlu etkisinin oldugu ortaya
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konulmustur. Ozellikle termosonikasyonun hiicre yapisini
zayiflatarak nem transferini hizlandirdigi ve mikrodalga
on islemi sicak hava ile kurutma slrecinde Kkiitle
transferini artirarak kuruma stresini 6nemli Olgide
azaltarak enerji verimliligini artirmis ve pestilin besin
degerini koruma konusunda etkili olmustur.

Artan tuketici talebi, bu tur inovatif pestil Grtnlerinin
fonksiyonel gida pazarinda yiksek bir potansiyele sahip
oldugunu ortaya koymaktadir. Gelecek calismalarda,
formilasyonu ve o6n islem kosullari belirlenen kirmizi
pancar pestilinin duyusal olarak hedonik tuketici
testlerinin yapilmasi, bu 6n islemlerin Grindn nihai
mineral, fenolik kompozisyon, hidrosimetil furfural icerigi
gibi ozellikleri Uzerine olan ektisi irdelenmelidir. Ayrica
pestillerin besin degeri ve duyusal 6zelliklerini daha da
iyilestirmek amaciyla diger dogal tatlandiricilar ve kivam
artiricilarin arastiriimasi énerilmektedir.
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3. The headings (e.g. Abstract, Introduction, Materials
and Methods etc.) must be 10pt Arial, and should be
typed in bold capital letters. Each heading should
appear on its own separate line. A blank line should be
left after each heading. A list of keywords, a maximum
of 5, should be provided below the abstract section of
the manuscript.

4. The main text should be prepared in 9.5pt Arial.

5. Typical articles mainly consist of the following
divisions: Title, Author Names, Addresses, Contact
Information, Corresponding author’s e-mail address,
Abstract, Main text (Introduction, Materials and
Methods, Results and Discussion, Conclusions),
Acknowledgements (if necessary), Abbreviations (if
necessary) and References.

6. The abstract should not exceed 250 words, and the
main purpose and method and the most significant
result and conclusion should be presented in the
abstract. The abstract should be prepared as a single
paragraph, and should not include any citation.

7. Latin names in the text should be in italics, and
names and abbreviations should follow international
rules. If abbreviations that are not standard are
unavoidable, they must be defined at their first mention
in the text. Consistency of abbreviations throughout the
article must be ensured. Internationally accepted rules
and conventions must be followed, and the international



system of units (SI) must be used. If other units are
mentioned, their equivalents in S| must be provided.

8. Table headings should be on the top of each table
and figure captions below each figure. Each table or
figure must be numbered consecutively in accordance
with their appearance in the text. All figures and tables
should be cited in the text. The data presented in the
tables and figures should not be repeated in the text.
Table headings and figure captions should be self-
explanatory. Figures and pictures must be provided in
high resolution, and pictures (and, if necessary figures)
should be included in the text as *. jpg format.

9. References in the text should be cited in numbers in
square brackets [1] and details of the citations must be
provided in the Literature or References section with
their respective numbers.

10. Mathematical equations should be numbered and
cited in the text.

11. References should be given according to the APA
manual of style. The following formats should be used
for the details of cited references, and the journal names
must be typed in italics. References to the Web
addresses (if necessary, the official web pages should
be preferred) must include full web address and the date
of access.

Article

[1] Glzeler, N., Kagar, A., Say, D. (2011). Effect of milk
powder, maltodextrin and polydextrose use on

physical and sensory properties of low calorie ice
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Book

[2] Kilic, S. (2001). Lactic Acid Bacteria in Dairy
Industry. Ege University Faculty of Agriculture
Publications, Ege University Press, Bornova, lzmir,
Turkey.

Book Chapter

[3] Gibson, G.R., Saavedra, J.M., MacFarlane, S.,
MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
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the editorial office.
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Etik Beyani

Akademik GIDA®, gida bilimi ve teknolojisi alaninda
orijinal arastirma ve derleme makalelerinin yayinlandigi
hakemli bir dergidir. Dergi U¢ ayda bir Sidas Medya Ltd.
Sti. (Cankaya, izmir, Turkiye) tarafindan
yayinlanmaktadir. Derginin genel bilimsel kalitesini
iyilestirmek igin yayinci tarafindan asagdidaki yonergeler
belirlenmigtir.

Yayin Politikasi

Akademik Gida dergisine gonderilen tim makaleler
Dergi Editérleri icin Davranis Kurallari ve En lyi
Uygulama Kilavuzlari ve Dergi Yayincilari igin Davranis
Kurallarinda (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct for
Journal Publishers) belirtilen Genel Kilavuzlara uygun
olarak degerlendiriimektedir. Bilimsel yazilar dergiye
gonderiimeden o6nce derginin  Yazim Kurallarinin
okunmasini 6nemle tavsiye ederiz. Yazarlar ayni
zamanda Avrupa Bilim Editorleri Birligi'nin (EASE)
(European Association of Science Editors) Ingilizce
olarak basilacak makaleler igin “Bilimsel Makalelerin
Yazarlari ve Cevirmenleri igin Rehber’e uymalidir.
Yazarlar, insan veya hayvan verilerini iceren
arastirmalari igin Uluslararasi Tip Dergisi Editorleri
Komitesinin (International Committee of Medical Journal
Editors) dnerilerini takip etmelidir.

Makalelerin Degerlendirilmesi

Dergiye gonderilen tim makaleler, bilimsel igeriklerinin
0zglnlugu ve kalitesi Olgutlerine gore degerlendirilir.

Dergiye gonderilen tim yazilar, ilk olarak yayin
ofisindeki (teknik ve genel kalite degerlendiriimesi
acisindan) eleme isleminden geger ve ardindan
teknik ve bilimsel editorler tarafindan degerlendirilir.
ilk degerlendirmeden sonra, editérler (i) dergi
kapsami disinda kalan bir konu hakkinda
hazirlanmis  makaleleri (i) teknik  olarak
eksik/yetersiz makaleleri, (i) kismi ve marjinal artan
sonuglari iceren makaleleri veya ( iv) kotl yazilmis
makaleleri reddetme hakkina sahiptir.

ilk inceleme  sonucunda makalenin ileri
degerlendirme igin uygun olduguna karar verilirse,
dergide yayimlanmak Uzere kaliteli makalelerin
secimini yapmak amaciyla, makaleler gift-korll
(hakemin ve yazar/yazarlarin birbirlerini
gormedikleri) degerlendirme sistemi ile en az iki
bagimsiz hakemden olusan bir degerlendirme
surecinde bilimsel incelemeye alinir.

Hakemler tarafindan talep edilirse, makalenin
hakem gorusleri dogrultusunda yazarlar tarafindan
revize edilmis versiyonu orijinal hakemler tarafindan
tekrar degerlendirilir. Degerlendirmelerin ardindan
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editorler hakem Onerileri dogrultusunda makale
hakkindaki nihai kararlarini verirler. Gerekirse
editorler, hakemlerin istedikleri tim sartlarin yerine
getirilmesi igin yazarlardan ilave revizyon isteyebilir.
Kabul edilen makalelerin son versiyonu, yayin
oncesi taslagin (galley proof) hazirlanmasi igin
teknik editorlere gonderilir. Yazarlardan,
makalelerinin dizgisi hazirlanmig taslaklarini son
kontrol i¢in yayin dncesinde incelemeleri istenir.
Tim makaleler, nihai formlarinda DOI numarasi
almis ve cevrimici olarak pdf dosyalari halinde
yayimlanir. ligili veritabanlarinda bu sekilde
indekslenir.

Yayin Ucreti

Akademik Gida dergisinde makalelerin yayinlanmasi
icin herhangi bir yayin lcreti talep edilmemektedir.

Gizlilik

Editorler, Akademik Gida'ya gonderilen tim makaleleri
tam bir gizlilikle ele alr. Editérler, hakemler haricinde,

COPE tavsiyelerine uyulmadidi takdirde, Uglncu
sahislara makale ile ilgili higbir bilgi vermezler.
Yayinlanmak Uzere dergiye gonderilen makaleler

hakemler icin de gizlidir ve bilimsel degerlendirme igin
aldiklari makalelerin herhangi bir boliminid Gglncl
sahislarla paylagsmalarina veya dagitmalarina izin
verilmez. Suiistimal suphesi oldugunda, hakemlerin
derhal gizli bir sekilde yayin ofisine bagvurmalari nerilir.
Hakemler ayrica, Dergi Editorleri Igin Davranis Kurallari
ve En lyi Uygulama Kurallar ile Dergi Yayincilari igin
Davranis Kurallar'ni (Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers) takip ederek editore
gizli yorumlarinda belirli bir eylem Onerebilirler.

Akademik Gida, ¢ift-kér bir hakem inceleme sureci
yuratdr, yani calismanin elestirel degerlendirmesini
saglamak i¢in hakemlerin isimleri gizlidir. Hakemlerden,
raporlarinda adlarini veya irtibat bilgilerini
aciklamamalari istenir. Hakem raporlari yazarlara
gonderilemeden énce bu agidan kontrol edilir.

Yazarlik

Bir yazar, bir arastirmanin fikrine veya tasarimina,
verilerin elde edilmesine, verilerin analizine veya
yorumlanmasina blyluk Olgiide katkida bulunan,
makalenin hazirlanmasinda, yazilmasinda veya gézden
geciriimesinde entelektiel igcerige elestirel katki yapan
bireydir. Katkida bulunanlar diger kisiler makalenin
Tesekkir boliminde belirtiimelidir ve galismanin yazari
olarak kabul edilemez. Tim yazarlarin dogru ve tam
isimleri ile ORCID kimlikleri dergiye gonderilen
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makalenin bagslik sayfasinda yer almalidir. Yazarlarin
isimlerinin yaninda calistiklar kurumlar ve
yazigsmalardan sorumlu yazarin gegerli bir adresi
verilmelidir. Yazismalardan sorumlu yazarin telefon ve

faks numaralari ile e-posta adresi makalenin ilk
sayfasinda belirtiimelidir. Tdm yazarlar, goénderilen
makalenin  daha 6nce herhangi bir yerde

yayinlanmadigini ve makale hakkinda Akademik Gida
dergisi nihai bir karar vermeden 6nce makaleyi baska bir
dergiye gondermeyeceklerini garanti etmelidir.

Destekleyen/Finans Saglayan Kuruluglar

Arastirmanin tim finans kaynaklarina iligskin detaylar,
Tesekklr boliminde belirtiimelidir. Yazarlar, resmi
finansman kurum/larinin tam isimlerini ve proje/hibe
numaralarini belirtmelidir.

Yazarlarda Degisiklik

Makalenin Akademik Gida'ya sunulmasindan sonra
yazar isimlerinde degisiklik ancak revizyon sirasinda
gerekli olan ek galismalar durumunda olabilir. Makalenin
yayina kabul edilmesinden sonra herhangi bir
degisiklige izin verilmez. Yazarliktaki degisiklik, hakem
géruglerine verilen cevaplar sirasinda yazismalarda
belirtiimeli ve tim yazarlar tarafindan kabul edilmelidir.
Yazigmalardan sorumlu yazar, yazarlarin sirasi da dahil
olmak Uzere makalenin revize edilmis versiyonundaki
degisikliklerden sorumludur.

Calisma Verilerinde Duzeltme

Yayinlanan verilerin  dogrulugundan tim yazarlar
sorumlu olmalidir. Verilerin dizeltiimesi icin,
yazigsmalardan sorumlu yazardan yayin 6éncesi taslagi
(galley proof) incelemesi ve makalenin
yayinlanmasindan 4 gin &nce dikkatlice duzeltmesi
istenir.

Makalenin Geri Gekilmesi

Bir makalenin geri c¢ekilmesi, gonderim veya yayin
hatalarini dizeltmek igin kullanilir. Yazarlar makaleyi
geri ¢ekebilir ve bu durumda Yayin Etigi Komitesi
(COPE) Geri Cekme Kurallarina [(COPE) retraction
guidelines] uymalidir. Tekrarlanan veya benzerlik orani
yuksek bir yayin, verilerin hileli kullanimi, intihal veya
etik disi arastirma yapilmasi durumunda, makale editor
tarafindan geri c¢ekilecek ve geri c¢ekilen makale
linklerine baglanti korunacak ancak elektronik veri
tabanina (makale sayfasina) bir geri ¢ekme bildirimi
eklenecektir.

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda
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Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

calistiklar  kigiler tarafindan dergiye gonderilen
makaleler icin, degerlendirme sirasindaki
Onyargillart en aza indirgemek amaciyla,

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

Duzeltmeler (revizyonlar) sirasinda, editérler Dergi
Editérleri igin Davranis Kurallari ile En lyi Uygulama
Kilavuzu ve Dergi Yayincilari Igin Davranig
Kurallarini (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct
for Journal Publishers) takip ederler.

insan denekleri, hayvan veya bitki igeren
arastirmalar
e Arastirmanin insan denekleri veya hayvanlari

icermesi durumunda, yazarlarin Uluslararasi Tip
Dergisi Editorleri Komitesinin (the International
Committee of Medical Journal Editors) yonergelerini
izlemeleri 6nerilir.

insan denekleri iceren calismalarda, deneklerin
calismaya katilmak igin imzaladiklari onamlar
yazarlar tarafindan saglanmalidir. 18 yasin altindaki
deneklerin galismaya katilmalari igin ebeveyn veya
velileri tarafindan izin verilmelidir.

Test edilen tim denekler igin, makalenin, ilgili
kurallara vel/veya uygun izinlere veya lisanslara
uyumunu gosteren belgelerin sunulmasi gerekir.
Hayvanlar Uzerinde yapilacak her turli arastirma
kurumsal, ulusal veya uluslararasi kurallara uygun
olmali ve etik kurul tarafindan onaylanmalidir.

Bitki materyallerinin toplanmasi dahil, bitkiler
Uzerinde yapilan deneysel arastirmalar, kurumsal,
ulusal veya uluslararasi kurallara uygun olmalidir.
Saha calismalari yerel mevzuata uygun olarak
yapilmali ve uygun izinleri ve/veya lisanslari belirten
bir agiklama makalede yer almalidir.

Yayin suistimali

Akademik Gida dergisi, Dergi Editorleri igin
Davranis Kurallari ile En lyi Uygulama Kilavuzlari ve
Dergi Yayincilar igin Davranis Kurallarini (Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers)

takip eder.

e Makalenin ayni anda birden fazla dergiye
génderilmesi, intihal, yaymlanmig  makalenin
yeniden yayinlanmasi, etik kurallarin ihlali vb.

supheli bir suiistimal durumunda, arastirmacilar,

hakemler veya okuyucular  Yayin Ofisi
(ogursoy@yahoo.com) ile iletisime gecmeye tesvik
edilir.

e Makaledeki benzerlik orani tek bir kaynaktan

%10'dan fazla olmamak Uzere en fazla %25 ile
sinirflandinimigtir. Bu kosula uymayan makaleler
reddedilir. Bu sartlarin ihlal edilmesi durumunda,
COPE (COPE recommendations) tavsiyeleri
izlenecek ve ilgili tm taraflara bildirilecektir.
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Telif Hakki

Akademik Gida, yayinlanan butin makalelere orijinal
eserin uygun sekilde belirtiimesi ve ticari amagclarla
kullaniimamasi  sartiyla, herhangi bir ortamda
kullanilmasina, dagitilmasina ve ¢ogaltilmasina izin
veren “Creative Commons Attribution 4.0 CC BY-NC”
lisansini  (Creative  Commons  Attribution  Non-
Commercial 4.0 CC BY-NC) tum vyayinlanmis
makalelere uygular. Yayimlanmadan once, Telif Hakki
Devir Formu yazigsmalardan sorumlu yazar tarafindan
imzalanmali ve derginin yayin ofisine goénderilmelidir.
Yayinlanan yazilarin telif hakki Sidas Medya Limited
Sirketi'ne (Cankaya, izmir) aittir. Yazarlar, yayinladiklari
makaleleri serbestge ve ticari olmayan amaglarla,
bltinligu korundugu ve yazarlari, alinti detaylarini ve
yayincilari agik¢a belirtildigi strece kullanma hakkina

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

haklarinin, sayginhiginin ve batanligunin tehlikeye
atimamasi sartiyla, Akademik Gida'da yayinlanan
yazilara erisebilir, indirebilir, kopyalayabilir,

goruntileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahldir. Yayinlanan yazilarin
icerigi, ticari olmayan arastirma ve egitim amacli
kopyalanir, indirilir veya baska bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapiimali ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adi,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmalidir. Telif hakki
bildirimleri ve feragatnameler silinmemelidir.
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Ethics and Publication Malpractice Statement

Akademik GIDA® is a peer-reviewed journal where
original research and review articles are published
quarterly by Sidas Media Agency Advertisement
Consultation Ltd. (Cankaya, I1zmir, Turkey) in the field of
food science and technology. In order to improve the
overall scientific quality of the journal, following guidelines
have been established by the publisher.

Editorial Policy

General Guidelines stated in the Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers are followed by all papers
submitted to Academic GIDA. Prior to submission,
authors are highly recommended to read the Journal’'s
Instructions to Authors. Authors should also follow the
European Association of Science Editors (EASE)
Guidelines for Authors and Translators of Scientific
Articles to be Published in English. For any research
involving human or animal data, the recommendations of
the International Committee of Medical Journal Editors
should be followed by the authors of the manuscripts.

Peer Review

All contributions are evaluated according to the criteria of
originality and quality of their scientific content.

e All manuscripts pass through an initial screening
process (technical and overall quality evaluation) in
the editorial office followed by an internal review by
the technical and scientific editors.

After the first evaluation, editors have the right to
decline formal review of a manuscript if it is (i) on a
topic outside the scope of the Journal, (ii) lacking
technical merit, (i) fragmentary and providing
marginally incremental results or (iv) poorly written.
If the manuscript is considered suitable for further
evaluation, manuscripts are double-blind-reviewed
by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication.

If requested, the revised version is evaluated by the
reviewers, and editors make a decision about final
acceptance based on their suggestions. If necessary,
further revision can be asked for to fulfil all the
requirements of the reviewers.

The final version is then sent to the technical editor
in order to produce a galley proof, and the authors
receive this proof for final check before publishing.
All manuscripts are posted online as pdf files in their
final form, indexed in databases with the assigned
DOI numbers.
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Publication Fee

Akademik GIDA welcomes article submissions and does
not charge any publication fee.

Confidentiality

Editors handle all papers submitted to Akademik GIDA in
strict confidence. With the exception of reviewers, they do
not disclose any information regarding submissions to
third parties, unless in case of a suspected misconduct,
where COPE recommendations are followed.
Submissions are also confidential for reviewers and they
are not allowed to share or distribute any part of the
manuscripts which they receive for evaluation to third
parties. For a case of suspected misconduct, reviewers
are encouraged to contact the editorial office immediately
in a confidential manner. Reviewers can also recommend
a particular course of action in their confidential
comments to the editor, following Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

Akademik GIDA conducts a double-blind peer review
process, i.e. the names of the reviewers are confidential
to ensure the critical evaluation of the work. Reviewers
are asked not to disclose their names or contact details
in their comments for authors.

Authorship

An author is an individual who substantially contributed to
the idea or design of a research, acquisition of data,
analysis or interpretation of data, was involved in drafting,
writing or revising the manuscript critically for important
intellectual content. Other contributors should be
mentioned in the Acknowledgements section of the
manuscript and cannot be considered as authors of the
study. Correct and full names of all authors and their
ORCID IDs should be on the title page of the manuscript.
Names of authors must be supplemented with their
affiliations and a valid address of the corresponding
author. The phone and fax numbers and e-mail address
of the corresponding author should be stated in the first
page of the manuscript. All authors must guarantee that
the submitted manuscript is not published anywhere
previously and will not be submitted to anywhere before
the editorial board makes a final decision on the
manuscript.

Funding Sources

Details for all funding sources of the research should be
stated in the Acknowledgements. Authors should provide
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the full official funding agency name(s) and grant
number(s).

Alteration in Authorship

Alteration in authorship after the submission of the
manuscript to Akademik GIDA can be justified only by the
additional work required during the revision. Any change
is not allowed after the acceptance of the manuscript for
publication. Alteration in authorship should be indicated
in the responses to reviewers, and should be accepted by
all authors. The corresponding author is primarily
responsible for any alteration in the revised version of the
manuscript, including the order of authors.

Correction of Data

All authors should be responsible for the accuracy of the
published data. For the correction of data, the
corresponding author receives the galley proof of the
paper and is asked to correct it carefully within 4 days
before publication.

Retraction of an Article

A retraction of an article is used to correct errors in
submission or publication. Authors can retract the paper
and should follow the Committee on Publication Ethics
(COPE) retraction guidelines. In case of a duplicate or
overlapping publication, fraudulent use of data,
plagiarism or unethical research, the paper will be
retracted by the editor, and a retraction notice will be
included into the electronic database while all links to the
retracted article will be maintained.

Ethical Considerations

Conflict of interest:

e Authors should declare any conflict of interest in their
submission form. Authors are requested to suggest
at least three potential reviewers before submission,
and these reviewers cannot be their colleagues,
collaborators or members of their institutions.

e Reviewers should notify the editors on any conflict of
interest which prevents them from reviewing the
paper, and they are recommended to follow the
COPE guidelines.

e Forthe manuscripts submitted by the members of the
Editorial Board or their collaborators, peer reviewing
is modified to exclude them from the entire evaluation
process in order to minimize any bias during the
evaluation.

e During revision, the editors follow the Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers.

Research involving human subjects, animals or
plants:

e If the research involves humans or animals, the
authors are recommended to follow the guidelines of
the International Committee of Medical Journal
Editors.
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e In studies involving human subjects, their informed
consent to participate in the study should be supplied
by the authors. For subjects under the age of 18, their
parents or guardians should give the permission for
their participation in the study. For all tested subjects,
the manuscript must accompany with a statement
detailing compliance with relevant guidelines and/or
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