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Review Article/Derleme Makalesi

Tiirk mutfaginda potansiyeli géz ardi edilen
bir aroma: Kisnis ve mutfaktaki yolculugu

An overlooked aroma in Turkish cuisine: The culinary journey of coriander

Ilgin MUTLUBAS @1

! Bagimsiz arastirmaci, Tiirkiye
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Anahtar Kelimeler: Kignis (Coriandrum sativum), aromatik Ozellikleri,
Kisnis, fonksiyonel gida, gastronomi. biyolojik bilesenleri ve genis kullanim alanlariyla
gastronomi ve beslenme bilimi agisindan Snemli
bir bitkidir. Antik c¢aglardan Osmanli mutfagina
Coriander, functional food, gastronomy. ve modern diinya gastronomisine uzanan
kullanim ge¢misi, bu bitkinin farkli kiiltiirlerde
hem yemek hazirliginda hem de geleneksel tipta
degerlendirildigini gostermektedir. Ancak Tiirk
mutfaginda kisnisin kullanimi ¢ogunlukla belirli
yoresel yemeklerle smurli kalmakta ve bitkinin
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bicimde belgelenmesi ve bitkinin fonksiyonel gida
olarak degerlendirilmesine yonelik disiplinler arasi
aragtirmalarin giiglendirilmesi 6nerilmektedir.

Abstract

Coriander (Coriandrum sativum) is an important plant
in gastronomy and nutritional sciences due to its
aromatic qualities, biological components, and wide
range of uses. Its culinary and medicinal use from
ancient civilizations to the Ottoman palace cuisine
and modern global gastronomy demonstrates that the
plant has long been valued across different cultures.
However, in Turkish cuisine, the use of coriander
remains largely limited to certain regional dishes, and
its potential to contribute to gastronomic diversity
has not been fully realized. This study examines the
historical development, botanical and biological
characteristics, medicinal and functional properties,
and culinary uses of coriander in both global and
Turkish cuisines through a qualitative approach. A
systematic document analysis was conducted, and the
collected data were evaluated using thematic content
analysis. The findings indicate that coriander offers
significant opportunities for nutrition, health, and
culinary creativity; yet due to the limited number
of scientific studies focused on Turkish cuisine, this
potential remains insufficiently visible. Accordingly,
the study recommends expanding the diversity of
coriander-based culinary applications, systematically
documenting regional recipes, and strengthening
interdisciplinary research toward its evaluation as a
functional food.

Extendend Absract

Coriander (Coriandrum sativum) is an aromatic plant
widely recognized for its culinary, nutritional, and
medicinal properties. Despite its extensive use in
global cuisines, its integration into Turkish gastronomy
remains relatively limited, mostly confined to certain
regional dishes. This extended abstract aims to provide
a comprehensive overview of coriander’s role in both
global and Turkish gastronomy, considering historical,
botanical, nutritional, medicinal, and culinary
perspectives. The study was conducted through a
systematic literature review using databases such
as Web of Science, Scopus, PubMed, ScienceDirect,
and Google Scholar. In addition, traditional texts,
ethnobotanical studies, regional culinary archives,
and authoritative books were consulted to examine
historical and contemporary uses of coriander in
Turkey (1, 2, 3).
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Historically, coriander has been cultivated since the
early ancient period, with documented use across
Egyptian, Greek, and Roman cultures. (4, 5). Romans
introduced coriander to northern Europe, primarily
as a flavoring agent and for meat preservation.
Ancient texts in Sanskrit and Chinese, as well as the
Bible, emphasize its medicinal benefits, including
digestive stimulation, diuretic effects, and aromatic
properties (6). In the Islamic medical tradition, notable
physicians such as Razi recommended coriander
for cardiac and digestive health. Ottoman culinary
records from the 14th and 15th centuries show its
widespread use alongside other spices, particularly in
imperial kitchens (7, 8). Botanically, coriander belongs
to the Apiaceae family and is an annual herb growing
30-90 cm tall (9). All parts of the plant—including
leaves, stems, roots, and seeds—are edible and have
distinct flavor profiles due to differences in essential
oil composition. Leaves provide a delicate citrus-like
aroma, whereas seeds are stronger and slightly spicy.
In Turkey, coriander is cultivated in regions such as
Erzurum, Izmir, Denizli, Burdur, Mardin, Gaziantep,
and the central Black Sea area, while globally it is also
grown in India, Italy, Spain, France, Pakistan, Mexico,
the United States, and Australia (6).

Coriander is nutritionally rich and contains bioactive
compounds with functional properties. Leaves provide
vitamins C and A, carotenoids, and dietary fiber, while
seeds are abundant in polyphenols and essential oils
containing linoleic acid and furanocoumarins, such as
coriandrin (1). Its health benefits include antioxidant,
antimicrobial, anti-inflammatory, and antidiabetic
properties (2, 10). Traditional medicine in Turkey
documents coriander as a digestive aid, appetite
stimulant, and remedy for headaches, rheumatism,
and gastrointestinal disorders (11, 12). Regional
practices include Erzurum’s use of coriander in yogurt-
based soups, Artvin’s topical application for insect
repellent, and Sanliurfa’s use of seeds for headache
relief (13). Modern studies also support coriander’s
role in reducing oxidative stress in foods, inhibiting
polycyclic aromatic hydrocarbon formation during
cooking, and alleviating migraine attacks (14, 15). In
global cuisine, coriander is used in diverse dishes.
Middle Eastern Zhug sauce combines coriander and
parsley to create a spicy condiment often paired with
falafel or sabich sandwiches (16). In Chinese cuisine,
West Lake Soup incorporates coriander leaves at
the final stage, enhancing aroma and flavor while
maintaining nutritional value. Indian cuisine features
Kothimbir Wadi, a savory snack combining chickpea
flour and coriander, which is lightly steamed and then
fried to achieve a crispy exterior and soft interior (16).
These examples illustrate coriander’s versatility in
enhancing flavor, nutrition, and texture.

In Turkish cuisine, coriander 1is historically
documented in Ottoman dishes such as gomlek kebap,
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zirbag, tavsan yahnisi, kavun dolmasi, and mesir macunu,
where it provided both flavor and medicinal benefits
(10). Regional dishes such as Erzurum’s yogurt soup
with coriander, Gaziantep’s stew with coriander,
Mugla’s sautéed dish with coriander demonstrate
its localized culinary applications (17, 18, 19). These
dishes show that coriander can enhance both taste
and nutritional density, reflecting its potential as a
functional food in traditional Turkish gastronomy.
Despite its wide global use, Turkish cuisine has not
fully explored coriander’s potential. International
research extensively documents its pharmacological,
nutritional, and gastronomic benefits, whereas
Turkish studies are limited and often lack
experimental verification (20, 21). This reveals the
need for systematic documentation of regional recipes,
experimental studies on processing and cooking
effects on bioactive compounds, and evaluation of
functional food potential. Supporting local cultivation
and integrating coriander into contemporary Turkish
culinary practices could enrich gastronomic heritage
and expand functional food applications.

In conclusion, coriander holds multifaceted roles
in gastronomy, nutrition, and traditional medicine,
positioning it as both a culturally significant and
functionally valuable herb. Its widespread use in
global cuisines—from Middle Eastern condiments
and Indian snacks to East Asian soups—demonstrates
its versatility in enhancing flavor, aroma, texture,
and nutritional content. Coriander’s leaves, seeds,
and other plant parts offer a spectrum of bioactive
compounds, including vitamins, polyphenols,
essential oils, and furanocoumarins, which contribute
to antioxidant, antimicrobial, anti-inflammatory, and
antidiabetic effects. These properties not only improve
the nutritional profile of dishes but also support
potential health benefits, confirming coriander’s status
as a functional food ingredient.

In the context of Turkish gastronomy, coriander’s
historical and regional presence reflects its culinary
and medicinal significance. Ottoman records and
ethnobotanical studies indicate its use in a variety
of dishes, ranging from savory meat preparations
and yogurt-based soups to sweet applications like
mesir macunu, highlighting its dual role in taste
enhancement and health promotion. Regional
practices—such as Erzurum’s incorporation of
coriander in soups, Gaziantep’s stews, or Sanliurfa’s
seed-based remedies—illustrate localized knowledge
that combines traditional wisdom with practical
culinary applications. However, despite these
examples, coriander remains underutilized in
contemporary Turkish cuisine, and its functional food
potential has not been fully explored or scientifically
validated.

Future research should prioritize comprehensive

analysis of coriander’s bioactive compounds under
various cooking and processing conditions, while
systematically documenting regional recipes and
traditional preparation methods. Comparative
studies evaluating traditional uses alongside modern
scientific findings can provide valuable insights into
optimizing both nutritional benefits and culinary
appeal. Additionally, supporting local cultivation,
promoting innovative recipe development, and
integrating coriander into modern gastronomy can
strengthen Turkey’s culinary heritage and expand
functional food offerings. By bridging historical
knowledge, scientific research, and contemporary
culinary practice, coriander can be established not
only as a flavor-enhancing herb but also as a health-
promoting ingredient, thereby enriching Turkish
gastronomy and contributing to global appreciation

of its multifunctional value.

Giris

Gastronomi bilimi, gegmisten giiniimiize uzanan
kiiltiirel mirasin ve beslenme aliskanliklarinin
anlasilmasinda onemli bir disiplin olarak
degerlendirilmektedir. Bu baglamda bitkisel
iirtinler hem lezzet hem de besleyici 6zellikleriyle
mutfak kiiltlirlerinin temel bilegenleri arasinda
yer almaktadir. Kisnis (Coriandrum sativum),
karakteristik aromasi, biyolojik bilesenleri ve
genis kullanim alanm sayesinde tarih boyunca
farkli cografyalarda hem mutfakta hem de
halk hekimliginde 6nemli bir yer edinmis bir
bitkidir (3, 5, 6). Antik donemlerden itibaren
Akdeniz, Orta Dogu, Hint, Cin ve Giiney Asya
mutfaklarinda cesitli tariflerde kullanldigy;
tohum, yaprak ve kok gibi farkli bitki
kistmlarinin ¢ok yonlii aromatik bir kaynak
sundugu belirtilmektedir (1, 3, 16, 28). Ayrica
kisnisin sindirimi destekleyici, antimikrobiyal
ve antioksidan nitelikleri nedeniyle geleneksel
tedavi uygulamalarinda degerlendirildigi; bas
agrisi, istahsizlik, mide rahatsizliklar1 ve cesitli
enfeksiyonlarda kullanildig: gesitli kaynaklarda
ifade edilmektedir (2, 6, 11, 12).

Diinya mutfaklarinda oldukga genis bir kullanim
alanma sahip olan kisnis, Tiirkiye'de ise bazi
yorelerde bilinse de ulusal mutfakta ayn1 dlgiide
cesitlilikle yer edinememistir. Osmanli saray
mutfagindan giiniimiize uzanan pek c¢ok tarifte
kisnisin 6nemli bir bilesen olarak kullanildig:
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goriilmesine ragmen, modern Tiirk mutfaginda
bu malzemenin sundugu olanaklarin yeterince
degerlendirilemedigi anlagilmaktadir. Yoresel
yemeklerde kisnisin belirgin bir aroma unsuru
olarak 6n plana ¢iktig1 ornekler bulunsa da,
uluslararasi mutfaklarda bu bitkinin ¢ok
daha yaratici, farkli ve kapsamli bigimlerde
kullanildig1 dikkat cekmektedir. Ttim bu durum,
kignisin Tiirk gastronomisinde sahip oldugu
potansiyelin tam anlamiyla ortaya konamadiginm
ve kullanim ¢esitliliginin diinya mutfaklarinin
gerisinde kaldigimi gostermektedir.

Ayrica, diinya literatiiriinde kisnisin beslenme,
tip ve gastronomi alanindaki fonksiyonel
ozelliklerine iliskin yapilan calismalar oldukca
zenginken, yerel kaynaklarda kisnisle ilgili
calismalarin sayisi oldukga azdir. Dolayisiyla bu
alanda daha sistematik ve giincel arastirmalarmn
gelistirilmesi Onem tasimaktadir. Ozellikle
kisnisin biyolojik ve kiiltiirel yonlerini daha
kapsamli bigimde anlayabilmek igin bu alanda
yapilacakakademik¢alismalaringesitlendirilmesi
gerekmektedir. Bu ¢alisma, kisnisin tarihgesini,
tibbi ve besleyici 6zelliklerini, diinya ve Tiirk
mutfaklarindaki kullanimini inceleyerek hem
gastronomik hem kiiltiirel hem de saghk
perspektifinden ¢ok boyutlu bir degerlendirme
sunmayl amagclamaktadir. Boylece, kisnisin
gastronomideki kesfedilmemis potansiyeline
dikkat gekilmesi ve Tiirk mutfaginda bu degerli
bitkinin daha etkin bir sekilde kullanilmasina
katki saglanmasi hedeflenmektedir.

Gere¢ ve Yontem

Bu calisma, kisnisin gastronomik, tarihsel,
biyolojik ve kiiltiirel boyutlarini incelemek
amaciyla nitel arastirma yaklasimi temelinde
ylirtitiilmiistiir. Arastirmada dokiiman
incelemesi ve tematik igerik analizi yontemleri
birlikte kullanilarak literatiirde yer alan bilgiler
sistematik bicimde degerlendirilmigtir. Veri
toplama siirecinde 2010-2025 vyillar1 arasim
kapsayan bir literatiir taramas1 yapilmis; Web
of Science, Scopus, PubMed, ScienceDirect ve
Google Scholar veri tabanlarinda “coriander”,
“Coriandrum satioum”, “gastronomy”,
“traditional use”, “functional food”, “Ottoman
cuisine” ve “ethnobotany” anahtar kelimeleri

kullanilmigtir. Tarama sonucunda kignisin
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tarihgesi, botanik 6zellikleri, beslenme ve saglikla
iligkili nitelikleri ve gastronomik kullanimini ele
alan toplam 102 kaynak belirlenmistir. Icerik
tekrarlart ve konu disi ¢caligmalar ¢ikarildiktan
sonra 62 kaynak analiz kapsamina alinmistir.
Buna ek olarak Osmanli mutfagina iliskin arsiv
kayitlari, etnobotanik c¢alismalar, gastronomi
kitaplar1 ve yoresel tarif kaynaklar: destekleyici
veriler olarak degerlendirilmisgtir.

Kaynaklarin segiminde belirli 6lgiitler dikkate
alinmigtir. Kisnisin tarihsel, biyolojik veya
gastronomik Ozelliklerine iliskin bilgi igeren
akademik yayinlar, etnobotanik raporlar, arsiv
belgeleri ve yoresel tarif kayitlar: dahil edilmistir.
Dogrulanabilir olmayan popiiler igerikler,
ansiklopedik kisa notlar, tekrar eden metinler
ve konu dig1 bitki tiirlerini ele alan ¢alismalar
dislanmistir. Analiz siirecinde incelenen tim
belgeler igerik tiirlerine gore smiflandirilmis ve
nitel arastirma literatiiriinde 6nerilen elle yapilan
acik kodlama teknigi kullanilmistir. Bu siirecte
metinlerde tekrar eden kavramlar, kullanim
baglamlari, tarihsel atiflar, biyolojik oOzellikler
ve gastronomik oOriintiiler belirlenmis; benzer
nitelikteki kodlar bir araya getirilerek dort ana
tema altinda toplanmstir. Bu temalar tarihsel ve
kiiltiirel kullanim, botanik ve biyolojik 6zellikler,
tibbi ve fonksiyonel etkiler ile gastronomik
kullanim bagliklarindan olusmaktadir.
Tematik yapi ¢alismanin bulgular boliimiiniin
diizenlenmesine yon vermistir. Analiz siirecinde
metinler dogrudan alintilanmamis; temalar
tizerinden kavramsal sentez yapilarak kisnisin
¢ok boyutlu yapisini goriiniir kilan biitiinctil bir

cerceve olusturulmustur.

Calisma dokiiman temelli oldugu i¢in insan
katilm1 gerektiren bir veri toplama siireci
bulunmamaktadir.  Arastirmanin  smnirliligy,
kisnis tizerine 6zellikle Ttirkge literatiiriin gorece
sinirli olmasi ve bazi bilgilerin bolgesel ya da
tarihsel kaynaklara dayanmasidir. Bu nedenle
bulgular, incelenen belgelerin kapsayicilig: ile

sinirh olarak degerlendirilmistir.

Tarihsel Siirecte Bitki ve Baharat
Kullanimi

Gecmisten glintimiize kadar insanlar,
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yasamlarini  siirdiirebilmek  ve  saglikhh
beslenebilmek icin ihtiya¢ duyduklari besin
Ogelerinin biiyiik bir bolimiinii bitkilerden
elde etmislerdir (22). Tarih oncesi donemde
insanlar, tuzu bilmediklerinden, yiyeceklerine
tuzun saglayacagi lezzeti, bitkilerden veya
bazi agac govdelerinden elde ettikleri 6zsular
ile saglamaktaydilar. Atesi kesfetmelerinin
ardindan av etlerini pisirmeye baslamislar ve
pismis etin ardindan tuz ve tathlik ihtiyac
hissetmislerdir. Bu nedenle tuz yerine, yabani
turp, tere, sogan, sarimsak gibi aromatik bitkileri
yemeklerine katmislardir. Cogu arastirmaya gore
baharat kullanimi, Milattan Once yaklasik 4000
yillarinda, Neolitik Cag'da baslamustir. Insanlar
capay1 kesfettikten sonra tarima yonelmis ve
yabani, aromatik otlar1 (adacayi, rezene, kisnis,
semizotu gibi) toplayarak, bunlar1 kizarttiklar
etlere veya hasladiklar1 sebzelere ekleyerek

damak zevklerini tatmin etmiglerdir (23).

Yasadiklar1 g¢evrede otlarla i¢ ige olan insanlar,
neredeyse tiim otlar1 deneyimlemis ve zehirli,
zehirsizyadazararsizolanlarikendigozlemleriyle
tespit etmislerdir. Zehirsiz ve tiiketilebilir otlara
isim vererek kullanmaya baslamis ve ayni otla
farkli yiyecek tirtinleri gelistirmislerdir. Otlar1
adlandirirken bitkinin sekli, fiziki yapis1 ve tad1
gbz oOniinde bulundurulmustur. Bu nedenle,
aymi ot farkli yorelerde farkli isimlerle yerel
yemek kiiltlirlerine girmistir (21).

Baharatlar biitiin, parcalanmis ya da ogiitiilmiis
formda bulunabilen; yemeklerdeki temel islevi
besleyicilikten ziyade lezzet katmak olan; yiyecek
ve igeceklerin tadmna veya keskinligine katki
saglayan; herhangi bir ugucu yag icermeyen,
tatlandiric1 ve katki maddesi ilave edilmemis,
kurutulmus, hos, yogun veya keskin kokuya
sahip sebze ya da bitki kokenli Ozlerdir (24).
Antik uygarlhklarda tiim aromatik bitki iirtinleri
“otlar” olarak adlandirilmaktaydi. Gliniimiizde
ise otlar ile baharatlar arasinda belirgin ve
keskin bir ayrim yapilmaktadir. Kisnis, nane ve
feslegen gibi kiiciik yaprakli, aromatik ve ihiman
iklimlerde yetisen bitkiler “aromatik bitki” olarak
smiflandirilmaktadir. Bu terim, kokenini Latince
“herba” kelimesinden almakta olup “¢imen” veya
“yesil saplar” anlamlarina gelmektedir. Buna
karsilik, karabiber taneleri, karanfil ve tar¢in gibi
belirli tropik bitkilerin ¢igek, meyve, tomurcuk,

tohum, kabuk ve rizom gibi kisimlarindan elde
edilen kurutulmus bitki parcalar: ise “baharat”
olarak adlandirilmaktadir. Bu kavram, Latince
“species” kelimesinden tiiremis olup “belirli
tir” anlamini tasimaktadir (25).

Tarih boyunca “yiikte hafif, pahada degerli”
niteligiyle 6ne cikan baharat, uzun mesafeli
ticaretin en temel unsurlarindan biri olmus ve
Suriye ile Misir iizerinden Anadolu’ya, buradan
da Avrupa’ya ulasmistir. Uzakdogu ve Hint
kokenlibaharatiiriinleri, Yemeniizerinden Suriye
ve Misir'a tasinmus; bu bolgelerden ise Osmanh
topraklarinin farkli merkezlerine ve Avrupa’ya
aktarilmigtir (33). Osmanli mutfaginda, 14. ve
15. ylizyillarda nane, kisnis, tar¢in, kimyon,
karanfil, amber ve misk gibi baharatlarin
yaygin bi¢cimde kullanildig1 goriilmektedir (7,
8). Baharat, tarih boyunca toplumlarin kiiltiirel
yapilari, ekonomik iliskileri, siyasi dengeleri,
dini uygulamalar1 ve toplumsal gelisim
siirecleri tizerinde belirleyici bir rol oynamuistir.
Dogudaki zengin baharat kaynaklarina ulasma
istegi, Christopher Colombus, Vasco da Gama
ve Portekizli denizci Ferdinand Magellan gibi
kasifleri kesif yolculuklarina yonlendirmistir.
Bu kaynaklara sahip olma amaci, zamanla pek
¢ok catisma ve savasin yasanmasina da zemin

hazirlamistir (26).

Kisnisin Tarihgesi ve Yayilimi

Kignis, Akdeniz bolgesinden evcillestirilmis ve
diinya genelinde yaygin olarak yetistirilmektedir.
Arkeolojik ve yazili kaynaklar, kignisin binlerce
yildir farkli cografyalarda insanlar tarafindan
tanman ve kullanilan bir bitki oldugunu
gostermektedir. Hem Roma hem de Yunan
baharat
Kisnisin antik donem kaynaklarinda yer aldig:

kiiltiriinde olarak  kullamilmigtir.
bilinmekte olup, Incil’de manna adli maddenin
goriinlimiiniin  kisnis tohumuna benzetildigi
ifade edilmektedir. Romalilar kignisi Britanya’ya
tanitmiglardir. Giiney Asya'da kisnis, Vedik
cagindan (M.O. 1500 — 500) beri bilinmektedir.
Pakistan ve Tiirkiye nin yani sira kignis, Ispanya,
Fransa, italya, Hollanda, Myanmar, Hindistan,
Meksika, Kanada, Arjantin ve Avustralya gibi
bircok iilkede ve bir dereceye kadar Birlesik
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Krallik ve Amerika Birlesik Devletleri'nde de
yetistirilmektedir (5, 4).
Romalilar, kisnisi Kuzey Avrupa’ya tasimustir.

Ozellikle et
etlerin koku ve tadimi maskelemek amaciyla

muhafaza etmek, c¢lrimis
kullanmislardir. Kisnis bitkisinin saglik agisindan

yararlh etkilerinden, Cince ve Sanskritce
kaynaklarin yani sira Incilde de 6vgiiyle soz
edilmektedir. Hipokrat, bu bitkiyi aromatik
ve uyarict Ozellikleri nedeniyle kullanmustir.
Unlii Islam hekimi Razi (854-932) ise “Kalp
carpintisina karsi kisnis yiyiniz” demistir.
Ayrica, XVI. ylizyilda Nidai, “Kignis tohumunu
doviip sirke ile kaynatir, disi agriyan Kkisi
agzma alip calkalarsa derhal rahatlar” seklinde

yazmustir (6).

Botanik Ozellikleri ve Yetistirilme
Alanlar1

Kisnis, tek yillik bir bitki olup en yaygin olarak
baharat Bitkinin
tohumlari, yapraklar1 ve kokleri yenilebilir

olarak  kullanilmaktadir.

olmasmma ragmen, farkli tatlara ve kullamim
alanlarina sahiptir (1). Kisnis maydanozgiller
(Apiaceae) familyasina ait, 3090 cm
boylanabilen, tiiysiiz, aromatik ve tek yillik otsu
bir bitkidir. Meyveleri kiiresel bicimde, 2-7 mm
capinda, esmer-sar1 renkte olup, karakteristik
bir kokuya sahiptir ve baharatli, tathimsz ile hafif
yakici bir lezzet profili sunmaktadir (9). Erzurum
ve cevresinde asotu ismiyle cografi isaret almig
olan kisnis; abaza otu, yumurcak, kara kimyon,
sativum, kinzi, kuzbere gibi isimlerle de
anilmaktadir.

Sekil 1. Kisnisin tohumlari, yapragy, gigegi
ve govdesi

.
.

-
-

Kaynak: (3)

Maydanozgiller (Apiaceae) familyasina ait olan
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kisnisin yapraklar1 maydanoza benzemektedir.
Bitkinin yapragi, govdesi, kokii ve tohumu
cesitli sekillerde kullanilmaktadir. Ozellikle
tohumu, karakteristik olarak daha keskin bir
kokuya sahiptir (21). Bitkinin tiim kisimlari,
tohumlar da dahil olmak {izere yenilebilir
niteliktedir. Kisnisin her bir kismi icerdigi
ucgucu yagimn farkli kimyasal bilesimi nedeniyle
farkli bir koku salgilamaktadir (27). Bitkinin
yaprak ve tohumlarinda bulunan ugucu
bilesikler farklilik gosterdigi icin, iki bolim
arasinda belirgin aroma ayrimi bulunmaktadar.
Ornegin yapraklari baharat olarak kullanilirken,
ogiitiilmiis ya da biitiin haldeki tohumlar et ve
kiimes hayvanlarimin hazirlanmasinda kullanilir
(28). Tiirkiye'de basta fzmir, Denizli, Burdur,
Erzurum, Mardin, Gaziantep ve Orta Karadeniz
bolgesindeki illerde yetistirilmektedir. Diinya
genelinde ise italya, Hindistan, Fas, Rusya,
Macaristan, Romanya, Bulgaristan, Pakistan,
Meksika, Amerika Birlesik Devletleri, Hollanda
ve Japonya’da tarimi yapilmaktadir (6).

Geleneksel ve Modern Kullanim Alanlar:

Tohumlari, kokleri, govdesi ve yapraklarn
aromatik kokuya sahiptir ve genis Olciide
tatlandirici olarak kullanilmaktadir. Bitkinin
taze siirgiinleri sos ve chutney yapiminda
(6zellikle yaygindir)
kullanilmaktadir. Yapraklari, yemeklerin igine

Asyada  oldukca
Ozellikle kori yemeklerine ve ¢orbalara lezzet
katmak icin yaygin olarak tercih edilmektedir.
Genis Olglide kullamilan  meyveleri ise
tursularda, kori tozlarinda, sucuklarda ve
cesitli baharat karisimlarinda tatlandiric olarak
degerlendirilmektedir. Ayrica hamur igleri,
¢orekler, biskiiviler, keklerde ve cin tretiminde
aroma verici olarak kullanilmaktadir (3). Kignisin
yaprak kismi koklerine gore daha hafif bir aroma
ve lezzete sahiptir. Kok kismi genellikle cesitli
Asya yemeklerinde ve pigirme yontemlerinde
kullanilmaktadir. Bununla birlikte, kisnis sap1
siklikla giive¢ yemeklerinde ve et suyunda
dilimlenmis sekilde kullanilmaktadir (29). Kignis
yapraklar1 ¢gabuk bozulmasi nedeniyle genellikle
taze olarak tiiketilmektedir. Olgun meyveleri
(tohumlar) ise lezzeti artirdig1 i¢in aroma verici
olarak iglenmis formda kullanilabilmektedir.
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Kisnis yapraklarinin tadi, tohumlarindan

farklidir ve narenciye benzeri bir aroma tagsir (1).

Kisnis, zengin mikro besin ve besin 0Ogesi
dikkat
doymus yag acisindan oldukga diisiik degerlere

igerigiyle de cekmektedir. Kignis
sahip olmasina ragmen, E ve K vitaminleri ile
linoleik asit bakimindan zengindir. Bitkinin
yapraklar1 vitamin agisindan, tohumlar: ise
polifenoller ve ugucu yaglar agisindan zengin
bir kaynaktir. Kisnisin karakteristik tadi, 6nemli
miktarda linoleik asit ve furanokumarinler
(koryandrin ve dihidrokoryandrin) igeren
ucucu yagindan gelmektedir (1). Kisnisin yesil
yapraklary; antioksidanlar, lif, klorofil, C ve A
vitaminleri, karotenoidler, bazi mineraller ve
diisiik yag igerigi sayesinde beslenmede 6nemli
ve saglig1 destekleyici bir degere sahiptir (2).
Kisnis bitkisinde esas olarak kullanilan kisim
meyveleridir. Meyvelerinden elde edilen
ucucu yag; gida, alkollii igecek, parfiimeri ve
kozmetik endiistrilerinde degerlendirilmektedir.
Ayrica, soz konusu ugucu yag ve ekstreler;
antioksidan, hipoglisemik, antipiretik, analjezik,
sedatif, antikanser, diiiretik, antimikrobiyal,
karminatif, antispazmodik ve kas gevsetici
Ozellikleri nedeniyle hem halk hekimliginde
hem de ilag sanayisinde yaygin bicimde
kullanilmaktadir (6). Kisnis bir baharat olarak
hem yemeklere lezzet vermekte hem de
antioksidan Ozellikleri sayesinde gidalarmn
korunmasma katki saglamaktadir. Fenolik ve
flavonoid bilesenleriyle oksidatif bozulmay:
geciktiren kisnis, gilinliik tiiketimde viicudun
antioksidan ihtiyacin1 destekleyerek hiicresel
hasar1 azaltmaya yardimci olmaktadir (10).
Yapilan bir calismaya gore kisnis koki Oziiti,
1stya maruz kalan et iiriinlerinde Poliaromatik
Hidrokarbon (PAH) olusumunu azaltmada
dogal bir koruyucu olarak kullanilabilmektedir
(14). Bir baska ¢alismada ise kisnisin migren
ataklarinin siiresini ve sikligini azaltmada etkili
oldugu gortulmiistiir (15).

Hindistan'daki geleneksel tip uygulamalarinda
kisnis; solunum ve gastrointestinal sistem
rahatsizliklarinda, diaforetik etkileri nedeniyle
terletici olarak, idrar yollar1 hastaliklarinda idrar
sOktiiriicli, uyarict ve gaz giderici 6zellikleriyle
kullanilmaktadir. Tiirkiye'de ise demlenmis
kisnis tohumlar gaz giderici, mide rahatlatic1 ve

istah agic1 olarak tercih edilmektedir (11). Kignis
ayrica antioksidan, antidiyabetik, antimutajenik,
anksiyolitik ve antimikrobiyal 6zelliklerinin
yani sira analjezik ve hormon dengeleyici
etkisiyle de bilinmektedir. Bu 0zellikleri
sayesinde hem gidalara pek ¢ok saglik faydasi
sunmakta hem de gidalarin daha uzun siire
korunmasina yardimct olmaktadir (1). Antalya
ve cevresinde, kisnis (Coriandrum sativum)
meyvelerinin kaynatilmasiyla hazirlanan ¢ayn,
yemeklerden once birkag¢ kasik igilerek istahi
agmak ve bas donmesini gidermek amaciyla
kullanuldigy; Artvin'de meyvelerinin ezilerek
sinekleri uzaklastirmak amaciyla viicuda
siiriildiigii; Istanbulda bas agrisimi gidermek
amactyla kisnis sekerinin tiiketildigi; [zmir-
Bergama'da ise balla karistirilarak viicudu
giiclendirmek amaciyla kullanildigi; I¢ Anadolu
papatya birlikte
kaynatilip siiziilerek hazirlanan karigimin gogiis

Bolgesi'nde cicekleriyle
yumusatict ve Oksiiriik kesici olarak giinde {ig
kez birer cay bardag: sicak halde igildigi ifade
edilmektedir. Bunun yami sira, Sanlhurfa’'da
kisnis meyvesinin toz haline getirilip bal ya da
sekerle karistirilarak yatistirici, bas donmesini
giderici ve antihipertansif olarak tiiketildigi,
ayrica romatizma agrilarina kargi lapa halinde

haricen uygulandig: da bildirilmektedir (12).

Kignis keskin aromas: nedeniyle genellikle
baharat
yapraklar1 nedeniyle nem ve besin kaybina

olarak  kullanilir. Ancak narin
karst oldukca hassastir. Bu durum da etkili
bir sekilde korunmasmi zorlastirir (30). Bu
nedenle ¢ig ya da pismis olarak tiiketilmesinin
yami sira, kurutularak, salamura edilerek
veya tursu halinde de degerlendirilmektedir
(20). Cogunlukla kurutularak tiiketilirken,
Erzurum’da kisnigin (agsotunun) muhafaza ve
tiiketim siirecine bakildiginda farkli bir yontem
uygulandig1 goriilmektedir. Oncelikle taze ag
otu saplar1 hasat edilerek temizlenir ve dogranir.
Daha sonra dogranmis as otu kevgire alimir ve
tizerine kaya tuzu serpilir, tuzun her tarafa esit
sekilde dagilmasi saglanir. Tuz uygulamasinin
ardindan as otu bekletilerek dokularindaki
kahverengi suyunun siiziilmesi saglanir. Suyu
azalanvetuzuiyicealanagotu, istenilenboyuttaki
kavanoza yerlestirilir ve hafifce bastirilir.
Kavanoz ters cevrilerek kalan kahverengi suyun
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uzaklasmasi saglanir. Son olarak kavanozun tist
kismina biraz daha kaya tuzu eklenerek kapak
kapatilir ve buzdolabinda muhafaza edilir. Bu
yontem, as otunun tazeliginin korunmasmi ve
uzun siireli saklanmasini saglamaktadir (13).

Sekil 2. Salamura yapilmis Asotu (Kisnis)

Kaynak: (31)

Bulgular

Bu arastirmada yapilan tematik igerik analizi
sonucunda kisnisin tarihsel, biyolojik, tibbi ve
gastronomik boyutlarim1 kapsayan dort temel
tema ortaya c¢ikmistir. Bu temalar; tarihsel ve
kiiltiirel kullanim, botanik ve biyolojik 6zellikler,
tibbi ve fonksiyonel etkiler ve gastronomik
kullanim bagliklar: altinda biitiinciil bir gerceve
sunmaktadir. Elde edilen bulgular Tablo 1'de
Ozetlenmis olup, her tema ayrintili bi¢cimde ele
alinmistir.

Tarihsel ve Kiiltiirel Baglam

Incelenen belgeler, kisnisin binlerce yildir farkl
toplumlarda hem mutfaklarda hem de tibbi
uygulamalarda 6nemli bir yere sahip oldugunu
gostermektedir. Eski Akdeniz uygarliklarindan
baglayarak Orta Dogu, Asya ve Anadolu
kiiltiirlerine kadar uzanan yayilimi, bitkinin
sureklilik gosteren bir kullanim ge¢misine
sahip oldugunu gostermektedir. Osmanl
donemindeki yemek kayitlary, kisnisin saray
mutfaginda yaygmn olarak tiiketildigini ve
cesitli yemeklerin aromasmni giiclendirmek igin

tercih edildigini ortaya koymaktadir. Bu bulgu,
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kisnisin tarihsel olarak deger verilen bir bitki
oldugunu dogrulamaktadir.

Botanik Ozellikler ve Beslenme Degeri

Analiz edilen akademik calismalarda kisnisin
farkli bitki kisimlarinin birbirinden ayr: tat ve
icerik Ozellikleri tasidigi vurgulanmaktadir.
Yapraklarin daha taze ve narenciye benzeri
aromaya sahip oldugu, tohumlarmn ise yiiksek
ucucuyag vefenolikbilesikicerdigibelirlenmistir.
Bu bulgular, kisnisin hem gastronomik cesitlilik
hem de beslenme agisindan dikkate deger bir
potansiyele sahip oldugunu gostermektedir.
Ayrica kisnis, yalnizca yemeklere aroma katan
bir bitki degildir. Igerdigi biyoaktif bilesikler
sayesinde beslenme ve saglik alanlarinda da
onemli katkilar sunmaktadir.

Saglikla ilgili Etkiler ve Fonksiyonel Gida
Niteligi

Calismalarda kisnisin insan saglig1 agisindan
cesitli  biyolojik  etkilere sahip oldugu
goriilmektedir. Sindirim sistemini rahatlaticy,
mikrobiyal gelisimi baskilayic1 ve oksidatif stresi
azaltia 6zelliklerine sikca atifta bulunulmaktadar.
Halk tibbi kaynaklar1 da kignisin geleneksel
iyilestirici amaglarla kullanildigini; 6zellikle
sindirim sorunlari, bas agris1 ve istahsizlik gibi
durumlarda degerlendirildigini gostermektedir.
Giincel  bilimsel arastirmalar, geleneksel
uygulamalar: destekleyen bulgular sunmakta ve
kisnisin metabolik siireclere etkisi bakimindan
da incelenmesi gereken bir bitki oldugunu

ortaya koymaktadir.

Gastronomide Kullanim Alanlar

Analiz, kisnisin diinya mutfaklarinda oldukga
genis bir kullanim cesitliligine sahip oldugunu
ortaya koymustur. Orta Dogu, Hint, Cin ve
Latin Amerika mutfaklarinda soslardan et
yemeklerine, ¢orbalardan  atistirmaliklara
kadar bir¢ok tarifte kisnisin farkli bigimlerde
kullanildig1 goriilmektedir. Tirk mutfaginda
kullanimmin daha ¢ok bolgesel uygulamalarla
Erzurum,

smurllh  oldugu  belirlenmistir.
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Tablo 1. Kisnisin Cok Boyutlu Incelenmesine Iliskin Tematik Bulgular

TEMA

ALT BULGULAR

Tarihsel ve Kiiltiirel Kullanim

Antik donem kullanimi
Osmanli mutfagindaki yeri

Anadolu halk tibb1 ve geleneksel uygulamalar

Botanik ve Biyolojik Ozellikler

Bitkinin morfolojik yapist
Tohum ve yapraklarin kimyasal profili

Aromatik bilegenler (linalool vb.)

Tibbi ve Fonksiyonel Etkiler

Antioksidan ozellik
Sindirim sistemi tizerindeki etkiler
Antimikrobiyal potansiyel

Fonksiyonel gida olarak kullanim

Gastronomik Kullanim

Gaziantep ve Mugla gibi bolgelerde kisnisin
bitkinin
yerel gastronomiyle iliskisini korudugunu

belirgin  bicimde  kullanilmasi,
gostermektedir. Ancak diger bolgelere kiyasla
Tirkiye genelinde kullamimin kisith olmasi,
kisnisin ulusal mutfakta tagidig1 potansiyelin
heniiz tam olarak degerlendirilmedigini

diisiindiirmektedir.

Diinya ve Tiirk Mutfaginda Kullanim1

Diinya ve Tiirk mutfaginda kisnisin kullanildig:
yiyeceklere iligkin 6rnekler asagida sunulmustur.
Ornekler belirlenirken, kisnisin temel bilesen

olarak yer aldig; tarifler onceliklendirilmistir.
West Lake Corbasi

Hafifce koyulastirilmis ve besleyici bir et suyu ile
yapilan geleneksel bir Cin ¢orbasidir. Hazirlanma
asamasinda son anda eklenen dogranmais kisnis,
¢orbaya aromatik bir tat kazandirmakta ve
lezzet profilini zenginlestirmektedir. Corbanin
yapisi, ince tel gibi ayrilmis yumurta beyazlar
ve yumusgak kiyillmis domuz eti pargaciklar
ile karakterize edilmekte olup hem protein
agisindan zengin hem de dokusal gesitlilik sunan

bir 6giin olusturmaktadir.

Diinya mutfaklarindaki gesitlilik
Tiirk mutfaginda smirli kullanim

Yoresel tariflerdeki rolii

Sekil 3. West Lake Soup

Kaynak: (16)
Zhug (Kisnis ve Maydonozlu Yemen Ac1 Sosu)

Zhug, chimichurri, chermoula ve salsa verde’ye
benzer sekilde, taze ve canli bir Orta Dogu acisosu
olarak tanimlanabilir. Bu sosun hazirlanmasinda
hem kisnis hem de maydanoz kullanilmakta
olup, aromatik profilde kignis belirleyici rol
oynamaktadir. Yesil kakulenin belirgin kafur
notalari, kignisin aromasmi vurgulayarak
lezzet profilini zenginlestirmektedir. Zhug'un
gastronomik uygulamalar1 arasinda sabich
sandvicleri ve falafel ile birlikte tahin sosuna
eslik etmesi 6ne ¢ikmakta; ayrica humus tizerine

ilave edilerek de tat deneyimini artirmaktadir.
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Sekil 4. Zhug (Kisnis ve Maydonozlu Yemen
Ac1 Sosu)

Kaynak: (16)
Kisnis Miicveri (Kothimbir Wadi)

Hindistan mutfagina 6zgii bir atistirmaliktir.
Hazirlanisinda, baharatli nohut unu harcina bol
miktarda kignis eklenir. Bu karigim daha sonra
mikrodalga firinda veya bir tencerede buharda
pisirilir. Ortaya ¢ikan aromatik ve yumusak
yapili kek, dilimlenerek kisa siireli bir tavada
kizartilir; boylece disi citir, ici ise yumusak bir
doku kazanir.

Sekil 5. Kisnis Miicveri (Kothimbir Wadi)

Kaynak: (16)

Osmanli saray mutfaginda kisnisin kullamldig:
yemekler arasinda Gomlek Kebap, Zirbag,
Tavsan Yahnisi, Kavun Dolmasi, Mesir Macunu
ve Mercimek Corbasi yer almaktadir (10).
Asagida ise Tiirk mutfaginda gilintimiizde
kisnis kullanilarak hazirlanan bazi tariflere yer

verilmistir.
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Asotlu Yogurt Corbas1

Erzurum yoresine ait asotlu yogurt gorbasi,
bugday ve asotunun besleyici 6zelliklerini 6n
plana c¢ikaran geleneksel bir yemektir (17).
Hazirlik asamasinda, bugday 1,5 litre suda
kaynamaya birakilir. Bu sirada yogurt, yumurta
saris1 ve un bir kase igerisinde iyice g¢irpilarak
¢orbanin terbiyesi hazirlanir. Kaynayan ¢orbanin
suyundan birka¢ kasik almmarak yogurtlu
karisima yavas yavas eklenir; bu islem yogurdun
kesilmesini Onler. Terbiye, corbanin igerisine
yavasca karigtirilarak ilave edilir ve ardindan
dogranmis asotu eklenir. Ayr1 bir tavada
zeytinyaginda pembelesinceye kadar kavrulmus
soganlar da ¢orbaya katilir ve tiim malzemeler
dakika kadar

servis edilir. Bu yontem, asotunun aromatik

yaklasik  bes kaynatilarak

Ozelliklerini koruyarak geleneksel Erzurum

¢orbasinin 6zgiin lezzetini ortaya ¢ikarir.

Sekil 6. Erzurum Asotu Corbasi

Kaynak: (32)

Asotu Buglamasi

Antep yoresinde yapilan asotu buglamasi,
asotunun aromatik ve besleyici 6zelliklerini 6n
plana cikaran geleneksel bir yemektir. Hazirlik
asamasinda, asotu Ozenle ayiklanip yikanarak
ince bicimde dogranir; yemeklik dogranmig
sogan ise uygun bir yagda yumusayincaya
kadar kavrulur ve ardindan salca eklenerek kisa
bir stire daha kavurma islemine devam edilir.
Dogranmis asotu bulgur ile karistirildiktan
sonra kavrulmus soganin iizerine ilave edilir

ve tencere igerisindeki malzemeler homojen
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sekilde karistirilir. Tencerenin agzi kapatilarak
kisik ateste pisirilir. Otlar yumusadiginda
tuz ve yaklasik 1,5 su bardagi su eklenir ve
pisirme islemi kisik ateste siirdiiriiliir. Pisirme
tamamlandiktan sonra karabiber serpilerek
taze sogan, gesitli otlar, ayran ve tursu ile servis
edilir. Bu yontem, agotunun geleneksel aromasi
ve besin degerlerinin korunmasimni saglayan

yoresel bir uygulamadir.

Sekil 7. Asotu buglamast

Kaynak: (18)
Kisnis Kavurmasi

Mugla yoresinde kisnis ile yapilan yemegin ad1
ise “Kignis Kavurmasi1” dir. Yemek, taze kisnis
yapraklarinin toplanip temizlendikten sonra
ince sekilde dogranmasiyla hazirlanir. Oncelikle
bir tencereye 2 yemek kasig1 zeytinyag1 konulur
ve yag hafifce 1sindiginda, iri dogranmis 2 adet
sogan eklenir. Soganlar hafif pembelesince,
onceden yikanmis ve dogranmis kisnis
yapraklar: tencereye ilave edilir ve otlar suyunu
salip cekinceye kadar kavrulur. Daha sonra
kurutulmus kirmizi biber biitiin halde karigima
eklenir. Son asamada kirmizi toz biber ilave
edilerek karisim homojen bir yap: elde edinceye
kadar karigtirilir. Istege bagl olarak, iizerine

sarimsakli yogurt eklenerek servis edilir.

Sekil 8. Kisnis kavurmast

Kaynak: (19)

Sonuc¢ ve Oneriler

Bu c¢alisma, kisnisin tarihsel, kiiltiirel, biyolojik
ve gastronomik Ozelliklerini bir arada ele alarak,
Tiirkiye'de bu bitkiye yonelik sinirli akademik
ilgiye biitiinciil bir katki sunmaktadir. Analizler,
kisnisin antik uygarliklardan Osmanli mutfagina
kadar uzanan uzun bir kullanim gelenegine
sahip oldugunu; diinya mutfaklarinda taze
yaprak ve tohum formunda genis bir kullanim
cesitliligi olusturdugunu gostermektedir. Buna
karsin, Tiirk mutfaginda kisnisin ¢ogunlukla
belirli yorelerle kullaniminin siurli kaldigy,
tarihsel potansiyelinin ise modern mutfak
uygulamalarinda yeterince siirdiiriilmedigi
goriilmektedir. Bu durum, bitkinin gastronomik
cesitlilik ve kiiltiirel miras agisindan 6nemli bir
deger tasimasma ragmen mutfak pratiklerinde
hak ettigi diizeyde yer bulamadigini ortaya
koymaktadir.

Arastirmada elde edilen bulgular, kisnisin
aromatik bilesenleri ve biyolojik 06zellikleri
sayesinde vyalnizca yemeklerde lezzet ve
aroma zenginligi saglamakla kalmadigini, ayni
zamanda fonksiyonel gida niteligi tasiyabilecek
ozellikler

Antioksidan,
antimikrobiyal etkileri hem geleneksel tipta

barindirdigin gostermektedir.

sindirim  destekleyici  ve
hem de modern beslenme bilimi ¢alismalarinda
dikkat ¢ekmektedir. Bu nedenle kisnis tizerine

yapilacak disiplinlerarasi aragtirmalar, bitkinin
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saglik ve beslenme agisindan daha sistematik

bi¢cimde degerlendirilmesine olanak saglayabilir.

Calismanin bir diger onemli ciktisi, Tiirkiye'de
kisnisin gastronomik kullanimina iligskin bilimsel
verilerin sinirli olmasidir. Yoresel tariflerin
yazili kaynaklara aktarilmamasi ve mutfak
kiiltiirindeki  kullanum  gesitliliginin yeterince
belgelenmemesi, literatiirde belirgin bir bosluk
yaratmaktadir. Gelecekte gerceklestirilecek alan
arastirmalari, tarif derlemeleri ve uygulamali
gastronomi c¢alismalar;, hem kisnisin Tiirk
mutfagindaki geleneksel konumunu goriiniir
kilacak hem de modern mutfak uygulamalarina
entegrasyonunu  kolaylastiracaktir. ~ Ayrica
bitkinin farkli pisirme teknikleriyle olan
etkilesimini inceleyen deneysel c¢alismalarin
artmasi, gastronomi ve beslenme bilimleri

acgisindan 6nemli katkilar sunacaktir.

Genel olarak bu c¢alisma, kisnisin Tiirk
gastronomisinde yeterince degerlendirilmemis
olan potansiyeline dikkat g¢ekmekte; tarihsel
miras, aromatik yap1 ve fonksiyonel ozellikler
arasindaki iligkileri ortaya koyarak gelecek
arastirmalar i¢in kapsamli  bir cerceve
kiiltiirel

anlamda yeniden konumlandirilmasina ve

sunmaktadir. Bulgular, kisnisin
gastronomik yaratim siireclerinde daha etkin

bi¢gimde kullanilmasina vurgu yapmaktadir.
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Abstract

Objective: The growing demand for gluten-free
products items from both clinical necessities, such as
celiac disease, and trends toward healthy eating. This
has increased the significance of research on food safety
and production processes. The present study aimed to
identify research trends in gluten-free products and
food safety using bibliometric analysis.

Material and Method: Articles published between
2000 and 2025 were retrieved from the Web of Science
database and analyzed through bibliometric methods.
The bibliometrix and Biblioshiny packages in R were
used to examine publication trends, authors, journals,
author and institutional

and keywords, while

collaborations were visualized with VOSviewer.

Results: A total of 573 articles were identified, showing
a steady increase in publications over time. Since 2000,
the number of publications has shown an increasing
trend over the years, with the United States (n=4558),
Italy (n=2143), and Spain (n=1116) identified as the three
countries with the highest research output. The leading
journals were Nutrients, Foods, and Food Control, and
the most prolific authors included Catassi C., Zandonadi
R.P., and Colgrave M.L. Keyword analysis revealed that
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the dominant research themes were “celiac disease,”
“gluten contamination,” “food safety,” and “labeling.”

Conclusion: In conclusion, the scientific productivity
concerning gluten-free products and food safety is
on the rise, necessitating that future studies diversify
their methodology and comprehensively focus not
only on the nutritional but also the technological and
safety aspects of gluten-free foods.

Ozet

Amag: Glutensiz iirlinlere yonelik artan talep, hem
¢Olyak hastaligr gibi klinik gereksinimlerden hem de
saglikli beslenme egilimlerinden kaynaklanmaktadir.
Bu durum, gida giivenligi ve iiretim siireglerine
iligkin aragtirmalarin 6nemini artirmistir. Bu ¢alisma,
glutensiz tiriinler ve gida giivenligi alanindaki
kiiresel arastirma egilimlerini belirlemek amaciyla
bibliyometrik yontemle gerceklestirilmistir.

Gereg ve Yontem: 2000-2025 yillar1 arasinda glutensiz
iirlinler ve gida giivenligi konularinda yayinlanan
makaleler Web of Science’tan alinarak bibliyometrik
yontemlerle analiz edilmistir. Yayinlar, R ortaminda
bibliometrix ve Biblioshiny paketleri kullanularak
kiiresel yayin trendleri, yazarlar, dergiler ve anahtar
kelimeler agisindan incelenmis; yazar ve kurum is
birlikleri VOSviewer ile gorsellestirilmistir.

Bulgular: Arama sonucunda toplam 573 makale
belirlenmistir. 2000 yilindan itibaren yayin sayisi
yillar iginde artis gostermistir, ABD (n=4558), Italya
(n=2143) ve Ispanya (n=1116) olmak {izere ii¢ iilkenin
en yiiksek yayin iiretimine sahip oldugu gozlenmistir.
En ¢ok yaymn yapan dergiler arasinda sirasiyla
Nutrients (n=32), Foods (n=21), Food Control yer
almigtir. Yazarlar arasinda Catassi C., Zandonadi R.P.,
Colgrave M.L. 6ne ¢ikmistir. Anahtar kelime analizi,

A

calismalarin biiyiik 6l¢lide “¢olyak hastaligl”, “gluten

i

kontaminasyonu”, “gida giivenligi” ve “etiketleme”
temalar1 etrafinda yogunlastigini gostermektedir.

Sonug: Sonug olarak, glutensiz iiriinler ve gida
giivenligi ~ konusundaki  bilimsel  {iretkenlik
artmakta olup, gelecekteki calismalar metodolojiyi
cesitlendirerek, glutensiz gidalarin yalnizca besinsel
degil, ayn1 zamanda teknolojik ve giivenlik boyutlaria
da kapsamli bir sekilde odaklanmasi gerekmektedir.

Introduction

As defined by the Codex Alimentarius, the pro-
tein component originating from wheat, rye, bar-
ley, oats, or their hybrids and derivatives is iden-
tified as gluten. This fraction is characterized by
its insolubility in both water and a 0.5 M NaCl
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solution and may trigger intolerance in certain
individuals (1).

Consumption of gluten proteins in wheat, bar-
ley, and rye can lead to various clinical presen-
tations categorized as gluten-related disorders.
This spectrum includes autoimmune conditions
such as celiac disease, dermatitis herpetiformis,
and gluten ataxia, as well as allergic reactions
such as wheat allergy. It also comprises non-au-
toimmune, non-allergic conditions like non-celi-
ac gluten sensitivity, which is considered a sepa-
rate clinical entity (2—4).

Celiac disease is among the most prevalent wor-
ldwide, affecting about 1% of people, especially
those of European descent. The overall prevalen-
ce of wheat- and gluten-related disorders ranges
between 1% and 6% of the global population (4,
5).

Celiac disease and dermatitis herpetiformis are
the most thoroughly investigated conditions
within the spectrum of gluten-related disorders,
with the role of gluten in their pathogenesis be-
ing clearly determined. The clinical presentation
of celiac disease involves both intestinal and ext-
ra-intestinal indicators such as abdominal dist-
ress, bloating, and fatigue. While gastrointestinal
manifestations are more pronounced in children,
the most frequently observed symptoms consist
of persistent diarrhea, abdominal pain, and wei-
ghtloss (4, 6,7)

The primary foundation for addressing glu-
ten-related disorders involves a rigorous, lifelong
exclusion of gluten from the diet. This nutritional
approach mandates the absolute non-consump-
tion of gluten-source cereals, including wheat,
barley, rye, and, in certain instances, oats. The
sole reliable and efficient treatment currently for
this condition is the gluten-free diet. Furthermo-
re, the consumption of products free from gluten
has expanded beyond medical requirements to
include individuals seeking a healthy lifestyle,
weight control, and general wellness (2, 6, 8, 9).

The worldwide demand for gluten-free items ex-
perienced a growth of roughly 16% between 2018
and 2022, positioning them as one of the contem-
porary leading food trends (10). The growing
trend toward healthy eating and the increasing
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prevalence of gluten-related disorders have been
key factors driving this growth. This situation
has led the food industry to increase its supply
of gluten-free products (7).

Upon adequate hydration and mixing of wheat
flour, gluten develops a three-dimensional, vis-
coelastic protein structure that is instrumental in
determining dough rheology and the resulting
quality of the final product. In the absence of
gluten, dough exhibits low cohesion and limited
elasticity, which negatively affects the techno-
logical attributes of gluten-free products (11, 12).

Despite significant advances in product deve-
lopment, gluten-free products generally exhibit
lower quality compared to their gluten-conta-
ining counterparts in terms of texture, aroma,
taste, and mouthfeel. They also present sensory
challenges such as short shelf life, dry mouthfeel,
and insufficient flavor. Furthermore, these pro-
ducts are often nutritionally inadequate, lacking
essential vitamins and minerals such as folate,
thiamine, niacin, riboflavin, and iron, as well as
dietary fiber, raising concerns regarding their
overall nutritional value (5, 11, 13). Gluten-free
labeled products are consumed as alternatives to
traditional gluten-containing foods and are ty-
pically produced from cereals such as rice, corn,
millet, and sorghum, as well as nutrient-rich gra-
ins like amaranth, quinoa, and buckwheat (13,
14).

Food safety is a fundamental concept that ensu-
res individuals and populations have continuous
access to sufficient, safe, and nutritious food (15).
For individuals sensitive to gluten, such as those
with celiac disease, gluten-free diets represent a
critical component of this safety. However, na-
turally gluten-free foods (e.g., rice, corn, millet,
quinoa) can be exposed to gluten contamination
at various stages, from agricultural production
to final consumption (16).

Cross-contamination, which poses a substantial
danger to individuals with celiac disease, may
take place at every stage of the food chain, en-
compassing domestic settings, restaurants, food
processing plants, milling operations, storage,
and cultivation. Specific preparation and coo-
king practices, such as the shared use of kitchen

equipment and cooking surfaces, can particular-
ly increase the degree of contamination in the
final products (2, 16). Consequently, the term
“gluten-free” is designated for products contai-
ning less than 20 ppm of gluten (1), and impro-
per labeling or inadequate production practices
can lead to the recurrence of symptoms. Natio-
nal and international regulations aim to protect
consumer health by establishing definitions, th-
resholds, and labeling standards for gluten-free
products (2, 17).

Bibliometric analysis is an effective method for
examining research trends over time and compa-
ring the contributions of countries, institutions,
and journals (18, 19). Investigating trends, geog-
raphic distributions, and thematic focuses in the
field of gluten-free products and food safety pro-
vides valuable insights into research patterns.
This, in turn, enables researchers and policyma-
kers to make more informed decisions regarding
research directions and resource allocation.

This study aims to examine the literature on
gluten-free products and food safety using bib-
liometric methods to identify publication trends,
leading authors, journals, institutions, countries,
keywords, and research categories. Additional-
ly, author collaborations and institutional part-
nerships are analyzed to assess international re-

search networks.

Material and Method

Bibliometric analysis, a guiding tool within a
specific research field, is conducted to examine
publication trends by applying mathematical
and statistical methods to identify the main
patterns and directions within the scientific
literature (20).

Database Selection and Search Protocol

The data wused for the bibliometric and
visualization analyses were retrieved from
the Web of Science database on April 12, 2025,
using the refined search query presented in
Table 1. This query was developed through
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the examination of a mini-review, a narrative
review, and a systematic review addressing
gluten-free products in relation to food safety (2,
16, 21). The search strategies, author keywords,
and conceptually prominent terms within these
studies were evaluated to perform a thematic
decomposition. Terms representing the most
commonly investigated topics in gluten free
products, such as celiac disease and product
groups including bread, cookies, and cakes,
were combined with core food safety concepts
such as contamination, cross contamination,
and labeling. This thematic analysis resulted
in a structured set of keywords. The query was
executed by one researcher (R.B.) using AND/
OR combinations applied to the title, abstract,
author keywords, and Keywords Plus fields, and
all retrieved records were independently verified
by a second researcher (B..O.K.).

A total of 573 records were retrieved from
the Web of Science database. Based on
predetermined criteria, studies were excluded if
they fell outside the 2000 to 2025 time frame (n
= 39), were not categorized as Article or Review
Article (n = 23), were not published in English
(n = 10), or were not indexed in SCIE, SSCI, or
ESCI (n = 11). After these screening steps, 490
studies were included in the analysis (Figure
1). The post 2000 period was selected because
it marks the implementation of international
regulatory frameworks, such as Codex 2008 and
the FDA 2013 gluten-free labeling standards,
which coincided with a substantial increase in
scientific output on gluten-free products (22,
23). Additionally, non-English publications were
excluded due to inconsistencies in indexing,
abstracting, and keyword standards, which may
limit conceptual coherence and comparability in
bibliometric analyses. Therefore, only literature
published in English was included in the study.

Data Analysis and Visualization

While Bibliometrix facilitates comprehensive
scientificdataanalysis, Biblioshiny providesusers
with the capacity to generate interactive visual
analyses via a web interface (20, 24). VOSviewer
represents an additional software tool developed
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for the generation and graphical display of
bibliometric maps (25). The data were exported
from the Web of Science database in “plain.txt”
format and imported into the RStudio v.4.4.0
environment using the bibliometrix R package.
Analyses related to publication trends, authors,
journals, institutions, countries, keywords, and
research categories were conducted through the
Biblioshiny interface. Co-authorship networks
and inter-institutional collaboration patterns
were visualized using VOSviewer v.1.6.20. In
generating the maps, VOSviewer’s default full
counting method was applied, the “association
strength” normalization technique was used,
and a minimum occurrence threshold of 5 was
set for term inclusion in the analysis.

Results

Publication Trends

Figure 2, illustrating annual scientific output,
displays the volume of publications generated
each year. Since 2000, the volume of publications
concerning gluten-free products and food safety
has consistently risen. The peak scientific output
was recorded in 2024, achieving 44 articles,
succeeded by 43 articles in 2017 and 38 articles
in 2019. Additionally, the annual growth rate, as
reported by the Biblioshiny analysis, was 13.75%.

Assessment of Author Contributions

Table 2 displays the top 10 authors based on their
localized research impact. This author ranking,
derived from h-indices computed using the
volume of topic-specific publications and the
citations received from peers within the dataset,
serves as an indicator of their regional influence.
Catassi C. and Zandonadi R.P. are among the
researchers with the highest h-indices in the field.
In terms of total citations, Murray ].A. stands out
as the most cited author in the literature, with
1879 citations.

Considering the total citation counts in the
dataset, information on the top 10 most cited
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publications is presented in Table 3. Within this
context, the study published by Rubio-Tapia A.
in 2013 leads the list with 1180 citations, clearly
demonstrating its impact in the literature.
Among the most cited publications, the presence
of four review articles indicates that these works
significantly contribute to the overall scientific
knowledge in the field and serve as key reference
points in the literature.

Figure 3 illustrates the publications of authors
over the years. Each line represents the years
in which an author published. The size of the
circles indicates the number of articles published
by the author in a given year, while the intensity
of the color represents the average number of
citations received by those articles in that year.
The top three authors publishing on “gluten-free
products and food safety” are Catassi C. (n=13),
Zandonadi R.P. (n =10), and Colgrave M.L.
(n = 10).

Figure 4 employs a color gradient varying
from purple to yellow to denote the
publication year. The magnitude of each
node corresponds to the document count
for author collaborations, while the lines
between nodes signify relationships among
co-authors. Furthermore, the line weight
illustrates the intensity of these collaborative
links. Author clusters exhibiting robust
connections are prominent within the
network, whereas certain authors mainly
serve as intermediary bridges between
distinct groups. Catassi C. and Govind
K. Makharaj serve as central figures
connecting different groups, whereas the
contributions of Fasano and Murray were
more concentrated in earlier years. In recent
years, Giulia N. Catassi, Sanders, and Green
have assumed more current and active roles
in collaborations.

Most Cited and Prolific Journals

The top 10 most prolific journals were identified
as Nutrients (n = 32), Foods (n =21), Food Control
(n = 14), Food Chemistry (n = 11), Journal of
Agricultural and Food Chemistry (n = 11), Food

Additives and Contaminants Part A-Chemistry
A (n =10), Frontiers in Nutrition (n = 10), EFSA
Journal (n =9), Journal of AOAC International (n
=9), and European Journal of Gastroenterology
& Hepatology (n = 8). The publication output
of these sources over time is presented in
Figure 5. When examining trends between
2000 and 2024, the initially limited number of
publications began to increase significantly,
particularly after 2010. Although Nutrients
started publishing in 2010, it has rapidly become
the most productive source with 32 publications.
Food Control, which began in 2006, reached 14
publications, showing a steady increase. Foods
joined the field in 2016 and quickly attained 21
publications, demonstrating strong momentum.
Food Chemistry, starting in 2011, currently has a
more modest output of 11 publications. Overall,
all sources experienced a notable rise after 2015,
with a particularly sharp increase since 2020,
reflecting the growing popularity of the topic
within the scientific community.

Table 4 details the ten most influential sources
as determined by their localized impact metrics.
Of the top 10 most productive journals, Food
Additives and Contaminants Part A-Chemistry
A, Frontiers in Nutrition, EFSA Journal, and
European Journal of Gastroenterology &
Hepatology did not rank within the top 10 in
terms of local impact. Conversely, Journal of
Food Science, Alimentary Pharmacology &
Therapeutics, Critical Reviews in Food Science
and Nutrition, and European Food Research and
Technology, although not among the top 10 in
productivity, successfully ranked within the top

10 based on local impact.

Affiliation Productivity and Networks

According to the findings, certain institutions
stand out in the inter-institutional collaboration
network in terms of productivity. Harvard
University contributed the most with a total of 38
articles, followed by the University of Manitoba
(24), Harvard Medical Affiliates (23), Marche
Polytechnic University (23), and Universidade
de Brasilia (21). Additionally, CSIRO (18),
Harvard Medical School (18), University of Oslo
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(17), Columbia University (16), and Tampere
University (16) are also among the institutions
with notable publication output.

Figure 6 illustrates the analysis of institutional
collaborations. In this visual, the magnitude of
each node denotes the quantity of documents
on which the respective affiliated institutions
have worked together. The lines connecting
the nodes signify the relationships between
collaborating institutions, and the line thickness
indicates the strength of these collaborative links.
Considering the collaboration network in Figure
6, institutions with high publication output,
such as Harvard University (38 publications),
University of Manitoba (24), and Universidade
de Brasilia (21), are positioned mostly within
their own groups and appear relatively isolated
in international collaborations. In contrast,
institutions with relatively lower productivity,
such as the University of Oslo (17 publications)
and Marche University (23
publications), are positioned closer to the center

Polytechnic

of the network and have established more visible
connections. This indicates that institutions with
high publication output are not always central in
the collaboration network, and some institutions
with more limited publication output can play a
central role in collaborative structures.

Geographic Distribution of Production

Table 5 displays the top 10 most cited countries
in the current research domain. Analysis of the
total citation count reveals that the United States
(n = 4558), Italy (n = 2143), and Spain (n = 1116)
constitute the top three nations. When ranked
by average citations per publication, the top 10
countries are Chile (n = 63.30), the Netherlands
(n = 56.30), Norway (n = 55.80), Sweden (n =
53.30), Finland (n = 46.60), the United States (n
= 45.10), Switzerland (n = 43.50), Canada (n =
42.70), Romania (n = 41.50), and Belgium (n =
36.00).

Figure 7 illustrates international collaborations
between countries. Dark blue colors denote
countries that exhibit higher degrees of
collaboration, while the line weight indicates
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the intensity of these cooperative links. In terms
of inter-country cooperation, the United States
has the most connections, particularly with
Canada and Italy, each with 10 collaborative
links. Italy also plays a significant bridging role
within Europe, establishing six connections
with Spain in addition to its ties with the United
States. Overall, the United States occupies
a central position in the network, directing
intercontinental knowledge and research flow
(Supplementary Table).

Figure 8 illustrates the ranking of the ten
leading countries based on their corresponding
authors. National collaboration is shown by
(SCP),  while
Multiple-Country Publications (MCP) signify

Single-Country  Publications

international cooperation. A 50% MCP ratio
is established as the benchmark for strong
international cooperation, a criterion that Ireland
is noted for surpassing. The MCP ratios for the
United States, Italy, and Spain are 13.9%, 17.9%,
and 20%, respectively.

Keyword Analysis

The visualization in Figure 9 is a word cloud
created from the keywords provided by the
authors. Each word’s frequency of appearance
is indicated by its size. Celiac disease (n =
141) and contamination (n = 89) emerge as the
dominant keywords, leading the top ten list
which also includes wheat (n = 62), gliadin (n =
53), diagnosis (n =43), children (n =42), products
(n = 42), gluten-free diet (n = 40), proteins (n =
39), and prevalence (n = 36).

The co-occurrence network analysis derived
from the authors’ keywords is presented in
Figure 10. This analysis determines the linkages
among key terms and defines the predominant
research orientations within the field. The
analysis indicates that “celiac disease” occupies
the most dominant and central position in the
literature. This concept is strongly associated
with keywords such as “gluten-free diet,” “food

”

safety,” “gluten contamination,” “allergens,”
and “food labeling.” These connections suggest

that most studies focus on safe food production,
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labeling practices, and the potential health effects
of gluten within the context of celiac disease.
Peripheral nodes in the network, including terms
such as “buckwheat,” “beer,” and “mycotoxins,”
represent more specific and emerging research
topics. Overall, the findings highlight the
existence of distinct central research clusters
related to celiac disease while also revealing the
growing academic interest in various gluten-

related food components and safety issues.

Categories

Figure 11 presents the top 15 research categories
and their corresponding publication counts
related to “gluten-free products and food
safety.” The three most productive categories are
Food Science & Technology (n = 210), Nutrition
& Dietetics (n = 112), and Gastroenterology &
Hepatology (n =71).

Discussion and Conclusion

In this study, the global distribution, trends,
and research gaps in scientific publications
on gluten-free products and food safety were
examined wusing a bibliometric approach.
Although research on gluten-free diets received
limited attention before 2001, a gradual increase
in publication output has been observed since
then, surpassing 370 publications by 2021 (18).
This trend parallels the increasing awareness
and diagnosis rate of celiac disease, which has
risen markedly since the first epidemiological
studies in the 1950s reported a prevalence of
1/8000-1/4000 (26). Similarly, Demir et al. (27)
reported that publications on celiac disease
increased rapidly after 2000s, exceeding 300
papers per year after 2010. The sharp rise in
food safety literature after 2007 also indicates
that scientific productivity related to gluten-free
products has progressed in parallel with the
broader food safety agenda (15). This tendency,
driven by the growing interest in celiac disease
and gluten-free diets, led to a marked increase in
related research fields after 2015.

While Maki, Kaukinen, Green, Ludvigsson, and

Collin have been reported as the most prolific
authors in the literature on celiac disease (27),
Murray (n = 7 in our study) stands out as a
common author appearing among the top 10
in both the literature and our analysis. This
discrepancy can be attributed to differences
in research focus: Maki and Kaukinen are
predominantly recognized for their contributions
to clinical and epidemiological studies, whereas
our analysis centers on the perspective of gluten-
free products and food safety. Similarly, the
absence of prolific authors such as Lal, Herrero,
and Nord in our findings may stem from the
fact that the food safety field often emphasizes
sustainability, agricultural production, and
global policy issues (15). On the other hand,
the prominence of authors such as Catassi,
Zandonadi, Colgrave, and Fasano indicates that
the literature on gluten-free products and food
safety constitutes a distinct research axis.

Our findings indicate that Rubio-Tapia occupies
a central position in the field of celiac disease
and gluten-free products. Bibliometric analyses
conducted by Demir et al. and Xie et al. revealed
that the author’s most frequently cited studies
focused on the epidemiology, mortality, and
treatment response of celiac disease, receiving
258, 333, and 409 citations, respectively (15, 27).
In contrast, our analysis highlighted Rubio-
Tapia’s publications related to the development
and revision of clinical guidelines, which
attracted 1180 and 174 citations, respectively.
This finding demonstrates that Rubio-Tapia
has provided high-impact contributions to the
literature by maintaining continuity across his
research domains.

Highly cited publications have predominantly
centered on the epidemiology and prevalence of
celiacdisease, inaddition to examining adherence
to the gluten-free regimen. Nonetheless, the
notably restricted literature volume on gluten-
free products and food safety underscores the
necessity for increased investigation in this
domain. Increasing the number of studies in this
field would both complement clinical research
and strengthen the food safety perspective within
the broader context of gluten-free nutrition.

In studies focusing on celiac disease,
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publications are predominantly concentrated in
clinical journals such as the Journal of Pediatric
Gastroenterology and Nutrition, Gut, and
Gastroenterology (27). In contrast, research
related to the gluten-free diet and food-based
investigations are more commonly published in
nutrition and food science journals, including
Nutrients, LWT-Food Science and Technology,
and Foods (18). Similarly, in the present study,
Nutrients, Foods, Food Chemistry, and European
Food Research and Technology were identified
as the most productive sources, indicating a shift
in research focus from the clinical dimension
toward food science and safety. The categorical
distribution further supports this finding,
revealing that publications are primarily
concentrated in the fields of Food Science &
Technology (35%), Nutrition & Dietetics (18%),
and Gastroenterology & Hepatology (12%).
This trend demonstrates that the literature on
gluten-free products and food safety has become
increasingly interdisciplinary, with nutrition-
and food technology-oriented studies emerging
as dominant research directions in the field.

Country-level evaluation revealed that research
productivity in the field of gluten-free products
and food safety is predominantly concentrated
in the United States, Italy, and Spain. In terms of
citations per publication, Chile, the Netherlands,
and Norway stand out, indicating that these
countries conduct a smaller number of highly
studies.
showed that the United States maintains a central

influential Collaboration analysis
position in intercontinental knowledge flow
through strong connections with Canada, Italy,
and the United Kingdom. Similarly, previous
bibliometric studies have highlighted the leading
role of Italy, the United States, and the United
Kingdom in celiac disease and gluten-free diet
literature (18, 27, 28). Bibliometric analysis in
the food safety domain further indicates that the
international collaboration network is divided
into five clusters, with only some clusters
exhibiting intercontinental diversity. Notably,
the United Kingdom-Australia and United
States—Canada clusters encompass broader and
more diverse research topics, whereas other
clusters display more limited geographic and
thematic coverage (15). These findings suggest
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that Western countries continue to play a guiding
role in the field, although increasing international
collaborations may enhance research diversity in
the future.

Keyword analysis indicates that research on
gluten-free products and food safety is gradually
shifting from a clinical focus centered on celiac
disease toward a broader food safety perspective.
In our study, the most frequently used keywords,
including “celiac disease,” “contamination,”

Za7i

“wheat,” “gliadin,” and “food safety,” highlight
an emphasis on safe product production,
labeling, and prevention of gluten contamination.
This trend represents a continuation of themes
emphasized in previous analyses of the gluten-
free diet, such as “dietary adherence in celiac
disease” and “nutritional and sensory quality
of gluten-free products” (27). Moreover, the
presence of clinical terms prominent in celiac
disease studies, such as “epidemiology,”
“autoimmunity,” and “quality of life,” and it is
notable that terms related to the gluten-free diet
and patient adherence also appear prominently.
Adherence to the gluten-free diet is influenced
by multiple factors, including education level,
perceived self-efficacy, duration of the diet,
inadvertent gluten exposure, adequacy of food
labeling, cross-contamination risks, and physical
and economic access to gluten-free products
(29). Alongside frequently observed food safety—
related concepts, including “food security,”
“nutrition,” and “sustainability,” within the
research network, these findings collectively
underscore the increasingly interdisciplinary
nature of this field. (15, 18).

In this study, research trends on gluten-free
products and food safety were evaluated
exclusively using the WoS database, which
indexes only high-impact journals and includes
the oldest publications. This choice represents
a primary limitation of the study. Publications
indexed in other databases, such as Scopus,
PubMed, Dimensions, and Google Scholar,
were not included, which may have resulted
in an incomplete representation of the global
literature. Additionally, restricting the analysis
to articles published in English may have
excluded potentially valuable studies published
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in other languages.

This bibliometric analysis has quantitatively
revealed research trends in the field of gluten-
free products and food safety. The findings
show a continuous increase in publication
productivity since the early 2000s, with the topic
gaining particularly marked prominence after
2015. Among the most productive countries
were the United States, Italy, and Spain, with the
United States occupying a central position in the
international collaboration network. At the author
level, Catassi C., Zandonadi R.P., Colgrave M.L.,
and Fasano A. emerged as leading researchers,
while Nutrients, Foods, and Food Chemistry
were identified as the most productive journals.
Keyword analysis indicated that the research
is largely concentrated around the themes of

v

“celiac disease,” “gluten contamination,” and

“food safety.”

Overall, the literature on gluten-free products
and food safety is increasingly interdisciplinary,
situated at the intersection of food science,
health.
remains

nutrition, However,

and public
methodological diversity limited
relative to the volume of publications. Future
studies are recommended to expand the scope
by incorporating different databases, novel
bibliometric indicators, and thematic analyses,
as well as to comprehensively address the
nutritional, technological, and safety aspects of

gluten-free products.
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Tables and Figures

Table 1. Search Strategy

OR

gluten-free
gluten-free products
gluten-free bakery
gluten-free bread
gluten-free pasta
gluten-free cookies
gluten-free cracker
gluten-free cake

gluten-free muffin

AND

food safety
contamination
cross-contamination

food contamination

equipment contamination

gluten-free biscuits labeling
Celiac Disease
Coeliac Disease
Table 2. Top Authors based on local impact scores
Author h-index TC NP PY start
Catassi C. 8 419 13 2001
Zandonadi R.P. 8 174 10 2014
Colgrave M.L. 7 219 10 2013
Murray J.A. 7 1879 7 2001
Farage P. 6 138 8 2017
Fasano A. 6 452 6 2001
Meéndez E. 6 356 6 2001
Sharma G.M. 6 133 6 2012
Byrne K. 5 137 6 2016
Ciclitira P.J. 5 375 5 2001

NP, Number of paper; TC, Total citation; PY start, Publication year start
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Table 3. Ranking of top 10 cited publications

. TC per
Author Year Title TC
year
ACG clinical guidelines: di is and
Rubio-TapiaA. | 2013 crinical gUIdeTines: Clagnosis an 1180 90.77
management of celiac disease
Kupper C. 2005 Dietary guidelines anq implementation for celiac 958 12.29
disease
Abdulkarim A.S. 2002 NA 244 10.17
The Gluten-Free Diet: Safet Nutritional
Saturni L. 2010 e Gluten-Free Die Sa ety and Nutritiona 227 14.19
Quality
Lundin K.E.A. 2003 Oats induced villous atrophy in coeliac disease 184 8.00
Bascufian K.A. 2017 Celiac disease: understanding the gluten-free diet 180 20.00
American College of Gastroenterology Guidelines
Rubio-Tapia A. 2023 Update: Diagnosis and Management of Celiac 174 58.00
Disease
Agostoni C. 2014 Scientific Opini9n on Fhe evaluation .of allergenic 17 14.33
foods and food ingredients for labelling purposes
Niewinski M.M. 2008 Advances in celiac disease and gluten-free diet 166 9.22
Catassi C. 2001 NA 163 6.52
NA, Not available; TC, Total citation
Table 4. Assessment of the journal's local influence
Journal h-index TC NP PY start
Nutrients 17 874 32 2010
Food Control 10 246 14 2006
Foods 9 247 21 2016
Food Chemistry 8 250 11 2011
Journal of Agricultural and Chemistry 8 281 11 2002
Journal of AOAC International 7 210 9 2011
Journal of Food Science 7 154 7 2010
Alimentary Ph logy &
imentary a@aco ogy 6 537 6 2004
Therapeutics
Critical Revi in Food Sci d
ritical Reviews 1n. . ood Science an 6 308 7 2016
Nutrition
E Food R h and
uropean Food Research an 6 311 6 2001
Technology

NP, Number of paper; TC, Total citation; PY start, Publication year start
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Table 5. Ten most prolific countries contributing to gluten-free products and food safety literature
(2000-2025)

Country TC Average Article Citations
United States America 4558 45.10
Italy 2143 32.00
Spain 1116 24.80
Canada 983 42.70
Germany 736 30.70
United Kingdom 630 31.50
Brazil 527 26.40
Finland 373 46.60
Netherlands 338 56.30
Australia 324 21.60

TC, Total citation

Identification of studies via databases and registers J

Records excluded (n = 83)

Records identified from: Outside 2000-2025 (n = 39)
Databases (n = 573) —— Not Article/Review Article (n = 23)

Non-English (n = 10)

Not in SCIE, SSCI, ESCI (n = 11)

:

Studies included in review
(n = 490)

Figure 1. A flow diagram of the included studies
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portion presentations for all foods (p<0.05). In the
evaluation made according to the body perception
scale, no statistically significant difference was found
in the correct estimation of the portion sizes between
any of the groups (p>0.05).

Conclusion: Gender and BMI have a limited effect on
portion perception, while body perception is not an
effective factor on portion perception.

Ozet

Amag: Bu c¢alismanin amaca obezite durumu,
beden algis1 ve cinsiyetin tabak 0l¢lisii ve porsiyon
miktarlarina iligkin gorsel tahmin {iizerine etkisini
incelemektir.

Gere¢ ve Yontem: Analitik-kesitsel tipteki calisma
Ekim 2023-Eyliil 2024 tarihlerinde 18-65 yas aras1 264
yetiskin birey ile anket kullanilarak yiiriitiilmiistiir.
Aragtirma anketi Kkisisel bilgiler, antropometrik
Olctimler, beden algisi6lgegive porsiyon algisinailiskin
gorseller olmak iizere 4 boliimden olugsmaktadir.

Bulgular: Katilimcilarin %26’s1 erkek (s=68) ve %74’
(s=196) kadin olup, yas ortalamalar1 kadin ve erkekte
sirayla 24,08+7,13 ve 25,72+8,05 yildir. Katilimcilarin
ortalama beden kitle indeksi (BKI) kadin ve erkekte
sirayla 22,34+4,02 ve 27,58+12,15 kg/m2dir. Cinsiyete
gore farkli porsiyonlarda sunulan marulun porsiyon
miktar1 ile iligkili tahminlerde istatistiksel olarak
farklilk bulunmamis, patatesin yarim porsiyon
ve bir buguk porsiyon sunumlarinda, elmanin bir
bucuk porsiyon sunumunda dogru tahmin edilme
oranlar1 arasinda istatistiksel olarak anlamli farklilik
goriilmistiir (p<0,05). BKI ile degerlendirmeye gore
tiim besinlerde de bir buguk porsiyon sunumlarmin
dogru tahmin edilmeleri arasinda istatistiksel olarak
anlaml farklilik bulunmustur (p<0,05). Beden algis1
Olcegine gore yapilan degerlendirmede ise higbir
grup arasinda porsiyon sunumlarinin miktarlarma
iligkin dogru tahmin edilmelerinde istatistiksel olarak
anlaml farklilik bulunmamustir (p>0,05).

Sonug: Sonug olarak cinsiyet ve BKI porsiyon algisinda
sinirli bir etkiye sahip olurken beden algisinin porsiyon
algis1 tizerine etkili bir faktor olmadig1 gosterilmistir.
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Introduction

Obesity is a significant problem characterized
by excess fat accumulation due to an imbalance
between energy intake and expenditure. It is also
influenced by environmental and genetic factors
(1). The most important environmental factors
associated with obesity include increased fast
food consumption, increased screen exposure,
and increased portion sizes in out-of-home
dining settings (2,3). Serving plate sizes have
been shown to increase with increasing portion
sizes (4). Furthermore, portion sizes for foods
such as biscuits, cakes, muffins, steak, and bagels
have also been observed to increase. It is known
that serving food in larger portions increases
its desirability, and this, in turn, increases total
energy intake, making it a significant factor in
the development of obesity (5,6).

The term “portion size” is used to describe the
amount of food consumed. However, it has been
stated that the size of the plate used can alter a
person’s perception of portion size (7). The effect
of plate size on portion perception is referred to
as the “Delboeuf Illusion.” Delboeuf describes
the perception of a smaller or larger portion when
one of two visually drawn circles is surrounded
by a larger one (8). This illusion has been linked
to food presentation. It has been reported that
serving two identical meals on different-sized
plates affects portion perception (9).

Body image can be defined as the representation
of our body we create in our minds and how it
is incorporated into our thoughts, feelings, and
emotions. This representation can be influenced
by biological and social characteristics such
as gender, age, race, and socioeconomic and
cultural status (10). Understanding body image
is important for understanding the social
and psychological experience of being obese,
the medical consequences of psychological
problems, and the psychological contributors to
the etiology of obesity. It is sometimes argued
that the life dissatisfaction, social obligations, and
body image distress associated with obesity are
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beneficial because they motivate people to lose
weight. These are more likely to act as barriers to
emotion regulation, leading to increased eating
for both biological and psychological reasons.
Furthermore, it is possible that these results may
establish a link between obesity and chronic
diseases, perhaps through their effects on serious
disorders such as depression (11). Studies have
shown that body image perception influences
eating habits (12-14). The aim of this study was
to examine the impact of obesity status, body
image, and gender on visual estimation of plate
size and portion sizes used in food presentation.

Material and Method

This cross-sectional study was conducted
between October 2023 and September 2024 using
a questionnaire with 264 adults aged 18-65. The
study population consisted of adults. Power
analysis was calculated using the G-Power
analysis program using the relationship between
portion perception and BMI data from the Pisgin,
D.M.,, 2019 (15) study, based on similar study
results. Assuming a power of 0.80 and an alpha
error of 0.05, the required number of participants
for the study was calculated as 264. Data were
collected by the researchers through face-to-
face surveys administered to adults within their
social circle.

The research questionnaire consisted of four (4)
sections: personal information, anthropometric
measurements, a body image scale, and images
related to portion perception. The first section
sought general information, age, and gender.

The second section collected body weight (kg)
and height (cm) based on the participants’
statements. Body Mass Index (BMI) was
calculated and recorded using the formula =
[body weight (kg) / height (cm)] According to
the World Health Organization (WHO) BMI
classification, individuals with a BMI below
18.5 are classified as “Underweight/Thin,”
those between 18.5 and 24.9 as “Normal,” those
between 25 and 29.9 as “Pre-obese/Overweight,”
those between 30 and 30.9 as “Obese/Obese,”
and those above 40 as “Morbidly Obese/

Excessively Obese.” (16). Individuals were
grouped as underweight, normal weight, pre-
obese, and obese according to the WHO Body
Mass Index (BMI) classification. However, due
to the insufficient number of individuals in the
underweight and obese groups, the groups were
combined to ensure reliable statistical analysis.
In this context, underweight individuals
were evaluated together with normal weight
individuals, and pre-obese individuals were
evaluated together with obese individuals.
Participants in the study were grouped as “under
25” and “over 25” based on their BML

In the third section, participants were asked to
indicate their body image by marking the shape
closest to their own perception using the Stunkard
Body Image Scale (17). This scale, which includes
nine men and women figures ranging from thin
to obese, was first developed by Stunkard and
colleagues in 1983. For both men and women,
figures 1 and 2 were considered “underweight,”
figures 3, 4, and 5 were considered “normal,”
figures 6 and 7 were considered “overweight,”
and figures 8 and 9 were considered obese. The
correspondence between the calculated BMI
category and the way participants perceived
themselves was examined. Accordingly, those
who perceived themselves as overweight were
considered “overweight,” those who perceived
themselves as “underweight,” and those who
chose a shape appropriate to their BMI category
were considered “appropriate.”

The final section examined participants’ portion
perceptions through the visual images (lettuce,
potato, apple). The preparation of the plates in
the images was based on adequate and balanced
nutrition. In addition, previous studies were
reviewed in determining the method for the
visuals, and planning was made considering the
specified methods (15,18,19). The visuals used
plates with diameters of 15, 21, and 26 ¢cm, and
the foods were portioned as half, full, and 1.5
portions (Full portion values were measured
as 32 grams for lettuce, 97 grams for potatoes,
and 195 grams for apples, and calculations were
made based on these values for half and 1.5
portions). The photographs were taken with a
digital camera in a bright environment. Portion
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sizes were determined in accordance with the
recommendations of the Turkey Nutrition Guide
(2022) (20). Participants were asked to make two
types of assessments for each food. In the first
group of photographs, the plate size was fixed,

CACH

and the foods were prepared as half, full, and 1.5
portions. In the second group of photographs,
plates of three different sizes were prepared, each
containing a half portion of the food. Evaluation
was made based on the participants’ correct

Figure 1: Images of lettuce prepared in different portions (half, full, and 1.5 portions)

on plates of the same size

r. r@ r@;

Figure 2: Images of lettuce prepared in the same portion on plates of different

guess rates for each visual. Figures 1 and 2 show
images for lettuce. Participants were asked to
write their portion estimates in the blank boxes
under each photo.

Data analysis

The obtained data were analyzed using SPSS
22.0. Histogram curves, coefficient of variation,
kurtosis-skewness values, detrended plots,
and Kolmogrov-Simirnov  analyses were
performed to assess the data’s conformity to
a normal distribution. Parametric tests were
applied if three or more of the parameters met
normality. Frequency and percentage were used
as descriptive measures in the analyses, mean

and standard deviation were used as central
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sizes.

clustering measures. Chi-square analysis was
also used to compare data presented as number-
percentage distributions, and Student’s t-test was
used for data presented as mean and standard
deviation. P values below 0.05 were considered
significant.

Ethical aspects of the study

The study received “Ethics Committee Approval”
numbered E-15189967-050.01.04-454609 from
the Aydin Adnan Menderes University Faculty
of Health Sciences Non-Interventional Clinical
Studies Ethics Committee. Artificial intelligence
technologies were not used at any stage of
the research or in the writing of the article. In
addition, individuals were informed about the
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study, and informed consent was obtained.
Helsinki Declaration of Human Rights was
followed in the study.

Results

The study comprised a total of 264 participants.
Twenty-six percent of the participants were men (n =
68) and 74% (n = 196) were women. The mean ages
for men and women were 24.08+7.13 and 25.7248.05
years, respectively. The participants’ mean BMI values
were 22.3444.02 and 27.58+12.15 kg/m? for women
and men, respectively. When classified according
to BMI values a statistically significant difference
was found between BMI values and distributions by
gender (p<0.05) (Table 1). When individuals’ body
image was examined, it was determined that more
than half of the participants in both genders saw
themselves as their actual body image. A statistically
significant difference was observed in the distribution
of body image by gender (p<0.05) (see Table 1).

The participants’ portion sizes were examined by
stratifying them according to gender, BMI, and body
image. Table 2 shows the distribution of correct
guesses is shown for foods prepared in half, one (1),
and one and a half (1.5) portions on plates of the same
size. No statistically significant difference was found
in guesses for lettuce based on gender. However, a

statistically significant difference was found between
the correct guess rates for half and one-and-a-half
portions of potatoes and one-and-a-half portions of
apples. Women were shown to have higher portion
size estimation rates than men (p<0.05). When
assessing BMI, the normal group cutoff value was
used, and the assessment was based on individuals
with a BMI of approximately 25 and above. For all
foods, a statistically significant difference was found
between correct guesses for one-and-a-half portions,
and normal-weight individuals were found to have
higher portion size estimation rates (p<0.05). In the
evaluation made according to the body perception
scale, no statistically significant difference was found
in the correct estimation of portion sizes between any
group (p>0.05).

The distribution of correct guesses for foods prepared
in half portions on different sized plates is shown in
Table 3. No statistically significant difference was
found in the guesses for lettuce and potatoes by
gender, however, a statistically significant difference
was found between the correct guess rates for apples
on a medium plate (p<0.05). Consequently, women
subjects demonstrated a higher rate of accurate guesses
for apples presented on a medium-sized plate (p <
0.05). When making the BMI assessment, the normal
group cutoff value was used, and the assessment was
based on individuals with a BMI above and below
25. Accordingly, a statistically significant difference

Table 1: Baseline charasteristics of individuals

Men (n:68) Women (n:196) p

Age (year) 25.72+8.05 24.08+7.13 0.114**
BMI (kg/m?) 27.58+12.15 22.34+4.02 0.001**
BMI (kg/m? groups n (%) n (%)

<25 33(48.5) 157(80.1) p<0.001*

>25 35(51.5) 39(19.9)
Body Perception

Under 9(13.2) 13 (6.6)

Appropriate 45 (66.2) 114 (58.2)

Above 14 (20.6) 69 (35.2) 0.037"

**Student t test *Chi square test
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Table 2: Individuals' correct prediction rates for presentations of different portions on the same plate

size
Lettuce® | Lettuce? | Lettuce® | Potatoes' | Potatoes | Potatoes | Apple! Apple? Apple®
2 3

Gender n(%)
Women 171 (87,2) | 170(86,7) | 165 (84,6) | 167(852) | 157 (80,1) | 155 (79,1) | 149(76) | 122(62,2) | 140(74,9)
Men 55(80,9) 55(80,9) 51(75.0) 50(73,5) 47 (69,1) | 40(58,8) 49(72,1) 46(67,6) 40(58,8)
p 0,198 0,241 0,075 0,030* 0,050 0,001* 0,516 0,425 0,012*
BMI n(%)
<25 164(86,3) | 165(86,8) | 161(85,2) | 159(83,7) | 153(80,5) | 148(77,9) | 144(75,8) | 120(63,2) | 141(74,6)
225 62(83,8) 60(81,1) 55(74,3) 58(78,4) 52(70,3) 47(63,5) 54(73) 48(64,9) 45(60,8)
p 0,599 0,236 0,039* 0,311 0,072 0,017* 0,635 0,796 0,027*
Body Perception Scale n(%)
Under 15(682) | 17(77,3) | 15(682) | 16(72,7) | 16(72,7) | 15(68,2) | 15(682) | 15(682) | 14(63,6)
Appropriate | 138(86,8) | 134(84,3) | 129(81,6) | 130(81,8) | 123(77,4) | 113(71,1) | 119(74,8) | 100(62,9) | 107(67,7)
Above 73(88) 74(89,2) 72(86,7) 71(82,2) 66(79,5) 67(80,7) 64(77,1) 53(63,9) 65(78,3)
p 0,050 0,327 0,126 0,367 0,786 0,219 0,689 0,889 0,171

1: half portion, 2: 1 portion, 3: 1.5 portions

*Chi square test

Table 3: Individuals' correct prediction rates for presentations of the same portions on different plate

sizes
Lettuce! Lettuce | Lettuce® | Potatoes' | Potatoes”? | Potatoes® | Apple’ | Apple? | Apple®
2
Gender n(%)
Women 42 (21,4) 31(15,8) | 119(60,7) | 133(67,9) | 130(66,7) | 134(68,4) | 79(40,3) | 42(21,4) | 109(55,9)
Men 21(%30,9) | 14(20,6) | 42(61,8) | 41(60,3) | 40(58,8) | 39(57,4) | 29(42,6) | 25(37,3) | 35(53)
p 0,115 0,367 0,878 0,257 0,244 0,100 0,735 0,010* 0,686
BMI n(%)
<25 38(20) 24(12,6) | 112(58,9) | 130(68,4) | 122(64,6) | 128(67,4) | 75(39,5) | 37(19,6) | 98(51,9)
225 25(33,8) 21(284) | 49(66,2) 44(59,5) 48(64,9) 45(60,8) 33(44,6) | 30(40,5) | 46(63,9)
p 0,018* 0,002* 0,277 0,168 0,962 0,314 0,447 0,000* 0,081
Body Perception Scale n(%)
Under 7(31,8) 6(27,3) 13(59,1) 11(50) 12(54,5) 12(54,5) 9(40,9) 9(40,9) 13(61,9)
Appropriate | 39(24,5) 28(17,6) | 96(60,4) 105(66) 98(61,6) 100(62,9) | 65(40,9) | 39(24,5) | 84(53,5)
Above 17(20,5) 11(13,3) | 52(62,7) 58(69,9) 60(73,2) 61(73,5) 34(41) 19(23,2) | 47(56,6)
p 0,515 0,285 0,926 0,216 0,121 0,136 1,000 0,216 0,729

1: 15cm plate, 2: 21cm plate, 3: 26cm plate
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was found between the correct guesses for small
and medium lettuce and medium apple servings in
different BMI groups (p<0.05). Consequently, the
slightly overweight/obese (BMI >25) group had lower
rates of correct guesses for small and medium lettuce
servings and medium apple servings in different plates
(p<0.05). In the assessment based on the body image
scale, no statistically significant difference was found
between the groups in terms of correct guessing of

portion sizes.

Discussion and Conclusion

According to theresults of this study, individuals’
ability to accurately estimate portion size showed
significant differences based on gender and BMI
for certain foods and evaluation conditions, but
nossignificant difference was found based onbody
image. Specifically, women and individuals with
a BMI below 25 showed higher accuracy rates in
visually estimating both different portions on
the same plate and the same portions presented
in different plate sizes. In contrast, overweight/
obese individuals more frequently misestimated
portions presented in small and medium-sized
plates. This may be related to impaired portion
perception and decreased sensitivity to visual
cues with increased body weight. The lack of
influence of body image on portion estimation
suggests that environmental factors (plate size,
portion presentation) play a more dominant
role in portion perception, regardless of how
individuals perceive themselves. These findings
indicate that adjusting plate and portion sizes can
support portion control, especially in overweight
individuals.

Individuals’ food consumption can be influenced
by many factors, some of which are environmental
factors. The size of the plate or portion sizes used
are also important environmental factors (21).
Changes in serving sizes can affect daily energy
intake and are therefore associated with long-
term changes in body weight (22).

Portion sizes and individual perceptions of
portion sizes can vary. The plate sizes or styles
used influence portion perception. A study
examining body image and portion estimations
in university students found that gender was

an influential factor in portion estimations, and
it was noted that both different amounts and
different plate sizes contributed to differences in
choices (23). This study used three different food
types for evaluation. Accordingly, gender did not
have a significant effect on every food or every
evaluation method. However, in evaluations
where significant differences were observed,
women were found to have higher rates of
accurate portion size estimation. Another study
conducted with university students evaluated
the presentation and predictability of pasta in
different portion sizes, and found that serving it
on smaller plates altered perceived portion size
(19). While some studies examining different
plate sizes and portion sizes found that portion
perception was affected, (7,24,25) other studies
demonstrated that different sizes or portion sizes
had no effect on portion perception (26-28). This
study found that body perception did not make
a difference based on the results of assessments
using different plate sizes; BMI and gender made
a difference in several assessments, and women
and normal-weight individuals were more likely
to accurately estimate portion sizes.

According to study results, patients with excess
body weight (overweight and obese) tend to
underestimate the energy value of full meals
compared to those with a normal BMI, but this
result is not statistically significant (29). There
are also studies indicating that plate size has
little or no effect on food consumption (30,31).
A systematic review also found that plate size
has a limited effect on food consumption (32).
An evaluation conducted by presenting the
same amount (1 portion) of four different foods
in three different plate sizes on the same plate
found no relationship between gender and
plate size. It has been suggested that plate size
may be a factor in body weight management
(15). The estimation of standard portion sizes
in university students was investigated, and it
was noted that the rate of correctly estimating
standard portions of 10 foods was higher in
women than in men (18). In our study, a limited
difference in portion size accuracy was observed
when evaluating by gender. Considering that
portion size and preferences are also related
to psychological state, a study showed that

147



Sirin & Yiiz

emotional eating behavior is an influential factor
(33). However, no evaluation of psychological
state was made in our study. Body perception
refers to the assessment of how individuals
view themselves based on their current body
size. Studies on body perception and nutritional
status have addressed eating attitudes, eating
more/less, and obesity development (34-36). A
study conducted with university students used
a different method to assess body perception
and found that body perception scores varied
depending on participants” perceptions of their
weight (37). A similar study also indicated that
certain eating-related factors can influence
individuals’” body perception (38). A study
conducted with adults indicated a significant
relationship between body perception and diet
quality, concluding that establishing healthy
eating habits is important (39). Our study found
that more than half of the participants viewed
themselves as their current size based on their
body perception assessments. Furthermore,
it appears that differences in body perception
are not a significant variable contributing to
differences in portion size perception.

In conclusion, while the study yielded results
similar to those reporting that overweight
individuals tend to underestimate energy
content, the fact that this effect was not evident
in every assessment supports the conflicting
findings in the literature. Furthermore, the
study’s lack of a decisive role for body image
in portion perception suggests that visual and
environmental cues (plate size, presentation
style) may be more dominant than psychological
and perceptual processes in portion perception.
This indicates that portion perception is
multifactorial and can yield variable results
in different populations, offering a significant
contribution to explaining the inconsistencies
in the literature. The fact that this study was
conducted with individuals recruited from the
researchers’ social circle is a limitation. Future
research should be planned with a broader
scope and a larger sample size. The visuals used
in this study were prepared using a single food
item. It may also be recommended to evaluate
the effect on portion perception by conducting
assessments with visuals prepared using mixed
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dishes. In addition, no restrictions were placed
on BMI or gender in this study. However,
more detailed studies specifically focusing on
the obese/overweight group or gender would
contribute to the literature.
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Abstract

Objective: The aim of this study is to valorise fish
bones and scales in a cookie recipe to increase fish
consumption of children and reevaluate wasted fish
by-products. Thus, this culinary application tested
whether a value-added, protein-rich ingredient can
be used to prepare cookies for children and also serve
sustainable gastronomy and sustainable development
goals in the context of zero hunger, good health and
well-being, responsible consumption and production
and life below water.

Material and method: Two different types of cookies
were produced by using fish scales and bones. Scales
and bones of just one fish species, namely sea bass,
was used in the recipes.

Results: Fishy odor could not be eliminated when
both bones and scales were added; yet, no odor was
detected when only scales were used.

Conclusion: This research demonstrates how fish
scales can be used as a functional ingredient to
improve the nutritional profile of baked goods
without degrading their sensory qualities. By turning
what is usually considered waste into a useful, edible
resource, the study also highlights the significance of
circular food systems. In this sense, the study helps
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to promote sustainable food innovation practices and
lessen food waste. To increase product acceptability
and broaden applications, future research could look
into odor-reduction techniques, different flavour
masking, or the addition of different fish species.

Ozet

Amag: Bu calismanin amaci ¢ocuklarin balik tiiketimini
artirmak amaciyla kurabiye tarifinde balik kilgig1 ve
pullarinin degerlendirilmesi ve israf edilen balik yan
iirtinlerinin yeniden degerlendirilmesidir. Béylece, bu
mutfak uygulamasi, besin degeri ve protein agisindan
zengin bir bilesenin ¢ocuklara yonelik kurabiye
hazirlamak icin kullanilip kullanilamayacagini test
ederken, ayni zamanda siirdiiriilebilir gastronomi
ve siirdiiriilebilir kalkinma hedeflerinden sifir
aglik, iyi saglik ve refah, sorumlu tiiketim ve tiretim
ile su altinda yasama da katki saglamak amacini
tasimaktadir.

Gere¢ ve Yontem: Balk pullart ve kemikleri
kullarularak iki farkli kurabiye cesidi {iretilmistir.
Tariflerde tek bir balik tiirii olarak levrek pullar ve
kilgiklar: kullanilmistur.

Bulgular: Hem kemik, hem de pul eklenerek
hazirlanan kurabiyelerde balik kokusu tam olarak
giderilemezken; sadece pul kullanularak hazirlanan
kurabiyelerde herhangi bir koku tespit edilmemistir.

Sonu¢: Bu arastirma, balik pullarinin  duyusal
ozelliklerini bozmadan firmlanmig triinlerin besin
profilini iyilestirmek icin nasil islevsel bir bilesen
olarak kullanilabilecegini gostermektedir. Calisma,
genellikle atik olarak kabul edilen seyi faydal,
yenilebilir bir kaynaga doniistiirerek dongiisel
gida sistemlerinin 6nemini de vurgulamaktadir. Bu
anlamda, c¢alisma siirdiiriilebilir gida inovasyonu
uygulamalarin1  tesvik etmeye ve gida israfini
azaltmaya yardimci olmaktadir. Uriiniin kabul
edilebilirligini artirmak ve uygulamalar1 genisletmek
icin gelecekteki arastirmalar koku azaltma tekniklerini,
farkli tat maskeleme yontemlerini veya farkli balik

tlirlerini inceleyebilir.

Introduction

The importance of sustainability and zero waste
has been strongly emphasized in the last century
due to serious global crisis (1,2). The world’s
resources are faced with extinction because of
excessive and unconscious use by human beings;
overfishing; pollution and climate change being
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the most prominent ones for marine ecosystem.
Sustainable practices can help the improvement
of world ecosystem in many ways (3-5). Ocean
or sea water has an important role and impact on
the overall health and sustainable development
of the planet. It supports all life by producing
oxygen, absorbing carbon dioxide, recycling
nutrients, and regulating global climate and
temperature. As a source of food and livelihood
for a significant part of the global population, as
well as the tourism industries, the oceans have
the potential to achieve the major sustainable
goals of eliminating hunger and poverty (6). One
of the ways to support sustainability with zero
waste goal is to utilize marine by-products that
is treated as waste.

By considering the relationship between
sustainable gastronomy and the protection of
marine ecosystem, this study aims to contribute
to how a sustainable culinary application can be
built by using fish waste by-products, scales and
bones in current study, in a recipe development.

Tiirkiye is a peninsula with seas on three sides.
Although the seas are rich in fish varieties, its
consumption is much lower when compared to
other countries. There are multiple reasons of
this situation; financial impossibilities, eating
habits, education, regional differences etc. (7,8).

According to authorities in nutritional science,
fish has an important contribution to human
development, both mentally and physically; thus,
they emphasize the importance of consuming
fish regularly, especially during childhood (9-
11). Fish is of high nutritional value when taken
as a whole but most of the time bones and scales
are often thrown away. These two parts of the
fish become edible using different techniques.
Despite cold chain practices, only 50-60%
of the fish can be consumed; it is possible to
increase this rate to 90% with different culinary
applications (12).

There is a need for integrating aquaculture waste
with gastronomy and culinary arts to valorize
wasted resources while heightening their
nutritional and flavourful potential. Utilizing
aquaculture waste to create culinary delights
would be an example for using resources more
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sustainably while introducing new gastronomic
experiences (13). Thus, it is aimed to make
cookies by using fish scales and bones to develop
a healthy snack for children that contains fish.
The ultimate goal is to create a cookie rich in
nutritional value that can be consumed by those
children who refuse to eat fish but love cookie
type snacks. Such a cookie trial can also be a good
example for sustainable gastronomy practices as
well.

Fish is a food with high nutritional value and has
numerous significant positive effects on health.
Fish is well-known for being a high-quality
protein source. Protein is necessary for immune
system support, muscle growth, and tissue
repair. It also includes a variety of nutrients,
including minerals as zing, selenium, and iodine
and vitamins as D, B12, and A. Regular fish
eating can also lower inflammation, enhance
mood, maintain eye health, and even lower the
incidence of type 2 diabetes (14). Omega-3 fatty
acids can enhance cognitive performance and
lower the risk of cognitive impairment linked
to aging. They are essential for brain growth
and function. Fish, which is particularly high
in omega-3 fatty acids, has anti-inflammatory
properties, dilates blood vessels, lowers blood
pressure, and promotes heart health (15). The
highest concentration of n-3 polyunsaturated
fatty acids may be found in fish and seafood. It
has been observed that polyunsaturated fatty
acids, namely EPA and DHA derived from fish
oil, are highly effective in lowering the risk of
heart attacks, strokes, hypertension, cardiac
arrhythmias, diabetes, rheumatoid arthritis,
depression, cancer, and brain development (16-
18). One of the most prevalent minerals in the
human body is calcium. It combines biomolecules
to generate a wide range of complex compounds,
particularly with the proteins that build cartilage
and bones. Fish, particularly the little native
species, are excellent providers of calcium.
Among the fish that are rich in calcium are the
tiny native species. All of the soft bones from
this fish are consumed intact and can be a great
source of calcium (19, 20).

Fish constitutes an important part of the dietary
recommendations for children with malnutrition,

and is a food that can be safely consumed by
growing children, pregnantand lactating women,
those with cardiovascular diseases and those
who should not consume red meat (21). Children
who have malnutrition may end up with serious
short-term as delayed cognitive development,
medium-term as worse school accomplishment,
and long-term as non-communicable chronic
illnesses problems. Fish has been recognized
as an important source of high quality animal
protein required for bodybuilding and other
physiological functions in children compared
to adults. Besides, during childhood stage, the
provision of adequate protein intake is very
crucial for the overall growth and development
into adulthood. As fish is tender and easily
digested than meat, its consumption in children
would be an excellent source of calcium and
fluorine essential for the development of strong
bones and teeth (22). The regular function of
tissues and the central nervous system, as well
as the growth and mineralization of bones,
depend on calcium. Additionally, it is important
for blood clotting. The highest consumption of
phosphorus, calcium, and fluorine occurs when
young fish are eaten with their bones in (23).

There are some significant differences in fish and
seafood consumption between countries; China
ranking first with 57,474 million tons annually
whereas Tiirkiye comes almost at the bottom
of the list with 465 thousand tons. Although
Tiirkiye has the advantage of access to fish and
seafood, fish consumption is an average of 5.52
kg per person per year. However, these figures
are below the world average, which shows
that Tiirkiye needs to go a long way in aquatic
products consumption (24). In the future,
consumption of aquatic products is expected
to increase as people are turning to healthier
eating habits and that the contribution of the
aquaculture industry to the global economy is
increasing (25). As a result, seafood consumption
will continue to increase both worldwide and in
Tiirkiye. It is time for Tiirkiye to stand out in
the aquaculture sector and play a greater role
in global fish consumption. We should be aware
that seafood is a nutritious and healthy nutrition
option and direct our consumption habits
accordingly (26).
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Materials and Methods

The methodology adopted new product

development stages; starting with idea
generation, followed by idea screening, concept
development and testing, and prototype
product development, Yet; marketing strategy
development, business analysis, test marketing
and commercialization stages were eliminated
as the main objective of the study was limited
to exprimental product development rather
than commercialization of the product. The
systematic process for the product development

can be summarized as follows:

* Idea
observations of children’s fish consumption, and

Generation:  literature  review,
parental feedback to identify the opportunity of

incorporating fish by-products into snack foods.

¢ Idea Screening: a preliminary market scan for
similar products and a short exploratory survey
with parents to evaluate product acceptability.

e Concept Development and Testing:
determination of product type as cookies based
on children’s high preference for sweet bakery

items.

* Product Development: multiple trials
using fish bones and scales in different ratios
and processing methods to optimize recipe

formulation.

While
consumption statistics and literature review

researchers’ observations, fish
were used to identify the need for incorporating
fish by-products into children” snack at the idea
generation stage; the market was scanned to
find out whether similar products exist at the
idea screening stage. Also, a short survey was
conducted with parents to collect data about
their children’s fish consumption. Concept
development and product testing stages
included main product selection as cookie since
itis one of children’s favorite. Various techniques
were practiced and trials were made to modify
recipes.
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Ethical Aspect of the Research

The study adhered to ethical guidelines,
ensuring the confidentiality and anonymity of
all participants. Informed consent was obtained
from each participant prior to data collection.
[zmir University of Economics Ethics Committee
validated the study with their ethics approval,
which was obtained on 26.07.2024 with the
reference number B.30.2.1EU.0.05.05-020-384.

Results

Survey Results Related to Children Fish
Consumption

children’s fish
consumption habits, a short survey with six

To collect data about

close-ended questions was created. The survey
was administered online with 20 voluntary
respondents; all of which were parenting
children aged 5-12 years old in Izmir, Tiirkiye.
Questions and their answers are indicated on
Table 1 shown below:

The results indicated that children moderately
liked fish; most children (55%) consumed fish
only once or twice a month, whereas only 35%
consumed it weekly. 70% of parents believed
their children consumed fish in insufficicent
amounts and they would prefer they consumed
more. Lastly, they expressed their willingness to
feed their children with fish by-product cookies
and their children’s interest in cookies in general.
These survey results supported children’s low
consumption of fish as well as fish by-product
cookies’ potential acceptability.

Product Development

Fresh sea bass scales and bones were obtained
from a local supplier at the fish bazaar in
Kaynaklar district of Buca, Izmir. Bones and
scales went through separate treatments as
shown in Table 2. The main objective was to
dehydrate and powder both products.

First, the scales were demineralized with
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lactic acid and sodium chloride and then they
were dehydrated. Next, bones were boiled
and separated from proteins and unwanted
substances, then they were dried and powdered.

The scales were washed with a solution
prepared with sodium chloride (NaCl) (non-
iodized industrial salt) and water at a ratio of
10% of the scale weight and filtered. The scales
were kept at 4°C for 24 hours with the solution
prepared using the same ratio. The solution
was refreshed every 12 hours. At the end of
24 hours, the scales were drained and washed
with water. Then washed with distilled mineral
water and rinsed. After that, scales were treated
in lactic acid solution with a 1:10 (w/w) ratio at
room temperature for 3 hours. The scales were
then washed with mineral-free water until the
pH value was neutral. And lastly, scales were
dehydrated at 60-65°C for 72 hours. The process
is shown in Figure 1:

Fish bones were also treated as depicted in
Figure 2. After placing the sea bass bones in a
pot, water was added to cover them. It was boiled
for 30 minutes until the bones were cooked and
drained. The protein, blood and unwanted
particles were separated from the bones. The
bones were broken at the joints so that they could
dehydrate evenly.

The oven and solar drying techniques used in
the first trial deteriorated the smell of the bones.
The second drying process was done using a
dehydration machine. It was dried for 72 hours

at 60-65°C and powdered using a spice grinder.

The scales could not be converted into powder
form effectively due to their flexible structure.
Instead, they were fried in olive oil until crisp.

Flour, brown sugar, granulated sugar, dark

Table 1. Children’s fish consumption

Questions Options % n
Does your child like fish? Not at all 3 15% 20
Slightly 5 25%
Moderately 6 30%
Very 3 15%
Extremely 3 15%
How often does your child consume fish? 1-2 times a month | 11 55% 20
1-2 timesaweek |7 35%
2-3 times amonth | 2 10%
Do you think your child is consuming | yes 6 30% 20
enough fish? no 14 70%
Would you like your child to consume more | yes 18 90% 20
fish? no 2 10%
Does your child like to eat cookies? yes 17 85% 20
no 3 15%
Would you like to increase their fish | yes 16 80% 20
consumption with a cookie made with fish | 4 20%
bones and scales?
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chocolate, white chocolate and milk chocolate,
eggs, baking powder, baking soda and fish
scales were the main ingredients used to make
the first trial. After all the products were mixed,
they were baked at 180°C for 10 minutes in a
convection oven. Recipe outcome is shown in
Figure 3.

The study showed that while fish scales can be
successfully added to cookies, fish bones need
additional processing innovations such as finer
milling or masking agents or addition of flavors
such as cocoa, spices to enhance their sensory
qualities.

Discussion and Conclusion

In order to increase children’s consumption
of fish, the current study investigated the
viability of using fish scales and bones—which
are usually thrown away as processing by-
products—in cookies. The results offer a number
of insights into the technological difficulties and

nutritional potential of this kind of approach.

According to the literature-based nutritional
analysis, fish scales provide collagen peptides
and proteins that may improve the health of
the bones and skin, while fish bones are a great
source of calcium, phosphorus, and collagen
(27-30). Given that childhood calcium deficiency
can result in long-term developmental issues,
this finding is significant. According to earlier
studies on the use of fish by-products, odor
can be reduced by using sophisticated drying
techniques, enzymatic hydrolysis, or the addition
of flavor-masking ingredients like cocoa, spices,
or strongly flavoured inclusions (15).

The Sustainable Development Goals (SDGs),
especially Zero Hunger (SDG2), Good Health and
Well-Being (SDG 3), Responsible Consumption
and Production (SDG 12), and Life Below Water
(SDG 14), are directly impacted by the value-
adding of fish byproducts. This study provides
a tangible illustration of how sustainable
gastronomy can promote environmental
preservation and human health by turning low-

value waste into nutrient-rich foods.

Table 2. Treatment of fish scales and bones

Fish by-product Treatment
washing rinsed in a 10% NaCl solution relative to their weight, kept at 4
°C for 24 hours, and the solution was refreshed every 12 hours
demineralization treated in lactic acid solution (1:10 w/w) for 3 hours at room
scales temperature until neutral pH was reached after repeated
washing with distilled water.
drying dehydrated at 60-65 °C for 72 hours.
grinding/frying fried in olive oil until crisp since grinding didn’t work effectively
washing washed thoroughly under water
boiling boiled for 30 minutes until softened
fish bones drying oven dried and solar dried; yet, resulted in undesirable odors;
a dehydration machine was employed at 60-65°C for 72 hours.
grinding ground using a spice grinder; however, particle size was coarser

than expected
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Figure 1. Fish scale dehydration process

relatively satisfied the expectations although it
was developed in a commercial kitchen setting.
Thus, the grinder used to grind the bones into
flour did not yield the desired result; a finer
flour, which was supposed to have a smoother
texture. The fishy odor and taste from the bones
could not be eliminated and the fishy odor
continued to emanate from the cookie as well.
Yet, the scales didn’t give off undesirable odors

Also, the grinder that was used could not shred
the scales due to its flexible structure. Scales were
first fried in olive oil to make them crispy and
then they were added to the cookie. As a result,
the first trial formula that was incorporated with
only scales had an odorless and crispy texture.
The second cookie made with fish bone and fish
scales together had a fishy smell and a texture
of hard crumbs. Therefore, future research

Figure 2. Fish bone dehydration process
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should concentrate on improving formulation
and processing technology to strike a balance
between sensory acceptability and nutritional
enrichment.

The idea of sustainability is now essential to

every aspect of modern life. To guarantee the
Figure 3. Cookie recipe development

conservation and sustainable use of marine
resources, especially in the Mediterranean
region, a number of studies and initiatives are
being carried out. In terms of fish production
and capture fisheries, Tiirkiye is one of the top

Europeannations, with steadily rising production

In the second product trial, 1/4 of the flour that
ground fish bones and the same amount of fish scales
were added and the second cookie was formed with

the same ingredients explained above. Formulas are
summarized on Table 3

Table 3. Product trial formulas

Texture Aroma Appearance Acceptability
Formula A produced | no no difference promising
Standard cookie dough (wheat flour, a crispy detectable when for further
brown sugar, granulated sugar, butter, texture fish odor compared to development
eggs, baking powder, baking soda, mixed classic cookies
chocolate chips) supplemented with fried
fish scales at 5% of flour weight.
Formula B
In addition to scales, ground fish bone produced | persistent slightly not acceptable at
powder was incorporated by substituting hard, fishy odor different when | its actual form
25% of wheat flour with bone flour. coarse compared to

crumbs classic cookies
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volumes. However, despite their potential as
a nutritional resource, a large percentage of
fish by-products, such as bones and scales, are
frequently discarded and remain underutilised.
Emerging initiatives in recent years have aimed
to encourage the recycling and value-adding of

these byproducts.

Tiirkiye lags behind many other countries in
terms of per capita fish consumption, despite
its strong position in fish production. Despite
the fact that fish is acknowledged as an essential
dietary component that supports both physical
and cognitive development during childhood,
this disparity is especially noticeable among

children, who consume less fish than adults.

In order to support the sustainability of marine
ecosystems and promote creative gastronomic
practices, the current study was created to assess
fish by-products within the parameters of the
zero-waste approach. Despite the established
developmental benefits of fish, children were
chosen as the main target group because of
their relatively low levels of consumption. In
order to achieve this, the study concentrated on
using fish scales and bones, which are normally
discarded, to create a cookie recipe that appeals
to kids’ palates. To evaluate their potential for
producing a palatable and sustainable food
product, seabass bones and scales were added to

the recipe during the experimental phase.

The resulting cookie can be refined with
collaborative studies with other related academic
disciplines such as food engineering and
aquaculture and fisheries. These collaborations
could support validation of nutritional claims
withlaboratory analyses. Amoredetailed analysis
of the nutrient composition of fish bones and
scales would be particularly supporting to reveal
the potential contributions of macronutrients
that are critical for the growth and development
of children. Sensory evaluations with children
would help to determine which masking agents
and flavors could be used to eliminate fish odor.
Fish by-product cookies stand as an innovative

approach towards sustainable gastronomy and

child-friendly snack if the remaining challenges
are resolved.
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Abstract

Objective: This study aims to elucidate the pivotal role
of industrial microbiology in advancing fermented
and functional foods within gastronomy. It focuses
on identifying key microorganisms, their metabolites,
and fermentation conditions, alongside assessing
shelf-life
functional bioactive compounds,

nutritional enhancements, extension,
and economic

impacts of fermentation processes.

Material and Method: A comprehensive analysis was
conducted on major fermentative microorganisms
including  Lactobacillus ~ plantarum,  Saccharomyces
cerevisize, and Aspergillus oryzae, among others.
Nutritional and functional properties were evaluated
pre- and post-fermentation across diverse food
matrices. Industrial enzyme activities and microbial
contamination risks were assessed. Statistical methods
including Pearson correlations, multiple regression,
ANOVA, and chi-square tests analyzed fermentation
efficiency, health benefits, pathogen reduction, and
consumer preferences.

Results: Fermentation significantly enhanced protein
content (e.g., soybeans 36039 g/100g), probiotics (up
to 10° CFU/g), vitamins (B12 increased notably),
antioxidants, and extended shelf life by up to 1800%
(soybeans to miso). Key bioactives such as probiotics
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and polyphenols conferred gut, cardiovascular,
and immune benefits. The fermented foods market
showed robust growth globally (CAGR 7.9-9.5%).
Enzymes like amylase and protease dominated
industrial applications. Strong positive correlations
were observed between probiotic count and protein
increase (r = 0.82, p = 0.0005), fermentation time
and antioxidant increase (r = 0.75, p = 0.001), and
temperature with lactic acid production (r = 0.68,
p = 0.005). A significant negative correlation was
found between pH and pathogen reduction (r =
-0.72, p = 0.002). Pathogen reduction was statistically
significant (ANOVA F = 14.6, p = 0.0008). Consumer
surveys showed high preference for fermented foods,
particularly in Asia (88%) and Europe (75%).

Conclusion: Industrial microbiology is transformative
in gastronomy by optimizing fermentation to produce
nutrient-rich, functional foods with extended shelf life
and significant health benefits, driving robust market
expansion. This microbial revolution underscores
fermentation’s role in sustainable food innovation and
global consumer acceptance.

Ozet

Amag: Bu calisma, endiistriyel mikrobiyolojinin
gastronomide fermente ve fonksiyonel
gidalarin gelisimindeki kritik roliinii agiklamay1
amaclamaktadir. Ana mikroorganizmalar,
metabolitleri ~ ve  fermantasyon  kosullarmin
belirlenmesinin yani sira, besinsel iyilesmeler,
raf omrii uzatimi, fonksiyonel biyoaktif bilesikler
ve fermantasyon siireclerinin ekonomik etkileri
degerlendirilmektedir.

Materyal ve Yontem: Lactobacillus plantarum,
Saccharomyces cerevisiae ve Aspergillus oryzae gibibaslica
fermente mikroorganizmalar iizerinde kapsamli
analizler yapilmistir. Farkli gida matrikslerinde
fermantasyon ©Oncesi ve sonrasi besinsel ve
fonksiyonel 6zellikler degerlendirilmistir. Endiistriyel
enzim aktiviteleri ve mikrobiyal kontaminasyon
riskleri incelenmistir. Fermantasyon verimliligi,
saglik faydalari, patojen azaltimi ve tiiketici tercihleri
Pearson korelasyonlari, ¢oklu regresyon, ANOVA ve
ki-kare testleri kullanilarak analiz edilmistir.

Bulgular: Fermantasyon, protein igerigini (6rnegin
soya fasulyesi 36039 g/100g), probiyotik sayisinit (10°
CFU/g'ye kadar), vitamin B12’yi, antioksidanlari
onemli Ol¢tide artirmis ve raf dSmriinii %1800’e kadar
(soya fasulyesinden misoya) uzatmistir. Probiyotikler
ve polifenoller gibi ana biyoaktif bilesikler bagirsak,
kardiyovaskiiler ve bagisiklik faydalari saglamistir.
Fermente gida pazari kiiresel olarak giiclii bir biiyiime
gostermistir (%7,9-9,5 CAGR). Amilaz ve proteaz
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gibi enzimler endiistriyel uygulamalarda baskindir.
Probiyotik sayistile protein artisi arasinda giiglii pozitif
korelasyon (r = 0.82, p = 0.0005), fermantasyon siiresi
ile antioksidan artis1 arasinda pozitif korelasyon (r =
0.75, p = 0.001), sicaklik ile laktik asit {iretimi arasinda
orta derecede pozitif korelasyon (r = 0.68, p = 0.005)
gozlenmistir. pH ile patojen azaltimi arasinda anlaml
negatif korelasyon (r = -0.72, p = 0.002) bulunmustur.
Patojen azaltimi istatistiksel olarak anlamhdir
(ANOVA F = 14.6, p = 0.0008). Tiiketici anketleri,
ozellikle Asya (%88) ve Avrupa (%75) bolgelerinde
fermente gidalara yiiksek tercih gostermektedir.

Sonug: Endiistriyel mikrobiyoloji, fermantasyonu
optimize ederek besin degeri yiiksek, fonksiyonel
ve uzun raf Omiirlii gidalarin {iretimini saglayarak
gastronomide doniisiim yaratmaktadir. Bu mikrobiyal
devrim, siirdiiriilebilir gida inovasyonunda ve
kiiresel tiiketici kabuliinde fermantasyonun énemini

vurgulamaktadir.

Introduction

Fermented foods are foods and beverages
produced through controlled microbial growth
and enzymatic conversions of food components
by microorganisms such as bacteria, yeasts,
and molds (1, 10). This natural or controlled
fermentation process leads to biochemical
transformations that improve the food’s shelf
life, flavor, texture, nutritional profile, and
safety. Common fermented foods include dairy
products like yogurt and cheese, fermented
vegetables such as sauerkraut and kimchi,
fermented soy products like miso and tempeh,
fermented beverages including kombucha and
kefir, as well as bread and fermented meats
(1, 12). These foods benefit from the metabolic
activities of microorganisms, particularly lactic
acid bacteria (LAB), which produce organic
acids, antimicrobial compounds, and bioactive
peptides contributing to food preservation and
health benefits (2).

The term ‘probiotic’ refers to live microorganisms
which, when administered in adequate amounts,
confer health benefits to the host, primarily by
improving or restoring gut flora balance (3).
Probiotics are mainly strains of Lactobacillus,
Bifidobacterium, and certain yeasts that survive
gastrointestinal transit, adhere to the intestinal
mucosa, and interact beneficially with the



Journal of Food Nutrition and Gastronomy-JFNG, Volume/Cilt: 4, Issue/Say1:2,, Year/Yil: 2025

immune system (1). These microorganisms
enhance digestion, inhibit pathogenic bacteria,
and contribute to metabolic functions such
as vitamin synthesis and modulation of
inflammatory responses (3, 32). Probiotics are
often incorporated into fermented foods and
dietary supplements to promote gut health and
overall wellbeing (2).

Industrial microbiology employs advanced
techniques to optimize fermentation processes
for consistent, safe, and scalable production of
fermented and functional foods. These include
strainselection and improvement through genetic
and metabolic engineering, controlled starter
culture preparation, and precision fermentation
technologies that allow targeted production of
metabolites such as organic acids, enzymes, and
bioactive compounds. Bioreactor design and
monitoring, coupled with omics technologies
(genomics, proteomics, metabolomics), facilitate
real-time control of fermentation parameters to
enhance yield, flavor, nutritional content, and
safety. Techniques such as immobilized cell
systems and co-culturing microbial consortia
are also utilized to improve fermentation
efficiency and stability. Additionally, industrial
microbiology ensures compliance with stringent
food safety regulations by employing rapid
microbial detection methods and risk assessment
tools.

Fermented foods have played a crucial role in
human nutrition and gastronomy for centuries,
providing  essential nutrients, enhanced
flavors, and extended shelf life (1, 2). Industrial
microbiology has significantly advanced the
field of food fermentation, optimizing microbial
processes for improved safety, quality, and
functionality (3, 4, 5). The use of lactic acid
bacteria such as Lactobacillaceae in fermented
foods has garnered considerable interest
due to their probiotic potential and ability to
enhance gut health (6, 7). The fermentation of
cassava and corn, staple foods in Nigeria, has
been extensively studied for their role in food
security and nutritional enhancement (8, 9).
Nigeria is chosen due to its heavy reliance on
these staple crops and the cultural significance
of their fermented products in the local diet.

While the topic highlights Nigerian examples,
it does not focus exclusively on fermented foods
specific to that region; rather, it uses Nigeria as
a representative case to explore broader themes
in fermentation, food security, and nutrition
in sub-Saharan Africa and other regions of the
world. Lactobacillaceae are among the dominant
microorganisms in these fermentations,
contributing to the production of organic acids,
bacteriocins, and exopolysaccharides that
improve food safety and texture (10, 11). Studies
have shown that traditional fermentation
methods can be optimized using modern
industrial microbiology techniques to enhance
the viability and probiotic functionality of these

bacteria (12, 13).

Probiotics have been widely recognized for their
health benefits, including improved digestion,
immune modulation, and potential antimicrobial
properties against foodborne pathogens (14,
15). Several strains of Lactobacillus isolated from
fermented cassava and corn exhibit promising
probiotic characteristics, including acid and bile
tolerance, antimicrobial activity, and the ability
to adhere to intestinal epithelial cells (16, 17).
These beneficial properties are not exclusive to
cassava and corn-based products but may also
extend to fermented foods in general, indicating
a broader potential for their application as
probiotics. Functional food development aims
to influence these properties to create innovative
food products with enhanced health benefits (18,
19).

Food safety remains a major concern in
fermentation processes, asuncontrolled microbial
activity can lead to contamination with harmful
bacteria, toxins, or spoilage organisms (20, 21).
Advanced industrial microbiology techniques,
such as metagenomics and bioinformatics,
allow for precise identification and selection
of beneficial microbes while minimizing
contamination risks (22, 23). The application of
these technologies has improved the consistency
and safety of fermented food products (24, 25).
In addition to health benefits, fermented foods
contribute to the sensory and gastronomic appeal
of diets worldwide (26). The unique flavors and
textures produced by microbial fermentation
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are integral to many traditional cuisines, and
optimizing these processes can enhance their
market value (27, 28). As consumer demand for
natural and functional foods grows, the food
industry continues to explore novel fermentation
techniques and microbial strains that offer both
sensory and health benefits (29, 30).

Recent advances in industrial microbiology
have enabled the large-scale production of
fermented foods with standardized quality
and safety parameters (31). The integration
of biotechnological approaches, including
genetic engineering and synthetic biology, is
opening new possibilities for tailoring microbial
metabolism to enhance food functionality (32,
33). Future research should focus on further
characterizing the probiotic potential of
indigenous Lactobacillus strains and optimizing
fermentation processes to maximize their health

benefits (34).

Overall, the
microbiology in fermentation, food safety,

pivotal role of industrial
and functional food development cannot be
overstated. By harnessing microbial diversity
and modern biotechnological advancements, the
food industry can improve both the nutritional
and gastronomic aspects of fermented foods (35,
36, 37).

The purpose of this study is to explore the critical
role of industrial microbiology in enhancing food
nutrition and gastronomy through fermentation,
food safety, and functional food development.
It aims to highlight how microbial processes
contribute to improving the nutritional value,
sensory qualities, and safety of fermented foods
while also promoting innovation in functional
food production. Additionally, the study seeks to
bridge the gap between traditional and modern
food processing techniques, demonstrating
the significance of industrial microbiology in
developing sustainable and health-promoting
food products.
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Material and Method

Microbial selection and industrial
applications

Microorganisms used in fermentation were
selected based on their industrial relevance and
metabolic activity. Data on microbial species,
their fermentation substrates, key metabolites,
and industrial market share were obtained from
the Food and Agriculture Organization (FAO)
Industrial Fermentation Report (35) and World
Health Organization (WHO) Microbiology Data.
The selection process ensured the inclusion of
bacteria, yeast, and fungi commonly used in
food fermentation.

Nutritional and functional analysis of
fermented foods

Nutritional enhancement was assessed by
comparing pre- and post-fermentation levels
of protein, vitamin B12, probiotics, and
antioxidants. Data were extracted from United
States Department of Agriculture (USDA)
Nutritional Database and National Institutes of
Health (NIH) Fermentation Study (34). Samples
of fermented foods, including miso, yogurt,
sauerkraut, gari, and sourdough, were analyzed
using standard biochemical assays. The protein
content was measured using the Kjeldahl
method; Vitamin B12 was determined via high-
performance liquid chromatography (HPLC);
Probiotic Count was assessed using colony-
forming unit (CFU) enumeration on selective
media; and the antioxidants was Quantified
using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay.

Shelf-life extension analysis

The impact of fermentation on shelf life was
determined using data from the Food and Drug
Administration (FDA) Food Stability Report
(2023) and World Health Organization (WHO)
Fermented Foods Study. Food products such as
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milk, cabbage, soybeans, wheat, and meat were
stored under controlled conditions, and their
shelf-life extension was recorded.

Unfermented vs. fermented shelf life:
Assessed by monitoring spoilage indicators
such as microbial growth, pH changes, and
sensory evaluation. The formula for calculating
the percentage extension of shelf life due to

fermentation is presented in Equation 1: (16)

preferences for fermented foods were obtained
through surveys conducted in North America,
Europe, Asia, Africa, and South America. Market
growth was measured using compound annual
growth rate (CAGR) calculations. Equation 2
was used to calculate market growth rate (5). The
formula for Compound Annual Growth Rate
(CAGR) used to measure market growth is:

Shelf life of fermented food—shelf life of unfermented food

Percentage extension =

@
Where:

Shelf Life of Fermented Food = Number of days/
weeks/months the fermented product remains
safe and acceptable.

Shelf Life of Unfermented Food = Number of
days/weeks/months the unfermented product
remains safe and acceptable.

Functional compound analysis

Bioactive compounds in fermented foods were
analyzed using data from NIH Functional
Food Study (2023) and WHO Fermented Food
Database. The following assays were conducted:

Probiotic viability: Measured by plating on
MRS agar and counting CFUs.

Polyphenol content: Determined via Folin-
Ciocalteu method.

Organic acid quantification: Analyzed using gas
chromatography-mass spectrometry (GC-MS).

Nattokinase and isoflavone levels: Assessed via
enzyme-linked immunosorbent assay (ELISA)
and spectrophotometry.

Market growth and consumer preference
studies

Market trends were analyzed using data from the
Statista Global Market Report (2023). Consumer

Shelf life of unfermented food

CAGE=[§JE -l )

Where:

CAGR = Compound Annual Growth Rate
EV = Ending Value (Final Market Size)

BV =Beginning Value (Initial Market Size)
n = Number of years

Consumer preferences: Evaluated based on
commonly consumed products and concerns
such as sugar content, probiotic viability, and
authenticity.

Statistical analyses

Several statistical methods were used to assess
the impact of fermentation on nutrition, safety,
and market trends:

a. Correlation analysis: Microbial Activity vs.
Nutritional Enhancement

Pearson correlation coefficients (r) were
calculated to determine the relationship between
fermentation parameters and nutritional
benefits. A significance level of 95% was used (p

<0.05).

b. Regression model: Fermentation time and
nutrient enhancement

A multiple regression analysis was conducted
to predict the effect of fermentation time (X,
and temperature (X2) on probiotic growth (Y).

Equation 3 shows regression equation (5, 19):
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Y =p0+BIX1+pP2X2+¢ 3)

where Y represents probiotic CFU count, X1
denotes fermentation time (hours), and X2
represents fermentation temperature (°C). The
adjusted R? value and p-values were analyzed
for statistical significance.

c¢. ANOVA: Safety of fermented food vs. non-
fermented foods

A one-way ANOVA was conducted to compare
pathogen levels in fermented and non-fermented
foods. A high F-value and low p-value confirmed
significant reductions in foodborne pathogens
post-fermentation.

d. Predictive modeling: Global fermented
foods market (2024-2030)

Forecasting was based on historical data and
consumer demand trends. A linear regression
model was applied to estimate market growth
potential.

Industrial enzyme utilization

Data on industrial enzyme applications were
obtained from the Institute of Food Science
and Technology (IFST) Enzyme Market Report
(2022). Enzymatic activity levels were measured
in units per milligram (U/mg) for key enzymes
such as amylase, protease, lipase, cellulase, and
pectinase.

Food safety assessment

Microbial contamination risks in fermented
foods were evaluated using data from the WHO
Foodborne Pathogen Database (2023). Pathogen
limits were assessed according to WHO, FDA,
EFSA, USDA, and FAO regulations.

Pathogen screening: Conducted using selective
culture methods.

Safe limit compliance: Evaluated against
international safety standards.

Ethical approval

The study is proper with ethical standards, it
was approved by the Department of Biological
Sciences  (Microbiology), Benson Idahosa
University on 26th February, 2024. The Ethics
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Committee approval number is ETH/2024/0026,
granted on 26th February, 2024.

Results and Discussion

Table 1 and Figure 1 highlights the diversity
and industrial relevance of key microorganisms
utilized in food fermentation. Saccharomyces
cerevisiae dominates with the highest industrial
use at 45%, primarily attributed to its robust
ethanol and CO, production across a moderate
temperature range of 20-30°C, which aligns with
the optimal conditions for beer, wine, and bread
fermentation. This result is consistent with the
findings of Patra et al. (12), who emphasized
the yeast’s extensive applicability and efficiency
in alcohol fermentation processes. Lactobacillus
plantarum, with an industrial share of 22%, is
pivotal in the production of kimchi, sauerkraut,
and pickles. Its generation of lactic acid and
bacteriocins at 30-37°C supports its dual role in
preservation and probiotic enhancement. This
result agrees with Anumudu et al. (1) and Yang
et al. (4), who noted its significant contribution to
food safety and functional product development.
Aspergillus oryzae contributes 15% to the market,
mainly through enzymatic activity (amylases
and proteases) in soy-based fermentations like
miso and sake at 25-37°C. Its enzymatic profile
matches observations by Terpou and Rai (17),
who reported its superior starch and protein
degradation properties in traditional Asian
fermentation systems. Bifidobacterium longum
accounts for 12% of the industrial use, producing
short-chain fatty acids crucial for gut health in
probiotic dairy products at 36-39°C. This finding
is in agreement with Gonzalez-Gonzalez et al.
(14), who described its functional relevance in
the human microbiome and dairy biotechnology.
Lastly, Pediococcus acidilactici has the smallest
market share at 6%, with its key role in sausage
fermentation through lactic acid and diacetyl
production at 25-35°C. Although its industrial
footprint is smaller, its niche application in meat
fermentation supports earlier reports by Fan et
al. (13) and Adetuyi et al. (6) on its contribution
to flavor development and food preservation.
Overall, the market distribution in Table 1
reflects not only the metabolic versatility of these
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Table 1: Microorganisms used in fermentation and their industrial applications

Microorganism Type Fermented Key metabolites Optimal Industrial use
products fermentation temp (% of market)
)]
Lactobacillus Bacteria Kimchi, Lactic acid, 30-37 22%
plantarum Sauerkraut, bacteriocins
Pickles
Saccharomyces Yeast Beer, Wine, Ethanol (4- 20-30 45%
cerevisiae Bread 18%), CO,
Aspergillus oryzae Fungus Soy sauce, Amylases, 25-37 15%
Miso, Sake Proteases
Bifidobacterium Bacteria Yogurt, Short-chain 36-39 12%
longum Probiotic dairy  fatty acids
Pediococcus Bacteria Fermented Lactic acid, 25-35 6%
acidilactici sausages Diacetyl

Figure 1: The market share of microorganisms used in industrial fermentation.

Bifidobacterium longum

Pediococcus acidilactici

(Bacteria)

12.0% Aspergillus oryzae

(Bacteria) "
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Saccharomyces cerevisiae
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microorganisms but also their technological
compatibility with specific substrates and
temperature conditions. These results align with
trends described by Patra et al. (12), confirming
the dominant industrial roles of S. cerevisiae and
lactic acid bacteria across various fermented

food sectors.

Fermentation significantly = enhanced the
nutritional profiles of all evaluated food products
in Table 2. Protein content increased modestly
across all samples, with soybeans (miso) rising
from36t039 g/100 gand wheat (sourdough) from

12 to 14 g/100 g, indicating proteolytic activity

A oe0%

{Fungus)
15.0%

22.0% | | actobacillus plantarum

(Bacteria)

and improved amino acid bioavailability—
consistent with prior findings by Patra et al.
(12) and Yang et al. (4). Milk fermentation into
yogurt led to a notable protein increase (3.4 to
4.2 /100 g), supporting findings by Adetuyi etal.
(6) on casein breakdown and peptide formation
during lactic acid fermentation. A remarkable
gain was observed in vitamin B12, previously
absent in all raw products. Post-fermentation,
miso contained 1.2 ug/100 g, and yogurt had
0.8 ng/100 g. These increases align with microbial
biosynthesis reported in fermented products by
Banwo et al. (15) and Gonzalez-Gonzalez et al.
(14). Sauerkraut and sourdough also showed
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measurable B12 enrichment, affirming microbial
fortification during fermentation, in agreement
with results from Patra et al. (12). Probiotic
counts surged dramatically, exemplified by
yogurt’s increase from 10° to 10° CFU/g and miso
from 0 to 108 CFU/g, which mirrors the microbial
proliferation patterns described by Shilpashree
et al. (3) and Mah & Ruiz-Capillas (19). The
presence of viable probiotics in traditionally
fermented foods like sauerkraut and sourdough
107 CFU/g)
studies highlighting their role as carriers of

(up to corroborates  previous

live beneficial microbes (32). Antioxidant levels

roughly doubled in most foods: soybeans (25
to 50 mg/kg), cabbage (35 to 70 mg/kg), and
wheat (20 to 45 mg/kg). These enhancements
are attributed to phenolic compound release
and microbial biotransformation, supporting the
mechanisms proposed by Fan et al. (13) and Sun
et al. (20). Particularly, cabbage’s antioxidant
content increase reinforces its functional status,
as outlined by Hilgendorf et al. (9). Collectively,
the results demonstrate that fermentation
improves not only nutritional density but also
functional properties such as antioxidant activity
and probiotic enrichment.

Table 2: Nutritional enhancements in fermented foods (pre-fermentation vs. post-fermentation)

Food product Protein Vitamin B12 Probiotics Antioxidants (mg/kg)
(g/1002) (1g/1002) (CFU/g)

Soybeans (Miso) 36 — 39 0—1.2 0— 108 25— 50

Milk (Yogurt) 34542 0—0.8 10°— 10° 10 — 30

Cabbage 13—15 0—05 0— 107 35—-70

(Sauerkraut)

Cassava (Gari) 1.2—-15 0—0 0— 108 5—12

Wheat (Sourdough) 12 — 14 0—0.3 0— 107 20 — 45

Sources: USDA nutritional database, NIH fermentation study (2022)

The data presented in Table 3 clearly demonstrate
the significant impact of fermentation on the
extension of food shelf-life across a variety of
product categories. Fermentation enhanced
the shelf-life of perishable foods by impressive
margins, with increases ranging from +200%
to +1800%, depending on the food matrix and
microbial activity involved. For example, the
transformation of milk into yogurt extended
its shelf-life from 7 days to 30 days (+328%),
while fermentation of cabbage into sauerkraut
resulted in an even more dramatic increase from
10 days to 180 days (+1700%). These findings
are consistent with previous studies that
highlight the antimicrobial action of lactic acid
bacteria and pH reduction as primary factors
in spoilage inhibition (1, 3, 6). The greatest
shelf-life extension was observed in fermented
soybean products, where miso demonstrated an
increase from 30 days to 1.5 years (+1800%). This
long-term preservation aligns with reports by
Patra et al. (12), who emphasized the stabilizing
effect of salt-tolerant microbes and enzymatic
modifications in legume fermentation. Similar
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outcomes were noted in fermented meat
products such as sausages, which showed a
twelve-fold extension (from 7 days to 90 days,
+1200%), corroborating findings by Shilpashree
et al. (3) and Nehra and Nain (7) on microbial
inhibition of spoilage organisms in protein-rich
matrices. Wheat-derived sourdough bread also
exhibited a three-fold shelf-life increase (from
5 days to 15 days, +200%), which agrees with
studies that highlight the antifungal compounds
produced during cereal fermentation (2, 8, 13).
These extensions not only reduce food waste but
also enhance food security and marketability,
as discussed in Naik and Kerkar (2) and Giuffre
and Giuffre (18). Overall, the results in Table 3
validate the substantial preservation potential
of fermentation processes. This result is in
agreement with Patra et al. (12), who underscored
the role of fermentation in improving both shelf
stability and food safety across diverse food
systems.
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Table 3: Shelf-life extension due to fermentation

Food product Unfermented Shelf life Fermented Shelf life Extension (%)
Milk — Yogurt 7 days 30 days +328%
Cabbage — Sauerkraut 10 days 180 days +1700%
Soybeans — Miso 30 days 1.5 years +1800%
Wheat — Sourdough Bread 5 days 15 days +200%

Meat — Fermented Sausages 7 days 90 days +1200%

Sources: FDA food stability report (2023), WHO fermented foods study

Table 4 highlights the quantitative presence of
key bioactive compounds in various fermented
foods, each contributing distinct health benefits.
Yogurt, for instance, contains Lactobacillus
acidophilus at a concentration of 10° CFU/mL,
which significantly supports gut health and
immunity. This result is consistent with findings
by Anumudu et al. (1), who emphasized the
role of lactic acid bacteria in modulating the
gut microbiome and enhancing host immunity.
Kimchi exhibits a polyphenol concentration of
150 mg/kg, conferring notable antioxidant and
anti-inflammatory effects. This is in agreement
with Patra et al. (12), who identified polyphenols
in fermented vegetables as potent bioactives
that reduce oxidative stress and inflammation.
Similarly, Kombucha presents 120 mg/kg of
organic acids, known for detoxification and
hepatoprotective  effects—consistent ~ with
observations by Sun et al. (20), who documented
the functional significance of these compounds

in improving liver health.

Natto stands out with the highest concentration
of a single compound-—nattokinase enzyme
at 2800 FU/g—which contributes significantly
to cardiovascular health through fibrinolytic
activity. This aligns with the data presented by
Fan et al. (13), who noted the cardiovascular
benefits of enzyme-rich fermented soybean
products. Tempeh contains isoflavones at 65 mg/
kg, supporting hormonal balance, particularly
in menopausal women. This value supports
findings reported by Taneja et al. (26), who
emphasized the phytoestrogenic activity of
isoflavones in fermented soy products. Overall,
the numerical values presented in Table 4 affirm
the functional efficacy of fermented foods
and are in agreement with prior studies such
as Patra et al. (12), Sun et al. (20), and Fan et
al. (13), substantiating the health-promoting
potentials of bioactive compounds derived from
fermentation.

Table 4: Functional compounds in fermented foods

Fermented food Bioactive compound

Concentration (mg/kg)

Health benefit

Yogurt Probiotics (L. acidophilus) 10° CFU/mL Gut health, Immunity

Kimchi Polyphenols 150 mg/kg Antioxidant, Anti-inflammatory
Kombucha Organic acids 120 mg/kg Detoxification, Liver health
Natto Nattokinase enzyme 2800 FU/g Cardiovascular health

Tempeh Isoflavones 65 mg/kg Hormonal balance

Sources: NIH functional food study (2023), WHO fermented food database
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Table 5 presents a comparative overview of the
global fermented foods market growth across
major regions from 2020 to 2025. The Asia-
Pacific region leads with the highest compound
annual growth rate (CAGR) of 9.5%, increasing
from USD 52.1 billion in 2020 to a projected USD
81.3 billion in 2025. This significant expansion
reflects rising consumer awareness of the health
benefits associated with fermented foods and
aligns with findings from Patra et al. (12), who
emphasized the growing demand for functional
and probiotic-rich diets in Asian markets.

North America follows with a CAGR of 8.7%,
with its market projected to reach USD 68.9
billion by 2025. This growth trend supports
the conclusions of Hilgendorf et al. (9) and
Yuan et al. (16), who noted increased precision
fermentation and industrial-scale production
of functional foods in developed economies.
Similarly, Europe’s market is anticipated to

grow to USD 55.7 billion at a CAGR of 7.9%,
underscoring sustained consumer interest in
health-promoting microbial foods, as discussed
by Gonzalez-Gonzalez et al. (14). Latin America
and the Africa & Middle East regions, although
having smaller market bases, are expected to
grow at CAGRs of 8.8% and 9.1%, respectively.
These high growth rates suggest emerging
interest and potential for market penetration,
consistent with the projections made by Banwo
et al. (15) regarding the expansion of traditional
fermentation practices in developing regions.
Overall, the data confirm a robust global growth
trajectory in the fermented foods market, driven
by health trends, microbial biotechnology, and
food innovation. This result is in agreement
with earlier projections and analyses by Patra
et al. (12), Aswathy et al. [5], and Adetuyi et al.
(6), all of whom highlighted fermentation as a
transformative strategy in global food systems.

Table 5: Global fermented foods market growth (2020-2025)

Region Market Size (2020, USD Billion)  Projected Size (2025, USD Billion) CAGR (%)
North America 45.3 68.9 8.7%
Europe 38.2 55.7 7.9%
Asia-Pacific 52.1 81.3 9.5%
Latin America 12.7 194 8.8%
Africa & Middle East 6.3 9.8 9.1%

Sources: Statista global market report (2023)

Table 6 highlights the industrial significance
of various enzymes utilized in fermentation-
based food processing. Protease demonstrated
the highest enzymatic activity at 210 U/mg,
underscoring its efficiency in protein hydrolysis,
particularly  relevant in  cheese-making
applications. This aligns with the findings of
Shilpashree et al. (3), who emphasized protease’s
vital role in dairy product texturization and
flavor development. Despite its superior activity,
protease held only 25% of the market share,
indicating that factors beyond activity —such
as versatility and application breadth—affect
commercial dominance. Amylase, with an
activity of 150 U/mg, captured the largest market
share at 32%, primarily due to its extensive use
in bread and brewing industries. This market

prominence is consistent with the observations of
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Patra et al. (12), who reported amylase as a staple
enzyme in carbohydrate-rich food fermentation
processes. Similarly, lipase and cellulase
recorded moderate activity levels of 185 and 175
U/mg, respectively, with market shares of 18%
and 15%. Their roles in flavor enhancement and
juice clarification have been well-documented
in recent industrial surveys (Naik & Kerkar, 2;
Adetuyi et al., 6). Pectinase exhibited the lowest
market share (10%) and a moderate activity level
(160 U/mg), which may reflect its more niche role
in wine clarification. However, its relevance in
improving product clarity and phenolic release
has been supported by Pop et al. (11). Overall,
the data reflect a positive correlation between
enzyme functionality in specific applications
and their market integration. These results are in
agreement with previous reports by Patra
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Table 6: Industrial enzymes used in fermentation

Enzyme Application Activity level (U/mg) Market Share (%)
Amylase Bread, Brewing 150 32%
Protease Cheese-making 210 25%
Lipase Dairy, Flavoring 185 18%
Cellulase Juice extraction 175 15%
Pectinase Wine clarification 160 10%

Sources: IFST enzyme market report (2022)

et al. (12), who noted that industrial enzyme
deployment is increasingly influenced by both
functional efficacy and economic scalability.

Table 7 presents microbial contamination

thresholds
products, highlighting a stringent regulatory

across various fermented food
framework with allowable limits set at <10
CFU/g for major pathogens such as Salmonella,
Listeria monocytogenes, and Clostridium botulinum,
and slightly higher tolerances for E. coli O157:H7
(<10?> CFU/g) and Bacillus cereus (<10> CFU/g).
These values reflect international standards
enforced by agencies including WHO, FDA,
EFSA, USDA, and FAO. The results align with
existing literature emphasizing the critical role of
microbial load monitoring in ensuring fermented
food safety. Patra et al. (12) reported that

traditional fermentation processes may reduce,
but not eliminate, pathogenic risks, necessitating
rigorous microbial surveillance. This result is
in agreement with findings by Pop et al. (11),
who emphasized the persistence of pathogens
like Listeria and Salmonella in soft cheeses and
fermented meats, despite controlled processing
environments. Moreover, studies have shown
that safe microbial limits are achievable through
the application of starter cultures and precision
fermentation techniques, enhancing both safety
and functionality of fermented products (6, 9,
13). In particular, Fan et al. (13) observed that
synergistic fermentation significantly reduces E.
coli levels in fermented vegetables, corroborating
the 10? CFU/g threshold defined by WHO.

Table 7: Microbial contamination in fermented foods

Pathogen Risk foods Safe limit (CFU/g) Regulatory body
Salmonella Raw milk cheese <10 WHO, FDA
Listeria monocytogenes Soft cheese <10 EFSA
Clostridium botulinum Fermented meats <10 USDA

E. coli O157:H7 Fresh vegetables <102 WHO

Bacillus cereus Fermented rice <108 FAO

Sources: WHO foodborne pathogen database (2023)
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able 8 highlights the substantial economic
footprint of the fermented foods industry in
2023, demonstrating differentiated revenue
streams and growth rates across key sectors.
The alcoholic beverages segment leads with a
revenue of USD 630 billion and a growth rate of
5.8%, underscoring its mature yetresilient market
[position, which aligns with the established
industrial applications of fermentation noted
by Shilpashree et al. (3) and Patra et al. (12).
Dairy fermentation follows closely with USD
260 billion in revenue and a 6.2% growth rate, a
trend that corroborates the findings of Adetuyi
et al. (6) and Gonzalez-Gonzalez et al. (14),
who reported strong consumer demand and
innovation in dairy-based probiotic products.

The probiotics and functional foods sector, while
smaller in revenue (USD 75 billion), exhibits
the highest growth rate at 9.4%, reflecting
increasing health awareness and consumer

preference for gut-health-supporting products.

This rapid expansion is in agreement with recent
observations by Yuan et al. (16), who emphasized
the rising industrial momentum toward health-
promoting functional foods. Similarly, the|
plant-based fermentation sector reported USD
42 billion in revenue with an 8.2% growth rate,
consistent with global trends in sustainable food
innovation and alternative protein sources, as|
discussed by Hilgendorf et al. (9) and FAO (35).

Traditional fermented foods, while yielding|
a comparatively modest USD 22 billion and a
4.5% growth rate, continue to play a culturally
and nutritionally significant role. Their steady
growth aligns with sustainable and artisanal
production patterns highlighted in studies by,
Fan et al. (13) and Banwo et al. (15). Overall,
these findings confirm the industry’s dynamic
diversification and support the economic
projections and functional value propositions|
outlined in earlier literature (12, 18, 27).

Table 8: Economic impact of fermented foods industry (2023 data)

Industry Sector Revenue (USD Billion) Growth Rate (%)
Dairy Fermentation 260 6.2
Alcoholic Beverages 630 5.8
Probiotics & Functional Foods 75 9.4
Plant-Based Fermentation 42 8.2
Traditional Fermented Foods 22 45

Sources: Statista market report (2023)

Table 9 presents a regional breakdown of
consumer preferences for fermented foods, with
Asia showing the highest preference at 88%,
followed by Europe (75%) and North America
(67%). These high acceptance rates in Asia and
Europe align with the findings of Patra et al. (12),
who emphasized the cultural and nutritional
entrenchment of fermented foods like kimchi and
cheese in these regions. Similarly, Shilpashree et
al. (3) highlighted the longstanding tradition and
health value of fermented products in Asian and
European diets. The primary concerns varied by
region. In North America, the major concern was
sugar content in products such as kombucha

and yogurt, which corresponds with Hilgendor
et al. (9), who noted a rising demand for low-
sugar fermentation processes driven by health-
conscious consumers. In Europe, the viability of]
probiotics in fermented foods remains a critical
issue, as supported by Gonzalez-Gonzalez
et al. (14), who underscored the necessity of]
maintaining probiotic functionality —during|
processing and storage. In contrast, authenticity
was the dominant concern in Asia. This aligns|
with Fan et al. (13), who discussed the consumer
demand for traditional preparation methods in
East Asian fermented foods to preserve sensory
and cultural attributes. In Africa, safety was a
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paramount concern, which is in agreement with
Pop et al. (11), who identified gaps in quality
control and microbial monitoring in traditional
fermentation practices. Similarly, safety issues
were a focus in recent global food safety reports
(33, 34). The relatively lower preference rates
in Africa (55%) and South America (61%)
may reflect limited consumer awareness and

inconsistent product quality. However, the
growing interest in nutritional benefits in South
America resonates with the work of Anumudu
et al. (1) and Naik & Kerkar (2), who detailed
the potential of fermented foods to enhance
micronutrient bioavailability and gut health.

Table 9: Consumer preference for fermented foods (Survey Data, 2023)

Region Preference (%) Commonly Consumed Primary Concern
North America 67 Yogurt, Kombucha Sugar content
Europe 75 Cheese, Wine Probiotic viability
Asia 88 Kimchi, Natto Authenticity

Africa 55 Ogi, Fufu Safety

South America 61 Fermented beverages Nutritional benefits

Sources: Global fermented foods survey (2023)

Food nutrition & fermentation correlation
analysis: Microbial activity vs. nutritional
enhancement

The Pearson correlation coefficients in Table 10
highlight the significant relationships between
fermentation variables and their outcomes. A
strong positive correlation (r = 0.82, p = 0.0005)
was observed between probiotic count and
protein increase, indicating that enhanced
microbial  activity  during  fermentation
contributes to elevated protein levels. This
finding aligns with the work of Patra et al. (12),
who emphasized the protein-enriching capacity
of probiotic fermentation. Similarly, a strong
positive correlation (r = 0.75, p = 0.001) between
fermentation time and antioxidant increase
supports conclusions by Naik and Kerkar (2)
and Fan et al. (13), who reported that extended
fermentation promotes bioactive compound
synthesis. The moderate positive correlation
(r = 0.68, p = 0.005) between temperature and
lactic acid production reinforces the thermal
sensitivity of lactic acid bacteria, as described by
Yang et al. (4) and Aswathy et al. (5). Moreover,
the strong negative correlation (r = -0.72, p =

0.002) between pH and pathogen reduction

confirms that acidification effectively inhibits
harmful microorganisms, consistent with
studies by Anumudu et al. (1) and Pop et al. (11).
This result is also in agreement with the WHO
(31) and NIH (33) reports, which underscore the
safety-enhancing role of pH in fermented foods.
Overall, these statistical outcomes validate that
fermentation variables have significant and
predictable impacts on product safety, nutrition,
and quality, in line with multiple peer-reviewed
findings (3, 10, 28).
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Table 10: Pearson correlation coefficients (r) for fermentation impact

Variable pair Pearson’s r Significance (p-value) Interpretation

Probiotic count vs. protein Increase 0.82 0.0005 Strong Positive correlation
Fermentation time vs. antioxidant 0.75 0.001 Strong Positive correlation
increase

Temperature vs. Lactic acid 0.68 0.005 Moderate Positive
production correlation

pH vs. Pathogen reduction -0.72 0.002 Strong Negative correlation

The multiple regression analysis presented
in Table 11 reveals significant positive effects
of fermentation time (3 = 0.042, p = 0.0001)
and temperature (3 = 0.031, p = 0.002) on
fermentation efficiency. Both predictor variables
demonstrate strong statistical significance,
indicating that increases in fermentation time
and temperature are associated with improved
efficiency outcomes. The model constant ({3
= 2.1, p = 0.005) further supports the baseline
level of fermentation efficiency. These findings
align closely with previous studies emphasizing
the critical role of fermentation parameters in
optimizing microbial activity and product yield.
For instance, Patra et al. (12) highlighted the
enhancement of fermentation efficiency through
controlled adjustments in fermentation time
and temperature. Similarly, Naik and Kerkar
(2) demonstrated the importance of temperature
as a key factor influencing metabolic rates and
functional properties in fermentation processes.

This is also consistent with the observations

of Shilpashree et al. (3), who reported that
fermentation duration directly affects substrate
conversion and microbial growth kinetics,
ultimately impacting overall fermentation
performance. Moreover, the results corroborate
Yang et al. (4) and Aswathy et al. (5), who
documented that precise control of fermentation
conditions is essential for maximizing efficiency
and product quality in industrial fermentation.
The significance of temperature and time in
this model echoes the broader consensus in
fermentation technology literature, underscoring
their fundamental influence on enzymaticactivity
and microbial viability (6, 8, 14). In summary, the
regression model validates the pivotal roles of
fermentation time and temperature in enhancing
fermentation efficiency, consistent with a robust
body of literature. This confirms that fine-tuning
these parameters is critical for optimizing
fermentation outcomes in both research and

industrial.

Table 11: Multiple regression model for fermentation efficiency

Predictor variable Coethicient () Standard Error p-Value
Fermentation Time (X1) 0.042 0.005 0.0001
Temperature (X2) 0.031 0.007 0.002
Constant (Bo) 2.1 0.65 0.005

The ANOVA analysis (Table 12) reveals a
statistically significant difference in pathogen
reduction between fermented and non-fermented
foods, with a high F-value of 14.6 and a p-value
of 0.0008. This strong significance indicates that
fermentation plays a critical role in enhancing
food safety by effectively reducing pathogenic
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microorganisms. The observed sum of squares
(85 = 520) for the between-group variation
confirms the substantial impact of fermentation
on microbial load reduction. These findings
align with previous studies demonstrating the
antimicrobial efficacy of fermentation processes.
For instance, Patra et al. (12) highlighted that
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fermentation leverages lactic acid bacteria to
produce organic acids and bacteriocins, which
inhibit pathogen growth in foods. Similarly,
Anumudu et al. (1) reported that fermentation
enhances the safety and nutritional quality of
foods through multifunctional lactic acid bacteria
activity. Naik and Kerkar (2) further support this
by illustrating fermentation’s role in reducing
microbes while

harmful improving food

functionality.Moreover, the significance of these

results corroborates the comprehensive review
by Pop etal. (11), who emphasized fermentation’s
role in mitigating contaminants and toxins in
food products, thereby safeguarding human
health. This reduction mechanism is consistent
with the protective effects described by Fan et
al. (13), who demonstrated synergistic microbial
fermentation approaches to improve safety in
traditional fermented foods.

Table 12: ANOVA results for pathogen reduction in fermented vs. non-fermented foods

Source of variation Sum of squares Degrees of Mean square F-Value p-Value
(SS) freedom (df) MS)
Between Groups (Fermented 520 1 520 14.6 0.0008
vs. Non-Fermented)
Within Groups (Error) 1,850 48 38.5 - -
Total 2,370 49 - - -
Table 13: Chi-square test results for consumer preference
Region Preference for Fermented Expected Observed
Foods (%) Frequency Frequency
North 67 60 67 +7
America
Europe 75 70 75 +5
Asia 88 80 88 +8
Africa 55 65 55 -10
South 61 60 61 +1
America

p-Value: 0.0015 (Significant at a = 0.05

The test in Table 13
demonstrate a significant association between

Chi-square results
region and consumer preference for fermented
foods (p = 0.0015), confirming that preferences
different
locations. Observed frequencies exceed expected

vary notably across geographic
values in North America (+7), Europe (+5),
Asia (+8), and South America (+1), indicating
higher-than-anticipated preference rates in these
regions, while Africa shows a notably lower
preference (-10). This finding aligns with Patra
et al. (12), who emphasized regional variation
in fermented food acceptance linked to cultural
and microbial

dietary habits biodiversity.

Similarly, Naik and Kerkar (2) reported greater
preference for fermented foods in Asia and
Europe, consistent with the elevated observed
frequencies found here. The significant positive
residuals in Asia and Europe also support the
observations by Shilpashree et al. (3), who
highlighted the strong consumer inclination
towards fermented products in these regions
due to their perceived health benefits. The lower
preference observed in Africa concurs with
findings from Anumudu et al. (1), who noted
regional differences possibly due to limited
access or familiarity with fermented food
varieties. Moreover, the statistically significant
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Chi-square result corroborates the conclusions
by Fan et al. (13), who demonstrated regional
disparities in consumer acceptance of fermented
foods in their large-scale sensory studies.

Conclusion

Industrial microbiology plays a transformative
role in advancing food nutrition, safety,
and gastronomy through fermentation and
functional food development. By harnessing
beneficial microbial strains, this field enhances
food preservation, improves sensory attributes,
and boosts health benefits. The integration
of precision fermentation and biotechnology
ensures the production of safer and more
nutritionally enriched food products. However,
consumer acceptance varies across regions,
necessitating targeted education and regulatory
frameworks. Future advancements should focus
on optimizing microbial consortia, improving
fermentation efficiency, and addressing safety
concerns. Ultimately, industrial microbiology
remains pivotal in shaping the future of
sustainable  and  health-promoting  food
innovations.
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Abstract

Objective: The present study aimed to investigate the
impact of forced migration on the culinary cultures of
individuals displaced from Hatay to various provinces
following the February 6, 2023 earthquakes. The text
places particular emphasis on the experiences of
women and the transformations in their food-related
practices.

Material and Method: A qualitative research design
was employed. The data presented herein were
collected through semi-structured in-depth interviews
with 25 women who migrated from Hatay following
the earthquakes. Thematic analysis was conducted
to examine changes in food preparation, access to
ingredients, communal practices, and emotional
meanings attached to culinary traditions.

Results: The findings indicate that participants
encountered substantial disruptions to their culinary
routines. The key challenges experienced by the
subjects of this study included limited access to
traditional ingredients, economic difficulties, a lack of
proper kitchen equipment, and the loss of communal
environments. The absence of shared ovens and
hospitality traditions resulted in a simplification of
meals and areductioninsocial gatherings. A significant
proportion of respondents reported a decline in both
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taste and satisfaction, attributed to the incorporation of
unfamiliar ingredients. Notwithstanding the adversity
faced by these communities, a notable resilience was
exhibited by a proportion of the female population.
This resilience manifested itself in the continuation of
the preparation of traditional culinary dishes, which
were regarded as cultural preservations and vehicles
for the articulation of identity.

Conclusion: Following the earthquakes, women who
migrated from Hatay experienced significant changes
in their culinary practices. Economic hardships,
lack of ingredients and equipment, and the loss of
social environments made it difficult to prepare
traditional dishes. The decline of communal cooking
and hospitality traditions led to simpler meals.
Nevertheless, some women continued to prepare
traditional foods as a way to preserve their cultural
identity; food functioned not only as nourishment but
also as a means of maintaining a sense of belonging
and resilience.

Ozet

Amag: Bu calisma, 6 Subat 2023 depremlerinin
ardindan Hatay'dan cesitli illere zorunlu go¢ eden
bireylerin mutfak kiiltiirlerinde meydana gelen
degisimleri incelemeyi amaglamaktadir. Calismada
ozellikle kadinlarin deneyimlerine ve yemekle ilgili
pratiklerinde yasanan doniisiimlere odaklanilmistir.

Materyal ve Yontem: Arastirma nitel yontemle
ylriitilmistiir. Deprem sonrast Hatay'dan gog
eden 25 kadinla yar1 yapilandirilmis derinlemesine
gorlismeler yapilmistir. Veriler, geleneksel yemek
hazirligi, malzeme temini, toplu yemek pratikleri ve
yemek kiiltiirtiniin duygusal anlamlar1 ekseninde
tematik analiz yontemiyle degerlendirilmistir.

Bulgular:  Arastirma  bulgulari,  katilimcilarin
mutfak rutinlerinde ciddi aksamalar yasadigini
gostermektedir. Bu siiregte 6ne ¢ikan baslica sorunlar;
geleneksel malzemelere erisimde yasanan kisitlilik,
ekonomik zorluklar, uygun mutfak ekipmanlarinin
eksikligi ve topluluk ortamlarinin kayb: olarak
siralanabilir. Ortak firinlar ve misafir agirlama
geleneklerinin yoklugu, yemeklerin sadelesmesine
ve sosyal bulusmalarin azalmasma yol ag¢mustir.
Katilimcilarin 6nemli bir kismi, yabanci malzemelerin
kullanimina bagli olarak yemeklerden alinan tat ve
memnuniyette azalma yasadiklarini belirtmistir.
Tim bu olumsuzluklara ragmen kadinlarin bir
kisminda dikkat gekici bir direng gozlemlenmistir.
Bu direng, geleneksel yemeklerin hazirlanmasina
devam edilmesiyle kendini gostermis ve bu yemekler,
kiiltiirel bellegin korunmasi ve kimligin ifadesi igin
bir arag olarak goriilmiistiir.
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Sonug: Depremler sonrasi Hatay'dan go¢ eden
kadinlarin mutfak pratiklerinde ciddi degisimler
yasanmis; ekonomik zorluklar, malzeme ve ekipman
eksiklikleri ile sosyal c¢evrenin kaybi geleneksel
yemeklerin hazirlanmasini  zorlastirmistir.  Ortak
pisirme ve misafirlik kiiltiirli zayiflamis, yemekler
sadelesmistir. Ancak bazi kadinlar, geleneksel
yemekleri stirdiirerek kiiltiirel kimliklerini yasatmaya
devam etmis; yemek, yalmizca beslenme degil,
ayn1 zamanda aidiyet ve direng¢ araci olarak islev
gormiistiir.

Introduction

Disasters are ecological events that disrupt the
ordinary order of life societies, cause loss of life
and property, and require external assistance
when individuals cannot cope with them using
existing means. However, the transformation
of a natural event into a disaster is associated
not only with its physical effects but also with
the inadequacy of the physical, organizational,
and mental infrastructure of the society in the
affected area (1). Natural disasters are events
that profoundly impact individuals. Such
events disrupt the daily routine of individuals,
compelling them to adapt to new economic,
social, political, and psychological conditions
(2). Turkiye, being a country with a high disaster
risk, is a prime example of this phenomenon.
Its geographical structure, topography, and
climatic characteristics contribute to the
high risk of natural disasters. The country is
frequently subjected to various forms of natural
disasters, including floods, landslides, and
earthquakes, which often result in significant
destruction (3). On February 6, 2023, two major
earthquakes occurred in the Pazarcik district of
Kahramanmarag and the Elbistan district, with
magnitudes of 7.8 and 7.5 Mw, respectively.
These seismic events were followed by numerous
aftershocks. These seismic events resulted in
significant destruction across various provinces,
including Kahramanmaras, Hatay, Gaziantep,
Malatya, Diyarbakir, Kilis, Sanliurfa, Adiyaman,
Osmaniye, Adana, and Elazig. The initial quakes
left 50,783 individuals dead and 115,353 injured
(4). Subsequent to the February 6 earthquakes,
another earthquake with a magnitude of 6.3
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Mw occurred on February 20, 2023, centered
on Biiyiik¢at - Samandag in Hatay. Hatay, a
province that has been particularly affected by
seismic activity, experienced both physical and
cultural damage as a result of these disasters.
According to official data, the province’s
population decreased by approximately 60%,
leading to a significant migration movement
(5). Natural disasters have been shown to
have far-reaching consequences, including the
profound transformation of social structures (6).
Environmental disasters, including droughts,
floods, tsunamis, storms, volcanic eruptions, and
earthquakes, have been known to profoundly
alter living conditions in affected areas, often
triggering large-scale migration patterns.
Consequently, disaster-induced displacement
has emerged as a significant global concern,
encompassing a wide spectrum of displacement
patterns ranging from forced displacement to

voluntary migration (7).

The extant studies that have been conducted
within the framework of the theme of migration
in the literature are noteworthy. Tekin's (8)
seminal study examined forced migration as a
form of cultural trauma, while Avsar and Se¢im’s
(9) research investigated the cultural exchange
between Syrian immigrants in Konya and the
local culinary landscape. Iskin (10) examined
the contribution of women to culinary culture in
the context of migration and culture, while Altay
Kaya (11) evaluated Tiirkiye’s experience with
Syrian forced migration. Furthermore, Sen (12)
investigated the role of immigrants from Kars
in maintaining Kars cuisine in Kocaeli. Kara
and Akdag (13) examined the transformation
of Syrian refugees’ culinary culture in Mersin,
Gaziantep, and Kilis. Ayyildiz (14) examined
cultural change through the lens of Syrian
students who migrated to Tiirkiye due to the war.
Kipalev and Délek (15) evaluated the processes
of forced migration and return from Hatay after
the February 6-20 earthquakes. Duman (16) and
Duruel (2) addressed the disaster-migration
relationship specific to Hatay, while Bakkaloglu
and Sen (17) focused on the impact of migration
on culinary culture.

A substantial body of research has demonstrated
that migration mobility exerts a considerable
influence on various aspects of individuals’ lives,
including their demographic and economic
structures, as well as their daily practices,
particularly with regard to culinary traditions.
However, academicstudies on the transformation
of culinary cultures among individuals subjected
to forced migration as a result of natural
disasters remain limited. In this context, the
impact of forced migration due to earthquakes
on the culinary cultures of individuals emerges
as a salient and contemporary research problem.
The present study aims to examine the impact of
forced migration processes on the culinary culture
of individuals who were compelled to migrate
from Hatay to various provinces following the
February 6-20, 2023 earthquakes. The objective
of this study is to elucidate the alterations and
adaptations in the gastronomic practices of these
individuals. The research population consists of
adult individuals who departed Hatay following
the earthquake and relocated to different cities,
and the study is constrained to this group. The
primary inquiries to be addressed in this study
are as follows: How are the effects of forced
migration on culinary culture shaped? To what
extent are migrant individuals able to maintain
their traditional culinary practices? Under
what conditions do they adopt the gastronomic
elements of the regions they migrate to?
Addressing these inquiries will facilitate a
more profound comprehension of the dynamics
of transformation and continuity in culinary
culture within the context of post-disaster forced
migration. The findings of this study will not only
reveal the transformation of cultural practices at
the individual and social level but will also serve
to fill the existing gap in the literature on the
relationship between migration and gastronomy.
Moreover, it is anticipated that this study will
contribute to the academic accumulation in the
relevant field and provide theoretical guidance
for similar studies to be conducted in the future.
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Conceptual Framework

Forced migration

The term “forced migration” is defined as the
involuntary displacement of individuals or
communities against their will, precipitated
by the unfeasibility or significant challenges
associated with maintaining a sustainable life in
their current environment (18). The phenomenon
of migration, which is addressed from
diverse perspectives within various academic
disciplines, is broadly understood as the process
by which individuals or communities relocate
due to various factors. The dynamics that are
effective in shaping social structures also play a
decisive role in the nature of migration mobility.
Migration can be voluntary, driven by personal
choice, or compelled by external forces such
as natural disasters, armed conflicts, political
pressures, and violence. Such situations are
classified as “forced migration” in the relevant
literature (7).

Following the occurrence of natural disasters,
suchasearthquakes, forced migrationmovements
transform not only the physical spaces but
also the social, cultural, and psychological
living spaces of individuals. In this context, the
repercussions of the disaster are not confined to
the region where it transpired; the sociological
configuration of the migrated settlements is
also directly influenced by this process (6).
Individuals who are displaced may encounter
a multitude of challenges, including economic
insufficiency, social adaptation difficulties,
social exclusion, and discrimination (19). The
earthquakes that occurred between February 6
and 20, 2023, resulted in significant loss of life,
homes, workplaces, and social networks for
many individuals in Hatay. This crisis has had
profound and long-lasting effects on the social
structure and the physical infrastructure of the
city. The aftermath of the earthquake gave rise to
profound feelings of anxiety, grief, and trauma.
In response to these circumstances, a significant
number of individuals sought to mitigate the
adverse effects by migrating to other cities,
either temporarily or permanently (15). Post-
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earthquake migration mobility has precipitated
a multifaceted restructuring, both spatial and
social. While some individuals relocated to less
damaged surrounding villages, others sought
refuge in large cities that remained untouched
by the seismic event. Notably, individuals who
had previously migrated from rural to urban
areas tended to return to rural areas, either to be
with their relatives or to settle in less damaged
areas. In addition to the earthquake victims who
were placed in temporary shelters such as hotels,
public guesthouses, and Credit Dormitories
Authority (KYK) by the state, kinship relations
and economic opportunities were the
determinants of migration to metropolitan cities
(16).

Forced migration and culinary culture

The phenomenon of migration should not be
considered exclusively as a process of spatial
displacement; rather, it should be regarded
as a multidimensional process of social
restructuring that transforms individuals’
cultural practices, living habits, and identities.
In this context, culinary culture emerges as
a significant indicator of both the continuity
and transformation experienced by migrants.
This assertion is predicated on the premise
that sustenance is not merely a biological
necessity but also a foundational element in the
establishment of social belonging, identity, and
cultural transmission (20). During the migration
process, individuals are confronted with the
gastronomic practices of their place of origin
and interact with this new cultural environment.
However, not every individual or community
adapts to the new environment in the same way.
Culinary practices, which play a significant role
in the formation of cultural identity, are either
preserved in the place of migration or undergo
transformation over time, resulting in a new
synthesis (9). While immigrants endeavor to
adapt to their new environment, they also strive
to maintain the food culture they bring from
their past. This dynamic interplay between
preservation and transformation exemplifies
the intricate and evolving nature of immigrant
cuisine, underscoring its role as a multifaceted
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cultural manifestation (10).

Culinary practices that have emerged in the wake
of forced migration serve as a reflection of not
only the dietary patterns of individuals, but also
their emotional bonds, nostalgia, and strategies
employed to preserve their cultural identity.
For migrants, the consumption of familiar
flavors serves a dual function: it facilitates a
connection with their past and assists in the
creation of a “sense of home” within their new
living spaces. In this context, culinary practices
function as a space where migrants rebuild their
identities, reinforce their sense of belonging, and
ensure cultural continuity (12). A substantial
body of research has emerged in the academic
literature, examining the role of culinary culture
in the context of migration. This research has
illuminated how culinary practices undergo
transformations during the migration process,
and the subsequent effects these transformations
engender at the individual and social levels.
Noteworthy contributions in this area include
studies by Altay Kaya (11) and Kara and Akdag
(13), which have explored the experiences of
Syrian asylum seekers, individuals displaced
by internal migration, and refugees. However,
the impact of forced displacement resulting
from major disasters, such as the earthquakes
that occurred in February 2023, on culinary
culture remains under-explored. In this context,
how individuals displaced after a traumatic
experience such as an earthquake preserve their
culinary culture in their new living spaces, to
what extent they transform it, and how they
rebuild their gastronomic belonging emerges as
an important research question.

Material and Method

The present study adopts a qualitative research
design, specifically utilising the case study
model to explore a sociocultural phenomenon.
The case under consideration focuses on
individuals who were compelled to migrate
from Hatay province to various other provinces
in the aftermath of the earthquakes centred in
Kahramanmaras between February 6 and 20,
2023. The employment of a case study approach

facilitates an in-depth examination of the culinary
cultural transformations experienced by these
individuals in the context of forced migration
(21). The fieldwork was conducted between
November and December 2024, approximately
one year after the earthquakes. The purposive
sampling method was employed to select adult
individuals originally from the Antakya district
of Hatay, one of the regions most severely affected
by the disaster in terms of both destruction and
population displacement. The present sampling
method is focused on participants who have
a high level of knowledge about the research
phenomenon and who are able to provide
rich, detailed data. Furthermore, the snowball
sampling technique was used to extend the reach
of the study, with participants being recruited
through referrals, thereby enhancing the depth
and breadth of the data collected. The interview
process was terminated at this juncture, as data
saturation was achieved with the observation of
repetitions in the data obtained from the 25th
participant. Consequently, the findings from
the 25th interview were excluded from the
analysis process. This approach is founded on
the principle of data saturation, a valid concept
in qualitative research (43).

The final sample consisted of 25 female
participants who had migrated from Hatay and
who voluntarily agreed to participate in the
study. The primary objective of this study was
to understand the transformation processes of
culinary cultureatboth theindividualand cultural
levels within the context of forced migration
following a natural disaster. The interviews
were conducted using a pre-constructed semi-
structured interview form. Table 1 presents the
functional linkages and theoretical foundations
of the interview questions developed for this
study. Thematic analysis of the data revealed
that each question was systematically designed
to explore key dimensions such as changes
in residential settings after displacement,
transformations in dietary habits, shifts in social
and cultural dining practices, and adaptations
in kitchen resources and infrastructure. The
interview guide comprises eight questions, each
of which is aligned with a specific research theme
and supported by relevant literature.
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Table 1. Interview questions, research themes, and theoretical foundations

Question Question Content Research Theme / Related Literature and Key
No Purpose Concepts

1 After the earthquake, in which city Post-migration living Bilgili & Siegel (22) — Migration
did you settle? Were you able to location and access to and belonging; Bowen & De
obtain Hatay-specific products? local products Master (23) — Rural food and
Which products and how obtained? access

2 Have your dietary habits changed Changes in diet and Fischler (24) — Food and
since the earthquake? If so, what kind | transformations in identity; Chakona & Shackleton
of changes? eating habits (25) — Dietary preferences

among migrants

3 Has there been any change in the Changes in habits of Appadurai (26) — National
frequency of preparing local cuisine preparing local dishes cuisine and food culture; Avieli
compared to the pre-earthquake (27) - Food and community
period? What are these changes?

4 Have there been changes in table Transformation in social | Counihan (28) — Food and
setting or social eating habits related | dining practices social meaning; food and social
to Hatay’s hospitality culture and rituals
communal dining?

5 Do you perceive a transformation Cultural adaptation Sutton (29) — Food and
in your culinary culture after the and change in culinary | memory; Holtzman (30) — Food
earthquake? If yes, how? culture and memory

6 Have you been influenced by the New cultural Mintz & Du Bois (31) — Food
culinary culture of the region you influences and culinary | anthropology; cross-cultural
migrated to? Have new dishes entered | interactions food interactions
your daily diet?

7 Do you prepare Hatay-specific dishes | Adaptation of Trubek (32) — Terroir and local
using non-local ingredients? How traditional dishes and tastes; Bell & Valentine (33) -
does this affect the taste experience? | taste experience Food and place relationships

8 Have there been changes in kitchen Changes in kitchen Bowen & De Master (23)
products and equipment after the infrastructure and - Rural food production;
earthquake? resources Terragni & Roos (34). -

Migration and food culture

The ethics committee approval for this study
was granted by Hatay Mustafa Kemal University
Ethics Committee (Decision No: E-21817443-
050.99-441282, dated November 2024). Prior
to the initiation of the study, written or verbal
consent was obtained from each participant.

Data analysis

In the analysis of the data obtained in this study,
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qualitative data analysis techniques, specifically
thematic analysis and descriptive analysis, were
employed to explore participants’ narratives in
depth. Participant expressions were examined
meticulously, and similar expressions were
grouped and coded thematically in accordance
with Braun and Clarke’s (35) thematic analysis
the
identification of recurring patterns and the

framework. This approach facilitated

construction of meaningful themes directly
derived from the data (36). A descriptive and
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inductive approach was adopted to ensure
that the themes remained grounded in the
lived

experiences (37). This approach entailed a

participants’” actual statements and
systematic examination of the participants’
forced migration experiences and the
transformations in their culinary practices and
food-related identities. The descriptive coding
process facilitated the organisation of complex
narratives into coherent thematic categories,
and representative participant quotations were

selected to exemplify each theme (38).

In order to enhance the credibility of the findings,
member checking was incorporated into the
research process. In this process, selected findings
and interpretations were disseminated to the
participants with a view to eliciting their feedback
and confirming the accuracy of the findings
(39). This strategy not only helped validate the
interpretations but also ensured alignment
with the participants’ intended meanings.
Furthermore, the incorporation of researcher
field notes and observations was undertaken to
enrich the contextual understanding and support

triangulation, thereby enhancing the depth

and credibility of the qualitative analysis (40).
This comprehensive methodological strategy
was implemented to evaluate the influence of
the migration process on the culinary culture,
practices and social meanings associated with
food of the participants.

Results

The study comprised a total of 25 participants,
all of whom were female. The demographic
composition of the sample is as follows: Sixteen
of the subjects were married, nine were single,
seventeen were not employed, and eight were
actively employed. The age distribution of the
participants is as follows: The age demographic
of the subjects is as follows: 10 individuals are
between the ages of 35 and 44, 9 are between the
ages of 45 and 54, and 6 are between the ages
of 55 and 64. With respect to their educational
attainment, 18 participants had completed
primary school, 1 had completed high school,
and 6 were undergraduate graduates. At the time
of the earthquake, 22 participants resided in the
city centre and 3 resided in the village (Table 2).

Table 2. Descriptive information of the participants (n:25)

Gender Marital status Employment status

Female Male Married Single Unemployed 17

25 0 16 9 Active 8

Age Education Place of residence at the time of the earthquake
35-44 10 Primary 18 City center Village

45-54 9 High school 1 22 3

55-64 6 Undergraduate |6

Research Question 1. A descriptive analysis
was conducted in accordance with the responses
provided by the participants, and four primary
dimensions were identified: settlement areas,
products procured, difficulties encountered, and
procurement methods. Settlement regions: In the
aftermath of the earthquake, a significant number
of individuals dispersed to various cities across
Tiirkiye and other countries. The following cities
have been identified as the most migrated: The
following cities have been identified: Eskisehir,
Ankara, Nevsehir, Istanbul, Kocaeli, Mersin,

Adana, Antalya, Nigde, Mugla, Aydin, Bilecik,
Izmir, and Riyadh in Saudi Arabia. The most
frequently purchased local products are pepper
paste, pomegranate syrup, olive oil, cheese, siirk,
various spices such as zahter, chili pepper, and
sumac, as well as olives, coffee, and vegetables
including zucchini and eggplant (see Table 3).
The items in question reflect a clear preference for
regionally distinctive and culturally embedded
within local

food products procurement

practices.
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Table 3. Most commonly procured Hatay-specific products

Product Frequency (n) Percentage (%)
Pepper paste 20 62.5%
Pomegranate syrup 16 50.0%
Olive oil 14 45.8%
Cheese 12 37.5%
Stirk 10 33.3%
Spices (zahter, sumac, etc.) 10 33.3%
Olives 9 29.2%
Coffee 8 25.0%
Vegetables (zucchini, etc.) 8 25.0%

The methods employed in procuring local
products, and the challenges encountered by
respondents, can be categorised into several
key themes. One of the primary means of access
to these products was through personal travel
to Hatay, as many respondents indicated that
they were able to obtain local items during their
visits. This observation highlights the fact that
a considerable proportion of these products
remains exclusively available within the region.
Another commonly cited method involved the
support of relatives or acquaintances residing
in Hatay, who facilitated access to local goods.

Furthermore, a number of respondents reported
sourcing specific Hatay-specific items from local
markets and delicatessens, particularly in larger
urban centres. However, the availability of these
productsin such retail outlets is often inconsistent
and limited. A small number of respondents also
made mention of the utilisation of the internet
and online platforms for the procurement of
products such as pepper paste and coffee.
Notwithstanding this fact, online accessibility
was generally described as restricted, with many
items only obtainable through physical presence
in Hatay (see Table 4).

Table 4. Procurement methods for local products

Procurement Method

Travel to Hatay

Help from relatives/acquaintances
Local markets/delicatessens

Internet / Online shopping

Frequency (n)

17
9

3

Percentage (%)
54.2%

29.2%
Descriptive only
8.3%

192



Journal of Food Nutrition and Gastronomy-JFENG, Volume/Cilt: 4, Issue/Say1:2, Year/Y1l: 2025

A significant challenge identified in the
procurement of local products is the difficulty
in locating and accessing Hatay-specific items
outside the region. It was emphasised by a
significant proportion of respondents that
such products are not readily available in
the cities where they currently reside, which
significantly limits access. Another salient issue
is the geographical distance and associated
travel difficulties. The geographical distance and
logistical challenges associated with travelling

to Hatay have the effect of creating considerable
difficulties for those seeking to obtain these
products directly from the source. Furthermore,
the escalating costs associated with procurement,
notably those originating from transportation
and shipping, impose a substantial financial
strain. These cost-related barriers add an
additional layer of difficulty, especially for those
who rely on external means to access region-
specific goods (see Table 5).

Table 5. Challenges encountered during procurement

Challenge Frequency (n) Percentage (%)
Difficulty accessing products 14 45.8%
Travel and distance-related difficulties 12 37.5%
High prices and shipping costs 5 16.6%

The analysis indicates that a significant
proportion of Hatay-specific local products is
obtained primarily through domestic travel
or with the assistance of family members and
acquaintances residing in the region. This
underscores the persistent significance of Hatay
as the predominant point of entry for such goods
and highlights the constrained availability of
these products in other urban centres. The most
frequently mentioned items were pepper paste,
pomegranate syrup and olive oil, reflecting both
their cultural significance and high demand.
While some respondents noted that local
markets and delicatessens in major urban areas
do offer a selection of Hatay products, this access

is often limited. The challenges cited included
price increases and concerns about product
authenticity and quality. The advent of online
ordering has emerged as a partial alternative,
particularly for certain non-perishable goods.
However, its utility was constrained by limited
product variety and the unavailability of many
region-specific items through digital platforms.

Research Question 2. The responses of the
participants indicate that individuals have
experienced divergent levels of changes in their
dietary habits following the earthquake. The
statements made by the participants can be

categorised into three overarching themes (see
Table 6).

Table 6. Changes in dietary habits after the earthquake

disruptions

Theme frll';equency Percentage (%) | Participants

No change in dietary habits 11 44.0% P4, P7, P8, P9, P10, P12, P13, P14, P16,
P17, P20, P21, P25

Changes due to lack of specific local | 9 36.0% P1, P2, P5, P6, P9, P18, P19, P22, P23

ingredients

Changes due to social and cultural |5 20.0% P5, P6, P11, P19, P21
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Some participants reported no significant
change in their eating habits. However, even
within this group, difficulties in accessing
certain local ingredients were mentioned.
Despite these challenges, many continued to
prepare traditional dishes as much as possible.
Other participants noted clear changes in their
dietary patterns, mainly due to the lack of
specific ingredients essential to Hatay cuisine.
The wunavailability of items such as white
pumpkin, salty yogurt, yellow flour, spices,
Samandag pepper, and stuffed eggplant made it
difficult to prepare certain traditional meals. A
shift in breakfast habits was also observed, as
participants moved from traditional foods—such
as cottage cheese, green olives, and pomegranate
syrup—to more accessible modern alternatives.
The loss of traditional bakery products like biberli
bread, lahmacun, and fepsi kebab also contributed
to these changes.

It is evident that social and cultural factors also
exerted a significant influence. The displacement
of family members and the decline in guest-
hosting traditions following the earthquake

resulted in a reduction in the frequency of large
family meals. The practice of shared meals with
neighbours and extended family members
became less prevalent, being replaced by smaller
and more practical meals. It has been reported
by a number of participants that they have been
consuming fewer meals per day. In general,
approximately 50% of the subjects demonstrated
alterations in their dietary routines following
the disaster. The primary reasons for this shift
are attributed to difficulties in accessing local
products, changes in social dining practices, and
adaptation to new living conditions. Notable
trends included increased consumption of
pastries, reduced variety in vegetable-based
dishes, and altered breakfast and communal
eating traditions.

Research Question 3. An analysis of the data
reveals that changes have occurred at different
levels in the frequency of local food production
in the aftermath of the earthquake. The responses
were then subjected to a thorough analysis,
which yielded three primary themes (see Table
7).

Table 7. Changes in the frequency of cooking local dishes after the earthquake

Theme Frequency (n) | Percentage (%) | Participants

No change in frequency 10 40.0% P4, P5, P8, P10, P13, P14, P15, P16, P17,
P25

Decrease in frequency of 12 48.0% P1, P2, P3, P6, P9, P18, P19, P20, P21, P22,

preparing local dishes P23, P24

A number of participants reported no significant
change in the frequency with which they prepare
local dishes. Despite the challenges encountered
which
periodically impeded the preparation of certain

in accessing specific ingredients,
meals, these individuals generally exhibited
a commitment to preserving their culinary
traditions. Conversely, a considerable number of
participants indicated a decline in the frequency
of preparing traditional dishes compared to
previous practices. It has been documented that

certain dishes, including borani, lahmacun, biberli
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ekmek, kagit kebabi, oruk, and dolma, are prepared
less frequently. This is primarily attributed to the
limited availability of essential ingredients. In
particular, oven-based dishes such as lahmacun,
biberli ekmek, and kagit kebab were noted as being
difficult or impossible to prepare in their current
living conditions. It was also emphasised that the
traditional culinary practices once reserved for
hosting guests have become increasingly rare. It
was posited by a number of participants that a
shift had occurred in their culinary habits, with
a tendency towards simpler and less labour-
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intensive local meals. This change is indicative
of a more widespread tendency to incorporate
more readily available, everyday local foods into
diets, a tendency that is shaped by the physical
and economic constraints of life in the aftermath
of a disaster. A marked transformation in eating
habits and the frequency of cooking traditional
local dishes has been observed in the aftermath
of the certain

earthquake. Nevertheless,

individuals have endeavoured to preserve and
perpetuate the culinary heritage of Hatay within
the limits of their circumstances.

Research Question 4. The data demonstrate
that Hatay’s hospitality culture and the practice
of crowded dining tables were significantly
impacted by the earthquake. The participants’
responses are grouped around three main
themes (see Table 8):

Table 8. Changes in table setting and social eating habits after the earthquake

with familiar social circles

Theme Frequency (n) | Percentage (%) | Participants

Dramatic change and increased 15 60.0% P1, P5, P6, P7, PS, P10, P11, P18, P19,
sense of loneliness P21, P22, P23, P24, P25, P13
Contraction in table size and 7 28.0% P2, P13, P19, P21, P22, P24, P25
reduction in dish variety

Continuation of communal meals 3 12.0% P4, P16, P23

The loss of familiar surroundings and the
weakening of social ties after the earthquake
have led to a significant decrease in crowded
tables and the culture of hosting guests. The
phenomenon of feeling lonely due to the absence
of others: P1: “Unfortunately, there is no one here.
In Hatay, there was a notable increase in population
density. We cook fewer varieties of food.” P5: “The
absence of neighborly behavior among the local
populace is a contributing factor. We are unable to
find anyone with whom to share a coffee or a meal.”
P7: “Individuals do not come to our door. 1, too,
have reduced my culinary repertoire and portion
sizes. P10: “There is a complete absence of social
interaction. This absence of social interaction is the
most challenging aspect of the situation.” The loss of
the former social environment and the presence
of cultural differences have contributed to this
situation. P6: “Regrettably, there is an absence of
culture or humanity here.” P8: “The people here
are not like those from our place; they do not have
much of a hospitality habit.” P11: “Our culture is
very different. We love guests, but not here.” The
experience of loneliness during holidays and
special occasions: P18: “During holidays, we used
to cook herise in our village, we used to cook together.

The absence of these traditions in the host culture
is a significant contributing factor to the sense of
alienation experienced during these visits.”

Participants have indicated that the dimensions
of the table setting have diminished, and they
have reduced the number of dishes they prepare.
This decline has been accompanied by a shift
towards smaller portions and a reduction in the
variety of dishes offered. P2 stated, “We used to
host guests every day in Hatay, but now we don’t
have big tables.” P13 noted, “There are no guests; we
can’t find anyone here. We cook fewer dishes.” P19
noted that their dining tables have become smaller.
The transition has also entailed a shift in social
dynamics, marked by a reduced interaction with
family and social circles. P22 notes that since they
are separated from their family, their gatherings are
not as large as before. P21 noted that maintaining
their previous lifestyle is only possible if friends and
family from Hatay visit.

A few participants stated that they were able
to maintain their social eating habits thanks to
the presence of Hatay locals around them. The
role of familiar social circles in maintaining
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social eating habits: P4: “No, it didn’t work out;
everything continued the same since I went with my
family.” P16: “We have a few Hatay acquaintances
here, and they have contributed to an enhancement of
the situation.” P23 noted that they were fortunate to
have relatives present, as they often host guests.

The responses indicate a decline in hospitality
and crowded dining tables in Hatay following
the earthquake, a change that is evident in the
practices of food preparation. Participants
highlighted the erosion of social bonds, shifts
in the culture of neighborliness and hospitality,
and the diminution of both the size of meals and
the variety of their contents. The consequences
of these shifts in social dynamics and culinary
practices have been profound, manifesting in a
decline of communal dining and an inclination
towards more intimate, unadorned repasts. This
phenomenon underscores the pivotal role of
social ties and hospitality in maintaining well-
being and sense of community.

Research Question 5. A comprehensive analysis

revealed that the participants underwent

multifaceted transformations in their culinary

practices following the forced migration.
A thematic analysis of the data yielded six
predominant themes: limited access to local
products, shifts in dining culture, economic
hardship, adoption of alternative production
practices, Cultural adaptation difficulties and
social isolation, and participants who reported
no change. The ensuing sections will present
each theme, accompanied by the frequency data

and participant opinions.

A considerable proportion of the participants
indicated experiencing challenges in accessing
products characteristic of Hatay cuisine in their
new environment. The absence of key ingredients
such as tandoori, zahter, pepper paste, and salted
yogurt hindered the preparation of traditional
dishes. P1 articulated the challenge of this limitation,
stating, “Given the umncertainty surrounding the
availability of all local products, we are unable to fully
engage in the preparation of our traditional culinary
offerings. We are unable to prepare tandoori bread
or pepper bread.” P24 further elaborates, “I used
to make my own tomato paste in Hatay, but now I
can’t. Consequently, they resorted to producing salty
yogurt in a domestic setting.

Table 9. Post-Earthquake transformations in culinary culture

Theme Frequency [ Percentage Participants
(n) (%)
Limited access to local 11 44.0% P1, P3, P4, P6, P7, P9, P11, P14, P18,
products P21, P24
Shifts in dining culture 10 40.0% P2, P5, P6, P10, P13, P15, P16, P17,
P19, P22
Economic hardship 9 36.0% P2, P3, P6, P7, P8, P11, P18, P20, P24
Alternative production 2 8.0% P21, P24
practices
Cultural adaptation 7 28.0% P1, P6, P7, P10, P19, P20, P25
difficulties and social
isolation
No significant change 8 32.0% P4, P8, P12, P13, P15, P16, P23, P25

It has been observed that these habits have
significantly decreased in Hatay cuisine, where
traditionally crowded tables are set and hosting
guests is important. Ten of the participants
indicated a reduction in the variety of food they
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prepare, suggesting a decline in the traditional
guest culture. P5: “Our guest habits have almost
ceased to exist. This shift has led to a decline in the
variety of dishes prepared and the quantities of food
served.” P19 further elaborates on the practical
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challenges faced by their kitchen, stating, “Our kitchen
is designed for crowded tables. It is challenging for a
person to eat with three others. I am unable to do so
with the same level of enthusiasm and appetite.”

Nine of the participants indicated that they had
undergone changes in their culinary practices
due to economic factors. The rising cost of rent,
limited financial resources, and elevated prices
of food have led to a decline in the frequency
and cost of meals, with some individuals
opting to forgo the purchase of certain products
altogether. P2 articulated the profound impact
on both their finances and morale, stating, “We
were greatly affected financially and spiritually. I am
unable to locate local products, and I face challenges
in procuring them. P7 further elaborates on the
financial strain imposed by residing in a rental
property, stating, “We are burdened with rental
expenses, which significantly impacts our financial
well-being. The cost of transporting goods is high, and
the quality and taste of local products are suboptimal.

Some participants have initiated domestic
production due to unavailability of local
products. This phenomenon exemplifies
individual endeavors to wuphold cultural
practices. P24: “I have recently started producing
salty yogurt in my own kitchen. She acknowledges the
challenge of producing tomato paste and is currently
exploring alternative methods. P21: “Occasionally,
za'atar is not available. When such products are not
available, she resorted to preparing the spice mix

using dried za'atar.

Some participantsindicated that they experienced
feelings of loneliness due to the absence of
strong neighborly relations and a lack of a social
environment in their new locations. They noted
that this situation had a negative impact on the
sharing of food and the quality of their meals. P6:
“The culture is very different here, there are no guests
to invite. This has led to a reduction in my cooking
frequency.” P25 further elaborates on this sentiment,
noting the stark differences between the cultural
practices in Hatay and those in the current location.
We are unable to find guests to have coffee with. This
aspect, she asserts, represents the most significant
transformation.

Some participants stated that they did not

experience a significant change in their kitchen
habits. Among these individuals, some reported
maintaining their usual routines, while
others attempted to sustain these practices
by periodically visiting Hatay. P23 noted that
Hatay serves as a second home for them, and they
periodically return there. We engage in activities that
are not possible here. P13 stated, “I do not think so,

there has not been much change.”

Research Question 6. The participants were
asked questions about their experiences with the
culinary culture of their origin and whether they
had incorporated novel culinary elements into
their daily dietary routines. The data obtained
revealed that the majority of the participants were
to a limited extent affected by this culture, while
some individuals incorporated local products
due to necessity. The data were collected under
three main themes: partial adoption of new
dishes, forced adaptation, and no interaction:

Among  these, only four participants
acknowledged a moderate impact from the
regional culinary culture, accompanied by a
practice of preparing specific dishes in their own
kitchens. These participants provided examples
of dishes such as manti, noodles, borek, and
tantuni. P1 stated, “Foods such as manti and noodles
became more prevalent on our tables. We consume
pottery cheese, while children eat kashar cheese.”
P10 further elaborates, “I found tantuni particularly
appealing due to its similarity to my own culinary
preferences. I also make it at home.” Participant P23
expressed a preference for tantuni, noting that they
had prepared it exclusively. I did not prepare the
other dishes.” P24 noted that dishes such as manti,
noodles, and borek constituted a larger share of their
diet. However, they are not particularly palatable, and
we endeavor to limit our consumption of them to a
minimum.”

While some participants did not directly adopt
new dishes, they were compelled to utilize certain
products from their new place of residence.
This utilization is predominantly confined to
breakfast products or fundamental food items.
P1 stated, “"Given the lack of consistent access to
our own breakfast provisions, we have adopted the
consumption of pot cheese from the local market.” P2:
“No, we were not affected. We merely had to use their
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Table 10. The impact of the migrated city’s culinary culture on daily nutrition

Frequency Percentage ..
Theme Participants
) (%)
Partial adoption of new | 4 16.0% P1, P10, P23, P24
dishes
Forced adaptation and |2 8.0% P1, P2
product use
No interaction with 19 76.0% P3, P4, P5, P6, P7, P8, P9, P11, P12, P13, P14,
local culinary culture P15, P16, P17, P18, P19, P21, P22, P25

products. I did not find their food appealing.”

The majority of participants stated that they
were not influenced by the culinary culture of
the region to which they had migrated. These
participants indicated that they either did not
sample new dishes or, if they did, they did not
repeat them because they did not align with their
preferences. P5 stated, “It never did.” P9 stated, “I
sampled some of their products, such as poppy seed
pie, but found it unpalatable and do not prepare it at
home.” P19 concurred, stating, “I was not affected
because I do not find it pleasant.” P21: “No, it does
not align with our culinary preferences.” P22 noted
that the culinary culture of the place they stayed was
not a significant factor in their experience, as it lacked
clear characteristics that would have influenced
their preferences. P25 stated that the experience did
not resonate with them and did not appeal to their
preferences.

Research Question 7. The participants were
asked questions regarding the preparation of
Hatay-specific dishes incorporating non-local
ingredients in their respective migratory regions
and whether this practice led to a discernible
alteration in the flavour profile of these dishes.
The data obtained revealed that migrants
experienced significant difficulties in procuring
food, had difficulty inreaching original tastes, and
therefore experienced sensory dissatisfaction.

The majority of participants indicated that they
persisted in preparing Hatay-specific dishes yet
noted that the vegetables and spices available
in their new locations did not adequately meet
their expectations in terms of flavor. Participants
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further elaborated on the pronounced disparities,
particularly regarding the diversity of vegetables,
bell peppers, eggplants, beans, spices (zahter,
dried mint, hot peppers), and tomato paste. P1
stated, “We are compelled to continue this practice, yet
we find that the resulting flavors do not match those
of our original cuisine. Even the greens lack flavor.”
P7 noted that they were unable to locate the pepper
paste, which they had procured from A101, and it was
accompanied by lemon salt, rendering it unpalatable.
I intend to purchase it when I visit Hatay, but until
then, I must resort to alternative options. P9 noted
that his meals, such as zaatar and dried mint, had
lost their previous flavor due to his inability to bring
most spices. P19 noted that the eggplants and beans
available in Hatay significantly differ from those in
his home region. There is a noticeable change in the
flavor profile of the meals.” P24: “Even the beans and
eggplants have undergone a change in taste. When
utilizing the products available here, the flavor of the
meals is noticeably diminished.”

Some participants indicated that taste differences
are inevitable, depending on the region where
the ingredients used are cultivated. However,
they evaluated this situation within a more
general framework. Participant P4 articulated this
perspective, stating, “I cannot achieve the same level of
taste efficiency in vegetable dishes due to the varying
growing conditions.” Another participant, P16, noted
that the vegetables and greens in their region possess
a distinct flavor profile. While I am obliged to utilize
them, I perceive a decline in the gustatory satisfaction
of the dishes.” P14 further noted that spices sourced
from the local region were similarly unsatisfactory. It
appears that they render the dish tasteless.”
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Table 11. Impact of non-local ingredients on Hatay dishes

Frequency Percentage .
Theme o Participants
) (%)
Cooking with non-local
P1, P2, P3, P5, P6, P7, P8, P9, P10, P11, P12,
products and resulting loss of | 21 84.0%
P13, P15, P17, P18, P19, P20, P21, P22, P23, P24
taste
Effect of regional differences
) 3 12.0% P4, P14, P16
in products on taste
Avoidance of cooking due to
1 4.0% P25
expected taste loss

Only one participant indicated that they do not
cook with non-local products. This reluctance
can be attributed to a preconceived notion
or prior experience indicating that the flavor
expectations will not be met. This tendency is
further elaborated by P25, who asserts, “No, I do

7

not.

Research Question 8. The participants were
asked questions regarding any alterations that
had been made to the products and equipment
used in their kitchens following the seismic event.
The responses obtained revealed the difficulties
experienced, the inaccessibility of materials,
and changes in cooking habits. The majority of
participants indicated that they encountered
challenges in accessing local equipment
and materials, while also highlighting other
difficulties encountered in the kitchen area.

Many participants mentioned that they had
difficulties in supplying after the earthquake
and the lack of some local kitchen equipment.
The absence of specialized kitchenware, such as
the kunefe tray, asur beater, oruk machine, was
particularly salient. Participants indicated that
they endeavored to procure these items over
time in an effort to address these deficiencies.
The absence of specialized equipment was
found to have a significant impact on the taste
and presentation of dishes, particularly those
prepared with traditional local cuisine. For
instance, participant P2 noted, “I lack both a kunefe
tray and a asur machine. This has led to challenges
in the preparation of traditional dishes. Another
participant, P9, noted that they too lacked essential
equipment, including a kunefe tray, an oruk machine,

an asur machine, kebab skewers, and a barbecue
machine. Participant P13 noted that the majority of
their belongings are still in Hatay, explaining their
inability to procure essential equipment such as a
kunefe tray or asur machine within the local context.
P23 stated that he lacked both a kunefe tray and an asur
machine. P21 noted the absence of a food processor,
oruk machine, or kunefe tray in their location.

It was reported by some participants that as
their residences became more compact, the
kitchen space underwent a similar reduction,
thereby impacting their culinary practices. It was
observed that the variety of food became limited
with these reduced areas and fewer equipment.
The participant observations indicate the impact
of physical space constraints on the diversity of
culinary creations in the kitchen and the practices
of cooking. Participant P10 articulated the impact of
constrained spatial dimensions on culinary endeavors,
stating, “Given the limitation of my daughter’s
residence to a single room, our kitchen environment
is constrained. My kitchen was sizable, but now that
it is reduced in size, I have fewer pots and pans.” P14
noted that their kitchen movement space had become
smaller, resulting in a reduced number of items,
though they acknowledged that it remained sufficient.
Participant P16 noted, “I was unable to bring any of
my belongings, as we had started to tidy up over time.
Despite this, she has managed to retain the majority
of her belongings, though she acknowledges that the
space available in her current kitchen is less than that
of her previous one.

The majority of participants indicated that
they encountered challenges in accessing
local products, which resulted in a change in
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Table 12. Post-Earthquake changes in kitchen products and equipment

Theme

Frequency (n) | Percentage (%)

Participants

Shortage of equipment and supply 13
difficulties

52.0% P1, P2, P5, P6, P9, P11, P13, P15, P17,

P20, P21, P23, P24

Limitations due to small kitchen space | 4 16.0% P10, P14, P16, P22

and physical conditions

Inaccessibility of local products 14 56.0% P3, P4, P6, P7, PP§, P9, P12, P14, P16,
(spices, vegetables, storage) P17, P18, P19, P20, P25

the taste of the food due to the unavailability
of ingredients such as spices and vegetables.
Additionally, there were difficulties accessing
Hatay-specific materials and equipment for
freezing and refrigeration. P18: “I encounter
challenges in procuring Hatay spices, and 1 am not
always able to access local products. 1 previously
used a deep freezer in Hatay, but I no longer have
access to that equipment.” P7 further elaborated on
the challenges faced, stating, “I was unable to bring
any materials. We continue to function with limited
resources.” I currently possess a limited selection of
kitchen tools and materials.” P9 further elaborates on
the disparities by stating, “In general, the majority of
my food products are less than those in Hatay.”

Discussion and Conclusion

This study provides a multi-faceted analysis of
the shifts in culinary practices among women
residing in Hatay or those compelled to migrate
from the city in the aftermath of the earthquakes
that occurred on 6-20 February 2023. The
findings reveal significant transformations
in culinary culture in terms of both physical
infrastructure and the content and presentation
of meals. This transformation is not merely a
necessity imposed by material conditions; it
also represents a space where cultural identity
and the sense of belonging are restructured.
The majority of participants reported that due
to limited access to local products, the lack of
traditional kitchen equipment, and economic
constraints, they were either unable to prepare
many traditional dishes or had to significantly
alter ingredients and cooking methods. This

finding is consistent with the observations of
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Iflazoglu and Aksoy (41), who emphasised the
iconic dishes of Hatay cuisine as indicators of
cultural identity. The failure to prepare these
dishes due to physical and emotional disruptions
after the earthquake highlights the fragile nature
of cultural continuity.

The erosion of social bonds has also precipitated
a shift in the significance attributed to commu-
nal dining. The Hatay dining table, traditionally
built upon solidarity, sharing and ritual values,
has now been reduced to a simpler, more func-
tional meal for nuclear family members. This
phenomenon aligns with the findings of Bakka-
loglu and Sen (17) in her study on the effects of
post-disaster migration on local cuisine. How-
ever, in the present study, this transformation is
not interpreted solely as a state of deprivation,
but also as a practice of reconstruction and ad-
aptation. It was evident that a number of par-
ticipants exhibited an elevated level of cultural
resilience, as evidenced by their endeavours to
sustain traditional culinary practices despite fac-
ing challenges related to the scarcity of essential
ingredients and equipment. This finding lends
further support to Iskin’s (10) argument that
women fulfil a dual role in the kitchen, both in
terms of production and transmission. Follow-
ing migration, many women sampled the local
cuisines of their new environments. However,
they seldom formed emotional or cultural bonds
with these foods. Instead, they maintained their
own regional cuisine as a marker of identity.
This finding is analogous to the study by Kara
and Akdag (13) on Syrian women. However, in
contrast to that study, the resistance to new cu-
linary cultures observed here is grounded more
deeply in emotional and identity-related dimen-
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sions.

Furthermore, the study revealed a strong nar-
rative suggesting that the change in ingredients
resulted not only in differences in taste, but also
in a perceived “loss of authenticity.” Expressions
such as “the dish had no soul” or “as long as we
eat, it doesn’t matter what” point to a loss not
only of flavour, but also of collective memory
and emotional fulfilment. This finding is consis-
tent with the conclusions of Kipalev and Dolek
(15), who emphasised that, for migrants, food
represents not only a physical necessity but also
an emotional practice. In contrast, a notable con-
trast emerges between this study and Akarcay’s
(42) ethnographic research on field kitchens es-
tablished after disasters. Akarcay’s approach to
crisis kitchens as a component of social recon-
struction is examined, while the present study
underscores the prevalence of isolation and lone-
liness, particularly in contexts of container hous-
ing and rented accommodations. Consequently,
the transformation of culinary culture in the af-
termath of a disaster is not solely a physical one
but is also influenced by shifts in social capital
and solidarity networks.

The study’s findings reveal the fragility of
Hatay’s culinary heritage beyond its 2017
designation as a UNESCO Creative City of
Gastronomy and emphasise the need for its
continuous reproduction. Cultural heritage is
not merely a legacy inherited from the past; it
is a practice that is redefined in each moment of
crisis, woven through resistance, and sustained
through collective memory. In this context,
Hatay’s cuisine must be considered as more than
a mere repository of the past or a superficial
tourist attraction; rather, it should be regarded
as a dynamic expression of cultural identity
that serves to reinforce its resilience in the face
of adversity. This research not only documents
the culinary transformations caused by the
earthquake but also highlights the active role of
women as custodians of culinary heritage. Their
quotidian acts of resistance — encompassing
the preservation of traditional dishes, the
adaptation of techniques, and the nurturing of
a sense of continuity — serve to reveal the way
food functions as a medium for healing, identity

cultural
in periods of disruption. Consequently, the

preservation, and reconstruction
development of future recovery policies must
incorporate culinary and cultural resilience
strategies, acknowledging food not only as a
source of sustenance but also as a fundamental
element in the process of emotional and
communal reconstruction.

Research limitations and recommendations for
future studies

This study is limited to qualitative interviews conduct-
ed with 25 women who either remained in or migrated
from Hatay following the earthquakes of February 6,
2023. The relatively small sample size restricts the
generalizability of the findings. Moreover, the re-
search exclusively focuses on women's perspectives,
thereby excluding the roles of men, children, and
younger generations in the transformation of culinary
culture. Most interviews were conducted within the
first year following the disaster, which limits the abil-
ity to assess long-term changes. Although the partic-
ipants varied in terms of socioeconomic background,
educational status, and the regions to which they
migrated, the representation of certain demographic
groups remains limited.

Future research would benefit from comparative stud-
ies based on variables such as age groups, ethnic and
religious affiliations, or the cultural characteris-
tics of the regions to which participants have mi-
grated. In addition, mixed-method approaches
that integrate both qualitative and quantitative
techniques could offer a more comprehensive
understanding of the transformation in culinary
practices. Finally, future studies may explore the
influence of post-disaster social policies and lo-
cal government initiatives on the preservation
and revitalization of gastronomic heritage.
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Ozet

Amag: Gilineydogu Anadolu'nun kalbinde yer alan
Gaziantep mutfagi, sadece damaklar1 degil, ekolojik
bilinci de destekleyen bir gastronomi kaynag: olarak
bilinmektedir. Bu c¢alismanin amaci, Gaziantep
mutfaginin ekolojik stirdiiriilebilirlik baglaminda
karbon ayak izini incelemek ve diger diinya
mutfaklariyla karsilastirmaktir. Ayrica, siirdiiriilebilir
beslenme konusunda toplumsal farkindalig: artirmak
aligkanliklarmin  gevresel
olacak araglar

ve tliketicilerin kendi
etkilerini
sunmak amaglanmistir.

anlamalarina yardimct

Gere¢ ve Yontem: Calismada, arastirmaci tarafindan
gelistirilen “Beslenme Aligkanliklar1 Anketi” veri
toplama aract olarak kullanilmistir. Giintimiizde
Gaziantep mutfaginda sikca pisirilen ve tiiketilen
yemekler belirlenmis, bu yemeklerin karbon ayak
izleri hesaplanmuigtir. Veriler, JASP (0.18.1.0) programi
ile tek 6rneklem t-testi kullanilarak analiz edilmis, elde

edilen sonuglar iilke ortalamalariyla karsilagtirilmistir.

Bulgular: Calisma sonugclari,
mutfaginin karbon ayak izinin, Kanada, Brezilya,

Danimarka ve Jtalya gibi diger diinya

Gaziantep

Amerika,
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mutfaklariyla kiyaslandiginda daha diisiik ¢iktigini
ortaya koymustur. Ozellikle vejetaryen agirlikli
yemeklerin karbon ayak izinin oldukg¢a diisiik
olmasi, siirdiiriilebilir beslenme agisindan 6nemli
bir bulgudur. Ayrica, Tiirk yemekleri icin ilk kez
gelistirilen internet sitesi sayesinde, tiiketicilerin
kendi beslenme aligkanliklarinin gevresel etkilerini
daha iyi kavrayabilecekleri diistiniilmektedir. Bu
platformun, bireylerin bilingli tercihler yapmasina
katki saglayacag1 ongoriilmektedir.

Sonug: Gaziantep mutfagi, ekolojik siirdiiriilebilirlik
agisindan  diger diinya mutfaklarina kiyasla
avantajlara sahip olup, 6zellikle vejetaryen agirlikli
yemeklerin diisiik karbon iziyle dikkat ¢ekmektedir.
Bu durum, siirdiiriilebilir beslenme ve c¢evresel
farkindaligin artirilmasinda énemli bir rol oynayabilir.
Ayrica, gelistirilen internet sitesi ile bireylerin kendi
aligkanliklarinin ¢evresel etkilerini 6grenerek daha
bilingli tiiketim yapmalar1 tesvik edilecektir.

Abstract

Aim: Gaziantep cuisine, located in the heart of
Southeast Anatolia, is known not only for its palate-
pleasing qualities but also as a gastronomic resource
that supports ecological awareness. The aim of this
study is to examine the carbon footprint of Gaziantep
cuisine within the context of ecological sustainability
and to compare it with other world cuisines.
Additionally, it aims to enhance social awareness of
sustainable nutrition and to provide tools that help
consumers understand the environmental impacts of
their own consumption habits.

Material and Methods: n the study, the researcher-
developed “Dietary Habits Questionnaire” served as
the data collection instrument. Frequently prepared
and consumed dishes in Gaziantep cuisine today
were identified, and the carbon footprints of these
dishes were calculated. The data were analyzed using
a one-sample t-test in the JASP (0.18.1.0) program, and
the resulting findings were compared with national
averages.

Results: In the study, the results indicate that the
carbon footprint of Gaziantep cuisine is lower when
compared with other world cuisines, such as those
from Canada, Brazil, the United States, Denmark,
and Italy. In particular, vegetarian-dominated
dishes exhibit a notably low carbon footprint, which
is a significant finding for sustainable nutrition.
Furthermore, thanks to the internet site developed
for Turkish dishes for the first time, it is anticipated
that consumers will gain a better understanding of
the environmental impacts of their own eating habits.
This platform is expected to contribute to individuals
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making more conscious choices.

Conclusion: Gaziantep cuisine presents advantages in
ecological sustainability when compared with other
world cuisines, notably with a low carbon footprint for
vegetarian-dominated dishes. This finding suggests
that Gaziantep cuisine could play an important role
in promoting sustainable nutrition and environmental
awareness. Additionally, with the developed internet
site, individuals will be encouraged to learn about the
environmental impacts of their own eating habits and
to adopt more conscious consumption.

Extendend Abstract

In the context of global population growth and
climate change, the sustainability of food systems is
becoming increasingly important (1, 2). Research on
ecological sustainability has revealed that individuals’
dietary choices have significant implications for
both sustainability and health (3, 4). Consequently,
sustainability has gained heightened importance
within the food sector. To ensure food sustainability,
it is essential to evaluate the impacts of each stage
of the food supply chain, including production,
packaging, transportation, and consumption (5).
Food sustainability is addressed through three
fundamental dimensions: economic, ecological, and
social. Ecological sustainability aims to preserve
and transfer the natural resources of an ecosystem
or environment to future generations in a renewable
manner (6). Achieving this goal necessitates a series
of measures, such as resource management, waste
reduction, and pollution prevention. Environmental
pollution manifests in various areas, including air,
water, and soil. Air pollution refers to the alteration
of gas ratios in the atmosphere and the presence of
pollutants exceeding certain thresholds (7). Changes
in atmospheric composition lead to the accumulation
of heat and, consequently, climate change due to the
increase of greenhouse gases such as carbon dioxide
(CO2), nitrogen dioxide (NO2), and sulfur dioxide
(502) (8). The primary source of greenhouse gases is
the combustion of fossil fuels in energy production
and transportation; among these gases, carbon dioxide
is the most detrimental due to its high emission levels
(9, 10). In this context, monitoring carbon dioxide
emissions resulting from fossil fuel combustion
is crucial for measuring the carbon footprints of
individuals and communities (11). The significance
of this study lies in its examination of the ecological
sustainability of Gaziantep cuisine through carbon
footprint analysis. Despite Gaziantep’s global culinary
reputation, there is a notable lack of research regarding
its sustainability. This study aims to fill this gap by
analyzing the carbon footprint of Gaziantep dishes
and comparing them with international culinary
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practices. The findings are intended to contribute to
ecological awareness and promote sustainable dietary
habits among consumers. Furthermore, the study
seeks to develop a user-friendly website that allows
individuals to easily access information about the
carbon footprints of the foods they consume, thereby
fostering greater environmental consciousness.

The research consists of two main phases. The first
phase involves calculating the carbon footprints
of selected dishes from Gaziantep cuisine and
analyzing their ecological impacts. This is achieved
by comparing the calculated carbon footprints with
dietary values documented in existing literature. The
second phase focuses on presenting the identified
carbon footprints in a user-friendly manner through
a dedicated website, aimed at increasing public
awareness. Gaziantep cuisine comprises over 300
dishes; however, not all are frequently prepared
in contemporary kitchens. Therefore, 33 widely
recognized dishes, soups, and desserts were selected
with the assistance of culinary experts from the
Gaziantep Metropolitan Municipality’s Culinary Arts
Center and academics from Gaziantep University’s
Gastronomy Department. The selected dishes
include both traditional and geographical indication
products. In the second step, recipes for the listed
dishes were sourced from relevant literature. The
ingredient quantities were standardized using metric
measurements for consistency. Due to the absence of
a Turkey-specific database for the carbon footprints
of food items, international sources were utilized
to calculate the carbon footprints for each dish. A
survey titled “Eating Habits” was developed to gather
data on participants’ dietary habits. The survey was
administered both in person and online, enabling
the collection of comprehensive data regarding the
frequency and portion sizes of consumed dishes. The
results were analyzed using statistical software to
compare the carbon footprints of Gaziantep dishes
with those of other countries. The calculated carbon
footprints for the 33 selected dishes are presented in
a comprehensive format. The analysis reveals that
the average carbon footprint for main dishes, soups,
and desserts varies significantly, with certain dishes
contributing more to greenhouse gas emissions than
others. For instance, the highest carbon footprint
was found in “Beyran” soup, while “Dévmeli Alaca
Corba” had the lowest. Moreover, the comparison
of Gaziantep cuisine’s carbon footprints with those
of other countries indicates that Gaziantep dishes
generally have a lower carbon footprint than the
average dietary habits observed in countries like
Canada, Brazil, Denmark, and the United States. This
finding highlights the potential of Gaziantep cuisine to
contribute to sustainable dietary practices, particularly
due to the prevalence of vegetarian options. The
survey included 136 families, revealing demographic

insights about participants’ eating habits. The data
collected showed a significant correlation between
dietary choices and the carbon footprints of the foods
consumed. The annual carbon footprint for Gaziantep
cuisine was found to be approximately 2.585 kg CO2,
which is lower than the carbon footprints reported for
other countries.

This study underscores the ecological sustainability
of Gaziantep cuisine, demonstrating that it possesses
a lower carbon footprint compared to many global
culinary traditions. The findings suggest that
promoting vegetarian dishes could significantly
reduce overall carbon emissions. The developed
website serves as a valuable resource for consumers,
allowing them to understand the environmental
impacts of their dietary choices better. By facilitating
access to information about the carbon footprints of
various dishes, the website aims to encourage more
sustainable eating habits. To foster sustainable food
consumption, it is crucial to expand this study into a
comprehensive database for Turkish cuisine, making
it accessible and user-friendly. Future research could
involve a larger sample size, enabling comparisons
across different demographic groups and regions.
Additionally, exploring the effects of various cooking
methods on carbon footprints could yield valuable
insights for promoting sustainable culinary practices.
In conclusion, the study highlights the need for
greater awareness of the carbon footprints associated
with dietary choices. By encouraging a shift towards
lower-carbon meals, individuals can contribute to a
more sustainable future. The findings advocate for
the integration of carbon footprint considerations
into dietary planning, which could play a vital role in
achieving environmental sustainability

Giris

Kiiresel niifus artist ve iklim degisikligi
baglaminda, gida sistemlerinin siirdiiriilebilirligi
giderek daha fazla 6nem kazanmaktadir (1,
2). Ekolojik stirdiiriilebilirlik tizerine yapilan
arastirmalar, bireylerin beslenme secimlerinin
hem siirdiiriilebilirlik hem de saglk agisindan
onemli etkileri oldugunu ortaya koymaktadir (3,
4). Bunedenle, gida sektdrii icin siirdiiriilebilirlik
giderek daha biiyiik bir 6nem kazanmigtir. Gida
surdiiriilebilirliginin ~ saglanmasi  amaciyla,
gida tedarik zincirinin her asamas: {iretim,
paketleme, tasimacilik ve tiiketim stiregleri

gozden gecirilerek etkileri degerlendirilmelidir
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(5). Gida siirdiiriilebilirligi, ekonomik, ekolojik
ve toplumsal olmak {izere {i¢ temel boyutta ele
alinmaktadir. Ekolojik stirdiiriilebilirlik, bir
ekosistemin ya da ¢evrenin dogal kaynaklarimin
gelecek nesillere korunarak ve yenilenebilir bir
bicimde aktarilmasini amaglamaktadir (6). Bu
hedefin gerceklestirilmesi i¢in dogal kaynaklarin
kullanimi, atik dretiminin azaltilmasi ve cevre
kirliliginin 6nlenmesi gibi bir dizi 6nlem alinmas:
gerekmektedir (6,7). Cevre kirliligi, hava, su ve
toprak gibi cesitli alanlarda ortaya ¢ikmaktadir.
Hava kirlenmesi, hava bilesimindeki gaz
oranlarmin degisimi ve disaridaki kirleticilerin
belirli bir seviyenin tizerinde olmas1 durumunu
ifade eder (7). Hava bilesiminin degismesi,
atmosferde 1simin birikmesine ve dolayisiyla
iklim degisikligine yol acan karbondioksit,
azotdioksit ve kiiktirtdioksit (COZ, NO2, SO2)
gibi sera gazlarimin artisina neden olmaktadir
(8). Sera gazlarinin en 6nemli kaynagi, fosil
yakitlarin enerji {iretimi ve tasimacilik gibi
alanlarda yakilmasidir (9). Bu gazlar arasinda,
cevreye verilen zarar agisindan en tehlikeli
olani, emisyon seviyesi diger gazlara kiyasla
¢ok yiiksek olan karbondioksittir (CO2) (9, 10).
Bu baglamda, fosil yakitlarin yanmasi sonucu
olusan karbondioksit emisyonunun izlenmesi,
bireylerin ve topluluklarin karbon ayak izlerinin
Olciilmesi agisindan 6nemlidir (11).

Karbon ayak izi, Wiedmann ve Minx (11)
tarafindan “Bir faaliyetin dogrudan ve dolayl
olarak sebep oldugu ya da bir iiriiniin yasam dongiisii
boyunca biriken toplam karbondioksit emisyon
miktarmn bir 6lciisii” olarak tanimlanmaktadir.
Bu tanumdan hareketle, karbon ayak izinin,
cevreye verilen karbondioksit salinimini ve diger
gazlarin emisyonunu karsilastirmali bir bigimde
degerlendirdigi soylenebilir. Dolayisiyla, bu
Ol¢timiin farkinda olmak ve azaltma ¢abalarinda
bulunmak, siirdiiriilebilir yasam ilkelerine
uygun bir yasam tarzi gelistirilmesine katk:
saglayacag diistiniilmektedir.

Gida tiiketimi ise toplam sera gazi salinimi
igerisinde yaklasik %301luk bir paya sahiptir
(12)food
approximately 30% of total greenhouse gas (GHG.

consumption is responsible for

Alan yazinda gida tiiketimi ve gidalarin karbon
ayak izi ile ilgili bir¢cok c¢alisma yapilmis, son
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yillarda ise diyet planlar1 ve yeme aliskanliklar:
tizerine yogunlasildig1 goriilmiistiir (13, 14, 15,
16,17,18, 19, 20, 21, 12, 22, 2).

1.1. Karbon ayak izinde yapilan ulusal ve
uluslararasi ¢alismalar

Ugtug ve digerlerinin (23) calismasina gore, Tiirk
diyetlerine iliskin vejetaryen ve vegan beslenme
sekilleri sirasiyla 35,22 kg, 27,8 kg ve 18,5 kg
CO2 esdegeri karbon ayak izi degerine sahiptir.
Bu diyetlerin daha diisiik karbon ayak izine
sahip olmasinin temel sebebi olarak ise et ve siit
driinlerinin icermedigi belirtilmistir.

Erdogan (8) Tiirk mutfagma ait 284 yemegi,
besin degerleri, sera gazi emisyonlar: ve su ayak
izleri agisindan incelemistir. Yemek se¢iminde
belirli bir yore tercih edilmemis; bunun yerine
bir yemek kitab1 kaynak olarak kullanilmaistir.
Hesaplamalara dahil edilmeyen malzemeler
arasinda baharatlar, mercimek, domates ve biber
salcasi, pazi, maydanoz, piring unu, tuz, ekmek,
tarhana, pirasa, bulgur, dévme, nohut, eriste,
sehriye, sirke, salgam, ayva, dereotu, nar, kabak,
asma yapragl, erik eksisi, karbonat, nisasta,
kuru maya, yufka, zeytin, tahin, feslegen, semiz
otu, kaymak, tel kadayif, maden suyu, vanilya,
pekmez, giillag, giil suyu, giil yapragi, kabak
cigegi, kahve ve salep yer almaktadir. Arastirma
bulgulari, yemeklerin et igerigi arttikca karbon
ayak izlerinin de arttigin1 gostermektedir.

Ugtug vd. (22) yaptiklar1 arastirmada, Tiirk
mutfagina dayanan omnivor, vejetaryen ve vegan
diyetlerin karbon ayak izlerini incelemislerdir.
Bu calisma, Tiirk mutfaginin et agirhikli olduguna
dair yaygin bir yanls algimnin bulundugunu ve
aslinda Tiirk mutfaginin birgok farkl gida tiirtinii
barindirdigimi = gostermektedir.  Yemeklerin
yasam dongilisii degerlendirmesi (Life Cycle
Assessment, LCA) CCaLC2 LCA yazilimi (24).
kullanilarak yapilmigtir Vegan diyetin karbon
ayak izinin, omnivor diyetin karbon ayak izinin
%52'si kadar oldugu tespit edilmistir. Omnivor
diyetin kisi basma haftalk karbon ayak izi
ise 35.2 kg CO2 esdegeri olarak hesaplanmis;
bu deger, diger iilkelerle karsilastirildiginda
Akdeniz ve Atlantik diyetlerinden yiiksek,
[talyan diyetinden diisiik, Danimarka, Cek

Cumhuriyeti ve Fransa diyetleriyle ise benzer
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seviyededir. Arastirmacilar, tarimsal iiretimde
pestisit kullaniminin azaltilmasi, yenilenebilir
tercih edilmesi,

enerji kaynaklarinin

tiiketicilerin  bilgilendirilmesi ve ¢ocuklara
sebze tiiketimini tesvik etmenin halka saglikli
beslenme aliskanliklar1 kazandirarak karbon
ayak izinin distriilmesine katki saglayacagini

belirtmiglerdir.

Pathak vd. (20)while food products from crops
contributed to emission of nitrous oxide (N20O
yaptiklari ¢calismada Hint mutfaginda tiiketilen
24 vyiyecek cesidini sera gazlari agisindan
incelemis ve kendi iglerinde karsilagtirmistir.
Piring yetistirme ve hayvansal {iriinlerin daha ¢ok
metan emisyonuna sebep oldugu gosterilmistir.
Ayrica Hindistanlilarin yerel {iriinler tiikettigi
ve bu nedenle sera gazi emisyonunun %87’sinin
%10 un
islemeden ve

uretimden, hazirliktan, %2’sinin

%1l’inin  tasimadan geldigi

gorilmiistiir.

R66s (12)food consumption is responsible
for approximately 30% of total greenhouse
gas (GHG gidalarda karbon ayak izinin
belirlenmesi {izerine yaptig1 calismada karbon
ayak izinin belirlenmesindeki belirsizlikleri ve
tiikketicilerin nasil bilgilendirilmesi gerektigini
incelemistir. Sera gazi emisyonunun tespitinde
belirsizliklerin ~ kaynagi olarak iiretimde
kullanilan enerji kaynaklari, giibrenin kullanim
miktar1 ve gesitligi, hasat miktar1 gibi faktorler
ve bu faktorler ile ilgili kesin verilerin olmadig:
vurgulanmistir. Tiiketicilere {iriinlerin sayisal
karbon ayak izi degerleri ve cevre dostu gibi
etiketlerle bilgi verilmesinin simirl bir etkisinin
oldugu ve “Daha az et tiiketin”, “Gidalar1 israf
etmeyin” mesajlarinin “Yerel iiriinleri tiiketin”,
“Gidalar: mevsiminde tiiketin” mesajlarindan daha

etkili oldugu sonucuna ulasmuistir.

Veeramani vd. (25) ilk asamada Kanada,

yasayan
aligkanliklarini  inceleyerek

Ontario’da 10.000 kisinin yeme
siniflandirmais,
ikinci asamada bu smiflarin karbon ayak
izlerini hesaplayarak Ingiltere, ~Almanya,
ABD, Hindistan ve Finlandiya vd. iilkeler ile
karsilastirmistir. Omnivor diyetlerde belirlenen
kisi bas1 yillik kg karbondioksit esdeger emisyon
degerinin Avrupa iilkeleri ve Hindistan'dan
yiiksek; 1ngiltere, ABD ve Avustralya’dan diisiik

oldugu sonucuna ulagmiglardir. Vejetaryen
diyetlerde ise Ingiltere, ABD ve Almanya’dan
diisiik; Hindistan ve Finlandiya'dan yiiksek
oldugu sunulmustur.

Gonzalez-Garcia vd. (28) yaptiklar1 alan yazin
taramasi calismasinda 21 calismadaki 66 farkli
yeme aliskanlig i¢in vitamin ve karbon ayak izi
degerleri karsilastirilmis ve degerlendirilmistir.
Calismada Akdeniz ve Atlantik diyetlerinin
vejetaryen diyetler gibi diisiik karbon ayak
izi; ABD ve Avrupa diyetlerinden bazilarmin
ise en fazla karbon ayak izine sahip oldugu
goriilmiistiir. Ayrica degerlendirme yapilirken
iilkelerdeki porsiyon biiyiikliiklerinin farkl
olduguna da dikkat ¢ekilmistir.

Espinoza-Orias vd. (15)40 different recipes were
considered, focusing on most popular consumer
choices in the UK. The estimated impact from
ready-made sandwiches ranges from 739 g CO2
eq. for egg & cress to 1441 g CO2 eq. for the bacon,
sausage & egg option. The carbon footprint of
the most popular home-made sandwich (ham &
cheese hazir gidalarin iklim degisikligine etkisini
40 farkhi igerikli sandvi¢ Ornegi {iizerinden
analiz etmistir. Sonug olarak ev yapimlarinin
aymi igerikli hazir olanlardan yaklasik iki kat
daha fazla karbon ayak izi oldugu bulunmus
ve en biiyiik etkinin israfin engellenmesi ile
ulasilabilecegi sonucuna varilmistir.

Bruno vd. (14)fat dairy products and red meat,
and a low content of fruits and vegetables. As
it is considered unhealthy and environmentally
unfriendly, various alternatives to the standard
Danish diethave been investigated and promoted
in Denmark, such as the New Nordic Diet. By
using a Life Cycle Assessment (LCA Danimarka
diyetlerinin yiiksek miktarda seker, yagh siit
driinleri ve kirmizi et igerigi bulundurdugu
ve diigik miktarda meyve sebze igerigi
bulundurdugunu soylemistir. Bu diyetin gevre
dostu olamamasindan ve sagliksiz olmasindan
dolay1 yeni dort farkli diyet gelistirilmis ve bu
calismada karsilagtirilmistir.

Rose vd. (21)but little is known about the
association between the carbon footprint of
individual selfselected diets in the United States
and nutritional quality.\nObjectives: The aims
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of this study were to assess the GHGE from
individual self-selected diets in the United States
and examine their association with nutritional
quality of the diets, demographic patterns,
and food-related behaviors.\nMethods: The
dietary GHGE from US adults (>18 y, N = 16,800
bireyleri 24 saatlik gozlem ile kendi se¢mis
olduklar: yiyeceklerin besin degerleri ve sera
gaz1 emisyonlar1 agisindan degerlendirmistir.
“ABD Saglikli Besin Indeksine” gére yiiksek
puanli yeme aliskanliklarinin daha diisiik sera
gaz1 emisyonuna sahip olabilecegi sunulmustur.

Malan vd. (19)more scalable one-unit Foodprint

seminar taught at multiple universities.
Methods: We used a quasi-experimental pre-
post nonequivalent comparison group design
(n =176

dort donem boyunca karbon ayak izi semineri

calismasinda {ii¢ farkli iiniversitede

verilen ve verilmeyen grubu karsilagtirmigtir.
Sonucunda semineri alan ogrencilerin gida
tiiketimi kaynakli karbon ayak izinin % 14
azaldig1 gozlemlenmistir.

Gaillac vd. (17) et ve siit iirtinlerini analiz
ederek diisiik miktarda et, yumurta ve yogurt
iceren diyetlerle karbon ayak izi hedeflerinin
yakalanabilecegini iddia etmislerdir. Ayrica
yerel {driinlerin tiiketilmesi, siit {irtinlerinin
siitiin tiiretildigi yerlerde islenmesinin karbon
ayak izini diistirecegini gostermislerdir.

Garzillo vd. (18)obtained in 2008 and 2009, from
a probabilistic sample of the Brazilian population
aged 10 years and over (n = 34,003 Brezilya'da
farkli demografik ozelliklere sahip 34.000
kisilik bir 6rneklemin 24 saatlik gida tiiketimi
tizerinde karbon ayak izlerini incelemis, bir
kisinin bir glinliik Brezilya diyeti icin ortalama
karbon ayak izini 4489 g CO2 esdeger olarak
bulmus, bu degerin erkekler, yiiksek gelirliler ve
egitimlilerde arttig1 belirtilmistir.

Benvenuti vd. (13) Italyan okul yemekleri
tizerine yaptif1t calismada kirmizi et yerine
daha siirdiiriilebilir olan beyaz et ve balik etinin
tercih edilmesinin omnivor diyetlerin karbon
ayak izinin azaltilmasinda etkili olacagini
belirtmis, omnivor meniilerdeki optimal
secimin Roma Belediyesi okul yemeklerindeki

mentiiye gore %40’a kadar emisyon azaltilmasim
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saglayabilecegini gostermistir.

Ugtug ve digerleri (23) ¢alismalarinda vejetaryen
ve vegan diyetlerinin karbon ayak izi degerleri
sirastyla 35,22 kg, 27,8 kg ve 18,5 kg CO2
esdegeri olarak hesaplamislardir. Calismalarinin
bulgulari, bu diyetlerin daha diisiik karbon ayak
izlerine sahip olmasinin temel nedeninin et ve siit
iirtinlerinin yoklugu oldugunu gostermektedir.

Erdogan, (8) calismasinda Tiirk mutfagina 6zgii
284 yemegi sera gaz1 emisyonlari ve su ayak izle-
ri bakimindan degerlendirmistir. Yemeklerin et
igeriginin artmasimin karbon ayak izlerini artir-
dig1 sonucuna varilmistir.

Yang ve digerleri (33) restoranlarin karbon ayak
izini azaltmaya yonelik yaptiklari ¢calisma, farkh
metodolojiler kullanilarak farkli boélgelerde uy-
gulanabilir ¢oziimler aramislar. Giines, biyogaz
ve biyodizel gibi yesil teknolojilerin emisyonlar:
%20-75, kompostlama ve gida atif1 degerlestir-
mesinin metan emisyonlarini %30’a kadar azal-
tabildigini gostermistir. Menti tabanli miidaha-
lelerle (sigir eti yerine bitki bazli proteinler ve
bolgesel kaynaklar) 6giin basina onemli tasar-
ruflar elde edilebilir.

Mandouri ve digerleri (34) yaptiklar1 metaana-
liz calismalarinda hayvansal besinler ve 6zellik-
le kirmiz1 et ile ilgili emisyonlar iizerinde LCA
yontemi seciminin giiglii bir belirleyici oldugu-
nu belirtmislerdir. Atik yonetiminin emisyonlar
tizerinde onemli bir etkiye sahip oldugunu ve
bolgesel/metodolojik varyasyonlarin emisyon
degerlerinde genis dagilim yarattigin ¢alismala-
rinda belirtmislerdir.

Gaziantep mutfagt UNESCO Yaratic1 Sehirler
Ag1 (UCCN) tarafindan 2015 yilinda UNESCO
Yaratic1 Sehirler Ag1 Gastronomi Kentleri arasi-
na girmeyi basarmis bdylelikle uluslararasi bir
tine ulasmistir (26)eating was considered as pu-
rely physiological action. Over time, this situati-
on has changed and the social and technological
developments that have taken place have added
new meanings to the concept of food. Today,
food can be an important part of the culture;a
means of socialization, a form of communication
and a reason for travel. Gaziantep is an impor-
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tant cultural city due to its geographical locati-
on, historical depthand culinary culture is one
of the important cultural components. With its
rich culinary culture, Gaziantep succeeded in
becoming one of the UNESCO Creative Cities
Network Gastronomy Cities in 2015. After this
success, travels with gastronomic motifs incre-
ased and interest in the context of gastronomy
has went up. This has led to an increase in Ga-
ziantep-cuisine-themed academic studies. When
the related literature is examined; In the studies
on Gaziantep cuisine, no research examining the
ingredients used in the meals was discovered.
The main purpose of this study is to determine
the frequency of use of the ingredients used in
Gaziantep meals. In addition, it is aimed to re-
veal the distribution of food groups through the
ingredients in Gaziantep meals. For this purpose,
content analysis was made by utilizing 13 cook-
books written on Gaziantep meals, the frequen-
cies of the ingredients (frequency of use in meals.
Bu basariyla birlikte Gaziantep’e ait gerek turizm
gerekse de akademik ilgi artmistir. Son yillarda
yapilan akademik ¢alismalara 6rnek olarak Balci
vd.(30), Fidan (31), Stizer (25)2015&#39;in Aralik
ayindan itibaren gastronomi dalinda, Birlesmis
Milletler Egitim Bilim ve Kiiltiir Orgiitii&#39;-
niin (UNESCO ve (26). sirasiyla yemeklerin
tarihsel gelisimi, yapilis zamanlari, kullanilan
malzemeler ve isletmelerin uygunlugu gibi ko-
nularda ¢alismiglardir.

Yapilan alanyazin arastirmasinda diinyaca tinlii
olan Gaziantep mutfagindaki yemeklerin karbon
ayak izi ac¢isindan bir degerlendirmesinin yapil-
dig1 calismalara rastlanmamistir. Bu baglamda
calisma ile alanyazinda Gaziantep mutfaginin
ekolojik stirdiiriilebilirlik agisindan 6nemli bir
boslugu doldurmas: beklenmektedir. Ayrica
karbon ayak izi kavramin yerel bir mutfak bag-
laminda incelemesi bakimindan ¢alisma oldukga
degerlidir. Ozellikle, Gaziantep mutfaginin diin-
ya mutfaklariyla karsilastirilmas: ve bu alanda
farkindalik yaratmaya yonelik bir web sitesi ge-
listirilmesi, calismanin 6zgiinliiginii artirmakta-
dir. Ayrica yapilan ¢alismada da gidalarin kar-
bon ayak izlerinin bilinilirliginin yayginlasmasi
i¢in “My Emissions ve Plate Up For Planet” gibi bir-
cok yabanct dilde hizmet veren kullanict dostu (user
friendly) internet sitelerinin bulundugu ama Tiirkce

ve Tiirk yemekleri i¢cin boyle bir internet sitesinin ol-
madig1 goriilmiistiir. Bu nedenle bu ¢alismada Gazi-
antep mutfagr karbon ayak izi agisindan analiz edil-
mis, elde edilen sonuclar tiiketicilerin yemeklerinin
karbon ayak izlerini tiikettikleri miktara gore kolayca
ogrenebilecegi bir internet sitesi aracili§iyla sunul-
mustur. Ayrica yapilan ¢alismada hazirlanan anket
ile elde edilen veriler uluslararasindaki alan yazinda
bulunan farkli calismalar ile de kiyaslanmigtir. Boyle-
likle calisma ile bahsedilen alan yazina ve ekolojik far-
kimdaligin kazamimasina katki saglanacag: diisiiniil-
mektedir. Ozetle bu calisma, Gaziantep mutfaginin
ekolojik siirdiiriilebilirlik perspektifi agisindan ince-
lenmesiyle, hem akademik hem de toplumsal diizeyde
onemli katkilarda bulunmay: hedeflemektedir. Yerel
yemeklerin karbon ayak izi analizi, siirdiiriilebilir
guda politikalarimin gelistirilmesine, bilingli tiiketim
aliskanliklarinin yayginlagmasina ve bolgesel gastro-
nomik mirasin korunmasina yardimci olacaktir.

Bu ¢calismada amag Tirkiye'nin ve diinyanin
onde gelen gastronomik miraslarindan biri olan
Gaziantep mutfaginin ekolojik siirdiiriilebilir-
liginin, uluslararas: kabul gérmiis yasam don-
giisli degerlendirme prensipleri ¢ergevesindeki
karbon ayak izi faktorii agisindan incelemek ve
Gaziantep mutfaginin diinya mutfaklarinin kar-
bon ayak izleri ile karsilastirmaktir. Bu baglam-
da, bu ¢alisma ile Gaziantep mutfaginin ekolojik
suirdiiriilebilirlik agisindan karbon ayak izi belir-
leyici bir faktor olarak ele alinmis ve diger diinya
mutfaklari ile karsilagtirilmistir. Yapilan alan ya-
zin taramasi sonucunda Gaziantep mutfaginin
diinya capindaki {iniine ragmen stirdiiriilebilir-
lik agisindan ele alinmadig1 goriilmiistiir. Bu ca-
lisma ile s6z konusu agigin kapatilmasimna katki
saglayacag1 diisiiniilmektedir. Ayrica yapilan ¢a-
lismada Ingilizce birgok internet sitesi ile insan-
larin tiikettikleri yiyeceklerin karbon ayak izini
Ogrenebildigi bununla birlikte Tiirk¢e kaynakli
bir internet sitesinin olmadig1 goriilmiistiir. In-
sanlarin basit yollarla giindelik hayatta tiikettik-
leri yiyeceklerin karbon ayak izlerini 6grenebil-
meleri ekolojik duyarliligin artmasi ve toplumsal
farkindaligin saglanmasi agisindan onemlidir.
Bu nedenle c¢alisma kapsaminda ulasilan kar-
bon ayak izi degerleri bir internet sitesi ile kul-
lanima sunulacaktir. Boylelikle site kullanicilar
tiikettikleri yemek ve porsiyon miktarimi girerek
bunun sonucunda olusan karbon ayak izlerini
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Ogrenebilecek ve bir farkindalik olusacaktir. Ay-
rica bolgemize ait Gaziantep yemeklerinden olu-
san beslenme aligkanlifina yonelik tespit edilen
karbon ayak izi miktarlar1 alan yazindaki diger
tilkeler ile de karsilastirilmistir. Bu baglamda
asagidaki sorulara da aciklik getirilmeye calisil-
musgtir:

Gaziantep’te yasayan insanlarmn beslenme alis-
kanliklarma bagh olarak tiikettikleri Gaziantep
Mutfag1 yemeklerine ait yilik karbon ayak izi
miktarlar1 evren ortalamasi olan

e 2,282 kgCO2 (Kanada)'den anlaml ola-
rak farklilasmakta midir?

o 4,489 kgCO2 (Brezilya)dan anlamli ola-
rak farklilasmakta midir?

e 4,370 kgCO2 (Danimarka)den anlaml
olarak farklilasmakta midir?

o 4,720 kgCO2 (Amerika)'den anlamli ola-
rak farklilagsmakta midir?

o 3,578 kgCO2 (italya)’den anlaml olarak
farklilasmakta midir?

Gerec ve Yontem

Bu arastirma nicel arastirma deseniyle tek
orneklem t-testi cercevesinde, belirlenen {ilkeler
icin Gaziantep degerinin evren ortalamasindan
anlamhifarklih§initestetmekiizere tasarlanmgtir.
[lk asamada Gaziantep mutfagindan segilen
yemeklerin karbon ayak izinin hesaplanarak
ekolojik etkilerini belirlemek ve alan yazindaki
diger diyet degerleriyle karsilastirarak analiz
edilmesi, ikinci asamada belirlenen karbon ayak
izlerinin toplumsal farkindaligin arttirilmasi igin
tiiketicilerin kullanabilecekleri kullanici dostu
bir sekilde sunulmasi amaglanmigtir. Aragtirma
yaygm yemeklerin belirlenmesi, yemeklerin
igeriklerinin belirlenmesi, karbon ayak izinin
hesaplanmasi, internet sitesinin gelistirilmesi ve
veri toplama araglar1 ve veri analizi seklindeki
adimlardan olugsmaktadir.
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2.1. Yaygin yemeklerin belirlenmesi

300'iin  tizerinde

yemek c¢esidi bulunmaktadir (27). Ancak bu

Gaziantep  mutfaginda
cesitlerin hepsi glintimiiz mutfaklarinda siklikla

yapilmamaktadir. Aragtirmanin amacina
uygun olarak tiiketiciler tarafindan en sik
tiikketilen, en ytiksek bilinirlige sahip ve kiiltiirel
temsiliyeti en giiclii 33 yemek, ¢orba ve tathinin
belirlenmesi hedeflenmistir. Bu segim siirecinin
bilimsel gegerliligini ve evreni temsil yetenegini
artirmak amaciyla, alan uzmanlarindan yardim
istenmistir. Yemek listesinin On elemesi,
Gastronomi ve Mutfak Sanatlar1 alaninda
uzman olan bir grup araciligryla yapilmistir. Bu
uzman grubu, Gaziantep Biiyiiksehir Belediyesi
Mutfak Sanatlar1 Merkezi'nde gorevli mesleki
deneyimleriortalama25yil olan aslen Gaziantepli
iic uzman seften ve Gaziantep Universitesi
Gastronomi ve Mutfak Sanatlar1 Boliimii'nden
alanlarinda en az 12 yillik deneyime sahip ve
ikisi de Gaziantep mutfagi konusunda akademik
calisma yapmis aslen Gaziantepli iki akademik

personeldir.

Bu uzmanlardan, Gaziantep mutfaginin yillik,
mevsimlik ve giinlitk tiiketim aliskanliklarini
en iyi temsil eden yemekleri belirlemek {izere
300'den fazla yemek arasindan yiiksek tiiketim
sikligi, yiiksek bilinirlik/poptilerlik ve kiiltiirel
temsili gii¢ kriterlerine gore en 6nemli gordiik-
leri 50 yemegi listelemeleri istenmistir. Segilen
yemeklerin ayni zamanda ticari ve kamusal
temsilini dogrulamak amaciyla, Gaziantep’teki
en popiiler 10 geleneksel restoranin ana menii-
leri incelenmistir. Bu restoran meniilerindeki
yemeklerin %85’inin oneleme ile belirlenen 33
yemek listesiyle Ortiistiigii tespit edilmistir. Bu
bulgu, 33 yemegin hem ev hem de ticari mutfak-
larda baskimligini teyit etmistir. Bu ¢ok asamali
yontem sonucunda belirlenen 33 yemek, ¢orba
ve tath Tablo 1'de sunulmustur. Bu yemeklerin
21'inin ayni zamanda Tiirk Patent ve Marka
Kurumu tarafindan cografi isaretle tescillenmis
olmasi (27), listelenen yiyeceklerin Gaziantep
mutfak kiiltiiriniin en resmi ve kiltiirel acidan
en Oonemli temsilcileri oldugu goriisiinii gliglen-
dirmektedir.
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Tablo 1. Gaziantep mutfaginda belirlenen 33 yemek

Yemegin Ad1 Sinifi Yemegin Ad1 Sinif1 Yemegin Ad1 Sinifi
Ali Nazik* Ana Yemek  Pirpirim Ast* Ana Yemek Yuvalama* Ana Yemek
Antep Lahmacunu*® Ana Yemek  Sarimsak As* Ana Yemek Zeytin Boregi* Ana Yemek
Ciger Kavurma Ana Yemek  Simit As Ana Yemek Beyran* Corba
Eksili Ufak Kofte* Ana Yemek  Simit Kebab1r* Ana Yemek Borek Corbasr* Corba
Kabaklama* Ana Yemek  Siveydiz* Ana Yemek Dovmeli Alaca Corba* Corba
Kuru Patlican Biber . .

Ana Yemek  Sogan Kebabi Ana Yemek Ezogelin Corbasi Corba
Dolmas1

5 . e Yesil Mercimek
Loglazli Pilav Ana Yemek  Soglirme Ana Yemek Corba
Corbast
Mercimekli Kofte* Ana Yemek  Yagh Kofte* Ana Yemek Antep Baklavasi* Tath
e Yesil Mercimekli Bulgur .
Nohut Diirtimi* Ana Yemek Pil Ana Yemek Antep Kahkesi* Tath
ilavi

Omag* Ana Yemek  Yogurtlu Patates* Ana Yemek Fistikli Kadayif Tath
Patlican Kebab1 Ana Yemek  Yogurtlu Ufak Kéfte =~ Ana Yemek Katmer* Tath

Tablo 1’e gore cografi isaretli 13 ana yemek, iki

corba ve iki adet tathl bulunmaktadir.

& . '
3. iy

g
Pirpirim ast

Sekil 1. Gaziantep Mutfagina ait belirlenen sulu

yemeklerin gorselleri

Totlazle pilay

y M "“rrgmm-_

; i -"f/
TIr:

Vesil mercimekli
ulg il

Sekil 2.Gaziantep Mutfagina ait belirlenen kuru
yemeklerin gorselleri
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Sekil 3.Gaziantep Mutfagina ait belirlenen tathlarin
gorselleri

2.2. Yemeklerin Iceriklerinin Belirlenmesi

Ikinci adimda Tablo 1’de listelenen yemeklerin
tarifleri igin Oztan (27) ve Tan (32) kaynak olarak
belirlenmistir. Kaynaklar esas alinarak her bir
yemegin igerigindeki malzemeler belirlenmistir
(Ek-1). Ancak kaynaklarda malzeme Olgiisii
olarak bardak, yemek kasig gibi 6l¢iim birimleri
kullanilmas1 nedeniyle standartlastirma ve
metrik Ol¢li birimlerine gevrilmesi igin akillisef.
com (2024) internet sitesinde sunulan referans
Olcti birimleri tablolar1 kullanilmistir.
2.3. Yemeklerin Karbon Ayak Izlerinin
Belirlenmesi

Gida maddelerinin karbon ayak izi degerlerine

iliskin ~Tiirkiye'ye 0zgii bir veri tabam
bulunmadigindan hesaplamalarda uluslararas:
ti¢ kaynak kullanilmis olup bu kaynaklarin
baglant1 linkleri asagida belirtilmistir. Kullanim

sirasina gore kaynaklar:

o https://assets.plateupfortheplanet.org/

carbon-calculator/

Gida maddesi, kullanim miktar1 ve {iretim
yerinin uzakhig1 girildiginde karbon ayak
izi sunulmaktadir. Bu c¢alismada tiim gida
maddeleri icin yerelden elde edildigi kabul
edilmistir.

. https://myemissions.green/food-carbon-
footprint-calculator/

Bu kaynakta da gida maddesi ve kullanim
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=

Sekil 4.Gaziantep Mutfagina ait belirlenen ¢orbalarin
gorselleri

miktar1 girilmekte, {iretim yerinin uzaklig1 goz
ard1 edilmektedir.

. https://doc.agribalyse.fr/documentation-en/:

Digerlerinden farkli olarak kaynak ham veri
tabanmi  “json” dosyasi olarak saglamakta,
kullanici ara yiizii bulunmamaktadir.

Bu adimda yukarida bahsedilen kaynaklardan
tariflerdeki malzemelerin kullanim miktarina
gorebulunankarbonayakizlerinin toplanmasiyla
her bir yemek igin karbon ayak izi belirlenmis,
belirlenen karbon ayak izleri porsiyon sayilarmna
boliinerek bir porsiyon igin karbon ayak izi
hesaplanmigtir.

2.4. Veri Toplama Araclar1 ve Analizi

Calismada yeme aliskanliklarina dair verileri
elde etmek i¢in aragtirmaci tarafindan “Yeme
aliskanliklar1” adli anket gelistirilmistir. Bu anket,
Gaziantep’te yasayan yiiz ylize katilimcilara
basili olarak; uzaktan katilimcilara ise Google
Form’da hazirlanan anket ile ¢evrimici olarak
uygulanmistir. Anket yardimiyla her bir kisinin
secilen yemekleri hangi siklikta ve kag porsiyon
tiikettiklerine gore yilhk ortalama karbon
ayak izleri hesaplanmistir. Anket sonuglari
Excel’e aktarilarak, veriler araliklarin tist ve alt
simirlarma gore analiz edilmistir. Daha sonra
bulgular kisminda yiizde ve frekans degerleriyle
grafik veya tablo olarak sunulmustur. Veri
analizi JASP 0.18.1.0 programinda tek drneklem
t-testi yontemiyle yapilarak {ilkelere ait evren
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ortalamalarryla kiyaslanmustir.
2.5. Karbon Ayak izlerinin Karsilastirilmasi

Elde edilen yilik karbon ayak izi miktarlar,
alan yazindaki degerler esas almarak farkl diyet
tiirleriyle karsilastirilmistir.

2.5. Internet Sitesinin Gelistirilmesi

Toplam 33 c¢esit yemek, c¢orba ve tath
icin belirlenen karbon ayak izi toplumsal
farkindaligin artirlmasina yonelik olarak bir
internet sitesi ile kullanicilara sunulmustur.
Site tasariminda sitenin kullanici dostu olmast
tarafindan

amaclanmigtir. Site arastirmaci

Python/Django dilinde kodlanmaistir.
Arastirmanin etik yonii

Calismanin yiiriitiilmesi amaciyla etik kurul

izni, 05.08.2024 tarihli Gaziantep Universitesi
Sosyal ve Begeri Bilimler Bilimsel Arastirma ve
Yaymn Etigi Kurulu'ndan, 14 numarali ve 511571
sayill kararla alinmis olup, ¢alismaya katilan
bireylerden yazili onam alinmustir.

Bulgular

Bulgular kisminda yemeklerin karbon ayak
izleri ile katiimcilarin demografik bilgilerine
gore yeme aliskanliklarina iliskin anket verileri
birlikte degerlendirilmis; veriler alan yazindaki
farkli calismalarla karsilastirilmis ve gelistirilen
internet sitesi sunulmustur.

3.1. Karbon Ayak izi Degerlendirmesi

Tablo 1’de listelenen 33 cesit yemek, ¢orba ve
tatlinin bir porsiyonuna ait karbon ayak izleri
Tablo 2’de verilmistir.

Tablo 2. Belirlenen 33 yemegin porsiyon bazinda karbon ayak izi miktarlar

1 Por. i¢in 1 Por. i¢in 1 Por. igin
.. Karbon .. Karbon .. Karbon
Yemegin Ad1 Ayak iz Yemegin Adi Ayak iz Yemegin Ad1 Ayak iz (kg.
(kg.CQO.,e) (kg.CO.e) CQO.,e)
Ali Nazik 3,810 Pirpirim Ag1** 0,296 Yuvalama 3,633
A n t e p T ue
Lahmacunu 3,213 Sarimsak Asi 2,010 Zeytin Boregi 0,208
Ciger Kavurma 3,015 Simit Ast* 0,144 Beyran 4,172
Eksili Ufak Kofte 3,115 Simit Kebabi 3,875 Borek Corbasi 2,410
Kabaklama 2,613 Sogan Kebabi 3,540 Dovmeli Alaca Corba 0,100
Kuru  Patlican v " .
Biber Dolmasi* 1,726 Soglirme 1,593 Ezogelin Corbasi 0,258
N . . . Yesil Mercimek
*
Loglazl Pilav* 0,658 Siveydiz 2,690 Corbast* 0,295
Mercimekli . ..
e % 0,216 Yagli Kofte** 0,691 Antep Baklavasi 0,549
Kofte
N o huty,,  Yesil Mercimekliy o) o) Kahkesi 0,230
Diirtimii** ’ Bulgur Pilavi* ’ P ’
Omag 1,446 Yogurtlu Patates 2,486 Fistikl1 Kadayif 0,621
Patlican Kebab1 2,871 Yogurtlu Ufak Kofte 2,492 Katmer 0,696

Karbon ayak izi degerleri yemek gruplarina gore
Tablo 2 incelendiginde ana yemeklerde Simit
kebabinda en yiiksek, yesil mercimekli bulgur
pilavinda en diisiik, corbalarda Beyran en yiiksek
iken D6vmeli Alaca Corba en diisiik ve tathlarda
Antep kahkesi en diisiikken; Katmerin en

yiiksek oldugu goriilmektedir. Ana yemek sinifi
ortalamasi 1,943 kg CO2e, ¢orba sinifi ortalamasi
1,447 kg CO2e ve tath smift ortalamasi 0,524 kg
CO2e olmustur. Ug sinuftan da gida icerecek bir
yemek planlamasi yapildiginda en diisiik 0,384
kg CO2e karbon ayak izine sahip bir menii

215



olusturulabilmektedir.

Gonzalez-Garcia vd. (28) tarafindan yapilan, 66
diyet planinin karsilastirildigi calismada giinliik
bir kisi igin karbon ayak izi en yiiksek 13,43 kg
CO2eolarak Amerikan tiiketiminde saptanmustir.
Gaziantep mutfaginda en yiiksek karbon ayak
izine sahip yemek ii¢ 6giin tiiketildiginde bile
Amerikan tiiketiminden diisiik bir karbon ayak
izi olusturacaktir. Karbon ayak izi belirlenen
driinlerden bazilarinda hayvansal {iriin hig
kullanilmazken (Tablo 2'de * ile belirtilenler),
bazilarindaisesos (6rnegintereyagi) veyahaslama
(6rnegin kemikli ilik) amaciyla hayvansal {iriin
icermektedir (Tablo 2’'de ** ile belirtilenler). “*”

ey

ve isaretiyle belirtilen {irlinlerle vejetaryen

ve vegan meniiler olusturulabilir; bunlarin {igii

disindaki gida iiriinlerinin karbon ayak izi 0,3
kg CO2¢e'nin altindadir. Bu yemeklerle en diisiik
degerlere sahip Hint vejetaryen diyetlerine
(0,58 kg CO2e) yakin karbon izi olan meniiler
olusturulabilecektir (28).

3.2. Karbon Ayak izi icin Sayfas1 Tasarim1

Calismada elde edilen bulgulara erisilmesi

icin gelistirilen site “https://antepyemekleri.
pythonanywhere.com/”adresinde yer

almaktadir. Sitenin kullanic1 arayiizii kisinin
tiikkettigi yemegi ve tiiketim miktarini girmesiyle
karbon ayak izini Ogrenebilecegi sekilde
tasarlanmustir. Siteye ilk girildiginde Sekil 5'teki
ekranla kargilagilmaktadir.

|Ali Nazik

L

Karbon Ayak izi

Sekil 5.Girig ekrani

Daha sonra yemek segcilip tiiketim degeri girildiginde, Sekil 6’daki ekran karbon ayak izi bilgisi ile

gorintillenmektedir.

[Simit Asi

‘1,25

Karbon Ayak izi

Secilen yemege ve porsiyon sayisina gore karbon ayak izi hesaplanmaktadir.
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3.3. Yeme Aliskanliklar1 Anketinin Bulgular: egitim durumuna, 6zel bir diyet uygulayip

uygulamadiklarina ve yillik ortalama karbon

Yeme Aligkanliklar1 Anketi'ne 136 aile (en az dort ayak izlerine iliskin bulgular tablo haline
kisilik) katilmigtir. Calismanin bu boliimiinde, e

o getirilmistir.
ankete  katilanlarin  cinsiyetine,  yasina,

Tablo 3. Katilimcilarin betimsel istatistikleri (%)

% % % %
Cinsiyet Kadin 61,8 Erkek 38,2
Yas 14-19 41 20-25 32 26-31 7 38-43 10
Egitim Lise 54 Universite 25 Yiiksek 15 Doktora 6
durumu lisans
Diyet Diyet 80 Saglik 11 Az tuzlu 5 Kilo almak 4

uygulamiyor

Tabloda katilimcilarin % 61,81 kadin, %38,2 si erkektir. En ¢ok katilimci 14-19 yas araligindadir. Cogu
katilimer 6zel bir diyet uygulamamaktadir.

t‘i A 1;‘ | R ?L’
A ww‘»wr M{r';.rw“wd"r* fm».—

Sekil 7. Ankete gore elde edilen verilerin karbon ayak izi bakimindan alt ve iist sinir degerleri

Anketten elde edilen veriler araliklarna gore alt - Alt (maks; min)=Alt (6313,320; 38,804),
ve list siur olarak ayrilmigtir. Arali§in en kiigiik .. ..
des . . o S - Ust (maks; min)= Ust (1209,324;11,348).
egerleri alt sinir, en biiyiik degerleri ise tist

sinir olarak grafige aktarilmistir. Tabloya gore:

Tablo 4. Tiiketilen Gaziantep yemeklerine dair karbon ayak izinin yillik, aylik, haftalik ve gtinliik

miktarlari
Yillik Aylhk Haftalik Giinliik
Yemek 33 33 33 33
Aritmetik ortalama 2.585 0.215 0.050 0.021
Standart sapma 3.287 0.274 0.063 0.027
Min 0.030 0.003 6.000x10* 3.000x10+
Maks 13.144 1.095 0.253 0.108
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Olarak
Karbon Ayak izi Analizlerinin Ulkeleraras:

3.4. Yeme Aliskanliklarina Bagh

Karsilastirilmasi

Tablo 4, Gaziantep mutfagindan segilen 33
yemegi tiiketen katilimcilarin beslenmeye bagh
karbon ayak izlerinin zaman igindeki dagilimim
(kg CO2e cinsinden) Ozetlemektedir. Yillik
ortalama karbon ayak izi degeri 2.585 kg CO2e
olarak hesaplanmuis; yillik standart sapma 3.287
kg, minimum deger 0.030 kg ve maksimum
deger 13.144 kg'dir.

Arastirma  Problemi: Gaziantep’te
yasayan insanlarmn beslenme aliskanliklarina
bagli olarak tiikettikleri Gaziantep Mutfag:
yemeklerine ait yillik karbon ayak izi miktarlari,

evren ortalamasi olan :

o 2,282 (Kanada)
olarak farklilasmakta midir?

degerinden anlamh

e 4,489 (Brezilya)
olarak farklilasmakta midir?

degerinden anlaml

e 4,370 (Danimarka) degerinden anlaml
olarak farklilasmakta midir?

e 4,720 (Amerika) degerinden anlaml
olarak farklilasmakta midir?

e 3,578 (italya) degerinden anlamh olarak
farklilasmakta midir?

Hipotezler:

Yokluk hipotezi (Ho ): Gaziantep
mutfagina ait yemeklerin yillik karbon ayak izi,
evren degerleri olan 2,282; 4,489; 4,370; 4,720;
3,578 ‘den anlaml olarak farkli degildir.

Alternatif hipotez (H1):
mutfagina ait yemeklerin yillik karbon ayak izi,
evren degerleri olan 2,282; 4,489; 4,370; 4,720;
3,578 “‘den anlamli olarak farklidir.

Gaziantep

3.5. Gaziantep Yemeklerine Ait Karbon Ayak
Izi Verilerinin Ulkelerin (Kanada, Brezilya,
Danimarka, Amerika, italya) Verileri ile
Karsilagtirilmasi

Gaziantep yemeklerine ait karbon ayak izi

verilerinin, Kanada, Brezilya, Danimarka,

Amerika ve Italya verileri ile karsilagtiriimast
Tablo 5'te sunulmustur.

Tablo 5. Tek orneklem t testi

n Xo ss t sd p Etki
degeri

Yillik karbon ayak 33 2,282 3,287 4,518 32 <,001 0,79
izi(Kanada)
Gunliik karbon ayak 33 0,021 0,027 4,524 32 <,001 0,79
izi(Brezilya)
Ginliik karbon ayak 33 0,021 0,027 4524 32 <,001 0,79
izi(Danimarka)
Gunlik karbon ayak 33 0,021 0,027 4,524 32 <,001 0,79
izi(Amerika)
Haftalik karbon ayak 33 0,050 0,063 4517 32 <,001 0,79
izi (Italya)

218



Akar & Agpak

Journal of Food Nutrition and Gastronomy-JFNG, Volume/Cilt: 4, Issue/Say1: 2, Year/Yil: 2025

Tablo 5 incelendiginde 136 kisinin katilim sagladigi
ve 33 adet Gaziantep Mutfagi yemegine ait verilere
gore:

e Yilhik (Kanada) karbon ayak izi
ortalamas1 2,282; standart sapmasi
3,287, t(32)=4,518; p<.05;

e Giunliik (Brezilya) karbon ayak izi
ortalamas1 4,489; standart sapmasi
0,027, t(32)=4,524; p<.05;

e  Giinliik
ayak izi ortalamas: 4,370; standart
sapmasi 0,027, t(32)= 4,524; p<.05;

(Danimarka) karbon

e Gunliik (Amerika) karbon ayak izi
ortalamas1 4,720; standart sapmasi
0,027, t(32)=4,524; p<.05;

e Haftalik (italya) karbon ayak izi
ortalamas1 3,578; standart sapmast
0,063, t(32)=4,517; p<.05

olup katilimcilarin yeme aliskanliklarina bagh
yillik karbon ayak izi degerlerinin evren degerleri
olan 2,282; 4,489; 4,370; 4,720; 3,578'den anlaml1
olarak farklilastig1 goriilmektedir. Bu farkliliga
etki eden etki biyiikligii 0,79 olup genis etki
kategorisindedir (29).

Ulkelerin yillik, haftalik ve giinliik karbon
ayak izi verilerine bakildiginda, Gaziantep
yemeklerine ait degerlerin verilen iilkelere
ait evren degerlerini temsil etmedigi
anlasilmaktadir. Bu durumda yokluk hipotezi

reddedilir ve alternatif hipotez kabul edilir.
Tartisma ve Sonug

Bu calismada Gaziantep mutfagimin ekolojik
surdiiriilebilirligi karbon ayak izi faktorii
agisindan incelenmis ve diinya mutfaklarinin
karbon ayak izleriile karsilastirilmasi yapilmistir.
Calisma ile insanlarin basit yollarla giindelik
hayatta tiikettikleri yiyeceklerin karbon ayak
izlerini 6grenebilmeleri ekolojik duyarliligin
artmasi ve toplumsal farkindaligin saglanmasi
icin bir internet sitesi gelistirilmistir.

Sonu¢ olarak bu c¢alismada, Gaziantep

mutfaginin  karbon ayak izi, diger diinya
mutfaklartyla karsilastirildiginda daha diisiik
oldugu Ozellikle

sonucuna  ulagilmistir.

vejetaryen agirhikli yemeklerin karbon ayak
izinin olduk¢a dtisiik olmasi, stirdiriilebilir
beslenme agisindan Onemli bir bulgudur.
Gelistirilen internet sitesi sayesinde tiiketiciler,
kendi beslenme aligkanliklarinin  gevresel
etkilerini daha iyi anlayabilecek ve daha bilingli

secimler yapabilecektir.

Yapilan c¢alismada Gaziantep yemeklerine
dair insanlarin beslenme aligkanliklart sonucu
ulasilan karbon ayak izi miktarlari yillik 2,585 kg
COZ; ylik 0,215 kg CO2; haftalik 0,050 kg CO2;
ginliik ise 0,021 kg CO2 olarak bulunmustur.
Yapilan alan yazin calismalarma gore diger
tilkelerde beslenme aliskanliklarina gore karbon
ayak izleri(kg CO2) Kanada'da yillik 2,282;
Brezilya'da giinliik 4,482; Danimarka’da giinliik;
4,370; Halya’da haftalik 3,578 olarak bulunmustur
(24, 18, 14, 13).Calismadaki karbon ayak izleri
bu evren degerlerinden farklilasmaktadir. Bu
farkliliga etki eden etki biiyiikliigii degeri 0,79
olup genis etki degerindedir.

Gaziantep mutfaginin ekolojik stirdiiriilebilirlik
agisindan diinya mutfaklariyla kiyaslanmasi,
calismanin kayda deger avantajlara sahip
oldugunu gostermistir. Anket verilerine dayal
olarak hesaplanan yillik beslenme kaynakl
karbon ayak izi ortalamasi, Kanadanin yillik
ortalamasina yakin bulunmustur. Brezilya,
Danimarka ve Amerika'nin giinlitk beslenme
karbon ayak izi ortalamalarina kiyasla ise
Gaziantep mutfagi degerleri anlamli sekilde
daha disiik olup, genis etki blytkligi
gostermektedir. Budurum, Gaziantep mutfaginin
yiiksek et tiiketimi algisinin aksine, vejetaryen
ve baklagil agirlikli geleneksel yemeklerden
nohut diirim ve mercimek bazli pilavlarin
siklikla tiiketilmesinden kaynaklanan diisiik
ekolojik yiike sahip oldugunu gostermektedir.
Ancak, bireysel tiiketim aliskanliklar1 arasinda
tespit edilen asir1 degiskenlik, mutfak icindeki
bazi yiiksek karbon ayak izli yemekleri (6rnegin
Beyran) sikca tiiketen bir grubun varhigina
isaret etmekte ve siirdiiriilebilir beslenme
mesajlarinin  kisisellestirilmesi ~ gerektigini
ortaya koymaktadir. Dolayisiyla, gelistirilen
Tiirkge karbon ayak izi hesaplama internet
sitesi, bu bireysel varyasyonu hedef alarak,
tliketicilerin kendi gida secimlerinin c¢evresel

219



etkilerini Ogrenmelerine ve daha bilingli,
surdiiriilebilir tercihler yapmalarina 6énemli bir
ara¢ sunmaktadair.

Gaziantep mutfaginin kebap agirlikli oldugu
yoniindeki yaygin inamisin dogru olmadig:
gibi icinde bir¢cok kiiltiirden iz tasityan
Gaziantep mutfag: hakkinda da bu ydnde bir
inanis olmasmna ragmen yapilan caligmalar
degerlendirildiginde bunun dogru olmadig:
goriilmektedir. Yapilan bu calismada giintimiiz
Gaziantep mutfaginda pigirilen yemekler
icerisinde ¢ok diisiik karbon ayak izine
sahip gidalarin bulundugu tespit edilmistir.
Ayrica bu gidalarin yogun olarak tiiketildigi
sonucuna ulagilmigtir. Ornegin Gaziantep’in
sokak lezzetlerinden olan “Kebaptan meshur,
Baklavadan popiiler” olarak tarif edilen nohut
dirimi, sehirde her mahallede bulunabilmekte
ve onlarca yildir ii¢ ogiin tiketilmektedir
(30). Bu kadar yogun tiiketimi olan nohut
diriimiintin karbon ayak izi 0,271 kg CO2e
olup oldukga diisiiktiir. Bu durum, Gaziantep
mutfagmin siirdiriilebilirlik agisindan kiiresel
Olcekte giiclii bir model teskil ettigini ve diisiik
karbon ayak izli bitkisel protein kaynaklarinin
kiiltiirel
bir sonucu oldugunu gostermektedir. Bu

olarak yogun benimsenmesinin
baglamda, kebap agirhiklh algmin aksine,
bu mutfak yapisinin korunmasi ve tegvik
edilmesi, siirdiiriilebilir gida politikalarmin
gelistirilmesinde, koklii beslenme aliskanliklarini
degistirmeye calismaktan daha etkili bir strateji
olabilir. Sonug olarak, yerel mutfak miraslarinin
karbon ayak izi analizi, gida sistemlerindeki
cevresel avantajlar bilimsel olarak belirlemek ve
toplumsal farkindalig1 artirmak icin kritik neme
sahiptir. Karbon ayak izi agisindan, Gaziantep
mutfagmin  stirdiiriilebilir ~ diyet  planlan
olusturulmasinda 6nemli katki saglayabilecegi

gorilmiistiir.

Erdogan (16) calismasinda karbon ayak izi
degerlerini c¢aligmadan farkli olarak yemek
gruplarina gore kilogram basina CO2 esdegeri
cinsinden ifade etmistir. Tiirk Mutfagina 6zgii
284 yemegi besin 6geleri, sera gazi emisyonlar:
ve su ayak izleri bakimindan degerlendirmistir.
Calismada yemek gruplarinin iiretimi ve
tiikketimi sirasinda ortaya ¢ikan karbon
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emisyonlar gosterilse de yillik veya aylik bir
baz iizerinden hesaplanmamistir. Ayrica bu
degerler alan yazinda yer alan diger degerler
ile  karsilagtirnlmamistir.  Bu
ise Erdogan’dan farkli olarak elde edilen
bulgular farkli calismalar ile kiyaslanarak

calismada

daha kapsamli bir bi¢cimde sunulmustur.
Boylece, mevcut ¢alisma sadece karbon ayak izi
degerlerini sunmakla kalmamis, ayni zamanda
yerel bir mutfak geleneginin siirdiiriilebilirlik
potansiyelini

kiiresel gida  politikalar:

baglaminda bilimsel olarak konumlandirmistir.

Brezilya diyetinin (18) ortalama karbon ayak
izi giinliik kisi bagmma 4,489 g CO2 olarak
belirlenmis; ¢alismada ise kahvalti hari¢ 0,007
kg CO2 olarak hesaplanmistir. Kanada diyetine
(24) bakildiginda, calismadan farkl: olarak gesitli
diyet tiplerinden yola ¢ikilarak yillik karbon
ayak izi degerleri hesaplanmistir. ‘Omnivorous’
(her sey yiyen) diyet i¢in %30 daha diisiik GWP
(2,282 kg CO2 esdegeri), ‘Vegan’ ve ‘Vegetarian’
(vejetaryen) diyetlerin en diisitk GWP’ye sahip
oldugu belirlenmistir (sirasryla 955 ve 1015 kg
CO2 esdegeri). Danimarka diyetinde (14) de
cesitli diyet tipleri i¢in hesaplamalar yapilmistir.
Yillik karbon ayak izi degerleri; klasik Danimarka
diyeti igin 1.59 t CO2 esdegeri, vejeteryan diyeti
igin 1.37 t CO2 esdegeri, vegan diyeti icin 0.89
t CO2 esdegeri, et yiyen (karnivor) diyeti i¢in
ise 1.83 t CO2 esdegeri olarak belirlenmistir
. Ayrica, klasik Danimarka diyetinin giinliik
karbon ayak izi ortalama olarak 4.37 kg CO2
esdegeri olarak hesaplanmistir. Italyan okul
diyeti calismasinda (13), mevcut calismadan
farkl olarak okuldaki 6gle yemegindeki vegan,
vejetaryen, omnivor diyetler kiyaslanmstir.
Vegan diyet; ortalama haftalik 1,742 g CO2eq
GHGE. Vejetaryen Diyet: ortalama haftalik
2,570 g CO2eq GHGE. Omnivor diyette iki farkli
tlr icin sirasiyla ortalama haftalik 2,678 g ve
3,578 g CO2eq GHGE degerleri Olglilmiistiir.
Ortalama ABD diyetine bakildiginda (21), hem
tiiketilen gida hem de gida kayiplari dahil olmak
tizere kisi basina giinde 4.72 kg CO2 esdegeri
(95% CI: 4.62 - 4.82) karbon ayak izine sahip
iken, mevcut calismada giinliik 0,021 kg CO2
bulunmustur. Yapilan calismada da goriildiigii
tizere, Gaziantep mutfagina dair beslenmede
diger {ilkelere kiyasla daha diisiik karbon
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ayak izine rastlanmistir. Bu karsilastirmalar,
Gaziantep mutfagina ait tiiketim karbon ayak
izi degerlerinin sadece mutlak olarak diigiik
olmakla kalmayip, ayn1 zamanda kiiresel
diyet aligkanliklarma kiyasla g¢evresel acidan
cok daha hafif oldugunu istatistiksel olarak
kanitlamaktadir. Ozellikle Brezilya, Danimarka
ve ABD gibi iilkelerin kisi bas:1 giinlitk karbon
ayak izi degerlerinin (4,37 ile 4,72 kg CO2e)
Gaziantep’teki yillik ortalama degerin (2,585 kg
CO2e) dahi ¢ok tizerinde olmasi, yerel mutfagin
surdiiriilebilirlik potansiyelini dikkat cekici
sekilde ortaya koymaktadir. Bu bulgu, Kanada
ve Italyan diyet calismalarinin aksine, diyet
tipine gore ayrim yapilmadan geleneksel bir
mutfagin ekolojik faydasini dogrudan gosteren
degerli bir veri sunmaktadir.

Elde edilen sonuglar, karbon ayak izi etiketlerinin
gida secimleri tizerinde istatistiksel olarak
anlamh etkiler yarattifini gostermektedir. Bu
alanda wulasilan c¢alismalardan elde edilen
cikarimlara gore iilkeler arasinda farkl
diyetlerin ve genel tiiketim aliskanliklar
dahilinde elde edilen karbon ayak izi miktarlar1
farklilik gostermektedir. Ozellikle vejetaryen
ve vegan diyetlerin et ve siit driinlerini
icermeyen yapilart nedeniyle daha diisiik
karbon ayak izine sahip oldugu tespit edilmistir.
Calismalardan ¢ikan genel degerlendirmelere
gore insanlarin yiiksek karbonlu yemek
tiketimlerini azaltip, daha diisitk karbonlu
yemeklere yonelmeleri ile olusan karbon ayak
izi miktarlarini diisiirmeleri ve yasanilabilir
bir diinya i¢in yasam standartlarini arttirmay:
hedeflenmelidir. Tiim bu degerlendirmeler
kapsaminda, Gaziantep mutfaginin bitkisel
temelli zenginligi ve diisiik karbon ayak izi
segeneklerinin sik¢a tiiketilme potansiyelinin,
bolgesel ve ulusal diizeyde siirdiiriilebilirlik
beslenme hedeflerine ulasilmasinda 6nemli
bir katalizor rolii {istlenebilecegi sonucuna
varilmaktadir. Dolayisiyla, gelistirilen Tiirkce
karbon ayak izi hesaplama internet sitesi gibi
farkindalik araglar1 ile geleneksel ve cevreci
yeme aligkanliklarinin tesvik edilmesi, hem
kiiltiire] miras1 koruyacak hem de gevresel
stirdiiriilebilirlige somut katki saglayacaktir. Bu
yaklasim, gida siirdiiriilebilirliginin saglanmasi
i¢in kiiresel hedeflere ulasmada yerel ¢dziimlerin

ne kadar hayati oldugunu ortaya koymaktadir.

Siirdiiriilebilir gida tiiketiminin saglanmasi igin
Gaziantep mutfag tizerine yapilan bu calismanin
genellestirilerek Tirkiye mutfag: igin bir veri
tabani olusturulmasi ve bunun kullanici dostu
bi¢iminde sunulmas: bir ihtiyagtir. Boylelikle
ileride yapilacak caligmalar ile restoranlarin
mentilerine eklenecek bir kare kod araciligiyla
titketicilerin yemek secimlerinde karbon ayak
izi faktoriinii de goz oOniinde bulundurarak
secim yapmalar: tegvik edilebilir.

Calisma, Gaziantep’te yasayan farkli yas
gruplarindan olusan 136 katithma aile ile
sinirlandirilmistir. Arastirmacilarin dahil olacagt
daha sonraki c¢alismalarda; oOrneklem sayisi
artirilabilir, demografik bilgilere gore analizler
yapilabilir, farkli iilkelerin  ¢alismalariyla
kiyaslamalar gerceklestirilebilir, Tiirkiye'nin
farkli bolgelerine ait yeme aliskanlhiklar

Gaziantep mutfag ile kiyaslanabilir.

Gelecekte yapilacak calismalarda, daha genis
bir Orneklem {iizerinde, farkli mevsimlerde ve
farkli sosyoekonomik gruplarda arastirmalar
ytriitiilebilir. Ayrica, farkli pisirme
yontemlerinin karbon ayak izi tizerindeki etkisi
de incelenebilir.

Yazar Katkisi

Alan yazin tarama, problem durumunun
belirlenmesi, Web sitesinin gelistirilmesi, veri
toplanmasi HA tarafindan; akademik yazim,
analizlerin yapilmasi, metodoloji yaziminin
incelenmesi ve denetlenmesi ile makale
sablonuna yerlestirilmesi ise BA tarafindan

yapilmustir.

Cikar Catismasi

Yazarlar, bu makale ile ilgili olarak herhangi bir
maddi destek (nakdi veya ayni) almadiklarin
ve destek saglayan kurumlarla bir ¢ikar iligkisi
bulunmadigimni beyan ederler. Dolayisiyla,
yazarlarin bu ¢alismaya dair herhangi bir cikar
catismasi bulunmamaktadr.
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Abstract

Aim: This study explores the untapped potential of
sustainable gastronomy tourism in Northern Cyprus
as a strategic pathway for cultural preservation,
rural development, and diversification of the island’s
tourism economy. It aims to highlight how culinary
tourism can serve as a tool for sustainable destination
development and cultural continuity.

Material and Method: The research adopts a
conceptual approach
design and evaluated by thematic relevance in the
end, enriched with observation-informed insights
to drawing on global tourism trends, sustainability
frameworks, and local heritage assets. By synthesizing
secondary data and case examples, it develops a multi-
dimensional framework for sustainable gastronomy
tourism that integrates cultural, economic, and
environmental perspectives.

literature-driven  research

Results: The study reveals that Northern
Cyprus’s unique gastronomic identity —shaped
by Mediterranean and Anatolian influences and
embodied in products such as halloumi and traditional
mezes—holds strong potential for experiential and
community-based tourism. Key challenges include
limited infrastructure, insufficient policy alignment,
and environmental pressures. The paper proposes
strategic farm-to-table

interventions  including
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initiatives, gastronomy route development, and
international branding efforts.

Conclusion: Sustainable gastronomy tourism can
position Northern Cyprus as a distinctive and resilient
culinary destination within the Eastern Mediterranean.
Achieving this vision requires integrated marketing,
stakeholder collaboration, and policy innovation to
balance economic growth with cultural preservation

and environmental sustainability.

Ozet

Amag: Bu calisma, Kuzey Kibris'ta siirdiiriilebilir

gastronomi turizminin hentiiz yeterince
degerlendirilmeyen potansiyelini; kiiltiirel mirasmn
korunmasi, kirsal kalkinmanin desteklenmesi ve
turizm ekonomisinin ¢esitlendirilmesi baglaminda
stratejik bir arag olarak ele almaktadir. Aragtirmanin
amaci, gastronomi temelli turizmin stirdiriilebilir
destinasyon gelisimi ve kiiltiirel siireklilik agisindan

nasil bir rol iistlenebilecegini ortaya koymaktir.

Gere¢ ve Yontem: Bu arastirma, kavramsal bir
cerceveye dayali olarak tasarlanmis olup literatiir
taramasinda dayanan nitel bir arastirma yaklasimi
benimsemektedir. Kiiresel turizm  egilimleri,
sirdiiriilebilirlik yaklasimlar1 ve yerel kiiltiirel miras
unsurlar: dikkate alinarak gozleme dayali i¢goriilerle
desteklenmistir. Ikincil veriler ve 6rnek olay analizleri
sentezlenerek, kiiltiirel, ekonomik ve cevresel
boyutlar: biitiinciil bicimde ele alan siirdiiriilebilir
gastronomi turizmine yonelik ¢ok boyutlu bir
degerlendirme gergevesi olusturulmustur.

Bulgular: Calismanin bulgulari, Akdeniz ve Anadolu
mutfak kiiltiirlerinin sentezini yansitan Kuzey Kibris
mutfaginin; hellim peyniri, geleneksel mezeler ve
yerel {iiriinler iizerinden deneyimsel ve topluluk
temelli turizm acgisindan o6nemli bir potansiyele
sahip oldugunu ortaya koymaktadir. Bununla
birikte, ulagim altyapisindaki yetersizlikler, turizm
ve tarim politikalar1 arasindaki uyumsuzluklar ile
artan gevresel baskilar, sektoriin gelisimini sinirlayan
temel sorunlar olarak belirlenmistir. Bu kapsamda
calisma; “ciftlikten sofraya” yaklasimia dayal
pilot uygulamalar, tematik gastronomi rotalarmmn
olusturulmasi ve uluslararasi pazarlara yonelik marka
stratejilerinin  gelistirilmesi gibi ¢6ziim onerileri
sunmaktadir.

Sonug: Siirdiiriilebilir gastronomi turizmi, Kuzey
Kibris'in = Dogu  Akdeniz'de rekabetci
ve direngli bir gastronomi destinasyonu olarak

Ozgun,
konumlandirilmasina katki saglayabilecek o6nemli

bir aractir. Bu hedefe ulagilabilmesi; ekonomik
biiyiime, kiiltiirel mirasin korunmasi ve cevresel

226

sirdiiriilebilirlik arasinda dengeli bir yapmin
kurulmasini, kamu-6zel sektor ve yerel paydaslar
arasindaisbirligini ve yenilik¢i politika yaklagimlarinin

hayata gecirilmesini gerektirmektedir.

Introduction

Northern Cyprus, with its rich historical and
cultural heritage, diverse natural landscapes, and
distinctive culinary traditions, offers significant
untapped potential for the development of
sustainable tourism models (5, 8, 20, 24). Among
emerging trends in global tourism, food tourism
and gastronomy tourism has gained prominence
not only as a means of culinary satisfaction
but also as a multidimensional instrument of
cultural exchange, heritage preservation, and
socio-economic empowerment (13, 14, 28). In
this evolving context, the establishment of a
sustainable gastronomy tourism framework
in Northern Cyprus emerges as a strategic and
culturally grounded approach to revitalizing
and diversifying the island’s tourism economy.
The contemporary tourist increasingly seeks
experiential and authentic travel, with food
culture playing a central role in destination
selection and experience quality (22). Culinary
tourism has thus evolved into a powerful
narrative of place identity, allowing destinations
to showcase their intangible cultural assets
through food-related experiences (14, 22).
Northern Cyprus stands out as a fertile ground
for this transformation, given its deeply
rooted Mediterranean gastronomy enriched
by Anatolian influences and a multi-layered
colonial history involving Venetian, Genoese,
Arab, Italian, British, and Greek cultural
elements (2). These historical intersections
have shaped a unique Cypriot culinary mosaic,
making the island’s cuisine not only a sensory
attraction but also a living archive of its past.
By embracing sustainability principles—such
as supporting local producers, preserving
culinary traditions, promoting environmental
stewardship, and ensuring community
participation —gastronomy tourism in Northern
Cyprus could address multiple development
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goals. These include rural regeneration, youth
employment, local entrepreneurship, and
cultural continuity, all while reducing the socio-
economic and environmental vulnerabilities

typically associated with mass tourism (7).

The integration of sustainable gastronomy into
tourism strategies could therefore serve as a
resilient, inclusive, and culturally sensitive
pathway forward for Northern Cyprus. For
instance, Molohiya, of Arab origin, has been
adapted into a dish that reflects Cypriot
traditions  through its preparation and
presentation. Likewise, halloumi cheese, a staple
of daily Cypriot life, has attained international
recognition. Its registration as a Protected
Designation of Origin (PDO) product by the
European Union has elevated halloumi into a
symbolic ambassador for Cypriot gastronomy in

the global arena (15).

The Rising Importance of Gastronomy
Tourism

Every country in the world possesses its
own set of cultural values, and one of the
most tangible and universally appreciated
expressions of these values is cuisine.
Culinary practices are not merely about
nourishment—they serve as living archives of
a society’s heritage and collective memory. In
the context of Sustainable Gastronomy Tourism
& Its Potential for Implementation in North
Cyprus, preserving and transmitting these
culinary traditions across generations becomes
vital to ensuring both cultural continuity and
tourism sustainability. This is precisely where
gastronomy functions as a cultural bridge, linking
the past with the future, and the local with the
global. While formal education systems—such
as culinary schools and gastronomy programs—
play a role in this process, it would be reductive
to see them as the sole bearers of culinary
knowledge. True culinary custodianship often
resides in informal educators: the grandmothers
in rural villages who prepare hand-crafted
pastries, traditional dolma, and desserts; the
grandfathers slow-cooking Kkleftiko (oven-
baked lamb), making meze, or fermenting

pickles using methods handed down over
centuries; and the local artisans who continue
to produce gastronomic treasures like halloumi
cheese, which has recently been recognized and
protected by the European Union through its
Protected Designation of Origin (PDO) status
(15).

These
of intangible cultural heritage, and their

individuals serve as repositories

involvement is essential for authentic,
community-based gastronomy tourism models.
UNESCO emphasizes that safeguarding such
intangible heritage—particularly traditional
food knowledge—requires active participation
from local communities and intergenerational

transmission (27).

Sustainable gastronomy tourism has been
widely discussed in the literature as a
development approach that links local food
systems, cultural identity, and destination
sustainability. Early studies emphasize the role
of local food in strengthening rural economies
and fostering environmentally responsible
tourism practices, highlighting gastronomy as a
tool for community-based development rather
than mere consumption (24). Similarly, Everett
and Aitchison (2008) conceptualize food tourism
as a medium through which place identity
and cultural narratives are communicated,
reinforcing the symbolic and experiential value
of gastronomy within destination branding.
Building on this perspective, Richards (2012)
frames gastronomy tourism within the
experience economy, arguing that food-based
experiences enhance tourist engagement and
contribute to destination differentiation. More
recent research further integrates sustainability
concerns, dernonstrating how gastronornic
experiences can support ethical consumption,
local resilience, and sustainable tourism
transitions when embedded within destination

governance frameworks (13).

Sustainable tourism frameworks that incorporate
local food knowledge and storytelling have been
shown to enrich tourist experiences, strengthen
destination identity, and promote rural
economic resilience (6, 24). Thus, for Northern

Cyprus to fully realize its potential in sustainable
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gastronomy tourism, it must not only preserve
its unique culinary assets but also empower
and involve traditional knowledge holders—
from kitchens to farms—as active educators and
ambassadors of its gastronomic heritage.

Cypriot Cuisine

The cuisine of Cyprus represents a dynamic

cultural mosaic, shaped over centuries

by historical transformations, population
migrations, and diverse colonial influences.
This unique gastronomic identity is deeply
intertwined with the island’s social fabric,
reflecting the customs, values, and communal life
of its people. Particularly in Northern Cyprus,
the culinary landscape exhibits characteristics of
both Mediterranean and Turkish food cultures,
creating a distinctive fusion that sets it apart

from neighboring regions.

NorthernCypruspossessesthehallmarkattributes
of a typical Mediterranean destination—an
appealing climate, fertile agricultural land, rich
biodiversity, and a long coastline that supports
3S Tourism (Sea, Sand, Sun). These shared
geographic and climatic features are commonly
found across Mediterranean countries and
naturally influence the regional diet, known for
its health-promoting properties and emphasis
on fresh, local ingredients (26). However, what
distinguishes Cypriot cuisine is the deep imprint
left by centuries of conflict, trade, and cultural
exchange, particularly with Anatolia. This has
resulted in a culinary evolution that features
unique adaptations of regional dishes and
preparation techniques (2).

Cypriot meze culture is a defining element of this
culinary tradition. Dishes such as cacik (yogurt
with cucumber and herbs), commonly served
alongside Turkish raki or Greek ouzo, exemplify
the shared yetlocally distinct flavors of the region.
The taverns (meyhane) and fish restaurants of
Northern Cyprus bear strong resemblance to
those in both the Greek Cypriot south and coastal
regions of Turkey, serving as both gastronomic
and social spaces. Signature dishes further
illustrate the depth and diversity of the island’s
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food culture. Magarina Bulli, a pasta dish served
with stewed chicken and grated halloumi, is a
well-known Cypriot specialty. The surrounding
seas offer a variety of popular seafood dishes
such as Barbun (red mullet), Sibya (cuttlefish),
sea bass, rock bass, milekop (grouper), Lagos,
calamari, and shrimps, often presented as part
of elaborate meze spreads. Game dishes from
hunted birds, such as Lalang: (prepared with
rabbit), grilled quail, partridge, and even pickled
quail eggs, reflect traditional food preservation
methods and hunting practices deeply rooted in
rural Cypriot life. Plant-based dishes, another
cornerstone of sustainable gastronomy, also
feature prominently. Wild herbs, Cappari (caper)
pickles, and legumes such as Luvana (split peas)
and Gomeg (a type of edible wild plant) enrich
the Cypriot table, offering not only culinary
diversity but also seasonality and ecological
sensitivity in food production. Zivaniya, a
traditional local alcoholic beverage, and iconic
dishes like Seftali kebab1 (grilled minced meat
in lamb caul fat) further showcase the island’s
deeply rooted gastronomic identity.

Theseelements of Cypriot cuisine serve as cultural
and economic assets within the framework of
sustainable gastronomy tourism. By promoting
local, seasonal, and traditional food systems,
Northern Cyprus can not only enhance tourist
experiences but also protect biodiversity, sustain
rural livelihoods, and preserve intangible
cultural heritage (6; 24). Through strategic
investment in its culinary heritage, the region
holds the potential to position itself as a vibrant
and authentic gastronomy tourism destination
within the Eastern Mediterranean.

Sustainable Gastronomy Tourism
Development Strategies in Northern
Cyprus

Northern Cyprus, with its high tourism potential
and rich cultural landscape, offers promising
opportunities for the development of sustainable
tourism models. However, current tourism
policies require significant revision to align with
the core pillars of environmental, economic,
and cultural sustainability. A particular area
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of untapped potential lies in sustainable
gastronomy tourism, which not only promotes
local food culture but also contributes to broader
goals such as environmental conservation, social
inclusion, and destination competitiveness (28;
24). Despite its culinary richness and cultural
depth, North Cyprus faces challenges in
institutional planning and policy coordination
for sustainable tourism. Studies reveal low
awareness of the United Nations Sustainable
Development Goals (SDGs) among tourism
stakeholders and limited collaboration across
sectors (21). Gastronomic traditions, such as
meyhane culture and carob- or halloumi-based
cuisine, are underutilized in tourism narratives

3).

To implement an effective sustainable tourism
strategy, four key elements—transportation,
accommodation, food and beverage, and
entertainment—must be addressed in an
integrated manner. Among these, transportation
plays a foundational role in determining
tourist accessibility, environmental impact, and
overall satisfaction. Currently, transportation
infrastructure in Northern Cyprus remains
inadequate. Public transport is limited and
fragmented, making it difficult for tourists—
especially international visitors unfamiliar
with local traffic norms—to navigate the island
efficiently. Car rentals involve challenges such
as driving on the left-hand side of the road
and inconsistent pricing, while the lack of
regulated taxi systems and unconventional route
structures negatively affect visitor experiences.
These shortcomings hinder the development of
tourism that is both sustainable and inclusive
(18).

The lack of direct international flights, combined
with high ticket prices and monopolistic
airline practices, further reduces Northern
Cyprus’s competitiveness as a sustainable
tourism destination. This barrier is particularly
problematic for the development of gastronomy
tourism, which thrives on regional mobility,
rural access, and local exploration. Without
accessible and environmentally responsible
transport systems, tourists are limited in their
ability to engage with rural producers, village-

based culinary experiences, and authentic local
food systems, which are essential components of
a sustainable gastronomy tourism model (25).

Moreover, the hospitality sector—particularly
accommodation and food service providers—
mustadopt practices that align with sustainability
goals. Hotels and restaurants should be
incentivized to sourcelocal ingredients, minimize
food waste, implement eco-friendly operations,
and actively promote Cypriot culinary heritage.
Staff training in sustainable food handling,
cultural storytelling, and environmentally
conscious hospitality is critical. This approach
not only enhances the quality of the visitor
experience but also contributes to local economic

development and cultural preservation (7).

As tourism in Northern Cyprus is still heavily
dependent on mass tourism, a strategic shift is
required toward alternative tourism models
such as gastro-tourism and cultural tourism.
These models emphasize depth of experience
over volume of visitors and offer mechanisms
for engaging tourists in local traditions,
biodiversity, and culinary craftsmanship. For
instance, supporting village-based culinary
experiences, such as traditional cheese-making,
meze preparation, and wild herb foraging,
can simultaneously protect the environment
and empower local communities. Initiatives
like promoting some platforms, those can be
find in instagram with hastags (¥), such as ‘Go
to Kyrenia® (gotokyrenia.com), ‘AdaKibris’
(adakibrisim.com), “VisitNCY (visitncy.com),
or developing media platforms for cultural
storytelling can serve to increase visibility of
regional food heritage and attract niche markets
that value authenticity and sustainability.

The environmental and ethical dimensions
of tourism must also be addressed (9).
Incidents such as the attack to donkeys in the
Karpaz region is negative for environmental
degradation threaten the island’s image as a
responsible destination. These concerns are
especially significant in gastronomy tourism,
where rural landscapes, animal welfare, and
natural beauty are part of the tourism product.
Therefore, enforcement mechanisms—such as
installing security cameras in protected areas,
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empowering municipal inspection units, and
establishing tourism police—are essential for
creating a safe, transparent, and sustainable
tourism environment. Finally, a successful
strategy for sustainable gastronomy tourism
must prioritize intersectoral collaboration—
involving  stakeholders from agriculture,
environment, culture, and tourism. Policies
should not only seek economic growth but also
ensure the preservation of Cypriot identity,
traditional foodways, and the island’s fragile
ecosystems. With well-planned investment and
regulation, gastronomy can move beyond being
a supporting element of tourism to becoming a
core driver of sustainable regional development

in Northern Cyprus.

Promotion and Marketing Strategies

The success of sustainable tourism, particularly
in emerging destinations such as Northern
Cyprus, depends not only on strategic
infrastructure and policy frameworks but also
on effective promotion and marketing. Within
this context, the role of targeted marketing
strategies becomes especially critical in elevating
sustainable gastronomy tourism as a competitive
and culturally rich tourism model. As global
tourism becomes increasingly experience-driven
and niche-focused, destinations must go beyond
traditional models of promotion and embrace
digital transformation, authentic storytelling,
and inclusive outreach (29).

International tourism fairs such as EMITT - East
Mediterranean International Tourism and Travel
Exhibition and ITB Berlin serve as powerful
platforms for visibility, networking, and
destination branding. These should be seen as
strategic arenas where the island can showcase
its culinary heritage, ecotourism potential,
and cultural diversity to a global audience.
Benchmarking against successful destination
promotion models from these fairs can inform
localized and competitive marketing strategies
(7).

In today’s digital age, online visibility is
fundamental. Strategic use of social media
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marketing and digital storytelling—especially
via Instagram, YouTube, and TikTok—can
significantly amplify the reach of gastronomic
experiences in Northern Cyprus. Collaborations
with globally recognized food and travel
influencers, such as Kyrenian, can play a pivotal
role in shaping the image of Northern Cyprus
as an authentic and sustainable gastronomy
Such digital
highlight local dishes, traditional cooking

destination. campaigns can
techniques, village-based culinary workshops,
and sustainable food production processes,
thereby creating a strong emotional and cultural
connection with potential tourists (23).

Marketing efforts should also focus on attracting
high-quality, active tourists—visitors who not
only spend butalso engage withlocal experiences,
support small businesses, and show interest in
authentic cultural immersion. This demographic
is particularly relevant for gastronomy tourism,
where interest often centers on artisanal food,
seasonal products, and traditional preparation
methods. To attract this segment, governments
and tourism boards must support innovation
through the
accommodation models, including training

development of alternative
programs for small business owners on Airbnb
compliance, Booking.com listings, and other
digital accommodation platforms. These models
allow tourists to stay closer to local communities
and experience regional gastronomy firsthand —
thereby enhancing both economic inclusion and
cultural exchange (28, 14).

In parallel, local tour operators and travel
agencies must be empowered to offer culinary
tourism packages that combine food experiences
with other sustainable practices—such as nature
trails, farm visits, or artisan workshops. The
Ministry of Tourism (http://turizm.gov.ct.tr/), in
collaboration with other sectoral stakeholders,
should create incentive programs to support
small-scale food producers, culinary guides,
and agritourism enterprises. These funds can
serve as catalysts for the development of a
vibrant local gastronomic economy that is both
environmentally sustainable and culturally
grounded (7, 24). By linking promotion, digital
innovation, and small business support to
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gastronomy, Northern Cyprus can differentiate
itself in the competitive Mediterranean tourism
market. These strategies can diversify the
local economy, enhance culinary heritage
preservation, and create immersive experiences
that align with the core principles of sustainable
tourism development. In doing so, the island can
move toward a future where gastronomy is not
just consumed —but understood, celebrated, and
protected.

Strategic Axes for the Development of a
Sustainable Gastronomy Tourism Model

To effectively develop Sustainable Gastronomy
Tourismin Northern Cyprus, a holisticand multi-
dimensional framework is required—one that
integrates local food systems, cultural heritage,
hospitality = sustainability, and experiential
tourism design. The following strategic axes
outline a comprehensive model that aligns with
both international sustainability standards and

the local context of Northern Cyprus.
Local Production and Short Supply Chains

A foundational element of sustainable
gastronomy tourism is the support of local
agricultural systems and artisanal food
production. This includes the promotion of
village-based enterprises, such as olive oil and
citrus farming, small-scale fishing, and traditional
dairy production, particularly of halloumi
cheese, which has been recognized under the
EU’s Protected Designation of Origin (PDO)
scheme. To minimize environmental impact and
maximize economic benefit, short supply chains
should be prioritized. Hotels, restaurants, and
catering establishments must be encouraged—
through policy incentives or certifications—to
source directly from local producers in a farm-to-
table model. Such direct procurement supports
local livelihoods, enhances product freshness
and quality, and significantly reduces the carbon

footprint associated with food logistics (13, 28).

Preservation of Cultural Heritage and Culinary
Education

Culinary heritage is one of Northern Cyprus’s
most valuable intangible assets. To preserve and
pass on this knowledge, traditional knowledge
bearers—including village bakers, artisans,
and cheese-makers—should be formally

integrated into educational and tourism

programming. Universities and vocational
schools must establish apprenticeship-based
learning models —reflecting a master-apprentice
pedagogy —through community workshops,
fairs, and gastronomy events. In parallel,
institutions such as universities have gastronomy
programs could develop consumer-focused
educational programs targeting chefs, food
entrepreneurs, and hospitality students. These
programs would serve to enhance gastronomic
literacy, promote cultural continuity, and build
capacity for a sustainable culinary workforce.

Sustainable Hospitality (Accommodation and
Food & Beverage)

The hospitality sector plays a pivotal role in
realizing sustainable tourism goals. Hotels,
resorts, and restaurants in Northern Cyprus
should be encouraged—or required—to adopt eco-
friendly operational practices, including; energy-
efficient infrastructure; water conservation and reuse
systems; organic waste separation and food waste
tracking and reduction mechanisms. To facilitate
adoption, support programs offering technical
consultancy, grants, and subsidies should be
developed for enterprises aiming to obtain national or
international sustainability certifications (e.g., Green
Key, Travelife). These certifications not only improve
environmental performance but also serve as market
differentiators in attracting sustainability-conscious
tourists (19).

Experience Design: Routes, Activities, and
Gastronomic Festivals

Immersive experiences are critical in engaging
tourists with local food culture and values.
Northern Cyprus need to invest in designing
thematic gastronomy routes, seasonal festivals,
and hands-on culinary activities that showcase
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the region’s biodiversity, food heritage, and
hospitality traditions. Many countries with
specific destinations have their own gastronomy
routes like Italy which handled by Corigliano
(10) with the title of “The route to quality: Italian
gastronomy networks in operation” and Spain
(11).

The Kyrenia Gastronomy Route like Akgoz et
al. (1) have mentioned in their research could be
expanded to include local markets, traditional
olive oil presses, seaside taverns, artisan
bakeries, and cooking workshops with village
chefs. Similarly, initiatives like the Karpaz
Nature & Gastronomy Day or Meze Festivals
can combine gastronomy with cultural and
ecological tourism. Lessons from Turkey and
other Mediterranean destinations highlight the
importance of integrating local food systems,
renewable energy, and community participation
intotourism strategies (4, 12, 5).

Fusion concepts—blending traditional Cypriot
dishes with contemporary presentations—can
also be incorporated to appeal to international
palates, especially within chef-led events,
tavern nights, and culinary career days hosted
by universities and professional guilds (16).
These experiences foster deeper engagement,
encourage repeat visitation, and provide
platforms for local producers to reach new
markets. Table 1 below, prepared by the author,
shows the development and different studies on
the subject over the years.

Methodological Framework

This study employs a conceptual and literature-
driven research design to develop an integrated
Sustainable =~ Gastronomy Tourism Model
specific to Northern Cyprus. Grounded in
an interpretive research tradition, the study
synthesizes theoretical frameworks, policy-
oriented documents, and experience-based
insights rather than relying on primary empirical
data (30, 31). This approach is particularly
appropriate for destinations characterized by
cultural specificity, institutional constraints, and
fragmented tourism knowledge (20, 30, 31).

Existing research on Northern Cyprus largely
addresses gastronomy, sustainability, or rural
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tourism as isolated themes, lacking a system-
based and integrative analytical perspective (8,
16). To address this limitation, the study proposes
a multi-axial conceptual model that connects
gastronomy, tourism development, cultural
heritage, and sustainability within a unified
framework. The literature was evaluated using
four criteria—thematic relevance, conceptual
contribution, contextual applicability, and
scholarly rigor—and enriched with observation-
informed insights to enhance contextual validity
and practical relevance (30, 31).

Conclusion and Recommendations

Northern Cyprus has significant potential to
promote its cultural identity through its rich
culinary heritage, ranging from PDO-certified
halloumi and diverse meze traditions to seafood-
based taverns and rural village kitchens. By
implementing well-structured strategies,
gastronomy tourism can evolve from being a
supplementary attraction to becoming a core
pillar of sustainable development, fostering
local empowerment, cultural preservation,
and environmental responsibility. Positioning
sustainable gastronomy tourism at the heart of
tourism policy and academic discourse would
allow the island to diversify beyond its reliance
on “sun, sea, and sand” tourism and establish
itself as a distinctive gastronomy destination in

the Mediterranean.

This vision requires stronger investmentin digital
promotion platforms, which can effectively
showcase culinary heritage to international
audiences. At the same time, greater emphasis
on education and professional training—from
school-level culinary competitions to advanced
programs in hospitality —will ensure the
transmission of traditional cooking methods
and presentation styles to new generations.
Although  often
represents a vital form of cultural, social, and

overlooked, gastronomy
economic heritage. Protecting and integrating
this heritage into tourism strategies is therefore
both a responsibility and an opportunity,
enabling Northern Cyprus to secure a tourism
model that balances economic growth, cultural
continuity, and environmental sustainability for
future generations.
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Table 1. Evolution of Gastronomy Tourism and Sustainability Studies and Analytical Gaps

Period/  Key Study Methodological
Main Focus Key Contribution Identified Ga
Year (Author, Year) Approach y P
. . Established .
Epistemology in ~ Conceptual / . ) No sector-specific
1998 Crotty . . . interpretive and o
social research interpretive . application
constructivist
) . . Introduced structured Limited application
Tranfield, Denyer Systematic Methodological . o .
2003 ) . literature synthesis in to tourism and
and Smart literature review  framework . .
management studies gastronomy fields
Tourism Positioned tourism  Did not propose
2008 Tribe knowledge and Conceptual as a fragmented but applied destination
epistemology critical field models
o Provided a
Conceptual Qualitative Lacked sectoral
clear procedure
2009 Jabareen framework conceptual ) focus on
o . for developing )
building synthesis gastronomy tourism
conceptual models
. Highlighted . .
Tourism . Did not integrate
Empirical (survey- stakeholder
2013 Nunkoo et al. governance and gastronomy as a

2014

2017

2019

2019

2020-
2023

Present
Study
(2025)

Baggio and Del
Chiappa

UNESCO

UNWTO

Berno & Fusté-

Forné

Various
Mediterranean
studies (Italy,
Spain, Turkey)

Author (Girgen)

residents’ attitudes

Tourism digital

ecosystems

Intangible cultural

heritage

Gastronomy

tourism

Food, place
identity, and

tourism

Gastronomy routes

& festivals

Sustainable
Gastronomy
Tourism Model

(Northern Cyprus)

based)

Conceptual &

network-based

Policy-oriented

framework

Thematic policy

report

Qualitative /

interpretive

Case study-based

Conceptual &

integrative

importance in

sustainable tourism

Emphasized system-
based destination

management

Recognized food
traditions as

intangible heritage

Positioned
gastronomy as a

tourism product

Linked gastronomy to

sense of place

Demonstrated
experiential value of

gastronomy tourism

Multi-axial system

linking gastronomy,

development driver

Gastronomy treated
as a peripheral
element

Limited
operationalization

in tourism planning

Lacked integrated
sustainability

framework

Did not address
governance or
policy integration
Fragmented,
destination-specific,
weak theoretical

integration

Addresses lack of
holistic, context-

sustainability, culture, specific conceptual

and governance

frameworks
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This study examines sustainable gastronomic
tourism in Northern Cyprus within a conceptual,
governance-based, and temporal (short-medium-
long-term) roadmap framework. It proposes a
holistic model demonstrating how gastronomy,
within the context of Mediterranean islands, can
be positioned not merely as a complementary
tourism product but as a strategic development
pillar. Thus, it goes beyond the predominantly
descriptive and case-focused studies in the
existing literature, providing a unique theoretical
and practical contribution to policy-making,
local actor integration, and the simultaneous
consideration of sustainability dimensions.

The development of sustainable gastronomy
tourism in Northern Cyprus requires a
coordinated, multi-stakeholder approach
that brings together municipalities, tourism
ministries and committees, universities,
producer associations, and non-governmental
organizations. The following roadmap outlines
short-, medium-, and long-term strategies that

can guide effective implementation:
Short-Term (0-12 months)

» Create a Local Gastronomy Map to identify
and promote restaurants, small producers,
culinary routes, and unique gastronomic
features of Northern Cyprus.

» Pilot a “Farm-to-Table”
establishing supply agreements between

Program by

at least five hotels and ten small-scale
producers, ensuring shorter supply chains
and local economic benefits.

» Strengthen Enforcement and Protection

Mechanisms for animal rights and
biodiversity by enhancing monitoring
systems and emergency response measures
in sensitive regions such as the Karpaz

Peninsula.
Medium-Term (1-3 years)

» Launch
for chefs, service staff, and hospitality

In-Service Training Programs

professionals to improve skills in sustainable

gastronomy, food handling, and cultural
storytelling.
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» Establish Gastronomy Routes and an Annual
Festival Calendar (e.g., Kyrenia Gastronomy
Route, Karpaz Nature & Gastronomy Day)
while initiating digital marketing campaigns
targeting priority markets such as the United
Kingdom, Turkey, and Germany.

» Provide PDO/Geographical Indication
Consultancy to local producers, building on
the halloumi success story and extending
protection and recognition to other

traditional products.
Long-Term (3-7 years)

> Develop Regional Gastronomy Centers
featuring farm kitchens, artisan training
workshops, and community-led tourism
initiatives that form the basis of a sustainable
local food economy.

» Implement Certification Systems for
Sustainable Tourism and Gastronomy, such
as green labels and performance-based
incentives, to encourage environmentally

responsible hospitality and food production.

» Apply for Membership in International
Gastronomy Networks, including UNESCO
Creative Cities of Gastronomy, to enhance
global visibility and recognition of Northern
Cyprus’s culinary heritage.

By following these strategies in long-term,
Northern Cyprus can institutionalize sustainable
gastronomy tourism as a strategic pillar of
its tourism development. These measures
will strengthen local food systems, enhance
cultural preservation, improve international
competitiveness, and create a tourism model
that balances economic prosperity with social
inclusion and environmental stewardship.
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Abstract

Objective: This research was conducted to reveal
the nutritional profile of traditional Bagbasi (Haho)
mulberry pekmez (molasses).

Material and Method: In this study, some physical
and chemical properties of mulberry pekmez
produced in the Bagbasi (Haho) region were
investigated. In this context, parameters such
as mineral content, pH value, total ash content,
hydroxymethylfurfural (HMF) level and the water-
soluble dry matter (WSDM) ratio of the product were

analyzed.

Results: In mulberry pekmez, the water-soluble
dry matter (WSDM) content was determined to be
76.5%, the total ash content 2.02% and the pH value
4.71. The hydroxymethylfurfural (HMF) content was
found to be 30.00 mg/kg, indicating that the product
can be classified as Type 1 molasses according to
the criteria specified in the TSE 12001 standard. As a
result of the mineral profile analysis of the pekmez
sample, the concentrations of Fe, Zn, Mg, K, Ca, P
and Se were determined as 7.52 mg/kg, 542 mg/kg,
166.90 mg/kg, 2497.44 mg/kg, 52.13 mg/kg, 199.50 mg/
kg and 0.01 mg/kg, respectively. This mineral profile
demonstrates that Bagbasi (Haho) mulberry pekmez

Toros University Journal of Nutrition and Gastronomy-JFNG, 2025 (2) 237-250
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is a highly nutritious food capable of contributing to
the daily intake of essential minerals.

Conclusion: The low hydroxymethylfurfural (HMF)
content determined in traditional Bagbasi (Haho)
mulberry pekmez indicates that the product was
processed under appropriate production conditions
and represents a favorable quality characteristic. On
the other hand, the iron (Fe) content may contribute to
dietary iron intake, particularly in populations where
iron deficiency is prevalent. Furthermore, the findings
obtained in this study may further enhance the
potential for the traditional Bagbas1 (Haho) mulberry
pekmez to be commercialized as a functional food, in
conjunction with the future development of controlled
production techniques and a more comprehensive
evaluation of its biological effects.

Ozet

Amag: Bu arastirma, geleneksel Bagbas: (Haho) dut
pekmezinin besin profilini ortaya ¢ikarmak amaciyla
yapilmistir.

Gere¢ ve Yontem: Arastirmada, Bagbasi (Haho)
yoresine ait dut pekmezinin bazi fiziksel ve kimyasal
Ozellikleri incelenmistir. Bu kapsamda, iiriiniin
mineral madde igerigi, pH degeri, toplam kiil miktar1,
hidroksimetilfurfural (HMF) diizeyi ve suda ¢oziiniir
kuru madde (SCKM) oram1 gibi parametreler analiz
edilmistir.

Bulgular: Dut pekmezinde suda ¢dziiniir kuru madde
(SCKM) %76,5, toplam kiil %2,02 ve pH degeri 4,71
olarak belirlenmistir. Hidroksimetilfurfural (HMF)
icerigi ise 30,00 mg/kg olarak tespit edilmis olup,
bu deger TSE 12001 standardinda belirtilen kriterler
dogrultusunda tiriintin Tip 1 pekmez sinifinda
degerlendirilebilecegini  gostermektedir. Pekmez
orneginin mineral profiline iliskin analizler sonucunda
Fe (7,52 mg/kg), Zn (5,42 mg/kg), Mg (166,90 mg/kg),
K (2497,44 mg/kg), Ca (52,13 mg/kg), P (199,50 mg/
kg) ve Se (0,01 mg/kg) diizeylerinde belirlenmistir.
Elde edilen bu mineral profili, Bagbas1 (Haho) dut
pekmezinin giinliik temel mineral gereksinimlerinin
karsilanmasina katki saglayabilecek besleyici degeri

yiiksek bir gida oldugunu ortaya koymaktadir.

Sonug: Geleneksel Bagbasi (Haho) dut pekmezinde
hidroksimetilfurfural ~(HMF) igeriginin  disiik
diizeyde belirlenmis olmasi, iiriiniin uygun iiretim
kosullar1 altinda islendigine ve kalite agisindan olumlu
bir 6zellik tasidigina isaret etmektedir. Ote yandan
demir (Fe) igerigi, 6zellikle demir eksikliginin yaygin
oldugu toplumlarda diyetle alinan demir alimina
katkida bulunabilir. Ayrica, bu arastirmada elde
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edilen bulgular ileride kontrollii {iretim tekniklerinin
gelistirilmesi ve biyolojik etkilerinin daha kapsaml
calismalarla degerlendirilmesiyle birlikte, geleneksel
Bagbast (Haho) dut pekmezinin fonksiyonel gida

olarak ticarilestirilme potansiyelini daha da artirabilir.

Introduction

Pekmez (molasses) is a traditional food wide-
ly consumed in Tiirkiye and is typically pro-
duced from sugar-rich fruits such as mulberries,
grapes, apples and plums. With a long historical
background, it is obtained by processing fresh,
highly perishable fruits using traditional meth-
ods to extend their shelf life (1). Pekmez is com-
monly consumed at breakfast either alone or in
combination with tahini and is also used in the
preparation of various local dishes. Due to its
high levels of simple sugars, essential minerals
and naturally occurring organic acids, pekmez
is considered a nutritionally valuable food prod-
uct and an important source of readily available
energy (2, 3). During the Ottoman period, it was
also used as a medicinal remedy in the famous
Spice Bazaar (Misir Carsist) for the treatment of
ailments such as sore throat, the common cold
and chest congestion, often in combination with
red hot pepper (4).

Pekmez is characterized by its high proportion
of readily absorbable monosaccharides, main-
ly glucose and fructose, which provide a rapid
source of energy. This feature makes it partic-
ularly important for infants, children, athletes
and individuals requiring immediate energy (5).
With increasing awareness of the role of nutrition
in maintaining a healthy life, interest in antioxi-
dant-rich foods has grown in recent years (6) and
pekmez is recognized as one of these functional
foods. Approximately 100% of the total sugar in
grape molasses and about 80% in other molasses
varieties are composed of monosaccharides, en-
abling rapid absorption without digestive break-
down (7). Glucose, the primary energy source in
human metabolism, plays a critical role in both
physical and cognitive functions; the brain alone
derives approximately 20-25% of its energy from
glucose (8). Insufficient glucose intake may re-
sult in serious health problems such as impaired
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cognitive performance, dizziness, seizures and
coma (9). Therefore, pekmez has an important
nutritional role, especially for infants, children
and athletes with high energy demands.

In recent years, mulberry pekmez has gained in-
creasing popularity due to its recognized health
benefits. Mulberry cultivation is widespread in
Tiirkiye, particularly in the Eastern and Cen-
tral Anatolia regions (10). Pekmez is produced
by both industrial and traditional methods and
in rural areas it is generally manufactured as a
family-based activity (1). Mulberry pekmez is
obtained by concentrating the must of freshly
harvested or dried mulberries, free from foreign
materials, in open copper or aluminum boilers or
under vacuum until a characteristic consistency
isachieved (11). Among mulberry species (white,
red and black), white mulberries are most pre-
ferred for pekmez production. In Tiirkiye, mul-
berries are consumed both fresh and dried and
are also processed into various traditional prod-
ucts such as pekmez, pestil, kome, vinegar and
alcoholic beverages (12).

Although traditional Bagbasi (Haho) mulberry
pekmez is an important functional food pro-
duced using local production techniques and
consumed by the local population for many
years, there is no scientific data in the literature
regarding its nutritional profile. Existing studies
have generally focused on various types of mo-
lasses produced from mulberry species belong-
ing to different regions. However, it is thought
that the traditional mulberry pekmez produced
in the Bagbasi (Haho) region may differ in terms
of its unique production process, raw materi-
al characteristics and mineral content. In this
context, the main objective of this study is to
determine the mineral composition (Mg, P, K,
Ca, Fe, Zn and Se) and selected physicochemical
properties (pH, ash, hydroxymethylfurfural and
water-soluble dry matter) of traditionally pro-
duced Bagbagi1 (Haho) mulberry pekmez and to
provide scientific evidence for its potential nutri-
tional and functional value.

Material and Method

Pekmez (Molasses) Sample

In this study, a pekmez sample produced in July
2022 was used. The sample was obtained in Sep-
tember 2022 from Bagbasi (Haho), a district of
Tortum in Erzurum province. Bagbasi (Haho) is
located at an altitude of 1,378 meters (Figure 1)

Figure 1. Bagbasi (Haho) mulberry pekmez

Source: Author’s personal archive

This study aims to provide a preliminary evalu-
ation of the physical and chemical properties of
mulberry pekmez specific to the Bagbas1 (Haho)
region. For this purpose, an in-depth characteri-
zation was conducted on a single sample in or-
der to test the production process and analytical
methods. Traditional pekmez production in the
Bagbas1 (Haho) region is generally small-scale,
and products are obtained in limited quantities.
The sample used in this study was selected as a
“representative example” because it reflects the
typical production method commonly employed
in the region. Additionally, since this research
was carried out within the scope of a time- and
budget-restricted project (TUBITAK 2204-B), the
analyses were conducted on a single sample in
alignment with the project’s constraints. Never-
theless, it is acknowledged that analyses based
on a single sample pose limitations in terms of
statistical representativeness and generalizabil-
ity. Therefore, future studies are recommended
to include multiple samples obtained from dif-
ferent producers and production batches to en-
able more comprehensive evaluations.
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Traditional Production Process of Bagbasi
(Haho) Mulberry Pekmez

In the Bagbas1 (Haho) region of the Tortum dis-
trict, Erzurum province, only white mulberries
are used in the production of pekmez. The har-
vested mulberries are first cleaned to remove
leaves, wood pieces and insects. They are then
placed into a boiling cauldron, and water is add-
ed at a ratio of 1/2 to 1/4. The mixture is thor-
oughly stirred to ensure that the fruit blends ho-
mogeneously with the water and is then boiled.
Once the mulberries in the cauldron begin to

boil, the process is continued for an additional

one hour, during which the mixture is continu-
ously stirred. After boiling, the mash is cooled
to 40-50 °C and then transferred to a pressing
system to obtain the juice (pekmez extract). In
the pressing system, the mash is pressed, and
the juice is separated from the pulp. The juice
obtained is filtered through a fine cheesecloth or
plastic strainer and then transferred back to the
boiling cauldron. During the subsequent boiling
process, the concentrate is stirred, and the foam
formed on the surface is removed. Boiling con-
tinues until the concentrate reaches the desired

consistency (Figure 2).

Figure 2. The concentrate, on which foam begins to form on the surface (a), the concentrate that begins to
thicken (b)

Source: Author’s personal archive

Once the mulberry juice reaches the desired con-
sistency, the boiling cauldron (copper vessel)
is removed from the stove, and the pekmez is
stirred while cooling. It is then left to rest for ap-
proximately 10-15 minutes. The pulp remaining
after the pressing process is dried and used as
animal feed (1).

Microwave Digestion Process

The microwave digestion procedure was per-
formed using the “Honey” method integrated
into the Milestone Connect Ethos UP microwave
digestion system. A 0.3867 g portion of the pek-
mez sample was weighed into a Teflon vessel,
after which 9 mL of HNO; (65%) and 1 mL of

H>0; (30%) were added. The vessel was sealed to
create a closed system and placed into the micro-
wave unit. Digestion was carried out at 200 °C for
15 minutes at T1 and 200 °C for 15 minutes at T2
under a system power of 1800 W. Upon comple-
tion of the digestion, the sample was diluted to
15 mL with ultrapure water. A blank sample pre-
pared with the same acid mixture was subjected
toidentical digestion and dilution steps. Both the
sample and the blank were further diluted in 2%
HNO:; according to the specified dilution factors
and subsequently analyzed using ICP-MS. Each
analytical measurement represents the average
of three parallel readings.

Sample Weight (g)

Stock Volume (mL)

Dilution Factor

0.3867

10-fold

240



Petek Journal of Food Nutrition and Gastronomy-JFENG, Volume/Cilt: 4, Issue/Say1:2, Year/Y1l: 2025

Elemental Analysis

Element concentrations in the prepared solutions
were quantified using an inductively coupled
plasma mass spectrometer (ICP-MS, Agilent
7800 Series; Agilent Technologies, Japan). The
ICP-MS instrument is equipped with a glass
MicroMist nebulizer (U-series, Australia) and
a quartz double-pass spray chamber (USA) for
the introduction of samples into the system.
The plasma interface consists of an inert sample
introduction kit featuring a 2.5-mm quartz
torch (Japan), along with a nickel sample cone
and X-lens—compatible nickel skimmer cone
(USA). Prior to the determination of elemental
concentrations, all quartz and nickel components
were cleaned in accordance with the standard
procedure. Before initiating the analysis,
the instrument was purged with helium gas
for 45 minutes. After setting the instrument
parameters, including the plasma gas flow rate
(15 L/min), auxiliary gas (1 L/min), carrier gas (1
L/min), makeup/dilution gas (1 L/min), and the
carrier gas pressure (1.45 kPa), the system was
activated for operation. Following the activation
of the instrument, the torch axis, resolution axis,
EM, standard lenses tune, plasma correction,
full spectrum and performance report tests
were sequentially performed. Subsequently, the
calibration of the instrument was carried out
using a tuning solution containing 1 ug/L of Co,
Ce, Mg, Li, Tl and Y. The values obtained from
the tuning process were examined to determine
whether any deviations were present in the
instrument. The standard solutions prepared
from the stock solutions were analyzed, and the
accuracy and suitability of the calibration curves
were verified. Following the verification of the
calibration curves, the samples were introduced
into the instrument via the autosampler, and the
analytical measurements were performed. The
autosampler and tubing system were cleaned
using 2% HNOs and ultrapure water, while the
probe section was rinsed with a 1% HCl solution,
ensuring that the system was adequately
prepared for the subsequent injection. The
measurements were carried out under conditions
of 1200 W RF power, a carrier gas flow rate of 1
L/min, and a nebulizer pump speed of 0.30 rps.
Argon was used as the carrier gas throughout

the analyses.

Calculation of Measurements

The “MassHunter 4.4 Workstation Software 7800
ICP-MS Top C.01.04” software was used for the
calculation of the measurements.

Dilution factor = (final weight or volume / sam-
ple weight or volume) x dilution coefficient.

Elemental concentrations are automatically cal-
culated by the system according to the formula
given above and expressed in ppb. To obtain the
values in ppm, all results are divided by 1000
(13).

pH Determination

The pH measurement was conducted using a
WTW inoLab pH 7110 benchtop pH meter in
accordance with the potentiometric method re-
ported by Cemeroglu (14). Prior to analysis, the
instrument was calibrated at three points using
pH 4.00, pH 7.00 and pH 10.00 buffer solutions.
The electrode was rinsed with deionized water
before each measurement, and the AutoRead
function was employed to ensure that a stable
reading was obtained. The pH value of the pek-
mez sample was measured directly after thor-
ough homogenization and determined in qua-
druplicate.

Determination of Total Ash Content

Ash content is an important quality parameter
that reflects the total salt and mineral content of
food products. The determination is based on
the principle of incinerating a known amount
of sample and measuring the inorganic residue
remaining after complete combustion. The ash
determination in the pekmez sample was carried
out using a Protherm Furnaces muffle furnace
in accordance with the dry incineration meth-
od reported by Cemeroglu (14). Approximate-
ly 2.0000£0.0001 g of pekmez was weighed into
porcelain crucibles and pre-incinerated over a
Bunsen burner flame to remove organic matter.
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The samples were then ashed in a muffle furnace
at 525 £ 10 °C until a gray-white ash, indicating
complete incineration, was obtained. After cool-
ing in a desiccator, the residue was weighed,
and the ash content was determined in quadru-
plicate.

Determination of Hydroxymethylfurfural
(HMF)

The determination of hydroxymethylfurfural
(HMF) content in the pekmez sample was carried
out in accordance with the TS 13356 standard
(15) using an Agilent 1260 Infinity high-perfor-
mance liquid chromatography (HPLC) system.
A (18 reversed-phase column (250 x 4.6 mm, 5
um particle size) was employed for the analysis.
The mobile phase consisted of a mixture of ul-
trapure water and methanol (90:10, v/v) under
isocratic conditions, with a flow rate set at 1.0
mL/min. Detection was performed using a UV
detector at a wavelength of 284 nm. The injection
volume was 20 pL, and the column tempera-
ture was maintained at 30 °C. For quantitative
analysis, standard solutions at different con-
centrations were prepared from an HMF stock
solution to construct a calibration curve with at
least five calibration points, yielding a linear re-
gression coefficient of R? > 0.999. The limit of de-
tection (LOD) and limit of quantification (LOQ)
of the method were calculated as 0.01 mg/L and
0.03 mg/L, respectively. Prior to analysis, the
samples were filtered through a 0.45 um PTFE
membrane filter, and all measurements were
performed in triplicate.

Determination of Water-Soluble Dry Matter
(WSDM)

The water-soluble dry matter (WSDM) content of
the pekmez sample was determined at 20 °C us-
ing an Abbe digital refractometer in accordance
with the method described by Cemeroglu (14).
Water-soluble dry matter refers to the fraction of
solid components in a food product that remains
after the removal of water and is soluble in wa-
ter, including mainly sugars, organic acids and
certain minerals (16). WSDM is a critical quality
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parameter in pekmez production, as it directly
influences product consistency, viscosity, shelf
stability and consumer acceptability.

Results and Discussion

This section presents the physicochemical

properties and mineral composition of
(Haho)

mulberry pekmez and discusses the results in

traditionally =~ produced  Bagbas:
comparison with relevant quality standards and
previously published studies. The findings are
evaluated in terms of technological quality and
potential nutritional significance, with particular
emphasis on the effects of traditional processing
conditions and regional characteristics on the

final product profile.
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Table 2. TSE 12001 mulberry pekmez standard values

Properties Type 1 Type 2
pH 5.0-6.0 5.0-6.0
Water-soluble dry matter WSDM (brix) % (m/m) minimum 72 65
Invert sugar, % m/m, 51.0-65.0 35.0-50.0
Total sugar (inverted sugar), % m/m, maximum 66.0 60.0
Sucrose, %m/m, maximum 14 17
Ash insoluble in 10% HCI, %m/m, maximum 0.3 0.3
Total ash, %, maximum 4.0 3.0
Hydroxymethyl furfural (HMF), mg/kg, maximum
75 75
Heavy metals
Arsenic (As), mg/kg, maximum 0.2 0.2
Copper (Cu), mg/kg, maximum 5.0 5.0
Zinc (Zn), mg/kg, maximum 5.0 5.0
Iron (Fe), mg/kg, maximum 15.0 15.0
Lead (Pb), mg/kg, maximum 0.3 0.3

pH Value of Mulberry Pekmez

According to the TSE 12001 Mulberry Pekmez
Standards Draft, the pH values of both Type 1
and Type 2 pekmez should range between 5.0
and 6.0. The pH value of Bagbas1 (Haho) mul-
berry pekmez was determined to be 4.71, which
is slightly below the standard range specified by
TSE 12001. In a study conducted by Ozdemir
and Topuz (18) the pH value of pekmez was de-
termined to be 3.74-5.65, while in a study con-
ducted by Konal (2) it was determined to be in
the range of 4.62-4.89. The data in the literature
are close to the results of our study. However,
the pH value of Bagbasi (Haho) mulberry pek-
mez was found to be lower than those reported
by Aksu and Nas (1), Karatas and Sengiil (8)
and Ergun et al. (19), which were in the ranges
of 5.35-6.03, 4.84-5.30 and 4.77-5.18, respectively.
The pH value of Bagbas: (Haho) mulberry pek-
mez being determined below the TSE 12001 stan-
dard range (5.0-6.0), at 4.71, may be attributed to
the production process being carried out entire-
ly using natural methods without the addition
of any alkalizing agents (such as molasses soil,
lime, etc.). In some traditional production prac-

tices, alkaline substances like molasses soil are
used to balance acidity and enhance clarification.
The absence of such substances allows the nat-
urally occurring organic acids in the product to
remain dominant, resulting in a lower measured
pH value. In addition, factors such as harvesting
the mulberries at full ripeness, the mineral com-
position of the soil in which they were grown,
the climatic characteristics of the region, and the
absence of any additives during production may
have contributed to the preservation of the natu-
ral acidity of the molasses. This situation also ex-
plains the consistency of the obtained pH value
with those reported in the literature for certain
natural and additive-free molasses samples.

Water-Soluble Dry Matter Values (WSDM) of
Mulberry Pekmez

As shown in table 1, the soluble dry matter
(WSDM) value of Bagbasi (Haho) mulberry pek-
mez was 76.5%. According to the TSE 12001 Mul-
berry Pekmez Standards Draft, the soluble solid
matter (Brix) value should be at least 72 for Type
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1 pekmez and 65 for Type 2 pekmez. Based on
these results, Bagbasi (Haho) mulberry pekmez
falls under Type 1 classification. In a study con-
ducted by Aksu and Nas (1), the total dry matter
content of mulberry pekmez samples obtained
from different locations was found to be in the
range of 63.1-76.0%. In a study conducted by
Karatas and Sengiil (8), the soluble dry matter
(WSDM) content in mulberry pekmez samples
was found to be between 71.25% and 82.17% and
the total dry matter content was found to be be-
tween 72.50% and 84.01%. The results obtained
in this study are consistent with the results of
previous studies.

Total Ash Value of Mulberry Pekmez

As shown in table 1, the total ash content of
Bagbasi (Haho) mulberry pekmez was 2.02%.
According to the TSE 12001 Mulberry Pekmez
Standard, the maximum allowable ash content
is 4.0% for Type 1 and 3.0% for Type 2 pekmez.
Therefore, the ash content of Bagbas1 (Haho) mul-
berry pekmez complies with the limits specified
for both Type 1 and Type 2 pekmez. Karatas and
Sengiil (8) determined the ash content in mul-
berry pekmez samples to be between 1.76% and
2.95%, Ergun et al. (19) between 1.84% and 2.40%
and Salik et al. (10) between 1.44% and 3.47%.
The amount of ash detected in this study was
found to be consistent with the values obtained
in previous studies. Ash content is closely asso-
ciated with the mineral composition of pekmez
and reflects both the raw material characteristics
and processing conditions. Variations in ash val-
ues reported in the literature may be attributed
to differences in mulberry variety, soil mineral
composition and traditional production practic-
es. In this context, the ash content obtained in
the present study indicates an appropriate pro-
cessing process and supports the mineral profile
findings.

Hydroxymethylfurfural (HMF) Value of Mul-
berry Pekmez

Hydroxymethylfurfural (HMF) is formed as a
result of heat treatment applied during the pro-
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duction of foods with high sugar content, such
as jam and molasses, and is widely used as an
indicator of thermal processing intensity and
product quality (20). The amount of HMF in
food products generally increases with storage
time and temperature (21). According to the TSE
12001 Mulberry Pekmez Standards Draft, the
maximum permissible HMF content is 75 mg/kg
for both Type 1 and Type 2 mulberry pekmez.
As shown in table 1, the HMF content of Bagbas:
(Haho) mulberry pekmez was determined to
be 30 mg/kg. This value is well below the max-
imum limit specified in the standard and indi-
cates appropriate processing conditions. Karatas
and Sengiil (8) reported HMF values ranging
from 5.69 to 134.68 mg/kg in mulberry pekmez
samples and concluded that storage significant-
ly increases HMF formation. Similarly, Ergun et
al. (19) determined HMF contents between 18.69
and 104.59 mg/kg in pekmez samples. Based on
the TSE 12001 Standard, the HMF content deter-
mined in the present study complies with the
regulatory limit.

Mineral Content of Mulberry Pekmez

To characterize the major and trace element pro-
file of Bagbasi (Haho) mulberry pekmez, its min-
eral composition was determined using ICP-MS;
the analytical results are summarized in table 3.
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Table 3. Mineral content of Bagbasi (Haho) mulberry pekmez (molasses)

Concentrations (mg/kg)
Major elements
Mg 166.90
P 199.50
K 2497 .44
Ca 52.13
Trace elements
Fe 7.52
Zn 5.42
Se 0.01

Minerals, which are inorganic substances, are
widely found in nature. They are essential for the
growth, development, maintenance of life and
preservation of health. Minerals are among the
fundamental nutrients that constitute the struc-
ture of the human body and regulate numerous
physiological functions. Although they make up
only about 4% of our body, minerals contribute
significantly to the formation of its structure.
They are also present in muscles, bones, teeth,
blood and other body tissues. Minerals that are
required in amounts greater than 250 mg per day
are referred to as "macrominerals." This group
includes electrolytes such as sodium, potassi-
um, calcium, magnesium, phosphorus and chlo-
ride. On the other hand, minerals with a daily
requirement of less than 20 mg are classified as
"trace elements," and this group includes chro-
mium, copper, fluoride, iodine, iron, manganese,
molybdenum, selenium and zinc (22). As shown
in table 3, the molasses sample contained macro
minerals Mg, P, K and Ca as well as trace ele-
ments Fe, Zn and Se. For a more comprehensive
evaluation and to enable a direct comparison
with previous studies, the mineral composition
of mulberry pekmez and other traditional mo-
lasses types reported in the literature is summa-
rized in table 4.

As shown in table 3, the magnesium (Mg) content
of the mulberry pekmez sample was 166.90 mg/kg.
This value is lower than the concentrations reported

in previous studies (3, 23, 24), while it is higher than
those reported by Karaca (25) and Dilek et al. (26).
The phosphorus (P) content of the pekmez sample was
determined to be 199.50 mg/kg. This value is lower
than those reported in previous studies (3, 23, 24) and
higher than the value reported by Dilek et al. (26).
The potassium (K) content of the pekmez sample was
determined to be 2497.44 mg/kg. This value is lower
than those reported in previous studies (3, 23, 24) but
higher than the values reported by Karaca (25) and
Dilek et al. (26). Similarly, the calcium (Ca) content
of the mulberry pekmez sample was determined
to be 52.13 mg/kg. This value is lower than those
reported by Akbulut et al. (3) and Simgek et al. (23)
but higher than the values reported by Yigit (24) and
Dilek et al. (26). These variations observed among
different studies may be associated with differences in
mulberry variety, harvest time, processing conditions
and geographical origin.
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Table 4. Mineral content of some traditional molasses types

Minerals | Mg | P | K | Ca Fe Zn Se
mg/kg
Mulberry molasses
670 540 4380 960 9.3 48 -
Simgek and Artik (23)
Mulberry molasses
o 559 327.2 8297 13.47 46.01 2.20 -
Yigit (24)
Mulberry molasses
389.86 517.72 8146 575.81 5.48 3.31 -
Akbulut et al. (3)
Mulberry molasses
113 - 178 287 3.26 473 3.88
Karaca (25)
Mulberry molasses
. 0.10 0.34 1.04 0.88 6.39 1.21 -
Dilek et al. (26)
Carob molasses
. 500 550 4230 1350 34 120 -
Simgek and Artik (23)
Carob molasses
. 556 778 10573 3149 14 4 -
Tetik et al. (27)
Carob molasses
. 503 577 11271 861 20.94 1.85 -
Yigit (24)
Carob molasses
10.2 - 1936 30.4 3.32 2.86 3.58
Karaca (25)
Carob molasses
. 0.12 0.14 0.99 0.49 5.77 0.59 -
Dilek et al. (26)
Juniperus drupacea fruit (An-
diz) 843 1445 18840 1499 6.9 12.8 -
Akima (28)
Juniperus drupacea fruit (An-
diz) 746 1248 17400 1881 1881 12.5 -
Akbulut et al. (29)
uniperus drupacea fruit (Andiz)
p p
11.4 - 385 33.8 292 3.68 3.96
Karaca (25)
Juniperus drupacea fruit (An-
diz) 0.08 0.33 1.24 117 749 1.52 -
Dilek et al. (26)

“-: Not reported in the reference study. All values are expressed as mg/kg.

From a nutritional perspective, calcium is an es-
sential mineral for bone health, muscle contrac-
tion and enzymatic activity. The recommended
daily intake of calcium ranges from 200 to 1300
mg (30); therefore, although Bagbas: (Haho) mul-
berry pekmez is not a major source of calcium on
its own, it may contribute to the daily calcium
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intake as a complementary food. The iron (Fe)
content of the pekmez sample was determined to
be 7.52 mg/kg. According to the TSE 12001 Mul-
berry Pekmez Standard, the maximum allowable
iron content in Type 1 and Type 2 mulberry pek-
mez is 15 mg/kg. It can be stated that the mul-
berry pekmez sample complies with the relevant
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standards in terms of its iron (Fe) content. The
zinc (Zn) content of the mulberry pekmez sam-
ple was determined to be 5.42 mg/kg. This value
is higher than those reported in previous studies
(3, 23, 26). Zinc is an essential trace element in-
volved in immune function, antioxidant defense
and numerous enzymatic reactions; therefore,
the relatively high Zn content enhances the nu-
tritional value of the product. The selenium (Se)
content of the pekmez sample was determined to
be 0.01 mg/kg. This value is lower than the one
reported by Karaca (25). Selenium is an essential
trace element involved in antioxidant defense,
immune function and thyroid hormone metabo-
lism. The recommended daily intake of selenium
(Se) ranges from 20 to 55 pg (31). Considering
the relatively low selenium concentration deter-
mined in this study, Bagbasit (Haho) mulberry
pekmez alone cannot be considered a sufficient
dietary source to meet the daily selenium re-
quirement; however, it may contribute to overall
selenium intake as part of a balanced diet.

The mineral composition of the Bagbasi (Haho)
mulberry pekmez reflects both nutritional char-
acteristics of the raw material and the effects of
traditional processing conditions. The predomi-
nance of macrominerals such as potassium (K),
calcium (Ca), magnesium (Mg) and phosphorus
(P) is consistent with previous reports on mul-
berry and grape molasses produced in different
regions of Tiirkiye and other countries. Potas-
sium plays a critical role in electrolyte balance
and cardiovascular function, while calcium and
magnesium are essential for bone metabolism,
enzymatic activity and energy metabolism. The
presence of trace elements such as iron (Fe), zinc
(Zn) and selenium (Se), although at relatively
low concentrations, is nutritionally important
due to their roles in oxygen transport, antioxi-
dant defense, immune response and endocrine
regulation.

The observed differences in mineral concentra-
tions among various studies may also be influ-
enced by technological factors such as boiling
duration, evaporation rate, clarification practices
and contact with metallic surfaces during tradi-
tional processing. Prolonged boiling may lead
to partial concentration of some minerals due
to water loss, whereas clarification and filter-

ing steps may reduce the levels of certain trace
elements. Moreover, soil mineral composition
and plant uptake capacity play a decisive role in
determining the mineral profile of mulberries.
Therefore, both agronomic and technological
factors should be considered together when in-
terpreting the mineral composition of traditional
pekmez.

This study provides the first comprehensive
evaluation of the physicochemical properties
and mineral composition of traditionally pro-
duced Bagbasi (Haho) mulberry pekmez. The
findings demonstrate that the product meets the
quality criteria for Type 1 mulberry pekmez ac-
cording to the TSE 12001 standard and is charac-
terized by a favorable mineral profile dominated
by essential macro- and trace elements. These
results confirm the nutritional value of Bagbas:
(Haho) mulberry pekmez as a high-quality tradi-
tional food and support its potential relevance in
future regional characterization, standardization
efforts and functional food research.

Due to their health benefits, the demand for nat-
ural foods has been steadily increasing both in
our country and around the world. For this rea-
son, interest in traditional foods has increased
and studies focusing on these foods have inten-
sified in recent years. In this study, it was aimed
to determine some physical and chemical prop-
erties as well as the mineral content of the Tor-
tum Bagbas1 (Haho) mulberry pekmez produced
by traditional methods. The pH value of Bagbas:
(Haho) mulberry pekmez was determined as
4.71, which is slightly below the standard range
(5.0-6.0) specified in the TSE 12001 Mulberry
Pekmez Standard. However, the water-soluble
dry matter (WSDM), total ash and hydroxymeth-
ylfurfural (HMF) values were found to be fully
compliant with the relevant standard limits. The
low HMF content indicates that the traditional
production process was carried out under ap-
propriate temperature conditions and that the
product was exposed to minimal thermal degra-
dation.

The WSDM content of 76.5% reflects the dense
consistency and sugar-rich structure of the prod-
uct and indicates a low water content, which en-
hances microbial stability and contributes to an
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extended shelf life. Moreover, the ash content of
2.02% demonstrates that Bagbasi (Haho) mul-
berry pekmez is rich in mineral matter. Mineral
analysis revealed the presence of essential macro
and microelements, including Fe, Zn, Mg, K, Ca,
P and Se. The relatively high levels of Fe and Zn
support the traditional consumption of pekmez,
particularly in populations where iron deficien-
cy anemia is prevalent.

The originality of this study lies in the fact that
the physical, chemical and mineral composition
of Bagbasi (Haho) mulberry pekmez has been
comprehensively determined for the first time.
Although several studies have investigated mul-
berry and grape pekmez produced in different
regions, no detailed scientific data have pre-
viously been reported specifically for Bagbas:
(Haho) mulberry pekmez. Therefore, the present
study fills an important gap in the literature by
providing region-specific and product-specific
reference data. In conclusion, Bagbasi (Haho)
mulberry pekmez stands out as a high-quality
traditional product in terms of its physicochem-
ical properties and mineral richness, indicating
that it may be considered not only a convention-
al energy source but also a functional food with
potential health-promoting properties. The find-
ings of this study provide a scientific basis for
future comparative regional, technological and
nutritional studies, as well as for standardization
efforts, functional food development and possi-
ble geographical indication applications. How-
ever, further comprehensive studies involving
different harvest periods, production techniques
and regional variations are recommended to
more fully evaluate the nutritional and function-
al potential of this traditional product.
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Ozet

Duygusal yeme, bireylerin olumsuz veya olumlu duy-
gusal durumlara yanut olarak yiyecek tiiketimlerini
degistirmesiyle ortaya ¢ikan ¢ok boyutlu bir davranis
bicimidir. Bu durum, asir1 yemek yeme, aglik yokken
yemek yeme veya belirli yiyecekleri asir1 tiiketme sek-
linde kendini gosterebilir. Geleneksel olarak duygusal
yeme, stres, ofke, tizlintii ve depresyon gibi olumsuz
duygularla iligkilendirilmistir. Bu duygusal durum-
lar bireylerin daha fazla yemek yeme egiliminde ol-
malarina yol agmaktadir. Ancak son yillarda yapilan
deneysel ¢alismalar, olumlu duygularin da duygusal
yeme davranisini tetikleyebilecegini gostermistir. Bi-
reyler mutlu veya keyifli olduklarinda &zellikle ge-
kerli ve tath yiyeceklere yonelebilmektedir. Duygusal
yeme yalnizca obez bireylerde degil, normal kilolu,
diyet yapan veya kilo alma endisesi tasiyan kisilerde
de goriilebilir. Bu nedenle duygusal yeme, farkli yas
ve kilo gruplarini etkileyen, psikolojik, duygusal ve
sosyal boyutlari olan bir yeme davranisi olarak deger-
lendirilmelidir. Bu ¢alisma, duygusal yemenin temel
kavramlariny, risk gruplarm ve 6zellikle olumlu duy-
gularin yeme iizerindeki etkilerini agiklamay1 amagla-
maktadir. Literatiir temelli degerlendirme, duygusal
yemenin hem olumsuz hem de olumlu duygularla
iligkili oldugunu gostermektedir. Konuya iligskin daha

Toros University Journal of Nutrition and Gastronomy-JFNG, 2025 (2) 251-262

This work is licensed under a Creative Commons Attribution
4.0 International License.

251


https://orcid.org/0009-0008-1051-663X
https://orcid.org/0000-0002-5200-6370

fazla arastirma yapilmasi, duygusal yemenin altinda
yatan mekanizmalarin daha iyi anlasilmasina katki
saglayacaktir.

Abstract

Emotional eating is a multidimensional behavior in
which individuals alter their food intake in respon-
se to negative or positive emotional states. It can
manifest as overeating, eating without hunger, or
consuming specific foods excessively. Traditionally,
emotional eating has been associated with negative
emotions such as stress, anger, sadness, and depres-
sion. These emotional states often lead individuals to
eat more. However, recent experimental studies have
demonstrated that positive emotions can also trigger
emotional eating behavior. People may be inclined to
consume sweet or sugary foods when they feel hap-
py or are in a pleasant mood. Emotional eating is not
limited to obese individuals; it can also be observed
in those with normal weight, individuals on a diet,
or those who avoid eating due to fear of weight gain.
Therefore, emotional eating should be considered as a
complex behavior that affects people across different
age and weight groups and has psychological, emoti-
onal, and social dimensions. This study aims to clarify
the fundamental concepts of emotional eating, iden-
tify at-risk groups, and particularly explore the effects
of positive emotions on eating behavior. This litera-
ture-based evaluation indicates that emotional eating
is influenced by both negative and positive emotional
states. Further research on this topic will contribute to
a better understanding of the mechanisms underlying
emotional eating.

Extended abstract

Nutrition, as a fundamental physiological necessity,
has been recognized as being influenced by various
psychological and emotional factors beyond biologi-
cal need (1). One such factor is emotional eating, a
behavioral pattern that has emerged as a significant
concern in nutritional science (2). Human responses to
events vary considerably, and eating disorders often
develop as coping mechanisms for managing negative
emotions (3).
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Emotional eating is a multidimensional behavioral
pattern wherein individuals modify food consumpti-
on in response to emotional states (4). Traditionally,
emotional eating has been associated with negative
emotions such as stress, anger, sadness, or depression
(5, 6, 7). However, recent research suggests that emo-
tional eating may also be triggered by positive emoti-
onal states (8).

An important distinction exists between physical and
emotional hunger. Physical hunger represents genu-
ine nutritional need, leading to satisfaction without
subsequent guilt. Emotional hunger cannot be satis-
fied merely through food consumption; individuals
may eat without physiological need, experiencing
temporary relief followed by regret (9). The COVID-19
pandemic exemplified how psychological distress af-
fects eating behaviors (10, 11).

Emotional eating is not confined to obese individuals
(12). Those maintaining normal weight, actively die-
ting, or avoiding food due to fear of weight gain are
also included in this scope. While research on eating
behaviors in response to negative emotions is abun-
dant, studies on positive emotional triggers remain
limited (4, 5, 6, 7, 8). This study aims to explain funda-
mental principles of emotional eating, identify at-risk
groups, and examine research investigating positive
emotions’ effects on eating behavior, emphasizing
that emotional eating represents a broader behavioral
phenomenon influenced by various emotional states.

This study was conducted as a literature-based eva-
luation of emotional eating and its connection to both
positive and negative emotional experiences. Rese-
arch findings from different age and weight groups
were examined. Studies were selected from research
addressing the relationship between emotional eating
and emotional states or containing positive emotion
manipulation, and were thematically summarized.
Particular attention was given to experimental studies
examining positive emotions’ impact on eating beha-
vior.

Current literature indicates that emotional eating is
most commonly associated with negative emotions
such as stress, anger, sadness, and depression (13, 14).
Under these conditions, individuals often lose control
over eating behavior and consume high-energy com-
fort foods. Stressful situations increase intake of su-
gary, fatty, and salty foods while reducing fresh fruit
and vegetable consumption. Studies establish positive
correlations between stress and unhealthy food con-
sumption, demonstrating negative correlations with
fresh produce intake. Under stressful conditions,
energy and fat intake increase, with widespread pre-
ference for comfort foods containing high amounts of
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added sugar and solid fats (15). Stress and anxiety can
interfere with hunger and satiety cues. Negative emo-
tions can create signals similar to post-meal satiety,
potentially leading to appetite loss in some individu-
als while others experience increased consumption
(16).

Research shows emotional eating is linked to higher
obesity risk. Adolescents and children are particularly
affected, being more emotionally reactive with less de-
veloped emotion regulation capabilities (4, 17). Young
adults remain at heightened risk. Emotional eating
problems beginning in youth can lead to health issues
later, including obesity and type 2 diabetes (18). Obese
individuals frequently report using food to cope with
stress (19, 20). In anorexia nervosa, individuals exhi-
bit emotion regulation disorders and starve themsel-
ves due to fear of weight gain (21). Alexithymia leads
individuals to use food for managing unrecognized
feelings (22).

Although most research focuses on negative emoti-
ons, while findings regarding the relationship betwe-
en positive emotions and eating have been reported
in earlier studies, increasing experimental evidence
in recent years has revealed this effect more distinctly
(8). Macht found that joy significantly increased parti-
cipants’ desire to consume food and strengthened “ea-
ting for pleasure” behavior (23). Bongers et al. showed
that individuals with high emotional eating tendency
consumed significantly more food in positive emo-
tion states compared to neutral states (24). Turner et
al. found that positive emotion particularly increased
consumption of fatty and sweet foods (25). Adriaan-
se et al. showed that positive emotions could direct
individuals toward “self-reward” behavior (26). Bon-
gers and Jansen found significantly increased desire
for sweet and energy-dense foods in positive emotion
states (27). Lv et al. showed eating desire in positive
emotion state was significantly higher (F(1,86)=75.12,
p<0.001) (28).

Notably, individuals with lower body weight de-
monstrated increased food intake during positive
emotional states. Analysis of studies revealed that
individuals prefer sugary foods during positive emo-
tional states (25, 29). These findings suggest that emo-
tional eating should be considered a broad emotional
response encompassing both negative and positive
affective experiences.

The relationship between eating behavior and emo-
tional states has been studied extensively through
psychological frameworks highlighting bidirectional
interaction. Emotional eating theory suggests that ne-
gative emotional states increase eating motivation, as
eating may alleviate emotional tension (13). However,

eating under emotional influence can also have adver-
se effects (14).

Stress, anxiety, and depression directly influence food
choices. While these foods temporarily enhance mood,
they may subsequently cause guilt or discomfort (9).
Conversely, negative emotional states may sometimes
reduce appetite. Both patterns demonstrate that emo-
tions can override normal hunger regulation (13, 16).

Emotional eating plays a significant role in several
eating-related disorders. Adolescents, children, and
obese individuals constitute particularly vulnerab-
le groups (17). Conditions such as anorexia nervosa
and alexithymia demonstrate how impaired emotio-
nal awareness disrupts normal eating regulation (21,
22). Importantly, emotional eating is not confined to
pathological cases; even psychologically healthy indi-
viduals may eat in response to emotions (30).

While emotional eating has been primarily studied re-
garding negative emotions, recent research supports
its occurrence in positive emotional contexts (8). Pe-
ople may eat more when joyful or celebrating. Recent
experimental studies clearly demonstrate this (23,
24, 25, 26, 27, 28). Analysis revealed that individuals
prefer sugary foods during positive emotional states,
and those with lower body weight showed increased
eating behavior when experiencing positive emotions
(25, 29).

Understanding the dual nature of emotional eating—
occurring during both positive and negative emoti-
onal states—is crucial for research and intervention
design. Although this topic remains underrepresen-
ted in the literature, evidence indicates that emotional
eating behavior can manifest with positive emotions
(8). Further research will facilitate development of this
field. Encouraging emotional awareness, balanced co-
ping mechanisms, and mindful eating practices can
help individuals regulate emotions without excessive
reliance on food.

In conclusion, emotional eating is a multifaceted be-
havior shaped by interaction between emotions, cog-
nition, and physiological responses. It emerges under
both distressing and pleasurable conditions, affecting
diverse demographic groups. Understanding how
emotions influence eating can contribute to healthier
approaches to emotional regulation and nutrition.
Emotional eating should be viewed as an important
indicator of the connection between human emotion
and nourishment, deserving continued research atten-
tion particularly regarding its manifestation during
positive emotional states.
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Giris

Beslenme, fizyolojik bir ihtiya¢ olmasmin 6tesin-
de psikolojik ve duygusal faktorlerden etkilenen
karmasik bir davranistir. Duygusal yeme kavra-
mi, bu etkilesimin 6nemli bir yansimasi olarak
beslenme biliminde dikkat cekmektedir (2). In-
sanlarin yagam olaylarina kars: tepkileri bireysel
farkliliklar gostermekle birlikte, yeme bozuk-
luklar siklikla olumsuz duygularla basa ¢ikma
mekanizmasi olarak ortaya ¢ikmaktadir. Bireyler
bu siirecte asir1 yeme veya tamamen yemekten
kacinma gibi u¢ davraniglar sergileyebilir (3).

Duygusal yeme, bireylerin duygusal durum-
larina yanit olarak besin tiiketimlerini degistir-
meleri ile karakterize ¢ok boyutlu bir davrams
kalibidir (4). Geleneksel olarak duygusal yeme,
stres, ofke, liziintii veya depresyon gibi olumsuz
duygularla iliskilendirilmistir (5, 6, 7). Ancak
son donemdeki arastirmalar, duygusal yemenin
olumlu duygusal durumlar tarafindan da tetik-
lenebilecegini gostermektedir (8).

Fiziksel ve duygusal aglik arasinda temel bir ay-
rim vardir. Fiziksel aglik gercek besinsel ihtiyaci
temsil eder. Doyum sonrasinda pismanlik yasan-
maz. Duygusal aglik ise yalnizca yemek tiiketi-
miyle tatmin edilemez. Bireyler fizyolojik ihtiyag
olmadan yiyebilir ve gecici rahatlama sonrasin-
da sugluluk yasayabilir (9). COVID-19 pandemi-
si, psikolojik sikintinin yeme davranislarini nasil
etkiledigine giincel bir 6rnek olusturmustur. Ev-
lerine kapanan bireyler artan yeme egilimleri ve
viicut agirhiginda artis gostermistir (10, 11).

Duygusal yeme yalnizca obez bireylerde goriil-
mez (12). Normal kiloyu koruyan, aktif diyet
yapan veya kilo alma korkusuyla yemekten ka-
¢inan kisiler de bu kapsama girer. Olumsuz duy-
gulara yanit olarak yeme davraniglari iizerine
arastirmalar fazladir. Ancak olumlu duygusal
tetikleyiciler {izerine ¢alismalar smirhdir (4, 5,
6, 7, 8). Son yillarda yapilan giincel arastirmalar,
olumlu duygularin da yeme davranigin tetikle-
yebilecegini gostermektedir. Ozellikle duygusal
yeme egilimi yiiksek bireylerde bu etkinin daha
belirgin oldugu bulunmustur (23, 24, 25, 26, 27,
28).

Bu calisma, duygusal yemenin temel ilkelerini
acgiklamayi, risk gruplarini belirlemeyi ve 6zel-
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likle olumlu duygularin yeme davramnis: iizerin-
deki etkilerini inceleyen giincel arastirmalara
deginmeyi amaglamaktadir. Duygusal yemenin
¢esitli duygusal durumlardan etkilenen genis bir
davranis fenomeni oldugu vurgulanmaktadir.

Duygusal Yeme Kavram

Duygusal yeme, temel olarak olumsuz duygula-
ra tepki olarak asir1 yeme davranigi seklinde ta-
nimlanmaktadir (31). Gerginlik, 6tke, kaygi, can
sikintis;, melankoli ve yalmizlik gibi hos olma-
yan duygular1 uyusturmak veya sakinlestirmek
icin yemek yeme davranisi olarak ifade edilir
(32). Stres, depresyon ve anksiyete gibi olumsuz
duygularin besin tiiketiminin artmasina veya
azalmasma neden olabilecegi vurgulanmakta-
dir. Duygular ve yemek yeme giinliik yasamin
tekrarlanan bir parcasidir. Arastirmalar bu iki
olgunun ¢ok yonlii bir etkilesim iginde oldugu-
nu gostermektedir (33). Duygusal yeme davra-
nigina sahip bireyler icin yemek yeme, olumsuz
duygularla basa ¢ikmada bir mekanizma olarak
goriilmektedir. Bu bireyler genellikle duygu dii-
zenleme bozuklugu yasamaktadir (34).

Duygusal yeme ayni zamanda duygusal heye-
can veya stres durumlarinda asir1 yemek yeme
olarak da tanimlanir. Bu davranis, duygularin
diizenlenmesine yoOnelik anlik bir tepki olarak
igsler. Genellikle kilo alma, obezite ve davranis-
sal yeme bozukluklar: gibi saglik sorunlarina yol
agabilir (35).

Yeme bozukluklary, uyumsuz kilo verme diir-
tiisii ve kilo alma korkusu ile karakterize edilen
heterojen bozukluklardir (36). Yeme bagimlilig:
kavrami, bireylerin yiyeceklere kars: klasik su-
istimal edilen maddelerde goriilenlere benzer
tepkiler yasayabilecegini 6ne siirmektedir. Artan
sayida ¢alisma, yeme bagimliliginin yaygimnligim
ve obezite ile yeme bozukluklari ile iliskisini or-
taya koymaktadir (37).

Duygusal yeme baslangigta olumsuz duygulara
yanit olarak tanimlanmis olsa da, su anda olum-
lu bir ruh halinin de yemek yemeyi tetikleyebile-
cegini gosteren ¢ok sayida calisma bulunmakta-
dir. Bu nedenle pek ¢ok arastirmaci artik olumlu
duygularmn da duygusal yeme davraniginin bir
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parcasit oldugunu kabul etmektedir (38). Yapi-
lan arastirmalar, olumlu duygular yasandiginda
yemek yeme egiliminin arttigini gostermektedir
(39).

Duygusal Yemede Risk Gruplar

Cocukluk ve ergenlik dénemindeki bireyler

Duygusal yeme gibi sagliksiz beslenme davra-
nuslar ergenlik doneminde yaygindir (40, 41). Bu
donemde goriilen diizensiz yeme davraniglari-
nin, tip 1 diyabetli ergenlerde diyabeti olmayan
akranlarina kiyasla daha sik oldugu bildirilmek-
tedir (42). Kiiresel olgekte degerlendirildiginde,
2016 yilinda 5-19 yas arast 340 milyondan fazla
cocuk ve ergenin fazla kilolu veya obez oldugu
kaydedilmistir (43). Erken yaslarda baslayan
obezitenin, yetiskinlik doneminde kalic1 hale ge-
lebildigi de vurgulanmaktadir (44).

Ergenlik doneminde duygusal yeme davrani-
s1 cocukluk doénemine gore daha yaygimndir. Bu
artista, ergenlerin beslenme agisindan ¢ocuklara
kiyasla daha 6zgiir olmalar1 ve buna baglh ola-
rak yeme bozuklugu davraniglarma daha agik
hale gelmeleri etkili olmaktadir. Ergenlik done-
mindeki biiylime ve gelisim siireciyle birlikte,
bireyler daha stresli, daha kaygili ve olumsuz
duygular1 yasamaya daha elverisli bir ruh hali
icerisinde olabilmektedir (45). Buna ek olarak,
ergenlerde fiziki goriiniige iligkin kaygilar da
yeme bozuklugu davranislarinin ortaya ¢ikma-
sinda rol oynamaktadir (46). Aile tutumlari ve
ebeveyn yaklasimlarmin da ergenlerde yeme
bozuklugu gelisimini etkileyen 6nemli faktorler
arasinda yer aldig1 bildirilmektedir (47, 48).

Obez bireyler

Obezite, diinya ¢apinda 6nemli bir halk saghig:
sorunu olarak kabul edilmektedir. Diinya Sag-
lik Orgiitii'ne gore 2016 yilinda diinyada 650
milyondan fazla obez yetiskin bulunmakta-
dir. Obezitenin temelinde, enerji aliminin enerji
harcamasini agmasiyla ortaya ¢ikan pozitif enerji
dengesi yer almakla birlikte, bu siirecin yalnizca

fizyolojik degil, psikolojik ve sosyal faktorlerden
de etkilendigi vurgulanmaktadir (49, 50, 51).
Ozellikle yiiksek enerjili ve yagl gidalar tiiket-
me egiliminin, duygusal sorunlar1 olan birey-
lerde daha belirgin oldugu bildirilmektedir (52,
53). Bu baglamda, asir1 kilolu ve obez bireylerin,
hem olumsuz hem de olumlu duygusal onciille-
re yanit olarak duygusal yeme davranisi sergile-
dikleri belirtilmektedir (20).

Bu siirecle paralel olarak, son kirk yilda ener-
ji degeri ytiiksek islenmis gidalarin tiiketiminin
artmastyla birlikte yeme aliskanliklarinda belir-
gin degisiklikler meydana gelmistir (54). Duy-
gusal yeme davrarusi; 6fke, korku ve kayg: gibi
duygusal uyarilma durumlarina tepki olarak asi-
r1 yeme egilimi seklinde ortaya ¢itkmakta ve 6zel-
likle tath ile enerjisi yogun gidalarimn tiiketimiyle
iliskilendirilmektedir (55, 56). Tatl1 ve yagli yiye-
ceklerin kisa siireli rahatlama sagladigi, ancak
bu durumun daha diisiik diyet kalitesiyle ve fast
food, ticari unlu mamuller ile sekerli tirlinlerin
daha fazla tiiketimiyle sonuglandig bildirilmek-
tedir (57, 58, 59).

Psikolojik sorunlar1 olan bireyler

Anksiyete ve depresyon belirtileri ile yetersiz
beslenme arasinda c¢ift yonlii bir iliski bulun-
duguna dair ¢ok sayida rapor mevcuttur (60).
Depresyon; tekrarlayan, siddetli ve bunaltici
olumsuz duygular biitiinii olarak tanimlanmak-
ta olup, bireylerde istah kaybi1 ve viicut agirligin-
da diisiis ya da tam tersine istah artisi ve viicut
agirhiginda artis ile kendini gosterebilmektedir
(61). Bu psikiyatrik tablolarla birlikte goriilen
yeme bozukluklari, bireylerin psikososyal uyu-
munu bozmakta ve yasam kalitesinde belirgin
diisiislere yol agmaktadir (62).

Yeme bozukluklarinin daha ug¢ bir formu
olan anoreksiya nervoza, ozellikle ¢ocukluk ve
ergenlik doneminde bilingli gida kisitlamasiyla
ortaya cikan bir bozukluk olarak tanimlanmak-
tadir (63). Anoreksiya nervozali bireyler yiyecek-
lerden kaginmakta, yemek yemeyi ciddi bigimde
smirlamakta veya yalnizca belirli besinleri ¢ok
kii¢iik miktarlarda tiiketmektedir. Tehlikeli de-
recede diisiik viicut agirligina sahip olmalarina
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ragmen, kendilerini asir1 kilolu algilayabilmek-
tedirler (64).

Duygusal yeme davramsiyla iligkili bir diger
onemli psikolojik ozellik aleksitimidir. Aleksi-
timi, bireyin duygularim tanimlama ve ifade
etmede gii¢liik yasamasi ve duygular ile be-
densel duyumlar arasindaki ayrimi yapmakta
zorlanmasiyla karakterize edilmektedir. Yeme
bozuklugu olan bireylerde aleksitimi diizeyinin
yiiksek oldugu bildirilmektedir (65). Bu durum,
bireylerin tanimlayamadiklar: duygusal durum-
larla basa ¢ikmak amaciyla yiyecegi bir diizenle-
me araci olarak kullanmalarina yol agabilmekte-
dir (66).

Duygusal Yemeye Yol A¢an Duygular

Ofke

Yemek yemenin biyolojik bir ihtiya¢ oldugu ka-
dar psikolojik bir ihtiya¢ oldugu da bilinmekte-
dir. Bireyler kendilerini baski altinda, endiseli,
stresli veya Ofkeli hissettiklerinde yeme davra-
niglarinda artis goriilebilmektedir (67). Bu bag-
lamda duygusal yeme durumunda bireyleri
yemek yemeye yonlendiren temel unsur aglik
degil, yasanan duygusal durumlar olarak deger-
lendirilmektedir. Aragtirma bulgularma gore,
her iki cinsiyette de duygusal yeme davranisi-
n1 en sik tetikleyen duygularin heyecan, stres,
uziintii, 6fke ve hayal kiriklig1 oldugu bildiril-
mektedir (68).

Bu duygular arasinda &zellikle 6fke, tikinircasi-
na yeme bozuklugu olan bireylerde yeme atak-
larmni tetikleyen 6zgiil bir olumsuz duygu olarak
one cikmaktadir (69). Ofkenin diismanlik ve sal-
dirganlik gibi davramissal ¢iktilarinin diirtiisellik
ile iligkili oldugu ve bu durumun yeme davra-
niglarinda kontrol kaybina yol acabildigi belirtil-
mektedir (70).

Stres

Stres ¢cogunlukla olumsuz bir uyarici olarak ka-
bul edilmektedir. Giinliik yasamda maruz kali-
nan stres yogunlugu, bireylerde farkli duygusal
tepkilere yol agabilmektedir. Bu durum, gida
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tiiketimine iliskin algiy1 etkileyerek yemek ye-
menin azalmasina veya artmasina neden olabil-
mektedir. Stresle iligkili yeme, stresli bir durum-
da bireyin yiyerek veya icerek kendini daha iyi
hissetmeye calismasi olarak tanimlanmaktadir
(71). Bu baglamda yemek yemeyi yalnizca biyo-
lojik gereksinimlerle degil, ayn1 zamanda bire-
yin duygusal durumu ile de iliskilidir. Ozellikle
olumsuz duygulara tepki olarak ortaya ¢ikan bu
yeme egilimi, duygusal yeme olgusu kapsamin-
da degerlendirilmektedir (72).

Ekvator'da 18 yas iistii yetigkinler tizerinde ya-
pilan bir ¢alismada, algilanan stres ile duygusal
yeme arasindaki iligski incelenmistir. Calismaya
2333 birey katilmis ve ortanca yasin 25 oldugu
bildirilmistir. Bulgular, kadinlarin erkeklere ki-
yasla daha yiiksek diizeyde stres algiladigini ve
algilanan stres diizeyi yiiksek olan katilimcila-
rn yaklasik %64’iniin duygusal yiyici olarak
smiflandirildigini  gostermektedir (73). Ayrica
yiiksek stres diizeyinin tikinircasina yeme atak-
lar1 ve viicut agirliginda artis ile iligkili oldugu
rapor edilmistir (74). Stresin, hem tiiketilen be-
sin miktarin1 hem de besin se¢imlerini etkiledigi;
ozellikle yag ve seker icerigi yiiksek sagliksiz gi-
dalarin tiiketimini artirdig1 gesitli arastirmalarda
ortaya konmustur (75, 76, 77).

Mutluluk ve diger olumlu duygular

Son yillarda yapilan deneysel ¢alismalar, olumlu
duygularin yeme davrarusi tizerindeki etkisini
belirgin bi¢imde gostermektedir. Bu ¢alismalar,
pozitif duygu durumlarinin bireylerde yeme
istegini artirabildigini ve bu etkinin duygusal
yeme egilimine gore farklilik gosterebildigini or-
taya koymaktadir.

Macht tarafindan gergeklestirilen deneysel calis-
mada, dort temel duygu durumunun (6fke, kor-
ku, {izlintli ve nese) yeme davranisi iizerindeki
etkisi karsilastirilmistir. Bulgular, pozitif duy-
gu durumu olan negenin katilimcilarin yiyecek
tiiketme istegini anlamli bicimde artirdigini ve
Ozellikle “lezzet i¢in yeme” davranisimi giiclen-
dirdigini ortaya koymustur. Buna karsin, 6fke
ve korku gibi yliksek uyarilma diizeyine sahip
olumsuz duygularin yeme istegini azaltma egili-
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mi gosterdigi bildirilmistir (23).

Bireysel ozelliklerin bu etkiyi sekillendirdigi bir
baska calismada, katilmalar kilo durumlarimna
gore gruplandirilmis ve duygusal durumlara
verdikleri yeme tepkileri incelenmistir. Sonug-
lar, olumlu duygu durumlarinda zayif bireylerin
normal kilolu ve kilolu bireylere kiyasla daha
fazla yeme davrams: sergilediklerini, buna kar-
sin olumsuz duygu durumlarinda daha az ye-
mek yediklerini gostermistir (29).

Turner ve arkadaslar1 tarafindan yapilan calis-
mada, olumlu ve olumsuz duygu durumlarinda
tiiketilen yiyecek miktarlar1 karsilagtirilmistir.
Bulgular, duygusal yeme egilimi yiiksek olan
bireylerin olumlu duygu durumunda, olumsuz
duygu durumuna kiyasla daha fazla yiyecek
tiikkettiklerini ve bu artisin 6zellikle yagh ve tat-
I1 yiyeceklerde belirgin oldugunu gostermistir.
Ayni calismada, olumlu duygularin yeme davra-
nig1 lizerindeki etkisinin bireylerin yeme tarzina
bagl olarak farklilastig1; kontrollii yeme tarzina
sahip bireylerde tiiketimin azaldig1, kontrolsiiz
yeme egilimi olan bireylerde ise arttig1 bildiril-
migtir (25).

Benzer sekilde, Bongers ve arkadaslar: tarafin-
dan gergeklestirilen laboratuvar calismasinda,
duygusal yeme egilimi yiiksek bireylerin olumlu
duygu durumunda nétr duruma kiyasla anlaml
derecede daha fazla yiyecek tiikettikleri, olum-
suz duygu durumunda ise tiiketimde artis go-
riilmedigi bildirilmistir (24).

Adriaanse ve arkadaslariin deneysel calisma-
sinda, pozitif duygu olusturulan grupta yiyecek
tiiketiminin nétr duygu grubuna gore belirgin
bi¢imde arttig1 ve bu durumun “kendini 6diil-
lendirme” davranist ile iligkili olabilecegi ifade
edilmistir (26).

Bongers ve Jansen tarafindan yapilan ¢alismada,
duygusal yeme egilimi yiiksek bireylerde olum-
lu duygularin yeme istegini anlaml bi¢cimde ar-
tirdig1 ve bu artisin 6zellikle tath ve enerjisi yo-
gun yiyeceklerde belirgin oldugu gosterilmigtir
7).

Lv ve arkadaslarinin deneysel calismasinda, po-
zitif duygu durumunda yeme isteginin, olumsuz
duygu durumuna kiyasla hem bilingli hem de

bilin¢dis: diizeyde anlamli bicimde daha yiiksek
oldugu saptanmistir (F(1,86)=75.12, p<0.001). Bu
etkinin 6zellikle diyet sinirlarinda basarisiz olan
bireylerde daha giiclii oldugu bildirilmistir (28).

Sonug¢

Yeme aligkanliklar1 ve duygular arasindaki ilis-
kiyi psikolojik agidan irdeleyen teorilerin ortak
noktasi, yeme davranislari ve duygular ara-
sindaki ¢ift yonlii etkilere vurgu yapmalaridir.
Duygusal yeme teorisi, olumsuz duygusal du-
rumlarin yeme motivasyonunda artisa yol aga-
bilecegini veya yemenin deneyimlenen olumsuz
duygularin yogunlugunu azaltma islevi gorebi-
lecegini ileri stirmektedir (13).

Duygusal yeme, genellikle olumsuz duygulara
tepki olarak asir1 yeme egilimi gostermek sek-
linde tanumlanmaktadir. Olumsuz fiziksel ve
psikolojik sonuglarla iliskilendirilmistir (14). Al-
gilanan stres duygusal yemeyi ve yiyecek secim-
lerini etkilemektedir. Stres, anksiyete ve depres-
yon, istenmeyen yeme davraniglariyla iligkilidir.
Stresin yol ac¢tig fiziksel ve duygusal titkenme,
beslenme ve yeme aliskanliklarini dogrudan
etkiler (15). Bunun yaninda, viicuttaki olumsuz
duygularin veya stresin, yemek sonras: tokluk
hissine benzer bir belirtiye neden olabilecegi be-
lirtilmistir. Bunun sonucunda istahsizlik veya
yemek yemenin azalmasi da goriilebilmektedir
(16).

Duygusal yeme, asir1 yeme riskinin artmasi, ag-
lik yokken yemek yeme ve obezite riski ile ilis-
kilidir. Ergenler, ¢ocuklar ve obez bireyler yeme
bozukluklarinin risk gruplari arasindadir (17).
Diger risk gruplari; anoreksiya nervoza ve alek-
sitimi hastalaridir (21, 22).

Mevcut literatiir uzun yillar boyunca, olumsuz
duygusal yeme ile diizensiz yeme arasindaki
iliskilere odaklanmistir. Ancak son yillarda yapi-
lan giincel aragtirmalar, duygusal yemenin sade-
ce olumsuz duygularla degil olumlu duygularla
da bagdastirilabilecegini ortaya koymustur (8).
Ozellikle son dénemde yapilan deneysel calis-
malar, pozitif duygularin yeme davranig: iize-
rindeki etkisini belirgin bir sekilde gostermekte-
dir (23, 24, 25, 26, 27, 28).
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Bu calismada, olumlu duygunun yeme davranisi
tizerindeki etkileri hakkinda yapilan bircok fark-
Ii arastirma incelenmistir. Duygusal yemenin
sadece olumsuz duygularla degil, olumlu duy-
gularla da ilgili olabilecegi g6z 6niinde bulundu-
rulmustur. Incelenen galismalara bakildiginda,
bireylerin olumlu duygular igerisindeyken 6zel-
likle tatli ve enerjisi yogun yiyecekleri tercih et-
tikleri dikkat cekmektedir. Bu yiyeceklerin 6diil
degerinin pozitif duygu durumunda arttig1 ve
yeme isteginin gliclendigi goriilmektedir.

Olumlu duygularin, bireyleri “lezzet i¢in yeme”
veya “kendini odiillendirme” davranisina yo-
neltebildigi, bu etkinin 6zellikle duygusal yeme
egilimi yiiksek bireylerde daha belirgin oldugu
bildirilmektedir (24, 26, 27). En giincel deneysel
bulgular ise, pozitif duygu durumunda yeme
isteginin olumsuz duygu durumuna kiyasla
anlamli diizeyde daha yiiksek oldugunu ve bu
etkinin hem bilingli hem de bilin¢dist siiregler-
le iligkili olabilecegini ortaya koymaktadir (28).
Ayrica bazi ¢alismalar, daha diisiik viicut agir-
ligina sahip bireylerin olumlu duygusal durum-
larda artmis yeme davranigi sergileyebilecegini
ve olumlu ruh halinin 6zellikle tath yiyecek ter-
cihleriyle iligkili oldugunu gostermektedir. Bu
bulgu, olumlu duygularin yeme davrams: tize-
rindeki etkisinin bireylerin viicut agirligina gore
farklilasabilecegine isaret etmektedir (25, 29).

Ozetle, son yillarda artan deneysel kantlar,
olumlu duygularla duygusal yeme davraniginin
desteklemektedir. Bu
kanitlar, duygusal yemenin yalnizca olumsuz

goriinebilecegini

duygularla  basa ¢kma  mekanizmasi
olmadigim1 gostermektedir. Ayni zamanda
pozitif duygularin da yeme motivasyonunu
artirabilecegi ve Ozellikle tatli, yagl ve enerjisi
yogun yiyeceklere yonelimi giiclendirebilecegi
ortaya konmustur. Bu konu ile ilgili daha fazla
calisma yapilmasi, olumlu duygularla duygusal
yeme konusunun gelismesine ve bu davranisin
altinda yatan mekanizmalarin daha iyi anla-
silmasina olanak saglayacaktir. Ozellikle diyet
yapan bireyler, obezite riski tasiyan kisiler ve
duygusal yeme egilimi yiiksek olan gruplar i¢in
pozitif duygularin yeme davranigi iizerindeki
etkilerinin bilinmesi 6nemlidir. Bu bilgi, kilo yo-
netimi ve saglikli beslenme stratejilerinin gelisti-
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rilmesinde dnemli katkilar sunabilir.

Yazarlik Katkisi

Yazarlarin ¢alismadaki katki oranlari esittir.

Cikar Catismasi

Yazarlar cikar ¢atismasi olmadigini beyan et-
mektedir.
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Abstract

Folate is a water-soluble B-group vitamin found in
various foods including green leafy vegetables, hens’
eggs, and legumes. Folate has an essential role in DNA
repair, methylation, and synthesis. Folate deficiency
causes neural tube defects, megaloblastic anemia,
cardiovascular diseases, and cancer. Foods are enriched
with folic acid, a synthetic monoglutamate form of
folate, and folic acid supplementation is provided in
many countries because the increased need for folate
during pregnancy cannot be met only with food. Due
to the important roles of folate in DNA synthesis,
there are concerns that exposure to high doses of folic
acid may cause colorectal cancer. Studies support
that folic acid taken before polyp development has
protective effects from colorectal cancer. On the other
hand, folic acid supplementation induces colorectal
cancer after polyp formation. It is also thought that
epigenetic modifications affecting folate metabolism
play a role in this process. In conclusion, folate intake
at optimal levels and appropriate timing may exert
protective effects against colorectal cancer, whereas
folic acid consumed in supraphysiological doses and
at later stages may promote tumor progression and
increase the likelihood of carcinogenic progression of
premalignant lesions.

This work is licensed under a Creative Commons Attribution
4.0 International License.

Toros University Journal of Nutrition and Gastronomy-JFNG, 2025 (2) 263-277

263


https://orcid.org/0000-0002-2012-2078
https://orcid.org/0000-0001-9878-9297

Ozet

Folat yesil yaprakli sebzeler, yumurta ve baklagiller
gibi bir¢ok besinde bulunan suda ¢oziinen bir B grubu
vitamini olarak kabul edilmektedir. DNA onarimi,
metilasyonu ve sentezi gibi 6nemli rolleri bulunur.
Eksikliginde noral tiip defekti, megaloblastik anemi,
kardiyovaskiiler hastaliklar ve kanser gibi hastaliklar
goriilmektedir. Ozellikle gebelik doneminde ihtiyacin
artmasi ve bununbesinlerle saglanamamasindan 6tiirii
bircok iilkede besinler folatin sentetik monoglutamat
formu olan folik asitle zenginlestirilmektedir ve folik
asit takviyesi saglanmaktadir. DNA sentezindeki
onemli rollerinden dolay: yiiksek doz folik asite
maruziyetin kolorektal kansere neden olabilecegine
dair endiseler de mevcuttur. Yapilan arastirmalar
polip olusumundan o6nce alman folik asidin
kolorektal kanserden koruyucu etkileri oldugunu
desteklemekte ancak polip olusumundan sonra
kolorektal kanser gelisimini indiikledigini ortaya
koymaktadir. Ayrica folat metabolizmasini etkileyen
epigenetik modifikasyonlarin da bu siiregte etkili
oldugu diistintilmektedir. Sonug¢ olarak, optimal
diizeylerde ve dogru zamanda alinan folat, kolorektal
kanser riskini azaltici etkilere sahipken; fizyolojik
sinirlarin {izerinde ve ge¢ dénemde alman folik asit,
timor progresyonunu destekleyebilir ve premalign

lezyonlarin kansere doniisme riskini artirabilir.

Introduction

First isolated from spinach in 1941, folate is a
vitamin derived from the Latin word folium,
meaning leaf (1). Once the effectiveness of folic
acid in preventing neural tube defects was
understood, food was fortified with folic acid
in many countries, and folic acid supplements
were given to pregnant women. Given this,
the role of folate in causing colorectal cancer
(CRC) has always been controversial. Although
treatment methods are advancing, CRC still
causes approximately 900,000 deaths annually
and accounts for 10% of cancer-related deaths
(2). According to the Turkish Cancer Statistics
published by the Ministry of Health in 2025, CRC
was the third most common type of cancer in
women and men in our country in 2020 (3). It is
important to point out that this illness is generally
characterized by its occurrence in individuals
over the age of 50. However, its incidence among
younger people has also started to increase
(4). Studies show that only a small percentage
of CRC cases are hereditary. Additionally,
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research demonstrating a rapid increase in
incidence among migrating to Western-style
countries highlights the significant role of
environmental factors in CRC development (5,
6). Diet, lifestyle, and even the location of the
existing lesion can influence the risk of CRC
development (7, 8). The potential impact of
current folic acid supplementation programs
on CRC development, whether positive or
negative, should not be overlooked. Especially,
the relationship between folate metabolism,
cell growth, and nucleic acid synthesis is an
important indicator that even a minor effect
could lead to DNA damage. Additionally,
folate influences epigenetic mechanisms by
playing a key role in the methylation process.
In folate deficiency, imbalances in homocysteine
metabolism disrupt both the de novo biosynthesis
of purine and thymidylate, as well as the
formation of S-adenosylmethionine (SAM) (9).
Excessive folic acid intake or accumulation of
unmetabolized folic acid in circulation due to
deficiency of dihydrofolate reductase (DHFR)
enzyme, imbalances in folate metabolism may
adversely affect both nucleotide synthesis
and methylation processes. In particular,
disruptions in de novo biosynthesis of purines
and thymidylates may impair DNA replication
and repair (10). Furthermore, reduced SAM
production may lead to deficiencies in
epigenetic regulatory processes such as DNA,
RNA and histone methylation, resulting in
hypomethylation or targeted hypermethylation
and silencing of tumor suppressor genes. These
epigenetic alterations play an important role in
CRC, especially in the initial stage. In addition,
impaired purine metabolism can promote cell
proliferation, invasion and development of
therapeutic resistance by activating tumor-
associated signaling pathways such as mTOR
and Notch-1. Thus, both folate deficiency and
folic acid exposure above physiological limits
may contribute to the process of colorectal
carcinogenesis by threatening genomic stability
through SAM levels, purine and thymidylate
synthesis (10-12). Therefore, this review aims to
assess the effect of folate on CRC and examine its
potential mechanisms.
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Folate, Folic Acid

Folate (vitamin B, is an important member of the
water-soluble B vitamin family. This, composed
of a pteridine ring linked to p-aminobenzoic
acid and one or more glutamate residues, is
called pteroylglutamic acid (13, 14). Folic acid
is the synthetic monoglutamate form of folate
found in dietary supplements and enriched
foods (15). Folic acid is significantly superior
to folate in terms of bioavailability and stability
because it is in oxidized form and contains only
one conjugated glutamate residue (16, 17). The
reason is that due to storage and preparation
conditions, the bioavailability of folate found
in foods decreases by approximately 50% (15).
Folate, as a coenzyme in one-carbon transfer
and processing reactions, plays a key role in
nucleotide synthesis, DNA repair, methylation,
gene expression regulation (18, 19), cell division,
and tissue differentiation (20). Information about
the mechanisms regulating body folate balance
is still quite limited (21). Dietary folate is in the
form of polyglutamate and cannot cross the cell
membrane of the small intestinal epithelium. It
must therefore be hydrolyzed to monoglutamate
form. Folic acid diffuses since it is in the
monoglutamate form (22-24).

Homocysteine methionine synthase, for which
vitamin B12 is a coenzyme, is responsible for
methionine synthesis in folic acid metabolism
(22). The methionine synthase reaction is
important because it allows the regeneration of
tetrahydrofolate (THF), which is necessary for
the formation of 5,10-methylenetetrahydrofolate
(MTHF) and 10-formyl-THF, which are used
in the synthesis of thymidylate and purine,
respectively (25). The proper functioning of these
pathways is vital, as disruptions in thymidylate
and purine synthesis can lead to impaired DNA
replication, genomic instability, and increased
susceptibility to tumorigenesis (10).

Since it cannot be synthesized in the human
body, folate is an essential vitamin and must be
obtained from natural sources such as green leafy
vegetables, eggs, asparagus, broccoli, brussels
sprouts, whole meal cereals, pseudocereals,

yeast, organ meats, pulses such as green and
dried lentils, peanuts and citrus fruits (26, 27).
In addition to dietary sources, many bacteria in
the gastrointestinal tract, such as Bifidobacterium
adolescentis, are capable of synthesizing folate
at a rate close to that ingested through food
(26-28) . However, the absorption rate and
bioavailability of the synthesized amounts are
not yet fully known. According to the Turkey
Dietary Guidelines (TUBER), the daily folate
requirement for children aged 2-9 years is 120-
200 g, for adolescents aged 10-18 years it is 200-
330 g, for adults over 18 years it is 330 ug, for
pregnant women it is 600 ug, and for lactating
women it is 500 pg (27).

Colorectal Cancer Incidence, Risk Factors
and Screening

The Western type of diet has been identified as
a contributing factor to the increasing incidence
and mortality of CRC in low- and middle-income
countries, while in high-income countries,
the incidence and mortality pattern are either
decreasing or stabilizing (29). However, it has
also been reported that the incidence of CRC
in individuals younger than 50 years of age
is increasing in high-income countries (30). A
substantial body of epidemiological studies
reveals a strong association of CRC with male
gender and increasing age (2, 31, 32). Although
CRC is generally asymptomatic until it reaches
advanced stages, metastasis is observed in
approximately 20% of diagnosed individuals (2,
33). Consequently, the significance of periodic
screening for the early diagnosis of the condition
is underscored. The American Cancer Society
(ACS) recommends that healthy individuals
with an average risk of CRC and a life expectancy
of more than 10 years begin regular screening
at age 45 using high-sensitivity stool-based
tests, colonoscopy, or other visual examination
methods. For individuals aged 50 and older,
screening is strongly recommended (8).
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The Role of Nutrition in Colorectal Cancer

1. Lifestyle and Dietary Factors in
Colorectal Cancer

Environmental factors such as obesity and
obesity-related insulin resistance, inadequate
physical  activity, unbalanced nutrition,
microbiota profile, and high smoking and alcohol
consumption are important in the development
of CRC (4). While the Western dietary pattern
increases the risk of CRC, the Mediterranean
diet, semi-vegetarian diet, and pescetarian
diet have been associated with a reduced risk.
These dietary patterns are rich in dietary fiber,
polyphenols, anti-inflammatory and antioxidant

components, which are thought to beneficially

) Foods and Mechanisms That Reduce Risk

Milk/Yogurt
Content: Calcium, Vitamin D, conjugated linoleic acid, sphingomyelin,
Probiotic bacteria (eg. Lactobacillus, Bifidobacterium)
Mechanism:

« Calcium - binds bile acids, reduces carcinogenicity

« Probiotics =+ improve gut microbiota balance, increase butyrate

production, reduce inflammation
+ Sphingomyelin + reduces proliferation, increases apoptosis

Whole Grains
Content: Fiber, Resistant starch, Polyphenols, B vitamins [
Mechanism: 4

modulate the gut microbiota, reduce oxidative
stress, and suppress biological pathways
involved in tumor development (34). A diet
comprising milk, fiber, vegetables, fruits, and
whole grains has been shown to reduce the risk
of developing CRC (32, 35). High consumption
of refined carbohydrates added sugars, fats,
alcoholic beverages, and red or processed meat
increases the risk of CRC development (6, 7)
(Figure 1). It is acknowledged that vitamins and
minerals, including folate, vitamin D, vitamin E,
vitamin B6, calcium, selenium, magnesium and
iron, have been demonstrated to influence ATP
production and cell metabolism. Consequently,
these nutrients may also be implicated in the
development of CRC (32, 36).

@ Foods and Mechanisms That Increase Risk

Red / Processed Meat
Content: Heme iron, Nitrate/nitrite, Heterocyclic amines, N-nitroso

compounds, Advanced glycation end products (AGEs)
N Mechanism:

» Heme iron » increases ROS and DNA damage
» HCA / N-nitroso compounds =+ mutagenesis, genotoxicity, dysbiosis
» Nitrate/nitrite <+ converted into N-nitroso compounds

Refined Carbohydrates and Sugar
Content: Glucose, Fructose, Sucrose
Mechanism:

¥

Y’

« Fiber » improves gut microbiota balance, shortens 1
intestinal transit time, increases SCFA’s i.

« Resistant starch + increases SCFA's (esp. butyrate),
strengthens epithelial integrity

\ DEVELOPMENT

« Hyperglycemia + increases insulin/IGF-1 - proliferation
& T, apoptosis ¢
« Promotes chronic inflammation, dysbiosis

« Provides fuel for Warburg effect in cancer cells

Vegetables and Fruits
Content: Antioxidants (C, E), Polyphenols, Folate, Fiber
Mechanism:
« Folate » improves DNA synthesis and repair
« Antioxidants - reduce ROS and DNA damage
- Fiber > improves gut microbiota balance, shortens |
intestinal transit time, increases SCFA’s
« Polyphenols » antioxidant effect, reduce inflammation,
enhances Treg cells, suppresses HDAC activity

Animal-Based Fat

Content: Saturated fats, Trans fats

\ Mechanism:

« Increases bile acid secretion » secondary bile acids are
carcinogenic

« Promotes inflammation

Alcohol
Fish hi Content: Ethanol » metabolized to acetaldehyde
Content: Omega-3 fatty acids, Vitamin D, Selenium, LC-PUFAs ﬁ Mechanism:
Mechanism: -« Acetaldehyde + causes DNA damage
« Omega-3 - anti-inflammatory, improves immune regulation . - Disrupts folate metabolism

«+ Selenium - enhances antioxidant defense

Figure 1. Dietary components and their mechanisms in CRC development. Foods such as milk/yogurt (dairy products),

whole grains and resistans startch complex, vegetables, fruits, and fish (and their contents) support anti-inflammatory,

antioxidant, and pro-apoptotic pathways, thereby reducing CRC risk. Conversely, red/processed meat, refined

carbohydrates, animal-based fat, and alcohol contribute to CRC risk through mechanisms including DNA damage, chronic
inflammation, insulin/IGF-1 signaling, and dysbiosis. CRC; colorectal cancer, HDAC; histone deacetylase, SCFAs; short-
chain fatty acids, ROS; reactive oxygen species, HCA; heterocyclic amines, LC-PUFAs; long-chain polyunsaturated fatty

acids.

Nutritional support plays a crucial role in the
treatment of CRC. The Spanish Society of Medical
Oncology (SEOM) and the European Society
for Clinical Nutrition and Metabolism (ESPEN)
recommend that cancer patients receive 25-30
kcal/kg of energy per day, similar to healthy
individuals; therefore, energy restriction should
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be strictly avoided (37, 38). For protein intake,
ESPEN recommends 1-1.5 g/kg/day, while SEOM
suggests 1.2-1.5 g/kg/day (38). Colorectal cancer
patients are at high risk of developing nutrient
deficiencies due to reduced food intake, impaired
digestion and absorption, and a predisposition
to a catabolic state (39). Various side effects
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may arise due CRC itself and its treatment.
Gastrointestinal disturbances frequently occur
in patients receiving radiotherapy to the pelvic
region, including radiation enteritis, mucosal
atrophy, progressive fibrosis of the intestinal
wall, and chronic diarrhea. Even before these
adverse effects emerge, it is beneficial to adopt
a diet consisting of easily digestible foods, while
excluding hard-to-digest fatty meals, raw milk,
raw fruits and vegetables, carbonated beverages,
fruit juices, and spices (38, 39). Chemotherapy
may lead to a wide range of adverse effects,
including taste disorders, loss of appetite,
diarrhea, constipation, mucositis, fatigue,
esophagitis, nausea, aversion to food, vomiting,
neutropenia, hypertension, bleeding, allergic
reactions, weight loss, dry mouth, psychological
distress, electrolyte imbalances, and dehydration
(40). Managing these effects requires tailored
nutritional strategies; for instance, patients
with nausea may benefit from consuming
bland, stomach-friendly options like bananas,
rice, or lightly toasted bread with lemon, while
those with reduced appetite are encouraged
to consume small, frequent, and calorie-dense
meals. Additionally, it is recommended that all
CRC patients eliminate overly salty, pickled,
smoked, fried foods, and alcohol from their diets

(39, 41).

A diet consisting of healthy nutrition has been
shown to not only prevent the development of
CRC but also reduce mortality in those who
contract the disease. A multicenter study showed
that stage III colon cancer patients who ate a
healthy diet, engaged in regular physical activity
and had a normal body mass index (BMI) had
a 42% lower risk of death than those without
a similar lifestyle. However, the nutritional
approach should be tailored to the specific needs
of each patient, contingent on their prognosis
and treatment regimen. (42).

2. Gut Microbiota

In addition to hereditary factors, environmental
conditions influence both the immune system
and the microbiota, contributing to population-
level variations in CRC risk. Given their direct
interaction with the gastrointestinal tract, diet
and microbiota are particularly effective in the

prevention and treatment of gastric and CRCs
compared to other malignancies (43, 44). The
microbiome has also been demonstrated to
influence the development and progression
of CRC, as well as the patient’s response to
various systemic treatments (6). Diet has a
dominant effect on both the microbiota and
the host immune response. Poor dietary habits
have the potential to cause dysbiosis, leading
to the production of harmful metabolites
and genotoxins. These, in turn, can promote
inflammation and ultimately contribute to the
development of cancer (45, 46). The certain
gut microbiota is reported to contribute to the
development of CRC by producing folate and
biotin, which plays a role in regulating epithelial
proliferation. While in a balanced microbiota this
production contributes to epithelial homeostasis,
in dysbiosis these metabolites may promote
uncontrolled proliferation and contribute to
CRC pathogenesis (6).

Relationship Between Colorectal Cancer and Folate
1. Protective Effects of Folate

In cancerous cells, DNA replication and cell
division occur irregularly and rapidly (22).
Antifolate chemotherapy agents, such as
methotrexate and 5-fluorouracil (5-FU), inhibit
DNA synthesis and inhibit tumor growth by
reducing the proliferation of neoplastic cells.
Paradoxically, the results of epidemiological
studies have shown that the incidence of
CRC decreases as the consumption of folate-
containing foods increases (47, 48). The role of
folate in the development of CRC is controversial:
This vitamin is thought to be protective in
the early stages of carcinogenesis but may
accelerate the growth of premalignant lesions or
micrometastasis. Folate plays an essential role
in DNA synthesis, methylation, and one-carbon
metabolism. Adequate folate intake is necessary
for the proper functioning of these processes,
particularly for maintaining genomic stability
and supporting normal cell division. However,
the same mechanisms that processfolate
protective can paradoxically accelerate tumor
development in the presence of premalignant
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lesions. Increased DNA synthesis may lead to
enhanced cell proliferation, while alterations in
the methylation cycle can affect gene expression
through epigenetic mechanisms. Therefore, in
individuals with pre-neoplastic changes, high
folate intake may promote tumor progression.
The relationship between circulating folate
and folic acid concentrations measured at the
time of diagnosis and mortality and morbidity
is unknown (49). Another reason for the
inconsistent findings regarding the association
between folate and folic acid and CRC is the
differences in study design. Methodological
discrepancies between observational and
interventional studies lead to contradictory
results. Numerous large-scale international
studies have demonstrated that increased intake
of folate/folic acid is associated with a reduced
risk of CRC (50-52). In a meta-analysis that
included 27 studies examining the relationship
between folate intake and CRC incidence, it was
concluded that there was an inverse relationship
between CRC incidence and folate intake (23). A
systematic review and meta-analysis published
in 2023, which included prospective studies,
demonstrated that high folate intake reduces
the risk of CRC in populations in the Americas
and Europe. Moreover, the study established
that increasing folate intake in individuals who
consumed moderate to high amounts of alcohol
resulted in a reduced risk of CRC. This effect
was not observed in individuals who did not
consume alcohol (48). This may be explained
by the fact that alcohol consumption negatively
affects folate absorption in the gastrointestinal
tract and its intracellular metabolism, leading
to folate deficiency. This condition impairs
DNA synthesis and methylation processes,
particularly in rapidly dividing cells. In response
to folate deficiency, cells increase the expression
of folate transporter proteins and activate
regulatory mechanisms to support intracellular
folate accumulation (9). In Tiirkiye, a clinical
study investigating the association between
serum folic acid levels and CRC was conducted
with 60 patients. In this study, serum cobalamin
and folate levels were measured as markers of
liver metastasis in stomach and colon cancer. The
results of this study showed that plasma folic
acid levels were found to be low in both cancer
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groups (53). International studies examining
the blood levels of folate and folic acid and
the development of colorectal cancer have also
yielded conflicting results (54-56). Ina prospective
study involving 2024 CRC patients with stages
I-IIT within the FOCUS international consortium,
the relationship between blood folate, folic acid
and folate catabolism product concentrations
at the time of diagnosis and survival and later
recurrence was investigated. The findings of
the study indicated an absence of a significant
relationship between circulating folate, folic acid
and folate catabolites and survival. Despite the
absence of any established correlation between
folate and its catabolites and cancer recurrence,
it has been observed that elevated levels of
folic acid in circulation are directly associated
with an increased risk of recurrence. However,
dietary sources of folate catabolites are not
associated with CRC recurrence or overall
survival (49). According to the data from the
Turkey Nutrition and Health Study published
in 2019, folate intake is sufficient for both men
and women in our country. However, 34.4% of
individuals over the age of 15 consume less than
the recommended amount of folate (57). To the
best of our knowledge, no study has currently
been conducted in our country that examines
the risk of CRC in about folate intake. Therefore,
further studies should better show the potential
risks that may cause from folate deficiency.

2. Potential Risks of Excessive-Dose Folic
Acid

After it was understood in 1991 that
approximately 8 out of 10 neural tube defect
(NTD) cases were caused by folate deficiency,
folic acid supplementation began to be included
in the public health policies of some countries
(58). However, this intervention has also
prompted concerns about the potential risks
linked to excessive folic acid intake. The Aspirin/
Folate Polyp Prevention Trial is an investigative
study that randomly assigned participants with
a recent history of colorectal adenoma to receive
either 1 mg of folic acid or a placebo supplement
daily for a period of 3-5 years. The study’s
findings indicated an elevated risk of advanced
multiple colorectal adenomas in the folic acid
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supplement group (49). A second extended
follow-up study was conducted as a continuation
of this study and concluded that folic acid causes
an increase in the risk of sessile polyp formation
in individuals who have completed cancer
treatment (52, 59) . While some countries around
the world fortify flour with folic acid to prevent
NTDs, others choose not to do so due to concerns
about the potential risks associated with high
folic acid intake (60). Theoretically, folic acid
competes with 5-MTHF, the main form of folate
in the blood, potentially interfering with natural
folate metabolism, transport, and regulatory
functions (22).

Excessive folic acid intake may drive CRC

development through multiple molecular
mechanisms. The relationship between folic
acid exposure and CRC risk is thought to follow
a dose- and time-dependent “U”- or inverted
“]”-shaped curve (60). Folate serves as a central
component in nucleotide synthesis and methyl
group donation, ensuring genomic stability
through the production of thymidylate via
5,10-methylenetetrahydrofolate, and regulating
through  SAM-

dependent methylation. However, when folic

epigenetic  modifications
acid intake exceeds physiological thresholds
of 200-266 pg the low activity of human DHFR
becomes insufficient for its complete metabolism,
resulting in the accumulation of unmetabolized
folic acid in the circulation (62, 63). This may
lead to aberrant DNA methylation patterns,
promote tumor progression via SAM-mediated
hypermethylation of tumor suppressor genes,
and enhance cellular proliferation due to
increased nucleotide. High folate exposure,
especially after the formation of dysplastic
lesions, may further stimulate the growth and
invasiveness of them. These effects are associated
with the activation of oncogenic pathways such
as Notch-1 and Wnt/B-catenin and may induced
in tumors that overexpress folate receptor alpha
(FOLR1), a feature frequently observed in CMS2
subtypes of CRC (64, 65). Also, there is evidence
that exposure to 0.5-1 mg of folic acid over an
extended period can result in neurological
damage in individuals with vitamin B12
deficiency (65).

Proinflammatory cytokines regulate essential
cellular processes such as differentiation,
proliferation, migration, and apoptosis. In CRC,
cytokines such as IL-13, IL-6, TNF-a, and IL-
12 have been reported to increase significantly
from the early stages of the disease. IL-13 may
provide prognostic information in early stages;
however, its levels tend to decrease in advanced
stages, limiting its prognostic utility in those
cases. TNF-a, on the other hand, maintains
relatively stable levels across all stages, making
it useful primarily for diagnostic purposes (66).
Additionally, cytokines of the IL-12 family play
a critical role in regulating both innate and
adaptive immune responses and are involved in
shaping the tumor immune microenvironment
(67). In this context, the increase in circulating
proinflammatory  cytokines triggered by
unmetabolized folic acid observed following
folic acid supplementation and their known
association with CRC underscore a potentially
important mechanistic link. This is especially
relevant when evaluating the possible cancer-
promoting effects of folic acid supplementation.
A study conducted in the United States also
found that children had high blood folate
concentrations (68). Similarly, in a study
conducted in Brazil, one of the countries that
implemented a policy of fortifying foods with
folic acid, unmetabolized folic acid was found in
the blood of 80% of the participants. The study
revealed that unmetabolized folic acid led to an
increase in proinflammatory cytokines (TNF-a,
IL-1B and IL-12) in the blood (62). Studies in the
American and Canadian populations reported
a striking increase in plasma folic acid levels
in adults after the introduction of folic acid
fortification of foods (68, 69). Furthermore, during
this period, a concurrent increase in the incidence
of CRC was observed in the populations of both
countries. Although these observations are
consistent with the results of animal experiments
and clinical studies, they do not prove that folic
acid supplementation alone increases the risk
of CRC (19). In response to the claims made on
this issue, the hypothesis advanced was that folic
acid supplementation did not affect the increase
in CRC cases observed in the United States
towards the end of the 1990s. This is likely due
to the very short interval between the initiation
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of folic acid supplementation and the observed
increase in CRC incidence, which does not
align with the expected latency period of cancer
development. Arguments have been made that
the supplements reduce the risk of CRC, with
the decline in CRC incidence in subsequent
years providing supporting evidence (4).
Considering the numerous studies conducted on
this subject, individuals must be mindful of the
appropriate and safe intake amounts in order to
reap the benefits of folic acid supplements while
mitigating potential risks.

3. Genetic Modifications

Folic acid supplementation is considered
appropriate in the treatment of individuals with
the MTHEFR 677 C>T gene polymorphism, which
affects the MTHF-reductase enzyme, which
plays an important role in folate metabolism
(17, 70). A study investigating the interaction
between genes associated with CRC risk
and total folate intake evaluated 13,498 cases
and concluded that CRC cases were mostly
associated with male gender, higher BMI,
and lower daily folate consumption. In this
study, a significant association was identified
between folate consumption-related CRC risk
and glutathione S-transferase Al (GSTAl),
tonsuka-like DNA repair protein (TONSL) and
aspartylglucosaminidase (AGA) genes (20).
GSTA1 is involved in cellular detoxification
through glutathione and may be indirectly
influenced by folate levels via homocysteine
metabolism (20, 71). Mutations in this enzyme
impair the detoxification of carcinogens. The
TONSL gene is part of a complex responsible
for the repair of DNA double-strand breaks,
and its mutations can increase DNA damage,
thereby contributing to tumor development.
AGA is involved in the lysosomal degradation
of glycoproteins; an association between high
folate intake and increased expression of this
gene may influence CRC risk (20, 72). To date, no
studies have reported a direct link between AGA
and cancer (20).

4, Folic Acid Use in Colorectal Cancer
Chemotherapy

Folate is an essential micronutrient required for
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DNA synthesis, cell division, and normal cellular
development. Considering the biochemical role
of folate, folate-dependent enzymes have become
common targets for chemotherapeutic agents.
Antifolate chemotherapy drugs, classified as
antimetabolites, function by disrupting cellular
metabolism to inhibit cell proliferation or induce
apoptosis. These agents are structurally similar
to folate and act by binding to or inhibiting
intracellular folate enzymes. During antifolate
therapy, determining the optimal dose and
timing of folate supplementation is crucial
to minimize treatment-related toxicity while
maintaining therapeutic efficacy. However,
there is limited information in the literature on
this issue. Although variables such as the type
of folate, timing, and dose must be carefully
considered, it is often hypothesized that folate
exposure may reduce the efficacy of antifolate
therapies. On the other hand, it is important to
note that antifolates are typically administered
in doses (mg/m?) far exceeding those of ug level
of dietary or supplemental folate (73).

5-Fluorouracil, commonly used in CRC treatment,
is a pyrimidine analog of uracil and thus
functions as a pyrimidine antagonist. Increased
intracellular folate levels enhance the cytotoxic
efficacy of 5-FU. Therefore, it is frequently
administered in combination with folinic acid
(leucovorin). Standard chemotherapy protocols
also combine 5-FU with systemic agents such
as irinotecan and oxaliplatin; examples include
FOLFOX, FOLFIRI, FOLFOXIRI, and CAPEOX
regimens (74, 75).

Studies focusing on antifolate agents have
shown that low folate status or insufficient
folic acid intake is associated with an increased
risk of toxicity. Conversely, studies evaluating
fluoropyrimidine-based treatments  have
reported that higher folate levels and intake
may also be linked to an elevated toxicity risk.
These findings suggest that both insufficient
and excessive folate intake may influence
chemotherapy-related toxicities. Understanding
how the relationship between folic acid and
chemotherapy affects overall survival and
progression-free survival is crucial. In this
context, high-quality prospective cohort studies
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are needed to investigate the role of circulating
biomarkers and folate or folic acid intake in
treatment-related toxicity and treatment efficacy
outcomes (76).

In light of these findings, it becomes increasingly
important to develop personalized dosing
strategies in clinical practice, particularly for
nutrients such as folate and folic acid that are
known to potentially interact with chemotherapy
regimens.

Although many studies evaluating the
relationship between folate/folic acid intake
and CRC have the advantages of large sample
sizes and long-term follow-up, they also present
several methodological limitations. In Tiirkiye,
the number of studies on this topic is quite
limited, leading to a lack of national-level data. In
particular, the homogeneity of samples in some
studies restricts the generalizability of results to
different demographic groups. Moreover, the
impact of folic acid supplementation or food
fortification on plasma folate levels has not been
sufficiently considered, and in some cases, the
use of dietary supplements has been excluded
from the analysis. While folate intake is generally
assessed through dietary data, most studies do
not include plasma folate measurements, which
could more accurately reflect biological activity.
Additionally, potential confounding factors
such as genetic polymorphisms like MTHEFR, as
well as alcohol and multivitamin use, are often
inadequately controlled. Some studies assess
only the overall risk of CRC without examining
differences across cancer stages. Furthermore,
there is a lack of data regarding the interactions
between folic acid supplementation and
chemotherapeutic agents. Therefore, there is a
clear need for large-scale, multicenter studies,
particularly within Tiirkiye, that include diverse
subgroups such as older populations and various
ethnic groups.

Conclusions

In many countries, foods are fortified with
various micronutrients, including folate, to
prevent vitamin and mineral deficiencies. During

pregnancy, dietary intake alone is insufficient
to meet the increased folic acid requirements;
therefore, folic acid supplementation programs
are implemented for pregnant women as part of
national health policies. However, for the general
population outside of pregnancy, there is no
universally recommended standard dose of folic
acid. For this reason, individualized approaches
should be adopted, considering factors such as
genetic profile, serum folate levels, and medical
history. In the prevention of CRC, uncertainties
remain regarding the optimal dose, duration,
and timing of folate supplementation. High-dose
supplementation may disrupt folate metabolism
and lead to an accumulation of unmetabolized
folic acid in circulation. Moreover, the
relationship between folate and folic acid
levels at the time of diagnosis and CRC-related
mortality and morbidity has not yet been fully
clarified. Following CRC treatment, folic acid
supplementation is not recommended due to
the risk of recurrence. In contrast, there is no
need to restrict folate intake from natural dietary
sources. Further advanced studies are needed
to elucidate the mechanisms by which folic acid
influences CRC development and progression.
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Abstract

In food service systems, improper cooking processes
create substances containing significant amounts of
fine and ultra-fine particles. These substances contain
organic substances such as polycyclic aromatic
hydrocarbons and heterocyclic amines adsorbed on
their surfaces. Polycyclic aromatic hydrocarbons
consist of two or more fused aromatic rings of carbon
and hydrogen atoms. These are harmful compounds
that threaten human health due to their genotoxic
and carcinogenic properties. Personnel working in
commercial kitchens are at significant risk in terms
of exposure to polycyclic aromatic hydrocarbons
caused by high-temperature cooking methods and
smoke. Benzo[a]pyrene is often used as an important
indicator to assess the level of exposure to these
compounds. The formation of polycyclic aromatic
hydrocarbons increases especially during cooking
methods such as barbecuing, frying and grilling. This
situation increases the risk of employees experiencing
serious health problems with long-term exposure.
In order to reduce exposure, effective ventilation
systems should be established in commercial kitchens,
appropriate cooking methods should be applied,
and employees should be made aware of the risks of
polycyclic aromatic hydrocarbons by increasing the
use of personal protective equipment.
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Ozet

Yiyecek hizmetleri yapilan kurumlarda uygun ol-
mayan pisirme islemleri nemli miktarda ince ve ul-
tra ince partikiilleri iceren maddeler olusturmaktadir.
Bu maddeler, yiizeylerine adsorplanmis polisiklik
aromatik hidrokarbonlar ve heterosiklik aminler gibi
organik maddeler icermektedir. Polisiklik aromatik
hidrokarbonlar; karbon ve hidrojen atomlarinin iki ya
da daha fazla kaynasmis aromatik halkasindan olus-
maktadir. Bunlar, genotoksik ve kanserojen 6zellikleri
nedeniyle insan sagligini tehdit eden zararh bilesikle-
rdir. Ticari mutfaklarda calisan personel, yiiksek si-
caklikta pisirme yontemleri ve dumanin neden oldugu
polisiklik aromatik hidrokarbon maruziyeti a¢isindan
onemli bir risk altindadir. Bu bilesiklerin maruziyet
seviyesini degerlendirmek amaciyla Benzo[a]piren
siklikla onemli gosterge olarak kullanilmaktadir.
Ozellikle mangal, kizartma ve 1zgara gibi pisirme
yontemleri sirasinda polisiklik aromatik hidrokarbon-
larin olugsumu artmaktadir. Bu durum, ¢alisanlarin
uzun siireli maruziyetle ciddi saglik sorunlar1 yasama
riskini artirmaktadir. Maruziyeti azaltmak igin ticari
mutfaklarda etkin havalandirma sistemlerinin ku-
rulmasi, uygun pisirme yodntemlerinin uygulanmasi
ve calisanlarin kisisel koruyucu ekipman kullanimi1
arttirilarak polisiklik aromatik hidrokarbon riskleri
konusunda farkindalik kazanmalar1 saglanmalidir.

Introduction

The potential of work environments to pose
health risks is an important area of assessment.
Today, the increasing demand for food service
systems has led to a continuous increase in the
number of personnel employed in this sector.
Kitchen and dining hall environments pose
risks not only in terms of physical and chemical
hazards, but also in terms of harmful emissions
to which employees are exposed due to cooking
fumes. However, it is observed that methods
and measures aimed at protecting health are not
sufficiently implemented in many mass catering
systems (1, 2).

In addition to the physical and chemical
hazards that may occur in the kitchen and
dining hall environment, the formation of
hazardous emissions originating from cooking
fumes during the cooking process is observed.
The main components of cooking fumes are
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grouped as particulate matter, volatile organic
compounds, aromatic amines and polycyclic
aromatic hydrocarbons (PAHs) (3). PAHs are
carcinogenic compounds that have potentially
serious effects on health. Although the formation
of substances occurs in various ways, the factors
affecting the emissions originating from cooking
fumes include the cooking method, energy
source, cooking temperature, equipment used,
type of oil, additive and nutritional composition

(4).

Despite extensive research on PAHs in various
contexts, limited studies have comprehensively
addressed their formation during cooking,
the exposure routes specific to food service
environments, and the associated occupational
health outcomes among kitchen workers. The
aim of this review was to summarize and evaluate
existing research on PAHs formation during
cooking processes, exposure routes in food
service environments, and related occupational
health outcomes, while also addressing the
gap in the literature, raising awareness of
occupational exposure to cooking-related PAHs,
and highlighting potential preventive measures
to offer an original contribution and a practical

perspective to the field.

Material and Method

In this paper, a literature review was conducted
to examine occupational exposure to PAHs
originating from cooking fumes and the
associated health risks among kitchen workers.
The literature search was performed in PubMed,
Scopus, Web of Science, and Google Scholar
using the keywords (“polycyclic aromatic
hydrocarbons” or “PAHs”) and (“cooking
fumes” or “kitchen workers” or “food service” or
“restaurant staff”). Publications were included if
they focused on the measurement or discussion
of PAH exposure or its health effects, cooking,
kitchen, or food service environments, and were
written in English or Turkish.

The selected studies were reviewed to extract
information on PAH sources, exposure pathways,
and health implications, and were synthesized
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to identify common findings, highlight existing
knowledge gaps, and provide an overview of
potential preventive strategies in this field.

Cooking Fume Composition

Indoor air pollution is estimated to account
for approximately 2.7% of the global burden
of disease (5). Among indoor environments,
kitchens represent complex spaces where
cooking emissions interact with various airflows
and other indoor pollutants. Numerous studies
have identified cooking as a major source of
particulate matter generation in indoor settings
(1,2).

Cooking fumes are mixtures of gases, vapors,
and particles formed through the chemical
breakdown and evaporation of heat, oil, water,
and organic compounds during food preparation.
The smoke produced by cooking methods such
as frying, grilling, boiling, and roasting, as well as
the temperature applied during these processes,
contains diverse chemical components (2, 3). The
chemical composition of cooking emissions is
influenced by several factors, including the type
of raw ingredients, the nature of the cooking oil,
the temperature used, and the specific cooking
method employed (6).

Various studies have been conducted to measure
the particle number and size distribution of
particles generated during cooking and to
better understand their properties (4, 7). Visible
fumes produced during cooking generally
result from submicron-sized particles consisting
of oil droplets, combustion products, steam
from the water content of food, and condensed
organic pollutants.

During the cooking

process—particularly frying —significant
amounts of particulate matter (PM), including
fine and ultrafine particles, are formed. These
are classified as particulate matter with an
aerodynamic diameter of <10 um (PM10, coarse
particles), <2.5 pm (PM2.5, fine particles), and

<0.1 pm (PMO0.1, ultrafine particles, UFP) (8).

Currently, Sioutas Personal Cascade Impactor
systems are commonly used for indoor PM
measurements (9). Studies have demonstrated

that cooking is the primary source of PM in
indoor environments (10, 11). Cooking-related
combustion  processes generate ultrafine
particles that are directly released into indoor
air, representing a significant pathway for
human exposure (8, 12, 13). One study reported
that PM2.5 concentrations and particle emission
rates measured during cooking were higher than
those produced by smoking (14). Cooking fumes
contain harmful and toxic substances such as
PM10, PM2.5, UFPs, volatile organic compounds
(VOCs), and PAHs (15). Among these, PAHs
have been identified as major compounds
contributing to indoor air pollution from cooking

oil fumes (1, 16).

Polycyclic Aromatic Hydrocarbons

PAHs are organic compounds composed of
multiple fused benzene rings containing only
carbon and hydrogen atoms. Due to prolonged
anthropogenic activities, PAHs have become
globally prevalent environmental contaminants.
Their chemical characteristics -such as stable
aromatic ring structures, low water solubility,
and high thermal stability- contribute to their
environmental persistence and resistance to
degradation (17).

PAHs are highly lipophilic and are therefore
easily absorbed from the gastrointestinal tract
of mammals, accumulate in adipose tissue, and
are subsequently distributed to other organs.
Their metabolism initially involves oxidation or
hydroxylation via the mixed-function oxidase
system mediated by cytochrome P450 (CYP),
followed by conjugation to form end products
such as glucuronic acid, sulfuric acid, or tetrols
(18).

PAHs are formed through both natural and
anthropogenic processes resulting from the
incomplete combustion of organic materials.
Natural formation is typically associated
with forest fires and volcanic activity, while
anthropogenic  emissions  originate from
industrial activities, high-temperature cooking,
motor vehicle exhaust, and tobacco smoke (19).

Cooking and cooking oil fumes affect indoor
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PAH levels in two main ways: first, PAHs
volatilize from contaminated oils when exposed
to high temperatures and enter the kitchen air;
second, organic compounds partially decompose
into unstable fragments at high temperatures,
which subsequently recombine to form more
stable PAHs (9, 20).

PAHs exhibit strong mutagenic, carcinogenic,
teratogenic, and immunotoxic effects across
various organisms (17). Due to their lipophilic
nature, PAHs readily cross cell membranes
by passive diffusion after inhalation. Once
in pulmonary cells, these compounds act as
procarcinogens that do not directly damage
DNA but contribute to carcinogenesis after
metabolic activation. Their biotransformation
occurs primarily through the CYP1A1/1B1 and
epoxide hydrolase pathway, the CYP peroxidase
pathway, and the aldo-keto reductase (AKR)
pathway (21, 22).

In the atmosphere, low-molecular weight PAHs
(two or three rings) generally exist in the vapor
phase, whereas those with five or more rings are
predominantly particle-bound. Four-ring PAHs
may exist in either phase, depending on ambient
temperature. Particle-bound PAHs pose serious
risks to human health. Benzo[a]pyrene (B[a]P)
is commonly used as an indicator compound
for assessing exposure levels, as elevated B[a]
P concentrations correspond to higher overall
carcinogenic potential (21, 23). According to
one study, the health impacts attributed to
PAHs range between 51% and 64% (24). Table 1
provides the formulas and aromatic structures
of some polycyclic aromatic hydrocarbons
associated with health risks.

PAH Exposure and Health Effects in Kitchen
Workers

Human exposure to PAHs occurs through vari-
ous routes. The main sources of exposure include
inhalation of environmental elements such as
air, soil, and dust; consumption of contaminated
food or water; and dermal contact (23). For many
individuals, primary exposure takes place in the
workplace. Studies have reported that one of the
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most affected occupational groups is food indus-
try workers, who are exposed mainly through
inhalation and dermal absorption (1, 17).

Cooking processes generate large amounts
of emissions, irritants, and carcinogenic com-
pounds. Therefore, cooking methods used in
commercial kitchens can pose significant health
risks to kitchen workers, as they are a major
source of airborne toxic substances (25). The
formation of PAHs can occur during various
domestic and industrial food preparation tech-
niques, including grilling, roasting, frying, dry-
ing, and barbecuing (4). When vegetable or ani-
mal oils are overheated or reused repeatedly, the
gases released during frying have been reported
to increase and intensify PAH exposure in both
kitchen air and fried foods (21, 25).

In a study examining the effects of cooking meth-
ods on particulate formation, analysis of various
techniques—including steaming, boiling, sau-
téing, pan-frying, and deep-frying—revealed
that the highest concentration of particulate
matter measured at a distance of 20 cm from the
stove occurred during deep-frying (190 mg/m?),
whereas the lowest concentration was observed
during steaming (72 mg/m?) (26). Studies com-
paring cooking practices in different countries
have also shown that Asian-style cooking gen-
erates higher particulate matter emissions than
Western-style cooking (21, 27).

PAHs are defined as carcinogenic compounds
with multi-organ effects and are considered
among the most hazardous environmental
chemicals to human health. Due to their mu-
tagenic and carcinogenic properties, PAHs are
listed as priority environmental pollutants by
both the European Union (EU) and the United
States Environmental Protection Agency (USE-
PA) (23). The International Agency for Research
on Cancer (IARC) classifies emissions produced
during high-temperature frying as potential-
ly carcinogenic to humans (Group 2A) (8). The
carcinogenic potential of PAHs arises primarily
from the multiple benzene rings in their molec-
ular structure (28, 29). Specific PAH species such
as benzo[a]pyrene, dibenz[a,h]anthracene, ben-
zo[b]fluoranthene, and benzo[a]anthracene are
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Table 1. Formula and structure of polycyclic aromatic hydrocarbon (17)

Name Formula Structure Name Formula Structure
, - A 2 i .;\_}1:
Naphthaline Benzfrjanthracene Sy
Acenaphthylene v f Chrysene | f
Acenaphthene Pyrene .. “O

Fluorene 0.0 Benzofa]pyrene ::

9 10 O
Anthracene Oee ’ Dibenzofs,Jpyrene
NS 4P

Phenanthrene ¢! Dibenzose]pyrene OO“:

Fluoranthene ”\I)\ Dibenzo[s rjanthracene
Benzo[b]fluoranthene OO‘.O Anthanthrene
Benzofj|fluoranthene OO-QO Benzo[g |perylene @‘Q:‘]

Benzo[k]fluoranthene O e -OO Indeno[1,2,3-cd]pyrene v‘ .O‘
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recognized as carcinogenic by the USEPA and
JECFA (FAO/WHO Expert Committee on Food
Additives) (30).

PAHs tend to bioaccumulate in the soft tissues
of living organisms. Their carcinogenic effects
mainly result from their ability to interact with
DNA, initiating biological processes that may
lead to tumor formation. Structural features
or molecular modifications that increase DNA
binding are particularly associated with carcino-
genicity (21, 24).

One study calculated cancer risks according
to PAH exposure routes and reported that the
highest risk was associated with ingestion (98.1-
99.3%), followed by dermal contact (0.66-1.83%)
and inhalation (0.03-0.04%). However, the tox-
ic effects of PAHs may vary depending on age
and other health conditions. Although ingestion
accounts for the majority of PAH-related cancer
risk in the general population, this distribution
reflects combined exposure through diet, air,
and soil (29). Kitchen workers, represent a dis-
tinct occupational group that experiences chron-
ic inhalation and dermal exposure to cooking
fumes containing PAHs. According to Eurostat
data, the accommodation and food services sec-
tor employed approximately 10.9 million per-
sons, representing 6.8% of total employment
within the European Union’s business economy
in 2022 (30). In Tiirkiye, the catering industry
comprised more than 4,800 companies, provid-
ing direct employment to over 400,000 people
and indirect employment to around 1.5 million
individuals (31). Therefore, even though inha-
lation- and dermal-related risks appear small
at the population level, these routes constitute
the primary exposure pathways in occupational
kitchen environments, justifying the focus of this
review on cooking fume-related PAH exposure
among kitchen staff.
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In another study, the toxic equivalent emission
rate of benzo[a]pyrene (B[a]P) from cooking
sources (675 kg/year) was found to be signifi-
cantly higher than that from traffic sources (61.4
kg/year), suggesting that cooking may contrib-
ute more substantially to potential carcinogenic
PAH emissions (33).

In occupational exposure studies, 1-hydroxy-
pyrene, 2-hydroxyfluorene, and 3-hydroxy-
phenanthrene have been identified as suitable
biomarkers of PAH exposure (34). A compara-
tive study involving 94 male kitchen workers
and 94 controls in Northern India showed sig-
nificantly higher urinary 1-hydroxypyrene levels
among kitchen workers, indicating occupational
PAH exposure (1). Similarly, a study of 236 male
kitchen workers across twelve restaurants found
elevated airborne PAH concentrations and uri-
nary 1-hydroxypyrene levels, confirming expo-
sure to cooking oil fumes (35).

Figure 1 illustrates the exposure pathways and
health impacts of PAHs among kitchen workers.
Research indicates that biological contaminants
commonly present in indoor environments may
negatively affect respiratory health. Elevated
mortality rates from respiratory conditions—
such as asthma, emphysema, impaired lung
function, and lung cancer—have been observed
particularly among individuals employed in the
hotel and restaurant sectors (1). Inhalation expo-
sure to PAHs is generally associated with lung
cancer, while dermal contact has been linked to
non-melanoma skin cancer (21, 24, 28). A posi-
tive relationship has also been reported between
PAH exposure and respiratory diseases as well
as stomach cancer (1). Respiratory and allergic
disorders are more prevalent among workers in
food services systems (36).
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Figure 1. PAH exposure and health effects in kitchen workers (1, 4)

The presence of PAHs in commercial kitchens and the
number of workers adversely affected by them are in-
creasing each year. Factors such as enterprise size, raw
materials used, cooking methods applied, personnel
training level, indoor air quality, and the presence of
control equipment influence the degree of exposure
and health risks. Therefore, both enterprises and staff
should maintain awareness and adopt preventive

measures (37).

Recent studies on cooking fume-related exposure
to PAHs have been reviewed, and their main find-
ings are summarized in Table 2. The literature indi-
cates that PAH exposure levels vary across cooking
environments, being higher in poorly ventilated and

high-temperature settings. Several studies also report-

ed associations between PAH exposure and oxidative
stress biomarkers among kitchen workers. Overall,
the evidence emphasizes the need for improved ven-
tilation, cleaner fuels, and safer cooking practices to

reduce health risks.
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Conclusion

It is known that the work environment affects
human health both psychologically and physio-
logically. Most kitchen workers have long work-
ing hours and spend an average of 60% of their
time at their workplaces. These personnel are at
risk for PAHs exposure due to high-temperature
cooking methods and direct contact with smoke.
This situation reveals the importance of studies
to determine the relationship between cooking
smoke exposure and health risks.

In order to reduce PAHs exposure, a strong ven-
tilation system should be installed in kitchens,
high-temperature cooking techniques such as
frying, roasting and barbecuing should be lim-
ited, and alternative low-temperature methods
such as boiling and steaming should be priori-
tized. Appropriate protective equipment such
as smoke masks should be provided to employ-
ees and awareness of their use should be raised.
Employees in this sector should be regularly
informed about the health risks of PAHs and
the precautions to be taken, and cooking areas,
chimneys, hoods and equipment should be reg-
ularly cleaned and inspected. It is thought that
these approaches will help to provide a safe
working environment for kitchen personnel and
to ensure compliance with health standards.

Conflict of interest

The authors declare that they have no conflict of
interest.

Financial support
This research did not receive any specific grant

from funding agencies in the public, commercial,
or not-for-profit sectors.

Author contributions

Conceptualization: AQ; Literature search: AQ;
Formal analysis: AQ; Research: AO; Supervision:
AQ; Visualization: AQ; Writing review and ed-

iting: AQ.

References

1. Singh, A., Nair, K.C.,, Kamal, R., Bihari, V.,
Gupta, M.K,, Mudiam, M.K.R,, Satyanaraya-
na G.N.V, Raj, A, Haq, I, Shukla, N.K,
Khan, A.H., & Srivastava A.K. (2016). Assess-
ing hazardous risks of indoor airborne poly-
cyclic aromatic hydrocarbons in the kitchen
and its association with lung functions and
urinary PAH metabolites in kitchen workers.
Clinica Chimica Acta, 452, 204-13. https://doi.
org/10.1016/j.cca.2015.11.020

2. Zhang, Q., Gangupomu, R. H., Ramirez, D.,
& Zhu, Y. (2010). Measurement of ultrafine
particles and other air pollutants emitted by
cooking activities. International journal of envi-
ronmental research and public health, 7(4), 1744-
1759. https://doi.org/Z10.3390/ijerph7041744

3. Chen,C.Y, Kuo, Y.C, Wang,S.M., Wu, K. R,
Chen, Y. C,, & Tsai, P.]. (2019). Techniques for
predicting exposures to polycyclic aromatic
hydrocarbons (PAHs) emitted from cooking
processes for cooking workers. Aerosol and
Air Quality Research, 19(2), 307-317. https://
doi.org/10.4209/aaqr.2018.09.0346

4. Abdullahi, K. L., Delgado-Saborit, ]. M., &
Harrison, R. M. (2013). Emissions and indoor
concentrations of particulate matter and its
specific chemical components from cooking:
A review. Atmospheric Environment, 71,
260-294. https://doi.org/10.1016/j.
atmosenv.2013.01.061

5. Fang, G. C,, Chang, C. N, Wu, Y. S,, Fu, P.
P. C, Yang, D. G., & Chia-Chium, C. (1999).
Characterization of chemical species in PM2.
5 and PM10 aerosols in suburban and rural
sites of central Taiwan. Science of the Total
Environment, 234(1-3), 203-212. https://doi.
org/10.1016/S0048-9697(99)00276-4

6. Rose, N. L, & Ruppel, M. (2015).
Environmental archives of contaminant
contaminants:

particles. Environmental

Using mnatural archives to track sources

287


https://doi.org/10.1016/j.cca.2015.11.020
https://doi.org/10.1016/j.cca.2015.11.020
https://doi.org/10.3390/ijerph7041744
https://link.springer.com/article/10.4209/aaqr.2018.09.0346
https://link.springer.com/article/10.4209/aaqr.2018.09.0346
https://doi.org/10.1016/j.atmosenv.2013.01.061
https://doi.org/10.1016/j.atmosenv.2013.01.061
https://doi.org/10.1016/S0048-9697(99)00276-4
https://doi.org/10.1016/S0048-9697(99)00276-4

10.

11.

12.

13.

14.

288

and long-term trends of pollution, 187-221.
Available from: https://link.springer.com/
chapter/10.1007/978-94-017-9541-8_9.

Buonanno, G., Morawska, L., & Stabile,
L. J. A. E. (2009). Particle emission factors
during cooking activities. Atmospheric En-
vironment, 43(20), 3235-3242. hittps://doi.
org/10.1016/j.atmosenv.2009.03.044

International Agency for Research on Cancer
(IARC). (2010). Some non-heterocyclic poly-
cyclic aromatic hydrocarbons and some re-
lated exposures. https://publications.iarc.fr/

Navruz Varli, S. (2020). Mutfak ¢calisanlarinda
pisirme dumani kaynakli saglik risklerinin
belirlenmesi [Doktora Tezi, Gazi Universitesi].
YOK Tez Merkezi.

Dennekamp, M., Howarth, S., Dick, C. A.
J., Cherrie, J. W., Donaldson, K., & Seaton,
A. (2001). Ultrafine particles and nitrogen
oxides generated by gas and electric cook-
ing. Occupational and environmental medi-
cine, 58(8), 511-516. https://doi.org/10.1136/
oem.58.8.511

Wan, M. P., Wy, C. L., To, G. N. S., Chan,
T. C., & Chao, C. Y. (2011). Ultrafine parti-
cles, and PM2. 5 generated from cooking
in homes. Atmospheric environment, 45(34),
6141-6148. https://doi.org/10.1016/j.at-
mosenv.2011.08.036

Sioutas, C., Delfino, R. J., & Singh, M. (2005).
Exposure assessment for atmospheric ul-
trafine particles (UFPs) and implications in
epidemiologic research. Environmental health
perspectives, 113(8), 947-955. https://doi.
org/10.1289/ehp.7939

Lai, A. C. K, & Ho, Y. W. (2008). Spatial
concentration variation of cooking-emitted
particles in a residential kitchen. Building
and Environment, 43(5), 871-876. https://doi.
org/10.1016/j.buildenv.2007.01.033

Nasir, Z. A., & Colbeck, 1. (2013). Particu-
late pollution in different housing types in

15.

16.

17.

18.

19.

20.

21.

22.

a UK suburban location. Science of the To-
tal Environment, 445, 165-176. https://doi.
org/10.1016/j.scitotenv.2012.12.042

Singh, L., Varshney, ]J. G, & Agarwal, T.
(2016). Polycyclic aromatic hydrocarbons’
formation and occurrence in processed
food. Food chemistry, 199, 768-781. https://doi.
org/10.1016/j.foodchem.2015.12.074

Zhao, Y., Hu, M,, Slanina, S., & Zhang, Y.
(2007). Chemical compositions of fine par-
ticulate organic matter emitted from Chi-
nese cooking. Environmental science & tech-
nology, 41(1), 99-105. https://doi.org/10.1021/
es0614518

Patel, A. B., Shaikh, S., Jain, K. R., Desai,
C., & Madamwar, D. (2020). Polycyclic aro-
matic hydrocarbons: sources, toxicity, and
remediation approaches. Frontiers in micro-
biology, 11, 562813. https://doi.org/10.3389/
fmicb.2020.562813

Abdel-Shafy, H.I., & Mansour, M. S. (2016). A
review on polycyclic aromatic hydrocarbons:
source, environmental impact, effect on
human health and remediation. Egyptian
journal of petroleum, 25(1), 107-123. https://
doi.org/10.1016/j.ejpe.2015.03.011

Alver, E., Demirci, A., & Ozcimder, M.
(2012). Polisiklik aromatik hidrokarbonlar ve
saghga etkileri. Mehmet Akif Ersoy Universitesi
Fen Bilimleri Enstitiisii Dergisi, 3(1), 45-52.
https://dergipark.org.tr/en/pub/makufebed/
issue/19422/206555

Moret, S., & Conte, L. S. (2000). Polycyclic
aromatichydrocarbons in edible fats and oils:
occurrence and analytical methods. Journal of
chromatography A, 882(1-2), 245-253. https://
doi.org/10.1016/S0021-9673(00)00079-0

beslenme
polisiklik
aromatik hidrokarbonlara maruziyeti [Yiiksek

Demirtas, B. (2018).

calisan

Toplu

sistemlerinde personelin

Lisans Tezi, Hacettepe Universitesi]. YOK
Tez Merkezi.

Moorthy, B., Chu, C., & Carlin, D. J. (2015).
Polycyclic aromatic hydrocarbons: from


https://link.springer.com/chapter/10.1007/978-94-017-9541-8_9
https://link.springer.com/chapter/10.1007/978-94-017-9541-8_9
https://doi.org/10.1016/j.atmosenv.2009.03.044
https://doi.org/10.1016/j.atmosenv.2009.03.044
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Non-heterocyclic-Polycyclic-Aromatic-Hydrocarbons-And-Some-Related-Exposures-2010
https://doi.org/10.1136/oem.58.8.511
https://doi.org/10.1136/oem.58.8.511
https://doi.org/10.1016/j.atmosenv.2011.08.036
https://doi.org/10.1016/j.atmosenv.2011.08.036
https://doi.org/10.1289/ehp.7939
https://doi.org/10.1289/ehp.7939
https://doi.org/10.1016/j.buildenv.2007.01.033
https://doi.org/10.1016/j.buildenv.2007.01.033
https://doi.org/10.1016/j.scitotenv.2012.12.042
https://doi.org/10.1016/j.scitotenv.2012.12.042
https://doi.org/10.1016/j.foodchem.2015.12.074
https://doi.org/10.1016/j.foodchem.2015.12.074
https://doi.org/10.1021/es0614518
https://doi.org/10.1021/es0614518
https://doi.org/10.3389/fmicb.2020.562813
https://doi.org/10.3389/fmicb.2020.562813
https://doi.org/10.1016/j.ejpe.2015.03.011
https://doi.org/10.1016/j.ejpe.2015.03.011
https://dergipark.org.tr/en/pub/makufebed/issue/19422/206555
https://dergipark.org.tr/en/pub/makufebed/issue/19422/206555
https://doi.org/10.1016/S0021-9673(00)00079-0
https://doi.org/10.1016/S0021-9673(00)00079-0

Ozekinci

Journal of Food Nutrition and Gastronomy-JFENG, Volume/Cilt: 4, Issue/Say1:2, Year/Y1l: 2025

23.

24.

25.

26.

27.

28.

29.

metabolism to lung cancer. Toxicological
Sciences, 145(1), 5-15. https://doi.org/10.1093/
toxsci/kfv040

World Health Organization. (2010). Guide-
lines for indoor air quality: selected pollut-
ants. https://iris.who.int/bitstream/handle/1
0665/260127/9789289002134-eng.pdf

Ifegwu, O. C., & Anyakora, C. (2015). Poly-
cyclic aromatic hydrocarbons: part I. Expo-
sure. Advances in clinical chemistry, 72,277-304.
https://doi.org/10.1016/bs.acc.2015.08.001

Jorgensen, R. B., Strandberg, B., Sjaastad,
A. K, Johansen, A., & Svendsen, K. (2013).
Simulated restaurant cook exposure to
emissions of PAHs, mutagenic aldehydes,
and particles from frying bacon. Journal of
occupational and environmental hygiene, 10(3),
122-131. https://doi.org/10.1080/15459624.20
12.755864

See, S. W., & Balasubramanian, R. (2008).

Chemical characteristics of fine parti-
cles emitted from different gas cooking
methods. Atmospheric Environment, 42(39),
8852-8862. https://doi.org/10.1016/j.at-

mosenv.2008.09.011

Lee, S. C.,, Ho, K. E., Chan, L. Y., Zielins-
ka, B., & Chow, ]. C. (2001). Polycyclic aro-
matic hydrocarbons (PAHs) and carbonyl
compounds in urban atmosphere of Hong
Kong. Atmospheric Environment, 35(34),
5949-5960.  https://doi.org/10.1016/51352-
2310(01)00374-0

Stadler, R. H., & Lineback, D. R. (2009). Pro-
cess-induced food toxicants. Occurrance,
Formation, Mitigation and Health Risks. A John
Wiley & Sons, Incc., Publication. Hoboken, New
Jersey. DOI:10.1002/9780470430101

Zheng, H., Xing, X, Hu, T, Zhang, Y.,
Zhang, J., Zhu, G., & Qi, S. (2018). Biomass
burning contributed most to the human
cancer risk exposed to the soil-bound PAHs
from Chengdu Economic Region, western
China. Ecotoxicology and Environmental
Safety, 159, 63-70. https://doi.org/10.1016/;.

30.

31.

32.

33.

34.

35.

36.

37.

ecoenv.2018.04.065

EUROSTAT. (2022, March). Businesses In
The Accommodation and Food Services Sector.

https://ec.europa.eu/eurostat/statistics.

Kizen A. (2020). Toplu gida iiretimi yapan
isletmelerde iyi iiretim uygulamalarimin (GMP)
saglanmasi. Kizen Press.

Wenzl, T., Simon, R., Anklam, E., & Kleiner,
J. (2006). Analytical methods for polycyclic
aromatic hydrocarbons (PAHs) in food and
the environment needed for new food legis-
lation in the European Union. TrAC Trends in
Analytical Chemistry, 25(7), 716-725. https://
doi.org/10.1016/j.trac.2006.05.010

Li, C. T, Lin, Y. C, Lee, W. ], & Tsai, P. J.
(2003). Emission of polycyclic aromatic
hydrocarbons and their carcinogenic po-
tencies from cooking sources to the urban
atmosphere. Environmental health perspec-
tives, 111(4), 483-487. https://doi.org/10.1289/
ehp.5518

Lutier, S., Barbeau, D., Persoons, R., Marques,
M., & Maitre, A. (2015, September). What
are the best metabolites of gaseous poly-
cyclic aromatic hydrocarbons to perform
occupational  biomonitoring?  Toxicology
Letters, 238(2),106. https://doi.org/10.1016/j.
toxlet.2015.08.347

Ke, Y., Huang, L., Xia, J., Xu, X,, Liu, H., &
Li, Y. R. (2016). Comparative study of oxida-
tive stress biomarkers in urine of cooks ex-
posed to three types of cooking-related par-
ticles. Toxicology Lefters, 255, 36-42. https://
doi.org/10.1016/j.toxlet.2016.05.017

Kose, S., & Bilici, S. (2016). Mutfak ve yeme-
khane ¢alisanlarinda is saghig: ve giivenligi
risklerinin degerlendirilmesi. Beslenme ve
Diyet Dergisi, 44(3), 239-247. https://beslen-
mevediyetdergisi.org/index.php/bdd/arti-
cle/view/105

To, W. M,, Lau, Y. K,, & Yeung, L. L. (2007).

Emission of carcinogenic components from
commercial kitchens in Hong Kong. Indoor

289


https://doi.org/10.1093/toxsci/kfv040
https://doi.org/10.1093/toxsci/kfv040
https://iris.who.int/bitstream/handle/10665/260127/9789289002134-eng.pdf
https://iris.who.int/bitstream/handle/10665/260127/9789289002134-eng.pdf
https://doi.org/10.1016/bs.acc.2015.08.001
https://doi.org/10.1080/15459624.2012.755864
https://doi.org/10.1080/15459624.2012.755864
https://doi.org/10.1016/j.atmosenv.2008.09.011
https://doi.org/10.1016/j.atmosenv.2008.09.011
https://doi.org/10.1016/S1352-2310(01)00374-0
https://doi.org/10.1016/S1352-2310(01)00374-0
https://doi.org/10.1016/j.ecoenv.2018.04.065
https://doi.org/10.1016/j.ecoenv.2018.04.065
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Businesses_in_the_accommodation_and_food_services_sector
https://doi.org/10.1016/j.trac.2006.05.010
https://doi.org/10.1016/j.trac.2006.05.010
https://doi.org/10.1289/ehp.5518
https://doi.org/10.1289/ehp.5518
https://doi.org/10.1016/j.toxlet.2015.08.347
https://doi.org/10.1016/j.toxlet.2015.08.347
https://doi.org/10.1016/j.toxlet.2016.05.017
https://doi.org/10.1016/j.toxlet.2016.05.017
https://beslenmevediyetdergisi.org/index.php/bdd/article/view/105
https://beslenmevediyetdergisi.org/index.php/bdd/article/view/105
https://beslenmevediyetdergisi.org/index.php/bdd/article/view/105

38.

39.

40.

41.

42.

290

and built environment, 16(1), 29-38. https://
doi.org/10.1177/1420326X060745

Wu, MT,, Lin, PC,, Pan, CH. & Peng, CY.
(2019). Risk assessment of personal exposure
to polycyclic aromatic hydrocarbons and
aldehydes in three commercial cooking
workplaces. Scientific Reports, 9: 1661. https://
doi.org/10.1038/s41598-018-38082-5

Navruz-Varli, S., Bilici, S., Ari, A., Ertiirk-Ari,
P., Ilhan, M. N., & O. Gaga, E. (2022). Organic
pollutant exposure and health effects of
cooking emissions on kitchen staff in food
services. Indoor air, 32(8), €13093. https://doi.
org/10.1111/ina.13093

Akteruzzaman, M., Rahman, M. A., Rabbi,
F. M., Asharof, S., Rofi, M. M., Hasan, M.
K., Islam A.M. Khan M.A.R., Rahman,
MM. & Rahaman, M. H. (2023). The
impacts of cooking and indoor air quality
assessment in the southwestern region
of Bangladesh. Heliyon, 9(1). https://doi.
org/10.1016/j.heliyon.2023.e12852

Shamsedini, N., Dehghani, M., Samaei, M.
R., Nozari, M., Bahrany, S., Tabatabaei, Z.,
Azhdarpoor, A., Hoseini, M., Fararoei, M.
& Roosta, S. (2023). Non-carcinogenic and
cumulative risk assessment of exposure of
kitchen workers in restaurants and local
residentsin the vicinity of polycyclicaromatic
hydrocarbons. Scientific Reports, 13(1), 6649.
https://doi.org/10.1038/s41598-023-33193-0

Geng, X., & Bai, L. (2024). Characteristics
of particulate matter and polycyclic
aromatic hydrocarbon pollution
generated during kitchen cooking and
health risk assessment. Indoor and Built
Environment, 33(4), 722-740. https://doi.
org/10.1177/1420326X231219999


https://doi.org/10.1177/1420326X06074500
https://doi.org/10.1177/1420326X06074500
https://doi.org/10.1038/s41598-018-38082-5
https://doi.org/10.1038/s41598-018-38082-5
https://doi.org/10.1111/ina.13093
https://doi.org/10.1111/ina.13093
https://doi.org/10.1016/j.heliyon.2023.e12852
https://doi.org/10.1016/j.heliyon.2023.e12852
https://doi.org/10.1038/s41598-023-33193-0
https://doi.org/10.1177/1420326X231219999
https://doi.org/10.1177/1420326X231219999

	_Hlk214269367
	_Hlk214269422
	_Hlk210737967
	_Hlk210739914



