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Ozet: Balik sosu fermantasyon teknigi ile iiretilen, nitelikli fonksiyonel bir iiriindiir. Kehribar renginde lezzetli bir stv1 olan iiriiniin
yapisal 6zellikleri ortamda bulunan mikroorganizma ve enzim faaliyetleri ile sekillenmektedir. Yapilan bu ¢aligmada, hamsiden
(Engraulis encrasicolus) geleneksel yontem ve starter kiiltlirle; Lactobacillus sakei ve Staphylococcus carnosus (BFL-F06,
Almanya), balik sosu iiretimi gergeklestirilmistir. Starter kullanimu, iiriinde geleneksel iiretimden farkli olarak hem tuz oranin diigiik
olmasini hem de lezzet gelisiminin iyilestirilmesini vaat eden bir iiretim seklidir. Calismada, geleneksel tiretimde % 20 oraninda,
starter ilaveli liretimde ise % 3 oraninda tuz kullanilmis, sonugta elde edilen {irlin gruplar, kalite 6zellikleri agisindan da
degerlendirilmistir. Sos gruplarinda sirasiyla; ham protein orami % 10,72-12,43, ham yag igerigi ise % 3,21-2,17 olarak
belirlenmistir. Duyusal agidan, starter grubunda eksi tadin, geleneksel sos grubunda ise tuzlu ve baliksi tadin baskin oldugu
belirlenmistir. DPPH (2,2-diphenyl-1-picrylhydrazyl) temizleme aktivitesi agisindan ise, geleneksel iiretimle elde edilen sos
grubunda daha gii¢lii antioksidan aktivite belirlenmistir.

Anahtar Kelimeler: Engraulis encrasicolus, balik sosu, Lactobacillus sakei, Staphylococcus carnosus, kalite, antioksidan aktivite

The effect of Lactobacillus sakei and Staphylococcus carnosus bacteria on the antioxidant
activity capacity in fish sauce production

Abstract: Fish sauce is a high-quality functional product produced through fermentation techniques. The structural properties of
this amber-colored, flavorful liquid are shaped by the microorganisms and enzyme activities present in the environment. In this
study, fish sauce was produced using anchovy (Engraulis encrasicolus) with traditional methods and starter cultures of
Lactobacillus sakei and Staphylococcus carnosus (BFL-F06, Germany). The use of starters represents a production method that
promises both a lower salt content and improved flavor development compared to traditional production. In the study, 20 % salt
was used in traditional production and 3% in starter-added production, and the resulting product groups were also evaluated in
terms of quality characteristics. In the sauce groups, the crude protein content was determined as 10.72-12.43 % and the crude fat
content as 3.21-2.17 %, respectively. Sensory evaluation revealed that the starter culture group had a sour taste, while the traditional
sauce group had a salty and fishy taste. In terms of DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity, the traditional
production method resulted in sauces with stronger antioxidant activity.

Keywords: Engraulis encrasicolus, fish sauce, Lactobacillus sakei, Staphylococcus carnosus, quality, antioxidant activity

1. Giris

Balik sosu, “kendine has karakteristik kokusu ile tuzlanmig
baliklarin acik kahverengi renkte sivi hidrolizatlar1” olarak
tanimlanan ve tarihi 2000 y1l dncesine dayanan degerli bir
urlindiir. Sos, geleneksel olarak ¢esitli baliklarin yardimci
maddeler ve baharatlar ile hazirlanan ham karigimlarinin
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farkli  (1:1-1:6) tuz konsantrasyonlarinda fermente
edilmesiyle tiretilmektedir. Fermantasyon siirecinde baligin
makromolekiilleri, ortamdaki mikroorganizmalar
tarafindan ve rettikleri eksojen enzimler ve/veya
hammaddede var olan endojen (amilaz, proteaz ve lipaz
gibi) enzimlerin aktivitesi ile par¢alanmaktadir (Sun ve ark.
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2016). Mikroorganizma ve enzimlerin aktiviteleri sonucu
triinde gelisen biyoaktif 6zellikler, iiretimde mikrobiyal
aktiviteyi degerli kilmakta ve son yillarda iiretim konusunda
yapilan ¢aligmalarda bu 6zellikler, ilgi gekmektedir (Lee ve
ark. 2015; O'Bryan ve ark. 2015; Wang ve ark. 2018).

Fermantasyon ortammin kendine has florast ve bu floraya
bagl olarak degisen pargalanma {iriinleri ve metabolitler,
balik sosu konusunda {izerinde durulmasi gereken 6nemli
noktalardir. Ancak iiretimde kullanilan geleneksel yontem,
dogasi1 geregi kontrolsiiz ilerlemekte, ticari liretimde basta
standardizasyon ve gilivenlik parametreleri olmak iizere
cesitli olumsuzluklari da beraberinde getirmektedir. Bu
nedenle balik sosu tiretiminde geleneksel yonteme alternatif
olarak starter kiiltir kullanimi 6ngdriilmekte, kontrolli
gerceklesen fermentasyon siireci ile istenilen kalitede
tirtinler tiretilebilmektedir. Hatta belirli
mikroorganizmalarin ilavesi ile aroma ve tat olusumu
istenildigi gibi sekillendirilebilmekte, ayrica son iriinde
biyoaktif 6zellikler gelistirilebilmektedir. Kore balik sosu
ile yapilan bir ¢aligmada, fermantasyon siiresince bakteri
florasinin yapisal 6zellikleri ve ortamdaki ana metabolitler
incelenmis, ortamda var olan amino asitler ve benzerlerinin
yani sira antimikrobiyal ve antioksidan aktivite gosteren
organik asit, etanol, hidrojen peroksit ve bakteriyosinler de
tiretildigi, bunlarin iiriine giivenlik 6zellikleri kattig1 ifade
edilmistir (O'Bryan ve ark. 2015). Fermantasyon siirecinde,
ozellikle protein molekiillerinin kapsamli bir sekilde
parcalanmasi sonucu olusan biyoaktif peptit ve diger
parcalanma  friinleri trline  biyoaktif  &zellik
kazandirmaktadir (Duan ve ark. 2016; Elegado ve ark.
2016; Lee ve ark. 2016; Wang ve ark. 2018). Yapilan
caligmalarda, pargalanma ile iiretilen hidrofobik amino
asitler, peptitler ile koenzim Q10 gibi vitamin benzeri
bilesenlerin, iirline antioksidan ve antimikrobiyal 6zellikler
kattig1 bildirilmektedir (Serensen ve ark. 2004; Pyo ve Oh
2011; Aluko 2012; Hamzeh ve ark. 2020; Bu ve ark. 2021).

Bu ¢alisma kapsaminda, iilkemiz denizlerinden en fazla
tretimi yapilan hamsiden geleneksel yontem ve starter
kiiltiir ilavesi ile balik sosu tretimi yapilmistir. Starter
kiiltiir olarak ise fermente sucuk tiretiminde kullanilan ticari
starter kiltiir (Lactobacillus sakei ve Staphylococcus
carnosus / BFL-F06, Almanya) karisimi tercih edilmistir.
Starter kullanimi, iiriinde genis yelpazede pargalanma
iiriinleri olusumunu destekleyebilmektedir. Dolayisiyla bu
calismada elde edilen iiriinde, tat ve aroma gesitliligi basta
olmak iizere, antioksidan kapasitesi agisindan da degerli bir
irin olusumu beklenmistir. Bu nedenle c¢aligmada,
antioksidan aktivite kapasitesi fermantasyon siireci boyunca
Olciilerek bakterilerin aktiviteye etkisi belirlenmeye
caligilmigtir. Ayrica elde edilen son {iirlinde kalite 6zellikleri
de duyusal, fiziko-kimyasal ve mikrobiyolojik acidan
incelenmis, geleneksel {iretim ve starter kiiltlir uygulamasi
ile tretilen iriin gruplart arasindaki farklilik ortaya
konulmaya g¢aligilmistr.

2. Materyal ve Metot
2.1. Materyal

Arastirmada materyal olarak, Karadeniz’den avcilig1
yapilan Engraulis encrasicolus (hamsi) kullanilmistir.
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Baliklar, balik halinden temin edilmis ve strafor kutularda
buzlanmis olarak laboratuvara getirilmistir. Sos hazirliginda
ilave edilen yardimci maddelerden baharat, deniz tuzu,
seker ise marketten temin edilmistir.

2.2. Metot

2.2.1. Geleneksel ve starter kiiltiir kullanilarak balik sosu
iiretimi

Balik sosu iiretimi Ormanci ve ark. (2018), Zang ve ark.
(2018) ve Zeng ve ark. (2013)’iin bildirdigi yontemlerin
modifiye edilmesi ile gergeklestirilmistir (Sekil 1). Kisaca,
hammadde kiyma haline getirilmis olup, baharat ilavesi ile
yogurularak balik hamuru haline getirilmistir.Fermantasyon
stirecinin ardindan numuneler, balik sosunun posadan
ayrilmasi i¢in asamali olarak kaba filtre kagidindan
siizlilmiistiir. Berrak siv1 halde elde edilen soslar analizlere
kadar buzdolabi sicakliginda muhafaza edilmistir. Starter
kiiltiir ilavesi ile gergeklestirilen sos iiretiminde ise, sucuk
iiretiminde fermantasyon islemi i¢in kullanilan ticari mix
kiiltir =~ preparatindan  (Lactobacillus ~ sakei  ve
Staphylococcus  carnosus / BFL-F06, Almanya)
yararlanilmistir. Oncelikle hazir starter kiiltiir, genel amaglh
bir sivi besiyeri olan Nutrient Broth’a bir 6ze dolusu
aktarilmig ve 35°C’de 18-24 saat inkiibasyona birakilmistir.
Aynt islemin tekrarlanmasinin ardindan, fermantasyon
isleminde kullanilacak taze kiiltiir elde edilmistir. Hiicre
yogunlugu McFarland yardimi ile steril saf su kullanilarak
10°-108 kob/ml’ye ayarlanmustir.

Hammadde
{Hamsi)

[ Yikama ]
(Kan ve pisliklerden anndima)

Biitiin balik

[ Kiyma haline getirme _l
¥

Sturter Kiiltir lavesi
{1510 kob/g (v/w)
{Lactobacillus sakei ve
Staphylocaccus carnesus)

Tuz ilavesi (%20}
Seker ilavesi (%)
Kirmiz biber ilavesi (%1)
Karabiber ilavesi (%0.5)

Tuz ilavesi (%3)
Seker ilavesi (%4)
Kirmuz biber lavesi (%1)
Karabiber ilavesi (%0,5)

Fermantasyon
ITCRay

Filtrasyon

Sekil 1. Geleneksel yontem ve starter kiiltiir ilavesi ile balik sosu
liretim semasi

2.2.2. Balik soslarinda fiziko-kimyasal analizler

Numunelerin pH analizi; Ludorf ve Meyer (1973)’ilin
metoduna gore, tuz miktar analizi ise Mohr metoduna goére
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yapilmistir  (AOAC 2000). Renk analizi; Minolta
Chromometer cihazinda sivi dlgiimiine uygun kiivetlerin
kullanilmas1 ile gerceklestirilmistir. Olgiim  Sncesi
kalibrasyon beyaz standart plaka kullanimi ile
gerceklestirilmis olup, drneklerin rengi L, a* ve b" degerleri
ile belirlenmistir. L degeri O=siyah; 100=beyaz, b* degeri
+deger=sar1; -deger=mavi ve a’ deeri +deger=kirmizi; -
deger=yesil  seklinde ifade edilmektedir.  Besin
kompozisyonu analizleri; nem analizi AOAC (2000)’e gore,
ham kiil analizi yakma yontemi ile (AOAC 2000), ham
protein analizi ise Kjeldahl yontemine gore yapilmistir
(AOAC 2000). Ham yag analizi, Bligh ve Dyer (1959)’un
uyguladig1 yontem esas alinarak gergeklestirilmistir.

2.2.3. Mikrobiyolojik analizler

Ornekler aseptik kosullarda tartimin ardindan, &rnegin 90
ml peptonlu su igerisinde homojenize edilerek analize
hazirlanmistir. Ardindan homojenizattan 10-3’e kadar onluk
seyreltimler hazirlanmis ve ekimler gerceklestirilmistir
(Anonim 1998). Analizlerde kiiltiir ve sayim yontemleri
olarak yayma plak ve dokme plak yontemleri kullanilmistir.
Analiz edilen bakteri gruplari ise toplam aerobik bakteri,
halofilik bakteri, Enterococcus subsp., Staphylococcus
subsp., laktik asit bakterileri, Bacillus subsp., toplam maya
ve kiif olarak belirlenmistir (Anonim 1998; Anonim 2001).
Toplam aerobik bakteri sayimi i¢in Plate Count Agar
(PCA), halofilik bakteri sayimi i¢in % 7 NaCl ilaveli Plate
Count Agar, Enterococcus subsp. sayimt; D-Coccosel Agar,
Staphylococcus subsp. sayimi i¢in BP (Baird-Parker) Agar,
laktik asit bakteri sayimi i¢in MRS (de Man, Rogosa
Sharpe) Agar, Bacillus subsp. sayimmi i¢in Bacillus cereus
Selective Supplement bulunan MYP (mannitol egg yolk
polymyxine) Agar ve toplam maya ve kiif sayimi i¢in Malt
Extract Agar kullanilmistir. Ekimi yapilan petrilerin gerekli
kosullarda inkiibasyonu sonunda, iireme goriilen bakteri
kolonilerinin sayimlart yapilmistir. Tespit edilen say1
seyreltme faktorii ile carpilarak, iiriinlerin gramidaki
bakteri miktar1 belirlenmis ve sonuglar kob/ml olarak
verilmistir (Harrigan ve McCance 1976).

2.2.4. Duyusal analiz

Tarife dayali duyusal analiz; Balik soslarinin karakter
duyusal 6zelliklerini 6lgmek igin, 7 profesyonel panelist
katilimciyla analizler gerceklestirilmistir. Duyusal analiz;
renk, temel tatlar, aroma ve agizda kalan tat ana bagliklar1
ile bu bagliklar altinda tiiretilen alt bagliklara dayanarak
belirlenmigtir.  Panelistler —analiz  Oncesinde  iiriin
ozelliklerinin isimlendirilebilmesi amaciyla egitime tabii
tutulmustur. Bu egitimde tuzlanmis riinler ve fermente
soslar iizerine yapilmig farkli c¢aligmalarda kullanilan
terimler géz oniinde bulundurularak koku, tat ve gorliniis
baslig1 altinda alt terimler gelistirilmistir (Ritthiruangdej ve
Suwonsichon 2006). Sunum esnasinda ise {riinler
kodlanmig ve panelistlere diizensiz sekilde sunulmustur ve
iiriin 6zellikleri “en diisiik deger” (1) ve “en yiiksek deger”
(9) olarak nitelendirilmistir.

2.2.5. Antioksidan aktivitenin belirlenmesi

Antioksidan aktivite DPPH radikali temizleme aktivitesi ile
tespit edilmistir. DPPH radikali temizleme aktivitesi,

Eurasian J Bio Chem Sci, 8(1):1-7, 2025

Thaipong ve ark. (2006) gore test edilmistir. Kisaca Trolox
((£)-6-Hydroxy-2,5,7,8- tetramethylchromane-2-
carboxylic acid) ve balik sosu 6rneklerinden 2,5 mg/ml ila
40 mg/ml konsantrasyonlarinda alt numuneleri
hazirlanmistir. Hazirlanan farkli  konsantrasyonlardaki
numunelerden 1ml almarak, 3 ml hacmindeki 4 mg/100 ml
konsantrasyonunda hazirlanmis 2,2-diphenyl-1-
picrylhydrazyl (DPPH) ile kanstirilmistir. Reaksiyon
tiplerinin 515 nm dalga boyunda absorbans degerleri
6l¢iilmiistlir. Metanol negatif kontrol, Trolox pozitif kontrol
olarak ol¢iilmiistiir. Elde edilen sonuglar agsagidaki formiil
kullanilarak % DPPH temizleme aktivitesi olarak ifade
edilmigstir (Denklem 1).

%DPPH = W

Denklemde A0: DPPH Absorbanst; A: Ornek/Trolox/ Absorbanst;
Ab: Kor (metanol) Absorbansini ifade etmektedir.

x 100 (1)

2.2.6. Istatistiksel analiz

Bu ¢aligmada tiim analizler {i¢ paralel olarak test edilmistir.
Balik sosu gruplari arasindaki farklar belirlemek i¢in SPSS
27 istatistik yazilimi (SPSS Inc., Chicago, IL, ABD)
kullanilmis olup, sonuglar ortalama + SD olarak ifade
edilmistir. Gruplar arasindaki karsilagtirmalar i¢in Bagimsiz
T-Testi (eger veriler normal dagiliyorsa) ve Mann-Whitney
U Testi (eger veriler normal dagilmiyorsa) kullanilmistir.
Anlamlilik p<0.05 olarak belirlenmistir.

3. Bulgular ve Tartisma

Balik sosu, ortamdaki mikrobiyal flora ve enzimlerle
karakterize edilen fermente bir iriindiir. Geleneksel
iretimde molekiillerin pargalanmasi, yiiksek oranda tuz
ilavesi ile tamamen dogal bir siirecte gerceklesir. Starter
kiiltiir kullaniminda ise, diisiik oranda kullanilan tuz ve
starter esliginde {iretim kontrollii gergeklestirilebilmektedir.
Bu ¢alismada, fermentasyon ortamina % 3’liik tuz esliginde
ticari mix kiiltiir preparatinin (Lactobacillus sakei ve
Staphylococcus carnosus /BFL-F06, Almanya) eklenmesi
ile ve geleneksel yontemle iki ayri sos tretilmis, iiretim
sirecinde fermentasyon ortamimin antioksidan aktivite
kapasitesine ve Uriin kalitesi etkisi aragtirilmistir.

3.1. Balk sosu gruplarimin fiziko-kimyasal analiz
sonucglart

Yapilan ¢aligmada sos gruplarmin benzer sekilde, hafif
asidik pH degerine sahip olduklari, {iretim sonucunda pH
degerlerinin 4,75 ve 5,02 civarinda oldugu tespit edilmistir
(p<0.05). Yapilan renk analizi sonucunda ise, drneklerin
sari-kahverengi renk tonlarinda oldugu tespit edilmistir. L
degeri starter uygulanan grupta daha koyu tespit edilirken
(19,51), geleneksel iiretim grubunda daha acik (18,98) bir
tonda oldugu belirlenmistir (p<0.05). Olgiimlerde a" degeri
rengin gelenekselde bordo-kirmizimsi ama starter grubunda
daha acgik bir renk oldugunu gostermektedir (p>0.05).
Orneklerin b" degeri de en yiiksek geleneksel grubunda
tespit edilmis, bu sos grubunda daha sartya kagan kehribar
rengine meyil oldugu belirlenmistir. Yine starter grubunda
b" degeri de daha diisiik tespit edilmistir (p<0.05) (Tablol).
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Tablo 1. Balik soslarinin fiziksel analiz sonuglari

Geleneksel Yontem Starter Kiiltiir
Balik Sosu ilaveli Balik Sosu

pH 5,02+0,08* 4,7540,02°
Tuz (%) 19,72+1,01* 3,60+0,10°
Renk

L 18,98+0,85% 19,51+1,61°
a* 0,50+0,252 0,46+0,01?2
b" 1,15+0,06* 1,00+0,27°

Balik soslari, besin kompozisyonu icerigi acisindan
birbirine  benzer  o6zellik  gostermislerdir.  Besin
kompozisyonu analizlerine ait sonuclar Tablo 2’de
verilmistir. Sos numunelerinin geleneksel ve starter
gruplarinda sirastyla yiiksek protein igerigine; % 10,72-
12,43, disik yag igerigine % 2,17-3,21, sahip olduklar
tespit edilmistir (p<0.05) (Tablo 2). Geleneksel olarak
tiretilen sos grubu su igeriginin % 65,43 degeri ile diisiik kiil
igeriginin yiiksek (% 18,42) oldugu, starter grubunda ise su
iceriginin % 73,50 degeri ile yiiksek, kil iceriginin diisiik
(% 4,16) oldugu belirlenmistir (p<0.05) (Tablo 2). Bu
degerler diger arastiricilarin yaptiklari caligma sonuglari ile
de uyumludur (Mueda 2015; Russo ve ark. 2020).

Tablo 2. Balik soslarinin besin kompozisyonu analiz sonuglari

% Geleneksel Yontem Starter Kiiltiir
Balik Sosu ilaveli Bahk Sosu
Nem 65,43+0,38* 73,50+0,38°
Kiil 18,42+0,12° 4,16+0,04°
Protein 10,72+0,19° 12,4340,45°
Yag 3,2140,592 2,1740,33%

3.2. Mikrobiyolojik analiz sonuglar

Sos gruplart mikrobiyolojik agidan incelendiginde ise,
tiketiminde risk olusturabilecek bir durum olmadigi,
mikroorganizma igeriklerinin diisik diizeyde oldugu
goriilmiistiir. Balik  soslarinin  mikrobiyolojik analiz
sonuglart Tablo 3’te Ozetlenmistir. Sonuglara gore
geleneksel sos iirlin numunelerinde sadece 3 log kob/ml
civarinda aerobik bakteri yiikii tespit edilmis, buna ek
olarak 1 log kob/ml civarinda ise halofilik mikroorganizma
varligi dikkati ¢ekmistir. Bu mikroorganizmalar, tuza
tolerans gosteren % 20 tuzlulukta varlik gosterebilen
organizmalardir. Starter ilaveli sos numunelerinde ise
kullanilan mikroorganizmalar, laktik asit bakterileri ve
Staphylococcus subsp. 2,23-2,12 log kob/g degerleriyle
aerobik bakteri yiikiine paralel olarak varlik gostermislerdir.

Tablo 3. Balik soslarinin mikrobiyolojik analiz sonuglari

Mikrobiyolojik Geleneksel Starter Kiiltiir
analiz Yontem flaveli Bahk

(log kob/ml) Balik Sosu Sosu
Toplam aerobik-mezofilik 3,14 4,86
canlt
Halofilik mikroorganizma 1,02 <1
Enterococcus subsp. <1 <1
Staphylococcus subsp. <1 2,23
Laktik asit bakteri <1 2,12
Bacillus subsp. <1 <1

Toplam maya ve kiif <1 <1
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3.3. Duyusal analiz sonuclart

Balik soslariin duyusal 6zelliklerini 6l¢mek i¢in uygulanan
bu analiz, 7 profesyonel panelist katilimciyla
gerceklestirilmistir. Duyusal analiz renk, temel tatlar, aroma
ve agizda kalan tat ana bagliklari ile bu bagliklar altinda
tiiretilen alt bagliklara dayanarak belirlenmistir (Tablo 4)
(Sekil 2).

Lezzet, balik sosunun duyusal olarak Onemli bir
gostergesidir ve tiiketicide iriin se¢imini yonlendiren
onemli bir 6zelliktir (Feng ve ark. 2015). Temel tatlar; tuzlu,
eksi, tatli, ac1 ve umami olarak nitelendirilmektedir. Sos
gruplar1 temel tat agisindan incelendiginde, gelenekselde
iiriinde tuzlu tadin hakim oldugu (8), starter kiiltiirde ise
umami tadin (5,5) gelisim gosterdigi tespit edilmistir. Sos
gruplarindaki tatlar tatli, karamelize, fermente, kavrulmus,
etli, peynirli, balikli ve eksi olmak iizere 8 aroma agisindan
degerlendirilmistir.

Kahverengi yogunlugu
Eksi_9——_Tatliaroma
T ;‘\Karamelizearoma

/ "\ Fermente aroma

Kavruk / \

BN
Ransidite/ X\

.r/\‘/ X\
Peyniimsi ‘;\’\ |\ Etimsiaroma

[T NN ‘dl

N | = (BS
Balikst lezzet ——— ‘\‘ { Peynirimsi aroma

| = SBS

|
L

| (]
; | X
Karamelize lezzet | /

T g
\ |

/ \/ Balikst aroma
\ /

\ X N /

Aci‘/ &

A / Ransid aroma
./ Tathtat
A Tulutat

Umamitad —— Aatat
Eksitat

Not: GBS: Geleneksel yontem balik sosu; SBS: Starter kiiltiir
ilaveli balik sosu

Sekil 2. Balik soslarinin duyusal analiz sonuglart

Geleneksel tiretim dogal fermantasyonun bir sonucu olarak
daha aromatik belirlenmis, starter uygulamasinda ise et (3),
peynir (4,5) ve baligimsi (4) aromalar hakim bulunmustur
(p<0.05) (Tablo 4) (Sekil 2). Gelenekselde agizda kalan tat
peynirimsi (5,5) olurken, starter uygulamasinda eksi (6,5)
olmustur  (p<0.05). Renk degerlendirmesinde ise
kahverengi yogunlugu geleneksel iiretimde 8, starter
uygulamasinda 4,5 olarak belirlenmistir (p<0.05).

3.4. Fermantasyon siiresince antioksidan aktivite

sonuclart

Geleneksel yontem ile tiretim ve starter kiiltiir uygulamasi
ile liretim arasinda uygulama konsantrasyonu ve siireye
bagli olarak goreceli degisimler de gozlenmis, fakat anlaml
degisimler belirlenmemistir (Sekil 3) (p>0.05).
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Tablo 4. Balik soslarinin duyusal analiz sonuglart

Geleneksel Starger
Yontem Kiiltiir Ilaveli
Balik Sosu Balik Sosu

Renk yogunlugu

Kahverengi yogunlugu 8,0° 4,5°
Aroma

Tatli aroma 3,52 1,5
Karamelize aroma 4,0 2,0°
Fermente aroma 3,0 1,5
Kavrulmus aroma 6,5 1,0°
Etimsi aroma 4,52 3,0
Peynirimsi aroma 7,02 4,5b
Balik aroma 7,0 4,0°
Ransid aroma 3,0 2,5°
Tat

Tatl1 tat 3,52 2,0°
Tuzlu tat 8,0? 4,5b
Ac tat 3,52 1,5
Eksi tat 6,0 7,5°
Umami 5,52 5,52
Tadim sonrasi agizda kalan tat

Tatl lezzet 1,5 1,0
Tuzlu lezzet 6,5° 4,5b
Aci lezzet 2,02 1,5°
Karamelize lezzet 2,0° 2,0°
Baliks1 lezzet 3,0 3,50
Peynirimsi lezzet 5,52 4,0°
Ransid lezzet 2,02 2,5b
Kavruk lezzet 3,52 1,0°
Metalik lezzet 2,0° 2,0°
Eksi lezzet 2,52 6,5°
DPPH temizleme aktivitesi, S0S gruplarinda

fermantasyonun 20. giinii itibariyle, sosun durulmaya
baslamasi ile, 6l¢iilmeye baslamis, 45 ve 60. giinlerde
olmak iizere iki aylik siirecte dort defa analiz edilmistir. Sos
gruplarinda 20. giinde bir farklilik goriillmemis (p>0.05),
30.glinde baslayan degisim, 500-1000 ve 2000 pl/ml’lik
konsantrasyonlarin tiimiinde her iki grupta da farklilasmaya
baslamigtir (p<0.05). Geleneksel balik sosunda 45. giinde en
yilksek  inhibisyon % 64 olarak 1000 pl/ml
konsantrasyonunda belirlenirken, starter uygulamasi i¢in bu
degerler 60. giinde 2000 pl/ml konsantrasyonda % 60 olarak
belirlenmistir .
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DPPH Temizleme Aktivitesi
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Not: GBS: Geleneksel yontem balik sosu; SBS: Starter kiiltiir
ilaveli balik sosu; TRLX: Trolox

Sekil 3. Fermantasyon siirecinde antioksidan aktivitenin degisimi
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Geleneksel yontemle iiretilen sos grubunda, antioksidan
aktivite kapasitesinin daha yiiksek oldugu goézlenmistir. Bu
durum geleneksel {iretim tekniginde kullanilan %20
oranindaki tuz i¢eriginin olusturdugu iyon baglarmin gii¢li
antioksidan aktivitesi ile agiklanabilmektedir. Yapilan
onceki ¢aligmalarda da fermantasyonun antioksidan
aktiviteyi arttirdigi bununla birlikte farkli ve yogun tuz
konsantrasyonlarinin da antioksidan aktivite {iizerinde
olumlu etki gosterdigi bildirilmistir (Je ve ark. 2005; Ohata
ve ark. 2016; Peralta ve ark. 2021).

4. Sonug¢

Calismanin sonucunda, geleneksel yontem ve starter ilavesi
ile iretilen balik soslarinda besin degeri agisindan, ham
protein oranmin sirastyla, % 10,72-12,43, ham yag
igeriginin ise % 3,21-2,17 arasinda oldugu belirlenmistir.
Esas itibariyle bilesen farklilig1 geleneksel iiriin tiretiminde
kullanilan % 20 tuz igerigi ile alakali ger¢eklesmis bu iiriin
grubunda su icerigi diisiik (% 65,43), tuz ve kiil miktar1 ise
% 20 civarinda olup starter gruplara gore yiiksek oranda
tespit edilmistir. Sos gruplarinda starter kiiltiir ilavesi ile
iiretilen balik sosunda pH degeri 4,75 olarak geleneksel
yontem ile {retilen (5,02) sosa gore daha diisiik
bulunmustur. Sosun 6nemli kalite kriterlerinden olan renk
degerlerinin ise starter ilaveli iiretim grubunda daha agik
renkte oldugu tespit edilmistir. Caligmada sos gruplari
antioksidan igerikleri agisindan incelendiginde, siire¢
boyunca az da olsa konsantrasyona bagli degisimler
gbzlenmis, ancak geleneksel lriinde aktivite kapasitesi
genel anlamda daha yiiksek bulunmustur. Uriinler duyusal
acidan degerlendirildiginde ise, her iki grupta tat ve
aromanin farkli oldugu belirlenmistir. Geleneksel iiretim
dogal fermantasyonun bir sonucu olarak daha aromatik bir
iriin 6zelligi gostermis, tuz ve peynirimsi tatlarin baskin
oldugu saptanmistir. Starter uygulamasinda ise iiriinde et,
peynir ve baligimsi aromalarin hakim oldugu bulunmustur.
Sonug olarak, iiretilen balik soslarmin nitelikli protein ve
disiik yag icerigine sahip hafif asidik ve giiglii arama
bilesenleri olan iiriinler oldugu belirlenmis, starter grubunda
eksi, tadin geleneksel sos grubunda ise tuzlu tadin baskin
oldugu belirlenmistir.
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Cikar catismasi1 aciklamasi: Yazarlar bu arastirmanin
gerceklestirilmesinde higbir ¢ikar catigmasi olmadigint
beyan etmektedir.
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Ozet: Farkl: tiir mantarlar, kaktiisler ve bitkilerden elde edilen haliisinojenik maddeler (hayal gordiiriiciiler), kullanicinin gergekte orada
bulunmayanlar1 gérmesine, duymasina ve hissetmesine sebep olmaktadir. Bu tiir maddeler, kullanilan doz, kullanim sikligi, kullanicinin
yast, beraberinde alkol veya baska ilag almnip almmadig: gibi faktorlere bagli olarak bagimlilik yaratmaktadir. Ozellikle bazi bitki tiirlerinin
yaprak, cigek, tohum gibi toprak {istii kisimlar1 halk arasinda ¢igneme, sarma ya da demleme yoluyla kullanildiginda kisiye kendini iyi
hissettirmektedir. Bu bitkilerden birisi olan Verbascum kozmopolit bir cinstir ve halk arasinda gesitli hastaliklara kars1 iyilestirici olarak
kullanilmaktadir. Ancak bu cinse ait tiirler, zehirli ve zararli olmadan narkotik (uyusturucu) 6zellikli olarak da tanimlanmaktadir.
Scrophulariaceae (siraca otugiller) familyasina dahil Verbascum sinuatum L. her yerde yetisen, elde edilmesi kolay ve kullanimi yasak
olmayan tiirlerden birisidir. Narkotik &zellikli olarak da tanimlanan bu bitki, iki farkli cografik bolgeden toplanarak haliisinojenik biyoaktif
bilesenleri bakimindan karsilastirilmistir. Erzurum ve Mugla’dan toplanan bitkilerin toprak iistii kisimlarindan 6zellikle tohum-¢igege ait
metanol ve su ekstrelerinde haliisinojenik biyoaktif bilesenler bulunmustur. Bu ¢alisma, gencler ve hatta ¢ocuklar arasinda bile kullanilan
bitkisel kokenli uyusturucu ve haliisinojenik maddelere dikkat ¢ekebilmek igin yapilmistir. Cilinkii bitkisel kokenli etken maddelere
ulagmak ve kullanmak son derece kolay ancak kiiresel bir tehdit olarak kriminal bakimdan da son derece 6nemlidir.

Anahtar kelimeler: Bagimlilik, biyoaktif bilesenler, Verbascum

A global problem; Comparison of Verbascum sinuatum L. species growing in two different
geographies in terms of hallucinogenic bioactive compounds by the GC-MS method

Abstract: Hallucinogenic substances obtained from different types of mushrooms, cacti and plants cause the user to see, hear and feel
things that are not actually there. Such substances cause addiction depending on factors such as the dose used, frequency of use, the age of
the user, and whether alcohol or other drugs are taken together. Especially the above-ground parts of some plant species such as leaves,
flowers and seeds make people feel good when used by chewing, wrapping or brewing. Verbascum, one of these plants, is a cosmopolitan
genus and is used among the public as a cure for various diseases. However, species belonging to this genus are also described as having
narcotic properties without being poisonous or harmful. Verbascum sinuatum L., belonging to the Scrophulariaceae family, is one of the
species that grows everywhere, is easy to obtain and is not prohibited to use. This plant, which is also described as having narcotic
properties, was collected from two different geographical regions and compared in terms of its hallucinogenic bioactive components.
Hallucinogenic bioactive compounds were found in the methanol and water extracts of the aboveground parts of the plants collected from
Erzurum and Mugla, especially the seeds-flowers.This study was conducted to draw attention to plant-based drugs and hallucinogenic
substances used among young people and even children. Because it is extremely easy to access and use plant-derived active ingredients,
but it is also extremely important from a criminal perspective as a global threat.

Keywords: Addiction, bioactive ingredients, Verbascum
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1. Giris

Bagimlilik, aile, toplum ve sosyokiiltiirel ¢evre baglaminda
pek cok etkenin bir araya gelmesi ile olugan, aileden
baslamak tizere c¢ocuklara karsi tutarsiz davraniglar ve
arkadas secimlerindeki yanlisliklar sonucunda da ortaya
¢ikabilen, ayn1 ¢evrede kisinin maruz  kaldig
otekilestirilme, egitim ya da is hayatindaki basarisizliklara
karg1 maruz kalinan durumlar ile bas edebilme ya da kendini
koruyabilme yontemi olarak gelismektedir. Bu siirecte,
kisinin kullandig1 bir madde, alkol, sigara, kumar, teknoloji
veya sergiledigi bir davranis {izerinde kontroliinii
kaybetmesi ile farkli bagimlilik sekilleri ortaya ¢ikmaktadir
(Ogel 2018). Kontrolsiizce kullanilan her madde ya da
gerceklestirilen her davranis, kullanicida bagimlilik riski
olusturabilmektedir. Ornegin uyusturucu potansiyeline
sahip bir maddenin ruhsal, fiziksel ya da sosyal sorunlara
yol agmasma ragmen alimina devam edilmesi, birakma
istegine kars1 birakilamamasi veya maddeyi alma isteginin
durdurulamamasi en yaygmn bagimlilik tanimi olarak
bilinmektedir (Angres ve Bettinardi-Angres 2008).
Bigelow ve Edgar (2006)’a gore bagimlilik; bir maddeyi
almaya yonelik gii¢lii bir arzu, istah veya ihtiyag, maddeyi
hangi yolla olursa olsun mutlaka elde etmeye yonelik giiclii
bir istek, tiiketilen madde dozunu artirmaya devam etme
egilimi, maddenin etkilerine yonelik psikolojik ve/veya
fiziksel bir bagimlilik, madde kullanimmi tedavisiz
birakamama durumu gibi farkli basliklar altinda
degerlendirilebilecek bireyler ve toplumlar tizerinde zararli
etkileri olan bir cesit hastaliktir. Diinya Saglik Orgiitii
(DSO)'ne gore ise bagimlilik; kullanicinin psikoaktif madde
veya maddeleri periyodik veya kronik olarak sarhos olana
dek tekrar tekrar kullanmasi, madde veya maddeleri almaya
yonelik bir diskiinliik goéstermesi, madde kullanimini
gOniillii olarak birakma veya degistirme konusunda biiyiik
zorluk yagamasi ve hemen her yolla psikoaktif maddeyi elde
etmek icin kararlilik sergilemesi durumlarmi ifade
etmektedir (World Health Organization 1994). Kisaca
insanlarin hayatin1 siirdiirmek i¢in kullanmaya ihtiyact
olmadig1 halde kullandigi madde ve davranislarin artan
miktarlarda  tekrarma dayali iliskiye “bagimlilik”
denilmektedir ve tibbi olarak biyopsikososyal bir bozukluk
olarak da tanimlanmaktadir. Bagimlilik, ilk temas ya da bir
kere deneme, zaman zaman kullanima bagli olarak hiicresel
diizeyde meydana gelen degismeler ve siirekli kullanim
sonucu psikolojik ve biyolojik bagimlilik olmak iizere farkl
sekillerde gelisebilmektedir. Kisilerin bu isteklerini
karsiladiklari maddeler ise narkotikler (morfin, eroin gibi),
uyutucular (alkol gibi), uyaricilar (kokain, kafein ve nikotin
gibi) ve hayal gordiiriictiler/haliisinojenikler (esrar gibi)
olmak iizere dort ana gruba ayrilmaktadir (Bayer 2003).

Bagimlilik yapic1 maddelerin bir grubu olan haliisinojenler,
kullanildiginda kisiyi gercek diinyadan uzaklastirip titopik
(hayali) disiincelere yonlendiren maddeler olarak
tanimlanmaktadir. Bu maddeleri kullanan kisilerde zaman
ve mekan Onemsizlesir, diigiince, algi ve duyusal
bozukluklar gdzlenir. Haliisinojenlerin baslica 6rnekleri
esrar (marihuana) gibi hint keneviri kdkenli maddeler, bir
¢esit mantar olan ¢avdar mahmuzundan (Claviceps
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purpurea) elde edilen liserjik asit dietilamid (LSD),
fensiklidin (PCP) ve psilosibindir. Tiim bu bagimlilik yapici
maddeler merkezi sinir sistemini, gastrointestinal sistemi,
karaciger ve bobrek gibi hayati organlar etkilemekte ayrica
verem, kanser, kangren gibi bir¢cok oliimciil hastaliga da
neden olmaktadir. Cesitli aragtirmacilara gore, 6zellikle
farkli bitkilerin toprak iistii kisimlarinda (aerial) bulunan
etken maddeler de bitkisel orijinli bagimlilik yapici
haliisinojenik 6zellikler gosterebilmektedir (Akbulut 2011;
Andre ve ark. 2016; Dingha ve ark. 2019; The Centre for
Addiction and Mental Health 2021; Bora ve Aksoy 2023).

Bu calisma, genellikle otsu ve ¢alimsi formlarda bulunan,
kozmopolit ve kolay ulasilabilir olan, kanuni miieyyidesi
olmadig1 icin tasmmmasit ve kullanimi yasak olmayan
Scrophulariaceae (siraca otugiller) familyasina dahil
Verbascum sinuatum L. (sigir kuyrugu) tiirtine dikkat
¢ekebilmek igin yapilmistir. Verbascum cinsine ait tiirler,
Lane (1843)’e gore, ilk olarak 1700’li yillarin ortalarinda
Amerika’nin Virginia eyaletinde “balik zehiri” olarak
kullanilmig ve 1839 yilinda da Michigan’da “tibbi bitki”
olarak tanimlanmistir (Schwartz 2000; Kritzon 2003). Daha
sonra yapilan arastirmalarda bitkinin ¢icek ve tohumunda
bulunan saponinden (sogukkanli hayvanlarda toksik olan
bir g¢esit triterpen) dolayr gelencksel balikeilikta
kullanildigi, baliklar tarafindan viicuda alindigi zaman
solunum organlarim etkileyerek sersemletici etki ile gecici
bayginlik yarattig1 ve su yiiziine ¢ikan baliklarin kolayca
avlandigir bildirilmistir (Riguera 1997; Kocaoglu 2004;
Kiigiikkurt 2008). Ancak 6ldiiriicii etkisi hakkinda herhangi
bir bilgi bulunmamaktadir (Wilhelm 1974; Cengiz Bayir ve
Atamanalp 2011). Bu cinse ait V. phlomoides L., V.
densiflorum Bertol. ve V. thapsus L. gibi pek ¢ok tiiriin ise
halk arasinda astim, 6ksiiriik, adet sancisi, romatizma, kulak
agrist, hemoroid, damar sertligi, kabizlik, akciger ve seker
hastaliginin tedavisinde, yapraklarinin da infiizyon halinde
yatigtirici, yara iyilestirici olarak kullanildig1 bilinmektedir
(Baytop 1999; Tiirker ve Camper 2002). Ayrica yine bu
cinse ait tirler, zehirli ve =zararli olmadan narkotik
(uyusturucu) ozellikli olarak da tanimlanmaktadir (Grieve
1995; Tatli ve Akdemir 2006). Daha 6nce yapilan farkli
aragtirmalarin sonuglarina gére, Nicotiana rustica L. (Marag
otu), Datura stramonium L. (boru otu) ve Hyoscyamus
niger L. (ban otu) gibi bitkilerin de halk arasinda kisiye
kendisini iyi hissettirdigi i¢in giin ig¢inde ¢igneme ya da
sarma yoluyla yaygin kullanimi, onlarin narkotik 6zelliklere
sahip olmasindan kaynaklanmaktadir (Bayam 2021; Bayam
ve Uysal 2021).

Bu tip bitkilere dikkat ¢cekebilmek i¢in Mugla ve Erzurum
gibi iki farkli cografik alanda yetisen Verbascum cinse ait
V. sinuatum L. tirliniin ¢igek-tohum, yaprak, govde gibi
toprak dstli kisimlarinin hangi biyoaktif fitokimyasal
bilesenlere sahip oldugu ve ozellikle bu bilesenlerden
hangilerinin  haliisinojenik  etkili olup olmadiginin
belirlenebilmesi igin tiim toprak {istii kisimlara ait olmak
iizere ayr1 ayri hazirlanan metanol ve su ekstraktlar1 Gaz
Kromatografisi-Kiitle Spektroskopisi (GC-MS) yontemiyle
incelenmistir.
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2. Materyal ve Metot
2.1. Calismada kullanilan bitkisel organizma

Scrophulariaceae familyasina dahil olan V. sinuatum,
Anadolu’da bodanotu, balik otu, kurt kulagive kolay
yanabildigi i¢in ¢oban ¢irast isimleriyle de bilinmektedir
(Tablo 1). Bu familyanin iiyeleri genellikle otsu, ¢alimsi ya
da nadiren aga¢ formunda olabilmektedir. Yilin Haziran ve
Agustos aylarinda parlak sar1 renkli ¢igekler acan (Sekil 1)
ve bazi bdlgelerde Eyliil ay1 sonlarina kadar cicekleri
canliligini koruyan, 20-150 cm boylarinda iki yillik otsu
olan bu bitki tiirii, daha ¢cok ekilmemis bos arazilerde ve yol
kenarlarinda yetismektedir (Asimgil 2009). Diinya’da
ozellikle Avrasyanin dogu kesimleri, Orta Avrupa ve
Balkanlar ile (Sekil 2) Tiirkiye’de Kuzey, Dogu ve I¢g
Anadolu’da yetismektedir (Sekil 3). Ayrica genis bir Iran-
Turan ve Akdeniz, Ege dagilimina da sahiptir. Bu cinse ait
tilkemizde 165’1 endemik, 105’1 hibrit tiir olmak iizere
toplamda 341, Diinya’da ise 360’dan fazla tiir
bulunmaktadir (Giiner 2012; Ekim 2014).

Tablo 1. V. sinuatum L. Bitkisinin Sistematigi

Alem Plantae (Bitkiler alemi)

Sube Magnoliophyta(Kapali tohumlular)
Simif Magnoliopsida (iki ¢enekliler)
Takim Lamiales (Cigekli bitkiler)
Familya Scrophulariaceae (Siraca otugiller)
Cins Verbascum (Sigir kuyrugu)

Tiir V. sinuatum L. (Si1g1ir kuyrugu)
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Sekil 2. V. sinuatum’un diinyadaki dagilimu.

Sekil 3. V. sinuatum’™un Tiirkiye’deki dagilimu.

2.2. Bitkilerin Toplanmasi

Deneysel ¢aligmalarimizda kullanilan V. sinuatum, dogal
ortamlarindan ¢igeklenme ve tohumlanma doénemlerinde
Haziran aymin son haftasinda Mugla ili Yatagan ilgesi
Cazkirlar koylinden ve mevsimsel farkliliktan dolay1 da
Agustos aymda Erzurum ili Palanddken ilgesinden
toplanmistir (Tablo 2). Temin edilen bu bitkilerin tiir
teshisleri, Atatiirk Universitesi Fen Fakiiltesi Biyoloji
Béliimii Botanik Ana Bilim Dali Ogretim Uyesi Prof. Dr.
Meryem Sengiill Koseoglu tarafindan yapilmistir. Daha
sonra bitkiler, dogrudan giines gormeyen karanlik bir
ortamda kurutma kagitlarmin arasma konulup oda
sicakliginda  (22-24°C), sik stk kurutma kagitlan
degistirilerek ~ ve  ¢ilirliyen  kisimlari  ayiklanarak
kurutulmustur. Cesitli aragtirmacilara gore (Duncan ve
Gold 1982; Erkal ve ark. 2006; Acartiirk 2014; Willis ve
ark. 2014), halk arasinda farkli bitkilerin govde, yaprak,
cicek ve tohum gibi boliimleri ya toz haline getirildikten
sonra sarilarak, ¢ignenerek kullanilmakta ya da kaynatilarak
demleme yoluyla suyu igilmektedir. Bu calisma igin iki
farklt bolgeden toplanip kurutulmus olan V. sinuatum
bitkisinin ¢icek-tohum, yaprak ve govdesi ayr1 ayr1 olmak
iizere ayiklanarak (Sekil 4) bitkiye ait tiim kisimlar porselen
havanda iyice doviilip ogiitiilerek ince graniil haline

getirilmistir.
Tablo 2. V. sinuatum’a ait lokaliteler ile GC-MS i¢in
kullanilan toprak iistii kisimlar
. Toplanan  Konum T oPrak
Bitki chir (GPS) ustii
y kisimlar
Cicek-
V. Musla 37°16'58.6"K  tohum(+),
sinuatum & 28°03'18.0"D  yaprak(-)
govde(-)
Cigek-
V. S U X t‘;h‘;:ll((:))
sinuatum 41°15'04.9'D V%P
govde(-)

(+) etken madde bulunan kisimlar, (-) etken madde bulunamayan
kisimlar
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Sekil 4. V. sinuatum’un kurutulmus ¢i¢ek-tohum (a-b),
yaprak (c¢) ve govde kisimlari (d)

2.3. V. sinuatum Bitkisine ait Metanol ve Su
Ekstraksiyonunun Yapilist

GC-MS analizi i¢in ogiitilmiis V. sinuatum’un ¢icek-
tohum, yaprak ve gévde kurulari, metanol ve su ile ekstrakte
edilmistir (Ince 2024). Bitkiye ait tiim kisimlar ayr1 ayri
olmak {izere 24 saat oda sicakliginda metanol iginde
bekletildikten sonra once siizge¢ kagidindan gegirilmistir.
Siiziintiiler, daha sonra 200°C sicaklikta vakumlu
firmlanma yontemiyle metanolden ayristirilarak bitkisel
metanol ekstresi elde edilmistir. Bu ekstreler, steril bog cam
sigelere  aktarilarak  kullanilincaya kadar +4°C’de
buzdolabinda saklanmistir. Elde edilen metanol ekstresi,
Erzurum ig¢in VSEme ve Mugla i¢in de VSMme olarak
isimlendirilmistir.

Su ekstraktsiyonu i¢in de yine &giitlilmils V. sinuatum’un
¢icek-tohum, yaprak ve govde kurular1 kullanilmis ve her
biri igin ayr ayr olacak sekilde iizerlerine 70-80°C
sicaklikta saf su dokiiliip ekstraksiyon ortaminin sicaklig
oda sicakhigi (22-24°C) seviyesine diisiinceye dek
Ultrasonik Banyo Cihazi i¢inde bekletilmistir. Elde edilen
su ekstresi de kisaca yine Erzurum igin VSE, ve Mugla i¢in
VSMg, olarak isimlendirilmistir.

2.4. GC-MS Analizinin Yapilisi

GC (gaz kromatografisi), MS (kiitle spektrometresi), bir gok
sektorde organik ve biyokimyasal karigimlarin kalitatif ve
kantitatif analizlerinin yapilmasi i¢in kullanilan analitik bir
yontemdir. Bu uygulamada, iki cihaz ayni anda ve bir arada
calisarak birgok bilesenin ayrilmasimi ve anlagilamayan
bilesiklerin kolay sekilde tanimlanmasi saglanmaktadir. GC
ile drneklerdeki bilesenler ayrilirken MS ile her bir bilegen
ayr1 ayri tanimlamaktadir. Sunulan bu ¢alismada kullanilan
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V. sinuatum bitkisine ait toprak istii kisimlardan elde edilen
su ve metanol ekstrelerine ait bilesenlerin tanimlanmasi,
Erzurum Bolge Kriminal Polis Laboratuvari Midiirliigd,
Kimyasal Inceleme Sube Miidiirliigii Laboratuvarinda yer
alan Agilent Marka GC-MS cihaz ile analiz protokoliine
uygun olarak gerceklestirilmistir (Uysal ve ince 2024).

Erzurum ve Mugla illerinde yetistigi cografik alanlardan
toplanan V. sinuatum’un govde, yaprak ve cicek-tohum
kisimlarindan hazirlanan metanol ve su ekstraktlari
kullanilarak yapilan GC-MS analizinde, haliisinojenik
ozellige sahip olan ve etken madde olarak degerlendirilen
biyoaktif fitokimyasal bilesenlere bitkilerin yalnizca
“cigek-tohum kisimlarinda” rastlanmistir (Tablo 2). Bu
nedenle Bulgular ve Tartismada verilen kromatogramlar ile
tablolar, yalnizca ¢igek-tohum kisimlarina ait sonuglari
icermektedir.

3. Bulgular ve Tartisma

Sunulan bu c¢alisma kapsaminda, farkli iki ilde yetisen

V.sinuatum tiriniin su ve metanol ckstraktlari,
haliisinojenik etken maddelere sahip olup olmadigi
bakimindan GC-MS yontemiyle karsilastirilmis ve

ekstraktlara ait tiim bilesenlerin kimlik dogrulanmasi
saglanmistir. Ayrica her bir ekstrakta ait olmak iizere
kromatogramlarda goriilen ve pik veren bilesenlerin
alikonma zamanlarima gore %benzerlik oranlarmni igeren
tablolar da hazirlanmistir.

Erzurum ili’nden toplanan ve V. sinuatum tiiriiniin ¢icek-
tohum kisimlarina ait (Tablo 2) VSEne ekstrakti i¢in elde
edilen toplam 25 biyoaktif fitokimyasal bilesenin
kromatogrami1 (Tablo 3) Sekil 5’de verilmistir. Farkli
alikonma zamanlarina gére benzerlik orani en yiiksek olan
bilesenlerden birisi %72 dl-Glyceraldehyde / Propanal, 2,3-
dihydrox (Pik 1) canli viicudunda bulunan ve orta derecede
onemli ii¢ karbonlu bir monosakkarittir. %64 2-Propanone,
1,3-dihydroxy (syn:1,3 dihydroxyacetone) (Pik 2) yine basit
bir karbonhidrat, %98 Benzoic Acid, 4-Hydroxy-3-
Methoxy (Pik 13) (syn: vanilik asit, etil ester, etil vanilyat)
vanilinin okside formu olarak aromatik bir madde, %74
Alpha.-d-glucopyranoside, methyl (alpha.-
Methylglucoside)  (pik  14)  glikozdan  tiiretilen
yumusaticilar, emiilgatorler, nemlendiriciler, koyulastirict
maddeler, plastiklestiriciler, ylizey aktif maddeler, vernikler
ve regineler dahil olmak {izere ¢esitli tiriinlerin {iretiminde
kimyasal ara madde olarak kullanilan bir monosakkarit,
%99 n-Hexadecanoic acid (Pik 20) (syn: Palmitik asit)
hayvanlarda, bitkilerde ve mikroorganizmalarda bulunan en
yaygin doymus yag asidi ve %99 6-Octadecenoic acid (syn:
Petroselinik asit) (Pik 22) de hayvansal ve bitkisel yaglarda
dogal olarak bulunan bir ¢esit yag asididir.
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Tablo 3. GC-MC analizi ile tespit edilen VSEn ekstraktina
ait tiim fitokimyasal bilesenler

Pik | Alkonma Alan Benzerlik Bilesenler
Zamani (%) Oram (%)
72 dl-Glyceraldehyde / Propanal,
1 3,65 4,66 4 4 P
2,3-dihydrox
2 4,59 9,88 64 2-Propanone, 1,3-dihydroxy
3 8,07 1,23 90 1-Benzofuran*
4 9,35 6,49 47 1,2,3-Propanetriol
5 9,90 2,01 49 3-Methylbenzofuran
6 10,41 13,81 80 4-Vinylphenol
60 Dihydrobenzofuran (2,3-
7 10,53 2,19
Dihydro-benzofuran)*
53 1,2,3-Propanetriol,
8 10,69 1,46
Monoacetate
9 11,54 2,15 94 2-Methoxy-4-Vinylphenol
98 Benzaldehyde, 4-Hydroxy-3-
10 12,31 1,02 v yaroxy
Methoxy
11 12,58 9,59 52 Hydrazine, 1-Ethyl-1-Phenyl
12 12,94 1,34 76 Nonanoic Acid
98 Benzoic Acid, 4-Hydroxy-3-
13 13,48 1,01
Methoxy
74 Alpha.-d-glucopyranoside,
14 13,64 1,26 P geory
methyl
4-Trimethylsilyloxyphenet
15 13,78 7,30 35 . . .
Hyl-N-Trimethylsilylamine
53 Beta.-l-arabinopyranoside,
16 13,94 8,46
Methyl
17 14,38 2,60 98 methoxycinnamic acid
2-Propenoic Acid, 3- (4-
18 14,63 3,54 95 Hydroxyphenyl)-, Methyl
Ester
19 14,79 2,89 27 Myo-Inositol
20 15,70 2,27 99 n-Hexadecanoic acid
21 15,79 1,58 43 -D-glucopyranosyl
22 16,59 3,32 99 6-Octadecenoic acid
38 3-Hydroxy-2-pyridin-3-yl-
23 19,49 5,32 yaroRySpy Y
propenal
24 20,61 3,55 25 Cyclohexene, 1-(2-propenyl)
25 26,65 1,06 38 Tetrasiloxane, decamethyl
Toplam 25

*Halusinojenik etki gosterme potansiyeli yiiksek fitokimyasal bilesenler

Bu bilesenler arasinda 3. Pik’de %90 benzerlik orani ile 1-
Benzofuran* ve 7. Pik’de %60 benzerlik orani ile bulunan
2,3-Dihydro-benzofuran* (syn:2,3-Dihydro-1-benzofuran)
haliisinojenik etki gosterme potansiyeli yiiksek fitokimyasal
bilesenler olarak belirlenmistir ve birbirlerine yakin
alanlarda pik vermiglerdir (Tablo 3 ve Sekil 5). Dihydro-
benzofuran, trisiklik bilesiklerin ve bazi dnemli ilaglarin
sentezi i¢in bir ara hammadde olarak tanimlanmaktadir. Bu
kimyasal bilesen, “igeriginde bulunan ikame
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“fenetilamin”den dolay1 merkezi sinir sistemi uyaricilarini
etkileyerek haliisinojenik etkiye sebep olabilecek onciil
madde olarak degerlendirilmistir” (Tablo 3).

Aot

TIG:sitermet Dclms

ke

T
Sekil 5. GC-MC analizi ile elde edilen VSEn ekstraktina
ait kromatogram

VSEq ekstraktina ait GC-MS analizinin sonucunda da
alikonma zamanlarina gore 24 farkli biyoaktif fitokimyasal
bilesen belirlenmistir (Tablo 4) ve tiim bilesenlere ait
kromatogram da Sekil 6’da verilmistir. VSEs, ekstraktina
ait Pik 5’de %90 benzerlik orani ile bulunan 2,3-dihydro-
benzofuran*  (syn:2,3-Dihydro-1-benzofuran)’mn  varlig
(Tablo 4), VSEme ekstraktindaki Pik 3 ve Pik 7 ile
uyumludur (Tablo 3). Hem VSEn: hem de VSEg
ekstraktinda yiiksek oranlarda ve birbirine yakin piklerde
yer alan bu fitokimyasal bilesen, Erzurum’da yetisen
V.sinuatum tirinin haliisinojenik potansiyelini isaret
etmektedir.

V.sinuatum un Mugla ili’'nden toplanan orneklerinden de
yine ¢igek-tohum kisimlaria ait metanol (VSMmet) ve su
(VSMy,) ekstraktlari, fitokimyasal bilesenleri bakimindan
GC-MS analizi ile degerlendirilmistir. Analiz sonucunda
VSMpe’e ait toplam yirmi ¢ (23) bilesene ait pik
gbzlenmistir (Tablo 5) ve tiim pikler Sekil 7°de verilen
kromatogramda da  goriilmektedir. Bu  kimyasal
bilesenlerden en yiiksek oranda bulunanlardan bazilari;
%72 DL-Glyceraldehyde dimer (Pik 1), %74 2-Propanone,
1,3-dihydroxy (Pik 2), %95 Pyrocatechol (Pik 4), %87
Dihydrobenzofuran* (Pik 5), %96 2-Methoxy-4-
Vinylphenol (Pik 8), %96 Gamma .-Hydroxyisoeugenol
(Pik 16), %99 n-Hexadecanoic acid (Pik 17), %99 Methyl
(972,127)-9,12-Octadecadienoate (Pik 19), %98 (97)-9,17-
Octadecadienal (Pik 20) ve %50 Metamfepramone* (Pik
22)’dur. DL-Gliseraldehit, aldoz rediiktaz enzimi i¢in bir
substrat, Pyrocatechol (1,2-dihidroksibenzen veya katekol
(CéH4(OH)2) bitkilerde eser miktarlarda bulunan dogal
fenolik bir bilesik, 2-Metoksi-4- Vinylphenol bir¢ok
bitkinin dogal aroma vericisi, Gamma.-Hydroxyisoeugenol
Cananga odorata (ylang-ylang) gibi baz tiirlerin esansiyel
yaglarinda bulunan propenil ile ikame edilmis bir
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guaiakoldiir (gayakol). n-Hexadecanoic acid (Palmitik asit)
ile Methyl (9Z,127)-9,12-Octadecadienoate (Stearik asit,
CH3(CH2)1sCOOH) doymus yag asitleri ve (92)-9,17-
Octadecadienal de esansiyel yag asitlerindendir.

Tablo 4. GC-MC analizi ile tespit edilen VSEg, ekstraktina
ait tiim fitokimyasal bilesenler

Alikonma Alan Benzerlik
Pik Bilesenler
Zamani (%) Oram (%)
4-Amino-2-[4-amidinoamino-(4-
1 nitrobenzyloxycarbonylamino)bu
3,63 1,67 36 tyl]-6- dimethylamino-1,3,5-
triazine 2-yridinepropanoic acid
2 Benzaldehyde, 2-nitro-,
6,40 1,54 0 diaminomethylidenhydrazone
14-methyl-
3 7,00 2,76 39 bicyclo(10.3.0)pentadec1(12)-en-
13-one tosylhydrazone
4 8,03 1,72 9 2-pyridinepropanoic acid
5 Dihydrobenzofuran (2,3-
8,61 21,73 9% Dihydro-benzofuran)*
6 10,15 1,78 9 2-pyridinepropanoic acid
7 Benzaldehyde, 2-nitro-,
1048 1,69 % diaminomethylidenhydrazone
8 10,65 1,79 37 2,4-hexadiene, 3-methyl
9 11.80 579 7 Clohexene, 1,3,3-trimethyl-6-
’ ’ methylene
10 Ethanone, 1-(4-Hydroxy-3-
12,49 3,65 ok Methoxyphenyl)
11 Phenol, 2,4-bis(1,1-
12,75 14.11 93 dimethylethyl)
12 13.00 1.69 36 O-ethyl o-isopropyl n,n-dimethyl
’ ’ phosphoramidate
13 14.45 5.67 43 Butan-2-one, 4-(3-hydroxy-2-
’ ’ methoxyphenyl)
14 14,57 1,54 9 2-pyridinepropanoic acid
15 Benzaldehyde, 2-nitro-,
14,72 27 K diaminomethylidenhydrazone
2-(n,n-
16 14,80 1,95 9 dimethylhydrazino)cyclopentanec
arbonitrile
17 Benzaldehyde, 2-nitro-,
15,34 2,02 3 diaminomethylidenhydrazone
18 15.45 11 95 4-((1E)-3-Hydroxy-1-propenyl)-
’ ’ 2-methoxyphenol
19 15,59 2,57 42 N-methyl-2-hydroxytyramine
20 15,70 1,74 9 2-amino-1-phenyl-1-propanol
2-Cyclohexen-1-one, 4-hydroxy-
21 16,05 6,46 58 3,55-trimethyl-4-(3-0xo-1-
butenyl)
22 16,70 4,53 32 2-pyridinepropanoic acid
23 Pyridine-3-carboxamide, 1,2-
18,06 1,90 o dihydro-4,6-dimethyl-2-thioxo
24 19.19 1.85 9 7-nitro-5-phenyl-1,3-dihydro-2h-
’ ’ 1,4-benzodiazepin-2-one
Toplam 24 |

*Haliisinojenik etki gosterme potansiyeli yiiksek fitokimyasal bilesen
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Sekil 6. GC-MC analizi ile elde edilen VSEg, ekstraktina ait
kromatogram

Erzurum ili’ne ait V.sinuatum’un VSEme (Tablo 3) ve
VSEq (Tablo 4) ekstraktlarinda bulunan “2,3-dihydro-
benzofuran bileseni”, Mugla ili’ne ait VSMme ekstraktinda
da (Pik 5) %87 gibi oldukga yiiksek bir oranda bulunmustur
(Tablo 5). Benzofuran, kaynasmis benzen ve furan
halkalarindan olusan komiir katraninin bir bilesenidir
(United States Agency for Toxic Substances and Disease
Registry, 1992). Bu bilesen komiir gazlagtirma ve petrol
isleme tesislerinden ¢evreye salinabildigi gibi (IARC,
1987d), 6rnegin komiir katranina maruz kalinmas: ya da
sigara kullanimi1 sonrasinda ayrica yangin magdurlariin
kaninda yanma iriinii olarak da bulunabilmektedir
(Schlotzhauer ve Chortyk 1987). Ancak Benzofuran, daha
karmasik yapilara sahip bir¢ok ilgili bilesigin dnciilii olarak
Asteraceae  (papatyagiller), Rutaceae (turunggiller),
Liliaceae (zambakgiller) ve Cyperaceae (hasirotugiller) gibi
farkli familyalara ait bitki tiirlerinde dogal olarak da
bulunmaktadir (Miao ve ark. 2019). Bu fitokimyasalin
varligi, daha 6nce yapilan ¢alismalarda 6rnegin Ephedra
distachya (Ebu Cehil ¢alis1)’nin metanol ve Vitex agnus-
castus (hay1t)’un su ekstresinde de yine GC-MC yontemi ile
belirlenmistir (Ince 2024; Ince ve Uysal 2024).

Miao ve ark. (2019)’a gore, benzofuran dogal bir bilesik
olarak antitiimér (Xu ve ark. 2017), antibakteriyel (Liang ve
ark. 2016; Kenchappa ve ark. 2017), antioksidan
(Aswathanarayanappa ve ark. 2012; Marwa Abdel-motaal
ve ark. 2017), antiparasitik (Thevenin ve ark. 2013) ve
antienflamatuar (Xie 2014) biyoaktivitelere sahiptir. Ancak
daha &nce yapilan ¢alismalarda, benzofuranin gram-negatif
bir bakteri olan Salmonella typhimurium igin mutajenik
olmadigi buna karsin fare lenfoma hiicrelerinde gen
mutasyonuna, Cin hamster yumurtalik hiicrelerinde ise
kardes kromatit degisimi ve kromozomal sapmalara sebep
oldugu belirlenmigtir (US National Toxicology Program
1989). Benzofuranin toksikokinetigi hakkinda veri mevcut
olmamasma ragmen kronik deneysel ¢alismalar bu
bilesenin siganlar ve farelerde bdbrek ve karaciger



H Uysal ve M Ince

toksisitesine neden oldugunu, insanlar i¢in de muhtemelen
kanserojen olabilecegini gostermistir (IARC 1987a).

Bu c¢alisma kapsaminda VSMy ekstraktinda bitkisel
orijinli fitokimyasal olarak %50 benzerlik orani ile Pik
22’de goriilen (Tablo 5, Sekil 7) “Metamfepramone™® (syn.
N,N-dimetilkatinon) bileseni de haliisinojenik, uyusturucu
ya da uyarici olabilecek nitelikte bir diger bilesen olarak
degerlendirilmistir”. Dimetilkatinon, dimetilpropion ve
dimepropion gibi farkli isimlerle de tanimlanan bu kimyasal
bilesen, fenetilamin ve katinon kimyasal smiflarindan
uyarict  bir etken maddedir (Soholing 1982) ve
haliisinojenik etki gosterme potansiyeli yliksek bir
bilesenler sinifinda degerlendirilmistir. Metamfepramon*,
sempatomimetik (sempatik sinir sisteminin endojen
agonistlerinin etkilerini taklit eden uyarici bilesikler) ve
psikotropik bir ajan olarak uyarici etkisini gosteren bir
fitokimyasaldir (Dal Cason ve ark. 1997). Bu fitokimyasal,
Israil'de eglence amacli olarak kullanilan “rakefet” isimli
maddenin de ana etken maddesi olarak 2006 yilindan sonra
yasakli maddeler kapsamina alimmistir (Thevis ve ark.
2009). Psikotrop (psikoaktif) maddeler, merkezi sinir
sistemini etkileyerek beynin islevlerini degistiren, davranis,
ruh hali, alg1 ve biling diizeyinde gegici degisikliklere sebep
olan, 6forik etkisi (zevk verici) nedeniyle eglence amagl da
kullanildig: igin rehabilitasyona ihtiyag duyulan bagimlilik
yapici kimyasal maddeler olarak tanimlanmaktadir. Diinya
iizerinde bir¢ok hiikkiimet, Metamfepramon etken maddesini
iceren ilag iiretimi ve satigslarina smirlamalar getirerek
bagimliligin azaltilmasina galigsmaktadir.

GC-MS analizi ile bir diger ekstre olan VSMg,-ya ait olmak
iizere de toplam 38 (Tablo 6) pik elde edilmistir. Bu piklerin
timi Sekil 8’de verilen kromatogramda goriilmektedir ve
farkli alikonma zamanlarina gére benzerlik orani en yiiksek
olan bes (5) farkli bilesen ise %90 Benzenemethanol (Pik
2), %56 Propiovanillone (Pik 13), %91 4-[(1E)-3-Hydroxy-
1-Butenyl]-3,5,5-Trimethyl-2-Cyclohexen-1-One (Pik 18),
%381 1,4-Benzenediamine N,N-Diethyl (Pik 23) ve %64 1-
Ethoxy-2—isopropylbenzene (Pik 28) olarak tespit edilmistir
(Tablo 6). Bu ekstreye ait ve % benzerlik oran1 yiiksek olan
bilesenlerden birisi Propiovanillone (Benzen-1,4-diol veya
kinol olarak da bilinen hidrokinon), bir gesit aromatik,
fenolik organik bilesiktir. 18.pikde ilk kez alikonulan 4-
[(1E)-3-Hydroxy-1-Butenyl]-3,5,5-Trimethyl-2
Cyclohexen-1-One isimli bilesen bitkisel orjinli sekonder
metabolitler arasinda yer alan bir monoterpen ve 23.pikde
yer alan  1,4-Benzenediamine = N,N-Diethyl (4-
(Diethylamino)Aniline de farmasétik bir ara {iriin olarak
tanimlanmistir. VSMy, ekstresine ait en yiiksek benzerlik
orani ile Pik 2’de yer alan Benzenemethanol ise (Benzil
alkol, CsHsCH-OH), lokal anestezik 6zellige sahip eterlerin
onciilii bir kimyasal maddedir (Wilson ve Martin 1999) ve
kronik kullanima baglh olarak toksisiteye sebep olabildigi
bildirilmektedir (Briihne ve Wright 2007).
Benzenemethanol da bu c¢alismada eterik ozelligi ile
uyusturucu potansiyeline sahip bir fitokimyasal etken
madde olarak degerlendirilmistir.
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Tablo 5. GC-MS analizi ile tespit edilen VSMp¢ ekstraktina
ait tiim fitokimyasal bilesenler

Pik Allkonma Alan Benzerlik Bilesenler
Zamam (%) Oram (%) $
1 3,65 4,17 2 DL-Glyceraldehyde dimer
2 4,57 10,22 7 2-Propanone, 1,3-dihydroxy
3 9,13 2,23 3 Glycerin
95
4 10,14 1,58 Pyrocatechol
87 Dihydrobenzofuran (2,3-
5 10,41 8,36 dihydrobenzofuran)*
55 5-(Hydroxymethyl)-2-
6 10,53 2,38 Furaldehyde
7 11,42 1,52 47 Ethyl 2,3-epoxybutyrate
8 11,54 3,60 % 2-Methoxy-4-vinylphenol
9 11,71 1,81 47 2,5-Hexanediol
38
10 12,08 1,60 Formyl glyoxyl urea
1 12,58 18.43 53 2,2—D{ethynylbut»2»Ene»
1,4-Diol
64 .
12 12,97 6,81 1,2,4-Benzenetriol
35 . .
13 13,67 10,71 Peracetic Acid
14 13.83 1.92 49 2,3—D1h_ydro-5h-1,4-
Dioxepine
52 6-Oxa-
15 13,91 3,29 Bicyclo[3,1,0]Hexan-3-0O1
96 Gamma.-
16 14,61 3,69 Hydroxyisoeugenol
17 15,70 2,32 % n-Hexadecanoic acid
18 15,77 138 49 D-Glucose, 4-O-,alpha,-D-
glucopyra
99 Methyl (92,122)-9,12-
19 16,40 1,45 Octadecadienote
20 16,58 3,17 % (92)-9,17-Octadecadienal
35 4-Heptenoic ~ Acid,  2-
21 1947 2,17 Cyano-4-Methyl
22 20,55 3,15 50 Metamfepramone*
23 26,64 138 50 Cyclotrisiloxane,
hexamethyl
Toplam 23

*Haliisinojenik etki gosterme potansiyeli yiiksek fitokimyasal bilesenler
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Sekil 7. GC-MC analizi ile tespit edilen VSMp ekstraktina
ait kromatogram
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Tablo 6. GC-MS analizi ile tespit edilen VSMg, ekstraktina
ait tiim fitokimyasal bilesenler

Pik Allkonma Alan Benzerlik Bilesenler
Zamani (%) Oram (%) $

1 3,43 0,87 7 2-Pyridinepropanoic Acid

2 5,63 2,97 90 Benzenemethanol*
Benzaldehyde, 2-Nitro-,

3 6,40 149 o Diaminomethylidenhydrazone

4 7,00 1,19 45 6-Phenyl-1-Hexanamine
Benzaldehyde, 2-Nitro-,

3 7,20 0.77 4 Diaminomethylidenhydrazone

6 8,03 0,83 4 Acetaldehyde

7 3.85 0.86 4 2—A4amantan0ne
Semicarbazone
2,7-Octadiene-1,6-Diol,  2,6-

8 10,77 5,52 38 Dimethyl

9 12,15 0,80 4 Acetaldehyde
Benzaldehyde, 2-Nitro-,

10 12,50 0.93 7 Diaminomethylidenhydrazone
Benzaldehyde, 2-Nitro-,

1l 12,80 3,40 17 Diaminomethylidenhydrazone

12 13,65 1,01 9 1-(2-Pyridinyl)Ethanamine

13 13,70 1,51 56 Propiovanillone
Benzaldehyde, 2-Nitro-,

14 13,84 2,68 37 Diaminomethylidenhydrazone
Benzaldehyde, 2-Nitro-,

15 14,08 1,29 i Diaminomethylidenhydrazone
Benzaldehyde, 2-Nitro-,

16 14,22 2,16 30 Diaminomethylidenhydrazone

17 14,36 0,74 5 N-Methyl-1-Propanamine
4-[(1e)-3-Hydroxy-1-Butenyl]-

18 14,45 10,14 91 3,5,5-Trimethyl-2-Cyclohexen-
1-One

19 14,58 1,08 9 n-Methyl-1-Propanamine
Ethyl Isopropyl

20 14,66 983 s Propylphosphonate
1-(3,5-Dimethyl-1-

21 14,84 1,00 i Adamantanoyl)Semicarbazide

2 15,11 541 3 Methanesulfonamlde, N,N-
Dimethyl
1,4-Benzenediamine, (syn.

23 15,19 7,20 81 N,N-Diethyl 4-
(Diethylamino)Aniline)
Benzaldehyde, 2-Nitro-,

24 15,34 0.97 7 Diaminomethylidenhydrazone
1,1-Dimethyl-2-

» 1545 283 » Thiophenylhydraziniumbetaine
2-[(3,5-Dimethyl-1-

26 15,59 1,89 25 Adamantyl)Carbonyl]hydrazin
ecarboxamide

27 15,69 0,85 4 Acetaldehyde

28 15,86 7,60 64 1-Ethoxy-2-isopropylbenzene
Methyl [(2-Oxo-1,2-Dihydro-

2 16,05 3.83 » 4-Pyrimidinyl)Amino]Acetate

30 16,13 0.76 9 2-Adamaman0ne
Semicarbazone

31 16,34 1,14 9 N-Methyl-1-Propanamine

32 16,70 5,43 23 1,3-Adamantanediacetamide
2h-1-Benzopyran-2-One, 4-

33 17,73 0,90 40 Hydroxy-3-Nitro

34 17.89 0.83 9 2-A4amantan0ne
Semicarbazone
2.,4-Dichloro-5-

35 18,86 1,07 28 Dimethylsulfamoyl-Benzoic
Acid
24(e)r1(©)2-[(e)-(2-
Hydroxyphenyl)Methylidene]

36 19,19 1,75 33 Amino)Propyl)Imino]Methyl)P
henol
4h-Dibenz[De,G]Isoquinoline,

37 20,56 2,53 52 5,6,6a,7-Tetrahydro-1,2,9,10-
Tetrametho Xy-5-Methyl
4h-Dibenz[De,G]Isoquinoline,

38 22,20 3,94 53 5,6,6a,7-Tetrahydro-1,2,9,10-
Tetrametho Xy-5-Methyl

Toplam 38

*Halusinojenik etki gosterme potansiyeli yiiksek fitokimyasal bilesen
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Sekil 8. GC-MC analizi ile tespit edilen VSM, ekstraktina
ait kromatogram

Tarihsel siire¢ incelendigi zaman insanlarin umutsuz, iizgiin
ve ac1 icinde olduklar1 degisken ruh hallerinde sakinlestirici
Ozelligi ile viicudu rahatlatan, agr1  duyusunu
gideren/hafifleten, uyusukluk ile kisiye kendini iyi hissetme
duygusu veren, halk arasinda psikolojik ve fiziksel
bagimliliga neden olabilecek 6zellikteki kozmopolit ya da
endemik bitkilerin toplumda sikca kullanildigi ve yasanilan
cografik bolgelerde gegmisten gelen aliskanliklar seklinde
kullanilmaya devam edildigi bilinmektedir (Tanker ve ark.
1980; Dilixiat1 2016; Bayam ve Uysal 2021). Farkli insan
topluluklarindaki bitki-insan iligkilerini ifade eden ve
bitkilerin yerel halk tarafindan kullanimi olarak da
tanimlanan Etnobotanik bakimindan da haliisinojenik ve
uyusturucu Onciil maddeye sahip bitkilerin bilinmesi
olduk¢a oOnemlidir. Ancak konunun Kriminologlar
ilgilendiren kismu tiim diinyada ve Ulkemizde illegal olarak
haliisinojenik etkili madde veya uyusturucu madde elde
etmek i¢in bitkilerin kullanilmasi ve bu bitkilerin bir
kisminin sug unsuru teskil etmemeleridir. Ayrica her bitkiye
ait potansiyel etken maddelerin belirlenebilmesi ve
bilinmesi de kriminal bakimdan olduk¢a &nemlidir. Adli
Bilimciler ise bu tip bitkilerin igeriklerinde bulunan
biyoaktif bilesenlerinin kullanicilar tizerindeki toksisitesi ve
doz asimina bagl olarak meydana gelebilecek dliimlerle
ilgilenmektedirler. Biyolog ve kimyac1 gibi Fen bilimciler
ise halk arasinda kullanilan bitkilerin biyoaktif bilesenleri
ve etki mekanizmalarim1 belirlemeye calisirlar. Ciinki
bitkiler aleminin her iiyesi dogal polinizasyon ile bahar
aylarinda bahgeler, tarlalar, yol kenarlari, bos araziler gibi
alanlarda kendiliginden cogalirlar. Daha otesi yerlesim
yerlerine yakin alanlarda bulunurlarsa ¢igek ya da
meyveleri renkli oldugu i¢in insanlara gorsel/estetik olarak
hitap ederler ve yabani ot olarak sokiiliip atilmazlar. Bu
bitki tiirleri kendiliginden ¢ogaldig: igin elde edilmeleri ve
ulagilabilmesi oldukga kolaydir. Ayrica insan eliyle de 6zel
dikimleri yapilmaktadir. Ornegin bu galismada kullanilan
ve dogal olarak yetisen V.sinuatum, peyzaj amagh olarak
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kullanilan, Ephedraceae familyasina dahil E. distachya
(Ebu cehil calis1) da kuvvetli kokleri sebebiyle toprak
erozyonuna karst insan eliyle dikimi yapilan bitki
tiirlerinden yalnizca iki tanesidir (Uysal ve ince 2024). Halk
arasinda toprak istii kisimlar1 kullanilan bu tiirlii bitkilerin
farkl etkilerinin olmasi nedeniyle konuya iligskin kimyasal
ve biyolojik incelemeler de olduk¢a 6nem kazanmaktadir.

4. Sonug

Sunulan bu arastirmanin  ana ¢iktilarinda  birisi
haliisinojenik/uyusturucu potansiyeline sahip kozmopolit
ya da endemik bitki tilirlerinin ne {retilmeleri ne de
tasinmasi bakimindan kanuni olarak yasakli olmamalaridir.
En 6nemli bir baska nokta ise bu tiirlii bitkiler, gegmisten
glinimiize halk arasinda hayal gordiiriicii olarak diinyevi
gerceklerden kagma, nese, sahte mutluluk gibi farkh
etkilere sahip olduklari i¢in ¢igneme, sarma, demleme gibi
degisik yollarla kullanilmaktadir. Bu tiirlii kullanimlarin
kanunlara aykiriligi da bulunmamaktadir. Bu durumlar
karsisinda dogal yetismis olan bitkilerin toplanmasi,
herhangi bagka yerlere sevki ve daha fazla oranlarda
yetistirilmeleri etken maddelerin elde edilmesi ve bunlarin
laboratuvar sartlarinda ya da merdiven alt1 tabir edilen
yerlerde tiirevlendirilmeleri son derece Onem arz
etmektedir.

Calismadan elde edilen veriler 1s1¢inda ulasilan bir diger
sonug, hangi grup bagimlilik yapici madde olursa olsun
bunlarin tedarik, kullanim ve satisina bagli olarak ortaya
¢ikan zararlar, sadece saglik sorunlartyla ve dogrudan
kullaniciyla smirh degildir. Kisinin saghigma verdigi
zararlarin yani sira ¢gogu zaman iginde bulundugu gevreye
ve en Onemlisi kisinin ailesine, toplumun tamamina mal
olan hukuki, ekonomik ve sosyal sorunlar1 da beraberinde
getirmekte olup biiylik yikimlara neden olmaktadir. Bu
nedenle ¢ok kiiclik yastaki bireylere kadar inmis ve geng
nesilleri tehdit eden bu haliisinojenik ya da uyusturucu
madde kullanimi, toplumun ve hatta bir iilkenin gelecegine
zarar veren ¢ok ciddi bir giivenlik problemi haline gelmistir.
Uyusturucu ile miicadelede tiim bu riskler géz oniinde
bulunduruldugunda, bir iilkenin gelecegi ve bekasi i¢in en
onemli siitunlardan birisi olan “egitim ile Onleme”
calismalart olusturularak geng¢ yastaki bireylerimizde
farkindalign ~ ve  bilinglenmeyi  ortaya  ¢ikarmak
gerekmektedir. Ciinkii haliisinojenik etken madde iceren
bitkilerin  kullanimlarimin ~ su¢  unsuru  olusturup
olusturmadiginin bilinmemesi ve su ana kadar herhangi bir
bitkisel kullanim igin cezai miieyyide uygulandigina dair
bilgi-belge bulunmamas: da konuya iligskin olmak iizere
kanuni olarak herhangi bir yaptirim uygulanabilmesinin
oniinde engeldir. Ancak yasal kisitlamalarin olmamasi
sebebiyle bu bitkilerin igerdikleri etken maddeler, kronik
kullanimlara bagli olarak insanlarda pek ¢ok hastaliga sebep
olabilmektedir. Bu bitkilerin insanlara verdigi zararlar
diistiiniildiiginde, resmi  kurumlar tarafindan yeni
diizenlemelerin yapilmasi1 ve yasal tedbirlerin alinmasi
gerekli goriilmektedir.
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Abstract: Graphene-based materials attract important interest due to their enhanced electron transfer efficiency in photocatalytic
hydrogen evolution reactions. In this study, 1D graphene-based nanomaterial combined with ZnO and produced heterostructured
CNT/ZnO nanocomposite catalyst enhance the hydrogen evolution. Herein, co-catalysts (MoSx and Pt) were photodeposited onto
CNT/ZnO nanocomposite catalyst in water, resulting in the formation of CNT/ZnO/MoSx and CNT/ZnO/Pt through the reduction of
(NH4)2MoS4 and H2PtCls.6H20, respectively. The photodeposition of co-catalysts on the CNT/ZnO nanocomposite provided enhanced
catalytic efficiency and stability due to increased active surface area and enhanced electron transfer capabilities. CNT/ZnO/MoSx
photocatalysts are one of the most promising, clean and sustainable energy carrier for photocatalytic hydrogen production.

Keywords: photodeposition, photocatalytic activity, hydrogen, graphene-based nanomaterials

1. Introduction

The importance of renewable energy sources has become
increasingly important due to the growing global energy
demand. Photocatalytic hydrogen evolution reactions
(HERs) have emerged as a significant solution in this
context (Teets and Nocera 2011; Preethi and Kanmani
2013). Among the semiconductor catalysts investigated to
enhance photocatalytic hydrogen production, ZnO stands
out as an effective photocatalyst for hydrogen production
due to its stability in the chemical reactions, abundancy,
improved charge mobility and safely in the reactions. But,
ZnO has limited hydrogen production efficiency due to high
exciton formation rate, limited surface area for mass
transfer, hydrogen evolution under UV light irradiation, and
wide band gap (3.19 eV) (Yuan et al. 2015). In order to
overcome these challenges, heterostructured photocatalysts
have been proposed to improve the photocatalytic activity
of ZnO catalyst. Graphene-based materials are considered
as promising candidates for these heterostructures due to
their superb specifications. The incorporation of ZnO with
graphene-based materials has been extensively investigated
to enhance the photocatalytic activity. Among these
affordable graphene-based materials, carbon nanotubes
(CNTs) have been used in photocatalytic studies, can

© EJBCS. All rights reserved.

effectively act as electron donors/acceptors by extending
the lifetime of electron-hole pairs in HERs. Graphene-
derived materials have been used in catalytic studies such
as degradation, hydrogen production and decontamination
due to their properties such as large surface area, strong
adsorption capacity and charge density. In various studies,
graphene derivatives have been combined with ZnO to
improve the hydrogen production activity (Dhiman et al.
2022). There are some works in the literature on the effect
of the combination of ZnO and CNTs in photocatalytic
HERs. According to the literature, the combination of ZnO
with CNTs effectively improves hydrogen evolution, but
there are some shortcomings such as low visible light
absorption, high photocorrosion, low stability and
incomplete photocatalytic mechanism. In the study, the
hydrogen evolution efficiency of ZnO/CNTs was improved
by forming a heterostructure with Sr doping. Heterojunction
provides increased light absorption, improved charge
separation, and optimizes optical band gap for enhanced
hydrogen production (Ahmad et al. 2021). In another study,
hydrothermally synthesized CNT/ZnO/TiO, catalyst was
used the degradation of asid orange (Bai et al. 2015). Bakos
and coworkers deposited the TiO, and ZnO on CNT with
the help of atomic layer deposition method. CNT/TiO2/ZnO
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were used in the methyl orange degradation (Bakos et al.
2020). Hydrothermally synthesized yttrium doped
CNT/ZnO catalyst improve the degradation efficiency of
methylene blue dye (Sharma et al. 2021). Another study,
ZnO/CNT nanocatalyst used on the glass photoelectrodes
result in the improved chemical stability, lowered corrosion
and enhanced electrochemical productivity (Alenad et al.
2023). In the another study, the synthesized CNT/ZnO core-
shell nanostructres were used in the electrochemical
photocatalytic HERs and prevent the photocorrison and
improve catalyst stabilty (Prasadam et al. 2022). In
photocatalytic studies, photodeposition of cocatalyst has
been intensively investigated as it increases catalytic
efficiency by both enhancing electron transfer activity and
expanding surface area. Platinum (Pt) is among the
cocatalysts used to enhance hydrogen production due to its
large surface area and efficient electron transfer activity. For
example, deposition of Pt nanoparticles onto CNTs via
chemical photodeposition has shown improved hydrogen
production rates by inhibiting electron—hole recombination.
However, the high cost of Pt, being a noble metal, limits its
use in large-scale studies. Recently, molybdenum sulfides
(MoSx) have been offered as a cost-effective alternative
cocatalyst to Pt with similar catalytic activity. MoSx
contains sulfur atoms that provide abundant electron
transport channels and active surface area, leading to
enhanced photocatalytic HER activity. In one study,
CNTs/ZnO/MoS; ternary nanocomposite was used for the
degradation of aniline (Ghasemipour et al. 2020). To our
knowledge, there are no photocatalytic hydrogen evolution
studies in the literature regarding MoSy and Pt
photodeposition on CNT/ZnO catalysts. In this study,
synthesized CNT/ZnO nanocomposite was used as a
photocatalyst in the HERs to enhance the hydrogen
evolution reaction. MoSx and Pt were photodeposited onto
CNT/ZnO nanocomposite catalyst in water, resulting in the
formation of CNT/ZnO/MoSx and CNT/ZnO/Pt through the
reduction of (NH4)>2MoS4 and H,PtCls.6H>O, respectively.
The photodeposition of MoSx and Pt on the CNT/ZnO
composite provided improved photocatalytic activity and
stability because of enlarged surface area and improved
electron transfer ability.

2. Materials and Method
2.1. Materials

Zinc acetate (99.99%, Zn(CH3COx),), oleylamine (=98%,
OLA) and Ethanol [absolute, >99.8%] were supplied from
Sigma-Aldrich. Multi-walled carbon nanotube (99.99%;
(MWCNT) was provided from Nanografi. Triethanolamine
(TEOA, > 98 %), hydrochloric acid (HCI), chloroplatinic
acid hexahydrate (H2PtCls.6H,0), ammonium
tetrathimolybdate ((NH4)2MoS,), eosin-Y (EY>95 %) were
purchased by Sigma- Aldrich.

2.2. Methods
2.2.1. Synthesis of ZnO and CNT/ZnO Catalysts

0.5 mmol Zn(CH3COs3),; and 15 mL OLA were mixed in a
50 mL beaker until the temperature reached 280 °C. After
the cooling of mixture, ethanol/toluene mixture (5/15 mL)
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was added to the synthesis medium and precipitated by
centrifugation at 3000 rpm for 1 minute. In the last step, the
precipitate formed was washed with ethanol and left to dry.
In the synthesis of ZnO/CNT composites, 1 mg carbon
source was put to the beaker in the first stage of the
synthesis (Geng et al. 2023b).

2.2.2. Photocatalytic Hydrogen Evolution Reactions

The study focuses on generating hydrogen through a
photocatalytic water-splitting reaction by depositing co-
catalysts (MoSx and Pt) onto CNT/ZnO composite. This is
achieved by reducing precursors, (NH4):MoS; and
H,PtCle.6H,O. To enhance the efficiency of hydrogen
production and prevent the formation of oxygen, TEOA in
aqueous solutions was used as an electron donor. The
objective is to create composites like CNT/ZnO/Pt and
CNT/ZnO/MoSy the photodeposition method, improving
the efficiency of the reaction and utilizing CNT/ZnO
composite catalyst. Furthermore, after analyzing the optical
and electrochemical properties of the ZnO structure, visible
light sensitization was performed using EY, a well-known
dye, to resolve issues with light absorption and electron
transfer, or to increase light absorption. The reaction cell
containing the CNT/ZnO composite and salts was placed
inside an anaerobic glovebox, combined with an electron
donor solution under an inert nitrogen atmosphere and
sealed with a rubber septum to isolate it from the external
environment. Sonication in a water bath was conducted to
ensure the catalysts were well dispersed in the electron
donor solution. After, the reaction cell was positioned under
a visible light source and continuously stirred with a
magnetic stirrer to ensure uniform reaction progress.
Periodically, gas samples were taken from the top of the
reaction cell using a syringe and analyzed with gas
chromatography to determine the amount of hydrogen
produced, which was then calculated using a calibration
curve. By optimizing conditions such as pH, electron donor
concentrations and dye concentrations, the catalytic
parameters were determined under optimal conditions. The
photocatalytic hydrogen production was also tested without
the use of dye or electron donors for comparison. The solar-
to-hydrogen conversion efficiency (STH) was evaluated
using the specified equation (Eq.1) (Geng et al. 2023b; Genc
et al. 2024).

AG® x RH,

0=
STH % A

x 100 Eq.1

In this equation, P and A refers to the irradiation power
density of incident light and the irradiated area (cm™') by
incident light, respectively. Moreover, Ri» and AG°
indicates the hydrogen production rate (mmol s™') and the
Gibbs free energy standard (237 kJ mol™") for water splitting
reactions, respectively.

3. Results

The X-ray diffraction (XRD) analysis was conducted to
examine the structures and crystallinity of the
photocatalysts. The XRD analysis results of bare ZnO and
CNT/ZnO composites are shown in Fig 1. Clearly



MT Genc et al.

understand that all diffraction peaks of CNT/ZnO and ZnO
catalysts are comprehend with reference values (089-1397).
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Fig 1. XRD results of ZnO ve CNT/ZnO photocatalysts

It is understood that carbon sources acted as catalysts during
the reaction and enhanced crystallinity, resulting in patterns
that are more consistent with reference diffraction peak
values checked against to pure ZnO. In addition, since the
amount of CNT was considerably lower than that of ZnO,
diffraction peaks belonging to the CNT phase could not be
detected in the XRD graph. The diffraction peaks at 31.6,
34.5,36.2,47.5, 56.5, 62.8, 66.2, 67.9, 69.1, 72.5, and 76.9
degrees were matched with the (100), (002), (101), (102),
(110), (103), (200), (112), (201), (004), and (202) planes of
hexagonal crystal system. Additionally, the absence of
peaks from other phases indicates that the syntheses were
successfully carried out.

The optical properties of the CNT/ZnO catalyst were
analyzed using diffuse reflectance spectroscopy. Firstly,
diffuse reflectance measurements were taken and the
obtained data were converted into absorption spectra using
the Kubelka-Munk equation (Fig 2). According to the
results, CNT/ZnO and ZnO catalysts exhibit similar
reflection and absorption properties. To determine the band

(a) (b)

20 25 30 35 40 45 50 55 60 65 70 75 80

gap values of the catalysts, (F(Roo) hv)? vs. hv plots were
constructed. The band gap of the ZnO (Fig 2(a)) and
CNT/ZnO (Fig 2(b)) was calculated to be 3.24 and 3.21 eV,

respectively.

The morphological properties of the CNT/ZnO catalyst
were analyzed using scanning electron microscopy (SEM)
and energy dispersive spectrophotometry (EDX), and the
results are shown in Fig 3. According to these results, pure
ZnO particles, which are hexagonal shape, were found to
form triangular and spherical ZnO particles during the
composite form (Fig 3(a)). This variation in shapes was
influenced by the type of carbon source and led to the
particles growing in different directions. Moreover, EDX
result confirm the synthesized ZnO particle composition is
very close the ideal value (Fig 3(b), (c)). These results
indicate that ZnO particles with shape control can be
achieved depending on the type of carbon source. The EDX
results shown in Fig 3(d) also demonstrate that the
ingredient of the composites is so similar to ideal EDX
values.
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Fig 2. The diffuse reflection and Kubelka-Munk function graph of ZnO (a), and CNT/ZnO (b)
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Fig 3. SEM (a), (c)ve EDX (b), (d) results of bare ZnO and CNT/ZnO catalysts

Photocatalytic hydrogen production studies for CNT/ZnO,
CNT/ZnO/Pt and CNT/ZnO/MoSx photocatalysts were
conducted in an aqueous solution using EY
(photosensitizer) and TEOA (electron donor). The
hydrogen production tests for the photocatalysts were
performed over periods ranging from 1 hour to 8 hours (Fig
4(a)). Photocatalysts are unable to produce hydrogen in the
dark condition because they cannot supply the energy
required for photocatalytic reactions to take place. The
hydrogen production from pure CNT and pure ZnO was
below the calibration curve, so they could not be calculated,
and the trace amounts of hydrogen produced were
disregarded. It is clear that CNT/ZnO, as a carbon source-
loaded composite material, improves hydrogen production
compared to pure ZnO. After 1 hour of irradiation, the
photocatalytic hydrogen production rate of the CNT/ZnO
composite catalyst was measured as 654 pmol h™'g™'. After
8 hours of reaction, the photocatalytic hydrogen production
from the CN'T/ZnO catalyst increased to 5119 pmol g™'. The
hydrogen production of CNT/ZnO/Pt catalyst was reached
from 1432 pmol h™'g™" to 3692 umol g™ after 8 hours light
irradiation. Moreover, the hydrogen production rate of
CNT/ZnO/MoSy catalyst was reached from 4121 pmol
h™'g™ to 46696 pmol g after 8 hour illumination. The in
situ photodeposition was performed the reduction of
(NH4)2MoS4 and H,PtCls.6H>O precursors onto CNT/ZnO
catalyst result in improved hydrogen production activity
and stability. CNT/ZnO/Pt and CNT/ZnO catalysts were
found to produce similar amount of hydrogen. However,
CNT/ZnO/MoSx  photocatalyst  produce  hydrogen
approximately 9 times higher than CNT/ZnO catalyst. The
1D nanocomposite catalyst, CNT/ZnO, provides higher
conductivity and enhances charge transfer. Additionally, the
photocatalysts UV-Vis absorption spectroscopy results are
shown in Fig 4(b). The different hydrogen production
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amount the used composite catalysts are understood by the
degradation of EY, as indicated by the UV-Vis spectra
measured before and after the photocatalytic reaction. It was
observed that the characteristic absorption peak of the EY
dye solution at 520 nm shifted to 490 nm after 8 hours of
irradiation. In other words, compared to pure ZnO, carbon-
loaded nanocomposites showed a red-to-blue shift after 8
hours of irradiation. The UV-Vis spectrum analysis results
are consistent with the hydrogen production reaction results,
and it is shown that the CNT/ZnO/MoSy catalyst has a
higher absorption peak than the CNT/ZnO and CNT/ZnO/Pt
composite catalysts. According to the STH efficiency
results, the STH values for the CNT/ZnO, CNT/ZnO/Pt and
CNT/ZnO/MoSy composite catalysts were calculated to be
1.68%, 1.19%, and 15.05%, respectively.

The suggested photocatalytic hydrogen evolution
mechanisms of CNT/ZnO/(MoSy or Pt) catalyst were shown
in the Figure 5. Under visible light, photons were absorbed
by EY and photogenerated electrons were transferred from
HOMO level to LUMO level of EY dye (-1.1 V). Since
generated electrons cannot be excited in the dark condition,
hydrogen production does not take place. The excited
electrons then transferred from sensitizers’ LUMO to CNT
catalyst. These excited electrons can be employed in two
distinct reactions: the photodeposition of MoSy and the
reduction of water through transfer from CNT to ZnO.
When the absence of co-catalyst, electron-hole pairs have a
tendency to create exciton formation, which lowers
photocatalytic hydrogen evolution activity. CNT/ZnO
nanocomposite by employing MoSx and Pt co-catalysts
precursors utilizing (NHs)MoSs and H,PtCls.6H>0,
respectively. At the same time, TEOA can replenish the
excited form of EY by providing electrons. The enhanced
hydrogen evolution rate of the CNT/ZnO/MoSy
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nanocomposite is almost 9 times, higher than that of the
pure CNT/ZnO nanocomposite. Photo-excited electrons can
be transferred to the co-catalyst across the CNT/ZnO
catalyst when there is a MoSx co-catalyst present in the
media. This reduces the protons that are absorbed by
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unsaturated S atoms to Hz (Geng et al. 2023a). Because of
the abundance of unsaturated S, terminal S,*, bridging S*
/S>* and apical S,* of amorphous MoSy, the proton can be
readily trapped by MoSs, leading to increased
photocatalytic evolution activity (Sekar 2023).
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Fig 4. Photocatalytic study results of CNT/ZnO, CNT/ZnO/Pt, and CNT/ZnO/MoSx (a), UV-Vis absorption spectra of the reaction solution
before and after illumination (absence/presence of CNT/ZnO, CNT/ZnO/Pt, and CNT/ZnO/MoSx composite catalysts) (b)
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Figure 5. Suggested photocatalytic hydrogen evolution mechanism of CNT/ZnO/MoSx catalyst
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4. Discussion

In this study, hydrogen production was increased by
facilitating electron transfer activity and increasing
electron-hole separation efficiency by photodeposition of
MoSy and Pt co-catalysts on CNT/ZnO nanocomposite
catalyst. The boosted production activity of the light-
deposited catalysts could be associated with an enlarged
surface, eased charge separation efficiency, formation of
unsaturated S atoms, and a low exciton formation rate (Geng
et al. 2023a). According to literature, CNTs were used in
many photocatalytic studies to enhance the efficiency of the
hydrogen production (Ahmad et al. 2021; Wang, Li, et al.
2020; Wang, Wang, et al. 2020; Haldorai and Shim 2014).
Carbon based materials prevent exciton formation, enlarge
active surface area result in improved hydrogen evolution
reaction in the hydrogen evolution reaction (Ahmad et al.
2021). Furthermore, Pt photodeposition on the CNT/TiO;
catalyst improves the hydrogen evolution efficiency by
providing eased charge separation, enlarged active surface
area, lowered recombination rate in the photocatalytic
HERSs (Chen et al. 2015). Compared with these studies, the
significant efficiency of the CNT/ZnO/MoSx composite
(15.05%) underscores the effective role of the co-catalysts
in enhancing photocatalytic performance, while the lower
efficiencies of the CNT/ZnO and CNT/ZnO/Pt composites
indicate areas for further optimization. Significant hydrogen
production efficiency increases the importance of
CNT/ZnO/MoSyx composite catalyst for catalytic studies. In
this study, photodeposited catalyst activity highlighted its
potential to be considered as an alternative material for
future studies.

5. Conclusion

In conclusion, the photodeposition of MoSyx and Pt co-
catalyst onto the CNT/ZnO catalyst was carried out
successfully. These results show that, photodeposition of
co-catalyst can improve electron transfer, electron-hole
separation ability and lead to increased hydrogen
production. The boosted production activity of the light-
deposited catalysts could be associated with a enlarged
surface, eased charge separation efficiency, formation of
unsaturated S atoms, and a low exciton formation rate. In
particular, the STH value of the CNT/ZnO/MoSx composite
catalyst clearly demonstrates the catalytic activity of this
material and its importance for catalytic studies.
Additionally, this work opens the door for exploring
alternatives to widely known carbon-based nanomaterials,
carbon nanotubes, in nanocomposite formation. Eventually,
this study will also enable the design and production of
nanocomposites for different applications using various
organic and inorganic substrates that do not contain carbon.
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Abstract: This study explores the medicinal potential of two willow species, Salix purpurea subsp. leucodermis Yalt. and Salix
caprea L., with a particular focus on their antioxidant properties. Willows are well known for their therapeutic applications, largely
attributed to their phenolic and flavonoid compounds, which exhibit significant bioactive potential. In this research, we quantified
the total phenolic and flavonoid contents in different plant parts—leaves, bark, and twigs—collected from distinct habitats.
Considering the results of total phenolic and flavonoid content, it was observed that DPPH radical scavenging activity is notably
elevated in the bark and leaves of the species, particularly in the NGBT and Kizilcahamam regions. Antioxidant capacity was also
assessed using computational analyses performed with Python, with the goal of comparing the species' efficacy and exploring
habitat influence on phytochemical composition. The results revealed significant variations in phenolic and flavonoid
concentrations across species and habitats, underscoring the role of environmental factors in shaping metabolite accumulation.
These findings contribute to the growing body of knowledge on the phytochemical applications of willows and highlight their
potential as natural sources of antioxidants.
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1 Introduction

Throughout history, willows have played a significant
role in human culture, often found in gardens, fields, and
along waterways, symbolizing both protection and
ornamental beauty. In addition to inspiring literature and
art, willows have long been valued for their medicinal
properties. Ancient civilizations, such as those of Egypt,
Sumer, and the Hittites, recognized their use in treating
pain and inflammation. Assyrian clay tablets document
the medicinal use of willow leaves, while traditional uses
in basketry, fencing, and furniture date back to the
earliest periods of human history (Alp et al. 2021).
Today, beyond these traditional applications, willows are
important in  environmental remediation and
phytochemistry.

Salix L., a genus with approximately 500 species
worldwide (POWO 2024) is especially diverse in China
(270 species), Russia, and Central Asia (120 species). In

Tiirkiye, 27 species are naturally distributed (Acar et al.
2022), with Salix purpurea L. (purple willow) standing
out for its bioenergy potential, given its rapid growth and
salicin content (Carlson et al. 2019). This study focuses
on S. purpurea subsp. leucodermis Yalt., an endemic
subspecies first described by Yaltirik (1989). This
subspecies, found in an isolated area on Mount Sandras
(Mugla, Tirkiye), has recently gained attention due to its
medicinal and bioenergy potential (Acar et al. 2022;
POWO 2024). In addition to S. purpurea subsp.
leucodermis, Salix caprea L. (goat willow) is a key
species in this study. S. caprea is widely used in biomass
production, erosion control, and water quality
management due to its cold-hardiness and ability to
thrive in diverse environments (Acar and Gokok 2021).
S. caprea has also been employed in Indian medicine for
its astringent, antiseptic, and antipyretic properties
(Ahmed et al. 2011; Akopov 1981). Ethnobotanical
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studies show that both S. caprea and S. purpurea subsp.
leucodermis have long been utilized in traditional
medicine for treating conditions such as rheumatism,
malaria, and inflammatory diseases (Jari¢ et al. 2015).

Willows are rich in bioactive compounds, including
salicin, a precursor to salicylic acid (aspirin), as well as
flavonoids, phenolic acids, and procyanidins, which
contribute to their antioxidant, anti-inflammatory, and
antimicrobial properties (Nahrstedt et al. 2007). While
salicin alone may not fully account for the medicinal
potency of willow bark, other phytochemicals,
particularly polyphenols and flavonoids, are thought to
enhance its antioxidant and anti-inflammatory effects
(Tawfeek et al. 2021). Previous research on Turkish
willow species, including S. purpurea subsp.
leucodermis and S. caprea, has demonstrated promising
antioxidant and anti-inflammatory properties (Akyiirek
and Acar 2020; Gligori¢ et al. 2019).
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Given the medicinal potential of S. purpurea subsp.
leucodermis and S. caprea, this study aims to investigate
their antioxidant potential, building on earlier research
into their therapeutic benefits (Ahmed et al. 2011; Devi
and Periyanayagam 2010; Wiart 2007).

2 Materials and methods

2.1  Plant material

S. caprea L. and S. purpurea subsp. leucodermis' leaves,
bark and flowers were collected in the spring and early
summer from willow garden of National Botanical
Garden of Tiirkiye (NBGT), Ankara/ Kizilcahamam and,
Mugla/Koycegiz provinces. The reference material,
including herbarium specimens, was conserved in the TC
Herbarium of the NBGT, while the living accessions
were maintained in the Salix Gallery Forest of NBGT.
Detailed information is provided in Table 1.

Table 1. Plant material used in the study, including locations, altitude, voucher numbers and accession numbers

Voucher Accession number in
No | Species name | Location r%ucmber mn Altitude (m) tsiiln;p ling NBGT (Salix Gallery
Herbarium Forest)
S. purpurea TC 534
1 subsp. NBGT/Ankara (female) 800 April, 2022 | 2021-00006
leucodermis
S. purpurea TC 535
2 subsp. Gokova/Koycegiz/Mugla | 1768 May, 2022 | -
leucodermis (male)
TC 599 .
3 S. caprea NBGT/Ankara (male) 800 April, 2022 | 2022-00063
4 S. caprea Kizilcahamam/Ankara e . 598 1510 May, 2022 | -
(sterile)

2.2 Extract preparation

The collected samples were pulverized and sieved.
Samples of 10 to 30 g of fresh leaves, flowers and bark
were dried at room temperature for 2 weeks. After
grinding, the samples were kept in a desiccator until the
time of analysis. The extraction procedure was completed
in accordance with the method described by Cai et al.
(2004) for the analysis of total phenolic and flavonoid
contents, as well as antioxidant activity. For the
extraction process, 1 g of dry plant samples were
weighed, 19 ml of 80 % methanol (MEOH) was added
and homogenized with ultra turrax (11.000 rpm, 15 sec).
The samples were subjected to extraction in an orbital
shaker (Unimax 2010, Heidolph, Germany) at 180 rpm
for 24 hours. At the end of the extraction period, the tubes
were centrifuged at 5000 rpm for 10 min at 4 °C and
filtered. The analysis was done in Bati Akdeniz
Agricultural Research Institute Laboratory, Antalya.
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2.3 Determination of total phenolic content in the
plant extracts

Total phenolic content was determined by using Folin-
Ciocalteu solution according to the method proposed by
Spanos and Wrolstad (1990). For this purpose, 100 pl of
sample extract was taken into glass tubes, 900 ul of
distilled water, 5 ml of 0.2 N Folin-Ciocalteu solution
and 4 ml of 7.5 % sodium bicarbonate (Na>CO3) solution
were added respectively, the tubes were mixed in a vortex
and kept at 25°C in the dark for 2 hours. At the end of
this period, the total phenolic content was calculated as
mg gallic acid equivalent (GAE)/100 g dry sample by
using the absorbance value read at 765 nm wavelength in
spectrophotometer (Shimadzu UV-Vis 160A, Japan) and
the curve prepared with gallic acid. Results were
expressed as grams of gallic acid equivalent (GAE) per
100 g dry weight (DW).
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2.4  Determination of total flavonoid content in the
plant extracts
The spectrophotometric method described by

Karadeniz et al. (2005) was used for the colorimetric
determination of total flavonoid content with
aluminium chloride. 1 ml of sample was placed in a 10
ml glass bottle, 4 ml of distilled water and 0.3 ml of
5 % sodium nitrite (NaNO>) were added and mixed.
After 5 min 0.6 ml of 10 % aluminium chloride
2.5  Determination of 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity

Antioxidant activity based on DPPH radical inhibition
was determined according to Cemeroglu (2010). Firstly,
600 pl of 1 mM DPPH radical solution prepared with
pure MeOH was placed in glass tubes. Then, 5 different
volumes of the sample extract were added to the tubes.
Pure MeOH was added to each tube for a total volume of
6 ml. The tubes were vortexed and incubated in the dark
for 15 min. To be used as a witness, 600 ul DPPH and
5400 ul MeOH were added to one tube. At the end of
incubation, the absorbance value of the tube contents was
read at 517 nm wavelength in UV-Vis spectrophotometer
and the inhibition values corresponding to each sample
volume were calculated according to the following
equation (Equation 1):

Inhibition (%): [(ADPPH - Asample)/ADppH ] x 100 (1)

Apppu: Absorbance value of DPPH solution
Asample: Absorbance value of the sample extract

The % inhibition values and concentration values
obtained from the samples prepared at different
concentrations were graphed and the effective
concentration (ECs) that reduces the effect of DPPH by
50% was calculated for each sample.

2.6  Data analysis with Python

Python programming language was applied for the data
cleaning and data visualization with the use of bar graphs
to interpret total phenolic and flavonoid contents. Basic
data cleaning operations were performed on MS Excel
Spreadsheet for miss spelling, removal of duplicates and
treatment to missing values followed by importing this
cleaned data spreadsheet to Python Pandas library data
frame (McKinney 2010). Python data frame was applied
for further detailed data wrangling for miss spelling,
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(AICI3.6H,0) was added and after 5 min 2 ml of 1
mol/L NaOH was added and the total volume was made
up to 10 ml with distilled water. After mixing the
mixture well, the total amount of flavonoids was
calculated as mg catechin equivalent (CE)/100 g dry
sample using the absorbance value read at 510 nm
wavelength on a Shimadzu UV-Vis spectrophotometer
and the calibration curve prepared with catechin.

missing values, and duplicates. Furthermore, in case of
detection of an anomaly, the labels are inspected from the
previously shot photographs.

3 Result and discussion

3.1  Total phenolic and flavonoid contents

The methanolic extracts of the samples showed total
phenolic and flavonoid contents ranging from 0.95 to
5.94 g of GAE/100 g DW (Table 2) and 0.39 to 2.67 g of
CE/100 g DW (Table 3), respectively.

3.2 Total phenolic and flavonoid contents
interpreted by Python

Preliminary Python graphics of samples from two species
and three different organs (bark, catkin and leaves) show
that, rather than species selection, the amount of
flavonoids and phenolics varies according to the kind of
organ or habitat. Overall, it was revealed that the barks of
S. purpurea subsp. leucodermis and S. caprea species
had higher total flavonoid and phenolic contents than the
other organs (Figure 1).

Comparing the two species, it is found that the bark of S.
purpurea subsp. leucodermis and the leaves of S. caprea
have higher total flavonoid and phenolic contents. While
the overall flavonoid and phenolic contents in the flowers
were not as high as those in the bark and leaves, the
amounts were higher in the flower of S. purpurea subsp.
leucodermis (Figure 1).

Considering the bark and leaves of S. caprea in terms of
habitat, the total flavonoid content was found to be the
highest in Kizilcahamam location and it was found to be
high in NBGT, Kizilcahamam locations, respectively.
Besides, the total flavonoid content in S. purpurea subsp.
leucodermis bark was high and almost unaffected by
habitat change. When the bark and leaves of the two
species were evaluated in terms of total phenolic content,
it was seen that the highest amount was obtained from S.
caprea individuals found in NBGT (Figure 2).
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Table 2. Total phenolic content of 20 samples from S. caprea and S. purpurea subsp. leucodermis®

Scientific name Location Parts fgo?}lgg e/nlo(}:)cgcgl\;%g
S. caprea NBGT-1 Leaf 5.94
S. caprea Kizilcahamam/Ankara-2 Leaf 5.18
S. caprea NBGT-1 Bark 5.04
S. purpurea subsp. NBGT-1 Bark 493
Leucodermis )
S. caprea Kizilcahamam/Ankara-3 Bark 4.70
S. caprea Kizilcahamam/Ankara-2 Bark 4.68
S. purpurea subsp. Gokova/Kdycegiz/Mugla-2 Bark 4.59
Leucodermis
S. purpurea subsp. Gokova/Kdycegiz/Mugla-3 Bark 4.54
Leucodermis
S. caprea Kizilcahamam/Ankara-3 Leaf 4.05
S. purpurea subsp. NBGT-1 Leaf 384
Leucodermis )
S. caprea Kizilcahamam/Ankara-1 Leaf 3.20
S. purpurea subsp. i Y o
Leucodermis Gokova/Koycegiz/Mugla-1 Bark 2.87
8. purpurea Su.b R Gokova/Kdycegiz/Mugla-1 Flower 2.63
Leucodermis
S. caprea Kizilcahamam/Ankara-1 Bark 2.44
8. purpurea subsp. Gokova/Kdycegiz/Mugla-3 Flower 2.19
Leucodermis
8. purpurea Su.b SP- Gokova/Kdycegiz/Mugla-1 Flower 2.03
Leucodermis
S. caprea Kizilcahamam/Ankara-1 Flower 1.50
S. purpurea subsp. i Ry o
Leucodermis Gokova/Koycegiz/Mugla-1 Leaf 1.46
S. caprea Kizilcahamam/Ankara-3 Flower 1.21
S. caprea NBGT-1 Flower 0.95

9All values were mean of triplicates.
bData expressed as grams of gallic acid equivalents per 100 g dry weight (DW).

Table 3. Total flavonoid content of 20 samples from S. caprea and S. purpurea subsp. leucodermis®

Total flavonoid
Scientific name Location Parts content (g CE/100g

DW)®

S. caprea Kizilcahamam/Ankara-2 Leaf 2.67

S. purpurea subsp. NBGT-1 Bark 2.53
Leucodermis

S. purpurea subsp. Gokova/Koycegiz/Mugla-2 Bark 2.51
Leucodermis

S. caprea Kizilcahamam/Ankara-2 Bark 2.51

S. caprea NBGT-1 Leaf 2.50

S. purpurea subsp. Gokova/Kdycegiz/Mugla-3 Bark 2.48
Leucodermis

S. caprea NBGT-1 Bark 2.37

S. caprea Kizilcahamam/Ankara-3 Bark 1.99

S. caprea Kizilcahamam/Ankara-3 Leaf 1.64

S. purpurea subsp. Gokova/Koycegiz/Mugla-1 Bark 1.51
Leucodermis

S. purpurea subsp. NBGT-1 Leaf 1.46
Leucodermis

S. purpurea subsp. Gokova/Kdycegiz/Mugla-1 Flower 1.32
Leucodermis

S. caprea Kizilcahamam/Ankara-1 Bark 1.27

S. caprea Kizilcahamam/Ankara-1 Leaf 1.26

S. purpurea subsp. Gokova/Kdycegiz/Mugla-1 Flower 1.15
Leucodermis
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S. purpurea subsp. Gokova/Koycegiz/Mugla-3 Flower 0.99
Leucodermis

S. purpurea subsp. Gokova/Koycegiz/Mugla-1 Leaf 0.81
Leucodermis

S. caprea Kizilcahamam/Ankara-1 Flower 0.55

S. caprea Kizilcahamam/Ankara-3 Flower 0.55

S. caprea NBGT-1 Flower 0.39

9All values were mean of triplicates.

bData expressed as grams of catechin equivalents per 100 g dry weight (DW).
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Figure 1. Total phenolic and flavonoid contents of S. purpurea subsp. leucodermis and S. caprea according to organs
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Table 4. DPPH radical scavenging capacity (ECso) of 20 samples from S. caprea L. and S. purpurea subsp. leucodermis.

Eurasian J Bio Chem Sci, 8(1):25-32, 2025

Scientific name Location Parts ECs¢* (mg)
S. caprea Kizilcahamam/Ankara-3 Bark 0.25
S. caprea NBGT-1 Bark 0.31
8. purpurea subsp. Gokova/Kéycegiz/Mugla-3 Bark 0.35
leucodermis

S. caprea NBGT-1 Leaves 0.36
S. caprea Kizilcahamam/Ankara-2 Leaves 0.36
S. caprea Kizilcahamam/Ankara-3 Leaves 0.37
S. caprea Kizilcahamam/Ankara-2 Bark 0.38
S. caprea Kizilcahamam/Ankara-1 Leaves 0.38
S. purpurea subsp. NBGT-1 Bark 0.45
leucodermis

S. purp urea subsp. Gokova/Kdycegiz/Mugla-1 Bark 0.56
leucodermis

8. purpurea subsp. Gokova/Kéycegiz/Mugla-2 Bark 0.59
leucodermis

S. caprea Kizilcahamam/Ankara-1 Bark 0.61
S. purp urea subsp. NBGT-1 Leaves 0.69
leucodermis

S. purp urea subsp. Gokova/Kdycegiz/Mugla-2 Flowers 0.88
leucodermis

S. caprea Kizilcahamam/Ankara-1 Flowers 1.28
S. purp ured subsp. Gokova/Koycegiz/Mugla-1 Leaves 1.52
leucodermis

S. caprea Kizilcahamam/Ankara-3 Flowers 1.68
S. caprea NBGT-1 Flowers 2.62

9ECs0 is the effective concentration that inhibits DPPH free radical by 50%

3.3  Antioxidant activity

The highest DPPH radical scavenging activity was
detected in the bark in general, especially in the bark of
S. caprea. Considering the part of the plant used, the
leaves had the second-highest DPPH activity, followed
by the flowers. In terms of location-based evaluation, it
was found that samples mostly from the Kizilcahamam
and NBGT had increased DPPH radical scavenging
activity. Furthermore, it was discovered that the sample
collected from the Gokova/Kdycegiz/Mugla-3 location
had a high antioxidant activity for S. purpurea subsp.
leucodermis (Table 4).

4 Discussion

In this study, we examined the phenolic and flavonoid
contents, as well as the antioxidant activity, of S.
purpurea subsp. leucodermis and S. caprea. Our results
indicate that the bark ofS. purpurea subsp.
leucodermis and the leaves of S. caprea exhibit the
highest levels of phenolic and flavonoid compounds,
which correlate strongly with their antioxidant potential,
as evidenced by DPPH radical scavenging activity. These
findings are consistent with earlier studies, such as those
by Cai et al. (2004), Sonboli et al. (2010), Zheng and
Wang (2001), and Alvar (2024), who highlighted the role
of phenolic compounds in the antioxidant activity of
various plant species, including those in the Salix genus.

The influence of environmental factors, such as habitat
and plant age, was also significant in shaping the
chemical composition of these species. Our findings,
particularly the high antioxidant activity observed in
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the NBGT and Kizilcahamam regions, support the idea
that habitat and conservation status play crucial roles in
the levels of bioactive compounds in plants. This is in
agreement with the work of Gligori¢ et al. (2019), who
found that the bark and leaves of S. caprea contain
significant  levels of  bioactive = compounds.
Moreover, Alam et al. (2006) observed similar radical
scavenging activity in S. caprea flowers, but our study
found lower concentrations of phenolics and flavonoids
in the flowers compared to the bark and leaves,
suggesting that different plant parts contribute differently
to antioxidant activity.

Further, the study by Jeppsson (2000) and Tolic et al.
(2017) emphasizes that environmental factors, such as
climate, soil composition, and conservation practices,
have substantial effects on a plant's chemical
composition. The high levels of bioactive compounds
observed in NBGT can likely be attributed to the young
age of the plants, favorable soil conditions, and the ex-
situ conservation measures that may have induced stress,
leading to an increase in phenolic and flavonoid content,
as suggested by Tolic et al. (2017). Alvar (2024) also
highlighted the importance of environmental factors in
the distribution and bioactivity of Salix
purpurea subsp. leucodermis, further supporting the
influence of habitat on plant chemical composition.

Additionally, Akyiirek and Acar (2020) discussed the
bioactivity and phytochemistry of Turkish Salix species,
noting their potential for medicinal use, which aligns
with our findings on the high antioxidant potential of S.
purpurea subsp. leucodermis and S. caprea. This review
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further supports the growing body of literature on the
importance of bioactive compounds in the Salix genus,
reinforcing the medicinal value of these species.

In conclusion, this study supports the notion that phenolic
and flavonoid compounds are key determinants of the
antioxidant activity inS. purpurea subsp.
leucodermis and S. caprea. The consistency of our
findings with those from earlier studies, such as Cai et al.
(2004), Sonboli et al. (2010), and Alvar (2024),
underscores the importance of these compounds in the
medicinal potential of Salix species. Future research
should continue to explore the effects of habitat variation,
conservation practices, and plant age on the
phytochemical composition and bioactivity of these
species to better understand their full therapeutic
potential.

5  Conclusion

The findings of this study indicate that S. caprea (leaves
and bark) from the NBGT and Kizilcahamam-2
locations, as well as S. purpurea subsp. leucodermis
(bark) from the NBGT location, exhibit significant
antioxidant potential, as evidenced by their high total
flavonoid and phenolic content. These results align with
previous research, which suggests that salicin alone may
not fully account for the antioxidant and anti-
inflammatory properties of willow bark. Instead,
polyphenolic compounds are likely the primary
contributors to these bioactive effects. Our findings
further support this hypothesis, emphasizing the
importance of ex-sifu conservation in preserving and
studying medicinally valuable plant species. Future
research should focus on a more detailed phytochemical
characterization of these species to identify the specific
compounds  responsible  for their  bioactivity.
Additionally, broader geographic sampling and
comparative analyses with other willow species could
provide further insights into the variability of their
antioxidant properties across different environments.
Expanding this line of research will be crucial for
optimizing the potential applications of S. caprea and S.
purpurea subsp. leucodermis in medicinal and
pharmacological contexts.
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Abstract: Diabetes mellitus, particularly Type 2 (T2DM), is increasingly common among young adults and is associated with
metabolic syndrome and endocrine dysfunction. Niacin (vitamin B3), essential for lipid and energy metabolism, may serve as a
diagnostic marker for diabetic complications. This study compared niacin levels, steroid hormone profiles, and hematological
markers in women with Type 1 (TIDM) and Type 2 diabetes versus non-diabetic controls. A total of 180 women aged >20 were
evenly divided into TIDM, T2DM, and control groups. Blood samples were collected to measure niacin, estradiol (E2), follicle-
stimulating hormone (FSH), luteinizing hormone (LH), red blood cells (RBC), hemoglobin (Hb), and glycated hemoglobin
(HbA1C). Statistical analysis included mean comparison and Pearson correlation. Both diabetic groups exhibited significantly
lower niacin levels (TIDM: 2.50 pg/L; T2DM: 2.61 pg/L) compared to controls (3.75 pg/L). Elevated E2 and reduced FSH and
LH levels were observed in diabetic women, suggesting endocrine disruption. Additionally, RBC and Hb levels were lower (T1DM:
10.85 g/dL; T2DM: 11.70 g/dL) compared to controls (14.32 g/dL), while HbA1C was higher (T1DM: 6.76%; T2DM: 5.83%;
controls: 5.25%). Significant negative correlations were found for RBC, Hb, FSH, LH, and niacin, while positive correlations were
found for E2 and HbA1C with diabetic status. These results indicate that diabetes in women is associated with systemic biochemical
anomalies, including niacin deficiency, impaired hematopoiesis, and hormonal dysregulation. The findings emphasize the
importance of holistic treatment approaches considering metabolic, nutritional, and hormonal factors in female diabetes patients.

Keywords: Diabetes Mellitus, Niacin, Steroid Hormones, Women, Hemoglobin, HbA1C.

Tip 1 ve Tip 2 Diyabetli Kadinlarda Yeni Ortaya Cikan Biyokimyasal Belirtecler Olarak
Niasin Eksikligi ve Hormonal Dengesizlik

Ozet: Diabetes mellitus, 6zellikle Tip 2 Diyabet (T2DM), geng yetiskinler arasinda giderek daha yaygm hale gelmekte olup
metabolik sendrom ve endokrin disfonksiyonla iliskilidir. Lipid ve enerji metabolizmast i¢in hayati 6neme sahip bir besin 6gesi
olan niasin (B3 vitamini), diyabetik komplikasyonlarin tanisinda potansiyel bir biyobelirteg olarak kullanilabilir. Bu ¢alisma, Tip
1 (T1DM) ve Tip 2 diyabetli kadinlar ile diyabetik olmayan kontrol gruplari arasinda niasin diizeylerini, steroid hormon profillerini
ve hematolojik belirtegleri karsilastirmistir. Caligmaya yaslart >20 olan toplam 180 kadin dahil edilmis ve katilimcilar esit sekilde
T1DM, T2DM ve kontrol gruplarina ayrilmistir. Kan 6rnekleri alinarak niasin, dstradiol (E2), folikiil uyarict hormon (FSH),
luteinize edici hormon (LH), kirmizi kan hiicreleri (RBC), hemoglobin (Hb) ve glikozile hemoglobin (HbA1C) diizeyleri
olgiilmiistiir. Istatistiksel analizler ortalama karsilastirmas: ve Pearson korelasyon testi ile gergeklestirilmistir. Her iki diyabet
grubunda da kontrol grubuna kiyasla anlamli sekilde daha diisiik niasin diizeyleri (T1DM: 2,50 pg/L; T2DM: 2,61 pg/L; kontrol:
3,75 ng/L) gozlemlenmistir. Diyabetli kadmlarda artmis E2 ve azalmig FSH ile LH diizeyleri saptanmis, bu durum endokrin
bozulmayi isaret etmistir. Ayrica, RBC ve Hb diizeyleri de diyabetli gruplarda daha diisiikk (T1DM: 10,85 g/dL; T2DM: 11,70 g/dL;
kontrol: 14,32 g/dL) bulunmus, HbA1C diizeylerinde ise artis (TIDM: %6,76; T2DM: %5,83; kontrol: %5,25) saptanmigtir.
Diyabetik durumla RBC, Hb, FSH, LH ve niasin i¢in anlamli negatif korelasyonlar; E2 ve HbA1C i¢in ise pozitif korelasyonlar
belirlenmistir. Bu sonuglar, kadinlarda diyabetin, niasin eksikligi, hematopoez bozuklugu ve hormonal diizensizlik gibi sistemik
biyokimyasal anormalliklerle iligkili oldugunu gdstermektedir. Bulgular, kadin diyabet hastalarimin tedavisinde metabolik,
beslenme ve hormonal faktorleri birlikte dikkate alan biitiinciil yaklasimlarin 6nemini vurgulamaktadir.

Anahtar Kelimeler: Diyabetes Mellitus, Niasin, Steroid Hormonlar, Kadinlar, Hemoglobin, HbA1C
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1. Introduction

Type 1 diabetes mellitus (T1IDM) and type 2 diabetes
mellitus (T2DM) are the two primary forms of the metabolic
disorder known as diabetes mellitus, which is characterized
by chronic hyperglycemia. TIDM is an autoimmune
condition that results in a lifelong deficiency in insulin
production, whereas T2DM is primarily defined by insulin
resistance often accompanied by a relative decline in insulin
secretion (Singh et al. 2024).

T2DM has become a major public health concern globally,
with its incidence rising steadily since the 1980s (Cho et al.
2018). While it was traditionally seen in middle-aged and
older individuals, recent years have seen a marked increase
in its prevalence among younger adults (under 40),
adolescents, and even children (Viner et al. 2017). This
trend is largely attributed to the global rise in obesity rates.
Notably, T2DM began emerging among young populations
such as the Pima Indians in the United States and First
Nations communities in Canada in the 1980s and 1990s
(Magliano et al. 2020).

Both TIDM and T2DM are associated with significant
morbidity and mortality due to complications affecting
nearly all organ systems. Common macrovascular and
microvascular complications include cardiovascular disease
(CVD), retinopathy, neuropathy, and chronic kidney
disease (Harding et al. 2019). More recently, non-alcoholic
fatty liver disease, mental health disorders (e.g.,
depression), cancer, cognitive impairment, infections, and
disability have also been identified as diabetes-related
conditions.

Young individuals with T2DM often experience a more
rapid decline in B-cell function and face a higher risk of
complications compared to those with TIDM, suggesting a
more aggressive disease phenotype (Viner et al. 2017).
However, whether early-onset T2DM leads to worse
outcomes than late-onset T2DM remains uncertain.

Metabolic syndrome (MetSy), characterized by central
obesity, hyperglycemia, hypertension, elevated
triglycerides, and low high-density lipoprotein (HDL)
levels, is present in 70-80% of diabetes cases (Asghar et al.
2023). It is associated with a threefold increased risk of
CVD, various microvascular complications, and premature
death (Ford 2005). MetSy is increasingly recognized as a
common comorbidity in both T1DM and T2DM worldwide.
Although its exact etiology remains unclear, insulin
resistance and central obesity are considered major
contributing factors. Other potential contributors include
aging, genetic predisposition, chronic hyperglycemia,
inflammation, hormonal imbalances, dietary changes, and
physical inactivity, with variability observed across
different ethnic groups (Gui et al. 2017; Belete et al. 2021).

Atherogenic dyslipidemia, marked by high triglycerides and
low HDL, is closely linked to increased adiposity and
sedentary behavior, which are also correlated with rising
T2DM incidence (Stanaway et al. 2018). Despite the
widespread use of statins to reduce cardiovascular risk and
improve lipid profiles, they have limited effects on
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triglycerides and HDL levels (Fruchart et al. 2010). This
limitation underscores the need for additional strategies to
manage lipid abnormalities in diabetic patients.

One such strategy is niacin (vitamin B3) supplementation,
which is known to reduce low-density lipoprotein (LDL),
plasma triglycerides (TG), and increase HDL levels (Malik
and Kashyap 2003). Previous studies have suggested that
niacin may reverse coronary atherosclerosis and reduce
cardiac mortality (Duggal et al. 2010), though its role in
statin-treated patients remains debated (Boden et al. 2011).
Given the high prevalence of dyslipidemia among
individuals with T2DM, further investigation into the
impact of niacin supplementation in this group is warranted
(Xiang et al. 2020).

Steroid hormones, which exert diverse physiological effects
by binding to specific nuclear receptors, are synthesized
from cholesterol through enzymatic pathways. Over the past
three decades, research in enzyme kinetics and precursor-
product relationships has established that numerous
enzymes are responsible for converting cholesterol into
active steroid hormones. Advances in protein chemistry and
molecular biology have significantly deepened our
understanding of these biosynthetic mechanisms (D’ Andrea
et al. 2019).

This study aims to compare women with type 1 and type 2
diabetes to healthy controls in order to investigate the
impact of diabetes on niacin levels, steroid hormone profiles
(E2, FSH, LH), and hematological parameters (RBC, Hb,
HbA1C). It is hypothesized that systemic metabolic and
endocrine dysregulation in diabetic patients leads to marked
reductions in niacin and hematological indices, as well as
significant disruptions in reproductive hormone levels
regardless of diabetes type.

The original contribution of this study lies in its
comprehensive approach, which aims to uncover
interconnected disruptions in female diabetic patients that
are often overlooked when biomarkers are assessed in
isolation. By identifying specific patterns of dysregulation
across multiple physiological systems, this work provides a
more complete understanding of how diabetes affects
women's health. The findings are expected to inform more
holistic ~ diagnostic  frameworks and support the
development of targeted interventions that address the
multifactorial nature of diabetes in women.

The rest of study is as follows: Section 2 details the
methodology; Section 3 presents the main findings,
including reduced levels of niacin, FSH, LH, RBC, and
hemoglobin, and elevated E2 and HbAI1C in diabetic
women; Section 4 offers a critical interpretation of these
findings in the context of current literature, examining
factors such as insulin resistance, endocrine feedback
disruptions, oxidative stress, and altered erythropoiesis;
Section 5 concludes with an emphasis on the systemic
effects of diabetes on women’s hormonal and hematological
health, and underscores the importance of integrated
treatment approaches addressing both metabolic and
endocrine dysfunctions.
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2. Materials and Method
2.1. Study groups and blood samples

In this study, 180 samples, consist of diabetes mellitus
disease patients (Group A: Consists of 60 women with type
1 diabetes mellitus and group B: Consists of 60 women with
type 2 diabetes mellitus) between the age of 20 and above.
Group C: Consists of 60 women without diabetes mellitus
as control group. The study included collecting blood
samples from 180 women who attended government
hospitals and health centers and who suffered from
metabolic syndrome, by taking a blood amount of 5 mL or
more using sterile plastic syringes, and then keeping the
samples in sterile plastic containers until the required
laboratory tests were performed. As illustrated in Figure 1,
the participants were evenly divided among the three
groups.

Non-Diabetic Control (Group C)

33.3%

33.3%

Type 1 Diabetes (Group A) 33.3%

Type 2 Diabetes (Group B)

Fig. 1 Proportional distribution of study participants across three
groups

2.2. Biochemical analysis

Serum niacin, estradiol (E2), follicle-stimulating hormone
(FSH), luteinizing hormone (LH), RBC count, hemoglobin
(Hb) and glycated hemoglobin (HbAIC) levels were
measured  using  biochemical investigations. A
spectrophotometric assay that was modified from DDQ
(dichloro-5,6-dicyano-p-benzoquinone) method was used
to measure niacin concentrations. The concentrations of
estradiol, FSH and LH were determined by following the
instructions provided by the manufacturer of standardized
ELISA kits (Bioassay Technology Laboratory, Shanghai,
China). An automated hematology analyzer such as the
Sysmex XP-300 used to determine hematological
parameters, including RBC and Hb. High-performance
liquid chromatography (HPLC) with a certified NGSP-
traceable assay was used to measure HbA1C levels. With
the use of internal quality controls, every analytical batch
was run in compliance with the established -clinical
laboratory standards for all measurements.

2.3 Statistical analysis

The statistical program SPSS 22.0 was used to analyze the
data statistically and extract the average values, standard
deviation, and standard deviation, in addition to finding the
Pearson correlation between metabolic syndrome and some
of the criteria studied. For correlation analysis, the study
groups were coded as follows: 0 = healthy control, 1 = type
1 diabetes, and 2 = type 2 diabetes. This numeric coding
allowed for assessment of linear relationships using
Pearson’s correlation coefficient.
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3. Results
3.1 Niacin concentrations

The average niacin values for the three groups of women
tested varied significantly, as shown in Table 1. However,
the two groups of women with type 1 and type 2 diabetes
demonstrated a notable decrease in niacin levels, reaching
2.50 and 2.61 pg/L, respectively while the group of women
without diabetes had a niacin percentage of 3.75 pg/L.

Table 1 Niacin level of women of studied groups

Group Niacin ( ug/L)
Control 3.754£2.38
T1DM 2.51+2.10
T2DM 2.61+£2.32
Total 2.96+2.33

Figure 2 shows the Niacin level of women of studied groups

525

Niacin Level (pg/L)
=

Control Women with DM1 Women with DM2

Fig. 2 Niacin level of women of studied groups

Women with type 1 and type 2 diabetes have significantly
lower niacin levels than non-diabetic controls which can be
ascribed to a number of physiological and metabolic
variables usually linked with diabetes mellitus. One major
cause is that diabetics have higher metabolic demand and
oxidative stress which can lead to a deficiency in important
micronutrients like niacin. Chronic hyperglycemia and
systemic inflammation, which are hallmarks of diabetes
have been shown to increase reactive oxygen species (ROS)
levels raising the body's need for antioxidant and coenzyme
molecules such as niacin which is essential for redox
equilibrium and energy metabolism.

Insulin resistance and decreased glucose utilization in type
2 diabetes may also affect nutritional absorption and
metabolism, thereby lowering niacin bioavailability or
cellular uptake. In type 1 diabetes autoimmune dysfunctions
and impaired nutrition metabolism may also contribute to
reduced levels. Niacin is also involved in lipid metabolism
and DNA repair, and its deficiency in diabetic women may
be due to increased use in an attempt to compensate for
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abnormal metabolic states. Furthermore, dietary choices in
diabetics particularly carbohydrate restriction or poor
nutritional intake may impair dietary niacin ingestion.

3.2 Steroid hormone profiles

The levels of estradiol (E2), follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) were compared
among the three groups to determine the effect of diabetes
on female reproductive hormones. Table 2 and Figures 3
and 4 show significant hormonal variations across the three
study groups. Women with type 1 and type 2 diabetes had
significantly higher estradiol (E2) levels, measuring 94.33
pg/mL and 107.40 pg/mL, respectively, compared to 61.48
pg/mL in non-diabetic women. In contrast, diabetic women
had considerably lower levels of follicle-stimulating
hormone (FSH), with values of 4.03 mIU/mL (type 1) and
4.32 mLU/mL (type 2), compared to 4.89 mIU/mL in the
control group. Similarly, diabetic groups had lower
luteinizing hormone (LH) levels (5.56 IU/mL and 4.15
IU/mIL for type 1 and type 2 diabetes, respectively)
compared to non-diabetic women who had 7.60 IU/mL.

Table 2 Steroid hormone level of women of studied groups

Grou Estradiol FSH LH
P (pg/mL) (mIU/mL) (I'U/mL)
Control 61.48+27.65 4.89+1.83 7.61£1.33
TIDM 94.33+68.43 4.03+0.83 5.56+1.42
T2DM 107.40+81.54 4.324+0.71 4.16+1.18
Total 87.74+66.04 4.42+1.28 5.78+1.93
107.40
100} 94,33
80+
61.48
60
401
20
0 Conltrol Type 1 IZ‘)iabetes Type 2 Ill)iabetes

Fig. 3 Estradiol levels across study groups

The hormonal findings in this study elevated estradiol (E2)
levels in diabetic women as well as lower follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
levels can be related to diabetes's disruptive effects on the
hypothalamic-pituitary-gonadal (HPG) axis. In women with
diabetes, particularly type 2, insulin resistance and
compensatory  hyperinsulinemia  increase  androgen
synthesis which is then converted to estradiol by increased
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aromatase activity in adipose tissue. Elevated estradiol
levels then exert negative feedback on the hypothalamus
and pituitary gland, inhibiting GnRH release and, as a result,
reducing FSH and LH output. Furthermore, prolonged
hyperglycemia and metabolic inflammation associated with
diabetes might affect neuroendocrine regulation and
hormone metabolism, exacerbating the imbalance. These
hormonal disturbances reflect a broader dysregulation of
reproductive function in diabetic women, which may
explain menstrual irregularities, anovulation, and decreased
fertility in this population.

7.60
FSH (miIU/mL)

r LH (IU/mL)

5L 4.89

4.15

Control Type 1 Diabetes Type 2 Diabetes

Fig. 4 FSH and LH levels across study groups

Recent evidence indicates that niacin deficiency may affect
the hypothalamic-pituitary-gonadal (HPG) axis via multiple
biochemical pathways. Niacin is an essential precursor of
nicotinamide adenine dinucleotide (NAD"), which governs
various cellular processes, including oxidative metabolism,
mitochondrial function, and gene expression through
sirtuins (SIRT) and poly (ADP-ribose) polymerases
(PARPs). SIRT1, NAD*-dependent enzyme has been
demonstrated to influence secretion of gonadotropin-
releasing hormone (GnRH) in hypothalamus and to regulate
pituitary's responsiveness to GnRH stimulation. Research
on animals demonstrates that NAD* depletion disrupts
reproductive axis signaling and fertility by diminishing
expression of GnRH and gonadotropin subunits.
Furthermore, niacin deficiency has been associated with
increased oxidative stress and inflammatory cytokines,
which have the potential to disrupt endocrine signaling
within the HPG axis, particularly in metabolically impaired
conditions like diabetes. These results indicate that the
hormonal imbalances observed in diabetic women,
specifically the elevated estradiol and diminished FSH and
LH levels, may be partially due to the disruption of central
and peripheral reproductive regulation induced by niacin.

3.3 Hematological parameters

To assess the hematological impact of diabetes, red blood
cell (RBC) count, hemoglobin (Hb), and glycated
hemoglobin (HbAlc) levels were analyzed across the three
study groups. As shown in Table 3 and Figure 5, there were
significant differences in RBC counts among the groups.
Women with type 1 and type 2 diabetes exhibited reduced
RBC values of 4.53 x 106/L and 5.10 x 106/L, respectively,
compared to 5.35 x 106/L in non-diabetic women.
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Similarly, hemoglobin levels were significantly lower in
diabetic participants, with type 1 and type 2 groups
recording averages of 10.85 g/dL and 11.70 g/dL,
respectively, while the control group reached 14.32 g/dL. In
contrast, HbAlc levels were significantly elevated in the
diabetic groups. Women with type 1 and type 2 diabetes
recorded HbA 1c values of 6.76% and 5.83%, respectively,
compared to 5.25% in the healthy control group.

Table 3 RBC, hemoglobin and HbA1C count of women of studied
groups

Group RBC (x Hemoglobin HbA1C
106/pL) (g/dL) (%)
Control 5.35+0.12 14.32+0.70 5.25+0.25
T1DM 4.53+0.20 10.85+0.33 6.76+£0.57
T2DM 5.11+0.08 11.71+£0.16 5.83+0.17
Total 5.00+0.37 12.29+1.55 5.95+0.72
- it RBC (x10¢/L)
Hemoglobin (g/dL)
HbAlc (%)
12 170
10
8
6 z ) ) 83
4
2

Control Type 1 Diabetes Type 2 Diabetes

Fig. 5 RBC, hemoglobin and HbA1C values of women and studied
groups

3.4 Correlation analysis

A strong negative correlation was observed between RBC
count and the studied groups, with a correlation coefficient
of -0.268 at the 0.01 significance level. Similarly,
hemoglobin values in women of reproductive age showed a
strong negative correlation with the studied groups,
recording a coefficient of -0.692 at the 0.01 level.
Conversely, the HbA1C values exhibited a strong positive
correlation with the studied groups, reaching 0.328 at the
0.01 significance level. In addition, a strong negative
correlation was identified between niacin levels and the
studied groups (r = -0.201, p < 0.01), while estradiol (E2)
levels showed a strong positive correlation (r = 0.285, p <
0.01). Furthermore, the analysis revealed a significant
negative correlation between FSH levels and the studied
groups, with a coefficient of -0.183 at the 0.05 significance
level. Finally, the LH levels were also found to have a strong
negative correlation with the studied groups, recording a
coefficient of -0.732 at the 0.01 level. The results presented

37

Eurasian J Bio Chem Sci, 8(1):33-39, 2025

in Table 4 and Figure 6 indicate several statistically
significant correlations identified through Pearson
correlation analysis.

The findings demonstrate that diabetes mellitus has
considerable impact on women's hematological and
hormonal profiles. The negative correlation between RBC
count and hemoglobin levels among the studied groups
suggests that diabetic women have lower red blood cell
counts and hemoglobin concentrations which are most
likely caused by chronic hyperglycemia, oxidative stress,
inflammation or diabetic nephropathy all of which can
impair erythropoiesis and promote anemia. In contrast,
HbAI1C levels were positively linked with the examined
groups, indicating poor long-term glycemic management in
diabetes patients. Niacin levels exhibited a negative
correlation, possibly due to increased metabolic demand
and oxidative stress, which deplete vitamin B3 levels.
Estradiol (E2) levels were also positively connected with
diabetes, which could be attributed to hormonal imbalances,
insulin resistance, or obesity-related aromatization. In
contrast, follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) levels were inversely linked with
diabetes groups indicating hypothalamic-pituitary-gonadal
axis suppression possibly due to higher estrogen feedback
or metabolic disturbance. These connections underscore the
systemic physiological changes caused by diabetes, which
influence oxygen transport, food metabolism and
reproductive endocrine function in women.

RBC count

itemoglobin

Niacin

LH

FSH

HbA1C

Estradiol (E2)

Fig. 6 Correlation patterns of biomarkers with study groups
4. Discussion

In women with diabetes mellitus, this study reveals a
cascade of biochemical abnormalities, including niacin
deficiency, steroid hormone imbalances and changed
hemostatic markers. This study adds to and supports what is
already known about the pathophysiology of metabolic
syndrome and diabetes.
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The decrease in serum niacin levels found in diabetic
women can be explained by factors such as elevated
metabolic demand, oxidative stress and impaired nutrient
absorption or utilization. Redox reactions, DNA repair and
lipid metabolism are all heavily reliant on niacin which is
also required for NAD/NADP biosynthesis. Results
showing a substantial inverse association between dietary
niacin consumption and diabetes risk (Jiang et al. 2023)
corroborate the idea that niacin depletion is worsened by
chronic hyperglycemia and elevated reactive oxygen
species in diabetes. In addition, there is ongoing debate
about effectiveness of niacin supplementation in
hyperglycemic populations although it has shown promise
in improving lipid profiles and reducing cardiovascular risk
(Duggal et al. 2010; Boden et al. 2011).

Disruption of the hypothalamic-pituitary-gonadal axis
manifests as steroid hormone dysregulation, which is
characterized by increased estradiol and decreased FSH/LH
levels. Adipose tissue aromatase activity may be stimulated
by hyperinsulinemia in type 2 diabetes, leading to the
conversion of androgens to estrogens. This process then has
a negative effect on gonadotropin secretion (Maric et al.
2010; Alemany 2021). Previous research has shown that
diabetic women have lower gonadotropin levels and higher
E2, which can lead to menstrual irregularities and reduced
fertility (Natah et al. 2013; Bertone-Johnson et al. 2017).
The endocrine effects of metabolic dysfunction, especially
in women, are reflected in these hormonal changes.

Consistent with data linking diabetes to impaired
erythropoiesis and anemia, the hematological changes noted
include a decreased red blood cell count and hemoglobin
concentration (Ebrahim et al. 2022). Diabetes may decrease
erythrocyte survival and hemoglobin synthesis due to
chronic inflammation, kidney dysfunction, and oxidative
damage to red blood cells (Alamri et al. 2019). A long-term
glycemic imbalance is major cause of vascular and
hematological complications and elevated HbA1C levels
further confirm this (Sener et al. 2023).

Taken as a whole, these results highlight how diabetes
affects the entire body spanning the metabolic, dietary,
endocrine and hematologic systems. Patient outcomes,
particularly for women with diabetes may be improved by
addressing these multidimensional changes through
integrated care, which includes nutritional support (such as
niacin supplementation), hormonal monitoring, and anemia
management.

Although thorough, this study does have a few caveats.
Diabetes and the biochemical variations observed cannot be
causally interpreted due to the cross-sectional design. It is
possible that unrecorded supplementation and food
consumption affected serum niacin levels. Possible effects
on FSH, LH, and estradiol levels were due to the lack of
adjustment for menstrual cycle phases in the hormonal
levels. Additional limitations that limit generalizability
include the sample's lack of male participants and its
geographical limitation to a single region. The results
should be further validated and expanded upon in future
studies by using interventional or longitudinal designs
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including dietary assessments and the

demographic scope.

increasing

Table 4 Pearson correlation analysis between study groups and
selected biochemical and hematological parameters in women

Parameter Pearson Significance Significance
Correlation (p-value) Level
()

RBC count -0.268 ** 0.000 **(p<0.01)
Hemoglobin -0.692%* 0.000 ** (p<0.01)
HbAIC 0.328** 0.000 ** (p<0.01)
Niacin -0.201%** 0.007 **(p<0.01)
Estradiol 0.285%* 0.000 **(p<0.01)
(E2)

FSH -0.183* 0.014 * (p<0.05)
LH -0.732%* 0.000 ** (p<0.01)

*Study groups were coded as 0 = healthy control, 1 = type 1 diabetes, and 2 = type 2 diabetes.

The results revealed several statistically significant
associations. Hemoglobin (r = -0.692, p < 0.01) and LH (r
=-0.732, p < 0.01) exhibited strong negative correlations
with diabetes status, indicating marked reductions in these
parameters among diabetic women. RBC count (r = -0.268,
p <0.01), niacin (r =-0.201, p<0.01), and FSH (r =-0.183,
p < 0.05) also showed negative correlations, suggesting
declining levels with increasing severity of diabetes.
Conversely, HbAIC (r=0.328, p <0.01) and estradiol (E2;
r=0.285, p<0.01) were positively correlated with diabetes,
reflecting elevated levels in diabetic patients.

These findings support the hypothesis that systemic
metabolic and endocrine dysregulation occurs in women
with both type 1 and type 2 diabetes. Importantly, the
integrated correlation pattern observed across nutritional,
hormonal, and hematological domains underscores the
study’s original contribution: revealing the complex,
multifactorial impact of diabetes on women’s health
through simultaneous biomarker evaluation.

5. Conclusion

According to this study, significant biochemical and
hematological changes such as reduced niacin levels,
disrupted steroid hormone profiles, impaired red blood cell
and hemoglobin indices are observed in women with type 1
and type 2 diabetes. These irregularities demonstrate how
diabetes affects person's nutritional, hormonal, and
hemostatic health on a systemic level. The importance of
closely monitoring metabolic and reproductive health in
women with diabetes is underscored by niacin deficiency
and hormonal imbalances like increased estradiol levels
with decreased FSH and LH. It is crucial to maintain
effective glycemic control due to observed hematological
disruptions and elevated HbA1C levels. These results lend
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credence to the idea that metabolic, hormonal and
nutritional pathway targeted integrated diagnostic and
therapeutic strategies could be useful in bettering disease
management and results for female diabetic populations.
Longitudinal studies should be main emphasis of future
investigations to prove causal links between diabetes and
noted hormonal and biochemical changes. Furthermore,
investigated should be the therapeutic benefits of hormonal
control in diabetic populations and focused niacin
supplements.  Generalizability would be improved by
extending the research to include male subjects and
different demographic groups. Furthermore, including
dietary assessments and analyzing phases of menstrual
cycle could help to grasp nutritional and endocrine
dynamics in diabetes in more whole sense. Combining
omics techniques like transcriptomics and metabolomics
find new biomarkers and therapeutic targets for
individualized diabetes control.
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