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Fritillaria fleischeriana Stearn & P.H.Davis’nin Biyolojisi ve Ekonomik Degeri

Dervis OZTURK2*!

! Eskisehir Osmangazi Universitesi Mahmudiye Atcilik MYO Bitkisel ve Hayvansal Uretim Boliimii, 26040,
Eskisehir, Tiirkiye
Sorumlu Yazar Email: dervisozturkk@gmail.com

Makale Tarihgesi Ozet: Fritillaria fleischeriana Stearn & P.H.Davis, Liliaceae familyasina ait, endemik
Gelis: 10.03.2025 ve nadir bulunan bir geofit tiiriidiir. Tiirkiye’nin 6zellikle Giiney Anadolu bélgesinde
Kabui: 21.05.2025 yayilis gosteren bu bitki, genellikle jipsli ve kalkerli topraklarda yetigmektedir.

Morfolojik olarak soganli bir yapiya sahip olan tiir 10-30 cm arasinda degisen govde
uzunluguna ve genellikle tek, nadiren iki sarkik cicege sahiptir. Cigekleri koyu

Anahtar Kelimeler kahverengi-mor renkte olup i¢ yiizeyinde sarimsi1 damarlar barindirir. Ekolojik olarak,

Fritillaria, F. fleischeriana kurak ve taslik alanlara uyum saglamis, diisiik besin icerigine sahip
L'I'ac'?_aev topraklarda yetigebilen bir bitkidir. Habitat tahribati, asir1 otlatma ve iklim degisikligi
Ekoloji, . gibi faktorler nedeniyle populasyonu tehdit altindadir. Bununla birlikte, tibbi ve siis
Ekonomi, bitkisi olarak kullanimi potansiyel ekonomik deger sunmaktadir. Ozellikle Fritillaria
Eskigehir tirlerinde bulunan alkaloidlerin tibbi énemi bilinmekte olup bu tiiriin farmakolojik

Ozellikleri arastirllmaya agiktir. Bu ¢alisma, F. fleischeriana’nin morfolojisini,
ekolojisini ve potansiyel ekonomik degerini ele alarak korunmasina yonelik 6neriler
sunmay1 amaglamaktadir.

The Biology and Economic Value of Fritillaria fleischeriana Stearn & P.H.Davis

Article Info Abstract: Fritillaria fleischeriana Stearn & P.H.Davis is a rare and endemic geophyte
Received: 10.03.2025  SPEcCies belonglr_lg to t_he Llllatieag family. Thls plant is ’mamly distributed in the
Accepted: 21.05.2025 sopthern Anatohe_in region of Tiirkiye and typically grows in gypsum and_ calcareous

T soils. Morphologically, it has a bulbous structure, with a stem length ranging from 10
to 30 cm, and usually bears a single, rarely two, pendulous flowers. The flowers are

Keywords dark brownish-purple in color with yellowish veins on the inner surface. Ecologically,
Fritillaria, F. fleischeriana is adapted to arid and rocky environments, thriving in soils with low
Liliaceae, nutrient content. However, its population is under threat due to habitat destruction,
Ecology, overgrazing, and climate change. Despite these threats, the species holds potential
Economy, economic value as a medicinal and ornamental plant. Alkaloids found in Fritillaria taxa
Eskisehir are known for their pharmacological importance, and the medicinal properties of this

species remain open to further research. This study aims to examine the morphology,
ecology, and potential economic value of F. fleischeriana, while also proposing
conservation strategies for its protection.

1.Giris

Liliaceae (Zambakgiller) familyasi, diinya genelinde yaklasik 250 cins ve 3.500 civarinda
tiir ile temsil edilen genis bir bitki grubudur (Se¢gmen ve ark., 1995). Bu familyanin tiyeleri
genellikle tropikal ve 1iliman bdlgelerde yayilis gosteren soganli ve otsu bitkilerden
olusmaktadir. Tirkiye florasinda Liliaceae familyasina ait 35 cins ve 400’den fazla tiir
bulunmaktadir (Segmen ve ark., 1995). Bu familya i¢inde yer alan Fritillaria cinsi morfolojik
cesitliligi ve ekolojik adaptasyonlar: ile dikkat ¢ekmektedir. Diinya genelinde yaklasik 170

147


https://orcid.org/0000-0001-7189-7407

(Oztiirk, 2025)

Fritillaria taksonu bulunmakta olup bunlarin 44’1 Tiirkiye'de yetismektedir (Day ve ark., 2014;
Teksen ve ark., 2010). Bu tiirler Kuzey Yarimkiire’nin 1iliman bélgelerinde yayilis gostererek
Kuzey Amerika’dan Avrupa’ya, Akdeniz Bolgesi’nden Orta Asya’ya, Cin ve Japonya’ya kadar
genis bir cografyada dogal olarak yetisirler. Tiirkiye, Fritillaria cinsinin gen merkezi olarak
kabul edilmekte ve iilkede bulunan 45 taksonun 23’ii endemik olarak rapor edilmektedir
(Teksen ve Aytag, 2011; Ozhatay ve ark., 2011; Kogyigit ve ark., 2016). Bu durum,
Tiirkiye'deki Fritillaria tiirlerinin yiiksek oranda endemizm gosterdigini ortaya koymaktadir.
Eskisehir’de F. serpenticola (Rix) Teksen ve Aytag, F. fleischeriana Steud. & Hochst. ex
Schult. & Schult.f. ve F. pinardii Boiss. olmak {izere 3 tiir yayilis gostermektedir.

F. fleischeriana Stearn & P.H.Davis, Liliaceae familyasinin nadir ve endemik tiirlerinden
biridir. Tiirkiye’nin 6zellikle Giiney Anadolu bolgesinde yayilis gosteren bu tiir genellikle jipsli
ve kalkerli topraklarda yetismektedir. Sogan/i yapisi ile morfolojik agidan dikkat ¢cekerken 10-
30 cm arasinda degisen gévde uzunluguna ve genellikle tek, nadiren iki sarkik ¢igege sahiptir.
Cicekleri koyu kahverengi-mor renkte olup i¢ yiizeyinde sarimsi damarlar barindirir (Rix,
2001). Habitat tercihi agisindan kurak ve taglik alanlara adapte olan bu bitki, diisiik besin
icerigine sahip topraklarda yetisebilir. Ancak habitat tahribati, asir1 otlatma ve iklim degisikligi
gibi faktdrler nedeniyle popiilasyonu tehdit altindadir (Teksen ve Aytag, 2011).

Ekonomik agidan degerlendirildiginde, Fritillaria tiirleri geleneksel tipta Oksiiriik,
bronsit, astim ve solunum yolu hastaliklarinin tedavisinde yaygin olarak kullanilmaktadir
(Kaneko ve ark., 1981; Farooq ve ark., 1994; Zhou ve ark., 2010). Fritillaria tiirlerinden elde
edilen alkaloidlerin farmakolojik 6nemi bilinmekte olup bu bilesiklerin tibbi kullanim
potansiyeli ¢esitli arastirmalarla desteklenmistir (Hao ve ark., 2013). Ayrica, baz1 Fritillaria
tirleri siis bitkisi olarak yetistirilmektedir ve Ozellikle peyzaj mimarhiginda
degerlendirilmektedir (Day ve ark., 2014).

Bu ¢alismada, F. fleischeriana’nin morfolojisi, ekolojisi ve potansiyel ekonomik degeri
ele alinarak korunmasina yonelik oneriler sunulmustur. Ayn1 zamanda, bu tiirlin farmakolojik
ve peyzaj acisindan kullanim potansiyeli incelenerek, biyolojik cesitliligin korunmasina
yonelik bilimsel temeller olusturulmasi hedeflenmektedir.

2. Materyal ve Yontem

Bu c¢alismada, F. fleischeriana’nin morfolojik, ekolojik ve ekonomik ozellikleri
incelenmigstir. Arastirma kapsaminda, tiiriin dogal yayilis gosterdigi habitatlardan 6rnekler K
39°48° 06", D 31° 06" 33"", 917 m Bozan, Eskisehir’de marnl alanlar1 igeren lokaliteden
toplanmistir. Aragtirma, Eskisehir’in farkli lokasyonlarinda gergeklestirilmistir. Tiirlin yayilig
caligmalart yapilmigtir. F. fleischeriana bireylerinin popiilasyon yogunlugu, bitki boyu, ¢icek
sayis1 ve ciceklenme donemi gibi morfolojik 6zellikleri kayit altina alinmistir. Toplanan bitki
ornekleri herbaryum standartlarina uygun sekilde preslenmis ve teshis edilmistir. Morfolojik
karakterlerin detayli analizi i¢in canon marka fotograf makinasi kullanilmistir. Tiirlin ekolojik
adaptasyonlari, ¢evresel faktorlerle iligkilendirilerek yorumlanmistir. Tiriin ekonomik
potansiyelini belirlemek amaciyla literatiirde yer alan etnobotanik ve farmakolojik ¢aligsmalar
incelenmigtir. Tirlin korunmasina yonelik oneriler gelistirilerek, siirdiiriilebilir kullanim
stratejileri tartisilmastir.

3. Bulgular ve Tartisma

Arazi galigmalar1 ve laboratuvar analizleri sonucunda F. fleischeriana’nin morfolojik
karakterleri detayli olarak incelenmistir. Tiir, soganl ve ¢ok yillik otsu bir bitki olup, govde
boyu 15-40 cm arasinda degismektedir. Yapraklar mizrak bi¢imli ve genellikle 3-5 adet olup
sarmal dizilimlidir. Cigekler tek ya da nadiren iki adet olup, ¢can seklinde ve koyu mor renklidir.
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Cigek periant segmentleri genellikle 3-4 c¢m uzunlugunda olup, i¢ ylizeyinde belirgin
damarlanmalar gozlemlenmistir (Sekil 1).
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Sekil 1. Fritillaria fleischeriana, A. Habitat goriintisii, B. Genel goriiniis, C. Cigek kisimlari, D.
vejetatif kisimlari, D.1. Tepal, D.2. Stamen, D.3. Filament, D.4. Sogan, D.5. Yaprak iist ylizey, D.6.

Yaprak alt yiizey

Tablo 1. Fritillaria fleischeriana tiiriiniin morfolojik karakterleri

Bitki Formu
Sogan

Govde

Yaprak Sayis1
Yaprak Dizilisi
Yaprak Sekli
Yaprak Rengi
Cicek Durumu
Cicek Rengi
Tepaller

Tepal Kenarlar
Nektaryumlar
Stamenler
Filamentler
Anterler
Ovaryum

Stil

Meyve Tipi
Tohumlar
Ciceklenme Zamani
Habitat

Rakim Arahg
Cografi Yayihs
Ekoloji

Koruma Durumu

Geofit, soganl

Yumurtamsi, 10-25 mm ¢apinda, kahverengi ve ince zar tabakali tuniklerle kapl
Dikey, 10-30 cm uzunlugunda, tiiysiiz, bazen morumsu lekeli

3-5 adet, nadiren daha fazla

Alternatif veya alt kisimda neredeyse sarmal

Seritsi-mizraksi, 4-15 cm uzunlugunda, 2-10 mm genisliginde

Yesil, bazen gri-yesil veya hafifce morumsu tonlu

Genellikle tek ¢icekli, nadiren iki ¢igekli, ¢igekler sarkik

Dis yiizii koyu kahverengi-mor, i¢ ylizii sarims1 veya yesilimsi tabanli, koyu damarli
6 adet, esit bityiikliikte, 15-30 mm uzunlugunda, yumurtamsi-mizraksi
Hafifce i¢biikey veya kivriml

Her tepalin tabaninda, belirgin, gukurlu yap1

6 adet, tepallerin yaklasik yaris1 uzunlugunda

Hafifce tiiylii veya tiiysiiz, bazen tabanda sigkin

Sar1 veya sarimsi-turuncu, polen tiretici

Ust durumlu, 3 gozlii, silindirik

Ince, 3 parcali uglu

Kapsiil, ti¢ koseli, kanatli, olgunlagtiginda agilan

Diiz veya hafifce kanatli, kahverengi

Mart-May1s

Kalkerli ve jipsli topraklar, taslik yamaclar, kayalik alanlar

800-2000 m

Tiirkiye (6zellikle Giiney Anadolu)

Kurakliga dayanikly, iyi drenajli topraklari tercih eder

Nadiren goriilen endemik bir tiir, habitat tahribati riski altinda olabilir
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Literatiir taramasi sonucunda, epidermis hiicrelerinin papillali yapida oldugu ve stoma
tipinin anomositik oldugu belirlenmistir. Polen analizleri sonucunda polenlerin monokolpat
tipte oldugu ve genellikle elipsoid morfolojide oldugu tespit edilmistir (Alan, 2008; Demirpolat
2022; Kandemir ve ark., 2022; Has ve ark., 2023; Kandemir ve ark., 2024).

F. fleischeriana , Tiirkiye’de Akdeniz ve I¢ Anadolu Bélgeleri’nde, 6zellikle 1000-2000
m rakimli, taghk ve kayalik alanlarda yayilis gostermektedir. Arazi ¢alismalar1 sirasinda
gbzlemlenen popiilasyonlar genellikle kurak iklime sahip kire¢ bakimindan zengin topraklarda
yetismektedir.

Toprak analizleri sonucunda, tiirlin yetistigi habitatlarda pH degerinin 7.4-8.1 arasinda
degistigi, organik madde igeriginin diisiik oldugu belirlenmistir. Bununla birlikte toprak
numunelerinde yiiksek kalsiyum igerigi tespit edilmis, bu durum tiiriin kirecli topraklara

adaptasyonunu destekleyen onemli bir faktor olarak degerlendirilmistir.

Iklim verileri incelendiginde, tiiriin yayilis gosterdigi bolgelerde yillik ortalama sicakligin

10-16°C arasinda degistigi, y1llik yagis miktarinin ise 400-800 mm oldugu belirlenmistir. Tiir,
yaz kurakligina dayanikli olup, genellikle ilkbahar aylarinda ¢iceklenmektedir.

Literatiir taramas1 sonucunda, Fritillaria cinsine ait birgok tiiriin geleneksel tipta 6ksiiriik,
bronsit ve solunum yolu hastaliklarinin tedavisinde kullanildig1 belirlenmistir. Ancak, F.
Fleischeriana ’ya 6zgii farmakolojik ¢alismalar oldukg¢a sinirhidir (Xio ve arkl., 2007; Tiirktas
ve ark., 2012; Wang ve arkl., 2017).

Etnobotanik miilakatlar sonucunda, tiirlin bazi yerel halk tarafindan bogaz
enfeksiyonlarini gidermek i¢in kullanildigi bilgisine ulasilmistir. Ancak bu kullanimin bilimsel
olarak dogrulanmadig1 ve farmakolojik analizlerle desteklenmesi gerektigi vurgulanmistir.

Arazi ¢alismalari sirasinda tiiriin popiilasyonlarinin oldukca sinirlt alanlarda yogunlastigi
ve diisiik birey sayisina sahip oldugu belirlenmistir. F. Fleischeriana habitat kaybi, asir1 otlatma
ve iklim degisikligi gibi tehditlerle kars1 karsiyadir.

Habitat kaybi: Tarim ve yerlesim alanlarmin genislemesi nedeniyle tiiriin baz1 yayilis
alanlarinda habitat daralmasi tespit edilmistir.

Otlatma baskisi: Ozellikle koyun ve kegi gibi otlayan hayvanlar, geng siirgiinleri
tikketerek popiilasyonlarin siirdiiriilebilirligini tehdit etmektedir.

Iklim degisikligi: Artan sicaklik ve azalan yagis miktarlari, tiiriin yasam alanlarin
olumsuz etkilemektedir.

IUCN kriterlerine gore yapilan degerlendirme sonucunda, tiirlin “Tehlike Altinda”
(Endangered, EN) kategorisine alinmasinin uygun olabilecegi diisiiniilmektedir.

Morfolojik ve ekolojik 6zellikleri dikkate alindiginda, F. Fleischeriana ’nin siis bitkisi
olarak kullanilma potansiyeline sahip oldugu belirlenmistir. Ozellikle F. imperialis ve F.
persica gibi siis bitkisi olarak yetistirilen tiirlerle benzer dekoratif 6zelliklere sahip olmasi
peyzaj uygulamalarinda degerlendirilme ihtimalini artirmaktadir. Ancak, bu tiiriin dogal
popiilasyonlarinin korunmasi gerektiginden peyzaj amacli kullanim i¢in kontrollii iiretim ve
kiiltivasyon ¢alismalarinin baglatilmasi 6nerilmektedir.

4.Sonuclar

Bu ¢aligma, Fi fleischeriana’nin morfolojik, ekolojik ve ekonomik Onemini ortaya
koyarak, tiirtin korunmasina yonelik bilimsel bir temel olusturmayr amaglamistir. Yapilan
morfolojik analizler, tiirtin Fritillaria cinsi igindeki diger tiirlerden belirgin &zelliklerle
ayrildigimi gostermektedir. Cigek yapisi, periant segmentlerinin mor renkte olmasi ve polen
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morfolojisi gibi kriterler, bu tiirlin taksonomik acidan farklilasmasini destekleyen onemli
bulgulardir.

Ekolojik analizler, tiiriin 6zellikle taglik, kurak ve kire¢li topraklara adapte oldugunu
gostermektedir. Habitat kaybi, asir1 otlatma ve iklim degisikligi gibi faktorler, tiiriin
stirdiiriilebilirligi agisindan ciddi riskler olusturmaktadir. Farmakolojik agidan literatiirde F.
fleischeriana’nin tibbi kullanimi {izerine yeterli bilgi bulunmamaktadir. Ancak, Fritillaria
tirlerinin geleneksel tipta yaygm kullanimi géz Oniine alindiginda bu tiirlin farmakolojik
potansiyelinin arastirilmasinin da gerektigi vurgulanmaktadir.

Koruma durumu agisindan, tiiriin popiilasyon biiytikliigii olduk¢a sinirlidir ve korunmasi
icin acil eylem planlarina ihtiya¢ duyulmaktadir. Ayrica peyzaj ve siis bitkisi olarak kullanim
potansiyeli degerlendirilmis ve bu kullanimin siirdiiriilebilir sekilde yapilmasi gerektigi
vurgulanmistir. Bu dogrultuda, F. fleischeriana’nin habitatlarinin koruma altina alinmasi, uzun
vadeli popiilasyon izleme caligmalarinin yapilmasi ve kontrollii kiiltivasyon yontemlerinin
gelistirilmesi Onerilmektedir. Tiiriin farmakolojik 6zellikleri {izerine biyokimyasal calismalar
yapilmali1 ve potansiyel tibbi kullanimi arastirilmalidir.

Sonug olarak, F. fleischeriana, Tiirkiye florasi agisindan 6nemli ve korunmasi gereken
nadir bir tiirdiir. Bu tiiriin biyolojik ¢esitlilik i¢indeki yeri ve ekolojik islevleri gbz Oniine
alindiginda, korunmasina yonelik bilimsel ¢aligmalarin artirilmasi biiyiik 6nem tasimaktadir.
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Keywords oxidation state is typically found in selenides, the +4 state in selenites, and the +6 state
Selenium, in selenates. Additionally, a +1 state can be observed in some sel Se enium compounds,
Oxidative Stress, such as s Se elenium chlorides. Plant-based foods contain Se primarily in its organic
Human, form, selenomethionine (SeMet), which has a bioavailability of approximately 90%.
Disease Inorganic forms such as selenate and selenite also exist in foods and are known for their

high bioavailability. The antioxidant properties of selenoproteins play a crucial role in
preventing cellular damage caused by free radicals. It is estimated that there are
approximately 30-50 selenoproteins in the human body. Of these, about 12 are believed
to be involved in processes related to viral infections, cancer, and immune function.
The primary Se -containing protein in tissues is glutathione peroxidase (Gpx), which
serves as a key biomarker for determining Se status at the cellular level. Furthermore,
Gpx plays a vital role in protecting cells from oxidative stress-induced damage.

1. Introduction

Selenium (Se) is an essential trace element involved in the regulation of reproductive and
growth functions in living organisms (Kiigiik, 2014; Zachara, 2018; Berzelius, 2020). In plant-
based foods, selen Se is predominantly present in its organic form, selenomethionine (SeMet),
which demonstrates approximately 90% bioavailability. Additionally, Se supplements often
utilize inorganic forms such as selenate and selenite, which also exhibit high bioavailability.

Se exerts its biological effects in tissues primarily through selenoproteins. These are Se -
containing enzymes and proteins that play critical roles in various physiological processes. In
animals, Se acts as a constituent of these selenoproteins, contributing to DNA synthesis,
reproductive and thyroid function, and overall metabolic regulation. Moreover, Se has a
protective role against oxidative cellular damage and infections, underscoring its significance
in immune defense and antioxidant systems (Shreenath et al., 2023).

Se deficiency in plants is closely linked to the Se content of the soil in which they grow.
Research has shown that children from families residing in areas with Se -deficient soils tend
to exhibit slower growth rates compared to those living in Se -rich regions. Furthermore, certain
types of cancer have been reported to occur more frequently in populations living in Se -poor
regions compared to those in Se -abundant areas.
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In addition to its role in plant and human development, Se deficiency has been associated
with significant physiological consequences. It can lead to severe muscle weakness and
decreased elasticity of the heart and blood vessels. Notably, Se deficiency has been confirmed
as a causative factor in the development of fetal cardiomyopathy in children (Minich, 2022).

1.1. Selenocysteine

In the scientific literature, selenocysteine (Se-Cys) is commonly abbreviated as Se-Cys.
It is structurally analogous to the amino acid cysteine, in which a Se atom replaces the sulfur
atom. Se-Cys is primarily derived from animal sources and serves as an essential component of
various selenoproteins.

Se-Cys is present as a residue within many enzymes, including Se-Cys -containing Gpx,
tetraiodothyronine 5'-deiodinases, and thioredoxin reductases. These enzymes play crucial roles
in redox regulation, thyroid hormone metabolism, and cellular antioxidant defense mechanisms.
Selenoproteins typically contain a single Se-Cys residue, which is integral to their catalytic
activity.

Containing Se-Cys residues are predominantly classified as selenoproteins, and those
involved in enzymatic reactions are referred to as selenoenzymes. Importantly, the redox
potential of Se-Cys is lower than that of cysteine, enhancing its reactivity and making it
particularly suitable for incorporation into antioxidant enzymes. This unique chemical property
renders Se-Cys especially valuable in biochemical systems that require efficient redox
regulation (Hariharan and Dharmaraj, 2020).

1.2. Selenomethionine

Selenomethionine (SeMet) is a naturally occurring Se -containing amino acid. The
biologically active L-enantiomer, L-SeMet, is considered the principal dietary form of Se. This
form is commonly found in cereal grains, Brazil nuts, pasture legumes, and soybeans. Another
significant Se compound, Se-methyl Se-Cys (along with its y-glutamyl derivative), constitutes
the main Se source in plant species belonging to the genera Brassica, Allium, and Astragalus.

In biological systems, SeMet can be nonspecifically incorporated into proteins in place
of methionine during protein synthesis. This substitution occurs due to the chemical similarity
between Se and sulfur. However, SeMet is also highly susceptible to oxidation, a characteristic
that influences its stability and metabolic processing in vivo (Hadrup and Ravn-Haren, 2020).

Additionally, Se can be considered as an element that is stored in the form of
selenomethionine (SeMet). When Se absorption in the body is impaired due to any
physiological or pathological condition, SeMet serves as a Se reservoir, supplying Se to the
organism as needed. SeMet is primarily obtained from plant-based sources (Hadrup and Ravn-
Haren, 2020; Cakina, 2022).

The scientific literature identifies approximately 30 to 50 selenoproteins, with at least 12
of them known to play critical roles in viral pathogenesis, carcinogenesis, and immune system
regulation. Among these, Gpx is recognized as the major selenoprotein present in a wide range
of tissues. Gpx incorporates Se into its structure and is frequently used as a biomarker for
evaluating Se status at the cellular level.

Gpx plays a pivotal role in protecting cells from oxidative stress by neutralizing reactive
oxygen species (ROS). Its activity is particularly important in maintaining the function of
muscle tissues, male reproductive biology, and the central nervous, endocrine, immune, and
cardiovascular systems. The antioxidant capacity of SeMet is attributed to its ability to scavenge
ROS. Moreover, both Se and methionine contribute to the synthesis and recycling of
glutathione, a key endogenous antioxidant in the body (Kiigiik, 2014; Uslu and Aktac, 2020).
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1.3. Pharmacokinetics

Following oral administration, Se is absorbed primarily in the small intestine and
subsequently transported to the liver, where it is metabolized and incorporated into
selenoproteins. From the liver, Se is distributed to peripheral tissues via the bloodstream. This
transport is facilitated through binding to specific plasma proteins, including serum albumin,
selenoprotein P (SEPP1), and glutathione peroxidase-3 (Gpx-3).

The bioavailability of Se from dietary sources is estimated to be approximately 14% of
the ingested amount, with adult daily Se intake typically ranging between 2 to 20 mg. Se levels
in the body can also be monitored through biological samples such as urine, nails, and hair.

Studies indicate that measurable increases in enzyme activity related to Se intake, such
as Gpx activity, become apparent only after 46 weeks. Se also plays a crucial role in the
activity of deiodinase enzymes, which are responsible for the activation of thyroid hormones.
Notably, over 80% of the thyroid hormone thyroxine (T4) is converted into its active form,
triiodothyronine (T3), in a Se -dependent process. In states of Se deficiency, an elevation in T4
levels accompanied by a reduction in T3 concentrations has been observed, indicating impaired
hormone activation.

Finally, Se is primarily excreted from the body via the urinary system, which plays a key
role in maintaining Se homeostasis (Kaya et al., 2013; Uslu and Aktac, 2020).

1.4. Selenium deficiency

Se deficiency has been associated with various impairments in the human immune system
(Avery and Hoffmann, 2018). During pregnancy, insufficient Se levels and reduced antioxidant
enzyme activity may lead to increased oxidative stress in maternal tissues, contributing to
adverse outcomes such as miscarriage, premature birth, preeclampsia, and intrauterine growth
restriction (Zachara, 2018).

Studies have shown that children residing in regions with Se -deficient soils exhibit
slower physical development compared to those from Se-rich areas. These children often
present with significant muscle weakness and reduced elasticity of cardiac and vascular tissues,
increasing their risk of developing fetal cardiomyopathy.

Furthermore, Se deficiency has been linked to a higher prevalence of psychological
disorders in humans. It is also associated with increased mortality rates among individuals
suffering from chronic hepatitis and acquired immunodeficiency syndrome (HIV). Research
indicates that Se deficiency contributes to a higher incidence of microbial infections and
elevates the risk of various cancers, including those of the colon, lymphatic system, lungs,
breasts, skin, prostate, liver, and stomach (Aktas and Yahyazadeh, 2022).

In addition to these effects, Se deficiency has been associated with an increased incidence
of common infections such as influenza and the common cold, as well as a heightened risk of
contracting viral agents such as the human papillomavirus and herpes simplex virus. It is also
linked to increased sensitivity to environmental chemicals and a greater predisposition to
autoimmune diseases.

The thyroid gland plays a key role in regulating essential physiological functions,
including body temperature, appetite, weight, sleep, and energy levels. Se contributes
significantly to thyroid health by protecting the membrane regions of thyroid cells where
autoantibodies tend to bind and initiate immune-mediated damage. Therefore, Se is essential
for the regulation of thyroid hormone synthesis and concentration.
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Although iodine is the primary element responsible for the prevention of thyroid gland
enlargement, Se deficiency—particularly in individuals with adequate iodine intake—can lead
to the development of thyroid gland hypertrophy and goitrous nodules.

Se deficiency is also associated with certain endemic diseases. Keshan disease (KD), a
type of cardiomyopathy, and Kashin-Beck disease, a condition affecting joint and bone health,
are both strongly linked to insufficient Se intake. Moreover, Se is vital for muscle function, and
its deficiency may result in muscle weakness and myopathy.

Finally, Se plays a role in reproductive health, and its deficiency has been reported to
contribute to infertility in both men and women (Kieliszek, 2021).

1.5. Side effects and toxicity

Chronic excessive intake of Se can result in elevated blood Se levels exceeding 100
pg/dL. Oral doses linked to lethal toxicity range between 1-100 mg Se per kilogram of body
weight. Fatal outcomes have been associated with blood Se concentrations above 300 pg/L
(normal range: ~100 pg/L) and urinary Se levels exceeding 170 pg/L (normal: 20-90 pg/L)
(Hadrup and Ravn-Haren, 2020).

The primary mechanism underlying Se toxicity involves structural alterations in proteins
due to the substitution of sulfur with Se in sulfur-containing amino acids, thereby disrupting
normal protein function (Minich, 2022). This biochemical interference can contribute to the
onset of chronic diseases, including diabetes.

Caution is advised when administering Se to individuals with chronic health conditions
such as skin cancer, hypothyroidism, or chronic kidney disease, as dose adjustments may be
necessary. Se supplementation should be discontinued approximately two weeks prior to
surgical procedures. Additionally, concurrent use of Se and vitamin E is not recommended in
individuals with allergy sensitivities due to potential adverse reactions.

Clinical manifestations of Se toxicity (selenosis) may include gastrointestinal
disturbances (abdominal pain, nausea, vomiting), dental anomalies, a characteristic garlic-like
odor on the breath, alopecia (hair loss), brittle nails, splenomegaly (enlarged spleen),
hepatotoxicity (liver deformation), fatigue, irritability, and mild neurological symptoms. More
severe signs include dizziness, muscle pain, tremors, flushing of the face, a burning sensation,
paresthesia (numbness and tingling), altered reflexes, and partial paralysis (Spiller and Pfiefer,
2007; Uslu and Aktac, 2020).

1.6. Daily selenium requirement

Se intake requirements vary by age, sex, and physiological condition. The recommended
dietary allowances are as follows:

. Children aged 1-3 years: 20 pg/day

. Children aged 4-8 years: 30 pug/day

. Children aged 9-13 years: 40 pg/day

. Individuals aged 14 and above: 55 pg/day
. Women: 60 pg/day

. Men: 75 ng/day

. Lactating women: 70 ng/day
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Although the optimal serum Se concentration is approximately 85 pg/dL, intakes
exceeding 400 pg/day may pose toxicological risks. Moreover, studies have indicated that when
serum Se levels exceed 137 ug/dL, the risk of developing type 2 diabetes may increase.

Primary dietary sources of Se include cereal grains, meat, and seafood. Specifically:
. Beef and lamb: 20-35 pg Se/100 g
. Chicken: 10-24 ug Se/100 g
. Dairy products: ~3.7 ug Se/100 mL
. Bovine kidney: up to 155.3 pg Se/100 g
. Freshwater fish: >12 pg Se/100 g
. Canned tuna: >70 pg Se/100 g

Gpx, which accounts for over 60% of total Se content in serum and plasma, is considered
the most reliable biomarker for assessing Se status in humans (Uslu and Aktag, 2020).

Se intake and serum levels vary considerably among different countries and regions,
influenced by dietary habits and soil Se content. For instance, Se supplementation programs
have been implemented in Se -deficient regions such as the Keshan area in China and certain
parts of Central Asia and Europe, including Finland. These interventions have led to significant
improvements in public health by preventing Se -related disorders. In countries like China, soil
heterogeneity results in regional variations in both dietary Se intake and serum Se
concentrations (Minich, 2022).

Table 1. Selenium use and blood levels in different regions of the world

Country Daily intake (ng) Blood/serum (pg/liter)
Russia 15-130 67-106

Germany 38-47 89-98

USA 60-160 100-350

China* 2-6990 5-7800

Japan 27-89 80-155

Canada 113-220 143

Tibet 5-15 5-47

Finland until 1984 40 69

Finland after 1984 80 109

1.7. Alternative medicine

In contemporary complementary and alternative medicine practices, Se is utilized for its
potential therapeutic effects in various conditions. One of its primary uses is in the management
of hypercholesterolemia (high cholesterol levels), where Se’s antioxidant properties may
contribute to cardiovascular health.

Another common application is in the treatment of Hashimoto’s thyroiditis (HD), an
autoimmune disorder affecting the thyroid gland. Se supplementation in patients with
Hashimoto’s disease has been shown to reduce thyroid peroxidase antibody (TPOADb) levels,
which may alleviate the progression of the disease. Furthermore, Se is used to assist in the
regulation and reduction of elevated thyroid hormone levels, particularly in cases of subclinical
hyperthyroidism or autoimmune-related thyroid dysfunction.
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These alternative uses underscore Se's emerging role in integrative medicine, especially
for patients seeking complementary approaches to chronic endocrine and metabolic disorders.

1.8. Storage

The total Se content in the human body is estimated to range between 13 and 30
milligrams. A significant portion of this Se —approximately 28% to 46%—is stored in skeletal
muscle tissue, highlighting the importance of muscle as a primary Se reservoir.

Plasma Se concentrations of 8 pg/dL or higher are considered sufficient to support
optimal protein synthesis, particularly the synthesis of selenoproteins, which are critical for
various physiological functions, including antioxidant defense and thyroid hormone
metabolism.

1.9. Vitamin E

Vitamin E is a potent antioxidant that serves as the first line of defense against the
peroxidation of membrane phospholipids. A critical contributor to this protective mechanism is
Se, specifically through its role as an integral component of the Gpx enzyme. Within the Gpx
molecule, the Se ion maintains enzymatic activity, thereby assisting in neutralizing lipid
hydroperoxides and indirectly reducing the antioxidant burden on vitamin E.

Furthermore, Se plays a supportive role in the exocrine function of the pancreas, which
is essential for proper digestion and nutrient absorption (Aktas et al., 2020). Se enhances the
absorption and metabolism of dietary fats and vitamin E, while also promoting the retention of
vitamin E within plasma lipoproteins.

By exerting its antioxidant function, particularly in sulfur-containing amino acids such as
cysteine, Se helps reduce the overall demand for vitamin E in maintaining cellular redox
balance (Akici et al., 2012).

1.10. Biochemical effects of selenium
1.10.1. Antioxidant

Oxidative stress refers to the destruction of normal cells caused by the excessive
production of ROS in damaged cells (Aktas and Sevimli, 2020). This condition arises when
reactive species such as hydroxyl radicals, metal-oxygen complexes, superoxide anions, and
hydrogen peroxide interact with metal ions, resulting in cellular damage (Aktas and Bayram,
2020). Cells in human tissues possess complex detoxification systems that neutralize these
reactive intermediates and prevent oxidative injury (Aktas and Giir, 2021). Among these
systems, Se plays a crucial role due to its incorporation into key antioxidant enzymes. Organic
Se forms, such as Se -enriched yeast, have been shown to offer superior protection against
oxidative damage compared to inorganic forms like sodium selenite (Giir and Bilgig, 2022).
Moreover, organic Se has been demonstrated to be less toxic while retaining effective
antioxidant capacity (Hosnedlova et al., 2017; Cakina, 2022).

Several Se -dependent enzymes—such as thioredoxin reductase, Gpx, and iodothyronine
deiodinase—function as intracellular antioxidants, playing a pivotal role in mitigating oxidative
damage. Consequently, Se supplementation is considered to enhance the endogenous
antioxidant defense mechanisms of the body (Wang et al., 2017).

1.11. Selenium and its relationship with diseases
1.11.1. Immunity

Elevated Se concentrations have been observed in immune-related organs such as the
lymph nodes, spleen, and liver during disease states. Supplementation with Se, in conjunction
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with standard therapeutic approaches, has been shown to enhance immune responses and
improve clinical outcomes. In Se -deficient individuals, the progression and severity of viral
infections, including influenza, tend to worsen.

Se has been reported to reduce the risk of hepatocellular carcinoma induced by hepatitis
B and C viruses. Regular dietary intake of Se -rich foods is therefore essential for sustaining a
robust and responsive immune system.

Moreover, Se exhibits a protective role against DNA damage and mutagenesis by
interacting with other antioxidants such as vitamin E. It is actively involved in modulating
inflammatory responses and mitigating oxidative stress. The enzyme Gpx, a Se -dependent
protein, protects lipid-containing organelles and cell membranes by neutralizing peroxidative
damage through its redox functions.

Together with vitamin E, Se contributes to maintaining cellular integrity by strengthening
cell membranes and neutralizing hydrogen peroxide via redox reactions involving glutathione.
This mechanism also contributes to decelerating the aging process at the cellular level. In
conditions of Se deficiency, the toxicity of redox by-products increases, resulting in significant
oxidative damage to cell membranes.

Furthermore, Se is critical for individuals living with HIV, as it facilitates the
differentiation of CD4+ T lymphocytes into T-helper 1 cells. This transformation plays a role
in reducing the incidence of opportunistic mycobacterial co-infections. Se also enhances the
cytotoxic activity of natural Killer cells, T lymphocytes, and macrophages.

In addition to its immunomodulatory properties, Se has been found to reduce the toxicity
of various harmful substances, including heavy metals (lead, cadmium, arsenic, mercury) and
environmental toxins such as paraquat herbicides (Shreenathet al., 2023).

1.11.2. Selenium-cancer relationship

Scientific literature has identified Se -containing compounds found in garlic, particularly
v-glutamyl-Se-methyl Se-Cys and Se-methyl Se-Cys, as having notable anticancer properties
(Taban etal., 2013). These compounds have demonstrated potential in inhibiting carcinogenesis
through various mechanisms, including antioxidant activity and modulation of cellular redox
balance.

Se plays a significant role in the prevention of several cancer types—most notably breast,
liver, lung, colon, and prostate cancers—due to its ability to neutralize free radicals and protect
cellular DNA from oxidative damage. Clinical studies have confirmed that a daily Se intake of
approximately 200 pg (not mg) can reduce the risk of cancer development associated with
genetic mutations and oxidative stress.

Furthermore, epidemiological data indicate that cancer incidence is higher in populations
living in regions with low soil and dietary Se levels. Adequate antioxidant intake through diet
has been shown to protect healthy cells from transformation into malignant forms.

Garlic, in particular, is a rich source of Se, as well as vitamins E and C—both of which
possess strong antioxidant capabilities. These nutrients collectively contribute to cellular
defense mechanisms against oxidative stress and DNA damage, reinforcing the importance of
a Se -rich diet in cancer prevention strategies (Vinceti et al., 2018).

1.11.3. Selenium and alzheimer’s disease

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder primarily
associated with the accumulation of amyloid-p plaques, which contribute to neurotoxicity. A
key mechanism underlying this neurotoxicity is oxidative stress, often accompanied by
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neuroinflammation. In addition, AD has been linked to disruptions in the intestinal microbiota,
suggesting a potential gut-brain axis involvement in disease progression (Ferrari, 2020).

Aging is accompanied by a physiological decline in Se levels in the human body. This
reduction in Se compromises the antioxidant defense system, contributing to structural and
functional impairments in brain tissues. As Se is preferentially utilized by the brain in
deficiency states, insufficient levels can lead to decreased turnover of neurotransmitters,
adversely affecting cognitive processes.

Se intake has been shown to alleviate lipid peroxidation-related damage at neuronal
synapses and to enhance neurotransmitter transport. These effects collectively support
improved central nervous system (CNS) function. Dietary sources rich in Se —such as Brazil
nuts and seafood—have demonstrated potential benefits in improving cognitive performance in
individuals with mild cognitive impairment.

Gpx, a Se -dependent antioxidant enzyme, plays a critical role in protecting neural tissues
by catalyzing the reduction of hydrogen peroxide and limiting lipid peroxidation. Other
selenoproteins, including thioredoxin reductase and various GPx isoforms, contribute to
cellular defense mechanisms by mitigating oxidative stress and preserving neuronal integrity.

Thus, Se supplementation and adequate dietary intake may offer neuroprotective benefits
and contribute to the maintenance of cognitive function, particularly in the aging population
(Uslu and Aktac, 2020; Shreenath et al., 2023).

1.11.4. Selenium and thyroid function

Among all tissues in the human body, the thyroid gland contains the highest concentration
of Se per gram of tissue, primarily due to its abundance of selenoproteins. The thyroid gland
plays a crucial role in regulating fundamental physiological functions, including body
temperature, metabolism, appetite, weight, energy levels, and sleep cycles.

Se is essential for the synthesis and regulation of thyroid hormones. A deficiency in Se
can disrupt thyroid function and lead to clinical conditions such as hypothyroidism,
hyperthyroidism, and thyroiditis (inflammation of the thyroid gland) (Wang et al., 2023).

Of the 35 known human selenoproteins, three are iodothyronine deiodinases that are
directly involved in thyroid hormone metabolism. These enzymes catalyze the activation and
inactivation of thyroid hormones:

1.  Type I Deiodinase (D1): Converts the inactive form of the hormone, T4, into its active
form, T3, facilitating hormonal balance.

2. Type Il Deiodinase (D2): Highly expressed in the CNS, skeletal muscle, and brown
adipose tissue, D2 plays a major role in intracellular T3 production and local thyroid hormone
activation.

3. Type Il Deiodinase (D3): Inactivates excess thyroid hormone by converting T4 and
T3 into their inactive metabolites, thus maintaining thyroid hormone homeostasis.

These Se -dependent enzymes are critical in maintaining a balanced thyroid hormone
environment and ensuring proper endocrine function. Therefore, adequate Se intake is essential
for optimal thyroid health and overall metabolic stability (Bilgic et al. 2024; Shreenath et al.
2023).

1.11.5. Hashimoto’s thyroiditis

HT, also known as autoimmune thyroiditis, is a chronic inflammatory condition of the
thyroid gland characterized by immune-mediated destruction of thyroid tissue. The disease is
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primarily marked by the presence of autoantibodies, particularly anti-thyroid peroxidase
antibodies (TPOADb) and anti-thyroglobulin antibodies (TgAb). Among individuals diagnosed
with HT, approximately 90% exhibit elevated levels of TPOAD in circulation. Although TgAb
may also be present, it is generally considered less sensitive and less specific than TPOAb for
diagnostic purposes.

As inflammation progresses, thyroid follicles are gradually destroyed and replaced by
infiltrating lymphocytes, leading to impaired hormone production and often resulting in
hypothyroidism.

Se, particularly in the form of SeMet, has been investigated for its potential therapeutic
role in patients with HT. Studies suggest that Se supplementation may help reduce TPOAD titers
and modulate the autoimmune response. Such supplementation is especially recommended for
individuals with adequate iodine intake but who are Se -deficient, as Se supports thyroid
hormone metabolism and enhances antioxidant defenses within thyroid tissue (YYang, 2009;
Bilgi¢ and Aktas, 2022).

1.11.6. Heart

Se plays a vital role in cardiovascular health, primarily due to its potent antioxidant
properties that reduce oxidative stress—a key contributor to endothelial dysfunction and
atherosclerosis. By enhancing antioxidant enzyme activity, Se helps protect myocardial tissue
and vascular structures from oxidative damage (Aktas et al., 2024).

Se also supports cardiovascular function by promoting healthy blood flow and inhibiting
platelet aggregation, thereby reducing the risk of thrombosis and related cardiovascular
complications.

Se deficiency has been consistently linked to an increased incidence of cardiovascular
diseases. One well-documented example is KD, an endemic cardiomyopathy first identified in
Se -deficient regions of China. This condition is characterized by myocardial necrosis, heart
enlargement, and, in severe cases, sudden cardiac death, particularly among children and
women of reproductive age (Bilgic et al., 2021).

Therefore, adequate Se intake is considered essential for maintaining cardiovascular
health and preventing Se -deficiency—related heart disorders (Bomer et al., 2020; Giir et al.,
2022).

1.11.7. Keshan disease

KD is a form of congestive cardiomyopathy predominantly observed in Se -deficient
regions. It is clinically characterized by symptoms such as cardiac enlargement, heart failure,
arrhythmias, electrocardiographic abnormalities, and in severe cases, cardiogenic shock. In
addition to its cardiac manifestations, KD may also result in musculoskeletal complications,
including deformities in cartilage, bones, and joints, often leading to restricted mobility due to
joint enlargement. Intermittent myalgia is also reported as a common symptom.

The disease primarily affects children and women of reproductive age and is associated
with a high morbidity rate, estimated at approximately 50%, along with significant mortality.

Research suggests that environmental and viral cofactors—such as exposure to toxic
chemicals and infection with the Coxsackie virus—may exacerbate the severity and progression
of KD. Importantly, public health interventions using Se -enriched salt have demonstrated a
significant reduction in the incidence of KD, particularly in endemic regions (Wang et al.,
2023).
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These findings underscore the essential role of Se in cardiovascular and musculoskeletal
health, and highlight its importance in preventing endemic deficiencies that can lead to severe
clinical outcomes (Bilgic et al., 2023).

1.11.8. Fertility

Se is a crucial micronutrient in male and female reproductive health. It plays a
fundamental role in testosterone biosynthesis and contributes to the formation, maturation, and
motility of spermatozoa. Testicular tissue contains relatively high concentrations of Se, which
is vital for maintaining sperm integrity and functionality, primarily through its involvement in
antioxidant defense mechanisms that protect sperm cells from oxidative damage.

In males, Se deficiency has been linked to reduced sperm count, impaired sperm motility,
and infertility. Similarly, in females, insufficient Se levels are associated with an increased risk
of miscarriage, impaired follicular development, and reduced embryo viability.

Interestingly, both deficient and excessive Se levels can negatively affect reproductive
outcomes. Elevated Se concentrations may lead to toxicity and hormonal imbalance, while
deficiency compromises sperm quality and female reproductive success. Therefore,
maintaining an optimal Se status is essential for fertility in both sexes (Giir et al., 2022;
Shreenath et al., 2023).

1.12. Rich foods containing selenium

Se is an essential trace element found naturally in a variety of foods. The Se content of
these foods can vary depending on factors such as soil Se concentration, geographic origin, and
food processing methods. According to the literature, the following foods are recognized as rich
sources of Se:

. Eggs

. Liver (particularly from beef and poultry)

. Walnuts

. Organ meats (offal)

. Dairy products

. Whole wheat flour and whole grain breads

. Fresh vegetables and fruits

. Red meats (beef, lamb)

. Sunflower seeds

. Mushrooms

. Poultry (especially chicken breast and turkey)

. Seafood, including rockfish, tuna, herring, and salmon
. Brazil nuts (noted as the richest natural source of Se)
. Onions and garlic

These foods, when included in a balanced diet, contribute significantly to meeting daily
Se requirements and supporting antioxidant, thyroid, immune, and reproductive health
(Berzelius, 2020).
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Table 2. Se concentrations in foods

Sources Se density (mg/kg) Types of Se
Brazil nuts 0.03-515 SeMet

Bread 0.01-30 SeMet/selenate
Cereals 0.02-35 SeMet/selenate
Rice 0.05-0.08 SeMet

Onions 0.02-0.05 SeMet/Sec
Garlic 0.05-1.0 SeMet/Sec
Broccoli 0.5-1.0 SeMet/selenate
Potatoes 0.12 SeMet

Lentils 0.24-0.36 SeMet/selenate
Meat and meat products

Beef 0.42-0.142 SeMet
Chicken 0.081-0.142 SeMet/Sec
Fish 0.1-5.0 SeMet/selenite/selenate
Eggs 3-25 SeMet/Sec
Lamb 0.033-0.260 SeMet

Milk and dairy products 0.01-0.03 Sec/selenite
Yeast 0.6-15 SeMet

1.12.1. Brazil nuts

Brazil nuts (Bertholletia excelsa) are widely recognized as the most Se -rich food source
known in human nutrition. It is recommended to consume 1-4 Brazil nuts per day, as this
amount is generally sufficient to meet or exceed the recommended daily Se intake.

Beyond their exceptional Se content, Brazil nuts are nutritionally dense and contain:
. Fat (60-70%)
. Protein (~17%)

. Dietary fiber
. Minerals: magnesium, zinc, phosphorus, iron, calcium, copper, potassium
. Vitamins: niacin, thiamine, vitamin B6, and various forms of tocopherol (vitamin E)

Brazil nuts also contain phenolic compounds and flavonoids in both free and bound
forms, contributing to their strong antioxidant capacity. Additionally, they are rich in
phytosterols such as squalene and tocopherol, which are known to support cardiovascular and
metabolic health.

Due to their antiproliferative and antioxidant properties, Brazil nuts may reduce the risk
of chronic diseases such as cancer and atherosclerosis, supporting their inclusion in preventive
nutrition strategies (Yang, 2009; Ferrari, 2020).

1.12.2. Fortified foods

Fortified foods are an important dietary strategy for addressing micronutrient
deficiencies, including Se. Various cereal products—such as whole wheat breads, breakfast
cereals, and pasta—are commonly enriched with Se and other essential minerals to improve
their nutritional value.

Grains naturally contain Se in variable amounts depending on the Se content of the soil
in which they are cultivated. However, in many countries with low soil Se levels, Se
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fortification of grain-based products has become a standard public health practice. These
fortified products serve as an effective Se supplement, particularly for populations at risk of
deficiency (Azirak et al., 2019).

Therefore, regular consumption of Se-enriched grains can contribute significantly to
maintaining adequate Se status and supporting overall health (Tanbek et al., 2017).

1.12.3. Garlic

Garlic (Allium sativum L.) is widely utilized both as a culinary ingredient and in
traditional medicine due to its numerous health-promoting properties. One of the primary
bioactive compounds in raw garlic is allicin, which is responsible for its characteristic pungent
taste and odor. Allicin is formed enzymatically when garlic is crushed or chopped, and it
contributes to garlic’s well-documented antimicrobial and antioxidant effects.

Garlic is also a natural source of Se, which acts synergistically with its sulfur-containing
compounds to enhance its antioxidant capacity. These compounds play a role in neutralizing
free radicals, reducing oxidative stress, and modulating inflammatory responses.

According to the scientific literature, regular consumption of Se-rich garlic may provide
protective effects against several types of cancer, including:

. Brain tumors

. Skin cancer

. Esophageal cancer

. Colorectal cancer

. Prostate cancer

. Gastric (stomach) cancer
. Thyroid cancer

These protective effects are attributed to garlic’s ability to modulate carcinogen
metabolism, promote DNA repair, and support the immune system, in addition to its Se content
(Akan, 2014; Tanbek et al., 2017).

2. Discussion

Scientific research has consistently demonstrated that Se is an essential trace element
required for the proper regulation of reproductive and growth functions in living organisms.
Beyond these fundamental roles, Se is also recognized for its pleiotropic effects, notably its
anti-inflammatory and antioxidant properties (Mikulska et al., 2022).

Despite these known benefits, neither the American nor European Thyroid or
Endocrinology Societies currently recommend Se supplementation for the treatment of HT (Iraz
etal., 2015; Filipowicz et al., 2021). However, individual clinical trials have reported promising
outcomes. For instance, a study administering 100 pg of Se daily for six months to 29 women
with newly diagnosed, untreated HT demonstrated a significant reduction in TPOAD levels.
This suggests that Se may play a protective role in delaying or preventing the progression to
hypothyroidism in such patients (Van Zuuren et al., 2014; Kryczyk-Koziot et al., 2021).
Nevertheless, further large-scale, randomized controlled trials are required to confirm the
clinical efficacy of Se supplementation in HT management.

In relation to KD —a cardiomyopathy endemic in Se -deficient regions—multiple studies
have demonstrated that Se supplementation significantly reduces disease incidence (Zhou et al.,
2018). In a notable clinical trial conducted in China, the administration of sodium selenite to
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KD patients resulted in an increase in Gpx activity and marked clinical improvement, further
supporting Se’s therapeutic potential in Se -deficiency-related conditions.

These findings collectively emphasize the crucial role of Se in human health. However,
they also highlight the need for context-specific guidelines and further scientific evidence,
particularly for its therapeutic use in autoimmune and cardiovascular diseases (Chen, 2012).

In general, Se supplementation is considered an immunostimulatory agent, enhancing
immune system functions (Huang et al., 2012). Research indicates that the prevalence of
autoimmune thyroiditis, including HT, is higher in regions with low Se levels, suggesting a
possible correlation between Se deficiency and the development of autoimmune disorders
(Wichman et al., 2016).

Moreover, Se has been shown to modulate inflammatory pathways, particularly those
associated with inflammation-related carcinogenesis. It appears to influence the molecular
mechanisms underlying chronic inflammation, thereby reducing the progression of
inflammation-driven cancers (Gao et al., 2016).

Epidemiological and clinical studies further suggest that individuals with higher Se intake
and tissue Se levels are at lower risk for developing various cancers. Additionally, Se has been
shown to exert antiproliferative effects by inhibiting the growth of cancer cells through
mechanisms that include induction of apoptosis, suppression of angiogenesis, and modulation
of cellular redox status.

These findings underscore Se’s potential role as a preventive and therapeutic agent in
immune regulation and cancer biology, while also highlighting the need for controlled clinical
trials to validate its efficacy in diverse populations (Vinceti, 2018; Li et al., 2021; Yuan et al.,
2022).

Se is a critical micronutrient for brain function, yet its effects are dose-dependent and
may be neurotoxic at excessive levels. Although the brain contains only approximately 2.3%
of the total Se found in the human body, this small amount is vital for maintaining neuronal
integrity and function.

Se deprivation can lead to irreversible damage to neuronal tissue, particularly due to
increased susceptibility to oxidative stress. This mechanism is of particular concern in the
pathogenesis of neurodegenerative diseases such as AD. Oxidative stress is a well-established
contributor to neuronal degeneration in AD and similar conditions.

Selenoproteins, which act as endogenous antioxidants, may help prevent or slow the
progression of AD by neutralizing ROS and protecting neurons from oxidative damage.
However, while Se supplementation may offer neuroprotective benefits, it must be approached
with caution.

Excessive Se intake has been associated with adverse neurological effects, including
neurotoxicity, as well as a heightened risk of developing type Il diabetes and amyotrophic
lateral sclerosis. These findings emphasize the importance of maintaining optimal Se levels, as
both deficiency and excess can negatively impact neurological and systemic health (Solovyev
etal., 2018).

There is a positive correlation between sperm count and Se concentration in seminal fluid.
Studies have shown that sperm count reaches its optimal level when seminal Se concentration
is within the range of 50 to 69 pg. Deviations from this range—whether lower or higher—have
been associated with reduced sperm motility, which consequently increases the risk of
asthenospermia, a condition characterized by impaired sperm movement (Hansen and Deguchi,
1996).
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Women, Se deficiency has also been linked to adverse pregnancy outcomes. These
include an increased risk of low birth weight, spontaneous abortion, and developmental damage
to the fetal nervous and immune systems. Furthermore, Se deficiency during pregnancy may
contribute to various maternal health risks and complications, such as gestational hypertension,
preeclampsia, and preterm birth.

These findings highlight the critical importance of maintaining adequate Se levels in both
men and women to support fertility, healthy pregnancy, and fetal development (Lima et al.,
2022; Bilgic et al., 2022).

3. Conclusion

Adequate daily intake of Se is essential for maintaining overall health, preventing various
diseases, and potentially slowing the aging process. The biological effects of Se are primarily
mediated by selenoproteins that contain the amino acid Se-Cys. Dietary Se intake is influenced
by both the amount of food consumed and the Se content of those foods, which can vary
depending on geographic and environmental factors.

Se plays a vital role in several key physiological systems, including immune function,
antioxidant defense, and thyroid hormone metabolism. According to the Turkish Nutrition
Guide, the recommended daily Se intake for both adult women and men is 70 pg.

In recent years, research on Se has expanded significantly. The identification and
characterization of numerous new selenoproteins—ranging from plants to humans—have
enhanced our understanding of Se’s roles in biological systems. These discoveries have
underscored the multifaceted importance of Se in health and disease.

Se compounds have shown promising potential in the diagnosis and treatment of cancer,
and are expected to play a critical role in cancer prevention and therapy in the near future.
Moreover, the development of new Se -based pharmaceuticals may provide effective treatment
options for various Se -related deficiencies and diseases.

In conclusion, ensuring optimal Se intake through balanced nutrition and, when
necessary, supplementation can contribute significantly to public health and medical
advancements.
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Article Info Abstract: One of the biggest problems of cancer treatment is the harmful effects of
I these drugs on the healthy tissues and organs of the organism. The aim is to determine
i(e:zilvtigj (1);82582‘2 the possible protective effects of Lutein (L) against Cisplatin (CS) toxicity in rat lungs
pted: 12.56. by biochemical tests. In our study, lutein (L) (orally, 100 mg/kg) was administered for
CS-induced lung toxicity (intraperitoneally (i.p.), 10 mg/kg). The study was completed

Keywords with a total of 28 rats from 4 groups, each consisting of 7 subjects. Control, L, CS and
Antioxidant, CS + L. Lung damage induced by CS was a dose-limiting side effect of CS and caused
Cisplatin, an increase in PCO2 level and a decrease in PO2 and SaO2 levels. In our study, a
Lutein, significant decrease in PCO2 levels and an increase in SaO2 and PO2 levels were
Lung, observed in L application (p< 0.05). In the CS + L group, there was an increase in CAT,
Rat SOD and GSH levels and a decrease in MDA levels compared to the CS group. A

significant decrease in body weight was observed in the CS-treated group compared to
the control. L supplementation in these rats caused a significant increase in body
weight, bringing this value closer to normal (p< 0.05). It is understood from the study
that L alleviates the results of oxidative stress, increases antioxidant functions and
positively supports lung functions. It also demonstrates the ability of L to prevent CS-
induced lung damage. Ultimately, L appears to be a applicable pharmacological agent
in this injury.

1. Introduction

Chemotherapy is a method used in the treatment of cancer (Aktas and Yahyazadeh, 2022).
Cisplatin (CS) is applied as an antineoplastic drug in the treatment of various tumors in cancer
patients. However, it also causes side effects on the body’s normally functioning organs. CS
affects the lungs and other tissues and organs, causing oxidative stress. Side effects include
kidney toxicity, nausea, vomiting, as well as fibrosis, interstitial inflammation, structural lung
damage (Badreldin and Al Moundhri, 2006). In patients with lung injury, CS chemotherapy
increases perioperative complications by inducing bronchitis-associated fibrosis and interstitial
inflammation (Leo et al., 2018). As a side effect of CS, the antioxidant system is negatively
affected and harmful radicals are produced that cause oxidative damage (Badary et al., 2005).
The occurrence of genotoxicity and myelosuppression limits the use of CS therapy.
Additionally, there is a significant dose-dependent increase in DNA damage. It interferes with
the synthesis of DNA, resulting in cross-linking of DNA that stimulates cell cycle progression.
As a result, it induces apoptosis of tumor-forming cells (Bakir et al., 2018). In addition, CS
reduces the scavenging of free radicals by binding to the sulfhydryl of glutathione. In addition,
the CS-sulfhydryl structure damages enzyme function and cell membranes, ultimately causing
damage to mitochondria and increased lipid peroxidation.
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It is known that cells in the organism create many mechanisms to prevent oxidative stress-
based damages. Studies aimed to eliminate the toxic effects of drugs through antioxidants
administered together with the drug (Caffrey and Frenkel, 2000; Aktas and Armagan, 2019;
Aktas and Bayram, 2020; Aktas and Sevimli, 2020; Aktas and Ozgocmen, 2020). Lutein (L)
has been used in many studies due to its antioxidant properties. They are carotenoids (do not
contain vitamin A) that cannot be synthesized in the organism and are synthesized by algae,
bacteria and plants. It reacts with free oxygen radicals formed in the body due to its hydroxyl
structure. Due to this feature, it has a strong free radical scavenging function (Ojimaet al., 1999;
Krishnaswamy et al., 2010). Additionally, L has anti-cancer and anti-inflammatory effects
(Chucair et al., 2007). L also protects against stomach lesions and gastrointestinal ulcers (Javor
et al., 1983; Mozsik et al., 2001). In general terms, its low toxicity makes it advantageous in
conventional treatment.

In the literature, it is seen that a sufficient number of antioxidant supporting substances
have been studied in order to eliminate the undesirable damages of CS in lung treatment. For
this purpose, the fact that the protection of L against the side effects of CS has not yet been
investigated makes our study unique. Therefore, in our study, the protection of L against toxic
damage caused by CS in the lung tissues of rats was investigated.

2. Material and Methods
2.1. Chemicals

Chemical L in this study was supplied by Solgar (USA). The others were purchased from
Sigma Chemical Co. (St. Louis, MO).

2.2. Animals

This research was conducted with 28 Sprague-Dawley male rats. Rats weighed (W) 210-
265 g and were 11 weeks old. Animals were taken from the Experimental Animal Research
Center of the institution where we work. The procedures were carried out according to the
protocol (Protocol 2022/056) received from the ethics committee of the same center. In the
experiment, care was taken to ensure that the humidity and temperature in the environment
were at optimal levels (55% =+ 5, 22 + 2°C, respectively). Water and feed supplements were
provided to the animals according to their average needs.

2.3. Experimental protocol
In this research, 4 groups, each containing 7 rats, were randomly created (n = 7).
1. Control group: This group was offered 1 ml of physiological saline orally daily.
2. L group: L was given to subjects daily by gavage (100 mg/kg/day) (Katyal et al., 2013).

3. CS group: CS was administered as a single dose (by i.p., 10 mg/kg) on the 4th day of the
experiment (Capasso et al., 1990).

4. L + CS group: In the experiment, L and CS were administered as in their respective groups.

The experiment was completed in 7 days. Then, anesthesia (xylazine and ketamine) and
decapitation procedures were performed on the rats. Blood and lung samples were taken for
biochemical study.

2.4. Body weight and relative lung weight

The animals were weighed on the 1st and 7th days of the study. Lung tissues were washed
with saline, dried and weight. The W of lungs/body weight ratio was determined by this formula
(Aktas and Yahyazadeh, 2022):
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Relative Organ W (%) = Organ Wx100

Body W

2.5. Arterial blood gas analysis

For blood gas analysis, 2 ml of blood was taken from the carotid artery and centrifuged
(3000 rpm, r: 15 cm) (Abbott, USA). The amount of protein in the obtained serum was
measured by the bicinchoninic acid method (Liu et al., 2015).

2.6. Biochemical analysis

Homogenization of the samples was carried out in a cold environment for 1-2 minutes at
12,000 rpm (IKA, Germany). The ideal temperature for targeted procedures is 4°C.
Homogenates were designed to be 0.5-1.0 g in size to be used in analyses. Lung tissues were
prepared for use in the analysis of glutathione (GSH), catalase (CAT), superoxide dismutase
(SOD) and malondialdehyde (MDA). Protein values were determined using the method of
Lowry et al. (1951).

MDA was evaluated using the Uchiyama and Mihara (1978) method. Therefore, the
thiobarbituric acid reaction was established at pH 3 and 95°C for 15 min. Then, pink pigment
was obtained as a result of maximum absorption and measurements at 532 nm.

GSH was assessed by the method of Ellman (1959). Chemicals were included in the
samples to cause the reaction (yellow green color). The results were obtained by
spectrophotometer with 410 nm absorbance.

SOD was measured by the method of Marklund and Marklund (1974). This process
occurred by preventing the autoxidation of pyrogallol. Enzyme activity was measured at a
wavelength of 440 nm for 180 seconds. Results were defined as U/mg Hb.

To detect CAT activity, 0.9% NaCl was mixed into 10% homogenate using phosphate
buffer. Afterwards, hydrogen peroxide hydrolysis was examined at pH 7.0. Results were
reported as nmol/mg protein measured with maximum absorbance at 240 nm (Aebi, 1984).

2.7. Statistical analysis

The analyses in this study were carried out with SPSS version 20.0. Data are expressed
as mean = SEM. Body weight analyses were performed by applying paired samples t-test to the
groups at both the beginning and end of the study. Comparing the means of more than two
sample groups was done using analysis of variance (ANOVA), and comparing the means of
two sample groups was done using t-tests. Intergroup and intragroup comparisons of parametric
values in antioxidant parameters were made with one-way ANOVA and LSD post-hoc test.
Non-parametric values were analyzed using the Kruskal-Wallis test. A p-value of < 0.05 was
considered statistically significant.

3. Results
3.1. Body and organ weights

The effects of L treatment on lung and body weight before and after CS application are
in Table 1. According to the available data, rats treated with CS alone exhibited a significant
reduction in final body weight compared with the control and L treatment group (p< 0.001). L
supplementation to CS-treated animals resulted in a significant increase in final body weight
(p< 0.001). A significant (p< 0.001) increase in lung weight was observed in CS-treated rats
compared with the control and L treatment groups. L treatment significantly corrected the
fluctuations in lung weight, in contrast to the CS-only treated group.
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Table 1. Effect of CS and L treatment on body and lung weight of rats

Group Body weight (g)

First Last Lung weight
Control 221.1+0.781 263.9+0.483 0.627+0.05
L 216.3+£0.479 264.1+0.572 0.745+0.10
Ccs 220.8+0.485 2273 +£0.589 0.959+0.04
CS+L 218.9+0.714 249.3 +£ 0.585 0.721+0.014
Statistical comparizon (Initial of study vs final of study) (p)
Control 0.002
L 0.005
(O 0.024
CS+L 0.030

Changes in the body and lung weight of experimental rats. Values are expressed as mean = SEM. The groups were compared with the paired-samples T-test at the
beginning and end of the treatment p <0.05.

3.2. Blood gas parameters in the artery

Compared to the other groups, a significant increase in arterial carbon dioxide pressure
(PCOy) level and a significant decrease in partial oxygen pressure (PO2) and arterial oxygen
saturation (SaO) levels were observed in the CS group (p< 0.05). In the CS + L group, PCO>
levels significantly decreased, PO> and SaO- levels significantly increased compared to the CS
group (p< 0.05). The results are in Table 2.

3.3. Biochemical parameters in tissue

Tissue biochemical parameter results are in Table 1. Compared with the other groups, a
significant increase in MDA level was observed in the CS group (p< 0.05). A significant
decrease in MDA level was detected in the CS + L group compared to the CS group (p< 0.05).
A significant decrease was found in GSH, SOD and CAT parameters when compared to the CS
group, L and control groups (p <0.05). Lung tissue GSH, CAT and SOD levels in the CS + L
group were significantly increased compared to the CS group (p< 0.05) (Table 1).

Table 2. Biochemical parameters and tissue oxidative stress parameters in the lung

Control L CS CS +

L

Serum biochemical biomarkers

Arterial blood gases

PCO:2 (mmHg) 3641 £1.14° 4216+ 1.11 53.58+1.08d 44.74 £ 1.12¢
PO: (mmHyg) 88.17 £ 0.42° 94.13+0.41 69.04 +0.452d 81.3+1.18¢
S5a0z (%) 91.25+1.12¢ 08.56+1.27 78.08+1.164 82.14 £ 1.54¢
Lung tissue oxidative stress biomarkers

SOD (U/g) 2.99+0.18¢ 3.22+0.13 1.88 + 0.242d 341+212
CAT (nmol H202/g) 0.61 +0.08° 0.68 £0.23 0.29+0.1224d 0.59+0.14¢
GSH (nmol/g) 0.59+0.25° 0.62+047 0.28 £ 0.262d 0.64+0.19¢
MDA (nmol/g) 0.41 +0.49° 0.51+047 0.88 +£0.742d 0.47+0.15¢

Data are mean + SEM, n = 7. CS, cisplatin; L, lutein, MDA, malondialdehyde; GSH, glutathione; SOD, superoxide dismutase; CAT, catalase. a: Significant
difference from control, b: Significant difference from L, c: Significant difference from CS, d: Significant difference from CS + L.
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4. Discussion

Chemotherapeutic drugs have been found to cause side effects in healthy organs in
addition to their therapeutic effects. A large number of chemotherapeutic drugs are widely used
in the treatment of cancer patients. CS is an important anticancer drug applied in laboratory and
clinical research. More effective drugs must be developed to cure cancer cases (lraz et al.,
2015). Although CS is effective in some tumors, it causes serious side effects in normal organs.
Therefore, CS has a strong anti-proliferative effect against tumor cells. CS also stabilizes
microtubules, blocks mitosis, and shows its functions by inducing apoptosis. All of these cases
limit the use of CS as a chemotherapeutic agent (Tutun et al., 2019; Bilgi¢ and Aktas, 2022).
The effectiveness of chemotherapeutics increases when used together with vitamins or
antioxidants. Therefore, this study demonstrated that CS treatment with L protects against CS-
induced damage in the lungs of rats (Geyikoglu et al., 2017). It was determined that there was
a significant decrease in body weight of rats treated only with CS. Additionally, in our study, a
significant increase in body weight was reported in animals in which L supplementation was
administered along with CS. In a study on this subject, Afsar et al. (2018) aimed to evaluate the
protection of Acacia hydaspica (polyphenol-rich ethyl acetate extract) against CS-induced
pulmonary toxicity. The decrease in body weight and increase in lung weight due to CS-induced
toxicity obtained here coincide with our results (Afsar et al., 2018).

Lung injury induced by CS is a dose-limiting side effect of CS and causes an increase in
PCO:2 level and a decrease in PO, and SaO: levels. In our study, blood gas analysis results show
that the PCO: level of the CS group increased, while the PO2 and SaO> levels decreased. The
fact that these results in the CS group are significantly different from the control group proves
that CS damages the alveolar-capillary membrane (ACM) and therefore affects gas exchange.
Due to the disorder in the barrier function of ACM, permeability increases significantly and the
transmembrane transport process of the substance cannot be regulated. Additionally, due to this
disorder, water and proteins leak from the capillaries of the cells into the alveolar interstitium
and alveolar space. This causes both the thickening of the ACM and the slowing down of CO>
and O diffusion (Liu et al., 2015). In our study, as a result of L application, there was a
significant decrease in PCOz level and an increase in POz and SaO: levels. In this case, it can
be said that with the effect of L, there is a significant improvement in the parameters, the
damage caused by CS is reduced, and the disorder in the barrier function of the ACM is
improved (Mitchell et al., 2011).

There is evidence from previous studies that lung damage caused by CS occurs as a result
of the formation of free radicals. Increased oxidants such as superoxide anion and hydrogen
peroxide due to mitochondrial dysfunction caused by reactive oxygen species play a role in the
pathogenesis of CS-induced lung injury. It has also been reported that antioxidant enzyme
activities decreased (Chen et al., 2020). In addition, CS reduces the excretion of glutathione
from the body by binding sulfhydryl groups (free oxygen radicals). Another situation is that
CS-sulfhydryl formation damages the enzyme function and the cell membrane. Then, it causes
mitochondrial damage as a result of lipid peroxidation (Bilgic et al. 2023). Some studies have
also reported that CS reduces lung SOD, CAT enzyme activities and GSH levels (Liu et al.,
2015). Other studies have reported that CS reduces antioxidant capacity in the lungs and
increases MDA levels, causing lipid peroxidation in lung epithelial cells.

Previous studies have identified undesirable effects of drugs used in anti-cancer treatment
on normal tissues. Therefore, many different agents with antioxidant properties have been used
to prevent these negative effects (Azirak et al., 2019). In the study, MDA levels increased with
the accumulation of CS-derived lipid peroxides, and antioxidant enzymes related to SOD, CAT
and GSH were depleted. This situation shows the role of CS-derived oxidative stress in lung
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toxicity. CS has been reported in different studies to increase MDA and decrease antioxidant
parameters (GSH, SOD and CAT) in the lung (Geyikoglu et al., 2017; Afsar et al., 2018;
Mammadov et al., 2019). In this case, it may cause a decrease in the lungs' ability to cope with
peroxides. In the study of Chen et al. (2020), it was found that MDA increased and SOD and
GSH decreased in rats administered particulate matter (Tanbek et al., 2017). As a result of L
application, it was observed that this situation approached normal values. In addition, these
results appear to be compatible with the results obtained from our study (Chen et al., 2020). On
the other hand, in our study, the application of L together with CS caused a decrease in the
MDA parameter as a result of the increase in antioxidant capacity in rats. This result
demonstrates the protection of L against CS-induced lung toxicity. In this case, it can be said
that the oxidative stress-increasing effects of CS are prevented through the antioxidant
properties of L. In this case, it is understood that L protects the lung from the toxic effects of
oxidative stress (Bilgic et al., 2016; Bilgic et al., 2021).

5. Conclusion

As a result, in the current study, It was determined that L removes harmful radicals and
activates the antioxidant system with its antioxidant effect. According to the data in the study;
It was observed that the undesirable effects of CS on lung tissues could be reduced with the
combination of CS + L. Therefore, it can be recommended to apply these two drugs together in
order to continue cancer treatment effectively and without interruption.
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at pharmacological doses, VC has been shown to alleviate oxidative stress and

inflammation, thereby contributing to the restoration of endothelial and organ function.

KGY_WO_"dS In cases of deficiency, a potentially fatal disease called scurvy can develop, which is
Antlo>§|dant, characterized by impaired collagen synthesis. This condition is effectively treated only
Rosehip, through VC supplementation. This study focuses on the antioxidant properties of VC
SQUVV)_/, and its roles in immune function, as well as its effects on common colds, sepsis, and
Vitamin C organ damage. Additionally, the health benefits of VC-rich vegetables and fruits

particularly rose hips, citrus fruits, parsley, and tomatoes are highlighted.

1. Introduction

Vitamin C (VC), also known as L-ascorbic acid or ascorbate, is a water-soluble vitamin
(Travica et al., 2017). It is synthesized from glucose in many living organisms. In mammals,
this biosynthesis occurs in the liver, while in reptiles, it takes place in the kidneys. However, in
humans, the gene responsible for encoding the enzyme L-gulono-y-lactone oxidase, which is
involved in the final step of VC biosynthesis, has lost its functionality (Kaplan and Goniil,
2010). Consequently, humans are unable to synthesize VC and must obtain it through dietary
intake. VC is absorbed in the gastrointestinal tract through a saturable transport mechanism. At
a dosage of 1 gram, the absorption rate is approximately 75%; however, bioavailability
decreases inversely at higher doses. After absorption, VC is widely distributed throughout the
body, including within intracellular compartments. The typical plasma concentration is around
1 mg/dL, with significantly higher concentrations found in platelets and leukocytes compared
to plasma. When administered at daily doses of 75 mg or more, VC saturates body tissues (Akici
et al., 2012). Excess VC is filtered through the glomeruli of the kidneys, and any amount that
exceeds the reabsorption threshold is excreted in the urine. VC is eliminated slowly, with a half-
life of approximately 16 days. This slow elimination accounts for the delayed onset of scurvy
symptoms in cases of deficiency. A portion of VC is converted to oxalic acid in the liver,
contributing to urinary oxalate levels. Additionally, VC is partially metabolized through
sulfation (Akici et al., 2012).

VC as an Antioxidant; VC is recognized as the most important antioxidant in extracellular
fluids, where it plays a critical role in protecting tissues from oxidative damage. In addition to
its extracellular activity, VC also exhibits intracellular antioxidant functions. Its antioxidant
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effect is primarily achieved through its ability to bind strongly to reactive oxygen species
(ROS)—such as hydrogen peroxide, singlet oxygen, hydroxyl radicals, and superoxide
anions—effectively neutralizing these harmful free radicals. By doing so, VC contributes to
maintaining cellular integrity and preventing oxidative stress-related cellular dysfunction
(Aktas and Armagan, 2019; Aktas al., 2020; Aktas and Bayram, 2020; Aktas and Ozgocmen,
2020; Aktas and Sevimli, 2020; Aktas and Gur, 2021).

2. Vitamin C and Immune Function

The immune system is composed of specialized organs, tissues, cells, proteins, and
signaling molecules that collectively function to protect the host from pathogens such as
bacteria, viruses, parasites, and fungi. Given the limited storage capacity of VC in the human
body, regular and sufficient dietary intake is essential to prevent hypovitaminosis (Carr and
Maggini, 2017; Aktas and Satilmis, 2025).

A daily intake of 100-200 mg of VC is considered sufficient to saturate plasma
concentrations and has been associated with a reduced risk of chronic diseases. During disease
states, VVC contributes to immune defense through several mechanisms:

. Enhancing chemotaxis and supporting lymphocyte proliferation

. Promoting bactericidal activity of leukocytes

. Exhibiting bacteriostatic effects by inhibiting bacterial replication

. Reducing lipopolysaccharide-induced lung injury in sepsis

. Preventing apoptosis of endothelial progenitor cells, thereby maintaining vascular

health and immune surveillance

In conditions of VC deficiency, natural killer cell-mediated cytotoxicity is delayed,
primarily due to suppressed cytotoxic T cell activity, which impairs effective bacterial
clearance. These findings highlight the critical role of VC in both innate and adaptive immunity,
and its importance in supporting host defense, especially during infection and inflammation
(Teng et al., 2018).

3. The Health Importance and Sources of Vitamin C

In experimental models of trauma, ischemia-reperfusion injury, and sepsis, VC
administered at pharmacological doses has been shown to restore endothelial and organ
function by alleviating oxidative stress and inflammation (Spoelstra-de Man et al., 2018). In
cases of deficiency, scurvy, a potentially fatal condition characterized by impaired collagen
synthesis and connective tissue damage, develops. Notably, scurvy can be fully reversed with
VC supplementation alone (Padayatty and Levine, 2016). VC is naturally found in a variety of
plant-based foods, including: Tomatoes, citrus fruits (oranges and lemons), green leafy
vegetables, various fruits, mMilk (in smaller amounts). However, it is important to note that
pasteurization significantly reduces the VC content in milk due to its heat sensitivity. For
example, orange and lemon juices contain approximately 0.5 mg of VC per milliliter (Kaya et
al., 2013). This study highlights the importance of VC for human health, its therapeutic effects
in various diseases, and identifies key fruits and vegetables that serve as rich dietary sources of
this essential nutrient.

4. Vitamin C and Diseases

During periods of infection and physiological stress, the concentration of VC in the body
rapidly declines due to increased metabolic demand. Supplementation under these conditions
has been shown to enhance immune system function and increase resistance to infections (Ran
etal., 2018).
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In the context of bacterial infections, VC contributes to the immune response by:

. Enhancing chemotactic activity of immune cells

. Supporting lymphocyte proliferation, which strengthens adaptive immunity

. Assisting leukocytes (especially neutrophils) in the phagocytosis and destruction of
bacteria

Furthermore, VC exhibits bacteriostatic activity by inhibiting bacterial replication, which
limits the spread and severity of infection. These effects collectively underscore the critical role
of VC in host defense, particularly during infectious disease processes (Teng et al., 2018).

4.1. Vitamin C in common cold, covid-19, and wound healing

The common cold is primarily characterized by symptoms such as nasal congestion,
fever, sore throat, cough, and fatigue. Clinical studies have shown that the incidence and
duration of colds can be reduced with VC supplementation. Specifically, the administration of
1 g/day of VC to school-aged children significantly decreased the frequency and duration of
cold episodes (Hemild, 2017). In the context of COVID-19, which can lead to acute respiratory
distress syndrome (ARDS), the disease mechanism involves free radical formation, cellular
damage, and ultimately multi-organ failure and death (Carr, 2020). In such cases, high-dose
intravenous VC has been found to exert protective effects, particularly in sepsis-induced ARDS.
It does so by:

. Strengthening the alveolar epithelial barrier

. Supporting protein channels that regulate alveolar fluid clearance, thereby improving
pulmonary function (Kakodkar et al., 2020)

For general health maintenance and chronic disease prevention, a daily dietary intake of
100200 mg of VC is recommended. Since VVC is water-soluble and has limited storage capacity
in the body, regular and adequate consumption is essential to avoid hypovitaminosis (Carr and
Maggini, 2017). VC also plays a vital role in wound healing by stimulating collagen synthesis,
an essential process in tissue repair. To accelerate healing in such cases, daily doses of 500 mg
to 1.0 g of VC are recommended (Naidu, 2003).

4.2. Obesity and the role of vitamin C

Obesity is defined as an excess accumulation of adipose tissue in the body. In adults, the
normal fat mass is approximately 15-18% in men and 20-25% in women. When this percentage
exceeds 25% in men and 35% in women, the condition is classified as obesity (Giilcan and
Ozkan, 2006). Obesity typically results from excessive energy intake combined with
insufficient energy expenditure, leading to an increase in white adipose tissue. The expansion
of white adipocytes is often accompanied by elevated oxidative stress, which plays a key role
in the development of metabolic syndrome complications (Garcia-Diaz et al., 2014). This
condition is a major risk factor for chronic diseases, including type 2 diabetes, cancer, and
cardiovascular diseases (CVDs) (Ellulu, 2017). VC, through its antioxidant properties, can
modulate several pathophysiological mechanisms associated with obesity. Its beneficial effects
include:

. Scavenging of ROS generated during free fatty acid oxidation
. Regulating nitric oxide synthesis

. Inhibiting excessive ROS production

. Enhancing the activity of antioxidant enzymes
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These mechanisms contribute to the protective effects of VC against oxidative damage,
inflammation, and metabolic disturbances commonly observed in obesity. Therefore,
maintaining sufficient VC levels may play a supportive role in obesity management and the
prevention of its associated comorbidities (Ellulu, 2017).

4.3. Cardiovascular diseases and the role of vitamin C

CVDs encompass a range of conditions, including coronary heart disease,
cerebrovascular disease, and rheumatic heart disease. It is estimated that four out of every five
CVD-related deaths are caused by heart attacks and strokes. The primary underlying
mechanism of CVD is atherosclerosis, a condition characterized by the narrowing and
hardening of arteries due to the accumulation of atheromatous plaques. These plaques can
eventually lead to partial or complete arterial blockage caused by blood clots, which restrict
blood and oxygen flow to tissues. This ischemia may result in tissue damage or organ failure.

. Major risk factors for atherosclerosis include: Aging-related arterial stiffness
. Smoking

. Hyperglycemia and hyperlipidemia

. Obesity

. Hypertension

In the development of atherosclerosis, macrophages absorb low-density lipoprotein
(LDL) cholesterol and convert it into foam cells, which contribute to vascular blockage. VC
helps prevent CVD by inhibiting LDL oxidation, thereby slowing down the formation of foam
cells (Al-Khudairy et al., 2017). Furthermore, in the early stages of atherosclerosis, monocytes
adhere to the endothelial wall, leading to thickening and reduced elasticity of the vascular
lining. VC intake has been shown to decrease monocyte adhesion, thereby helping preserve
vascular integrity (Al-Khudairy et al., 2017).

VC also contributes to cardiovascular health through additional mechanisms:

. Stimulating type IV collagen production in the vascular basement membrane
. Promoting endothelial cell proliferation

. Preserving nitric oxide (NO) bioavailability in endothelial cells

. Preventing endothelial apoptosis

. Scavenging ROS, thus reducing oxidative stress

Collectively, these effects highlight VVC 's protective role in cardiovascular health and its
potential as a supportive nutrient in the prevention and management of CVD (Al-Khudairy et
al., 2017).

4.4. Cancer and the role of vitamin C

Cancer is a complex disease characterized by uncontrolled cell proliferation, and it arises
from the interaction of both genetic predispositions and environmental influences (Ugak and
Kiziltan, 2021). In many individuals with advanced-stage cancer, VC deficiency is frequently
observed. This deficiency may be attributed to multiple factors, including:

. Inadequate dietary intake of VVC-rich foods
. Reduced gastrointestinal absorption or bioavailability
. Increased metabolic consumption of VC due to disease burden
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. Elevated oxidative stress levels in cancer-affected tissues (Chen et al., 2015)
V/C exhibits several well-documented anti-cancer mechanisms, such as:

. Protecting against DNA and molecular damage

. Modulating gene expression

. Inducing apoptosis in malignant cells via regulation of cellular signaling pathways
. Inhibiting abnormal cell proliferation and metastasis (Schlueter et al., 2011)

In addition to its direct effects on tumor biology, VC may improve the quality of life in
cancer patients. Clinical studies have reported that VC supplementation can alleviate common
symptoms associated with both cancer and chemotherapy, including: Fatigue, insomnia, loss of
appetite, nausea, pain (Carr et al., 2014). These findings underscore VC’s potential as a
complementary agent in cancer management—both in slowing disease progression and in
symptom relief, thereby improving patient well-being and treatment outcomes.

4.5. Diabetes mellitus

Diabetes mellitus is a metabolic disorder characterized by impaired insulin secretion from
the B-cells of the pancreatic islets of Langerhans and hyperglycemia resulting from decreased
sensitivity to insulin. The underlying mechanisms include defects in insulin action in peripheral
tissues, insufficient insulin secretion, or a reduced cellular response to insulin (Aktas and Gir,
2021b). Over time, chronic hyperglycemia can lead to severe complications, including damage
to blood vessels, the heart, kidneys, eyes, and nervous system (Franke et al., 2013). VC
supplementation has been shown to mitigate glucose-induced oxidative stress (glucotoxicity)
and may help preserve pancreatic B-cell function (Dakhale et al., 2011). Moreover, a diet rich
in VC-containing fruits and vegetables is considered beneficial for diabetes prevention and
overall metabolic health (Christie-David and Gunton, 2017).

4.6. Eye diseases

VC plays a vital role in maintaining the structural integrity of blood vessels and
connective tissues within the eye. Due to the high metabolic activity in ocular tissues, the eye
is particularly vulnerable to oxidative stress. VC acts as a powerful antioxidant by neutralizing
free radicals and preventing oxidative damage (McCusker et al., 2016). As a result, adequate
VC intake has been associated with a reduced risk of developing advanced cataracts, age-related
macular degeneration, and glaucoma (Raman et al., 2017).

4.7. Neurodegenerative diseases and psychiatric disorders

VC plays a crucial role in the body’s response to stress and is found in high concentrations
in the adrenal cortex. Its levels fluctuate according to adrenal activity, with stimulation by
adrenocorticotropic hormone and increased steroidogenesis leading to a reduction in VC
content (Akici et al., 2012). During periods of stress and infection, VC contributes to hormonal
regulation, supporting the body’s stress response. Oxidative stress is a significant contributing
factor to the development of cognitive impairments such as memory loss, impaired reasoning,
and decreased problem-solving ability, particularly in older adults. The brain is highly
susceptible to oxidative stress due to its high oxygen consumption and abundance of oxidation-
prone polyunsaturated fatty acids. As a potent antioxidant, VC is considered an essential
neuroprotective molecule (Tardy et al., 2020).

VC influences several components of the nervous system, including neurotransmitter
receptors, glial cells, myelin synthesis, and the processes of neuronal maturation and
differentiation (Ballaz et al., 2019). The brain’s neuroendocrine tissues contain the highest
concentrations of VC in the body. In neurological disorders—often marked by excessive free
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radical production—VC has shown therapeutic potential by modulating oxidative damage and
preserving neuronal function (Kocot et al., 2017).

Moreover, VC has been found to reduce the accumulation of amyloid-beta, enhance the
differentiation of neural stem cells into dopaminergic neurons, and protect neurons against
glutamate-induced excitotoxicity, thereby slowing the progression of neurodegenerative
conditions such as Parkinson’s disease and dementia (Ugur et al., 2020). In multiple sclerosis,
characterized by damage to the myelin sheath of neurons, VC supports collagen synthesis, a
process linked to myelination, and may thus contribute to slowing disease progression (Eldridge
et al., 1987). VC deficiency is also associated with psychological disturbances, including
depression, melancholy, and mood disorders. These effects may be related to impaired
dopamine synthesis, oxidative stress, disrupted neurotransmitter activity, and altered cortisol
regulation (De Oliveira et al., 2015).

4.8. Bone diseases

VC is essential for the development and maintenance of tissues of mesenchymal origin,
including bone, connective tissue, dentin, and cartilage. It plays a crucial role in collagen
synthesis, particularly type | collagen, which is the primary structural component of the
extracellular matrix in bone. VC also contributes to the structural integrity of capillaries by
facilitating the interconnection of endothelial cells and the formation of the pericapillary matrix.
Moreover, VC stimulates both collagen production and the differentiation of osteoblasts—the
cells responsible for bone formation. Through its antioxidant properties, VC helps to neutralize
free radicals, thereby reducing oxidative stress that contributes to bone resorption and the
progression of osteoporosis (Malmir et al., 2018). In addition to its structural and antioxidant
roles, VC is necessary for the activity of two dioxygenase enzymes involved in carnitine
biosynthesis, which is critical for energy production through mitochondrial B-oxidation.
Inadequate VC intake can impair carnitine metabolism, potentially leading to fatigue and
musculoskeletal pain due to compromised energy delivery to muscle tissue attached to bones
(Johnston, 2012).

4.9. Skin diseases

When applied topically, VC plays a protective and therapeutic role in skin health by
neutralizing ROS generated from environmental factors such as ultraviolet (UV) radiation,
cigarette smoke, and air pollution. This antioxidant activity aids in the repair of oxidative
damage and supports skin regeneration. VC is also effective in the treatment of
hyperpigmentation disorders, including melasma and sunspots. This effect is attributed to its
ability to inhibit the enzyme tyrosinase, a key regulator in the melanogenesis pathway, thereby
reducing melanin synthesis (Carita et al., 2020). In addition to its anti-pigmentation properties,
VC contributes to skin resilience by stimulating collagen synthesis, which improves skin
elasticity and reduces the appearance of photoaging (Pullar et al., 2017). VC deficiency can
lead to delayed wound healing, which is associated with impaired collagen production. It also
results in epidermal thickening and subcutaneous hemorrhage due to weakened connective
tissue structure (Ellinger et al., 2009). Prolonged exposure of the skin to UV radiation leads to
inflammation, pigmentation changes, structural degradation, and, in severe cases, the
development of skin cancer. VC provides a protective barrier against such damage, making it
an essential nutrient for maintaining skin integrity and preventing photoinduced dermal
disorders (Blume-Peytavi et al., 2016).

4.10. Reproductive system diseases

The testes are particularly sensitive to fluctuations in VC levels. Adequate VC intake has
been shown to significantly enhance male reproductive health by improving sperm quality.
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Specifically, increased VVC levels contribute to greater sperm viability, enhanced motility, and
a higher total count of mature sperm. In contrast, VC deficiency is associated with increased
sperm abnormalities and agglutination (stickiness), which can impair fertility. These findings
highlight the importance of VC as an antioxidant that protects spermatozoa from oxidative
stress and supports overall reproductive function (Millar, 1992).

4.11. Scurvy

Scurvy is a clinical condition resulting from a prolonged deficiency of VC in the diet. The
primary pathological mechanism is impaired collagen synthesis and accelerated degradation of
tissues of mesenchymal origin. This leads to increased capillary fragility, resulting in
ecchymosis, petechiae, intra-tissue hemorrhages, and delayed wound healing. Clinically,
scurvy manifests with symptoms such as gingival inflammation and bleeding, loosening and
loss of teeth, perifollicular hyperkeratosis of the skin, impaired bone calcification, epiphyseal
swelling, periosteal hemorrhages, and an increased susceptibility to bone fractures. In children,
VC deficiency may also cause growth retardation, increased bone resorption, and bleeding into
muscles and joints. Additionally, macrocytic anemia may occur due to impaired iron absorption
and metabolism. If left untreated, scurvy can progress to severe complications including
convulsions, coma, and death. Lobular pneumonia is the most frequently encountered
complication, and the primary cause of death is often secondary bronchopneumonia. The
minimum daily requirement of VC to prevent the onset of scurvy is approximately 10 mg (Carr
and Maggini, 2017).

4.12. Anemia

Anemia is a common manifestation of VC deficiency. In conditions such as scurvy,
increased excretion of oxidized folate derivatives contributes to folate deficiency, while
capillary fragility leads to recurrent microhemorrhages and hemolysis, further exacerbating the
anemic state. VC plays a key role in hematopoiesis through its involvement in the reduction of
dietary folic acid to its active form, tetrahydrofolic acid. Additionally, it enhances the
absorption of non-heme iron by reducing ferric iron (Fe**) to the more bioavailable ferrous form
(Fe?*) in the acidic environment of the stomach. Through these mechanisms, VC facilitates the
uptake of both folic acid and non-heme iron into the bloodstream, thereby helping to prevent
and correct anemia associated with its deficiency (Tardy et al., 2020; Ugur et al., 2020).

Table 1. Recommended vitamin C to be taken daily.

Men women stages Required daily intake (mg)
0/6 months 40 mg
Children 7/12 months 50 mg
Children 1/3 years old 15 mg
Children 4/8 years old 25 mg
Children 9/13 years old 45 mg
14/18 years old women 65 mg

14 - 18 years old men 75 mg
Women 19 years and over 75 mg

Men 19 years and over 90 mg
Pregnant women 80/85 mg
Pacifiers 115/120 mg

(Onganer et al., 2020)
5. Foods Containing Vitamin C
5.1. Dietary sources and stability of vitamin C

VC is most abundant in a variety of fruits and vegetables, particularly citrus fruits such
as orange, grapefruit, and lemon. It is also richly present in green leafy vegetables including
lettuce, spinach, and parsley, as well as in tomatoes, rose hips, green peppers, cabbage, broccoli,
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strawberries, grapes, melons, blackberries, bananas, watermelons, and new (young) potatoes.
For example, freshly squeezed orange juice contains approximately 0.5 mg of VC per milliliter.
However, packaged orange nectars are typically diluted and contain significantly lower
concentrations of VC.

The stability of VC is influenced by several environmental and processing factors:
. Acidic environments enhance the stability and preservation of VC.

. Exposure to heat, oxygen, and light, as well as chopping or long storage of fresh plant-
based foods, leads to significant degradation of VVC content.

. Interestingly, canned vegetables, when properly processed and stored, retain a substantial
portion of their original VC content (Akici et al., 2012).

Examples of VC -rich fruits include: Black currant, orange, kiwi, papaya, strawberry,
lemon, pineapple, grapefruit, mango, pea.

VC -rich vegetables include: Tomato, green and red bell pepper, cauliflower, broccoli,
brussels sprouts, parsley (Anonymous, 2021a). These foods are essential components of a VC-
rich diet and contribute significantly to maintaining antioxidant defenses and overall health.

Table 2. Average amount of vitamin C in foods (Onganer et al., 2020).

Foods Amount of VC in foods (mg)
1 (piece) medium-sized Kiwi 70 mg
1 large slice of melon 59 mg
1/2 cup cooked brussels sprouts 48 mg
1 medium sized orange 90 mg
1 glass of orange juice 97 mg
1 glass of tomato juice 33 mg
1/2 serving red pepper, raw 95 mg
1 serving of cooked broccoli 74 mg
1/2 serving of strawberries 49 mg
1/2 serving of green pepper 60 mg
1/2 serving of red cabbage 40 mg

5.2. Rosehip (Rosa spp.) and its nutritional properties

Rosehip is the fruit of plants belonging to the Rosa genus, within the Rosaceae family. It
has long been utilized for both nutritional and medicinal purposes due to its rich content of
bioactive compounds. Rosehip exhibits potent antioxidant and antimicrobial properties. These
biological activities are primarily attributed to its high levels of: Polyphenols, vitamin C,
Vitamin E, Vitamin B complex.

In addition to its antioxidant capacity, rosehip also demonstrates anti-inflammatory, anti-
diabetic, and anticancer effects (Marmol et al., 2017). Its fruit is a notable source of lycopene
and a significant concentration of VVC, which contributes to its therapeutic potential. Rosehip
products, such as marmalade or nectar, are particularly valuable from a nutritional standpoint.
They are capable of meeting the entire daily VC requirement, while also supplying a substantial
portion of the daily needs for various minerals and other vitamins. Therefore, rosehip can be
considered a functional food with broad applications in health promotion and disease
prevention (Oz et al., 2018; Aktas et al., 2024).

5.3. Citrus fruits: nutritional composition and health benefits

Citrus fruits, members of the Rutaceae family, are cultivated extensively in tropical and
subtropical regions. Among them, the sweet orange (Citrus sinensis) represents approximately
70% of total global citrus production and consumption. Other widely cultivated and consumed
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citrus varieties include: Tangerine (Citrus reticulata), grapefruit (Citrus vitis), lime (Citrus
aurantifolia), lemon (Citruslimonum) (Sharma et al., 2017). Citrus fruits are particularly noted
for their high VC content, which constitutes about 51% of their total vitamin composition. In
addition to VC, citrus fruits are rich in carotenoids, such as: B-cryptoxanthin (68% of total
carotenoids), zeaxanthin (43%). Citrus fruits and their juices are excellent sources of bioactive
compounds, including: Flavonoids, carotenoids, limonoids, coumarin-related compounds,
folates, essential oils, pectins.

Among citrus juices, VC is the key contributor to their antioxidant capacity. Antioxidant
contribution rates of VC in various citrus juices are as follows: Grapefruit juice: 8.60%, orange
juice: 8.16%, lemon juice: 6.15%.

These findings emphasize the nutritional and therapeutic value of citrus fruits, not only
as a major source of VC but also as carriers of a wide range of bioactive compounds with
antioxidant, anti-inflammatory, and immune-supporting properties (Marti et al., 2009).

5.4. Parsley (Petroselinum crispum)

Parsley is a vascular green plant species belonging to the Apiaceae family. Its fruit
contains a flavonoid glycoside known as apiin, as well as a volatile essential oil. The root of
parsley also contains essential oil, apiin, and mucilage, contributing to its traditional medicinal
uses (Anonymous, 2021b). Due to its rich antioxidant content, parsley exhibits tumor-
preventive properties. Additionally, it has been used to relieve symptoms of: Indigestion,
gallstones, constipation, kidney Stones, edema.

However, because parsley has the potential to stimulate uterine contractions and increase
bleeding, its consumption should be limited during pregnancy due to the risk of miscarriage
(Anonymous, 2021b).

5.5. Tomato (Solanum lycopersicum)

Tomato is a member of the Solanaceae (nightshade) family and is widely recognized for
its nutritional density and health-promoting properties (Anonymous, 2021c). Tomatoes are rich
in VC, lycopene, beta-carotene, and various polyphenolic compounds that contribute to their
antioxidant and anti-inflammatory effects. Reported health benefits include:

. Strengthening the immune system
. Reducing asthma symptoms
. Acting as a hematopoietic (blood builder) agent

. Lowering LDL ("bad™) cholesterol

. Protecting against cardiovascular diseases

. Preventing certain cancers

. Reducing the risk of cataract development

. Improving oral health by preventing tooth decay and tartar accumulation
. Providing a cooling and thirst-quenching effect

Given their broad spectrum of bioactive components, tomatoes serve as a functional food
in the prevention and management of various chronic diseases (Anonymous, 2021d).

6. Discussion

Numerous studies have demonstrated the protective and therapeutic effects of VC in a
range of diseases, particularly infections and metabolic disorders. In a notable study conducted
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at a boarding school, VC supplementation was associated with a 45-91% reduction in the
incidence of the common cold and an 80-100% reduction in pneumonia cases (Hemild, 2004).
During respiratory tract infections, plasma leukocyte levels and urinary VC concentrations
decrease, suggesting increased metabolic utilization. This decline is believed to stimulate the
activity of VC-dependent phagocytes, thereby neutralizing oxidative damage caused by
infection (Hemild, 2003).

In another clinical study involving 50 patients with moderate to severe COVID-19, the
administration of 10 to 20 g/day intravenous VC over 8-10 hours resulted in significant clinical
improvement, suggesting its potential as a supportive therapy in viral pneumonia and ARDS)
(Cheng, 2020). Beyond its immune-modulating properties, VC has been studied for its role in
obesity and metabolic regulation. In an experimental study on obese rats, VC administration
led to increased levels of:

e  Glutathione in brown adipose tissue
o Superoxide dismutase activity in liver cells
o Catalase enzyme activity in blood cells

These results suggest that VC may protect against obesity by enhancing antioxidant
enzyme activity, thereby reducing oxidative stress associated with adipose tissue expansion
(Drehmer et al., 2019). Furthermore, in guinea pigs, VC supplementation resulted in body
weight reduction, while in rats, direct injection of VVC into adipose tissue significantly decreased
the number of adipocytes. Supporting these findings, a long-term observational study reported
that diets rich in VC prevented weight gain and abdominal fat accumulation in obese individuals
over a three-year follow-up period (Garcia-Diaz, 2014). Taken together, these findings
highlight the multifaceted benefits of VC in both infectious and metabolic diseases, reinforcing
its value as a therapeutic and preventive agent in clinical nutrition and public health.

The cardiovascular benefits of VC have been well-documented in both clinical and
observational studies. For instance, Sadeghpour et al. (2015) administered a 2 g bolus of VC to
290 patients following cardiac surgery and observed a significant reduction in the length of
hospital stay, highlighting VC’s role in postoperative recovery. Similarly, another study found
that individuals who consumed 400 mg/day of VC experienced a 25% lower incidence of
coronary heart disease compared to non-supplement users. These findings suggest that
cardioprotective effects of VC become more pronounced with intakes exceeding 400 mg/day
(Schlueter and Johnston, 2011). Further evidence supports that even moderate daily intake of
100 mg of VC can lead to a reduction in cardiovascular mortality (Naidu, 2003). These results
underscore the preventive potential of VC in managing cardiovascular disease risk.

VC has also been linked to gastrointestinal and cancer prevention mechanisms. Correa
(1992) reported that VC concentrations in gastric juice were significantly higher than in plasma,
and that VC inhibited the formation of mutagenic N-nitroso compounds, which are known
contributors to gastric carcinogenesis. Epidemiological studies have further associated high
dietary VC intake with a reduced risk of cancers in various organs, including the: Oral cavity,
esophagus, colon, lung (Paoletti, 1998).

Moreover, Naidu (2003) reported that a daily intake of 100 mg of VC significantly
lowered cancer-related mortality, affirming the potential of VC as an adjunctive nutrient in
cancer prevention and patient survival. Collectively, these findings provide robust support for
the therapeutic and preventive value of VC across multiple disease domains, particularly in
cardiovascular health and oncological outcomes.
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Emerging evidence from both animal and clinical studies supports the role of VC in
glucose metabolism and diabetes management. In an experimental model, oral VC
supplementation improved insulin sensitivity in hyperglycemic ob/ob mice, although no change
in body weight was observed (Garcia-Diaz, 2014). Complementary findings in humans suggest
that high-dose VC supplementation—beginning with 1 g/day for 4 weeks, followed by a week
off, and then 3 g/day for another 4 weeks—contributed to improved glycemic control in diabetic
patients (Park and Lee, 2003).

Further epidemiological evidence by Zhou et al. (2016) indicated that individuals with
VC intake exceeding 140 mg/day had a reduced risk (<5%) of developing diabetes, likely due
to the amelioration of insulin resistance. These findings support the view that VC
supplementation may play an adjunctive role in the prevention and management of type 2
diabetes. VC also exhibits significant benefits in ocular health, particularly in preventing age-
related eye diseases. According to Robertson et al. (1989), a daily intake exceeding 300 mg of
VC reduced the risk of cataract formation by 70%. Supporting this, Jacques et al. (1991)
reported that individuals consuming more than 490 mg of VVC per day had a 75% lower risk of
developing cataracts compared to those consuming less than 125 mg/day.

In the context of age-related macular degeneration (AMD), Aoki et al. (2016) found a
significant association between higher VC intake and reduced AMD risk, suggesting a
protective effect of VC on retinal health and visual function. Together, these findings reinforce
the broad therapeutic potential of VC, not only in metabolic diseases such as diabetes, but also
in the prevention of degenerative ocular conditions, underlining its value in long-term dietary
strategies and preventive medicine. Beyond its known antioxidant and metabolic effects, VC
also plays a crucial role in neurological protection and bone health. In an experimental study
conducted on rats exposed to neurotoxic substances, VC administration significantly improved
memory impairments and reversed neuropathological and neurodegenerative changes. These
neuroprotective effects are attributed to VC's capacity to neutralize superoxide radicals, thereby
mitigating oxidative neuronal damage (Olajide et al., 2017). VC has also been implicated in
bone metabolism and osteoporosis prevention. Epidemiological data indicate that VC
deficiency is associated with reduced bone formation, leading to an increased risk of
osteoporosis and bone fractures (Aghajanian et al., 2015). In a long-term prospective cohort
study with a 17-year follow-up, Sahni et al. (2009) found that individuals with higher dietary
intake of VC experienced significantly fewer hip fractures and non-vertebral osteoporotic
fractures compared to those with lower intake.

These findings highlight the multifunctional role of VC, not only in supporting immune,
metabolic, and cardiovascular health, but also in protecting neural function and maintaining
skeletal integrity, particularly in aging populations. VC also exhibits dermatological and
protective cellular effects through its potent antioxidant properties. For instance, Darr et al.
(1992) demonstrated that VVC reduces oxidative damage induced by UV radiation, highlighting
its photoprotective capacity. In skin-related metabolic disorders such as Porphyria Cutanea
Tarda, VC has been shown to reduce hepatic accumulation of urinary porphyrins, support
keratinocyte differentiation, and maintain skin barrier integrity. These effects extend to
inflammatory skin diseases, including atopic dermatitis, where VC contributes to skin
protection and regeneration (Wang et al., 2018).

Sar1 Kiligaslan et al. (2009) evaluated the effects of VC on diabetic dermal complications,
including dermal thickening, elastic fiber aggregation, and fibroblast degeneration. VC
treatment was found to significantly ameliorate these pathological changes, with outcomes
approaching those observed in healthy control groups. VC’s protective role also extends to the
reproductive system. In a study conducted by Artiran et al. (2017), VC was found to alleviate
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testicular damage induced by gentamicin administration in rats. Gentamicin caused extensive
degeneration in spermatogenic cells, thickening of the basal lamina, tubular atrophy, interstitial
expansion, and vascular congestion. VC treatment significantly mitigated these
histopathological effects, supporting its use as a protective agent against drug-induced
reproductive toxicity. These findings collectively emphasize the broad cytoprotective roles of
VC, ranging from skin health and detoxification to reproductive tissue preservation, and
strengthen its position as a versatile therapeutic micronutrient in various systemic conditions.

Citrus fruit consumption remains one of the most effective preventive strategies against
scurvy, a disease resulting from prolonged VC deficiency (Granger and Eck, 2018). Oral
supplementation with 100-300 mg/day of VC has been shown to replenish serum VC levels
and restore tissue stores. Clinical manifestations such as gingival lesions begin to resolve within
2 to 4 days of initiating VC therapy, with complete healing typically achieved within 2 to 3
weeks (Popovich et al., 2009). In the context of physical exertion and athletic performance,
Kogyigit et al. (2011) found that iron (Fe*") losses through sweat increased with exercise
intensity. This loss was significantly minimized when VC intake exceeded the standard daily
requirement, supporting its role in iron absorption and conservation, particularly in physically
active populations.

7. Conclusion

VC plays a fundamental role in the structural and physiological functions of the human
body. Through its diverse mechanisms—most notably its antioxidant, anti-inflammatory,
immune-modulating, and tissue-protective effects— VC contributes to the prevention and
treatment of various acute and chronic conditions. The requirement for VC may increase under
certain conditions, including: Environmental pollution, smoking, pregnancy and lactation,
infections, chronic diseases.

Given these factors, healthcare professionals are increasingly advocating for targeted VC
supplementation as a preventive and therapeutic strategy. When administered appropriately,
VC supports immune competence, helps combat oxidative stress, and contributes to the
maintenance of systemic health. Future research and public health policies should further
address optimal dosing strategies, bioavailability, and clinical outcomes associated with VVC to
ensure its effective use in preventive medicine and therapeutic interventions.
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Abstract: Mushrooms are an important nutritional source due to their richness in
proteins, carbohydrates, fatty acids, vitamins, and minerals. They offer numerous health
benefits, including blood pressure regulation, antitumor activity, immune system
enhancement, cholesterol control, antioxidant properties, and the regulation of heart
rhythm. However, cases resulting in severe bodily harm and even death have been
reported due to the consumption of wild mushrooms by individuals lacking expertise
in mushroom identification and relying on hearsay or inaccurate information. Even low
doses of certain mushroom toxins can lead to poisoning. Given that the levels of
compounds such as muscimol, alpha-amanitin, and various metals vary depending on
the mushroom species and their growing environment, this study was conducted. Used
for centuries as poisons, medicines, and food, mushrooms are now recognized as an
indispensable source of protein. In addition to mushroom toxins, heavy metals present
in mushrooms can damage various organs, lead to more severe health outcomes, and
accelerate death. In this study, a quantitative analysis of different toxins and the metal
content in various mushroom species was carried out. For this purpose, both edible and
toxic mushroom species were analyzed, including Agaricus bisporus (J.E. Lange)
Imbach, commonly consumed as a cultivated mushroom, and the toxic species Amanita
phalloides (Vaill. Ex Fr.) Link, Amanita pantherina (DC.) Krombh., and Amanita
muscaria (L.) Lam., collected from the provinces of Rize, Trabzon, and Diizce. The
toxins alpha-amanitin in Amanita phalloides and muscimol in Amanita pantherina and
Amanita muscaria were analyzed using High-Performance Liquid Chromatography
(HPLC).The concentrations of elements Ag (ng/kg), Al (ug/kg), As (ng/kg), Ba (ng/kg),
Ca (ug/kg), Cd (ng/kg), Co (ng/kg), Cr (ng/kg), Cu (ng/kg), Fe (ng/kg), K (ng/kg), Mg
(ng/kg), Mn (ng/kg), Mo (ng/kg), Na (ug/kg), Ni (ng/kg), P (ug/kg), Pb (ng/kg), Sb
(ng/kg), Sn (ng/kg), Sr (ng/kg), Ti (ng/kg), V (ng/kg), and Zn (ng/kg) in mushrooms
were measured using Inductively Coupled Plasma Mass Spectrometry (ICP-MS), while
Hg (ung/kg) was analyzed using graphite furnace Atomic Absorption Spectroscopy
(AAS). Additionally, the elemental composition C, N, H, S, and O in terms of
percentage was determined using an elemental analyzer. The binding forms of the
metals were identified using X-ray Diffraction (XRD).

1. Introduction

Mushrooms, which have been used by humans as poisons, medicines, and nutritional
substances, constitute one of the most important groups in the kingdom of living organisms. As
they do not contain chloroplasts, they are not classified as plants; likewise, due to their lack of
mobility, they are not considered animals. Instead, fungi are defined as a distinct kingdom
separate from both plants and animals. Fungi are fundamentally divided into two groups:
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microfungi and macrofungi. Macrofungi are further categorized into those that grow naturally
in the wild and those that are cultivated. Wild-growing mushrooms are classified as either edible
or poisonous. Poisonous mushrooms contain various toxic compounds such as ibotenic acid,
muscimol, alpha-amanitin, beta-amanitin, gamma-amanitin, muscarine, and coprine, depending
on the species. These toxins exert harmful effects on the nervous, respiratory, excretory, and
gastrointestinal systems, varying by type. The latency period of these poisons also differs
according to the species of the mushroom and the specific toxin involved. While the latency
period can be as short as fifteen minutes in some species, it may extend up to one or two months
in others. The amount of mushroom consumed and the individual's physiological resistance also
play a critical role during the latency phase.

2. Materials and Methods

Among the mushroom species consumed as food, wild edible mushrooms are particularly
rich in taste and aroma. Nevertheless, cultivated mushrooms are consumed more widely than
wild mushrooms due to their scientific production processes, which ensure their non-toxic
nature. Numerous studies have been conducted especially in East Asian countries on
macrofungi used both as food and medicine, and the number of such studies continues to
increase. Research on the medicinal properties of macrofungi encompasses a wide range of
topics, including blood pressure regulation, antitumor activity, immune system enhancement,
antimicrobial effects, cholesterol control, antibiotic properties, antioxidant activity, regulation
of heart rhythm, antiulcer effects, influence on lipid metabolism, antidiabetic properties, anti-
HIV activity, anti-obesity effects, protective functions on the liver and kidneys, antiviral effects,
anti-aging properties, treatment of sexual hypofunction, and their impact on hematopoiesis
(Erol, 2020).

The digestibility of mushroom protein ranges between 72% and 83%. In addition to
essential amino acids required for human nutrition, mushrooms also contain all other amino
acids. Although the fat content in mushrooms is very low, they include all types of fatty acids,
including essential ones. Mushrooms are also an excellent source of folic acid, and diets
containing mushrooms are used in the treatment of anemia caused by folic acid deficiency.
Fresh mushrooms consist of approximately 92% water, while the remaining 8% is composed
of protein, fat, carbohydrates, vitamins, calcium, phosphorus, potassium, iron, copper, fiber,
and ash (Wang, 2023). Due to their significant mineral content, mushrooms may have beneficial
effects for individuals with mineral deficiencies. Additionally, mushrooms are a source of
thiamine (B1), riboflavin (B2), pantothenic acid (B5), nicotinic acid (B3, niacin), biotin (B7),
ascorbic acid (C), and vitamin D (Assemie, 2022).

The macroelements found in the human body include calcium, phosphorus, potassium,
sulfur, chlorine, sodium, and magnesium. Microelements consist of iron, manganese, cobalt,
copper, zinc, molybdenum, vanadium, chromium, tin, fluorine, silicon, selenium, and iodine.
Compared to microelements, macroelements are present in the body at higher concentrations.
Among the trace elements found in living organisms, iron, manganese, cobalt, copper, zinc,
molybdenum, vanadium, chromium, and tin are metals, whereas fluorine, silicon, selenium, and
iodine are non-metals. Although these elements exist in relatively small amounts, they play
crucial biological roles. Many of them are components of enzymes and are essential for vital
physiological processes. Any imbalance either an increase or decrease in the levels of these
elements in the human body can lead to serious health issues. Heavy metals exhibit increasing
toxic effects on living organisms depending on their concentrations. In particular, cadmium
(Cd), hexavalent chromium (Cr®"), mercury (Hg), and lead (Pb) are not essential for biological
systems and can exert toxic effects even at trace levels. The term "heavy metal™ is used for
metals with a density greater than 5 g-cm™. This group includes over sixty metals such as
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cadmium, chromium, lead, copper, iron, nickel, cobalt, mercury, molybdenum, tin, and zinc
(Mood et al., 2021).

2.1. Researched fungi and the syndromes they cause amanita muscaria

The cap of Amanita muscaria ranges from 5 to 20 cm in diameter. Initially white in color,
it develops red pigmentation as the partial veil disintegrates, leaving white remnants of the veil
on the red surface. When young, the mushroom has a conical shape; as it matures, it becomes
hemispherical, and in full maturity, it flattens. The cap surface is smooth and hairless, and its
color can vary from red to orange. In immature specimens, the cap margin is inwardly curved,
gradually flattening as the mushroom matures. The stipe (stem) ranges from 6 to 20 cm in length
and is approximately 1 to 1.5 cm in diameter. Amanita muscaria is a gilled mushroom. The gills
are initially white and transition to brownish hues with maturity. After the partial veil ruptures,
a remnant known as the annulus remains on the upper part of the stipe. The spores are colorless,
transparent, and measure approximately 9-11 um in length and 6-9 um in width. Amanita
muscaria typically grows individually or in groups under both deciduous and evergreen trees,
particularly pines and birches. It is especially fond of acidic soils. Fruiting bodies appear in late
summer and autumn (Vendramin, 2014). In Tirkiye, this species has been recorded in the
Mediterranean region, the Eastern Black Sea part of the Black Sea region, and around Balikesir,
Bursa, Bolu, Diizce, and Istanbul. Red, Yellow Amanita muscaria, Amanita pantherina and
Amanita phalloides are given in Figure 1.

-

Figure 1. Red, Yellow Amanita muscaria, Amanita pantherina and Amanita phalloides

2.2. Amanita pantherina

The cap diameter ranges between 5-10 cm. When young, the cap is hemispherical in
shape; as it matures, it becomes convex and eventually flattens. In later stages of maturity, it
may become depressed. The surface is shiny and sticky when moist, but turns matte when dry.
It is light brown in color. Similar to Amanita muscaria, it bears white remnants of the partial
veil on the cap. As the partial veil ruptures, an annulus, as seen in Amanita pantherina, forms
on the upper part of the stipe. This species is lamellate, and the gills are white in color. The
stipe is cylindrical, measuring 5-12 cm in height and 1-2 cm in width. When young, the stipe
has a spongy texture, but it becomes grooved with age. The spores are colorless and elliptical,
measuring 9-12 micrometers in length and 7-8 micrometers in width. Their walls are smooth.
It is found singly or in groups under coniferous or deciduous trees during the summer and
autumn months (Satora, 2006). This species has been observed in the Black Sea region, the
Mediterranean region, and in the Bolu and Kaz Mountains.

Pantherina Syndrome is caused by Amanita muscaria and Amanita pantherina, with a
latency period ranging from 30 minutes to 3 hours. This syndrome manifests with symptoms
such as speech impairment, gastrointestinal cramps, visual and auditory disturbances,
hallucinations, abdominal pain, vomiting, diarrhea, and deep sleep. As it belongs to the first
group of mushroom poisoning classifications, fatal outcomes are rare in pantherina syndrome.
However, death may occur in sensitive individuals, particularly children (Yardan et al., 2010).
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Additionally, pantherina syndrome primarily affects the central nervous system. The toxic
compounds responsible for this syndrome are ibotenic acid and muscimol. Given in Figure 2.
Ibotenic acid (a-amino-3-hydroxy-5-isoxazoleacetic acid) undergoes decarboxylation to form
muscimol (3-hydroxy-5-amino methylisoxazole). In the treatment of Pantherina syndrome, the
specific antidote physostigmine is used. Additionally, symptomatic and supportive therapies
are administered as auxiliary treatments.

KO-\ 0 5
I\ ) wamanitin: R - OH, R’ - NH,
HO. 0 D\ i HN/ N o fiamanitin: R' - ON, R% - O
5 HQN/\(\ N [ Lk ¥ amaninamide: R'-H, - N,
. 'J< i O W Lo W amanin: R'-H, R”-OH
HN \ Jn'.!d " B § WA
—K CH A, N 0z
07 N~N, .
OH o) ™
RY ! 9
ibotenic acid muscimol T upamantti

Figure 2. Molecular structure of Ibotenic acid, Muscimol and Chemical structure of o/f-amanitin and
structure—activity relationships of natural and synthetic amatoxins with indole modifications

2.3. Amanita phalloides

The cap of Amanita phalloides (commonly known as the “death cap”) measures 5-10 cm
in diameter and has a yellowish to pale cream surface with a slightly rough texture. The stipe
(stem) is cylindrical, 5-10 cm in length, 1-1.5 cm in width, and thicker at the base. As the
mushroom matures, the central part of the stipe becomes hollow, resembling a tunnel. Like
other Amanita species, it features an annulus. It is a gilled mushroom; the gills are white when
young and gradually turn yellowish with age. The spores are colorless, elliptical, and have
smooth walls, measuring 8-10 um in length and 7-8.5 pm in width. Amanita phalloides
typically grows under oak, beech, pine, and hornbeam trees, and is found during the summer
and autumn months. In Tiirkiye, it has been recorded in regions such as Adana, Ordu, and
Istanbul. Amanita phalloides is one of the most well-known toxic mushrooms and causes life-
threatening illness due to liver and kidney failure.

Phalloides Syndrome The latency period in Phalloides syndrome is approximately one
day. On the day the mushroom is consumed, no symptoms are observed. On the second day,
poisoning symptoms emerge in the form of abdominal pain and diarrhea. These symptoms
appear to subside by the third day, creating a deceptive sense of recovery. However, laboratory
findings indicate severe liver damage. On the fourth day, gastrointestinal bleeding may occur;
by the fifth day, neurological deterioration and the onset of coma are observed. Symptoms
progress to kidney failure by the sixth day, and in most cases, result in death by the seventh
day. Phalloides syndrome is classified into four degrees based on the severity of poisoning:
First-degree poisoning involves the onset of gastrointestinal symptoms following the latent
period, but no damage to the liver or kidneys is observed. Second-degree poisoning is
characterized by moderate coagulopathy in the blood, with an increased white blood cell count,
and gastrointestinal symptoms are also present. Third-degree poisoning results in severe liver
damage, accompanied by elevated white blood cell count, while bilirubin levels remain
unchanged. Fourth-degree poisoning shows increases in both white blood cell and bilirubin
levels, accompanied by kidney failure and respiratory complications. The risk to life varies
according to the degree of poisoning. First- and second-degree cases carry a low risk of fatality,
whereas third-degree cases require more cautious management. In fourth-degree poisonings,
due to kidney failure and respiratory distress, the chances of survival are significantly reduced.

196



(Ozdemir and Soylu, 2025)

The toxic agents responsible for Phalloides syndrome are amatoxins (Butera, 2004). Amatoxins
are classified into various types based on their radical side groups. The most common type is
a-amanitin, which inhibits RNA polymerase 11, thereby halting protein synthesis and leading to
cell death. The molecular formula of a-amanitin is CssHs4014S. The molecular structure of a-
amanitin and the general structures of amanitin compounds are presented in Figure 2. The
mushroom species used in this study are listed in Table 1.

Table 1. Mushrooms Used in the Experiment

Mushroom species Collection area

Amanita phalloides Diizce-Glimiisova Yesilyayla
Amanita pantherina Diizce-Golyaka Camlibel plateau
Amanita muscaria/Trabzon Trabzon-Akgaabat Isabel plateau
Amanita muscaria/Rize Rize-Ayder Konifer plateau
Amanita muscaria/Diizce Diizce

Agaricus bisporus (Culture) Bought from the market

The ICP-MS instrument, the AAS system with graphite furnace, and the HPLC device
were used in the experiment. Technical specifications of the instruments are given in Table 2,
Table 3, and Table 4.

Table 2. Specifications and operating conditions of the ICP-MS device

Carrier gas Argon

Flow rate 1.2 L/min.

Power 1350 W

Sampling depth 6,7 mm

Spraying chamber Double chamber, quartz

Spraying temperature 20C

Internal standards 6Li, 45Sc, 72Ge, 89Y, 115In, 159Th, 209Bi

Table 3. Features and operating conditions of the AAS device

System used Graphite furnace

Lamp used c-EDL Hg lamp

Matrix used Pd, Mg(NOz)2

Carrier gas Argon

Detector 5973 N

Temperature program 130°C-150°C for cleaning purposes 1150°C-2450°C output
Cleaning solution 0.2% nitric acid

Current 185 mA

Wavelength 253,77 A

Table 4. HPLC device specifications and operating conditions

Column Agilent Zorbax eclipse XDB-CB 4,6+ 150mm 5pm column
Eluent 65% water, 10% methanol, 25% acetonitrile mixture
Eluent flow rate 0,5 mL/min

Intracolumn pressure 33 bar

3. Results and Discussions

The mushrooms, which were first left to dry at room temperature in open air for five days
and then ground into powder using a glass mortar, were further dried in an oven at 50 °C for
one hour and subsequently weighed. For metal determination, acid mixtures were added to each
sample, followed by microwave-assisted digestion. To analyze the elemental composition of
the mushroom samples using ICP-MS, six different digestion methods were tested by varying
the types of acids and the ratios of the same acids. The acids were added to 0.4 grams of weighed
mushroom powder.
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1. 8 mL 65% HNOszve 5 mL 35% H0.

2.12 mL 65% HNO3

3. 12 mL 65% HNO3zve 5 mL 70% HCIO4

4.8 mL 65% HNOg3, 4 mL 70% HCIO4, 1 mL 35% H202, 1 mL 37% HCI
5. 8 mL 65% HNOs3, 2 mL 95%-98% H2SO4, 1 mL 35% H20>

6. Aqua regia was used. 9 mL 37% HCI ve 3 mL 65% HNO3

In all six mixtures, the final volumes were brought up to 25 mL using deionized water.
Complete dissolution of the prepared mushroom solutions was achieved using a microwave
digestion system. The digestion process was carried out under a pressure of 1500 psi, with a
stepwise temperature increase in the microwave oven: 100 °C for the first 10 minutes, 150 °C
for the next 10 minutes, and 200 °C for the final 10 minutes, totaling 30 minutes. The samples
were analyzed using ICP-MS, the specifications of which are given in Table 2, and the operating
conditions of the AAS device in Table 3. Based on the sample results presented in Table 1, the
elemental analyses obtained using the six solvent mixtures are shown in Table 5. Among these,
Solvent Mixtures 1 and 3 were determined to be the most suitable. For Amanita pantherina,
Mixture 1 was optimal, while Mixture 3 was the most appropriate for the other mushroom
species. A graphical representation of the ICP-MS-determined concentrations of Ca (ng/kg), Al
(ng/kg), P (ug/kg), and K (ng/kg) is provided in Figure 3, and the elemental concentrations for
the six mushroom samples are presented in Table 7.

Mercury (Hg) analysis was performed using Graphite Furnace Atomic Absorption
Spectrometry (GFAAS) on samples prepared from the following mushroom species: cultivated
mushrooms, Amanita phalloides, Amanita pantherina, and Amanita muscaria collected from
Rize, Trabzon, and Diizce. The results are presented in Table 6. According to the findings, the
most effective digestion method for mercury analysis was the mixture of 9 mL of 37% pure
HCI and 3 mL of %65 pure HNOs. However, for Amanita phalloides, the most suitable method
was found to be the mixture of 8 mL of 65% pure HNOs and 5 mL of 35% pure H20:. As shown
in Table 6, high levels of mercury were detected in all mushroom species, with Amanita
phalloides exhibiting the highest mercury concentration. In a comparable study, the mercury
level detected in cultivated mushrooms was lower than the levels observed in the present study.
Mercury (Hg), which is a liquid at room temperature, exists in both inorganic and
organometallic forms. All mercury compounds are toxic and pose significant risks to living
organisms.

Table 5 Suitable Solvents and Analysed Elements in Elemental Analysis

Sample Solvent Mixture Element suitable for analysis

1. 8mL 65% HNOzand 5mL 35% H20: Al,Ca,Co,Cd.Cu,Fe,K,Mg,Mn,Mo,Na,Ni,P,Zn
2. 12mL 65% HNOs Ba,K,Mn

3. 12mL 65% HNOsand 5mL 70% HCIO4 Al,Ca,Co,Cd,Cr, Cu,Fe,Mg,Mn,Pb,Sb,Sr,Ti,V
4. 8mL 65% HNOs, 4mL 70% HCIO4, 1mL 35% H202, 1ImL 37% HCI | Mn

5. 8mL 65% HNOs, 2mL 95%-98% H2S04, 1mL 35% H.02 K,Mn,P

6. 9mL 37% HCI and 3 mL 65% HNO3 Ag,As,Cr,K,Mn,Zn
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Figure 3 Graphical representation of the amount of Ca(ug/kg) P (ng/kg) K(pg/kg) element determined
by ICP-MS and Hg(ug/kg) element analyzed by AAS

In particular, methylmercury and other alkyl mercury compounds are highly toxic.
Although poisoning from inhalation of metallic mercury or mercury vapor is rare, such cases
can lead to severe health issues and even death. Mercury compounds tend to persist in the body,
accumulating primarily in the liver and kidneys. Mercury also accumulates in the brain, where
it particularly affects motor function systems, potentially leading to neurological syndromes.
According to the World Health Organization (WHO), acceptable ambient mercury
concentrations are 0.1-5 ng'm2 in urban areas, 0.5-20 ng-m™ in industrial zones, and 0.001-6
ng'm3 in rural areas (Cocchi et al., 2006). Furthermore, mercury can cross the placenta, and
even at very low doses, chronic exposure in pregnant women may adversely affect the
developing fetus.

Table 6. Hg (ug/kg) concentrations determined by AAS

Mushroom Type Hg (pg/kg)
Agaricus bisporus (Culture) 660023
Amanita phalloides 20236+101
Amanita pantherina 6908+22
Amanita muscaria/Rize 7292+18
Amanita muscaria/Trabzon 10960423
Amanita muscaria/Diizce 9340+18

The toxins a-amanitin in Amanita phalloides and muscimol in Amanita pantherina and
Amanita muscaria were analyzed using HPLC. The mushrooms, previously dried and ground
into powder, were extracted in a methanol-water mixture at room temperature for
approximately one hour. The extracts were then filtered through filter paper and prepared for
analysis. For the extraction, 5 mL of methanol and 5 mL of deionized water were used.
Standards for a-amanitin and muscimol analysis were similarly prepared using 2.5 mL of
methanol and 2.5 mL of deionized water. Standard solutions were prepared for the analysis of
the muscimol toxin. Peak areas were identified by HPLC. A calibration curve of concentration
versus peak area was plotted for the standards. The calibration graph for muscimol is presented
in Figure 4.a and for a-amanitin in Figure 4.b Using these calibration graphs, the concentrations
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of muscimol and a-amanitin in the mushroom samples were calculated based on the obtained
peak areas. The results are provided in Table 8. The graphical representation is given in Figure

5.
Table 7. Quantities of elements determined in mushroom samples by ICP-MS
Agaricus bisporus (Culture) | Amanita phalloides Amanita pantherina
Ag (ng/kg) * 5,14+1,08 *
Al (ng/kg) 49,3845,92 1111,81+28,99 3211,154287.5
As(ng/kg) 18,42+1,69 20,26+1,1 23,95+1,71
Ba(ng/kg) 9,73+1,54 28,97+1,5 12,48+1,54
Ca(ng/kg) 4449+209,01 5778,7+1287,59 5819,7+118,78
Cd(ng/kg) 0,75+0,05 9,6+0,13 99,30+0,53
Co(ng/kg) 0,16+0,03 0,1+0,07 0,9340,15
Cr(ng/kg) 9,44+3,06 10,28+1,85 8,68+2,04
Cu (ng/kg) 196,3746,51 237,77+6,04 175,63+6,03
Fe(ug/kg) * 1687,3+176,4 3054,7+455,5
K(ng/kg) 233733,3+27226,2 289633,3+26339 273600+43350,1
Mg(ng/kg) 10353,3+125,03 10396,7+179,26 9150,3+274,5
Mn(ng/kg) 34,06+0,9 234,1+10,07 154,13+5,02
Mo(ng/kg) * * *
Na(pg/kg) 3727,8+97,61 287,3+62,62 2677,8+272,32
Ni(ng/kg) * * 0,036+0,06
P (ng/kg) 85830+1300 40430+384,32 46530+451,77
Pb (ng/kg) 158,2+17,45 242774425 254,6+7,89
Sb (ng/kg) 7,07+0,57 6,75+0,03 7,2+0,45
Sn(ng/kg) 87,07+28,73 90,14+102,68 33,63+25,17
Sr(ng/kg) 7,6520,11 0,5£0,72 1,08+0,64
Ti (ng/kg) 121,58+1,18 77,36+0,9 133,08+1,14
V (ng/kg) * * *
Zn (ng/kg) 389,48+27,37 431,62+23.82 1482,75+204,86
Amanita muscaria/Rize Amanita muscaria/Trabzon Amanita muscaria/Diizce

Ag (ng/kg) 5,55+0,55 2,33+0,85 3,23+2.23
Al (ng/kg) 2401,48+264,86 659,28+65,76 1670,81+51,43
As(ng/kg) 26,0140,78 23,55+1,6 22,964+2,33
Ba(ng/kg) 26,58+1,54 7,48+0,77 9,56+0,87
Ca(pg/kg) 5432,3+663,56 6177,7+434 36 1527+308,39
Cd(ng/kg) 88,45+1,9 51,52+1,74 51,45+1,86
Co(ng/kg) 1,4540,61 0,29+0,06 *
Cr(ng/kg) 8,65+0,9 7,08+0,7 7,06£1,01
Cu (ng/kg) 223,23+0,95 144374805 127,53+5,49
Fe(ng/kg) 2727,3+289,86 527,23+279,46 349,6+71,96
K(ng/kg) 232333,3+40802,25 183100+6816,89 232033,3+8533,66
Mg(pg/kg) 7404,7+145,22 5816+324,73 6106+289,45
Mn(ng/kg) 137,37+3,11 72,36+17,26 53,7+2,00
Mo(ng/kg) * * *
Na(pg/kg) 1677,1+487,01 628,8+92,29 779,8+£316,75
Ni(ng/kg) * * *
P (ng/kg) 36086,7+707,27 37943,3+1905,37 30633,3+1179,38
Pb (ng/kg) 190.07+6,11 207,9+5,96 226,13+3,79
Sb (ng/kg) 7,01+0,39 6,86:+0,06 6,67+0,11
Sn(ng/kg) 137,68+17 52,18+7,9 109,67+8,9
Sr(ng/kg) 4,26+1,56 * *
Ti (ng/kg) 131,14+12.9 92,918+4,31 75,582+1,66
V (ng/kg) 1374,7+20,1 537,8+29.6 896,4+36,00
Zn (ng/kg) 876,4+45,2 753,58+31,73 1084,08+68,65

*below the determination limit
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Table 8. Muscimol and Alpha Amanitin determined amounts by HPLC

Mushroom Type Muscimol (pg/kg)
Amanita muscaria/Rize 1493,74
Amanita muscaria/Trabzon 2048,02
Amanita muscaria/Diizce 1387,28

Amanita pantherina -
Alfa amanitin (ng/kg)
Amanita phalloides 1223,21

1500
1000
500 -f i
amanita muscaria/rize amanita amanita
muscariaftrabzon muscariafdiizce

Figure 5. Graphical representation of muscimol amounts in Amanita muscaria / Rize, Amanita
muscaria / Trabzon, Amanita muscaria/Diizce

An elemental analyzer was used to determine the percentage composition of carbon,
hydrogen, and sulfur in our mushroom samples using an infrared absorption detector, while
nitrogen was quantified using a thermal conductivity detector. The results are presented in Table
9. The elemental analyzer is capable of simultaneously analyzing the percentage composition
of carbon, hydrogen, nitrogen, and sulfur in pharmaceuticals, chemicals, plastics, resins,
rubbers, and all homogeneous organic compounds using approximately 2 mg of sample within
an average of 3 minutes. In the case of toxic mushrooms, the results were relatively similar,
with only slight differences observed in Agaricus bisporus (cultivated mushroom).

Table 9. Elemental analysis results

Mushroom Type C% H% N% S% 0%

Agaricus bisporus (Culture) 37,78 6,109 3,761 0,212 52,138
Amanita phalloides 42,06 6,285 6,456 0,473 44,726
Amanita pantherina 44,02 6,583 4,812 0,260 44,325
Amanita muscaria/Diizce 45,41 6,813 4,230 0,222 43,325
Amanita muscaria/Rize 44,89 6,740 4,338 0,249 43,783
Amanita muscaria/Trabzon 4454 6,582 4,851 0,236 43,791

X-ray diffraction (XRD) was used to determine the structural composition of the
mushroom samples. Electromagnetic radiation of a specific wavelength was directed onto the
surface of the material, and the reflected rays were interpreted according to Bragg's Law to
obtain information about the structure. In addition to distinguishing whether the material is
amorphous or crystalline, XRD can also determine the crystal parameters and unit cell types of
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the formed crystals. However, in the analysis performed using the XRD device to observe the
structural forms of elements in crystalline structures, no structural observations could be made
due to the amorphous bonding of the elements. Only in Amanita phalloides was potassium
detected in a crystalline form.

4. Conclusion

ICP-MS results showed the analysis of Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mn,
Na, Ni, P, Pb, Sb, Sn, Sr, Ti, V, and Zn in samples prepared from the mushroom species
Agaricus bisporus (cultivated), Amanita phalloides, Amanita pantherina, and Amanita
muscaria collected from Rize, Trabzon, and Diizce. The concentrations of the elements were
found at the pug/kg and ng/kg levels, as shown in Table 9. Additionally, suitable acid mixtures
were determined for each element, as presented in Table 6. These six mixtures varied depending
on the mushroom species and the element to be analyzed (Jasinska et al., 2024). Overall, the
analysis results indicated that the mixture of 12 mL of 65% pure HNOs and 5 mL of 70% pure
HCI104 was the most suitable for metal analysis in mushroom species. In the cultivated Agaricus
bisporus, which is consumed as food, no toxic elements were detected or were only found at
trace levels, while essential and beneficial elements such as calcium, potassium, magnesium,
sodium, and phosphorus were present in significant amounts. Although Amanita muscaria
mushrooms collected from Rize, Trabzon, and Diizce belong to the same species, variations
were observed in both muscimol content and elemental composition. Among these, the Amanita
muscaria sample with the highest muscimol content was the one collected in Trabzon.
Furthermore, the sample collected from Rize was observed to contain higher levels of all
elements except calcium, mercury, lead, and zinc. The Amanita muscaria from Trabzon was
found to contain higher amounts of calcium and mercury, while the one from Diizce had higher
levels of lead and zinc. It was observed that all toxic mushroom species contained significant
amounts of essential and beneficial elements such as calcium, potassium, magnesium, sodium,
and phosphorus, indicating that these mushrooms possess high nutritional value from this
perspective. However, due to both the elevated levels of metals such as aluminum, iron,
mercury, and zinc, and the presence of lethal doses of toxins, these mushroom species are
deemed entirely unsuitable for consumption as food. High levels of mercury were detected in
all mushroom species, with Amanita phalloides showing the highest mercury content. In a
similar study, the levels observed in cultivated mushrooms were lower than those found in our
study (WHO, 1996). Muscimol analysis was conducted on samples prepared from Amanita
pantherina, Amanita muscaria (collected from Rize, Trabzon, and Diizce), and a-amanitin
analysis was performed on Amanita phalloides. The results showed that the highest muscimol
concentration was found in Amanita muscaria collected from Trabzon (2048.02 pg/kg). Rize
(1493.74pg/kg) and Diizce (1387.28 pg/kg) mushrooms contained higher amounts of Amanita
muscaria, although the levels were lower than in Trabzon. Muscimol could not be detected in
Amanita pantherina. In contrast, Amanita phalloides was found to contain a high concentration
of a-amanitin. Among these highly toxic compounds, muscimol begins to exhibit toxic effects
when 6 mg is ingested—an amount typically found in 2 to 20 mushroom caps. Amatoxins,
including a-amanitin, are fatal when orally ingested at doses as low as 0.1 mg/kg. Given that a
single Amanita phalloides cap contains approximately 10-15 mg of amatoxins, even one
mushroom can be lethal (Cocchi, 2006; Tsujikawa, 2007). The muscimol levels determined in
our study were found to be higher than those reported in similar studies. In recent years, studies
have been carried out to isolate the poisons of poisonous mushrooms (Lee et al., 2024).
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Gelis: 21.05.2025 bloklar1 béliinmiis parseller deneme desenine gore 3 tekrarlamali olarak yiiriitiilmiistiir.
Kabui: 2i106_2025 Calismada italyan ¢imi (Lolium multiflorum) ile Gelemen iicgiilii (Trifolium nigrescens

Viviani) tiirlerinin karigim oranlarinin verim performanslari, bitki boyu (cm), yas ot
verimi (kg/da), kuru ot verimi (kg/da), kuru madde verimi (kg/da), ham protein oram

Anahtar Kelimeler . N o . R
ve ham protein verimi incelenmistir. Arastirmadan elde edilen verim o&zellikleri

Italyan Cimi, . kullanilarak yapilan varayans analiz sonuglarina gore, saf ve karisim uygulamalarinin
Gelemen Uggiild, yag ot verimi (kg/da), kuru ot verimi (kg/da), kuru madde verimi (kg/da), ham protein
Karigim orant (%) ve ham protein verimine (kg/da) etkisinin 6nemli oldugu belirlenmistir.

Effects of The Mixture Rates of Italian Ryegraas (Lolium multiflorum Lam.) and Small
White Clover (Trifolium nigrescens Viviani) on The Forage Yield

Article Info Abstract: This research, which will be carried out in order to determine effects of the

N mixture rates of Italian Ryegraas (Lolium multiflorum Lam.) and small white clover

Recelved'_ 21.05.2025 (Trifolium nigrescens Viviani) on the forage yield in Sanliurfa conditions, will be
Accepted: 21.06.2025 . - o : - . .

carried out in 3 replications in Harran University Osmanbey Campus Agricultural

Research and Application Field at 2021-2022 winter crop breeding period. In the study,

Keywords Effects of the mixture rates of Italian Ryegraas (Lolium multiflorum Lam.) and small
|ta_||ar[ Ryegraas, white clover (Trifolium nigrescens Viviani) on the forage yield, plant height (cm), wet
Tr_|f_o||gm Nigrescens  grass yield (kg/da), dry grass yield (kg/da), dry matter yield (kg/da), crude protein ratio
V|_V|an|, (%), crude protein yield (kg/da) will be examined. According to the results of the
Mixture analysis using the yield characteristics obtained from the research, it was determined

that the effects of pure and mixed applications on fresh grass yield (kg/da), dry grass
yield (kg/da), dry matter yield (kg/da), crude protein ratio (%) and crude protein yield
(kg/da) were significant.

1. Giris

Insanoglunun beslenme sorunlarinin ¢dziimiinde, sinirl olan tarim alanlarimizda bitkisel
ve hayvansal {iretimi artirmak biliylik 6nem tasimaktadir. Yapilan calismalar bugdaygil ve
baklagillerin karisik ekimlerinin bu bitkilerin tekli ekimlerine gore, kuru madde miktarinin
artmasi, yemin protein orani ve kalitesinin yiikselmesi, giibre ithtiyacinin azalmasi, hastalik,
yabanci ot ve zarali yogunlugun azalmasi ve bir sonraki iirliniin verim artis1 gibi avantajlari
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oldugunu gostermistir (Cakmakge1 ve ark., 2005). Giineydogu Anadolu Bdolgesinde 3.1 milyon
hektar tarim arazisi, 1.1 milyon hektar orman arazisi ve 2.3 milyon hektar ¢ayir ve mera arazisi
bulunmaktadir. Hayvanciligin bu bolgede dnemli bir yeri vardir, genel olarak ¢iftci gelirlerinin
% 50’sini olustururken, daglik yorelerde yasayanlarin tek ge¢im kaynagi durumundadir.
Bolgedeki hayvan varligt 6 milyon kiiciikbas hayvandan olugmaktadir. Bolgenin c¢ayir ve
meralari, lilkemiz genelinde oldugu gibi, kontrolsiiz ve asir1 otlama nedeniyle verimleri diisiik
ve dejenere olmus durumdadirlar. Tarla tarimi igerisinde hayvanciligin kaliteli kaba yem
gereksiniminin karsilanmasi amaciyla yapilan yem bitkisi yetistiriciligi, bir yem bitkisi tiiriiniin
saf veya birden fazla tiirlin bir arada karisim halinde yetistirilmesi seklinde yapilmaktadir. Bir
tiirlin saf halde yetistirilmesinin ekim kolayligi, amenajman kolaylig1 gibi avantajlari
bulunmasina karsilik, genellikle yem bitkilerinin karigim halinde yetistirilmesi tercih
edilmektedir (Kokten ve ark., 2003). Giineydogu Anadolu Bolgesinde GAP tamamlandiginda
ve sulanmasi planlanan 1.7 milyon hektar arazi sulu tarima acildiginda, Bolgede islenebilir
tarim alanlarmmin % 51°1 ve sulanabilir tarim topraklarimin % 60’1 sulanacaktir. 1998 yili
itibariyle GAP alaninda 183.000 hektar arazi (GAP ile sulanmaya agilacak alanin % 11°1) devlet
tarafindan sulu tarima agilmistir (Karli ve ark., 1999). Bolgede sulu tarimin yayginlasmasi
sonucu ortaya g¢ikacak problemlerin dnlenmesi ve bdlge hayvanciliginin kaliteli kaba yem
gereksiniminin karsilanmasi agisindan, kis doneminde fig tiirleri, iskenderiye iiggiilii, yem
bezelyesi gibi bir yillik baklagiller ve italyan ¢imi, arpa, yulaf ve tritikale gibi bir yillik
bugdaygillerin saf veya karisim halinde yetistirilmesi biiyiik 6nem tagimaktadir (Hatipoglu ve
ark., 1999). Son yillarda toprak kullanim etkinligi bakimindan 6zellikle Akdeniz’e kiyist olan
ilkelerde tek yillik baklagil ve bugdaygil yem bitkilerini karigik halde yetistirmek, onlar1 ayri
ayr1 yetistirmekten daha fazla benimsenen uygulamalardir (Papastylianou, 2004). Bu ekim
seklinde, ekim alanlar1 daha iyi kullanilmakta, karisima giren baklagiller de topraga biraktiklar
azot ile bugdaygillerin ihtiyacin1 karsilayacak sekilde toprak verimliligini artirici rol
oynamaktadirlar. Baklagillerin bu etkisinden dolayi pestisit ve kimyasal giibrelerin kullanimi
azalmakta ve tarimin g¢evreye verdigi zarar en aza inmektedir Birlikte ekim, hastalik ve
zararlilarin indirgenmesinin yaninda ham protein verimini artirdigindan dolay1 yem kalitesini
ve buna ek olarak verimi de artirmaktadir (Altin, 2009; Lithourgidis ve ark., 2011; Budakli
Carpici ve Celik, 2014). Karisimlarda, kislik ara iiriin yem bitkisi olarak kullanilabilecek en
onemli baklagillerden biri, liretim bakimindan diinyada 6n siralarda oldugumuz ve iilkemizde
en fazla tiretilen ikinci yem bitkisi olmasi dzelligi ile yaygin fig (Vicia sativa L.) dir. Bir digeri
iretimi ve 6nemi glinimiizde artis gosteren Yem bezelyesi (Pisum sativum ssp. arvense (L.)
Asch.) olmaktadir. Bugdaygil familyasinda karisimlarda kullanilabilecek tiirler; iyi bir verim
saglayabilen ve itretimi kolay olan yulaf (Avena sativa L.) ve ince saplar sebebiyle ¢abuk
kuruma &zelliginin yaninda yogun kok yapisi ile topragi korumast ile bilinen Italyan Cimi
(Lolium multiflorum Lam.) dir.

Bu ¢alisma ile klasik tek yillik baklagil + tahil karisimlarina alternatif olabilecek, verim
ve kalite bakimimdan bdlgede yetistirilebilecek Italyan ¢im + Iskenderiye iicgiilii karisim
oranlarinin belirlenmesi amaglanmaktadir. Aragtirma sonucunda, elde edilen verilerin Sanliurfa
ve bolge illerinin kaba yem ag¢iginin kapatilmasi igin gereken bilgi birikimine katkisi
bakimindan 6nem arz edecektir. Son zamanlarda sinirli tarim alanlarinda hem verimi artirmak,
daha saglikli ve dengeli yem firetimi igin farkli familyalardan bitkilerin karisim halinde
yetistirilmesi c¢alismalar1 yogunlagmistir. Boylece, hem baklagil bitkilerinin toprakta
biriktirdikleri azottan faydalanur, hem de besin maddeleri ve mineral maddeler agisindan daha
dengeli bir yem iiretilmis olunur. Ancak karisik ekimlerde tiir i¢i ve tiirler arasinda su, 151k ve
besin maddesi yoniinden rekabet s6z konusu oldugunda, karigik ekimden beklenen yararin
saglanabilmesi i¢in uygun bitki tiirleri ve ¢esitlerinden en uygun karigim oranini belirlemek
gerekmektedir. (Dordas ve ark., 2012; Uzun ve Asik, 2012). Cok yillik bugdaygil ve baklagil
yem bitkilerini yalin olarak ve karisimlar halinde yetistirmek suretiyle yapilan bir ¢alismada,
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bugdaygillerin baklagillerle birlikte yetistirilmesinin daha avantajli oldugunu, karisik
ekimlerdeki bugdaygillerin yalin ekimlere gére ham protein orani ve bitki boyu artiglari
gosterdigi saptamistir Dubs (1971). Bugdaygiller genellikle karbonhidrat bakimindan,
baklagiller ise protein bakiminda  zengin olmasindan dolayr ikili karigimlar olusturulmasi
sonucu hayvan Dbeslenmesinde dengeli bir yem rasyonunu olusturmaktadir. Bolge
hayvanciliginin yogun olarak kalitesiz kaba yem olan aniz ve samana dayali olusu, yaninda
bolgede kaliteli kaba yem ag¢iginin artmasina neden olmustur. Yapilan bu ¢aligsma ile bélgenin
her gegen giin gittikce biiyiiyen kaliteli yem agigin1 azaltacak alternatif yollardan birisi oldugu
goriilmektedir. Gelemen Ucgiilii (Trifolium nigrescens L.) baklagiller (Leguminoseae)
familyasindan kislik tek yillik bir baklagiller yem bitkisidir. Morfolojik 6zellikleri bakimindan
yoncaya benzemekle birlikte biraz farklilik gostermektedir. Italyan ¢imi (Lolium multiflorum
Lam.) siit otu olarak da bilinen italyan ¢imi, hayvanlara yem olarak verilen yonca, arpa, yulaf,
musir silaji ve fig gesitlerine gore besin degeri daha yiiksek kaba yem olup bu yemle beslenen
Hayvanlarda siit ve et verimindeki artis gozle goriiliir seviyelere ulastigi gibi gebe kalma
oraninin da yiikseldigi tecriibe edilmistir. ilkbahar ve sonbahar ekimi yapilabilen Italyan
¢iminde bolgemize en uygun olan ekim donemi sonbahardir. Yillik bi¢cim sayis1 sulu kosullarda
4-5, kurak, susuz kosullarda ise 2-3 bicim alinabilmektedir. Genelde yesil ot ve silaj olarak
degerlendirimektedir.

2. Materyal ve Yontem
Tablo 1. Arastirmada kullanilan bitki materyali

Latince Bilimsel Adi Tiirkce Ad1 Cesit Ad1
Lolium multiflorum Lam. [italyan ¢imi (Helen Cesidi) IAlfa Tohum Tarim Gida Ins. Hayv. Paz. San. Tic. Ltd. Sti.
[Trifolium nigrescens L. Gelemen iicgiilii (Populasyon) [Karadeniz Arastirma Enst. Miid.

Arastirma, 2021 sonbahar yetistirme sezonunda, Sanliurfa Harran Universitesi Osmanbey
kampiisiinde yiiriitiilmiistiir. Deneme yeri, diiz ve dilize yakin, agir tekstiirlii olup, genelde derin,
cok kirecli, kil tekstiirlii, kuru kosullarda yazin ¢atlayan 6zellige sahiptir. Tiim profil kiregli,
pH 7.4-7.6 arasinda, organik madde (%0.4-0.09 arasinda ve tuz igerigi ¢ok diisilk Katyon
Degisme kapasitesi yliksek, killi biinyeli ve Na icerigi diisiiktiir. Sanlurfa, Giineydogu iklim
bolgesine dahil olmakla beraber, Akdeniz iklimin etkisi altindadir. Yazlar1 kurak ve sicak,
kiglari ise 1lik bir iklim 6zeligi gostermektedir (Tablo 2). Arastirmada, ayn1 donemde yetisen
tek yillik bugdagil yem bitkisi olan Italyan ¢imi (Lolium multiflorum Lam.) un Helen gesidi ile
baklagil yem bitkilerinden tek yillik Gelemen ti¢gtlii (Trifolium nigrescens L.), (populasyon)
kullanilmigtir (Tablo 1). Arastirmada, Italyan ¢imi (Lolium multiflorum Lam.) ile Gelemen
tiggiilii (Trifolium nigrescens L.) karigimi ot verimine etkisinin incelenmesi igin %100 saf
Gelemen tcgiilii, %80 gelemen tiggilii ile %20 italyan ¢imi, %60 gelemen ticgiilii ile %40
italyan ¢imi, %40 gelemen ticgiilii ile %60 italyan ¢imi, %20 gelemen iicgiilii ile %80 italyan
¢imi ve %100 saf Italyan ¢imi oranlar1 belirlenerek ekimi yapilmistir. Arastirma tesadiif bloklar
deneme desenine gore ii¢ tekertirlii olarak yiiriitiilmiis olup elde edilen veriler JMP paket
programi kullanilarak varyans analizine ve LSD ¢oklu karsilagtirmasina tabi tutulmustur.
Arastirmada kullanilan parsel boyutlar1 2m x 3m = 6m?, sira aras1 20 cm, parseller arasi1 0.5 m
ve bloklar arasida 2'ser m olacak sekilde kurulacaktir. Arastirma alani ekim ay1 baginda pullukla
derin siirlimiin ardindan diskli kiiltivatdr ile siiriip tapan ¢ekildikten sonra dekara 3 kg tohum
atilmigtir. Ekimden itibaren tohumlar ¢imleninceye kadar yagmurlama yontemi ile sulama
yapilmistir. Giibre olarak toplam dekara 20 kg % 46 Ure, 6 kg triple siiper fosfat giibresi
kullanilmistir. Yetistirme siliresince sulama, ¢apalama ve gerekli bakim islemleri yapilmstir.
Giibre uygulamasi % 20’si ekimle birlikte, % 20’si erken ilkbaharda, % 20’si 1. bigimden sonra,
% 20’si1 2. bicimden sonra, % 20’si 3. bicimden sonra verilmistir. Bitkinin su ihtiyacina gore
her bigimden sonra sulama yapilmistir. Parsellerinde bicim islemi, Italyan ¢iminin basaklarmin
doldugu bir dénemde yapilmistir.

206



(Artan ve ark., 2025)

Tablo 2. Arastirma yerinin uzun yillar ve deneme yilina ait bazi ortalama iklim degerleri*

Yillar Kasim Arahk Ocak Subat Mart Nisan Mayis Haziran

Sanhurfa Ortalama sicakhik (°C)

2021-2022 19.4 11.6 6.8 11.7 19.7 21.0 23.8 26.7

Uzun yillar** 13.1 7.6 5.6 7.1 10.9 16.2 22.1 28.1

Ortalama nispi nem (%)

2021-2022 53.5 45.2 35.8 36.3 454 311 35.6 42.70

Uzun yillar** 59.9 69.9 70.3 66.9 60.4 56.2 54.1 33.20
Toplam yagis miktar: (kg/m?)

2021-2022 0.0 0.0 0.1 0.0 0.1 0.0 305 1.20

Uzun yillar** 447 80.2 87.4 68.3 62.8 495 26.7 1.37

* MGM, (2021-2022) ** MGM, (1929-2022)
3. Bulgular ve Tartisma
3.1. italyan cimi bitki boyu (cm)

Tablo 3. Gelemen iiggiilii + Italyan ¢imi karigiminda Italyan ¢imine ait bitki boyu (cm) ortalamalar1*

Tiir ve Karisumlar (cm) Gruplar
1 %80 Gelemen Uggiilii + %20 Italyan Cimi 52.60 0.D.
2 %60 Gelemen Ucggiilii + %40 Italyan Cimi 57.50 O.D.
3 %40 Gelemen Ucggiilii + %60 Italyan Cimi 57.51 O.D.
4 %20 Gelemen Uggiilii + %80 Italyan Cimi 56.10 O.D.
5 %100 ftalyan Cimi 56.93 0.D.
Ortalama 56.13
D.K.(%) : 8.08
LSD (0.05): (karisim uygulamasi) 0O.D.

*) 0.D.; 6nemli degildir

Tablo 3’te goriildiigii lizere Gelemen iiggiilii ile italyan ¢imine ait saf ve karsim
uygulamasinda italyan ¢imine ait bitki boyu ortalamasi 56.13 cm olarak bulunmustur. En
yiiksek biki boyu 57.50 cm ile %40 Gelemen iicgiilii ile %60 Italyan cimi karisim
uygulamasinda, en diisiik bitki boyu 52.60 cm ile %80 Gelemen {icgiilii ile %20 Italyan ¢imi
karigimi uygulamasinda goriilmiistiir. Bes farkli karisim uygulamarinin birbiri arasinda 6nemli
bir farkin bulunmadig1 goriilmektedir. Sanlurfa kosullarinda Italyan ¢imi (Lolium multiflorum
Lam.) ve Iskenderiye ii¢giilii (Trifolium alexandrium L.) farkli karisim oranlarinin verim ve
verim unsurlara etkisini belirlemek amaciyla yapilan bir galismada Italyan ¢iminin bitki boyu
76 cm olarak %100 Italyan ¢imi saf ekiminden elde edilmistir. Karisim ekimlerde ise en yiiksek
bitki boyu %80 Iskenderiye iiggiilii+ %20 italyan ¢imi karistmindan elde edilmis olup yapmus
oldugumuz arastirma ile benzerlik géstermektedir (Polat ve ark., 2021).

3.2. Gelemen iicgiilii bitki boyu (cm)

Tablo 4. Gelemen iiggiilii + Italyan ¢imi karisiminda gelemen iiggiiliine ait bitki boyu (cm) ortalamalari
ve olusan gruplar®

Tiir ve Karigimlar (cm) Gruplar
1 %80 Gelemen Uggiilii + %20 Italyan Cimi 30.53 ab
2 %60 Gelemen Uggiilii + %40 Italyan Cimi 29.40 ab
3 %40 Gelemen Uggiilii + %60 Italyan Cimi 36.10 a
4 %20 Gelemen Uggiilii + %80 italyan Cimi 32.33 ab
5 %100 Gelemen Uggiilii 27.93 b
Ortalama 31.26
D.K.(%) : 12.48
LSD (0.05): (karisim uygulamasi) 7.35

(*) Ayn siitunda benzer harf grubu ile belirtilen ortalamalar, Lsd (%5) degerine gore farkli degildir.
g
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Tablo 4’te goriildiigii iizere Gelemen iicgiilii ile Italyan ¢imine ait saf ve karsim
uygulamasinda Gelemen tiggiiliine ait bitki boyu ortalamasi 31.26 cm olarak bulunmustur. En
yiiksek biki boyu 36.10 cm ile %40 Gelemen iicgiilii ile %60 Italyan ¢imi karisim
uygulamasinda, en diisiik bitki boyu 27.93 cm ile saf Gelemen {i¢giilii uygulamasinda
goriilmiistiir. 5 farkli karisim uygulamarinda iki farkli grubun olustugu, uygulamalar arasinda
onemli diizeyde bir farkin oldugu tespit edilmistir.

Karadeniz Tarimsal Arastirma Enstitiisii’niin Ambarkoprii deneme istasyonunda 2020—
2021 yillar1 vejetasyon déneminde, Gelemen Uggiilii (Trifolium meneghinianum Clem.) ve tek
yillik ¢cimde(Lolium multiflorum L.) ot verimi ve besin igerigi yoniinden uygun karisim oraninin
belirlenmesi amaciyla yapilan bir ¢alismada, bitki boyu bakimindan, saf ve karisimlarda yer
alan Gelemen Tiggiilii bitki boylar1 arasindaki farkliligin istatistiki olarak onemli oldugu
belirlenmistir. En yiiksek bitki boyu 97.0 cm ile Gelemen tiggiiliiniin yalin olarak yetistirildigi
parsellerde belirlenmistir. Karisim olarak yetistirilen uygulamalarda Gelemen {iggiiliiniin bitki
boyu 71.5-84.2 cm olarak bulunmustur. Karigimlarda Gelemen {iggiilii oran1 arttik¢a bitki
boyunda da artis gdzlenmistir (Saragoglu, 2023), yaptigimiz arastirmada ortalama bitki boylar1
ile benzerlik goriilmedigi ancak karisimlardaki boy artisinda benzerlik goriildiigii tespit
edilmistir.

3.3. Yas ot verimi (kg/da)

Tablo 5. Tiir ve karisimlarda Gelemen iiggiilii ile Italyan ¢imi yas ot verimi (kg/da) ve olusan gruplar*

Tiir ve Karigimlar (kg/da) Gruplar
1 %80 Gelemen Ucgiilii + %20 Italyan Cimi 2177.55 b
2 %60 Gelemen Uggiilii + %40 Italyan Cimi 2066.64 b
3 %40 Gelemen Uggiilii + %60 Italyan Cimi 2177.77 b
4 %20 Gelemen Uggiilii + %80 italyan Cimi 2110.87 b
5 %100 Italyan Cimi 3383.31 a
6 %100 Gelemen Uggiilii 2488.88 b
Ortalama 2400.84
D.K.(%) : 1150
LSD (0.05): (karisim uygulamasi) 500.59

*) Ayni siitunda benzer harf grubu ile belirtilen ortalamalar, Lsd (%5) degerine gore farkli degildir.

Tablo 5’te goriildiigii iizere Gelemen {icgiilii ile italyan ¢imine ait saf ve karsim
uygulamasinda 2 saf uygulama ve 4 ayr1 karisim uygulamasina ait yas ot verimi ortalamasi
2400.84 kg/da olarak bulunmustur. En yiiksek yas ot verimi 3383.31 kg/da ile saf Italyan ¢imi
uygulamasinda, en diisiik yas ot verimi ise 2066.64 kg/da ile %60 Gelemen {iggiilii ie %40
Italyan ¢imi karisim uygulamasinda goriilmiistiir. Yesil ot verimi bakimindan 2 saf uygulama
arasinda ileri derecede bir farkin goriildiigii, Dort farkli karisim uygulamarinda ise yas ot verimi
bakimindan herhangi bir farkin gériilmemistir. Saf ve karsim uygulamalar1 arasinda iki farkl
grubun olustugu tespit edilmistir. Sanlurfa kosullarinda italyan ¢imi (Lolium multiflorum
Lam.) ve Iskenderiye iicgiilii (Trifolium alexandrium L.) farkli karisim oranlarinin verim ve
verim unsurlara etkisini belirlemek amaciyla yapilan bir ¢alismada yalin tiir ve karigimlarin yas
ot verimleri en yiiksek %100 Italyan ¢imi saf ekiminden elde edilmistir. Karisim ekimlerde ise
en yiiksek yas ot verimi %80 Iskenderiye iicgiilii + %20 Italyan ¢imi karisimindan elde edilmis
olup yapmis oldugumuz arastirma ile benzerlik gostermektedir (Polat ve ark., 2021).
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3.4. Kuru ot verimi (kg/da)

Tablo 6. Tiir ve karisimlarda Gelemen iiggiilii ile Italyan ¢imi kuru ot verimi (kg/da) ve olusan gruplar*

Tiir ve Karigimlar (kg/da) Gruplar
1 %80 Gelemen Uggiilii + %20 Italyan Cimi 939.00 c
2 %60 Gelemen Uggiilii + %40 italyan Cimi 946.67 c
3 %40 Gelemen Ucggiilii + %60 Italyan Cimi 872.00 c
4 %20 Gelemen Uggiilii + %80 Italyan Cimi 1317.00 a
5 %100 ftalyan Cimi 1187.00 b
6 %100 Gelemen Uggiilii 680.00 d
Ortalama 990.28
D.K. (%): 6.46
LSD (0.05): (karisim uygulamasi) 119.18

*) Ayni siitunda benzer harf grubu ile belirtilen ortalamalar, Lsd (%5) degerine gore farkli degildir.

Tablo 6’te goriildiigii lizere Gelemen iiggiilii ile italyan ¢imine ait saf ve karsim
uygulamasinda 2 saf uygulama ve 4 ayri karisim uygulamasina ait kuru ot verimi ortalamasi
990.28 kg/da olarak bulunmustur. Kuru ot verimi bakimindan, 2 saf uygulama ile 4 farklh
karisim uygulamalari arasinda ileri derecede bir farkin goriildiigii, Saf ve karsim uygulamalari
arasinda dort farkli grubun olustugu tespit edilmistir. Sanlurfa kosullarinda Italyan cimi
(Lolium multiflorum Lam.) ve iskenderiye ii¢giilii (Trifolium alexandrium L.) farkli karisim
oranlarinin verim ve verim unsurlara etkisini belirlemek amaciyla yapilan bir ¢calismada yalin
tiir ve karisimlarin kuru ot verimleri en yiiksek %100 Italyan ¢imi saf ekiminden elde edilmistir.
Karisim ekimlerde ise en yiiksek kuru oto verimi %80 Iskenderiye ii¢giilii + %20 Italyan ¢imi
karisimindan elde edilmis olup yapmis oldugumuz arastirma ile benzerlik géstermektedir (Polat
ve ark., 2021).

3.5. Kuru madde verimi (kg/da)

Kalite analizleri i¢in Ogiitiilmiis materyalden alinan 5’er gram oOrnekler 105 °C’ye
ayarlanmis firinda 24 saat tutulduktan sonra desikatdrde sogutulmus ve hassas terazide
tartilarak kuru madde icerikleri belirlenmistir. Belirlenen degerler kuru ot drneklerine gore
oranlanarak dekara kuru madde verimleri hesaplanmistir.

Tablo 7. Tiir ve karisimlarda Gelemen iiggiilii ile Italyan ¢imine ait kuru madde verimi (kg/da) ve olusan
gruplar*

Tiir ve Karigimlar (kg/da) Gruplar
1 %80 Gelemen Ucgiilii + %20 Italyan Cimi 844.67 c
2 %60 Gelemen Uggiilii + %40 Italyan Cimi 857.67 c
3 %40 Gelemen Uggiilii + %60 italyan Cimi 772.00 c
4 %20 Gelemen Uggiilii + %80 italyan Cimi 1189.33 a
5 %100 Italyan Cimi 1056.00 b
6 %2100 Gelemen Uggiilii 618.25 d
Ortalama 889.65
D.K.(%) : 6.62
LSD (0.05): (karisim uygulamasi) 107.17

*) Ayni siitunda benzer harf grubu ile belirtilen ortalamalar, Lsd (%5) degerine gore farkli degildir.

Tablo 7’te goriildiigii iizere Gelemen {icgiilii ile italyan ¢imine ait saf ve karsim
uygulamasinda 2 saf uygulama ve 4 ayr1 karisim uygulamasina ait kuru ot verimi ortalamasi
889.65 kg/da olarak bulunmustur. Kuru madde verimi bakimindan, 2 saf uygulama ile 4 farkli
karisim uygulamalart arasinda ileri derecede bir farkin goriildiigii, Saf ve karsim uygulamalari
arasinda dort farkl grubun olustugu tespit edilmistir.
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3.6. Ham protein orani (%)

Kuru ot 6rneklerinin, 6giitiildiikten sonra yar1 otomatik Tekator marka Kjeldahl cihaziyla
azot tespitleri yapilmigtir. Saptanmig azot oranlar1 6.25 doniisiim katsayisi ile ¢arpilarak kuru
ottaki % protein orani belirlenmistir.

Tablo 8. Tiir ve karisimlarda Gelemen iicgiilii ile italyan ¢imine ait ham protein orani (%) ve olusan
gruplar*

Tiir ve Karisimlar (%) Gruplar
1 %80 Gelemen Uggiilii + %20 Italyan Cimi 17.51 ab
2 %60 Gelemen Ucggiilii + %40 Italyan Cimi 15.68 bc
3 %40 Gelemen Uggiilii + %60 Italyan Cimi 13.85 cd
4 %20 Gelemen Uggiilii + %80 Italyan Cimi 12.02 de
5 %100 ftalyan Cimi 10.19
6 %100 Gelemen Uggiilii 19.36
Ortalama 14.77
D.K. (%): 9.15
LSD (0.05): (karisim uygulamasi) 2.45

*) Ayni siitunda benzer harf grubu ile belirtilen ortalamalar, Lsd (%5) degerine gore farkli degildir.

Tablo 8te goriildiigii lizere Gelemen iiggiilii ile italyan ¢imine ait saf ve karsim
uygulamasinda 2 saf uygulama ve 4 ayri karisim uygulamasina ait ham protein oranlari
ortalamasi %14.77 olarak bulunmustur. Ham protein oranlar1 bakimindan, 6 farkli karsim
uygulamasi arasinda ileri derecede bir farkin goriildiigii ve karsim uygulamalar arasinda bes
farkli grubun olustugu tespit edilmistir. Sanlurfa kosullarinda italyan ¢imi (Lolium multiflorum
Lam.) ve Iskenderiye {icgiilii (Trifolium alexandrium L.) farkli karisim oranlarinin verim ve
verim unsurlara etkisini belirlemek amaciyla yapilan ¢alismada yalin tiir ve karigimlarin ham
protein orani ortalamasi %17.80 olarak saptanmistir. Arastirmada karisim haldeki ekimlerde
Iskenderiye iiggiilii oran1 artikga ham protein oraninda da artis oldugu goriilmiis olup yapmis
oldugumuz arastirma ile benzerlik gostermektedir (Polat ve ark., 2021).

3.7. Ham protein verimi

Her parselde kuru ot saptanmasi amaci ile alinan ve kurutulan ot 6rneklerinde Kjehldal
yontemine gore azot analizi yapilmistir. Orneklerde saptanan % azot degerleri 6.25 katsayis ile
carpilarak her drnekteki % ham protein igerigi hesaplanmistir. Saptanan ham protein igerigi
degeri parselin kuru ot verimi ile ¢arpilarak ham protein verimi ve gerekli doniisiimler yapilarak
dekara ham protein verimi hesaplanmistir.

Tablo 9. Tiir ve karisimlarda gelemen iicgiilii ile italyan ¢cimine ait ham protein verimi (kg/da) ve olusan
gruplar*

Tiir ve Karigimlar (kg/da) Harf
1 %80 Gelemen Uggiilii + %20 Italyan Cimi 164.26 a
2 %60 Gelemen Uggiilii + %40 italyan Cimi 148.16 ab
3 %40 Gelemen Uggiilii + %60 italyan Cimi 120.56
4 %20 Gelemen Uggiilii + %80 italyan Cimi 158.80
5 %100 Italyan Cimi 120.73
6 %100 Gelemen Uggiilii 131.79 bc
Ortalama 140.72
D.K.(%) : 9.99
LSD (0.05): (karisim uygulamasi) 25.55

*) Ayni siitunda benzer harf grubu ile belirtilen ortalamalar, Lsd (%35) degerine gore farkl degildir.

Tablo 9’te goriildiigii iizere Gelemen {icgiilii ile italyan ¢imine ait saf ve karsim
uygulamasinda 2 saf uygulama ve 4 ayr1 karisim uygulamasina ait ham protein verimleri
ortalamas1 140.72 kg/da olarak bulunmustur. Ham protein verimleri bakimindan, 6 farkli
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karsim uygulamasi arasinda farkliligin goriildiigii ve karsim uygulamalart arasinda ii¢ farkl
grubun olustugu tespit edilmistir. Sanlurfa kosullarinda italyan ¢imi (Lolium multiflorum
Lam.) ve Iskenderiye iiggiilii (Trifolium alexandrium L.) farkli karisim oranlarinin verim ve
verim unsurlara etkisini belirlemek amaciyla yapilan ¢alismada yalin tiir ve karigimlarin ham
protein verimi ortalamasi 169.74 kg/da olarak saptanmistir. Arastirmada karigim haldeki
ekimlerde Iskenderiye ii¢giilii oran1 artikca ham protein oraninda da artis oldugu gériilmiis olup
yapmis oldugumuz aragtirma ile benzerlik gostermektedir (Polat ve ark., 2021).

4. Sonuclar

Tarimsal iiretimin devamlilig1 ve kaynaklarin israf edilmemesi bakimindan elde edilen
sonuglar bir biitiin olarak ele alindiginda, arastirmada, ayn1 donemde yetisen tek yillik bugdagil
yem bitkisi olan Italyan ¢imi (Lolium multiflorum Lam.) ile baklagil yem bitkisi olan tek yillik
Gelemen tggilii  (Trifolium nigrescens L.)’niin saf ve farkli oranlardaki karigim
uygulamalarindan elde edilen yem degerlerine ve verim unsurlarina bakildiginda ortalama yesil
ot ve kuru ot verimlerinin Italyan ¢iminin karisim oranlarindaki artisa parallel olarak arttig1,
ham protein orani ve ham protein verimlerinin Gelemen ti¢giiliiniin karisimlardaki oranin
artisina parallel olarak arttig1 tespit edilmistir. Bu nedenle yiiksek yas ve kuru ot miktari ile
yiiksek ham protein orani ve ham veriminin olabilmesi i¢in karsilikli olarak bugdaygil yem
bitkileri ile baklagil yem bitkilerinin belirli oranlarda karisim olarak yetistirilmesi tesvik
edilmelidir.
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Avrticle Info Abstract: The wear performance of CrN, TiN, and (Ti,Cr)N coatings on Cr12MoV steel was
Received: 04.05.2025 thoroughly investigated. This research also delved into the impact of the Ti/Cr ratio within

DS the (Ti,Cr)N coating, as well as the effects of the applied wear test load and sliding speed on
Accepted: 16.06.2025 the wear behaviour. The wear behaviours in CrN, TiN, and (Ti,Cr)N coatings was sought
through the examination of their hardness, steady friction coefficient, and wear rate. TiN

Keywords coating showed superior hardness compared to CrN. The CrN coating consistently
Coating, demonstrated the lowest friction coefficient, whereas TiN coating showed the highest. Despite
CrN, its high hardness, the TiN coating exhibited the highest wear rate due to its high friction. The
TiN, CrN coating, with lower hardness, showed the highest wear resistance. The hardness of
(Ti,CNN, (Ti,Cr)N coatings was significantly influenced by the Ti/Cr ratio. (Ti,Cr)N coatings enabled
Ti/Cr ratio, friction control, and reducing the Ti/Cr ratio led to a decrease in friction coefficients. This,
Wear performance combined with their high hardness, resulted in a notably competitive wear performance.

1. Introduction

Tool steels fulfil a critical role across a diverse spectrum of processes, encompassing the
cutting, drilling, and forming of metals. Their unique combination of high mechanical strength,
exceptional wear resistance, and the ability to retain hardness even at elevated temperatures
makes them indispensable engineering materials across a broad array of applications (Wang et
al., 2025). Tool steels are exposed to abrasive and high-pressure applications such as cutting
and stamping dies (Trzepiecinski, 2023; Mei et al., 2024). To effectively perform their
designated tasks in these challenging and varied operational conditions with prolonged lifespan,
reliability, and efficiency, tool steels must possess a suite of critical and complementary
mechanical and physical properties. Foremost among these is high hardness and strength, which
directly dictate the resistance of the material to permanent deformation and mechanical failure
under applied cutting and forming forces. Wear resistance, another vital attribute, minimizes
material loss during the continuous and repetitive interaction of the tool with the workpiece.

To further enhance the critical properties of tool steels outlined above, optimize their
operational performance, and significantly extend their service life, a combination of heat
treatments and surface engineering techniques is widely employed (Machado et al., 2024).
Surface engineering techniques offer effective and innovative solutions to address surface-
related failure mechanisms in tool steels, such as wear and corrosion. Surface modification
processes, such as nitriding, carburizing, and various surface coating processes, are increasingly
utilized to significantly enhance surface hardness, reduce the coefficient of friction, improve
chemical and thermal resistance, and consequently, substantially extend operational
performance and service life (Borgioli et al., 2024; Kumar and Choubey, 2024; Kank et al.,
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2025). Among these surface engineering processes, one of the most significant and impactful
is the precise application of coatings onto the critical working surfaces of tool steels. Executed
through various sophisticated methods of physical vapour deposition (PVD) and chemical
vapour deposition (CVD), this process imparts desirable properties such as high hardness, low
coefficient of friction, superior wear resistance, and improved chemical stability to the tool
surface, thereby significantly prolonging tool life and considerably enhancing machining
performance (Bhise and Jogi, 2023; Jeje et al., 2025). Within the wide array of coating types
employed in the industry, titanium nitride (TiN) and chromium nitride (CrN) coatings are
widely preferred coatings due to their well-established performance, relatively reasonable costs,
and broad applicability (Ghufran et al., 2020; Yin et al., 2022; Torsakul and Kuptasthien, 2024;
Johny and Alphonse, 2024; Liu et al., 2024; Mandri et al., 2025). TiN coatings, owing to their
high hardness and generally good wear resistance, provide effective and reliable protection,
particularly in applications such as cutting, drilling, and forming operations (Nekouee and
Elmkhah, 2018; Singhal et al., 2024). CrN coatings, in contrast to TiN coatings, stand out due
to their superior corrosion resistance and generally lower coefficients of friction (Leonov et al.,
2023; Narayana and Saleem, 2024). In applications where sliding wear and aggressive corrosive
environments are significant factors, CrN coatings can exhibit longer service lives and more
reliable operational performance compared to TiN, owing to their reduced friction and
enhanced chemical stability (Vera et al., 2011).

Titanium chromium nitride (Ti,Cr)N coatings, which possess the potential to combine the
high hardness and general wear resistance characteristics of TiN with the superior corrosion
resistance and low coefficient of friction advantages of CrN, have garnered increasing interest
through intensive research and development efforts (Uglov et al., 2011; Hangwei et al., 2014;
Akbarzadeh et al., 2015; Poursaiedi et al., 2016). It is anticipated that (Ti,Cr)N coatings,
through the synergistic interaction of titanium and chromium elements, can offer superior and
more balanced property combinations compared to binary nitride coatings in specific
application scenarios. Therefore, (Ti,Cr)N coatings are emerging as a promising and potentially
alternative. In this context, it is understood that the titanium/chromium (Ti/Cr) ratio, which can
be precisely controlled during the coating process, plays a critical and decisive role in
determining the properties of (Ti,Cr)N coatings (Taweesup et al., 2019; Mohapatra and Oh,
2025). Variations in this ratio directly influence the microstructure of the coating, and
consequently, its mechanical and tribological properties. Consequently, a systematic
investigation into the effect of the Ti/Cr ratio on the coating properties is of critical importance
for achieving the optimal (Ti,Cr)N coating design for a specific application.

This study investigated the wear behaviour of (Ti,Cr)N coatings with varying ratios of
titanium and chromium deposited onto a commercially widely used tool steel substrate. The
tribological performance of (Ti,Cr)N coatings with different Ti/Cr ratios will be compared with
the wear performance of TiN and CrN coatings, aiming to elucidate the fundamental effects of
the Ti/Cr ratio on the tribological properties and potential performance advantages of (Ti,Cr)N
coatings. The findings of this research are expected to provide a significant body of knowledge
for the potential applications of (Ti,Cr)N coatings and contribute to a deeper understanding of
the role of this advanced coating type in enhancing the performance of tool steels. The results
obtained are anticipated to provide guidance for the future design and development of higher-
performance tool steel coatings tailored for specific applications.

2. Materials and Methods

Table 1 presents the elemental compositions of the CrN, TiN, and (Ti,Cr)N coatings with
different Ti/Cr ratios, which were deposited onto the Cr12MoV steel substrate using physical
vapour deposition.
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Table 1. Chemical compositions (wt.%) of CrN, TiN, and (Ti,Cr)N coatings with different Ti/Cr ratios

Chemical composition (wt.%)

Coating Ti/Cr ratio

Cr Ti N
CrN 49.35 - 50.65
TiN - 50.61 49.32
(Ti,CrN 1.34 17.96 23.84 58.20
(Ti,CnN 1.07 20.10 21.49 58.41
(Ti,CrN 0.68 29.83 20.75 49.42

The hardness of the CrN, TiN, and (Ti,Cr)N coatings was evaluated using a Vickers
microhardness tester. All tests were conducted at room temperature following the ASTM E384
standard. A diamond indenter with a square-based pyramidal shape and an angle of 136° was
used to create indentations on the coated surfaces. For each coating type, a minimum of ten
indentations were performed to ensure the reliability of the results. A test load of 50 gf was
applied for a dwell time of 15 seconds. This specific load and dwell time were chosen to ensure
sufficient indentation depth while minimizing the influence of the substrate material on the
hardness measurements. Following the indentation, the lengths of the two diagonals of the
resulting square-shaped indentation on the coating surface were measured using the integrated
optical microscope of the Vickers hardness tester. The Vickers hardness number (HV) was
calculated using the following formula (Eq. (1)):

2Fsin(225
HV = TZ 1)
where HV is the Vickers hardness number, F is the applied test load. The applied load
was converted to kilograms-force for the calculation. d is the arithmetic mean of the lengths of
the two diagonals of the indentation in millimetres.

To gauge the resistance to wear exhibited by CrN, TiN, and (Ti,Cr)N coatings applied to
Crl2MoV steel substrates, a ball-on-disc tribometer was employed (Figure 1), adhering to the
guidelines outlined in the ASTM G99 standard. Wear tests were carried out in a dry sliding
regime at a load of 10 N, a speed of 0.3 m/s, and a sliding distance of 500 meters under the
ambient atmospheric conditions. The opposing contact element consisted of a 6 mm diameter
ball from tungsten carbide. Prior to the commencement of each wear test, both the coated
specimen and the ball underwent a cleaning process to eliminate any potential surface
contaminants that could influence the frictional and wear response. This cleaning procedure
involved immersion in an ultrasonic bath containing analytical grade ethanol.

Disc Load

(coating)
Wear track ¢

~_ A

Rotation

Figure 1. Schematic illustration of the ball-on-disc test
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The steady-state friction coefficient was determined by averaging the instantaneous
friction coefficient values recorded during the stable portion of the test. Typically, an initial
run-in period is observed where the friction coefficient may fluctuate before stabilizing.
Therefore, data from this initial run-in phase were excluded from the calculation. The average
steady coefficient of friction was then calculated over the remaining steady-state region of the
test. Each test was repeated a minimum of three times.

Following the evaluation of the wear test results, the wear behaviour of (Ti,Cr)N coatings
with a Ti/Cr ratio of 0.68 was thoroughly investigated under varying loading and sliding speed
conditions. An experimental design was strategically implemented to dissect the impact of two
variables (factors): the applied normal load (5 N, 10 N, and 15 N), and the sliding speed (0.1
m/s, 0.3 m/s, and 0.5 m/s) with each test conducted at a sliding distance of 500 meters. To study
the statistical significance of the parameters (factors) on wear behaviour of the (Ti,Cr)N coating
with Ti/Cr ratio of 0.68, the statistical Design-Expert software was employed as the principal
analytical platform for analysing of variance (ANOVA). This software not only facilitated the
identification of statistically significant factors, but also enabled a granular investigation into
the individual and interaction effects of the load and sliding speed on the wear characteristics
of (Ti,Cr)N-coated Cr12MoV steel.

3. Results and Discussion

The Vickers hardness of TiN, CrN, and (Ti,Cr)N coatings with different Ti/Cr ratios of
1.34, 1.07, and 0.68 was evaluated in this study. The measured hardness values provide crucial
insights into the resistance to localized plastic deformation, a key indicator of wear performance
for these coatings.

Figure 2 depicts the hardness variation of TiN, CrN, and (Ti,Cr)N coatings with different
Ti/Cr ratios. TiN coating demonstrated a higher hardness compared to CrN coating. The
difference in hardness between these two coatings can be attributed to variations in their bond
strengths and crystal structures (Zhang et al., 2018; Leonov et al., 2023).
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i

s a
TiN (Ti,Cr)N (Ti,Cr)N (Ti,Cr)N

0

(TV/Cr ratio=1.34) (Ti/Cr ratio=1.07) (Ti/Cr ratio=0.68)
Coating type

Figure 2. Vickers hardness values of TiN, CrN, and (Ti,Cr)N coatings with different Ti/Cr ratios
(1.34,1.07, and 0.68)

The (Ti,Cr)N coating with a Ti-rich composition (Ti/Cr = 1.34) exhibited a higher
hardness than that of the TiN coating. The (Ti,Cr)N coating with a Ti/Cr ratio (1.07) displayed
the highest hardness among the investigated compositions. Conversely, the (Ti,Cr)N coating
with a Cr-rich composition (Ti/Cr = 0.68) exhibited the lowest hardness among (Ti,Cr)N

216



(Baser and Diler, 2025)

coatings studied. While the addition of Ti into the CrN lattice still induces some solid solution
strengthening, the overall hardness remains closer to that of CrN. This suggests that at this
specific composition, the influence of the CrN matrix and the level of lattice distortion achieved
by the relatively lower titanium content may have resulted in a hardness value that is improved
compared to pure CrN but does not reach the levels observed at higher Ti/Cr ratios. These
findings indicate the significant role of chemical composition in tailoring the mechanical
properties of (Ti,Cr)N coating. The observed trend demonstrates the enhancing the hardness of
TiN by the incorporation of chromium, with the most pronounced effect achieved at a Ti/Cr
ratio of 1.07.

The dry sliding friction behaviour of coatings is a critical aspect for many industrial
applications, and the selection of the coating material significantly influences the overall
tribological performance. Figure 3 shows the average steady coefficient of friction of TiN, CrN,
and (Ti,Cr)N coatings with different Ti/Cr ratios. As seen in Figure 3, the TiN coating exhibited
the highest average steady coefficient of friction. In contrast, the CrN coating demonstrated a
significantly lower friction coefficient. This performance can be attributed to the formation of
chromium oxide at the sliding interface (Zhou et al., 2000). The (Ti,Cr)N coatings revealed a
compelling trend where the friction coefficient systematically decreased as the Ti/Cr ratio
decreased, as illustrated in Figure 3. Compared to the TiN coating, the lower friction coefficient
observed for the (Ti,Cr)N with a Ti/Cr ratio of 1.34 can be attributed to the beneficial effect of
chromium in forming lubricating oxides. However, this effect was likely somewhat diluted by
the greater titanium content. A decrease in the Ti/Cr ratio to 1.07 resulted in a lower friction
coefficient. This indicates a more balanced contribution from both titanium and chromium. The
lowest friction among the (Ti,Cr)N coatings was observed with a Ti/Cr ratio of 0.68 (Cr-rich).
This result is notably close to that of CrN coating. These findings demonstrate that while TiN
had the highest average steady coefficient of friction, CrN, on the other hand, provided superior
low-friction characteristics. (Ti,Cr)N coatings offered a remarkable ability to tailor tribological
performance through precise control of the Ti/Cr ratio. Decreasing the Ti/Cr within the (Ti,Cr)N
consistently led to a reduction in the average steady coefficient of friction for the (Ti,Cr)N
coating.
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Figure 3. Average steady coefficient of friction of TiN, CrN, and (Ti,Cr)N coatings with different
Ti/Cr ratios (1.34, 1.07, and 0.68)

Figure 4 illustrates the wear rate of TiN, CrN, and (Ti,Cr)N coatings with different Ti/Cr
ratios. The observed trends in wear rates (Figure 4) directly correlated with the friction
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coefficient (Figure 3), providing a unified perspective on the tribological performance of the
coatings. Generally, lower friction indicates reduced energy dissipation as heat and less material
removal, thus leading to a lower wear rate (Bhushan, 2013).

Although it possessed the highest hardness (Figure 2), the TiN coating also exhibited the
highest coefficient of friction (Figure 3), and consequently, the highest wear rate (Figure 4).
The CrN coating, which exhibited a low friction coefficient, demonstrated a lower wear rate
than the TiN coating (Figure 4), despite having a lower hardness. It can be due to the fact that
the Cr.0O3 film formed during sliding provides the effective protective barrier (Li et al., 2025),
profoundly minimizing material loss and surpassing the performance of TiN.

The wear rates of (Ti,Cr)N coatings with Ti/Cr ratios of 1.34 and 1.07 were higher than
that of the CrN coating but lower than the TiN coating, even though they possessed higher
hardness than the CrN coating. This result indicates that there is no direct correlation between
the hardness and the wear resistance of these coatings. On the other hand, the wear resistance
of the (Ti,Cr)N coating with a Ti/Cr ratio of 0.68 was very close to that of the CrN coating.
While titanium generally has a less effective influence on wear resistance compared to
chromium, which could lead to lower wear resistance in (Ti,Cr)N coatings than in CrN, the
slightly higher hardness of the (Ti,Cr)N coating with a Ti/Cr ratio of 0.68 compared to CrN
may have compensated for this disadvantage. These results indicate that there is no direct
relationship between the hardness and the wear resistance of the coatings studied. However,
optimizing the Cr content within (Ti,Cr)N coatings, even at the expense of peak hardness,
proves to be an effective strategy for achieving superior tribological performance.
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Figure 4. Wear rate of CrN, TiN, and (Ti,Cr)N coatings with Ti/Cr ratios of 1.34, 1.07, and 0.68

The findings show that the wear resistance of (Ti,Cr)N coating with a Ti/Cr ratio of 0.68
is competitive with CrN coating; therefore, the wear behaviour of (Ti,Cr)N coatings with a
Ti/Cr ratio of 0.68 under varying loading and sliding speed conditions was investigated. An
experimental design was implemented to dissect the influence of load and sliding speed (Table
1). A 2-factor, 3-level full factorial experimental design with five replicates was used.
Following the experimental studies conducted according to the design, a statistical investigation
utilized regression analysis and ANOVA to evaluate the significance of load, sliding speed, and
their interaction effect on the wear rate.
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Table 1. Experimental design and the wear rate results of (Ti,Cr)N coating with a Ti/Cr ratio of 0.68 as
a function of load and sliding speed

Coded value Actual value
Number of Wear rate
experiment — Wearrate
p Load Sliding speed Load (N) S|ld|(rr1§1/ss)peed (( )-10°8)
: ! -1 5 0.1 29.19
: ! 0 5 0.3 33.81
; ’ 1 5 05 40.77
: 0 -1 10 0.1 4222
: 0 0 10 0.3 51.13
° 0 0 10 0.3 52.05
: 0 0 10 0.3 51.87
: 0 0 10 0.3 50.90
y 0 0 10 0.3 51.94
0 0 1 10 05 63.66
1 : N 15 0.1 48.43
- ! 0 15 0.3 75.08
= 1 1 15 05 98.24

To estimate pure error, experiments numbered from 5 to 9 were replicated at the central
levels of load and sliding speed. The regression model performed well, as evidenced by its high
coefficients of determination. For the (Ti,Cr)N coating with a Ti/Cr ratio of 0.68, the R? value
was a remarkable 0.9911. This means that 99.11% of the variations in wear rate can be
statistically explained by the factors (load, sliding speed) and their interaction for the (Ti,Cr)N
coating (Ti/Cr ratio 0.68). The ability of a model to predict improves significantly as its R?
value gets closer to 1 (Chicco et al., 2021). Delving deeper into its fit, the adjusted R? for this
coating was 0.9848. This value provides a more realistic view of the explanatory power of the
model by accounting for the number of predictors. Moreover, the predicted R?, which estimates
how well the model will predict new data, stood at 0.9140 for the (Ti,Cr)N coating (Ti/Cr ratio
0.68).

The statistical significance of the developed regression model was thoroughly evaluated
using Analysis of Variance (ANOVA), with the results summarized in Table 2. The model
proved to be highly significant (p < 0.0001, F=156.73), indicating its strong ability to explain
the observed variation in the response variable. A detailed examination of the individual factors
revealed that both load (F=472.62, p < 0.0001) and sliding speed (F=232.95, p < 0.0001) had a
highly significant impact on the response. Furthermore, the interaction effect (LoadxSliding
speed) between load and sliding speed also demonstrated significant influence (F=74.44, p <
0.0001). This suggests that the effect of one factor on the response is dependent on the level of
the other. Conversely, the quadratic terms, LoadxLoad (p=0.1643 > 0.05) and Sliding
speedxSliding speed (p=0.6841 > 0.05), were not statistically significant. This indicates that a
linear relationship with respect to these individual factors adequately captures their contribution
to the model within the experimental range, without requiring higher-order polynomial terms
for their individual effects.

The Lack of Fit test was also found to be significant (p=0.0019, F=40.33), implying that
the current model may not perfectly describe the experimental data and some unknown
variability might still exist, or that a more complex model might provide a better fit. However,
given the overall high significance of the model and the strong individual factor effects, the
model remains a robust descriptor of the main relationships.
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Table 2. Analysis of variance (ANOVA) for wear rate depending on the factors of load and sliding
speed for (Ti,Cr)N coating with a Ti/Cr ratio of 0.68

Source Sum of Squares  df  Mean Square F-value p-value
Model 3846.50 5 769.30 156.73  <0.0001  significant
Load 2319.88 1 2319.88 472,62  <0.0001
Sliding speed 1143.47 1 1143.47 23295 < 0.0001
LoadxSliding speed 365.38 1 365.38 74.44 <0.0001
LoadxLoad 11.84 1 11.84 241 0.1643
Sliding speedx Sliding speed 0.8838 1 0.8838 0.1801 0.6841
Residual 34.36 7 491
Lack of Fit 33.26 3 11.09 40.33 0.0019 significant
Pure Error 1.10 4 0.2749
Cor Total 3880.86 12

The developed regression model, presented in coded factors (Table 1), quantifies the
relationship between the independent variables and the wear rate. The model equation (Eg.(2))
to predict the wear rate of (Ti,Cr)N coating (Ti/Cr ratio 0.68) depending on load and sliding
speed is given below:

Wear rate = 51.81 + 19.66-A + 13.80-B + 9.56-A-B + 2.07-A2+ 0.5657-B2 Eq.(2)

Where A represents the coded value of load and B represents the coded value of sliding
speed (Table 1). The equation reveals the distinct contributions of individual factors and their
combined interactions. The positive coefficients for A (+19.66) and B (+13.80) indicate that
both load and sliding speed increase the wear rate; an increase in either factor leads to a higher
wear rate. The significant positive coefficient for the interaction term A-B (+9.56) suggests that
the combined effect of load and sliding speed is more than just additive, meaning the influence
of one factor is amplified by the presence of the other. The quadratic terms, A? (+2.07) and B
(+0.5657), while having smaller coefficients, indicate a slight curvature in the response surface.

Figure 5 presents a scatter plot where the predicted wear rate values demonstrate strong
agreement with their experimental results. The close alignment of the actual data points with
the regression line confirms the excellent fit of the model.
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Figure 5. Correlation graph between the predicted and actual (experimental) values of wear rate of the
(Ti,Cr)N with a Ti/Cr ratio of 0.68
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Figure 6 illustrates the main impact of both load and sliding speed on the wear rate of
(Ti,Cr)N with a Ti/Cr ratio of 0.68. The wear rate increased with both load and sliding speed,
with a more pronounced effect observed at higher values of each. Notably, load exerted a more
substantial influence on the wear rate than sliding speed. This trend is much more clearly
observed in the three-dimensional response surface curve and two-dimensional contour plot
presented in Figure 7(a) and (b), respectively.
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Figure 6. Main effect of (a) load and (b) sliding speed on the wear rate of the (Ti,Cr)N with a Ti/Cr
ratio of 0.68
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Figure 7. (a) Two-dimensional contour plot and (b) Three-dimensional response surface plot showing
the interaction effect between load and sliding speed on the wear rate of (Ti,Cr)N with a Ti/Cr ratio of
0.68
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4. Conclusions

The wear properties of CrN, TiN, and (Ti,Cr)N coatings with a different Ti/Cr ratios was
investigated in this study. The results are presented below:

(1) TiN coating demonstrated higher hardness than CrN coating. For (Ti,Cr)N coatings, the
hardness was highly dependent on the Ti/Cr ratio. This suggests a synergistic effect of
combining titanium and chromium.

(2) CrN coating exhibited the lowest friction coefficient. Conversely, TiN coating showed
the highest friction. (Ti,Cr)N coatings allowed for precise control over friction, with
coefficients systematically decreasing as the Ti/Cr ratio was reduced. The Cr-rich
(Ti,Cr)N coating (Ti/Cr = 0.68) achieved a friction coefficient remarkably close to that of
CrN coating.

(3) The findings indicate no direct relationship between the hardness and wear rate of the
coatings studied; however, observed wear rates correlated with the average steady
coefficient of friction. Despite its high hardness, TiN coating exhibited the highest wear
rate due to its high friction. While CrN coating, with its lower hardness, showed superior
wear performance. For (Ti,Cr)N coatings, wear resistance improved with increasing Cr
content.

(4) Furthermore, a detailed statistical analysis of the (Ti,Cr)N coating with a Ti/Cr ratio of
0.68 confirmed its promising wear behaviour. A robust regression model, validated by
high R? values and significant ANOVA results, demonstrated that both load and sliding
speed, as well as their interaction, significantly influence the wear rate. Higher values of
load and sliding speed led to more pronounced increases in wear.

The results highlight the significant potential for tuning the Ti/Cr ratio in (Ti,Cr)N
coatings, which directly impacts their tribological behaviour and offers a means to achieve
specific wear characteristics for various applications.
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Ozet: I¢ mekan siis bitkileri, hayatimizi siirdiirdiigiimiiz ¢cogu ortamda bulunan
bitkilerdir. I¢ mekan siis bitkilerinde birbirlerinden ¢ok farkl1 yaprak, cicek ve govde
ozelliklerine sahip bitki tiirleri bulunmaktadir. I¢ mekan siis bitkileri iiretiminin her
asamasinda, topraksiz tarim kolaylik saglamaktadir. Topraksiz tarimda kullanilan kati
ortamlar, koklendirme ile tohum ¢imlendirme ve fide iiretim ortami olarak ¢ok fazla
kullanilmaktadir. Kat1 ortam dedigimiz substrat kiiltiirli organik ve inorganik kati ortam
olmak {izere ikiye ayrilir. Organik kati ortamlar; torf, hindistancevizi kabugu
(cocopeat), yanmis pirin¢ kabuklari, agac kabuklari, talas, bitki yapraklari gibi bir¢ok
organik maddeyi kapsamaktadir. Inorganik kat: ortamlar, kaya yiinii (rockwool), cam
yini, perlit, kum, pomza tasi, volkanik tiif gibi bircok inorganik maddeleri
kapsamaktadir. Kati ortamlarin yani sira, su kiiltiirii de siis bitkileri liretiminde yaygin
olarak kullanilmaktadir. Kati1 ortam veya su kiiltiiriinde kullanilacak besin ¢ozeltisi de
olduk¢a onemlidir. Besin ¢ozeltisi hazirlanirken, besin elementi kaynaklarinin EC ve
pH degeri, kullanilan suyun EC degerine ve kimyasal bilesimlere gore
degisebilmektedir. Bu degerler, liretim yapilacak i¢ mekan siis bitkilerine gore farklilik
gosterebilmektedir.
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Abstract: Indoor ornamental plants are plants found in most environments we live in.
There are plant species with very different leaf, flower and stem characteristics in
indoor ornamental plants. In every stage of indoor ornamental plant production, soilless
agriculture provides convenience. Solid media used in soilless agriculture are widely
used as rooting, seed germination and seedling production media. Substrate culture,
which we call solid media, is divided into two as organic and inorganic solid media.
Organic solid media include many organic substances such as peat, coconut shells
(cocopeat), burnt rice hulls, tree barks, sawdust, plant leaves. Inorganic solid media
include many inorganic substances such as rockwool, glass wool, perlite, sand, pumice
stone, volcanic tuff. In addition to solid media, water culture is also widely used in
ornamental plant production. The nutrient solution to be used in solid media or water
culture is also very important. When preparing the nutrient solution, the EC and pH
values of the nutrient element sources may vary depending on the EC value of the water
used and the chemical compositions. These values may vary depending on the indoor
ornamental plants to be produced.

1. Giris

Ic mekan siis bitkileri, ev, ofis ve kapali alan diizenlemelerinde yaygin olarak
kullanilmaktadir. Bu bitkilerin tiretiminde geleneksel olarak toprak kullanilmakla birlikte, son
yillarda ticari liretimde topraksiz tarim sistemlerinin kullanimi artis géstermektedir. Topraksiz
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tarim, Ozellikle toprak kaynakli yabanci ot, hastalik ve zararlilarin 6nlenmesi, su ve besin
maddelerinin daha verimli kullanilmasi gibi avantajlar1 nedeniyle tercih edilmektedir.

Topraksiz tarim uygulamalarinda kati ortam kiiltiirii (substrat kullanimi) ve su kiiltiirii
olmak iizere iki temel sistem On plana ¢ikmaktadir. Bu sistemlerde, bitkilerin beslenmesi
tamamen disaridan kontrollii olarak verilen besin ¢ozeltileriyle saglanmakta, boylece homojen
ve dengeli beslenme ile yiiksek verim ve kaliteli iiretim miimkiin olmaktadir.

Bu calismada, i¢c mekan siis bitkileri iiretiminde topraksiz tarim sistemlerinin yeri,
kullanilan ortam tiirleri ve besin ¢ozeltilerinin 6nemi ele alinmistir. Topraksiz tarim sistemleri
genel olarak iki temel uygulamaya ayrilmaktadir: Kat1 ortam (substrat) kiiltiirti ve su kiiltiirii.

2. Kat1 Ortam Kiiltiirii

I¢ mekan siis bitkilerinde tohum ekiminden fide iiretimine kadar, fide dikiminden gelisim
siireci boyunca, kat1 ortam kiiltiirii yaygin olarak kullanilmaktadir. Kati ortam dedigimiz
substrat kiiltiirii organik ve inorganik kati ortam olmak iizere ikiye ayrilir. Organik kati
ortamlar; torf, hindistancevizi kabugu (cocopeat), yanmis pirin¢ kabuklari, aga¢ kabuklari,
talas, bitki yapraklar gibi birgok organik maddeyi igermektedir. inorganik kat1 oryamlar; kaya
yiinii (rockwool), cam yiinil, perlit, kum, pomza tasi, volkanik tiif gibi bir¢cok inorganik maddeyi
icermektedir (Sevgican, 1999; Hazar ve Bakir, 2013; Kahraman 2014; Waiba ve ark., 2020;
Arumugam ve ark., 2021).

Kati1 ortam kiiltiiriinde en ¢ok tercih edilen torf, perlit, pomza, cocopeat ve bunlarin belli
oranda karistirilarak kullanilmasidir.

3. Su Kiiltiiriinde Uretim

Su kiilttirti, bitki koklerinin dogrudan besin ¢ozeltisi ig¢inde yer aldigi, kati ortam
kullanilmadan yapilan tiretim sistemidir. Durgun su kiiltiirii, besin film teknigi (NFT), derin su
kiiltiri (DWC) ve fasilali akig sistemleri gibi hidroponik sistemleri kullanilmaktadir. Ancak
ofis ve ev gibi i¢ mekanlarda durgun su kiiltiirii ogunlikla tercih edilmektedir.

Su kiiltiiriinde, hazirlanan besin ¢6zeltilerinin deliksiz saksilara veya kaplara konularak
yapilmaktadir. Saksiya konulan besin ¢ozeltisi, 7 veya 10 giin arayla degistirilmelidir. Ancak
akvaryumda kullanilan hava filtreleri kullanilarak, bu siire 15 ile 18 giine ¢ikartilir. (Sevgican,
1999; Hazar ve Bakir, 2013; Kahraman 2014; Waiba ve ark., 2020; Arumugam ve ark., 2021).

Uzun siire degistirilmeyen besin ¢ozeltilerinde, oksijen orani azaldigi igin, oksijensiz
solunum baglar. Bu durum bitkilerde, kok bogulmasina neden olur.

4. Topraksiz Tarimda i¢c Mekan Siis Bitkileri Uretimi

I¢c mekan siis bitkilerinde iiretim, tohum, spor, sogan, yaprak siirgiin ve kok celikleriyle,
daldirma ve doku kiiltiirii yontemiyle yapilmaktadir. i¢ mekan siis bitkileri, gosterisli gigek,
renki yapraklari, sukulent ve kaktiisler olmak {izere siiflandirilir.

Tablo 1. i¢ mekan siis bitkilerinde yaygin olarak tercih edilen cicekli bitkilerden bazilar1 (Demirbas,
2010)

Latince Ad1 Tiirkce Adi

Cylamen persicum Sklamen

Pelergonium x hortorum Sardunya

Saintpaulia ionantha Wandl Afrika Meneksesi
Bouganvilla glabra Gelin Duvagi, Rodos Giilil
Begonia tuberosa Begonya

Camellia japonica Nois Kamelya
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Tablo 2. I mekan siis bitkilerinde yaygin olarak tercih edilen yaprakl bitkilerden bazilar1 (Demirbas
2010)

Latince Ad1 Tiirkce Adi
Codraeum juss. Kroton
Dieffenbachia schott Difenbahya
Sansevieria Thunb Peygamber Kilici
Monstera schoott Deve Tabani
Nephrolepis Ask Merdiveni
Ficus L Kauguk
Philodendron schoott Salon Sarmasig1

Tohumla iiretilen ve en ¢ok tercih edilen i¢ mekan siis bitkilerinden Cylcamen (sklamen)
en iyi 6rneklerden biridir. I¢ mekan siis bitkilerinde bir¢ok bitki ¢esidi tohum yerine geliklerle
iiretilirken, tohum ise daha ¢ok 1slah amagh ¢alismalarda kullanilmaktadir.

4.1. Tohumla iiretim

Ic mekan siis bitkilerinde, sklamen, kasimpati, kadife ¢icedi, papatya gibi bir kisim
bitkiler ticari olarak tohumla iretilir. Bu bitkilerin tohumlari, hazirlanan harca ekilerek,
tohumdan fide elde edilir.

Begonya, giil, kaktiis ¢esitleri, afrika meneksesi gibi diger bir kisim bitkiler ise ticari
olarak gdvde, yaprak ve slirgiin celikleriyle fide elde edilir. Bu bitkilerde tohumlar genellikle
bilimsel calismalarda veya 1slah ¢aligmalarinda kullanilmaktadir.

I¢ ve dis pazara iiretim yapan firmalarda tohum ekim harci olarak sadece torf veya 2:1
oranda torf + perlit karisimi kullanilmaktadir. Bilimsel ¢aligma yapan veya hobi olarak iiretim
yapan iireticiler, diger kat1 ortamlarida kullanmaktadir. Ozellikle bilimsel galismalarda yeni
organik ve inorganik maddelerde iiretime katmak amaciyla, tohum ekim harci olarak
denenmektedir.

Biiytik capta iiretim yapan, i¢ ve dis pazara iirlin gonderen firmalar tohum ekim harc1 igin
onceden istenen oranda besin katkili, steril edilmis torf ve perlit siparis verilerek temin
etmektedirler. Alinan torf ve perlit tohum ekimi yapilacak tiiplere, viyollere %100 torf veya
torf ve perlit karisim1 seklinde doldurulur. Doldurulan viyol ve tiiplere tohum ekimi yapilir.
Yapilan tohum ekiminden sonra hazirlanan besin ¢ozeltisiyle yagmurlam sulama veya sisleme
seklinde sulama yapilir. Cimlenen tohumlar, fide durumuna geldiginde, asil saksilarina alinarak
tiretim siirecine devam edilir.

4.2. Sporla iiretim

Pasa kilic1 gibi ¢igeksiz siis bitkiler sporlar ile iiretilir. Spor, tek hiicreden olusmus nemli
ortamlarda yasayan ve yapraklarin alt yiizeyinde meydana gelen olusumlardir. Spor kesesi
icinde yer alan bu sporlar kesenin olgunlasip patlamasi ile etrafa yayilarak uygun ortam bulunca
cimlenerek gelismeye baslar. Sporlar 6zel ortamlarda ¢imlendirilir. Bu amagla 1:1 oraninda torf
ve perlit karisimi gibi steril edilmis hafif ortamlar kullanilmaktadir (Demirbas 2010).

4.3. Soganla iiretim

Lale ve stimbiil gibi kesme cicek olan ve i¢ mekan siis bitkisi olarakta evleri siisleyen
bitkilerin tiretiminde kullanilir.

Siis bitkilerinde lale ve siimbiil gibi soganli bitkilerin soganlarinin direk veya kati ortam
kiiltiiriinde dikilmesi seklinde yapilir. Ozellikle sadece torf veya 2:1 oraninda torf ve perlit
karisiminin dolduruldugu tiiplere sogan dikimi yapilir. Sogan dikimi yapilirken, embriyonun
bulundugu sivri olan ug kisim, tiipiin iist kismina ve soganin kilcal koklerin olusacagi kisim ise
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tiipiin alt kismina gelecek sekilede dikilir (Demirbas, 2010; Kazaz, 2017; Faust and Dole,
2021).

4.4, Celikle iiretim

Bitkilerin siirgiin ve yapraklarindan alinan ¢elikler kullanilir. Kat1 ortamlardan 6zellikle
sadece perlit kullanilarak koklendirme yapilmaktadir. Koklendirme kiivetlerine, saksilara ve
tiiplere perlit doldurularak koklendirme yapilir. Koklendirme amaciyla alinan ¢elikler, bogum
kismindan kok olusumunu tesvik etme amaciyla, kdklendirme hormonuna (IBA (indol-3-
biitirik asit)) batirilip iiretim parseline 3 - 5 cm araliklarla dikimi yapilir. Celiklerin iist kisminda
ise tek yaprakli, 2-3 siirgiin gozlii ¢elikler olmalidir (Doldur, 2008; Kazaz, 2017; Faust and
Dole, 2021, Kabay, 2023; Senol, 2023; Kabay 2025).

Afrika meneksesinden alinan yaprak celikleri ve pasa kilici, katiis gibi bitkilerin yapraksi
ve sukulent gévdeden alinan pargalar torf, perlit veya torfile perlit karigimi ile elde edilen harca
yerlesirilerek tretilir. Afrika meneksesi gibi yaprakli celikler sap kismindan 1-2 cm kadar
hazirlanan harca batirilarak dikim isemi yapilir. Sukulent govdeli kaktiis ve pasa kilict gibi
bitkiler ise kesilen kisimlari, hazirlanan harca 1 cm batirilarak dikim islemi yapilir. Dikim
islemi bittikten sonra hazirlanan cesin ¢ozeltisi ile sulama islemi yapilir.

Begonya ve giil gibi bitkilerde iiretim, siklikla gévde celiklerinin kdklendirilmesiyle
gerceklestirilir. Bu amacla alinan c¢eliklerin alt kisimlari, yaklasik 2—3 cm derinlige kadar
hazirlanmis ortama yerlestirilir. Ozellikle %100 perlit kullanmimi, bu tiir bitkilerde kok
olusumunu tesvik ettigi icin yaygin olarak tercih edilmektedir. Celiklerin iist kistmlarnda ise
yapraklar koparilir veya sadece 1-2 yaprak birakilarak perlit ortamina koklendirme amaglt
dikilir. Koklendirme amaciyla dikilen gelikler, besin ¢ozeltisiyle sulanarak siirekli nemli
tutulur.

4.5. Daldirma yontemiyle iiretim

Kati ortamlardan, daldirma ile tiretim i¢in en ¢ok kullanilan ortam, torf ve torf ile perlit
karisimi kullanilir. Torf veya torf ile perlit karisiminin dolduruldugu torbalar, kasalar, tiipler
veya saksilar daldirma ortami olarak kullanilir. Daldirilan bitkilerin kisimlari (stirgiinler), ana
bitkiden ayrilmadan ortama daldirilir. Daldirilan siirglinlerin daldirilan kisim ile ug¢ kisim arasi
10-20 cm olmalidir (Doldur, 2008; Kazaz, 2017; Faust and Dole, 2021, Kabay, 2023; Senol,
2023; Kabay 2025).

Begonya ve giil gibi bitkilerde iiretim, daldirma yontemiylede gergeklestirilebilir. Uretim
icin secilen siirglinlerin bogum bolgeleri hafifce yaralanarak, torf, perlit veya torf—perlit
karisimindan olusan koklendirme ortamina daldirilir ve bu sayede kok olusumu tesvik edilir.

I¢c mekanda da kullanilan, kesme cigek olarak yetistirilen karanfil gibi bitkilerde, siirgiin
bogumlarinda olusan filizler, ana siirgiinden koparilmadan baglanti noktasindan itibaren
hazirlanmis koklendirme ortamina daldirilir. Koklenen filizler, fide olarak iiretime hazir hale
gelir. Daldirilan siirgiin ve filizler, kdk olusumu tamamlanincaya kadar besin ¢ozeltisi ile
sulanarak ortamin siirekli nemli kalmas1 saglanir.

4.6. Doku kiltiirii ile iiretim

Doku kiiltiirtinde bitkilerin degisik organlarindan alinan ¢ok kiiciik parcaciklar steril olan
besin jelleri gibi 6zel ortamlarda ¢imlendirilip koklendirilmesiyle uygulanan bir ¢ogaltma
yontemidir. Doku kiiltiiriiyle iiretilen fideler, steril bitki oldugu i¢in, hassas calismalarda ve
tiretimlerde kullanildig: gibi 1slah ¢calismalarinda da ¢ok tercih edilmektedir (Demirbas 2010).

Doku kiltiirinde kullanilan bitki kismina gore meristem, kallus (yara dokusu), anter,
polen, embriyo, hiicre ve protoplazma kiiltiiri olarak adlandirilir.
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Tablo 3. i¢ mekan siis bitkilerinde doku kiiltiirii yapilan bitki kisimlarindan bazilari (Demirbas 2010)

Bitki Kisimlar1 i¢ Mekan Siis Bitkileri
Tohum, Embriyo Atatiirk Cicegi, Orkide
Cicek sap1 Carkifelek, Begonya, Orkide
Meristem, Siirgiin ucu Orkide, Agelya, Karanfil, Krizantem
Koltukalti tomurcuk Bromeliadlar, Orkide, Dracena
Yaprak pargalari Begonya, Crassulali
Yaprak sap1 Begonya, Afrika Meneksesi
Rizom pargalari Egreltiler
Sogan pullan, Sogan tablasi Zambak, Lale
Yumru dokusu Tavsan Kulagi

5. Uretim

I¢c mekan siis bitkilerinin fideleri, kat1 ortamla doldurulmus saksilara aktarilarak iiretim
siirecine devam edilir. Ozellikle biiyiik dlgekli pazarlara yonelik saksili siis bitkisi {iretiminde,
genellikle torf tercih edilmektedir. Uretici firmalar, kullandiklar1 torfu belirli fiziksel dzelliklere
ve besin icerigine gore dzel olarak siparis ederek temin etmektedir.

Kati ortam kullanilarak saksilarda yapilan yetistiricilikte, tiim i¢ mekan siis bitkilerinin
iiretimi gerceklestirilebilir. Sulama islemi ise genellikle hazirlanan besin ¢ozeltisi ile birlikte
damla sulama yontemiyle uygulanmaktadir (Demigbas 2010; Kabay 2025).

Su kiltiiriinde, kok gelisimini tamamlamis ve fide asamasina ulagsmis i¢ mekan siis
bitkilerinin yetistiriciligi yapilmaktadir. Bu yontemde, genellikle deliksiz saksilar kullanilarak
bitkiler durgun su kiiltiiriinde gelistirilir; besin ¢ozeltisi ise 7-10 giin araliklarla yenilenir.
Durgun su kiiltiiriiniin yan1 sira, zaman ayarli olarak besin ¢6zeltisinin dolagimini saglayan
fasilali akis sistemleri de {iretim amaciyla kullanilmaktadir (Demisbas 2010; Kabay 2025)..

Kati ortam veya su kiiltiirlinde yapilan yetistiriciliklerde, bitkilerin direk 151k alan veya
almayan tiirlere gore konumlara konulmalidir. Bunun yaninda i¢ mekan siis bitkilerinin
bulundugu ortamin nem, 151k ve sicaklik istekleri ve sulama sekilleri, bitkilere gore degisim
gostermektedir. Bitkilerin bulundugu saksilar ¢ok sik olmamali, hava sirkiilasyonun olacagi
kadar mesafe olmalidir.

6. Besin Cozeltisi Hazirlanisi

Topraksiz tarimda besin ¢ozeltisi hazirlanirken, besin elementi kaynaklarinin kimyasal
formiilii cok 6nemlidir. Hazirlanan besin ¢o6zeltisinin EC ve pH degeri, kullanilan suyun EC
degerine ve kimyasal bilesimlere gore degismektedir.

Siis bitkisi tiretimi i¢in hazirlanan besin ¢ozeltisinde kullanilan suyun EC degeri sifir veya
sifira yakin olmalidir. Saf su cihazlarinda tiretilen su, sifir veya sifira yakin bir EC’ ye sahiptir.
Ancak saf su digindaki kullanilan ve herhangi bir kaynaktan kullanilan suyun EC degeri, suyun
tuzluluguna ve biinyesinde bulundurdugu bilesenlere gore artis gosterebilmektedir. Bu nedenle
hazirlanan besin ¢ozeltisinin EC degeri ve pH degeri, iiretim yapilan bitkilerin istedigi degerlere
yakin olmalidir. Genel olarak topraksiz tarimda hazirlanan besin ¢ozeltisinin EC degeri 1.5 -
2.5 mS/cm ve pH degeri ise 5.5 - 6.5 arasinda olmalidir(Sevgican, 1999; Waiba ve ark., 2020;
Arumugam ve ark., 2021; Hazar ve Bakir, 2013; Kahraman 2014).

Besin ¢ozeltisi hazirlanirken, bitkinin ihtiya¢ duydugu besin elementlerinin bulunmasi
gerekir. Siis bitkilerinin tiretim siirecinde, besin ¢ozeltisi hazirlanirken, bitki i¢in mutlak gerekli
makro ve mikro besin elementleri vardir. Makro besin elementleri azot (N), fosfor (P),
potasyum (K), kalsiyum (Ca), magnezyum (Mg) ve kiikiirt (S). bu elementleri, kimyasal
kaynaklar kullanilarak belli oranlarda su i¢ine katilarak hazirlanir. Karbon (C), hidrojen (H) ve
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oksijen (O) makro elementini bitkiler CO, ve H20’ dan alirlar. Mikro elementler ise bor (B),
klor (Cl), bakir (Cu), demir (Fe), mangan (Mn), molibden (Mo) ve Cinko (Zn). Mikro besin
elementi besin ¢dzeltisi, kimyasal kaynaklardan gerekli miktarda suya karistirilarak elde edilir
(Sevgican, 1999; Toprak ve Giil, 2013; Waiba ve ark., 2020; Arumugam ve ark., 2021).

Topraksiz tarimda bitki tiretiminin yapildig1 besin ¢ozeltilerinin 6rnek receteleri Tablo 1,
2 ve 3’te verilmistir.

Tablo 4. Hoagland besin ¢ozeltisi (Johnson, 1980; Sevgican, 1999)

Stok konsantrasyon 5 litre suya
Potasyumnitrat (KNO3) 252.88 g
Potasyumdihidrojenfosfat (KN2PQa) 14412 g
Magnezyumsiilfat (MgS04-7H20) 252.88 g
Borikasit (HsB0s) 1428.57 mg
Mangansiilfat (MnSOs-H20) 740.74 mg
Cinkosiilfat (ZnSO4-7H20) 105.82 mg
Bakarsiilfat (CuSO4-5H20) 26.45 mg
Molibasit (M0Osz-2H.0) 13.22 mg

Tablo 5. Sebzelarin tiimii i¢in ortak besin ¢ozeltisi (Benoit, 1992; Sevgican, 1999)

Besin elementi Konsantrasyon ppm
Azot 150
Fosfor 55
Potasyum 175
Kalsiyum 105
Magnezyum 90
Kiikiirt 125
Bor 0.008
Demir 1.0
Mangan 0.36
Cinko 0.046
Bakir 0.026
Molibden 0.001

Tablo 6. Topraksiz tarimda tiim bitkiler i¢in besin ¢ozeltisi (Anonim, 2025)

Besin Maddesi 100 Litre Suya Miktar
Kalsiyum Nitrat (Ca(NO3)2) 129
Potasyum Nitrat (KNOs) 0.5¢g
Monopotasyum Fosfat (KH2PO4) 03¢
Magnezyum Siilfat (MgSO.) 0.5¢g
Potasyum Siilfat (K2SO4) 0.3g
Demir Selat1 (Fe-EDDHA) 4 mg
Borik Asit (H;BOs) 0.3mg
Cinko Siilfat (ZnSO4) 0.1 mg
Manganez Siilfat (MnSOa) 0.5 mg
Bakir Siilfat (CuSO4) 0.05 mg
Sodyum Molibdat (Na2MoO4) 0.02 mg

Siis bitkileri i¢in hazirlanacak besin ¢ozeltilerinde kalsiyumnitrat (Ca(NOs)2) ile Siilfat
Iceren kimyasallar (MgSOs, K2SO4) ayr1 hazirlanmalidir. Fosfat igeren kimyasallar (KH2POx)
ile Kalsiyumnitrat (Ca(NOs)z) dogrudan karistirilmamalidir. Demir Selat1 (Fe-EDDHA, Fe-
DTPA) ile Fosfath kimyasallar (KH2PO4) c¢cokelme olusturabileceginden ayri tutulmalidir.
Bakir (CuSOas) ile demir (Fe) ¢okelme riski tasir, ayri verilmelidir (Sevgican, 1999; Toprak ve
Giil, 2013; Waiba ve ark., 2020; Arumugam ve ark., 2021; Anonim, 2025).

Topraksiz bitki liretim amaciyla hazir olarak satilan A ve B ¢dzeltisi isimli besin
cozeltileride vardir. Bu cozeltiler ise 1 litre suya ne kadar verilecegi ¢ozelti listiinde yazilidir.
Satin alian A ve B ¢ozeltileri bitkiye verilecegi zaman karigtirllmalidir. Onceden hazirlanan
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besin c¢ozeltilerinde, kimyasal tepkimeler nedeniyle c¢okelme meydana gelmektedir.
Cokelmenin olmasi ise besin ¢dzeltisinin yarayisliligini azaltacagr i¢in bitkide besin elementi
eksikligi goriilmeye baslar.

7. Sonug

Son yillarda i¢ mekan siis bitkisi iiretiminde topraksiz tarim uygulamalari artis
gostermektedir. Topraksiz iiretim sistemlerinde, bitki tiirline 6zel olarak hazirlanabilen besin
cozeltileri, bitkinin ihtiyag duydugu makro ve mikro besin elementlerini dengeli sekilde
saglayarak, yiiksek verim ve kaliteli {iriin elde edilmesine olanak tanimaktadir. pH ve EC
degerlerinin hassas bicimde ayarlanabilmesi, 6zellikle i¢ mekan kosullarinda iiretim yapan
isletmeler i¢in bliylik bir avantajdir.

Topraksiz tarim sayesinde i¢ mekan siis bitkileri, saksi, kasa, balya ya da su kiiltiirii gibi
farkli sistemlerde yetistirilebilmektedir. Bu iiretim sistemleri, kiiciik 6l¢ekli tlireticiden biiyiik
sera igletmelerine kadar genis bir kitleye, iiretim kolaylig1 saglamaktadir.

Topraksiz tarimin i¢ mekan siis bitkileri sektoriine entegre edilmesi, yalnizca iiretim
miktarin1 artirmakla kalmamis; ayni zamanda bitki sagligimni, estetik degerini ve
pazarlanabilirligini de iyilestirerek i¢ ve dis ticarete katki saglamistir. Tiirkiye'nin farkli iklim
bolgelerinde uygulanabilirligi sayesinde, bu sistemin {ilke genelinde yayginlagsmasi
miimkiindiir.

Sonug olarak, topraksiz tarim sistemleri, i¢ mekan siis bitkileri iiretiminde yiiksek verim,
hijyenik iiretim, kaynak verimliligi ve siirdiiriilebilirlik gibi temel avantajlar saglamaktadir.
Uretimde ve bilimsel ¢alismalarda farkli substrat kombinasyonlari, otomasyon sistemleri ve
iiretilen bitkiye 6zel besin ¢ozeltisi receteleri ilizerine arastirmalar yapilmasi, bu alandaki
gelisimi daha da hizlandiracaktir.
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Ozet: Gelisen kiiresellesme ve teknolojik gelismeler dogrultusunda, sivil havacilik sektorii
ozellikle kargo tagimaciligl alaninda kritik bir rol iistlenmektedir. Ancak, operasyonlarin
karmasiklig1, insan faktorleri ve siireg eksiklikleri gibi unsurlar, is gilivenligi risklerini
artirmakta ve sektorde kazalara neden olabilmektedir. Bu ¢alisma, hava yolu kargo
operasyonlarinda mevcut is gilivenligi risklerini detayli bir sekilde analiz ederek, insan
faktorleri, siire¢ hatalari ve c¢evresel kosullarin bu riskler iizerindeki etkisini ortaya
koymaktadir. Calismada, 6zellikle ¢ok kriterli karar verme yontemlerinden ARAS ve CIMAS
gibi stratejik degerlendirme teknikleri kullanilarak, risk faktorlerinin ve ¢dziim 6nerilerinin
etkinligi sistematik bicimde dl¢lilmiistiir. Ayrica, uzman goriisleri ve literatiir verileri 1s181nda,
sektoriin 6zglin ihtiyaglarina uygun risk yonetim modeli gelistirilmistir. Analizler sonucunda,
yiikleme, bosaltma ve bakim siireglerindeki olumsuz olaylarin ¢gogunlukla personel hatalarina
dayandigi ve denetimlerin, egitimlerin gii¢lendirilmesiyle risklerin Onemli dlgiide
azaltilabilecegi ortaya ¢ikmistir. Caligma, biitlinsel risk yonetim yaklagimiyla, sektdrde kalici
ve sirdiiriilebilir giivenlik kiiltliriniin  yayginlastirilmasini  hedeflemektedir. Bulgular,
personel egitimleri, teknolojik inovasyonlar ve risk odakli uygulamalarin sektoér genelinde
benimsenmesine yonelik 6zgiin ve pratik rehberlik saglar niteliktedir. Bu baglamda, ¢alisma
hem akademik hem de sektdrel uygulamalar agisindan yeni ve degerli bir katki sunmaktadir.
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Abstract: With the ongoing globalization and technological advancements, the civil aviation
sector, particularly air cargo transportation, has gained critical importance. However, the
increasing complexity of operations, coupled with human factors and process deficiencies,
elevates occupational safety risks and may lead to accidents within the industry. This study
systematically analyzes the current occupational safety risks associated with air cargo
operations, highlighting the impacts of human factors, procedural shortcomings, and
environmental conditions on risk levels. Employing multi-criteria decision-making methods
such as the ARAS and CIMAS techniques, the effectiveness of risk factors and proposed
solutions were quantitatively and qualitatively assessed. Furthermore, a comprehensive risk
management model tailored to the sector’s specific needs was developed based on expert
opinions and literature review. The findings indicate that a majority of adverse events during
loading, unloading, and maintenance processes stem from personnel errors, and that
strengthening safety protocols, training, and supervisory mechanisms can significantly
mitigate these risks. The novelty of this work lies in the integration and application of an
holistic risk management approach, fostering the dissemination of a sustainable safety culture
within the industry. The results provide practical and scholarly guidance for the adoption of
personnel training, technological innovations, and risk-oriented practices across the sector.
Consequently, this research makes a valuable contribution both academically and practically,
establishing a robust framework for enhancing safety and operational reliability in air cargo
transportation.
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1. Giris

Insanlar, tarih boyunca cesitli sebepler igin yer degistirme ihtiyaci hissetmislerdir.
Sanayilesme donemiyle birlikte motorlu araglar icat edilmis ve modern anlamda seyahat
kavrami bu dénemde kullanilmaya baslanmustir. Ik olarak karayolu, ardindan demiryolu ve
daha sonrasinda denizyolu ile gergeklestirilen toplu seyahatler ulusal ve uluslararasi bir
ekonomik faaliyet olarak sistemdeki yerini almistir. Tiim bunlari, 6zellikle Ikinci Diinya
Savasi’nin ardindan yeniden canlanan sanayilesme c¢abalariyla ve askeri ugaklarin sivil hava
tasimaciliginda kullanilmaya baslamasiyla, hava yolu tagimacilig1 dordiincii ve son bir ulasim
aract olarak tamamlandig1 goriilmektedir. (Akin, 2021)

Sivil havaciligin temel amaci, insanlar1 ve yiikleri giivenli, hizli ve ekonomik bir bigimde
bir noktadan baska bir noktaya tasimaktir. Bu ¢er¢evede, sivil havacilik, uluslararasi ve ulusal
diizeyde hava trafiginin diizenlenmesi, havaalanlarinin isletilmesi, hava yollarinin yonetimi ve
hava gilivenliginin saglanmasi gibi pek ¢cok 6nemli unsuru kapsar. (Balik, 2015).

Kargo tasimaciligi, sadece liriinlerin fiziksel olarak taginmasi degil, ayn1 zamanda bu
siirecteki lojistik yOnetimi, ambalajlama, etiketleme ve takip sistemlerini de iginde
barindirmaktadir. Kargo tagimaciliginda, modern teknolojiye gelen yeniliklerle birlikte dijital
¢Oziimler ve otomasyon sistemleri kullanilmakta, bu da siireglerin daha verimli ve hizli bir
sekilde yonetilmesine olanak tanimaktadir. Kargo takip sistemleri sayesinde gonderilen
kargolarin anlik olarak nerede olduklar1 takip edilebilmekte ve bunun sayesinde hem génderen
hem de kargoyu alacak kisiler i¢in biiyiik bir glivence saglamaktadir. (Balik, 2015).

Is Saghg ve Giivenligi (ISG), herhangi bir isyerinde personelin mesai siiresi igerisinde
sagliginin korunmasi ve/veya emniyetli bir sekilde isleri siirdiirebilmesi i¢in olusturulan
sistemler biitliintidiir. (Y1lmaz ve Polat, 2023).

Sivil havacilikta ISG' nin &nemi, calisanlarin karsilastigi farkli risklerden ortaya
cikmaktadir. Bu riskler igerisinde fiziksel tehlikeler (6rnegin, yiiksek giiriiltii diizeyleri, agir
yiiklerin taginmasi), kimyasal tehlikeler (yakitlar, yaglar ve diger kimyasallar), psikolojik stres
(vardiyali ¢alisma, yogun is temposu) ve ergonomik tehlikeler (uzun siireli oturumlar,
tekrarlayan hareketler) bulunmaktadir (Y1lmaz ve Polat, 2023).

Havacilik alani, ugus ve yer giivenliginden 6diin vermeden, sifir kaza kirim amacina
erismek icin ugak bakim kuruluslarina ve bu kuruluslarda gérev yapan bakim c¢alisanina
gereksinim duymaktadir. Faaliyet alan1 nedeniyle, en ufak giivensiz bir durumda ve/veya
muhtemel bir ugak kazasinda insanlarin tiimii ya da ¢ogunlugu i¢in hayatlarin1 kaybetme riski
tasidig1 gibi havacilik isletmesi ve yapisinda bulunan ugak bakim isletmeleri de nemli bir itibar
kayb1 ve finansal zarara yasayacaklardir. Havacilik alami 6zellikle birgok sektdorde hata ve
kazalarin baslica nedeni insan etkenleridir. Havacilik sektoriinde eskiden insan etkenlerinin kok
nedenleri i¢in yapilan arastirmalar 6zellikle havayolu ¢alisanlar (pilot, kabin personeli vb.)
izerinde inceleme yaparken, giinlimiizde ugak bakim sirketlerinde bakim hatalar1 iizerine daha
fazla odaklanilmaktadir (Kocamis ve Apak, 2024).

6331 sayili i saglig1 ve glivenligi kanunu iilkemizde 2012 yilinda yiiriirliige girmistir. Bu
sayede is saglig1 ve giivenligi ile ilgili onlemler almak ve alinan 6nlemler ile yasanabilecek is
kazalarin Oniline gecilmesi amaglanmistir. Risk degerlendirmesi proaktif bir yaklagim olarak
2013 yilinda benimsenmistir. Tehlikelerin riske doniigme olasilifini hesaplayarak gerekli
Onleyici ve koruyucu onlemler alinarak kazalarin yasanmadan 6nlenmesi amaglanmistir. Risk
analizinin temel prensibi, is kazalari meydana gelmeden ortamda var olan tehlikelerin zarar
verme potansiyelinin hesaplanmasimna dayanmaktadir. Tehlikelerin riske doniisme olasiligini
hesaplayarak gerekli 6nleyici ve koruyucu dnlemler alinarak kazalarin yasanmadan dnlenmesi
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amaglanmistir. Risk analizinin temel prensibi, is kazalar1 meydana gelmeden ortamda var olan
tehlikelerin zarar verme potansiyelinin hesaplanmasina dayanmaktadir (Barut, 2024).

2. Materyal ve Yontem
2.1. CIMAS yontemi

Criteria importance assessment (CIMAS) yontemi kriter agirliklarini hesaplamak igin
kullanilir (Sun, 2025). Yontemde uzmanlarin degerlendirmesini kullanarak bir karar verme
stirecinde kriterlerin 6nemi belirlenir. Uzman bilgisi ve deneyimi ile ilgili 6nemli bir husus, bu
yontemin uzmanlarin s6z konusu alanda gegirdikleri yillardaki deneyimlerini dikkate almasidir
(Boskovi¢ ve ark., 2023).

CIMAS yontemi 11 adimdan olusmaktadir. Bu adimlar asagidaki gibidir (Bouraima ve
ark., 2023):

Adim 1: Kriter tanimi degerlendirmesi: ilk adim, énemi degerlendirmek igin kriterleri
belirlemektir. Bu kriterler, literatiir taramast veya uzman danismanligi yoluyla belirlenebilir
(Bouraima ve ark., 2023).

Adim 2: Uzman sayist degerlendirmesi: Karar verici, alandaki uzmanlarin sayisini
degerlendirir ve onlarin deneyim siiresi hakkinda veri toplar (Bouraima ve ark., 2023).

Adim 3: Uzman deneyimi degerlendirmesi: Uzmanlar, alanlarindaki deneyimlerini yil
bazinda detaylandirir ve karar verici, bu deneyimin 6nemini belirler (Bouraima ve ark., 2023).

Adim 4: Uzman 6nem derecesi hesaplamasi: Tipik bir senaryoda, uzmanin énemi su
sekilde hesaplanabilir (Denklem (2.1.1) (Bouraima ve ark., 2023)):

whi=_ =12 ..4q. (2.1.1)
I E
=11
Adim 5: Girdi veri matrisi formiilasyonu: Bu adim sirasinda, bir girdi karar verme matrisi

olusturulur (bkz: denklem (1)) (Bouraima ve ark., 2023).

Adim 6: Girdi veri matrisi normalizasyonu: Girdi veri matrisinin olusturulmasinin
ardindan, 6. adim veri normalizasyonunu igerir. Bu siirecte, normalizasyon teknigi Denklem
(2.1.2)’yi uygulayarak gergeklestirilir (Bouraima ve ark., 2023).

X ==t i=12,..,q;j =12, ..,p. (2.1.2)

Yol

Adim 7: Uzman agirlik matrisi hesaplamasi: Normallestirilmis girdi verileri, adim 4’te
uzmanlara atanan agirliklarla ¢arpilir. Hesaplama, Denklem (2.1.3) kullanilarak gergeklestirilir
(Bouraima ve ark., 2023).

Xy =x WEi=12,..,q;j = 12,..,p, (2.1.3)

Adim 8: Her kriterin maksimum ve minimum degerinin hesaplanmasi: Her kriterin
maksimum (R]- maX)Ve minimum (Rj min) degeri, Denklem (2.1.4) ve (2.1.5) kullanilarak
degerlendirilir (Bouraima ve ark., 2023).

max

Rjmax = i [3?2‘\]]:] =12,..,p, (2.1.4)
min =1 -
R] min = l . [xlj]r_] = 1)2) "'1p1 (215)

Adim 9: Minimum ve maksimum fark degerlerinin hesaplanmasi: Onceki adimdaki elde
edilen minimum ve maksimum degerler arasindaki fark Bj, Denklem (2.1.6) kullanilarak

hesaplanir (Bouraima ve ark., 2023).
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B] = R] max — R] mian = 1,2, vy P (216)

Adim 10: Son siralama formiilii uygulamasi yapilir. (Denklem (2.1.7)) (Bouraima ve ark.,
2023).

__B _
L]_Zf;lBj'] 1,2,..,p. (2.1.7)

Adim 11: Giivenilirlik endeksi (RI) kontrolii: CIMAS gibi 6znel yontemler kullanilirken,
uzman yanitlarinin giivenilirligi ¢ok onemlidir. Tutarsizlik oranlarin1 6lgen Analitik Hiyerarsi
Siireci (AHP) yontemi aksine, CIMAS giivenilirligi degerlendirmek i¢in alternatif bir yaklagim
kullanmaktadir. Bu iki yaklasim igerir. ilk tur sonuglarindan habersiz olan uzmanlarin kriterlere
%0-100 &lgegine yiizdelik onem atadigi miilakat turu. Ikinci tur gériismelerden elde edilen
yanitlar olarak P;, kapagini kullandigimizi varsayalim ve L; ise daha 6nceki elde edilen CIMAS
agirliklarini ifade eder. Bu durumda, giivenirlik endeksi (RI) denklem (2.1.8) araciliiyla
hesaplanabilir (Bouraima ve ark., 2023).

_ Zj-al|Fjx100-p)|
- 100

RI (2.1.8)

2.2. Kiiresel bulanik kiimeler

Bulanik kiimeler, dilbilimsel tabanli yapilari nedeniyle uzman degerlendirmelerinde
kullanilmaktadir (Kara ve ark., 2024a).

Bulanik kiimelerin Zadeh (1965) tarafindan tanitilmasi bir ilgi dalgas1 yaratmis ve cesitli
bilimsel alanlarda yaygin olarak benimsenmesine yol agmistir (Rahim ve ark., 2025).

Bu yeni model, her derece igin farkli terim seviyeleri sunmaktadir (Rahim ve ark., 2025).
p: Uyelik dereceleri (9) i¢in terim seviyesi,

q: Notr iiyelik dereceleri (1) i¢in terim seviyesi,

r: Uyelik dis1 dereceleri () igin terim seviyesi,

p, q, r-Kiiresel Bulanik Kiimeler SFS (Spherical Fuzzy Set) kosulu asagidaki gibi ifade
edilebilir.(Rahim ve ark., 2025):

(OF ()P + (T U (@) + (@F ()" < 1,
Burada belirtilen p, g ve r herhangi bir pozitif tam sayidir.

Bu esneklik, iiyeligin, tarafsiz liyeligin ve iiye olmamanin belirli 6zelliklerini daha iyi
yakalanabilecegini daha 6zel bir yaklagima olanak tanir. Sonug olarak, IV, o 1 SFSs, bulanik
bilgiyi temsil etmek i¢in daha uyarlanabilir ve hassas bir ¢ergeve sunarak, daha genis bir karar
verme senaryosunu etkili bir sekilde modelleme ve ¢6zme yetenegini artirir. (Rahim ve ark.,
2025). Baslangicta Aralik Degerli Resim Bulanik Kiimeleri IVPiFS (Interval-Valued Picture
Fuzzy Sets), liyelik, tarafsiz liyelik ve iiyelik dis1 degerlerin toplaminin birden kiiciik veya esit
olmast gereken p = q = r = 1| sabit terim seviyelerini kullanir. Bu, karesel degerlere ayni
kisitlamay1 uygulayarak p = q =r =2 ile interval-valued spherical fuzzy set IVSFS' ye doniisiir.
Bir sonraki ilerleme, t terim seviyesinin birden biiyiik veya esit bir degisken oldugu ve daha
fazla esneklik saglayan Interval-Valued Spherical Fuzzy Sets I1V(t)SFS'lerdir. En uyarlanabilir
model olan IV(p,q,r) SFSs, her derece icin farkli terim seviyelerine izin vererek liyelik, tarafsiz
tiyelik ve iiye olmama derecelerine farkli 6nem seviyeleri atayarak karar vermeye 6zel bir
yaklagim saglar (Rahim ve ark., 2025).
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Tablo 1. Dilsel degiskenler ve aralik degerli p, g, r-kiiresel bulanik sayilar arasindaki korelasyon (Rahim
ve ark., 2025).

Dilsel Degiskenler 1IV(p,q,nspherical fuzzy numbers

Kesinlikle ([0.85, 0.90], [0.05, 0.10], [0.00, 0.10])
Neredeyse kesinlikle ([0.80, 0.84], [0.11, 0.20], [0.11, 0.15])
Biiyiik ihtimalle ([0.75, 0.80] ,[0.15, 0.25] ,[0.20, 0.30])
Muhtemelen ([0.65, 0.70] ,[0.26, 0.30] ,[0.31, 0.40])
Belki olabilir ([0.55, 0.65] ,[0.31, 0.35] ,[0.41, 0.45])
Belki olabilir ([0.45, 0.54] ,[0.36, 0.40] ,[0.46, 0.55])
Pek muhtemel degil ([0.40, 0.44] ,[0.41, 0.43] ,[0.56, 0.65])
Ihtimal dis1 ([0.30, 0.39] ,[0.44, 0.46] ,[0.66, 0.75])
Stipheli bir sekilde ([0.20, 0.29] ,[0.47, 0.50] ,[0.76, 0.80])
Neredeyse hig ([0.10, 0.19] ,[0.51, 0.53] ,[0.81, 0.85])
Asla ([0.0.5, 0.09] ,[0.54, 0.57] ,[0.86, 0.95])

2.2.1. Aralik degerli kiiresel bulanik kiimelerin tanimlari
D ve B sembolii, Denklem (2.2.1.1)'de ifade edildigi gibi IVSF setleri D setinin kapsayici
cercevesi icinde islev gormektedir (Kara ve Ark., 2024b):

([(Bs@.B8®).\ )
%=b,@gm%®n,baﬁ, (2.2.1.1)

L (8%(?)),8%(?))), )

burada 0 < B%(b) < B%(b) <1,0< yq;(b) < y%(b) <1lve 0< 8k S 89 g(®) < 1. Soz
konusu baglam dahilinde fonksiyonlari Bq;(b), y%(b) ve 8]53(b)soyut olarak yorumlanabilir alt tyelik
derecesini temsil eden kavramlar, alt derece ve tereddiit derecesi sirasiyla daha diisiiktiir. Bu
fonksiyonlari B% (d), y% (d) ve 8% (d) soyut olarak yorumlanabilir sirastyla Gist iyelik derecesini, tist liye
olmama derecesini ve iist tereddiit derecesini temsil eden kavramlardir. Bu fonksiyonlar resmi olarak

U 2 U 2 U 2
tanimlanirken esitsizliginin 0 < ([3;3 (b)) + (y% (b)) + (8% (b)) < 1 D kiimesinin {iyesi olan tiim d
elemanlari igin gegerlidir (Kara ve ark., 2024b).

B, @ B,= (Kara ve ark., 2024b).

( 1/2

(2,0 {65, 00) (2,00 (3, )
(8%, ) +(8Y. )" ~(88, ) (8L ®)")

)

)
(((yﬁgl(w) (v4 z(b))) ((y%l(b)) (v, (b)))),
(6ﬂ@ﬂﬁ+1ﬂ
) )((s8,))-

2 1/2 |

1 B% ®

| femon
(-G, ))((
(

beED ) (2.2.1.2)
85,

1/2

! ((6%1@))2) (5%2@))2) J

Bir bos olmayan Y kiimesi i¢in, bir « € Y elemani i¢in (IVSFS) S su sekilde ifade edilir (Rahim
ve ark., 2025):
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S = {a ([95 (@), 9§ (@], Ms(@),ng (@] - [9§(c), p§ (@)]) | x € Y}, (2.2.1.1.1)

Burada [95(a), 95 (@)] < [0,1] [ n§(a)ms(a) 1< [0,1] ve [@s(a), 9§ (a) €[0,1] ve bu
bilesenler sirasiyla iiyelik, notr (taraf51z) iiye olmama derecelerini temsil eder, oyle kio < 195 (@) <

(@) < LO< k@ <@ <10 k@< Y@< 1 ve (92(@) +(nd(@) + (oY

(a))2 < 1, Eger 9 (@) = 9¥ (a),nk (@) = 1Y (a) ve @i(a), oY (a)ise IVSFS S, SFS’ye indirgenir.Bir
aralik degerli kiiresel bulanik say1 IVSFNs (Interval-Valued Spherical Fuzzy Number) ( 195 Y] [r] S
Y] [@% @Y]) olarak gosterilebilir,dyle ki 0< 94 <9 <10=<nk <Y <10< i< ¥ <
1and (9¥)" + (n¥)” + (¢¥)” < 1 (Rahim ve ark., 2025).

a= (95951, sl [o§ @81),  ar=([95,95) [ns,n8 |- [0f, 08 ]) ve ar=
([9, 98], [n%, .8, ] - [@%,, @%,]) herhangi ii¢ IVSFN ise

[max(ﬁél, 195L2) , max(ﬁsul, 1952)],
La;Ja,| [min(n,ng ), min(ng,ng)],
[min(¢% , 0%, ), min(e§,, ¢¥,)]

[mm(ﬁs1 1952) m1n(1951 g )]
2.a; [ ay | [max(ng ,n§, ), max(ng ,ng)],
[min(e§,, ¢§,), min(@g,, 3, )]

a, D a, =
(08" + 08" - G808 (08 + (08" - (' 02)°) |
[n¢,ng, n§ ns, ],
|[< 1-(95)7) (0h)" + (1 (98)7) (o5,)° —(cpél)z(cpéz)z)a,]l
(1 087°) ot + (1 (o8)°) (o - (o)) |

4.a; Q a,=

N[

o408, 0404], [ 08+ 08)° - (14" (08’ ((”5(1) o )) ) \ .

‘[ 1= (1)) (o) + (1= (06)°) (08.)" = (0 )" (o))’
(- (8)%) ()7 + (1 - (1)) ()" ~ (@%) (027 |

2]

1=

5 wa =
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(1 - (1 - (195)2)60)%, (1 - (1 - (ﬁfg’)z)wﬂ [0 0D

(0w~ )

(-~} |

9.6 |(1- (-0} (1 (- o) )|

s ot [ (60 =Y
- (o5 | 2 2
7)) \(1-08)" - (o8)") )|

= ([94,9¢], nknd1 - [@% @¥1) bir IVSFS olsun, o zaman a igin puan ve dogruluk
fonksiyonu asagidaki gibi tanimlanabilir (Rahim ve ark., 2025):

,__
/-~
//

2 2

(957 + (o) - (1) = ()" - () + ()

Seo(@) = 2

Aec=(88)" + (5¥)" = (n)” - (n¥)

Burada—1<S, <1land0 < A4, () <1

2 2 2 2 2

= (o%) + (e5)

2.2.2.Aralik degerli t-kiiresel bulanik kiimeler (Interval-Valued t-Spherical fuzzy Sets)

Bos olmayan herhangi bir Y kiimesi i¢in, bir a € Y elemani i¢in aralik degerli bir T kiiresel
bulanik kiime (IV(t)SFS) T asagidaki gibi tanimlanabilir (Rahim ve ark., 2025).

T = {a ([9F(@,97 @], nF@nF @], [F(@), oF (@)]) I« € Y},

Burada  [0f:(2),0f ()] < [01], [nf@.nf @] €011 ve [of@),of@)]<01]
sirasiyla T deki o elemaninin liyelik, tarafsiz liyelik ve iiye olmama derecelerini temsil eder. dyle ki tiim

t
0 < 9F(@ <) <9 (@ <) <10 < nf(0) < nf (@) < L0 < of(@) < o (@) < 1 ve (97 (@) +

t
(@) +(of @) < tim tigin > 1. Eger v () = 9f @, 1 (@) = nf (@) ve oh (@), 0} (@
ise IVSFS S t-SFS’ye indirgenir. Bir aralik degerli t-kiiresel bulamik say1 IV(ySFNs =

[197L~, 197(!] , [n%v,nrlq] , [(p%‘«, (pTQ] ile gosterilebilir, dyle ki 0 < (197(!)t + (nr]q)t + ((pg)t <10< nlf« <

t t t
n%w] < 1,0@%({)5«] <1ve (19%’) + (11%’) + ((p%«]) < 1 burada t >1. Reddetme derecesi asagidaki
gibi tanimlanir.
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jl—(ﬁ%’(a))t (an](a)>t (cp @), \l
o )

1= ([z?T 19T] [“T TIT] [‘PT o ) (Rahim ve ark., 2025).

n(a) =

—
2 T
—_
|
/N
o)
~~
—~
)
N/
\/ﬁ
A

J
/“\
)
p—
\/
+
N
'6
,\
)
N/
\_/

ML= ([ﬁTl'ﬁg] [nTl nT1] [(pT1 (pT1D ve [ = ([7971"41'197@{]'[“%1 T]T1] [(PT1 (PTl])
Herhangi ti¢ / V(t)SF Ns’ dir, o zaman

1

(CARI AR CARCANR(CARICAIS

1

(oh) (o8) )|

2. H1® Hz =

1. [IL®I2 :<

[‘]TlT]TZ ﬂTlﬂTZ] [‘PTl(P%Z (PTl(PTZ]> =1,

[19T119]1T2 ﬁyﬁg] nknkoninf],

[k
((oh) +(oh) - (k) (@Tz)) (o) + (o) = (k) (o¥))
o[ C= Y o))

)

%] (t=1),

([19T Ip ] [T]T nT] [(p%, (p¥ Dbir IVSES olsun, o zaman i¢in puan fonksiyonu asagidaki
gibi tanimlanabilir (Rahim ve ark., 2025):

(o) (1= ()"~ (o)) + (o))" (2 () - (o))

3

Sco (H) =

2.2.3.Aralik Degerli p, q, r-Kiiresel Bulamk Kiimeler (Interval-Valued p, q, r-spherical
fuzzy sets)

Bu boliimde IV, g -y SFS fikri agiklanmaktadir. 1V 4, SFSs igin temel islemsel yasalari
tanimlamakta ve 6zelliklerini incelemektedir. Bu islemsel yasalara dayanarak bir dizi toplama operatorii
Onerilmigtir (Rahim ve ark., 2025).

Bos olmayan herhangi bir Y kiimesi i¢in, bir @« € Y elemamn i¢in bir aralik degerli (interval-
valued) p,q,r-kiiresel bulanik kiime (IV(plq,r)SFS )8 asagidaki gibi tamimlanabilir (Rahim ve ark.,
2025):
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E= {a, ([ﬁé(a), ﬁg(a)] , [né(a),ng(a)] , [(pé(a),(pg(a)]) |a € Y} (2.2.3.1.1)

Denklem(6)’da [ﬁé’(a), ﬁg(a)] c [0,1], [né(a),ng(a)] c [0,1] ve [(pé(a),(pg(a)] c [0,1]

sirastyla Y’deki a elemaninin iiyelik, notr iiyelik ve iiyelik dis1 derecelerini temsil eder, dyle ki 0 <
P
9E(@) <9 (@ < L0 nE@ <@ <105 @ < of @<t ve  (9f@) +
r q
(ng(a)) + ((pg(a)) <1 tim p i¢in, q * 1 oldugunda 71 =LCMyq . Eger 19(% (o) =
19g (a),né(a) = ng(a) ve (pé (o), (pg () ise IV q.)SFS € ye indirgenir. Bir aralik degerli t-kiiresel
bulanik say1 IV SFNs € = ([19(%,195[]] , [né,ng] , [cpé,(pg]) seklinde gosterilebilir, dyle ki 0 < ﬁé <
P T q .

9¢ <0<k <nf < 0<ok <o <1 ve (87) +(nZ) +(0¥) > 1 tim p. q >1 icin
buradar = LCM, 4y (Rahim ve ark., 2025).
2.3. ARAS Yontemi

Calismada ayrica ARAS yonteminden yararlanilmistir. ARAS yontemine gore bir arastirmada
ihtimal dahilinde bir alternatifin goreli etkinligini saptamakta kullanilan fayda fonksiyonu, kriterlerin
agirlik ve degerlerinin goreli etkileri ile dogrudan orantilidir. ARAS ydntemi segenegin performansini
saptamaya yardimci olur ve her secenegin ideal segenege gore oransal benzerligini agiga cikarir. Mesela
bir kriterin optimal puanin 10 oldugunu, ama bu kritere gore degerlendirmede alternatifler i¢indeki en
yiiksek puanin 9 oldugunu varsayalim. Bu durumda kriterin optimallik puani farkli ¢ok kriterli karar

verme yontemlerinde oldugu gibi 1.0 degil 0.9’dur. Boylece ARAS yontemi oransal derecelendirme
hedefine en yakin yontem olarak tanimlanmaktadir. (Yildirim ve ark., 2019).

ARAS yo6ntemi 4 adimdan olusmaktadir. Bu adimlar agsagidaki gibidir (Yildirim ve ark., 2019);
Adim 1: Karar matrisi olusturulmasi.

Adim 2: Normalize karar matrisi olusturulmas.

Adim 3: Agirlikli normalize karar matrisi olusturulmasi.

Adim 4: Optimal fonksiyon degerinin hesaplanmasi.
3. Bulgular ve Tartiyma

Tablo 2. Uzmanlara ait demografik veriler

Yas IGU Calisma Y1li Toplam Caligsma Y1l Sertifika Sayisi
Uzman 1 50 15 22 9
Uzman 2 45 13 20 11
Uzman 3 44 12 20 14
Uzman 4 37 10 14 6
Uzman 5 36 5 16 1

Tablo 2 kargo boliimiindeki is glivenligi risklerini degerlendiren uzmanlarin demografik
verilerini icermektedir.

Yas Dagilimi: Uzmanlarin yas araliklar1 36 ile 50 arasinda degismekte olup, ortalama
yasin 43 civarinda oldugu goriilmektedir. Bu, sektordeki deneyimli profesyonellerin
degerlendirme siirecine katkida bulundugunu ve yer alan uzmanlarin belirli bir bilgi ve deneyim
seviyesine sahip oldugunu gostermektedir.

Is Giivenligi Uzmanhig: (IGU) Calisma Yili: Uzmanlarin, is giivenligi alaninda ortalama
olarak 10-15 yil arasinda tecriibeleri bulunmaktadir. Bu, uzmanlarin sektorde uzun bir siire
gecirdigini ve dolayisiyla risk degerlendirmelerinde saglam bir bilgi birikimi sunduklarini
gostermektedir.
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Toplam Calisma Y1li: Uzmanlarin sektordeki toplam ¢alisma yillar1 14 ile 22 y1l arasinda
degismektedir. Bu, uzmanlarin yalnizca is glivenligi degil, ayn1 zamanda sektordeki cesitli
stirecler hakkinda derin bilgi sahibi olduklarini gosterir.

Sertifika Sayisi: Uzmanlarin sahip oldugu sertifika sayis1 degiskenlik gostermekte olup,
bu da uzmanlarin farkli konularda ne kadar egitim aldigimi ve kendilerini gelistirdiklerini
gostermektedir.

Tablo 3.1°de sunulan demografik veriler, is glivenligi alaninda yiiksek diizeyde deneyime
ve bilgiye sahip uzmanlardan olusan bir ekibin risk degerlendirmesi siirecine katki sagladigini
ortaya koymaktadir. Bu durum, arastirmanin giivenilirligini artirmakta ve elde edilen verilerin
degerlendirilmesinde dikkate alinmasi gereken 6nemli bir unsurdur. Uzmanlarin tecriibeleri,

onerilen modelin uygulanabilirligi ve etkinligi agisindan dnemli bir dayanak sunmaktadir.

Tablo 3. Merkezilestirilmis demografik veriler

Yas IGU Calisma Y1ili Toplam Caligsma Y1l Sertifika Sayis1
Uzman 1 7,6 4 3,6 0,8
Uzman 2 2,6 2 1,6 2,8
Uzman 3 1,6 1 1,6 5,8
Uzman 4 -5,4 -1 -4,4 -2,2
Uzman 5 -6,4 -6 -2,4 -7,2
Tablo 4. Normalize edilmis demografik veriler
Yas IGU Calisma Yili Toplam Caligsma Y1l Sertifika Sayisi
Uzman 1 0,64883839 0,52522573 0,54772256 0,08048436
Uzman 2 0,22197103 0,26261287 0,24343225 0,28169527
Uzman 3 0,13659756 0,13130643 0,24343225 0,58351164
Uzman 4 -0,4610167 -0,1313064 -0,6694387 -0,221332
Uzman 5 -0,5463902 -0,7878386 -0,3651484 -0,7243593
Tablo 5. Kovaryans Matrisi
Yas IGU Calisma Y1l Toplam Calisma Yili Sertifika Sayisi
Yas 0,2 0,18160339 0,1901613 0,13845528
IGU Calisma Y1ili 0,18160339 0,2 0,15183005 0,15852172
Toplam Caligma Y1li 0,1901613 0,15183005 0,2 0,13347384
Sertifika Sayisi 0,13845528 0,15852172 0,13347384 0,2
Tablo 6. Uzmanlarin izdiisiimleri ve Agirlik Degerleri
iz diisiim Uzman agirliklar
Uzman 1 49,107455 0,240145
Uzman 2 45,377898 0,221907
Uzman 3 45,723756 0,223598
Uzman 4 34,333705 0,167899
Uzman 5 29,947785 0,146451
Tablo 7. Uzman Degerlendirme Matrisi
Kriterler Uzman 1 Uzman 2 Uzman 3 Uzman 4 Uzman 5
Fiziksel 10 7 10 10
Kimyasal 8 6 8 8
Biyolojik 7 5 7 7
Psikososyal 6 4 6 6
Ergonomik 9 9 9 9
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Tablo 8. Bulanik Girdi Veri Matrisi
MAD F K B P E
UUzman 1 00,8 | 00,84 | 00,11 | 002 | 00,11 | 00,05 | 00,65 | 00,7 | 0026 | 003 | 00,31 | 004 | 00,55 | 00,65 | 00,31 | 00,35 | 00,41 | 00,45 | 00,45 | 00,54 | 036 | 00,4 | 00,46 | 00,55 | 00,75 | 00,8 | 00,15 | 00,25 | 00,2 | 003
UUzman 2 | 00.6 | 00,65 | 00,31 ] 00.35| 0041 | 0045|0045 | 00.54 [ 0036| 004 | 0046|0055 004 | 0044 0041|0043 )| 0056 00.65| 003 | 039 | 0044|005 | 0066 00.75]00.75| 00,8 00.15 0025 | 00.2] 00.3
UUzman3 | 00.9] 009 [00,05| 001 | 00 | 00,1 |00.75| 00,8 |00,15]00.25| 002 | 003 [ 0065 00.7 | 0026 003 | 0031| 004 |0055| 065 | 0031|004 |0041|0045| 008 | 008[0011] 002 | 00,1001
UUzman4 | 00,8 00,84 | 00,11 002 | 00,11 00,05 | 00,65 | 00,7 |0026| 003 | 00,31 | 004 | 00,55 | 00,65 | 00,31 | 00,35 | 00,41 | 00,45 | 00,45 | 0,54 | 00,36 00.4 | 00,46 | 00,55 | 00,75 | 00,8 | 00,15 | 00,25 | 00,2 | 003
UUzman 5 | 00,8 00.84 | 00.11| 00.2 | 00.11| 00.05] 00.65 | 00.7 | 00.26| Q0.3 | 00.31| 00.4 | 00.55 | 00.65 | 00.31 | 00.35 | 00.41 | 00.45 | 00.45 | 0,54 | 00.36 | 00.4 | 00.46 [ 00,55 | 00.75 | 00.8 | 00.15 ) 00.25 | 00.2 | 00.3
Tablo 9. Duraganlastirilmis Girdi Veri Matrisi
M3 F K B P E
Uzman 1 0,3021839 0,136017 0,085528 0,037851 0,240141
Uzman 2 0,0855277 0,037851 0,017289 0,007013 0,240141
Uzman 3 0,3926573 0,240141 0,136017 0,085528 0,302184
Uzman 4 0,3021839 0,136017 0,085528 0,037851 0,240141
Uzman 5 0,3021839 0,136017 0,085528 0,037851 0,240141
Tablo 10. Normallestirilmis Matris
M4 F K B P E
Uzman 1 0,2182248 0,198263 0,20866 0,18366 0,190173
Uzman 2 0,0617646 0,055174 0,04218 0,034027 0,190173
Uzman 3 0,283561 0,350037 0,331838 0,414992 0,239307
Uzman 4 0,2182248 0,198263 0,20866 0,18366 0,190173
Uzman 5 0,2182248 0,198263 0,20866 0,18366 0,190173
Tablo 11. Uzman Agirlikli Normalize Matris
M5 F K B P E
Uzman 1 0,0524057 0,0476119 0,0501088 0,0441052 0,0456692
Uzman 2 0,0137060 0,0122434 0,0093601 0,0075508 0,0422008
Uzman 3 0,0634038 0,0782678 0,0741984 0,0927915 0,0535086
Uzman 4 0,0366397 0,0332881 0,0350338 0,0308364 0,0319298
Uzman 5 0,0319592 0,0290357 0,0305585 0,0268972 0,0278510
Tablo 12. Maksimum Deger ile Minimum Deger Aras1 Fark
B 0,0496978 0,0660244 0,0648383 0,0852408 0,0256576
L 0,1705138 0,226531 0,222461 0,292462 0,088032
Tablo 13. ikinci Defa Uzman Degerlendirmesi
Kriterler Uzman 1 Uzman 2 Uzman 3 Uzman 4 Uzman 5
Fiziksel 25 22 24 23 2
Kimyasal 20 23 28 23 13
Biyolojik 20 20 21 20 13
Psikososyal 22 24 22 21 60
Ergonomik 13 11 5 13 12
Tablo 14. Kriter Agirliklar1 ve Giivenilirlik Testi
L AV RI
f 0,1705138 19,2 2,148616 0,093984
k 0,2265308 214 1,253075
b 0,2224613 18,8 3,446129
p 0,2924624 29,8 0,553755
e 0,0880317 10,8 1,996834
Tablo 15. Puanlama Uzman 1
Alternatifler Fiziksel Kimyasal Biyolojik Psikososyal Ergonomik
Teknolojik iyilestirmeler 10 7 5 3 8
Esnek Tagima Coziimleri 9 8 7 4 9
Sektorel Egitim ve Bilinglendirme Programlari 6 5 4 5 6
Uluslararasi Is Birlikleri 4 6 5 4 5
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Alternatifler Fiziksel Kimyasal Biyolojik Psikososyal Ergonomik

Teknolojik iyilestirmeler 9 9 8 4 7

Esnek Tagima Coziimleri 10 9 6 4 11

Sektorel Egitim ve Bilin¢lendirme Programlar: 6 7 5 2 8

Uluslararasi Is Birlikleri 6 5 4 3 7
Tablo 17. Puanlama Uzman 3

Alternatifler Fiziksel Kimyasal Biyolojik Psikososyal Ergonomik

Teknolojik iyilestirmeler 7 9 4 2 9

Esnek Tagima Coziimleri 6 8 6 5 10

Sektorel Egitim ve Bilinglendirme Programlari 3 4 2 1 6

Uluslararasi Is Birlikleri 5 6 4 2 8
Tablo 18. Puanlama Uzman 4

Alternatifler Fiziksel Kimyasal Biyolojik Psikososyal Ergonomik

Teknolojik iyilestirmeler 6 7 4 1 8

Esnek Tasima Coziimleri 9 8 6 3 9

Sektorel Egitim ve Bilinglendirme Programlari 6 4 3 2 7

Uluslararasi Is Birlikleri 5 6 5 2 7
Tablo 19. Puanlama Uzman 5

Alternatifler Fiziksel Kimyasal Biyolojik Psikososyal Ergonomik

Teknolojik iyilestirmeler 8 8 5 3 8

Esnek Tasima Coziimleri 9 8 6 4 10

Sektorel Egitim ve Bilin¢lendirme Programlar: 5 5 4 3 7

Uluslararasi Is Birlikleri 5 6 5 3 7
Tablo 20. Bulanik Karar Matrisi

F K P E

T 007 |00,75|0021]0028| 0034|004 |0068]|0074| 0022|0029 |0033| 0039|0048 | 0053|0038 | 0041|0058 |0067]| 0022|003 |0048|0051|0078|0085]|0066]|0072[024 |003 |0032] 0039
E | 00,73 | 00,78 | 00.17 | 00.26 | 00.3 | 00,37 | 00.68 | 00,73 | 00.23 | 00.29 | 00.29 | 00.38 | 00.48 | 00.57 | 00.35 | 00.39 | 00.45 | 00.53 | 00.32 | 00.39 | 00.44 | 00.46 | 00.67 | 00.74 | 00.8 | 00.84 ) 00.1 |00.19|00.16 | 00,23

s | 0042|005 |0039|0042| 0059|0065 |0043 0051|004 |0042]|0059| 0067|0031 0037|0045 | 0047|0071 | 00,77 | 00,28 | 00,32 | 00,48 | 0051 | 00,79 | 00,86 | 00,55 | 00,62 | 00,32 | 00.36 | 00.42 | 00,49
U004 |0046 | 00410043 | 00,57 | 00,66 | 00,44 | 00,52 | 00,37 | 00,41 | 00,49 | 00,58 | 00,37 | 00,42 | 00,42 | 00,44 | 00,61 | 00,7 | 00,23 | 00,31 | 00,48 [ 005 | 00,77 | 00,81 | 00,56 | 00,63 | 00,32 | 00,36 | 00,45 | 00,51

Tablo 21. Duraganlastirilmis Karar Matrisi

F K B P E
T 0,1 0,11 -0,25 -0,27 0,11
E -0,07 -0,1 -0,2 -0,26 0,06
S -0,25 -0,25 -0,27 -0,29 -0,18
u -0,24 0,21 -0,25 -0,27 -0,19
Tablo 22. Optimal Karar Matrisi
F K B P E
Opt -0,25 -0,25 -0,27 -0,29 -0,19
T -0,1 0,11 -0,25 -0,27 0,11
E -0,07 -0,1 -0,2 -0,26 0,06
S -0,25 -0,25 -0,27 -0,29 -0,18
U 0,24 0,21 -0,25 -0,27 -0,19
Tablo 23. Normalize Karar Matrisi
F K B P E
opt 0,27 0,27 0,22 0,21 0,31
T 0,11 0,11 0,2 0,2 0,18
E 0,08 0,1 0,16 0,19 0,1
S 0,27 0,27 0,22 0,21 0,3
U 0,27 0,23 0,2 0,19 0,31
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Tablo 24. Agirliklandirilmis Normalize Karar Matrisi ve Satir Toplamlari

F K B P E S

opt 0,05 0,06 0,05 0,06 0,03 0,25
Teknolojik Iyilestirmeler 0,02 0,03 0,04 0,06 0,02 0,16
Esnek Tagima Coziimleri 0,01 0,02 0,04 0,06 -0,01 0,12
Sektorel Egitim ve Bilinglendirme Programlari 0,05 0,06 0,05 0,06 0,03 0,24
Uluslararasi Is Birlikleri 0,05 0,05 0,05 0,06 0,03 0,23

Tablo 25. Alternatiflerin Siralanmast
K Degerleri Siralama

Teknolojik iyilestirmeler 0,67 3
Esnek Tasima Coziimleri 0,48 4
Sektorel Egitim ve Bilinglendirme Programlari 0,99 1
Uluslararasi Is Birlikleri 0,93 2

Bu ¢alismada elde edilen bulgular, kargo sektoriinde is sagligi ve giivenliginin artirilmasi
amactyla onerilen alternatiflerin etkinligini ortaya koymaktadir. Tablo 3.24'te goriildigii tizere,
farkli risk onleme stratejileri arasinda yapilan degerlendirme sonucunda, "Sektorel Egitim ve
Bilinglendirme Programlari" en yiiksek puani alarak, kargo operasyonlari i¢in en etkili strateji
olarak belirlenmistir. Bu sonug, personelin egitimi ve giivenlik bilincinin artirilmasinin, is
giivenligi risklerini minimize etmede kritik bir rol oynadigini gostermektedir.

4, Sonuglar

Bu ¢alismada hava yolu kargo operasyonlarinda yasanan mevcut is giivenligi riskleri
degerlendirilerek, insan faktorleri, siire¢ eksiklikleri ve ¢cevresel kosullarin, kargo operasyonlari
icerisinde is kazalarinaa ve verimsizliklere etkilerinin bulundugu goézlenmistir. Calismada
gerceklestirilen analiz ile yiikleme, bosaltma ve bakim siire¢lerindeki yasanan birgok olumsuz
olayin personel hatalarindan kaynaklandigi ortaya c¢ikmakta ve calisan egitimlerinin ve
denetlemelerinin gii¢lendirilmesi gerektigi anlagilmaktadir. Ayrica, arastirma, siki giivenlik
protokollerine ve diizenlemelere uyulmasinin 6nemini gostermistir. Bu protokollerin tutarlilikla
uygulanmasi, risklerin 6nemli 6l¢iide azaltilmasina katki saglayabilir. Bu calismada onerilen
risk degerlendirme ve yonetim modeli, kargo operasyonlar1 i¢indeki glivenlik uygulamalarinin
stirekli izlenmesini ve sistematik risk degerlendirme siire¢lerinin entegrasyonunu vurgulayan
biitiinsel bir yaklagim olup mevcut endiistri standartlartyla uyumlu olmanin yani sira,
operasyonel performansi artiran bir giivenlik kiiltiiriinii de tesvik etmektedir.

Calismada elde edilen bulgular, kargo operasyonlarinda is gilivenliginin artirilmasi
amaciyla onerilen alternatiflerin etkinligini ortaya koymaktadir. Birbirinden farkl: risk 6nleme
stratejilerinin degerlendirmesi sonucunda, "Sektorel Egitim ve Bilinglendirme Programlari”" en
yiiksek puani alarak, kargo operasyonlari igin en etkili strateji olarak belirlenmistir. Bu sonug,
personel egitimlerinin ve ¢alisanlarda gilivenlik bilinci artirilmasinin is giivenligi risklerini en
aza indirmede kritik bir rol oynadigin1 gostermektedir. Bulgularda ikinci en yiiksek puan,
"Uluslararas: Is Birlikleri" alternatifidir. Bu bulgu, kargo tasima siireclerinde uluslararasi
standartlarin ve is birliginin 6nemini vurgulamaktadir. Ayrica, bu is birlikleri sayesinde global
iyl uygulama orneklerinin paylasilmasi, sektor genelinde risklerin daha etkili bir sekilde
yonetilmesine yardimci olabilir. "Teknolojik lyilestirmeler" ve "Esnek Tasima Coziimleri"
alternatifleri ise sirasiyla {lgilincli ve dordiincii en yiiksek puanlari almistir. Bu durum,
teknolojinin kargo operasyonlari iizerindeki olumlu etkilerini ve esnek yaklagimlarin siire¢
verimliligini artirabilecegini ortaya koymaktadir.

Kargo operasyon siire¢lerine dair daha kapsamli arastirmalara ve uygulamalara bir temel
olusturabilmek ve bu sektordeki is glivenligi risklerini azaltmak amaciyla dnerilen bu modelin
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uygulanmasi, egitim, ig birligi ve teknolojik inovasyon gibi unsurlart kapsamaktadir. Bu
stratejilerin biitiinlesmis bir sekilde hayata gegirilmesi, sektordeki is kazalarmi ve saglik
sorunlarint minimize etmek i¢in kritik bir adim olacaktir.

Kargo operatorlerinin insan faktorlerine odaklanan ve gilivenlik protokollerine uyumun
kritik 6nemi tiizerine kapsamli egitim programlar1 gelistirmesi hayati énem tasimaktadir.
Diizenli egitimler, acil durumlar sirasinda saglikli karar alma ve tepki verme becerilerini
gelistirmek icin simiilasyonlar ve senaryo tabanli uygulamalari igermelidir.

Kargo operasyonlari i¢in 6zel olarak tasarlanmis islem prosediirlerinin belirlenmesi ve
sik1 bir sekilde uygulanmasi, siiregleri standartlagtirarak degiskenligi azaltabilir ve hata riskini
en aza indirebilir. Bu prosediirlerin, siire¢te olan operasyonlardan alinan geri bildirimlerle
iyilestirilmesi ve glincellenmesi 6nerilmektedir.

Periyodik giivenlik denetimlerinin yapilmasi, mevcut uygulamalardaki iyilestirme
alanlarii1 tanimlamak ve giivenlik diizenlemelerine uyumu saglamak i¢in 6nemlidir. Bu
denetimlerin, yer ekipleri, bakim personeli ve yonetim de dahil olmak iizere tiim paydaslarin
katilimiyla gergeklestirilmesi, giivenlik konusuna yonelik is birligi anlayisini giiclendirecektir.

Otomatik takip sistemleri ve gercek zamanli gilivenlik izleme araclart gibi gelismis
teknolojilerin kargo operasyonlarinin verimliligini artirmak ve daha iyi risk yonetimi saglamak
amactyla entegrasyonu 6nemlidir. Veri analitiginin siirece dahil edilmesi giivenlik olaylarina
iligkin kaliplarin ve trendlerin belirlenmesine yardimci olabilir, bu sayede proaktif dnlemler
alabilir.

Tiim ¢alisanlarin glivenlik standartlarinin korunmasi ve gelistirilmesinde sorumluluk
hissetmesini saglayacak olan giivenlik odakli bir kiiltiiriin kurum i¢inde; tanima programlari,
acik iletisim kanallar1 ve diizenli takim toplantilarinda tesvik edilmesi son derece 6nemlidir.
Yapilan bu Onerilerin hayata gecirilmesiyle, sivil havacilik kargo operasyonlari is giivenligi
cercevesini onemli Olclide giliclendirebilir ve sonugta daha gilivenli ve verimli bir operasyonel
ortam saglanabilir. Gelecek arastirmalar i¢in bu miidahalelerin giivenlik sonuglar1 ve
operasyonel verimlilik {izerindeki uzun donemli etkilerini degerlendiren derinlemesine
calismalara odaklanilmasinin faydali olacag: diisiiniilmektedir.
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