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¢ OCUKLARDA AKRAN ZORBALI JININ PSKKOLOJKK

Dr . ¥Jretim | yesi, S¢reyya YK

Bat man | niversitesi, s-0006000328127EG6 cber @
Do-. Dr . Rukiye AR

Bat man | niversitesi, -rO00000022048 5664 an @k

ma

¥ZET

Literategr taramasée y°ntemiyle ger-eklexktiri
ruhsal, sosyal ve akademi kelgel akaml ar aktee
Akran zorbalejéenéen fiziksel, s°zel , i KK

S ¢

hem de zorbalék yapan bireylerin psikolojik

Zor bal éeja m&ilwaz dkhkaldeprecsywn, kaygeée, d¢gkKegk Dbe
ve sosyal i zol asyon gi bi duygusal sorunl ar
il erl eyen d°nemlerde antisosyal ejilimlerin
aile i - i Kiddet, empati eksi kli7Ji, sosyal kabi
-evresel deji kkenlerin etkild@ ol dugu g°r ¢l m
psi kolojik etkilerinin yaratoglgemtsajvimagen &«
y°nden etkilemesine neden ol maktadeéer. Buna
devreye sokul mase, toplum sajl éjé a-eéseéenda

zorbal ejénén en sék yakandialehl anmgcaddal dde

m¢dahal e programlar éneén uygul anmasé, °Jret
destekleyici bir okul T kliminin olukmaséna vy
azaltmada etkili elgediratej il er olarak g°r¢lm
Anahtar Kelimeler: ¢t ocuk, Akran Zorbal éjé, Akran Zor ba
ABSTRACT

This study, conducted through a literature review, examined studies addressing the effects of
peer bullying on children's psychological, social, and esaddevelopment. It was determined

that peer bullying manifests in physical, verbal, relational, and cyber forms and negatively
impacts the psychological wddeing of both victims and perpetrators. While emotional

problems such as depression, anxietyy Belfesteem, withdrawal from school, and social
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isolation are common in children exposed to bullying, antisocial tendencies have been found to
increase in later life in individuals who engage in bullying behavior. Psychological and
environmental variabge such as domestic violence, lack of empathy, the need for social
acceptance, and communication problems appear to play a role in the emergence of bullying.
The traumatic effects of peer bullying on children negatively impact public health.
Implementing apropriate psychosocial support mechanisms is crucial for public health. In
addition, in schools, where peer bullying is most frequently experienced, implementing school
based intervention programs to combat bullying, increasing teacher and family awaaerdess
providing training to create a supportive school climate are seen as effective strategies in
reducing the prevalence of bullying.

Keywords: Child, Peer Bullying, Psychological Effects of Peer Bullying

1. GKRKKk
Akran zorbaleéejé, -ocukluk ve ergenli k d°nemi
géneégmegzde k¢resel bir hal k sajl eje sorunu

UNESCOO6nun (2022) raporuna g°°r e, d ¢ansyéa agker naenl

zorbal ejéna maruz kal makakhddemi Bubadkaueamsazl é

etme ejilimi ile fiziksel ve aliduguwsed? saljda&ik,
edi |l mi ktir ( UNESCO, 2022) .tlGg-velenhgksarzl ayE
davraneéexl ar bi-imnde ortaya -ékan akran zo
psi kolojik ve sosyal sorun texkki.l et mektedi
mar uz kal an ©°JrencilleodekIltukalvamae , dempmre&sdg o8| |
kendi ni k¢-¢k ve dejersiz g°rmek ve sosyal

bak ajréseé, karén ajrésée ve yorgunluk gi bi

g°r ¢l mektedi rQ;HaGvkpeea!l avrdd ,vA®.0,0 2013). Zorbal él
tanémak ve dojru kKekilde dejerl endir mek; eb
i-in kritik ©°nem takémaktadeér (S¢ner 2021)
bakar eudal ékl,gick zIl i k ve i1lerleyen yaxklarda
( Ol weus, 1993; Tt of i vd. , 2011) . Bu neden
etkilerinin erken d°nemde anl akél maseéelve ©°nl
sajl éjé hem de okul ortaménén ge¢venlijini ko

ISBN NR. : 978-625569446-1 || 2
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2. AKRAN ZORBALI JI

Zorbal ek, taraflar araséendaki g¢- dengesi zl i
fiziksel, s°zel veyaj] pwrikmollogn ku bwae ka&c & uy aliug
kasetlé ve tekrarlayécé saldérgan davraneéxl
Ol weusodéa (2013) g°re zorbal ek, tek seferlik
olarak ve tekrarlayan bii mde i nci t me, acé -ektirme ya d;
sergiledif]i sal dergan davr aneéck °r¢éent gseder .
dengesi zli]Ji i -erisinde tahrik unsurunun ol n
olaraksis emat i k bir kekil de zorbal ék yaparak, he
durumu ol arakKobladliek, | mPrelr (°rnejin s°zl ¢
(°rnejin vurma, tekmel eme, maj dukr u(n® rmmaeljéinna gzl
dékl ama, dedi kodu) gi bi gel eneksel bi-imler
zorbal ék) gi bi gel eneksel ol may MWenesipij 20L7;m| er
Olweus1993).Akr an zorbal é&jé, akranlar araséndaki -
karke fiziksel, s®zel veya davranéksal bi - i1
(Demir vd. , 2020) . Akran zorbaleéejeée, r¢gbenkl u
psi kososyal sorunl ardan biridir ve -ocukl ar
akademi k i1 klevsellif§ji boyutu ¢zerinAtran derin
zorbal éején s¢recinde etkil erZeor bwad €¢ ek iylagyan
ki kiler fizorbao, zorbal ék davranékéndan et ki

davranékéné wuygulayan hem de majdur ol anl ar

uj rayanl ar ndaz |l elymak / g%ter /es eaykirracni

=] D D

zor bal éej
et kil en eri 4 grupta topl ande] ene¢en yge rSraejklt eek

2011 yél énda yapiléd] gaar aktad ema&yna :

o

e

¥rge¢t ednegn

ve ergenl erden ndkarreem zoarameal &4lé iyaep @36 ve akr
e

oranl arénén ise %2 ile %32 wvar28l)énda ol duj udod

Akr an zorbal eéj eéna mar uz kal ma Ve zor bal ek
dejikkenlerininrbheéndédeyeci abdeapeéel gPr gl mekt e
zorbal éjéen erkeklerde kézlara oranla daha f a

Yapél an baxrkal iba r- aleBkamaséna g°r e, dojrudan
kéezlankhaodaha sék rastlandej e, dol ayl & sal dé
d¢zeyde ol duju g°r ¢l mektedir(Card vd.,. 2008
model de akran zorbal ééjén sebepleri d°rt grup

ISBN NR. : 978-625569446-1 || 3
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T Bireysrellerf alkkenl i k saygésé, empati eksi kl
T Aile faktorl er.i (ai l e 1 -1 Ki ddet , ebeveyn
T Okul faktorl eri (disiplin politikalareée, o
T Sosyek ¢ 1 t ¢rel fakt°orler (topl umsal nor ml ar ,
gSteril mi ktir.

2.1. Akran Zorbaleéején Tg¢rl eri

Akr an zorbal €] én terl eri l'iterate¢rde far k1l
taraféendan zorbalek davranékéené dojrudan ve
Kekil de seéermofflraurddaer mak tadrrk.€ ¢ rtlagraif;a K i zi ksel
i stenmeyen davranéklarda bulunmaktér. ¥rneji
takmak, hakaret etmek vb.gipi®° r ¢ nen ve g°zlenebilir davranéeérk

Dol ayl & zorbal ékkl admak ,k odaus waaly ma&k | ama , oyun

gi bi dojrudan g°zl enemeyen davranéxl aré i-er
2004) . ElI'liott (1997) ise, zorbalek te¢rlerin
vecinel ol mak ¢zere d°rt gruba ayr émécxkter.

¢izelge 1. Zorbalék T¢rlerinin Sénéfl andeéer él

Zorbal ék Te¢r ¢lTere (DojrudaA-ékl ama [ ¥r
Fi zi ksel Zor bbDojrudan Vurma, itme, tekme atma,
ekyal aréneée ké
gi bi fikulklser
Sozel Zor bal gDojrudan Hakaret etme, alay etme,
lakap takma, tehdit etme vey
k¢e-¢ek degKkKer ¢c
s°yl eme.
Duygusal [/ KI|/Dol ayl & Birini déxkl an
grubundan uzak tutma,
dedi kodu yapn

yayma.

Siber Zorbal Dol ayl é Sosyal medyada hakaret
etme, ifka et
mesajlar g°nd
ortamda k¢- ¢Kk

Cinsel Zorbal/Dojrudan v ey a Uygunsuzdokunma, cinsel
i -eri kIl s°zl
i ma veya payl
bulunma.

*Yazart ar a

féen al ent e yapeél Rigby,RO02 rick wetBighee( 1908); KdachemdérfEalddwe $Skinner (20@29 3 ;
Korkmaz (20

an
6) ve Pikkin ve Ayas (2007).
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3. COCUKLARDA AKRAN ZORBALI GI NI N PSKKOLOJKK E

Akr an zoolhalkeéjuk, ve ergenl ik d°neminde sék-
-ocukl arén aile hayatl are, okul kokul |l ar e ve
d¢zeyl erini etkileyen °nemli hal k sajl éejé s
vd . , 2023) . Akran zorbal é@&jéna maruz kalan -o0
belirtiimektedir (WVang,2018 . Génegmegzde, zorbal eja maruz ka
bireylerin fiziksel ve ruhsal s ajalr @&kl aorrétnagy :
-ékmaséna ve mevcut problemlerin daha da der
¢o-ukl arda akran zorbal éjé maruziyetinin, il
uyumsuzluk ve daha zayeéef d&uayn@ums alorihaj ekl ramarn
ger ¢l megktegr(Vander bi |t vd. , 2010) . Litara:
akranl aréena g°re daha fazla y¢ksek risk take
belirtilerini daha |-nmekktycadki ad §kG@¢cavreenibrel 2010) .
karén ajreése, yorgunluk ve yatak ésl atma gil
depresyon, anksiyete, d¢k¢k benli k saygeéeseé,
sy eda ol umsuz sonu-Ilarén ortaya -ékabil mekt e
Arseneault, 2018; Moore vd., 2017). Ayreéca,u
stres bozukluju ve intihar d ¢ K glage ], 20d3).y | e i
Yapéel an bakka bir -al exmada, zorbal eék yapan
akranl ara kéyasla ruhsal bozukl ukl ara daha

ol asel ekl arénén arttejeée ibi &diIFRarrrmaelgt edi, r 20Q

il kokulda d°rt veya daha fazla kez zorbal éej e

ri skinin y¢ksek ol duju; erkek -ocuklar s©°z Kk
en az bir yasalesmenénkasekthéjr@enbifmzka su- a
(Farrington, 1993) . Bakka bir -al exmada, or
sonraki yeéellarda su-a karékma ve sabéka kayd
ol duj u nmieltiirrti( Renda vd., 2011) . Zorbal ek ya
kull anéme, k amu mal éna zarar ver me, ol ums
performans, okuldan ayrélma ve yeteneka erini
-ékmaséna neden ol maktadeér (Tt of i & Farringtoc

d°neminde yakanan akrakayger, bay &l @e@Zlhak maagj d
psikosomatik belirtilerg i b i I - sel | ekt i rhiperaktisite, rfizike Il a rvéen as;° zaey
Kiddet davranékl|l aréen grbaydekeldmhart ef masdana
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belirtilmiktir(Chrysanthou ve Vasil aki s, 20
tutumlarén, okul u sevmemeya koiktul glea-ni rkmae ,é narkau |
akademi k il gisizlik gibi ol umsuz davranéxkl al
1994; akt. Pikkin, 2002, s. 542; l namul | ah &

4. AKRAN ZORBALIJI ¥NLEME YAKLAKI MLARI

Akran zorpalhgpe@nehaenk okullarda g°r ¢l mesi r
hem de zorbalék davranéké sergileyen bireyl
gel i kim erinde ortaya -éeékan olumsuzlukl arl a
m¢ c aeedeplr ogramlarée geliktirilmicktir. Akran zo
olarakbi r ey sel , séneéef dglzmayk ngdzerve @o-kudand egred pt
Bireysel y alkéljawéamlidrer i n empati, I | eibii Ki m
gel i ktirmeye odakl anér .

Seneéf d¢zeyinde i r ewyngeunll aemai Inaprorze b efr | isjein@éd e

ol ukturul maséné hedefl er.

Ok ul temell i sgaklamk®@mkiudar personel inin, °7 ren
b¢et ¢ncgl polliet ipkrao gvreaemhdadraéhpad@i gby , 2002) . Ok
Ol umlu Davranéxksal M¢ d &tsgalDel yge sBéstDelst Bko @r a
Ol weus Zor bal ékNo¥rapl,im&C PR ro@jr egnié , ve Ki VAOG
akranz or bal éj e majduriyetinin azaltmakta kul/l
°nl eme yakl akémé, yalnézca °jJrencilerin davr
ve dejerlerini de kekill endirmeyi ,amaor manadjé
azal tmaya y°nelik yapeélan -al éekmalarén bire
ruhsal hastal ékl aréen ortaya - é®cota2014)i sAyirnéic aa z

son yé8ibardaaorrtbmd segylnal biortakmt ay ddi far&éndal
gevenldod i nternet kull anémé ejitimler.i de ©°n
(Tokunaga, 2010).

5. SONUC¢

Literatg¢r arakteéermal ar énda, albtam|l abpebaheij e
ol umsuz etkiler bérakan ©°neml:i bir ri sk fak:
késa ve uzun s¢reli ol umsuz etkil er araseéend:
dekl anma, travma soinksaelé rsdaheatss ézelld@kltarl eg zlv

ISBN NR. : 978-625569446-1 || 6




ONFERE,
ot l‘r&"

5

CUMHURI YET 15t h | NTERNATI OANRARL ISODNEERRESCE ON
October TRRKARA25

KCADE )
)
T

—— CONFERENCE BOOK

zorbal ék deneyimleri, akademi k bakaréseéezl ek
artérmaktadér. Bu bulgular, akran zorbal & én
ve topleydal yadaygén °neml. bir sorun ol dujunt
maruz kalan °jJrencilerin empat:i ve probl em
y°neli k bilin- ve farkéndal ék olukturacak e]j
Bununla birlikte, televizyon, i nternet ve s
farkéndal ek Ve bilin-1lendirme -al ékmal ar én
korunmaséna ve dolayeéséyla toplamwacakt &@€fj énAy
zorbal éjén en yaygén g°r¢ldegj ¢ alanl ardan

destekl eyici h-okel gei rbiilrhaegiini ai lge -1 endi ri
personelinin zor bal ek davimaaeekdtametlnear i my @ u ns
gerekmektedir
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¥ZET

Géenegmegz déegnyasénda bilikim teknolojilerinin
hezla artmaktadér. Her yak grubundaki i nsanl
hayatén vazge-ilmez ve -0k Kkullamélaculi ve
ergenl erde evde, okulda, vb. yerlerde masag¢s
ve neredeyse her ortamda kull anéménén yayger
-ocukl ar da bil i kKim teknol oja-lleariéné&ml | iamceen
hedefl enmektedir. ¢al ék ma, nitel analiz y°nt
ger-eklexktirilmiktir. ¢al ékmanén verileri Tg¢g
al an Atocukl ar da Bi léink i Mr aTket kénromacsjéi,l e2 0 2 4Kou |
edi | rxil dtei redi |l en veriler frekans ve y¢gzde gib
Sonu - 6-larakasé -ocuklarén bilikim teknol o]j

kull andéekkaké aréenkekt eonet ipoesn af agZlnad es arsey all

oynama veya oyun indir me, internet szerini
go°r ¢l mektedir.odkeéevz *pcekherveeryai sevrimi-i ders
giimemesaj | ak ma, me¢zi k dinleme veya m¢gzik indir me,

internet ¢zerinden al ékverik yé&dgma kaénzac B g Ima dkeu |

-ocuklarén en fazla YouTube, uemnu &a lil saen dX kil sair

daha az ders -alékéyorum ve daha az kitap

-ocukl ara oranla daha fazla olduju ve kéz - o0
dijer kategorilere ontamrlda |l dnalkdiy¢sgksek ol duj u
Anahtar Kelimeler: ¢ o c u k , Bilikim Teknolojilerinin Kul
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ABSTRACT

In today's world, the use of information technologies is rapidly increasing both in Turkey and
globally. The use of information technologies has become an indagerand frequently used
element of daily life for people of all ages, and it is known that internet use is increasing,
particularly among children and adolescents, via desktop or mobile devices at home, at school,
and elsewhere, and its use is becomindespread in almost every environment. Therefore,

this study aims to examine the use of information technologies and their purposes of use in
children. The study was conducted using document analysis, a qualitative analysis method. Data
for the study werelatained from the "Children's Information Technology Use Survey, 2024"
published on the Turkish Statistical Institute (TurkStat) website. The obtained data were
evaluated using descriptive statistics such as frequency and percentage. The results show that
children aged €L5 use information technologies most frequently for internet use, while boys
use the internet most for social media, sending and receiving emails, playing or downloading
games, and watching videos online. Girls, on the other hand, areedhssimg the internet for
homework, learning, or attending online classes, messaging, listening to or downloading music,
searching for information about goods or services, or shopping online. It was found that both
girls and boys use YouTube the most, Zritie least. Furthermore, boys were more likely than

girls to think they study less and read less, and girls were more likely to think about these two
categories than other categories.

Keywords:Chi | d, Use of I nformation Technol ogi es,
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1. GKRKKkK

Géenegmegz degnyasénda bilikim teknolojilerinin
hezla artmaktadeér. Bu cihazlar yakamén her
kull anél maktadeéer . ¢Cenke géenegmegzde kekanbmei k
s¢rdegrmek neredeyse i mk©nséz bir hal al mékt e
Her yak grubundaki Il nsanlar i -in bilikimtek
ve -0k kullanéelan bir unsur hal i nekuldagdybmi Kk ol
yerl erde masa¢st¢g veya mobil cihazlarl a inte
kull anéménén yaygénlakteéejeée bilinmektedir. ¥z
teknolojilerine ait ¢apeimegin gaygéehlakdhasay
2023; Kaba ve Dojan, 2021; Kaba ve Dojan, 20
¢ocukl ar, bilikim teknolojilerinden tablet,
-evrede (ev, okul gibi) ve neerketdee wsee bhue mda m ahz
oynamak, °dev yapmak, sanal arkadakl!| ek kur
mail |l ekmek, alékverik yapmak vb. gibi pek -o0
ve Dojan, 2022) . Bu nedenkéembtekmableajmialdar i-
kull anma ama-1|larénén incel enmesi hedef |l enmek
2. Y¥NTEM

Bu -al ek ma nitel anal i z y°ntemlerinden

ger-eklexktirilmiktir. ¢al éxkmanén verileri Tg¢g
al an Atocukl ar da Bilikim Teknolojil ewei Kul
edi | rxil dtei redi |l en veriler frekans ve y¢gzde gib
3. TARTI kMA ve BULGULAR

¢tal @ékmaneén bul gul ar é; T KK (Terkiye Kst a
ger -eklexktirilen A¢oauklkKuldlaa nBim i Ari ark t Be ke ¢
kull anél arak ger-eklextirilmiktir. ¢al @&kmaneéeé
istatistiklere ulakeélarak dejerlendirmeye al
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Tabl o 1: Cinsiyetetoveubklaar &m uBiulniak iGlhhr Eeknol o

Y a K 1115 Yack

Bil i kim tek Erkek Keéz Erkek Keéez Erkek Keéz

-ocuk-ocu -ocuk -ocu -ocuk -ocu

Knternet ku 881 87,7 96,4 93,0 92,2 90,3
Sosyal me dy 538 53,3 96,4 75,1 68,1 64,0
Cep telefon 658 66,7 96,4 84,0 76,9 75,3

telefon kul

Bil gi sayar 47,1 44,7 96,4 52,0 52,3 48,3

Dijital oyun oynama 80,6 70,6 85,0 58,7 82,8 64,8

Tabl o 1 i nc-&#bemdiajsiéendeqgcutk!| ar én bilikim tek
kull anéménda kullandéekl aré, genel ol arak erk
en fazla y¢zdeli klere sahip olldiukd @aec@klg&m ¢d m
bilikim teknolojilerinin kul |l anémeén en az

(URL1).

Tablo 2: Cinsiyete ve Yak Grubuna GGhterbDgzen
Kull aném Ama-1 ar é

Yatr 11-15 Ya 6-15 ya

Knternet kull aneém Erkek Kéz Erkek Keéz Erkek Keéz

-0CU -0OCL-0CL-0CL-0CL-0C1

¥dev, °Jrenme vey 647 68,5 80,1 86,4 72,7 77,6
derslere katél ma
girme
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Sosyal medya 60,5 60,8 85,8 81,6 73,6 71,4
epostag® nder me/ al ma 26 2,9 25,8 20,1 14,6 11,7
Mesaj |l akma 45,8 52,7 79,9 80,7 63,5 67,0

Oyun oynama veya oyun indirme 80,1 69,3 82,6 57,4 81,4 63,2
M¢zi k dinl eme vey 49,6 58,9 76,6 86,3 63,6 72,9
Knternet ¢zerinde 811 79,9 87,3 87,0 84,3 83,5

Mal wveya hizmetl e 315 31,4 57,0 61,3 447 46,6

arama
Knternet ¢zerinde 19 1,6 25,0 28,8 13,9 15,5

Tablo 2 inckdeadasénderulbl arén internet:i do
g°r ¢l mektedir. Erkek -ocukl-poehai gfredarcme/ &In
oy nama veya oyun i ndir me, i nt er nk &ndeezkel rairné
go°r ¢l mektedir . odkeéevz *pcekherveeryai sevrimi-i ders
girme, mesajlakma, m¢zi k dinleme veya m¢gzi k indi
i nternet czerinden allarkdveekrli akr ey agp®racyl anweaket eegdbi & . k o6t
oransal olarak en fazla farkén oyun oynama vVveya
Nitekim okul °ncesi d°nem -ocukl a-rcécnuklydmeén |
%76, 76semgmamykin %17, 406¢n¢én vi deo vV e me¢ zi Kk

teknolojilerini kull andékl are belirlenmiktir

Tabl o 3: Cinsiyete ve Ya8osGralbuMadyc r Bl attofce

Kull anma Or ané

Yatr 11115 Ya 6-15 ya

Sosyal medya pl at Erkek Kéz Erkek Kéz Erkek Kéz

-0CU -0OCL-0CL-0CL-0CL-0C1

YouTube 98,3 98,6 94,7 95,2 96,1 96,6
Instagram 10,9 10,5 68,7 56,5 45,5 37,1
X 0,9 0,4 9,4 6,1 6,0 3,7
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Facebook 4,3 2,9 19,9 6,2 13,6 4.8
TikTok 11,8 11,6 34,3 38,6 25,3 27,2
Snapchat 4,5 7,5 22,5 43,3 15,3 28,2
Pinterest 1,6 4,3 9,7 34,3 6,5 21,6
Tabl o 3 i ncled eardasé n-doeccukél arén yedi farkIl é& s

g°r ¢l mektedir. Hem keéz hYsaulubd en az isekXeidimli soeyalu k | ar

medya platformunu kull andéklarée g°r ¢l mektedi
dijer bulgu ise kezlarén erkek -ocuklara or
sosyal medya pl atfeesmpmunedkdimi xndaekl ar é

Tabl o 4: CinsiyeteDyzrenwlak GepblaelhefGAme/ Akeéel |

tcocukl arén Telefonu Kullaném Ama-1 ar é

Yatr 11-115 Ya 6-15 ya

Cep telefonu/ akél Erkek Kez Erkek Kéz Erkek Keéz

ama-1| ar é -0OCU -0OCL-0CL-0CL-0CL-o0C

Konukma (g°re¢nt ¢l 629 66,2 87,3 87,1 76,8 77,8

Mesaj |l akma 41,1 47,5 86,0 88,1 66,6 69,9

Sosyal medya 60,5 60,0 86,5 81,5 75,3 71,9

Oyun oynama (-evr 831 72,3 78,9 56,6 80,7 63,6
Film/ dizi/ TV yayée 713 71,2 77,0 79,0 74,6 75,5
M¢zi k dinl eme 48,6 58,7 774 881 650 750
Knternette gezi nm66,0 62,0 902 873 798 76,0
Ders -aléekma, ©°de 591 64,4 729 849 669 758

¢cevrimi kat dbemae 11,3 12,7 18,3 18,5 15,3 15,9
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Tablo 4 inckbPendapernddgaenbi arce&mp telefonu/ akeée
ama-1| ar é incelendijinde; er kek -ocukl arén
-ocukl arén ise emtfegadzlza kd@hmugkmta¢ lagnavxce ydar K ul |
Tabl o 5: Cinsiyete ve Yak Grubuna G°re ¢ocul
Bilikim Teknolojileri rréenlerinin Orané

Yatr 11-15 Ya 615 ya

Bilikim teknol oj i Erkek Kéz Erkek Kéz Erkek Kéz

-0CU -0oCL-0CL-0CL-0CL-0CL

Bil gi sayar (masag¢ 354 32,4 38,1 36,8 36,7 34,6
tablet)

Masa¢gste bilgisay 57 3,8 14,4 8,4 10,0 6,1
Diz¢gste¢e bilgisaya 90 7,7 16,3 15,7 12,6 11,7
vb.)

Tablet bilgisayar 28,8 27,3 16,3 21,7 22,7 24,6

Cep telefonu/ akeéel 251 22,2 69,0 60,2 46,7 40,9

Akéll e saat 13,9 13,2 16,2 13,7 15,1 13,5
Oyun konsolu 6,4 1,8 8,6 1.4 7,5 1,6
En az bir biliki mb540 50,2 80,1 71,1 66,9 60,5
Tabl o 5 i nc-&#8bemdiajsiend-eqcuk!| ar én sadece kend
teknolojil eri crénlerinin orané incelendiijin
erkek -ocukl arén neredeyse t¢gemdanteghsekeoda
sahip olduklaré g°r ¢l mektedir. Sadece tabl e

-ocukl ara oranla daha y¢ksek bir orana sah

tarafendan ger-eklektirileoerukimrealeak®ms83da 4@k
ait bil gisayarénén bulunduj u, %53, 506i nin ce
%11, 66sénén bilgisayar kullandeéjé belirl enmi
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Tablo 6: Cinsiyete ve Yak Grubuna &frel €roicruk

Neden Ol duju Durumlar Konusundaki D¢kenceceler

Yatr 11-15 Ya 615 ya

Cocukl arén d¢ky¢nc Erkek Kéez Erkek Kéz Erkek Kéz

-0CU -0OCL-0CL-0CL-0CL-0C1

31,4 24,3 40,5 36,8 35,9 30,5

(o]

Daha az ders - al

Ailemle dahaazv a ki t ge-i 250 19,7 29,6 27,8 27,3 23,7

Daha az kitap okuyorum 34,8 25,4 43,2 34,0 38,9 29,6

Daha az uyuyorum 14,5 11,9 22,6 20,1 18,5 15,9

Ar kadakl areml a y¢ 20,6 17,4 19,3 16,8 20,0 17,1

ge°r¢keéep daha az o

Tablo6i ncel enedi5] iamdaes;eekoankbakénda ge-irdifiji S
durumlar konusundaki d¢kencel er i incel endi ]

al éndejée g°r ¢ Dadlkt eadi derBunladarexwafkotume-airl gn

daha az kitap okuyorum, daha az uyuyorum ve
az oyun oynuyorumo «kKeklindedir. Erkek -ocuk
oranla daha y¢ksek oranl dral saki @ dbldakaaréde
ve daha az kitap okuyorum d¢k¢égncesi erkek -o
ancak kéz -ocuklarénda bu iKki kategoriye y©°n
yé¢ksek ol duju tBespan edr | miak teikrman¥®n bul gul a
nitelikte olup -ocuk ve ergenlerin sadece e]j
kull andéklarée bilikim teknolojilerinin bu a
olumsuz durumlal a da karkél akmal aréna neden ol duju

U-anok, 2010).
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4 GENEL DEJERLENDKRME VE SONUC¢LAR

Sonu - 6l1rakasé -ocuklarén bilikim teknol o]
kull andéekl ar é, er kek - ocuklpaorsétna ign°tnedrenremei/ aeln
oy nama veya oyun indir me, internet szerini
g°megktedir. Ke°zde-vgc @kt eamrnden viey@a -evrimi-i ders
girme, mesajlakma, m¢zik dinleme veya m¢gzi k indi
internet ¢zerinden al ékver mektedirdl@gma kaénzac B ¢ Ima dkeu |
-ocukl aréen en fazla YouTube, en az ise X isi
daha az ders -alékéyorum ve daha az kitap

-ocukl ara oranl a dakhlaa rféared aa bou diukjiu kvaet ekgeozr i-yoe

dijer kategorilere oranla daha y¢ksek ol duj
ebeveynlere ve ejitimcilere kxunlar ©°neril mek
o Ebeveynlerin ve ejitimcil ekulnl anoncau ksl ¢arreélne |

ama-|laréné g°z °n¢gnde bulundurarak mevcut

bilgilendirmeler,

o Bilikim teknolojilerinin yakl|laréna uygun
denetl eme mekani zmal aré ol uktur mal ar ,

o ¢Cevirviemidéeikeé kull anéem s¢grelerini ve ama-|

d¢zeyine uygun filtreleme y°ntemleri kul I

ISBN NR. : 978625569446-1 || 18
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KOR KUVVETK VE FONKSKYONEL HAREKET KAPASKT
EGZERSKZLERKN SEDANTER BKREYLERDEKK RC(

Prof. Dr., Umut CANLI
Tekirdaj Namék Kemal i niversitesi/ Spol
ucanli@nku.edu.tr 0000:0001-86033492

¥ZET

Bu araktérmada sedanter bireylere y°nelik u
kat @&l émceéel ar én kor Kuvvet.i v e fonksiyonel
ama-|l anméexkteéer. Alrarkdlerdmhysae d@@mtedrl ¢birey (yacxk
= 169,25N5.68) katelmékter. Araktéerma grup
Araktérma gruplaré i-erisinde exit sayeéeda k
gruptadalOerkekev 10 kadén ol mak ¢zere toplam 20 kat ¢
gr ubu, bir grup i se aerobik grup olarak i si
yakaména devam eder ken, aerob6 & dalipka sar ahsae
ag obi k egzersizlere kat él ésnong°tsetsetr nmxd @ Ir . k VAl
Araktérma 8 hafta boyunca devam etmiktir. Ar
yak d¢zeylerine uygun uluslkeacal asenbifonkesto
kapasitesi dejerl erinin belirl enmesinde I S ¢
araséendaki deji ki min beltiersltan meaid il amajl amexéa 2 r°
deji kkenl ere f ar kr nae sktul gyual paérl émédkat €irs. e ;A rhaekm €k
hem de fonksiyonel hareket kapasitesi dej er
tespit edi |l mi ktir (p<0, 05) . Bur adan hareket
sedanter bireylerde korukv v e t i dayanéekl el éejé ve fonksiyor
gel i kmel er sajlayabileceji de¢gkenegl mektedir.

Anahtar kelimeler: FMS, kuvvet, egzersiz

1. GKRKK

D¢zenli egzersizin sajleéje geliktirdif]i vV e
azalttejeée iyi bilinmekteddirr e(n7-) .( aGeénriklélki)k | e
aerobik egzersizlerimyr &€ ayr é yapeéel deéej] édaydmeéreksBU &g
y°ntemlerinin k osedbntenhers yde fazla, kilolu ebineylerde v ¢ c u t
kompozisyonunu ve kardiyovaskg¢l er uygunl uj u
yarar |l ar Kkmaa adajl mery,et i K ki hdftada birg ¢ ydaekn ak @ k| 0417
aktiviteye k a% &3 Gamaldtad n éme yeni fiziksel
karkél amamaktadeéer (12). Fi zi ksel aktiviteye
spor salonu ekipmanl ar énmazwanaa tyeghbendskerzilng ie
yer al maktadeéer (18, 23).
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Ayréca bir-ok insan, fizi ksel aktivitenin ki
buna ek olarak spor salonumpi @jiek i K gs br esik zaman har camal
ol makBadégr engell er, bireylerin fiziksel a k

nedenle egzersiziml uml u sajl ekarfaryldan maléeamardamé engell
Zaman a-eéséndan kwerdiimlyionol mad & wtl b a medtfa ra ma k €
egzersiz tdgevreg iaardterng@ bpmak e tder dierveare- aeng z eernsnaz

dek y¢kler kull anél arak, egzersizler araseén:i
yapél maseéene i -erir (31). Arkadk ¢ b g amr eemnme
-%z¢ml ememektedir -¢é¢nhk¢ egzersiz seansl ar e

birli kte uygulandéejé sgeyghsehrgopaenkekbdur ar &l
(HIT),zaman a-ésévadtirbi veryi°mltiem ol masé nedeni vyl
kapasiteyi ve genel sajléjé geliktirmedeki b
Ancak bu zaman a-éséndan verikmbkufakygibi Popuk
egzer sidemakgilmaliinn ¢ zer i ndekKii- eerfnoerkl taerdéi r(.s uBourn
-ok az ya da hi -y apéevlleenme ayeéril léeimédan dayal é
benzer Kekil de zaman a-eéséendan veri mli bir
kadi yovask¢l ehemdey@gsainkuyuet i vgee | d &y a iré kpl éegl eeljiér
hen¢z tam ol arak anl akél mamécxkt éer .

Yakén zamanda yap&kl srethtiern -odluakkamada,m v¢cut a
(her biri 20 saniyelik 8 set, setleradgas da 10 s adiTyaeb adian |lperomaebk D | d €
yéekl erlwee dutr | ajké rel ked |él aengézl earrsai kzrékmsatg oldrak aktifa s é n & 1
kadéendarrddiayovaskge¢l er uygunl uju gel eneksel d a
gel i ktnaalk J yal mézca intervaKas( adaya&rkdlkel)el gif &
gesterdiiji ortaygyge¢koesakmuwtogrunl @ K) i r&gozke rfsa rzk
antrenman protokol ¢ne uyarl anabilir weet? zel

ajerl ej éna dayranleg ieng zsegrusaitz,l elrunge ve burpee)
setler arasénda késa dinlenme aral ékl are ver

Bununl a birlikte, S°z konusu dinrceerk-i v-eal @ae&m
egzerglerin kombinasyonu | e kar kél akt érmaméexigeut Belr aype
antr en,ngaenléenréenk s e | diren- + aerobik antrenma
aerobik/anaerobik kapasiteyek as kuvvet. igled i &kay an gkdlgeell 8 k& n

bilinmemektedir.

2. Y¥NTEM

21.¢al ékma Tasarémé ve Katél émcél ar

¢al ékmaya baklamadan ©°nce etik kurTékiomayje :
Namek Kemal i niversitesiomdami &l &m atkitkeé mal Ga
Bildirgesii | kel erine uygun ol arak ye¢regteoel megktgr (S
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i niversitede -alékan akademi k ve idari pers
kriterl erini kar kél ayayna hlkat &li mewt g°Pn¢l |l ¢ ol

Dahil edilme kriterlerk unl ar d é :

1 40060 yak aralejenda ol mak,
T Fizi ksel ol arak bajéemseéz ol mak,
1 Kardiyak, ortopedik veya kaskelet sistemi disfonksiyonu bulunmamak,
1 ¢al ékxma bakl amadan °nceki dgnebdl ayfiziksdge
aktiviteye kateéel mamék ol mak.
Har i - tut uilsmea kkurniltaerrd ée:r i
1 Son 6 ay i-inde kroni k ayak #bskelee] i I nstab

yaral anmasé ge-irmik ol mak,
1 Hormon replasman tedavisi almak,
T Kontrol s¢zhdpgabansvgpa tanéséna sahip ol

bg kokul |l ar
2 Olath toglatrd 0 g ©
ndér .

;, m € sajlayan ve araktérma s¢rec
n

¢l lo¢g ulkinruekyt duer n BOokavrtedbam&eél

~ b4
» oo
o

o -

2.2. Veri Toplama
221Arakt ér ma model i

Araktérma deneysel mo d e | t¢erlerinden ger-ek
bili msel dej eri en y¢ksek araxkteérmal ar, ger -
Ger-ek deneme model |l erini nkwlrltarké °madd,i kdreup
atanmaseéedeéer . Bundan dolayé da her deneme mo
bul unur . Kendi i - e r-%$oB fest Hamtrol3Giuplu Moglal: 8U readelde ¥ n t
yanséz atama il e oluxktBumldlamdrni Wi rgr dgnleyl u
olarak kullaneléer. Her iki gruptan da hem de
model de en ©°nemli nokt a, deney ©°ncesi O] - ¢
durumunda °nlemléejidienma8g. gerekl:

222Fonksi yonel Hareket Tarama ¥I|I-¢m Protol

Gray Cook, Lee Burton ve Keith Fields taraf
(FMS)E sistemi, sporcularda potansiyel yaralanma riskinin ve bireylerin hareket paterni
kali tesini belirl enmesinde, nNerom¢skel er kon
performansén geliktirilmesinde kull anél an si
model |l eri ni dejerl endir mesisiteemizdinr .v eB°melye b
Si stemi ayr éca, yaral anmayé °ng°rebil mesi
tamaml anmasénén ardéendan spora d°nmeye hazé
ol acak -ok °nemli bir ara- sajlayabilir (29)
Har eket étnaraanmaacsén akaj édakil er dahil ancak bt
-eki tl Kekillerde ejitim ve rehabilite et me
olabilir;
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T Fiziksel aktivite seviyesini dd&idireyenmaya vey
belirlenmesi.

1 Temel har ek kal épl aréné normall extir mek

sistemati k

e
0

9 Dejiken yar a
I K

e

t

| arak kull anarak program tasa
| anma durumu veya kormeketsyon s
[
I

model i gel mi ni izl emek i -in sistematiKk
1 Kstatistiks g°zlem i-in derecelendir me

fonksiyonel bir hareket temel -izgisi olu
Fonksiyonel Hareket Tarama testi 7 fé&kl t e me | hareketten ol ukmak
engel | i adém al ma, tek -izgide adéem al ma, 0 |
stabilitesi Kénav, rotasyon stabilitesi). FM
séférdan deki kiada ¢- m¢gmkegn ol an en iyl puan
puan 216dir. 14 puanén alteénda bulunan birey

223Kor Stabilite Performans ¥I| - ¢ mg
Kor stabilite p eMafcokremmazni se °(13-O¢)m¢etnareaf éndan 0
yararl anéel méektér. Spora ©°zg¢ kor kas kuvvet
(%95, 0,940 , 9 9) -al ekxkmasé Tong ve ark. (2014) t al
kapsayan bu &t sporcul arén kor kuvvet ve kor stat
kull anél ér. Testin yapeéelabil mesi i -in d¢gz bi
Yardemcénén g°revi sporcuyu yapel adadayebi r sc

plank vaziyetinde durarak baxklar ve 15 sani
kal deraraslbl (dajcakolgi bi) pozisyonunu Kkorumay
b°l ¢mde bakl angé- pozisyonummamlapl ank) ge-ere

2. 2. 4. Prosedg¢r

¥rneklem grubunun 20 er kek, 20 kadeén katel e
olarak 2 grubu ayreéel mexkter. Bu grupl ar; Ael
isimlendirilmiktir. hAdnabibloyagzear shiaZd t qardab WBn ¢
bireysellik il kesi di kkate al énarak aerobi k
veriler neticesinde egzersiz programlaré tas

uygul anméxkt ér .

2. 2.5, Kstatistiksel Analiz

Veriler, SPSS v.18G st ati sti k programé (SPSS 1Inc., C
edi | mi ktir. A<0l0%on | aérlaékk bde¢) zierylienmi Kt i r . Her ha
°nce, t ¢Nno rvmearl il li &kr ,a --@itkéestid d e, Skamit r @ | edi | mi K
istatistikler,ortalama (meanye standart sapma (S@)I ar ak sunul muktur . Dej
farkl él efjen belirl enmnieessitnideanbaajiéms ézu | °l ranneekl | rme
3.BULGULAR
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Tablo 1. Dejikkeamkeagéaée veriler
55€A61SY Gruplar N Ortalama Ss
Kontrol 20 12,58 2,71
my Ca{
Aerobik 20 10,93 2,32
Kontrrol 20 12,94 3,49
Son FMS
Aerobik 20 12,75 2,67
Kontrol 20 86,52 53,56
my Y2 NJ ] dz -
Aerobik 20 53,00 40,81
Kontrol 20 76,43 53,88
Son Kor kuvveti
Aerobik 20 102,99 51,68
Tablo 2. Dejikkenler araséndaki farkl el éjeée g
5S€A061 8 Gruplar N Ortalama Ss t p
, Kontrol 20 -10,09 29,37
Kor kuvveti
-4,923 0,00
(sn) .
Aerobik 20 49,99 40,21
Kontrol 20 0,35 1,76
FHT toplam -2.201 0,03
Aerobik 20 1.81 2.04

4 SONUCLAR VE DEJERLENDKRME

Sedant er |, Kaldrmvwdcaatdaa] ér |l leflel eerg&learsd km ey ol a n
aerobi k direm-amamt rae ensa&amé&méan et ki | i ol dujunu
haftal ék v¢icutdeyréee |l €¢ ey ¢ ab ty)apadiypmbgpiratomam €

(kalps 0ol unum) uygunl ufgtal é6mhlléhm&sibdirr .arKa&tkél é m

ve setlerar asénda -ok az veya hi - dlii mlean meegzenr me
(°rnejin squat, l unge, Kénav Vvb.) uygul ameé)
arakteéermalarénda da ©bildirildifji szer e, kar

gestermiktir (6,214,27,28,37).

Di kkat edi | mel i ddi¢rk ¢kki ,y okjautnél | uekncué | kaar¢étdimégze v a B k
gel eneksel dayanéekl el ék egzer si zsuppamak¥imab ¢y ¢ k
yojunl ukta késageskidreekltii reng xéresidzlrer Bu t ¢r €
kardi yovaskyg¢l esrajClla-deenmlée rsdie eakrltiekol arak g°ster
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Buna k llombiné nanptrenman (COMBINEDgrubundaV O p edael er i nde ar

g°zl enmemi Ktir; bu dubltdmr. aslbéhdda K ak e rkteezg, é
maksimum kalp atéem hézénén %38Yapmadlk, 18&ahlak?
sedanter olan kadénlarda bile kardiyorespira
i -in yetersiz olarmibir.ae®bbamkd® vee dy apal- an
kombinasyonunuk ar di yor espiratuvar adaptasyonlaré o
(17) ; ancak di jdearh ab ayz¢ék saerka kyt¢ékrinearllaer ,y apél an

(29) ve ba behéemayekrar ve ajérl ék aral ékl
g°r ¢l medijini rapor et mi kKt kombine @htdnraay grsbengd a, m
aerobi k adapt aslyone k e kslyded éelf &sknlzen ant r enman

kaynakel ankéjnegl mekt edi r .
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AEROBKK EGZERSKZLERKN SEDANTER BKREYLERK
KOMPOZKSYONUNA ETKKSK
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Tekirdaj Namék Kemal i niversitesi/ Spol
ucanli@nku.edu.tr 0000:0001-86033492

¥ZET

Bu ar a ksteédramatdear bireylere y°nelik wuygul anan
kat él eémcél arén vg¢icut kompozisyonu dejerl eri
ama-|l anmexktéer. Araktérmaya g°n¢ll ¢ ol arak 40
=169, 25N5.68) &kateéelmékter. Araktérma grupl e
Araktérma gruplaré i-erisinde exit sayeéeda k
gruptada 10 erkek ve 10 kadéen ol Bragrkpkenradr e t o
gr ubu, bir grup i se aerobik grup olarak i si
yakaména devam eder ken, aerob6 & dalipka sar ahsae
aerobic egzersizlere kat é&tséom d¢Cessttermmoidketli rk ul.
Araktérma 8 hafta boyunca devam et miktir. A
deji kkenl er i BKA y°nt emi kull anél ar ak bel
belirl enmesi bat]eatsiée zkuftiréneerkddemhleesrt t° ncesi nde
yapél mékter. Araktérma bul gul arénda i se; V¢
ol uktuju belirlenmixtir (p<0, 05) . Dijer V¢ C
arasénda anll armkl @ elsipri tdejdikimemi ktir (p>0, 05) .
noktasénda, aerobi k gruba kéyasla kontrol gr
ol duju belirlenmicktir. Aerobi k grubun ise v,
koruduju belirlenmiktir.

Anahtar kelimeler: v ¢ cut ajéerl ejé, yaj y¢zdesi, antrent

1. GKRKK

Bebekli kten yakl eéelék s¢grecine kadar organi z
kuvvet ve dayaneékl el ghkgdbjéemazeymebamr s?® aalteE
kalitesine bajlée olarak gerileyebilir veya
kal dejénda, v¢gcudun fonksiyonel ©°zelliklerin
nedeniyl el B a-meRrbaskal abil ecefji bil diril mek
Knsan v¢igcudunun her zaman sajl ekl e kalabil
gerekmektedir. Bu nedenle egzersiz yapmak, s
°nfmesinde °nemli bir r ol oynar ; bununl a bir
arasénda yer alan obezite, kardiyovaskg¢l er

hastal ékl arén azaltél maséna da kritede@&siziea] | ar
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birlikte kan basénceénda d¢kgKk, kas ve kemik
artmaseé, d¢g¢kme ve yaralanma riskinin azal mas
i yilekmesi, uzun ve smjrkkdd¢rb.i rDymaamlime nv es ay
orta yakleée ve il eri yakt aki bireylerin sajl
s¢rmelerine, ruhsal ve sosyal a-eédan g¢-1¢ o
sajlar (Aksogdaneg2@i@B) z, Agtres, kaygeée ve d
g°stererek ruhsal ve sosyal sajléején korunma
bi-imi ol arak beni msemek ve uygul amak bg¢y¢k
Sedanter da%krPr&eaék, bati rked i medir ve fnsedere
(Gi bbs ve ark., 2018) . Sedanter davraneécxk,;

kul | anma, késa mesafeler i-in ulakém ara-1ar
dinlenmed ¢ zeyi nde enerji t¢ketimiyle yapélan akt
Spor literat¢rende fisedantero teri mi, orta

d¢zeyde fiziksel aktivite ger amkll @éxti Smepan e
tarzeé, t¢em yak gruplarénda -exkitli sajléek so
I -in organizmanén daha formda ve sajleéekleée ol
yakam i - i faerobilpwerfitnesdsd &lpi yet | er i giderek art ma
bireylere sajladéjé faydalaré °jJrenebil mek i
Végceocut kompozisyonu, Ki kil erin fiziksel yap
karkeéel akt érmaldakylalygreal mdlkt adér . Geneti k f ak
et kil edif]J.i gi bi, i1ilgilendikleri spor dall ar é

2. Y¥NTEM

21.¢al ékma Tasarémé ve Katél emcél ar

¢tal ekxmaya bakl amadan °nce etik kurTékiomaayje

Namék Kemal iniversitesiomdami &l &matkitké mal Ga
Bildirgesii | kel eri ne uygun ol arak ye¢reéteéel megkteogr (S
i niversitede -alékan akademi k ve idari pers
kriterlerini karkélayan her birey g°n¢ll ¢ ol

Dabhil edilme kriterlerk u nl ar d é :

T 4060 yak aralejenda ol mak,
1T Fi zi ksel olarak bajémséz ol mak,
1 Kardiyak, ortopedik veya kaskelet sistemi disfonksiyonu bulunmamak,
1 ¢al ékma bakl amadan °nceki son 5 ay i -inde
aktiviteye katel mamék ol mak.
Har i - tut uilsmea kkurniltaerrd ée:r i
f Son 6 ay i - i nd estabilitesivaykalt ekgtrerkite kiskelete | i [

yaral anmasé ge-irmik ol mak,
1 Hormon replasman tedavisi almak,
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T Kontrols¢z diyabet veya hipertansiyon tan

Tém bu kokullare sajlayan ve arakteérma s¢rec
48, 42dahtoglad 0 g° n¢ |l logd ulkinruekyt duern BoOokarebemael
kadéndér .

2.2. Veri Toplama

22.1Ar akt ér ma model i
Araktérma deneysel mo d e | te¢erlerinden ger-ek
bili msel dke]j arakear magkare, ger-ek deneme mod:
Ger-ek deneme modellerinin ortak ©°zellikleri
atanmaséedeér . Bundan dolayé da her deneme mo
buluru r . Kendi i - er i s iSordtest Kdritrel GraipjurModelE Bu; modélde t e s t
yanséz atama ile olukturul muk i ki grup bulu
olarak kullaneléer. Her iki gruptam dhéhéem. d8
model de en °neml i nokt a, deney °ncesi o] - ¢
durumunda °nlemler al énmasé gereklilijidir (

2. 2. 2. Vecut Kompozisyonu ¥1| - ¢ mg
Kat el émcélarén t¢gm vecut bil ekimler:i biyoel
belirlenecektir. BKA cihazé; 8 elektrotlu, 5
5 ayré akém dalgaseée ile heweaymné Ibh%lca&,i gi°wv
kas k¢t esi ve yajseéz k¢tle dejerlerini ° 1 -
prensipleri dikkate alénarak ger-eklextirilm

2. 2. 3. Prosedg¢r

¥rneklem grubununk &t0é |eérnkceekd, a n2 0o | kuekdmark t ad ér .

olarak 2 grubu ayreéel mexkter. Bu grupl ar; Ael
isimlendirilmiktir. Aerobi k egzersiz grubune
bireysellik ilkesi dikkateé nar ak aerobi k egzersizler uygul
veriler neticesinde egzersiz programlaré tas

uygul anméxkt ér .

2.2.5. Kstatistiksel Anali z

Veriler, SPSS v.180 st ati sti k Spioagr améhisR8O0, ABD) k
edi | mi ktir. A<0l0%on | aérlaékk bde¢) zierylienmi Kt i r . Her ha
°nce, t ¢No rvmearl il i &kr ,a --Witkéestid d e, Skamit r @ | edi | mi kK
istatistikler,ortalama (meanye standart sapma (S@)| ar ak sunul muktur . Dej
farkl él efjen belirl enmnieessitnideanbaajiézms ézu | °l ranneekl | rme
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3.BULGULAR
Tabl o 1. Deji kKkdmlrkrl édregs£émgdask eren veriler
Dej i kkel Gruplar N Ortalama Ss t p
; Kontrol 20 1,27 1,55
vecut a 2,301 0,023
(kg) Aerobik 20 0,04 1,38
Kontrol 20 0,46 0,60
BKK (% g 2,027 0,051
Aerobik 20 0,05 0,54
V¢cut y| Kontrol 20 1,16 1,48
1,062 0,296
(%) Aerobik 20 0,43 2,37
Kas k¢t | Kontrol 20 0,11 0,79
0,246 0,807
(kg) Aerobik 20 0,05 0,70
4. SONUC¢LAR VE DEjERLENDKRME
Bi -er ve,aykti «kRODB9kadéenl arda 8 haftal é&k aer
parametreler czerindeki et ki sini i ncel emi K
azal ma tespit e tKafkagueark. (2008)earr zad ré nkdeakni 1868 pa kh a st
aral ejendaki kadénl ar czerinde ye¢éeregtelen 12
vegceout ajerl ejée ve vggcut kitle indeksi dej e
Go°n¢l Atek Bl ma&ké v(e0dONiyap®Eadmdh) ve 8 kadeéen
olukan (toplam 10 ki ki) deney grubunu kapsa
sonunda katél éemcél arén ortalama 5 kgol ék an!
Benzer Kkaerkaicladne ,ve ¢Q¢alaalkgjri¢u t (X0 @3 i -al exmada
etmi Kkl erdir.
Ar akt ébrurdagdual,ar én yoruml anmasé noktasénda, ae
vegceout ajerleje dejerlerinde daha fazla arte
ajéerl ejle@erdaj eegzersiz s¢resi boyunca koruddu
egzersiz stratejilerinin v¢gcut ajéerl ejénén |
de¢kegnegl mektedir .
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KOYUNLARDA ¢KG¢EK HASTALI JI NDA PATOLOJKK DEJ
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¥ZET

¢i-ek hastaleje °zellikle koyun ve ke-ilerde
|l ezyonl arl a karakterize ol an ol duk-a bul akéc
yaniept el dokusuna affinitesi olan poxviruslard
bir-ok t¢rde hastaléeja neden ol ur. Hast al ék
sonucu olurken solunum yoluylarda AGAkébhbaésgsk, b
ve dékké il e kontaminasyon da hastaleéején bul
| enf yumrul aréna ve ordan | enf dol akémé il e

at ek, burun ve g° zkyraoksek oabki &kn toelsaér agk® rd¢elr¢ird e Ma:
|l ezyonl aré ile karkeéel akel ér . Erken d°nemde n
ol arak kabukl anmaya d°ng¢ker . Hi stolojik ol ar
dejenerat kferde] hkpekFrkeratoz ve sitoplazmik

-alekmada ile ¢l kemizde de yaygén ol arak g°©
hakkénda dejerlendirmeler ama-I|lanméxteéer .

Anahtar Kelimeler: Koyun, ~-i-ek hastalejé, patoloji
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1. ETKYOPATOGENEZ

Koyun -1i-efji hastal éjé deride vezike¢llerin
viral ° 1 ¢mc ¢ | bir hastal ekteéer. Hast al ék ge
Yeti kkinlerde i se VvEetrkienm ksaaydbeécnea dneerdiedne odledyri.l
Kiddetl i pn°moniye neden ol ur. Hastal €] én e

goatpox genotipinde yer alan Capripox Virust
sal genl ar ya gdlar ¢elngdre.mi Bkt koelmirmmkgenot i pi k yapeé

séjérlarda g°r¢len umpy skin hastal éje etke
gé-teér . Etken hastal ékl é& deride yéllarca ka
kd arak hastal éjén yayél maséna neden ol abilir
-ok benzer ol sa da ke-ilerde daha hafif | e

koyunlarda48, ke-i4ldr dgeni se-B08éndadeéer (1
2. BULAKMA

Hastae ] én bul akmasé -ojunlukla enfekte hayvanl
Akcijerlere yerleken etkenler solunum yol uyl
ol ur . Knsektler yoluyla bulakma nadir ol sa d

3.KLKNKK BULGULAR

Hastal ékta g°r¢len klinik bulgular gen- hayyv
sonu-1|l aner . Knk¢basyon periyodundan sonra i
akéntesée, burun akaénretkési é&,. hGelnsi zhlaiykv amd ayr idkas &
i - organlar etkilenir solunum g¢-1¢7 ¢ Kekill
eden3 g¢n sonra °zellikle az yeé¢nl ¢ skrotum, [
gi bi be | yeeH @ rldel i rgin g°r¢len -i-ek |l ezyonl e

hastal €] én s¢resine bajlée olarak makld! den Kk

4. MAKROSKOBKK BULGULAR

¢i -ek hastaleéejénda g°r¢len tal ékeli rign nt maikk
| ezyonl aréder . Hastal @&j én erken deri for mun
Keklinde g°re¢len eritemat©®z |l ezyonlar di kkat
il erl eyen d°nemde -Iliereik kefsftafl é§&v a -iilne td oli Kk
Hastal ék ilerledik-e bu vezik¢ller yerini p ¢
sekonder bakterilerin kontaminasyonu dur umt
hayvanl asielhemiekkde®,p | enf yumrul arénén ki ddet|
solunum ve sindirim sistemi organlarénda ¢l s
sol gun alanlar g°r ¢l ¢r . ¥ z e | {beydzInekrotiy egklar h ay v :
patognomi ktir. Ayréca prepisyum v4d7)vul vada d

5. MKKROSKOBKK BULGULAR

Hastal éjén histolojik bulgularée hastal éején c
akamaseéendaki | ezyonlzairsd ay ad adha h ok e rpkaerraakteorzait
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6. TANI
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7. KORUNMA

Hastal éktan korunmanén bakl é&ca yolu s¢rél eri
yapélan akél am&lay sdreylagviaaj] awelb ol url ar .
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ABSTRACT

In hydraulic engineering, friction losses in pipelines significantly increase pumping power and
operating costs. In this study, the drag reduction performance of partially hydrolyzed
polyacryamide (PHPA) additive in smooth pipes was investigated experimentally.

Experiments were conducted with three different PHPA solutions (0.04%, 0.06%, and 0.08%)
in a horizontal smooth pipe with a diameter of 80 mm, and differential pressure measurements
were carried out. The Fanning friction factors were calculated from the obtained data, and the
results were compared with both the Blasius correlation for Newtonian flow and the Virk
asymptote for turbulent flows with polymer additives. The results showhéadtiction factor
decreased significantly as the PHPA concentration increased, and the measurements
approached the Virk asymptote at a concentration of 0.08%. Drag reduction percentage (%DR)
reached a maximum of 37% for 0.04%, 48% for 0.06%, and 59%.08f6. Evaluations in
Prandi K8 r m8n coorike &@fat esl d/&dnfirmed that incr
corresponded to lower drag and more stable flow behavior. Consequently, PHPA offered the
potential to increase the energy efficiency ofpipe flows by providing significant drag
reduction over a wide range of Reynolds numbers in smooth pipes.

Keywords: Drag reduction, Smooth pipes, Polymers, Pressure drop, Friction coefficient,
Experimental study

1. INTRODUCTION
The transportation of fluids tbugh pipes is a fundamental process in many engineering
systems. However, especially in turbulent flow, the interaction between the fluid and the pipe
wall causes significant frictional energy losses. These losses increase pumping costs and reduce
the oveall efficiency of the system. Therefore, reducing drag, particularly in smooth pipes, has
become an important topic to improve energy efficiency in industrial applicatie8js [1

In 1948, the phenomenon known as the "Toms Effect" was discovered by Tomeh{4]
observed that adding very small amounts of high molecular weight polymers could greatly
reduce friction in turbulent flow. In later studies, Virk [5] explained that these polymers create
an elastic sublayer in the flow, changing the structure ofutenice near the wall. In his
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subsequent works, he introduced the concept of a maximum drag reduction asymptote
(MDRA), which is a universal limit independent of polymer type or concentration [6,7].

Drag reduction depends not only on the polymer but algppEngeometry, surface roughness,
temperature, and concentration. For example, Karami and Mowla [8] conducted 648
experiments with three different polymers and showed that friction could be reduced by up to
44%. They also developed a mathematical modetedict this effect. In another study, Kamel

and Shah [9] found that increasing temperature and salinity reduce theeduagg
performance of polymers.

Shah et al. [10] conducted experiments in both straight and coiled pipes and found that drag
was hidner in curved pipes, reducing the effectiveness of polymer additives. Similarly,
Allahvirdizadeh et al. [11] tested PHPA polymers in horizontal annular pipes and observed up
to 38% drag reduction, with the optimal polymer concentration being 0.07%. Bsetidie

[12] showed that drag reduction is closely related to the velocity fluctuations in the buffer layer
of the flow. They tested different types of polymers and explained how the velocity profile
changes with polymer concentration. Tiederman et 8|. ¢kperimentally showed that if the
polymer is injected only into the viscous sublayer, drag reduction does not occur. The effect
starts only when the polymer reaches the buffer region. A related study showed that polymers
reduce burst frequency and inase streak spacing in the neall region.

Chen et al. [14] tested a 20 ppm polyacrylamide solution using-&&ymolds k0 model and
confirmed that drag reduction occurs mainly in the buffer and logarithmic layers, not in the
viscous layer. Yang and Dd5] also developed an eddy viscoditgsed model to describe

drag reduction in rough pipes with polymers. Besides polymers, surfactants are also effective

in reducing drag. R- Ua Es ki et al . [ 16] test
that they vork best at low temperatures, but their effectiveness drops as temperature increases.

Jia and Lei [17] studied the effect of adding bentonite and quartz sand to xanthan gum solutions
and found that high solid content reduces drag reduction performande. étakl. [18]

proposed new drag reduction limits for Apolymeric additives like surfactants and aluminum

soaps. Their results showed that micellar structures formed by surfactants suppress turbulence
more effectively than polymers. Kadivar et al. [18}yded a detailed literature review on how
turbulence changes over rough surfaces and how this affects drag reduction.

Recent studies have shown that using additives such as polymers and nanoparticles can
effectively reduce drag in pipe flows. Dhiaa et[2D] conducted an experimental study using

Poly Acrylic Acid (PAA) and Zinc Oxide (ZnO) nanoparticles in water flow through horizontal

pipes. Their results indicated a drag reduction of up to 47% at 500 ppm PAA concentration with
0.6% ZnO, especially ismaller pipe diameters and higher flow rates. These findings support

the use of chemical additives to improve flow efficiency and reduce energy consumption in
pipeline systems. In studies aimed at reducing drag inteigiperature flow systems, new
generabn surfactants have attracted attention. In the experimental study by Liu et al. [21] it

was found that the additive BTAC provided up to 56% drag reduction at temperatures up to
80AC. Additionally, it was o0bser diendn heat at t h
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transfer. These results indicate that additives like BTAC can be used to improve efficiency in
high-temperature systems.

This project focuses on the experimental investigation of drag reduction by polymer additives
in smooth pipes. The effeof different polymer concentrations on frictional pressure losses is
examined and compared with widely accepted literature correlations.

2. MATERIALS AND METHODS

In this study, the effect of PHPA (partially hydrolyzed polyacrylamide) polymer additive on
drag reduction in smooth pipes was experimentally investigated. The experiments were
conducted at the Hydraulics Laboratory of the Civil Engineering Department at Izmir Katip
Celebi University (Figure 1).

Figure 1. Izmir Katip Celebi University Civil Enigeering Department Flow Loop, smooth
pipe.

A smooth pipe with an inner diameter of 80 mm was used in the experiments. The solutions
used in the study were prepared by mixing PHPA polymer with water at varying concentrations.
PHPA solution was prepared atested at three different concentrations (0.04%, 0.06%, and
0.08%). With the addition of the polymer, the fluid exhibited-iN@wtonian behavior.

The experimental setup consisted of a water tank, water pump, flow control valve, flow meter,
pressure transitter, and a horizontal pipeline. The energy loss during the flow process was
determined by measuring the pressure difference between two points. In each experiment, flow
rate (Q) remained constant at a spaedi fic val

To determine the friction factor, the Reynolds number was first calculated. s t he
gener al zed Reynolladws fnluumbde ra nfdo rc aPho woeer cal cul

o S (2.1)
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where0 is the consistency indeg,is the flow behavior indeX, is the fluid density (lbm/gal),
wis the fluid velocity (ft/s) , an® is the pipe diameter (ft).

Based on the databtained, the friction factor for each test was calculated using the -Darcy
Weisbach equation:

QN — - (2.2)
According to standard Fannirfigction factor formula ,
Q 1Q (2.3)

To ensure the experimental results are comparable, two different models commonly used in the
literature were applied.

The Blasius [22] correlation (for water) was used as follows:
— 18l I ¢YQQ m (2.4)
Virkdos [ 6] asympt ot iwth ponondradditives) was alsobusedb ul ent f
Q™ do ° (2.5)

The drag reduction ratio for each polymer concentration was calculated using the following
equation:

POY

‘pmm (2.6)
Here:

1 30 : isthe pressure drop when using water only

1 30 : pis the pressure drop when using water with polymer.

This method allowed the comparison of the drducing effects of polymers at different
concentrations.

3. RESULTS AND DISCUSSION
In Figure 2, the Fanningi€tion factor valuesire examined against the Reynolds number based
on the results obtained from experiments with a PHPA solution with a concentration of 0.04%.
The Blasius correlation is used as the standard Newtonian reference for smootangifks,
Virk Maximum Drag Reduction Asymptote (MDRA), which characterizes the upper limit of
drag reduction for polymer solutionghe Fanning friction factor decreases as the Reynolds
number increases. The experimental results lie significantly beloBlaksais curve and above
Virkds MDRA. This indicates that significan
additive, but the maximum drag reduction limit has not been achieved.
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Figure 3 shows that, with 0.06% PHPA, fenningdfriction factor decreasd significantlyover
the entire Reynoldaumber rangethe experimental values approach Virk's MDRA while
becoming far below the Blasius curve.
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Figure 2: Reynolds number vs Fanning friction factor, 0.04% PHPA
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Figure 3: Reynolds number vs Fanningction factor, 0.06% PHPA
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Figure 4: Reynolds number vs Fanning friction factor, 0.08% PHPA
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Figure 4 shows that increasing the PHPA concentration to 0.08% shifts the data downward,
approaching Virkdéds MDR asympt attas.are fielowesti s ¢ c
among all cases and remain quite below the Blasius curve, confirming a strong polymer effect.
Overall, the 0.08% PHPA solution provides nesximum drag reduction within the examined

range.
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Figure 5: Drag reduction (%DR) with 0.04 PHPA

Figure 5 demonstrates that, the solution with 0.04% PHPA, the drag reduction varied between
10% and 37%, and the %DR value increased significantly as the Reynolds number increased.
This shows that the energy loss can be reduced even with low addiiiv.
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Figure 6: Drag reduction (%DR) with 0.06% PHPA

In the experiments conducted with 0.06% PHPA, the drag reduction increased even more, the
%DR value started from 15% and reached 48%. It was observed that the effect of the polymer
on the flowbecame stronger as the additive ratio increased as shown in Figure 6.
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Figure 7: Drag reduction (%DR) with 0.08% PHPA

In Figure 7, the highest drag reduction can be observed with the highest additive rate of 0.08%
PHPA, with the %DR value starting from%8and increasing to 59%. This rate shows that the
additive is approaching maximum effectiveness.
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Il n Figur e 8, 1 Rewfgraph, obgainedioedifféerénBPHPA concentrations, it was
obser ved t haincredasddeviththe tadrease a the amount of additive. This shows
that the friction factor decreases as the additive concentration increases. Especially at 0.08%
PHPA additive, the system reached the lowest friction valresthe highest drag reduanti

was achieved.

4. CONCLUSION
This research focused on examining how PHPA polymer additives affect frictional pressure
losses in smooth pipe flow under experimental conditions. Three concentiafid#o,
0.06%, and 0.08% were tested and evaluated by compguthe results with commonly used
Blasius and Virk curves.

The results revealed that increasing the PHPA concentration caused a noticeable decrease in
the Fanning friction factor. In particular, at 0.08% concentration, the measured values came
closetothe¢ heoreti cal Virkoés maxi mum drag reducti c
effect. Additionally, it was observed that drag reduction percentage (%DR) increased as
Reynolds number rose. The findings show that the maximum %DR values recorded were:

1 37% with 0.04% PHPA

1 48% with 0.06% PHPA

1 59% with 0.08% PHPA
Furthermore, the relationship between 1/ af a
higher polymer concentrations contribute to lower friction levels. Overall, PHPA proved to be
a promsing drag reducing agent in turbulent flows, especially under high Reynolds number
conditions.
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These findings suggest that polyatersed additives such as PHPA may offer an efficient way
to minimize energy loss in fluid transport systems and help impghav/performance and cest
efficiency of pipelines.
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ABSTRACT

Reliable prediction of river streamflow is critically important for the sustainable management
of water resources. These predictions are essential for a wide range of applications, including
drinking water supply, agricultural irrigation, hydroelectric energy production, and flood
control. In today's world, where water regimes have become increasingly unpredictable due to
climate change, the value of accurate streamflow forecasting has growmexe significant.

In this context, the development of highcuracy forecasting methods plays an important role

in supporting regional development and reducing disaster risks. Because river streamflows are
complex and nonlinear, traditional statisticgpeoaches cannot sufficiently capture these
characteristics. Therefore, in recent years, Machine Learning-(sié¢d models have become
more popular in this field.

In this study, monthly streamflow data obtained from observation stations in Turkey @dre use
to compare the prediction performance of four different ML models: Regression Tree, Bagged
Trees, Linear Regression and Lasso. The results show thhased models, led by Regression

Tree and followed by Bagged Trees, most effectively capture mosttielgmflow variability,

offering practical accuracy for planning and management, whereas linear models are inadequate
for this purpose.

Keywords: River Streamflow Prediction, Machine Learning, Regression Tree, Bagged Trees,
Linear Regression, Lasso, WaResources Management, Monthly forecasting

1. INTRODUCTION
Rivers and riverbeds have provided significant benefits to humans for centuries, being essential
components of both ecological and human systems. They provide vital water resources for
domestic consumption, agriculture, industry and energy production. In recent years, challenges
such as rapid population growth, increasing urbanization and the intensifying effects of climate
change have increased the need for ecological and sustaindéfter@gurces management.
Especially in countries such as Turkey, where hydrological conditions are highly variable and
water resources are unequally distributed, efficient management practices are essential for
regional stability and development. Relialflew forecasts support flood risk reduction,
irrigation planning, reservoir operation and water allocation, while also improving energy
efficiency and environmental protection3].
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Traditional hydrological predictive models, usually based on physicalsunements and
empirical equations, often struggle to predict the complex, nonlinear dynamics of natural river
systems. To address these limitations, -diateen approaches based on Atrtificial Intelligence
(Al) and Machine Learning (ML) have become inciegly popular with the expansion of
technological possibilities. These methods offer adaptable and highly effective solutions for
modeling hydrological processes under various environmental conditions [4,5].

Ki si and Cémen [ 6] i nwaeetet ang auppord vedton enachéne c ur a
conjunction model in the prediction of monthly streamflow. They combined discrete wavelet
transform and support vector machine methods, and compared with the single support vector
machine. They expressed that resultswsltibat the conjunction model could increase the
prediction accuracy of the support vector ma
classification and regression trees (CART) are well suited to complex ecological data. They
handled nonlinear rei@nships, higheorder interactions, and missing values while still giving
interpretable results. They also showed that spatial predictors can substitute for physical
variables when the latter are unavailable, and that linear models failed to reveas paipeured

by the trees. Supporting trbased models, Gaussian Process regression offers probabilistic
forecasts with principled uncertainty quantification, which is valuable for hydrological decision
making [8]. Solomatine and Ostfeld [9] provided aerwiew of datadriven modelling in river

basin management. They summarized widely used matdkanging and computational
intelligence methods, reported practical experiences, and highlighted recent trends. The authors
noted typical pitfall8 such as oveitting and data limitatior and emphasized that robust
validation and adequate data are essential when complementing physically based models.

Chen and Guestrin [10] employed XGBoost, a highly effective and widely used gradient
boosting framework. They stat that its sparsitpware learning and weighted quantile sketch,
together with cach&iendly and distributed implementations, enable training on billions of
examples with modest resources. These properties make XGBoost useful for hydrological
predictiontasks involving nonlinearities, missing data, and mixed predictorfSh&iie et al.

[11] developed an ANFIS model for monthly rainfall on the Klang River usingiZ¥¥8 data

from the Klang Gates Dam. They optimized inputs and structure byatrikdrrorand evaluated
performance with RMSEY , NSE, gamma, and Spearman coefficients. The ANFIS model
outperformed a standard ANN, yielding closer agreement with observations.

Sarigol et al. [12] investigated monthly streamflow prediction at two gauges iKainga
Closed Basin using Emotional Neural Network (EmNN), Long Shertn Memory (LSTM),
Elman Neural Network (ENN), Nonlinear AutoRegressive with eXogenous inputs (NARX),
Recurrent Neural Network (RNN), and the Group Method of Data Handling (GMDH). Using
partial autocorrelation (PACF) to select lagged inputs, they reported that GMDH achieved the
best scores. Their results highlight the value ofsoifhputing models for serairid hydrology

and provide guidance for operational model selection. Okkan afidli®§13] compared
feedforward neural networks (FFNN) and generalized regression neural networks (GRNN) for
monthly reservoir inflow prediction at Kemer Dam (Buyuk Menderes Basin, Turkey). They
found that GRNN performed better during training whereasNFgdheralized better in testing.
Seasonal analyses (box plots; MawWitney U) indicated FFNN excelled in summer/autumn
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and GRNN in winter/spring. The study-boxmfirm
tools for inflow modeling without explicit pross descriptions.

Al-Juboori [14] investigated monthly streamflow estimation for the Adhaim River. Because
using only SVM gave weak results, he proposed a hybrid approach consisting of three machine
learning models: Kneans clustering, Bayesian networksd Support vector machine, and
obtained significantly better results. Pramanik and Panda [15] studied daily barrage outflow to
reduce downstream flood risk during the rainy season. They compared artificial neural networks
(ANN) and an adaptive neufazzyinference system (ANFIS) using reservoir release data from
the Hirakud Dam with 13 days of lags as inputs. They tested five input sets and three ANN
training algorithms (conjugate gradient, Levenbdftgrquardt, gradient descent)sing three

lagged input with the conjugatgradient trainer produced the best resuata] overall ANFIS
performed better than ANN.

This study investigates the predictive performance ofliesed and linear models for monthly
streamflow. Using observed discharge data obtdnosa flow monitoring stations managed by

the General Directorate of State Hydraulic Works (DSI) in Turkey, we evaluate four algorithms
and find that tredased models provide the most reliable accuracy for water resources planning
and management.

2. MATERIAL S AND METHODS
2.1Working Area

The Cine Stream is a mediesized stream located in the sowidist of the Buyuk Menderes
Basi n, originating in t hydBandrlaanr dMoru na+ad nfsl @
west direction between approximat&ly7 A-2 8 Nj4 7 Nj N -2a8nAd2 22Ng AFO S5aNjd  j oi n ¢
Menderes River (Figure 1). With a drainage a
from its mountainous source section with an
plain.

The climde of the region shows micnariations due to elevation differences along with the
general Mediterranean characteristics of the basin: in the coastal plains winters aegnwyjld

summers hetlry; in the upper basin winters are cooler and total annealptation tends to

increase. Accordingtothe 19210 1 0 nor mal s of Aydén (57 m) an
Turkish State Meteorological Service (MGM), the average annual precipitation is 730 mm, with
January and December being the wettest and ddlyAagust being the driest months.
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Figure 1. Buyuk Menderes Basin

In this study, monthly average flow data covering the period from October 1946 to September
2005 on the Cine Stream operated by the State HydnAldiks (DSI) were used. Since the

data are based on 59 years of hydrometric observations, they are suitable for evaluating both the
long-term behavior of the natural regime and the reflection of climate/land use variability on the

flow. Flow records are psented in Table 1.

Fl
15.

oOWwWS

18 mjFebruary) and

aver a-ge fl ob. 8 8 e20@bewsth a rdaxirudn4n@nthly average of
-a

MAogmem) of O0. BBe mpas

year (OctobefSeptember), in accordance with the typicadilerranean regime of the basin,
the highest flows occur in Decembdarch and the lowest in Julgeptember.

Tablel Chronol ogical 1 ist oflf )ymordt ICli yn en28b)r esatnr €
Months Streamflow
October 1.36
November 2.82
December 8.24
January 14.33
February 15.19
March 11.29
April 7.14
May 4.18
June 2.60
July 1.55
August 0.99
September 1.03
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Average 5.89
2.2Data Collection and Model Implementation

In this study, monthly average flow data from Cine Streawering the period from October

1946 to September 2005 were used. The data were obtained from the General Directorate of
State Hydraulic Works (DSI) and are suitable for ldegn hydrological analyses since they
include 59 years of continuous observagion

To predict monthly streamflow, three machine learning algorithms were applied:

1 Regression Tree (RT):

Regression Tree (RT) is a supervised learning technique used for predicting continuous values
through a hierarchical tree structure. It works by raealhg splitting the data into subsets based

on the feature that minimizes the error in each node, typically using the mean squared error
(MSE) criterion. RT models are particularly useful for handling nonlinear relationships and
interactions between varis without the need for data transformation or complex
preprocessing. In the context of hydrological forecasting, regression trees offer a simple yet
powerful way to model streamflow behavior, especially when the underlying physical processes
are difficuk to quantify. Their transparency and interpretability make them suitable for decision
making in environmental applications.

1 Bootstrap Aggregated Trees (Bagged Trees):

Bagged Trees, or Bootstrap Aggregated Trees, is an ensemble learning method thetsonstr
multiple regression trees using different random samples of the training data and then averages
their predictions. This technique reduces model variance and mitigates the sensitivity of
individual decision trees to small changes in the dataset. Bg@afgng the outcomes of diverse

trees, Bagged Trees often yield more stable and accurate predictions. In hydrological
applications, Bagged Trees are advantageous when dealing with noisy or sparse data, as they
increase the robustness and reliability oéamnflow forecasting. The ensemble approach also
helps capture the variability and complexity inherent in river discharge processes.

1 Linear Regression (LR):

Linear Regression (LR) is one of the most widely used and foundational statistical modeling
techniques for predicting a continuous dependent variable based on one or more independent
variables. It assumes a linear relationship between the inputs and the target variable. Despite its
simplicity, LR can provide meaningful insights into the relatiopsbetween hydrological
variables and serve as a baseline for more advanced models. In this study, Linear Regression is
utilized to establish a comparative benchmark for evaluating the performance of more complex
models. While it may not fully capture norear behaviors in river systems, its interpretability
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and low computational cost make it a useful tool in estdge model development.

T Lasso Regression (Lasso):

Lasso Regression, short for Least Absolute Shrinkage and Selection Operator, is a linear
regression model that incorporates L1 regularization to prevent overfitting and enhance model
interpretability. Unlike traditional linear regression, Lasso can shrink some coefficients exactly
to zero, effectively performing feature selection during modaining. This makes it
particularly beneficial in datasets with a large number of predictors or multicollinearity among
input variables. In hydrological modeling, Lasso is valuable for identifying the most influential
factors affecting streamflow while elinating noise from less relevant variables. This results

in a more parsimonious model that maintains accuracy and generalization capability.

The models were developed and trained using
model , the dataset was divided into training
generalization performance. The input variable for each predictionhgagtreamflow values

of the previous months, allowing the models to capture temporal dependencies and seasonality

patterns inherent in hydrological time series.

Model performance was assessed using three commonly adopted error metrics:

1 R-s g uar e Bropdrt®n of variance in the observations explained by the model.

W W
W

B

whereware observationsypredictions@the mean ofo, and¢ the sample size.

1 Root Mean Square Error (RMSE): Average magnitude of the piietion errors,
expressed in the same units as the target.

2-3% — w W

1 Average Absolute Percentage Error (AAPE)Mean absolute error expressed as a
percentage of the observed values.
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All models were compared based on these metrics, and their prediction results were visualized
through scatter plots comparing obsehamnd predicted streamflow values. This allowed for a
comprehensive evaluation of how well each machine learning method captured the underlying
patterns in the historical data.

3. RESULTS AND DISCUSSION
In this study, the streamflow data of the C8teeam between the years 1946 and 2005 are used
implementing four different machine learning algorithms: Regression Tree, Bagged Trees,
Linear Regression, and Lasso. Model performances were evaluated t¢sigggRar ed ( R] ) ,

Mean Square Error (RMSE) arAverage Absolute Percentage Error (AAPE) metrics. The
results are summarized in Table 2.

Table 2 R-squared, RMSE and AAPE valuies the models

Model R|] RMSE ( AAPE (%)
Regression Tree 0.8994 0.9161 7.5880
Bootstrap Aggregated Tre@agged Trees)  0.8116 1.2538 13.0406
Linear Regression 0.3069 2.4050 21.2775
Lasso Regression 0.1866 2.6054 23.6972
As shown in Table 2, the Regression Tree mod

0.8994, an RMSE AAPE & 7.988% Whilenttje Lasso Regreskion model
showed the lowest prediction accuracy.

Scatter plots of actual versus predicted values for each model are shown in Fjurdse2

diagonal dashed line represents the ideal prediction line (1:1 line). Aimotested algorithms,
Regression Tree yielded the best overall per
RMSE. Bagged Trees also performed well, while Linear Regression and Lasso Regression
showed relatively lower accuracy.

As seen in Figure Zhe actual and predicted valuage quite close, with little scatter. The
Regression Tree model captured the general trend well across the data range. While there is

occasionally a slight underestimation at higher values, overall performance is &riorig Q . 9 O ;
low error).
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Figure 2. Observed vs Predicted Scatter PRégression Tree

BAGGED

Predicted Values

2 4 6 8 10 12
Actual Values

Figure 3. Observed vs Predicted Scatter PB&gged Trees

ISBN NR. : 978625569446-1 | 56

ON



| CONFERE
o P

5

T

CUMHURI YET 15t h | NTERNATI OANRARL ISODNEERRESCE ON
October TRRKARA25
— CONFERENCE BOOK

In Figure 3, the general trend appears correct; the points are again clustered around the reference
line. However, especially at higher values, the model tends to becansirvative biasing

predictions towards the mean. Despite this, theresuls aré¢ i sf act ory and st at

LINEAR

”’
12t

10 } Y o .’

Predicted Values

6 8 10 12
Actual Values

Figure 4. Observed vs Predicted Scatter PlahearRegression

When examining Figure 4, it appears that the points deviate widely from the perfect line. The
model cannot adequately represent the relationships in dtee there is a tendency to
overestimate low values and underestimate high values. It is clear that the errors are serious, and
the model performance is low (R]ao. 31).

Figure 5 shows that the results are similar to the linear model, but due to furthidrcsitigm,

it captures the relationship even more poorly. In particular, it significantly underestimates the
higher values; the estimates are concentrated in a narrow band, increasing the error and reducing
the prediction power (R]ao. 19).
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4. CONCLUSION

This study focused on predicting monthly streamflow using four different machine learning
models, Regression Tree, Lasso Regression, Bagged Trees, and Linear Regression, by utilizing
long-term observed discharge data from the Cine Stream in the Buyuk Menderes Basin, Turkey.

The models were trained and tested using MA’
their performances were evaluated using three key statistical indidatsrsfuar ed ( R] ) ,
Mean Square Error (RMSE), and Average Absolute Percentage Error (AAPE).

The findings revealed that the Regression Tree model achieved the highest predictive accuracy,
with an R] of 0.8994, RMSE of atihgsfadhdgagyreement s, a
between predicted and actual values. Bagged Trees followed RT in performance, offering more
stability compared to Linear Regression and Lasso Regression, though with slightly reduced
accuracy. On the other hand, LR and LASSO und&apeed significantly, suggesting that

these linear models were less capable of capturing the nonlinear patterns in the streamflow data.

From a practical perspective, the results suggest thabasssl models, particularly Regression
Tree, are better suited for river systems like Cine Stream that exhibit seasonal variability and
nonlinear hydrological behavio©Overall, the study providea systematic comparison of
machinelearning techniques for hydrological modeling and shows that regrdssseul
ensemble approaches (e.g., bagged trees) can be effectively employed for operational flow
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prediction. In semarid basins, these models offefiable decision support for watexsources
management, drought planning, and flock control.
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ABSTRACT

Cement production is one of the major sources of €fissions, contributing sngficantly to

global warming and environmental degradation. Therefore, the partial replacement of
cementitious materials with industrial4pyoducts has become an essential strategy to promote
sustainability in construction materials. Studies conducteecient years have yielded positive
results in reducing the use of cement in ternary and quaternary binder systems. However, in
these studies, it is observed that the most important component of the ternary and quaternary
binder system is still cement. Iri$ study, the combined use ldést furnace slag
(BFS)andmill scale (MS)as partial substitutes failica fume (SF)n ternary blended (gypsum

+ lime + silica fume) mortars was investigated to assess their effects on workability, unit weight,
mechanicbstrength, and water absorption. The results revealed that the replacement of SF with
BFS and MS generally decreased the flowability of mortars due to the rougher and more angular
particle morphology of these materials. Both BFS and MS increased theafrédiardened

unit weights of the mortars, reflecting their higher specific gravities compared to SF. Water
absorption tests demonstrated that both B&& MSmodified mortars exhibited reduced
permeability compared to the reference mixture, indicatidgrser and less porous matrix. In
addition, it was observed that both the compressive strength and splitting tensile strength of the
mortars improved when both materials were used.

ISBN NR. : 978625569446-1 || 60




\_LBHHRM'[‘_.
¥ Ty

g,

CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
October TARBRKARA25
CONFERENCE BOOK

ACADE,
wre,
(\\
EITER

D

Anahtar Kelimeler: Blast furnace slag, mill scale, ternary blended mortar, industrial waste

utilization, physical and mechanical properties.

1. INTRODUCTION

Concrete is the most widely used construction material in the building industry due to its
versatility and availabilityf1]. Its excellent compressive strength, durability, and adaptability

to various structural forms make it an essential component of modern infrastructure and
architecture. This widespread utilization underscores its critical noelecanstruction,
encompassing buildings, bridges, roads, and various other structures. The production of
concrete involves the use of significant binders, primarily cement and aggregates, which are
essential for achieving the desired structural integritgg parformance characteristics of
concrete.

The cement industry stands as a cornerstone in the realm of construction materials. Cement's
unique properties make it indispensable for providing the binding strength required in concrete
mixtures. However, therpduction process of cement is not without substantial environmental
concerns. One of the most pressing issues is the high level of carbon emissions associated with
cement manufacturing. The cement industry is responsible for approximéit@%s 5f global

ant hropogenic CO [2&4mniThésssignificast coatkbatioryto thee ghobal
carbon footprint is largely due to the chemical processes involved in producing cement,
specifically the calcination of | imestone, w
Cement related COemissionsthese emissions stem directly from the essential chemical
reactions that occur during cement production. The calcination process, where calcium
carbonate (limestone) is heated to produce ¢
Additionally, the energyintensive nature of cement production, which often relies on fossil
fuels, further exacerbates its environmental impact. Beyond carbon emissions, cement
manufacturing also entails the extensive consumption of natural resources, including raw
materals such as limestone, clay, and sand, as well as significant amounts of water and energy
[5].

Given these environmental challenges, there is a growing imperative to explore sustainable
alternatives that can reduce the reliance on traditional cement. This includes the development
of innovative materials and methods that not only maintain the performance standards of
concrete but also mitigate its environmental footpfBit11]. The exploration of such
alternatives is crucial for advancing sustainable construction practices and addressing the global
environmental concerns associated with the cement industry.

Products with ternary and quaternary binder systems are ismsaiesigned with generally

lower amounts of cement and have been tried in recent years as binders to reduce the
environmental damage caused by cement.

Hassan & lbrahim[12], investigated the performance of higinength flowable concrete
(HSFC) with up to 70% of Portland cement replaced by S@4sng 16 mixes under normal

and hightemperature conditions. The results showed that HSFC with high SCM content
performed similarly or even better than normally cured concrete, even under hot climate
conditions.
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Dave et al[13] developed quaternary binder and mortar systems with Portland cement partially
replaced by SCMs (FA, SEGBS, MK, LP) at 3050%. Tests on binders and mortar mixes
showed that quaternary binders, particularly those with GGBS and MK, achieved higher
compressive strength and better permeability thantiesed mixes, demonstrating suitability

for industrial aplications.

Dave et al[14] studied quaternary binders withiBD% OPC replaced by SCMs (FA, GGBS,

MK, SF) at a constant watéo-binder ratio and binder content. Tests on mechanical properties
and dirability showed that certain quaternary mixes outperformed control and binary concretes,
demonstrating enhanced strength, durability, and sustainability compared to 100% OPC
concrete.

Zhang et al[15] developed a quaternary binder using GGBS, red mud, steel slag, and flue gas
desulfurization gypsum to recycle solid wastes. Tests and ANN predictions showed synergistic
interactions among compamis, with certain additives enhancing hydration and compressive
strength, and a genetic algorithm identified the optimal binder composition.

Golewski[16] investigated plain concretes using a quaternary binder vBIsS(FA, SF,
nanosilica) and explored nanotechnology applications. Results showed the quaternary concrete
had high mechanical performance, wadlveloped microstructure, and significantly reduced

coO emi ssions, maki ng it tivatosouoventiondl OPLlcdn@eteand e
Vignesh and Rahirfl7] developed a higstrength quaternary binder with 380% GGBS, b
15% MK, and 5% lime powder to reduce cemerg | at ed CO emi ssions. C

and microstructure analyses showed the mix with highest GGBS content achieved 54.13 MPa
at 28 days.

Han et al[18] studied the optimal design of quaternary cement paste with cement, limestone,
clay, and slag, focusing on 2y stength, electrical resistivity, and cost. Results showed that
increasing limestone, clay, and slag decreased strength, increased resistivity, and lowered cost,
and the proposed optimization method effectively balances these factors for sustainable
structurdmaterial design.

Shetty et al[19] studied a higfstrength quaternary binder with CSSP, FFA, GGBS, and OPC.
Among six mixes, the optimum M2 (10% CSSP, 20% GGBS) achieved 48.5 MPa at 90 days,
showed minimal strength and mass losses in aggre¢e e envi ronment s, an
emissions by 68.58% and cost by 22.78%, proving it a sustainable and economical alternative
to OPC.

In light of the pressing need to mitigate these environmental impacts, the development and
adoption of environmentally iendly alternative materials are paramount. This study focuses

on one such innovative approach which is the production of cementless mortar using waste
materials, specifically blast furnace slag and mill scale. The literature review reveals that
cement isalways used in ternary and quaternary binder systems. This application limits the
environmental concerns of these products.

Proper management of waste materials is critical in lacgée activities like the construction
industry. Repurposed by industrtaj-products, this study aims to address the dual challenges

of waste management and environmental sustainability. The research presented in this study
investigates the physical and mechanical properties of cementless concrete, emphasizing the
use of blasturnace slag and mill scale as alternative binders. In this study, blast furnace slag
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and scale were compared as waste materials in the design of the ternary binder system. The
study examines key characteristics such as unit weight, flowability, comy@ressl splitting

tensile strength, and water absorption, providing a comprehensive assessment of the
performance of these edoendly mortar formulations.

The significance of this study lies in its potential to promote sustainable construction practices
by utilizing waste materials, thereby removing the reliance on cement and mitigating its
environmental impacts. The findings are expected to contribute to the development of policies
and strategies aimed at enhancing sustainability in the construction. d$éictoately, this
research underscores the importance of innovative solutions in addressing the environmental

challenges posed by the cement industry, paving the way for greener and more sustainable
building practices.

2. MATERIALS AND METHODS

2.1.Materials
In this study, blast furnace slag and mill scale were compared as waste materials in the design
of the ternary binder system. In other words, the triple system was produced by mixing gypsum,
lime, silica fume and blast furnace slag, also gypsinme, silica fume and mill scale separately
in certain proportions.
Gypsum (Figure 1) is a widely used mineral in the construction industry, primarily composed
of calcium sulfate dihydrate (CaSO L2H O).
workability, and fire resistance. It finds common application in interior wall and ceiling
finishes, as a cement additive, and in decorative elements. Additionally, it offers sustainability
benefits such as low energy consumption and recyclability. However, attaatineeded
regarding its sensitivity to moisture and mechanical strength. In this study, gypsum was used
to harden the mortar in a suitable time and form a solid form.

Figure 1. Gypsum

CL90 lime (Figure2) is a type of lime used wonstruction and various industrial applications.

It is also known as highalcium lime or Type S lime. CL90 lime is characterized by its high
calcium oxide content, typically exceeding 90%, and low impurity levels. It has excellent
plasticity and workabity, making it suitable for applications such as mortar production, soil
stabilization, and chemical manufacturing. In construction, CL90 lime is often used in masonry
mortars, plastering, and as a binder in traditional doased renders and coatings.use can
improve the workability and durability of mortars, as well as enhance the performance-of lime
based materials in heritage conservation projects. Overall, CL90 lime is a versatile and valuable
material in construction, offering a range of benefitsluding plasticity, workability,
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durability, and hydraulicity, and it plays a significant role in both traditional and modern

building practices. Lime was used in this study to react with the pozzolans in the ternary binder
system to initiate the pozzoliz reaction.

Figure 2. CL-90 Lime

In this study, the last component of the ternary binder system is silica fume (Figure 3). Silica
fume is commonly used as a supplementary cementitious material (SCM)4penfghmance
concrete mixtures, particulariyn applications where strength, durability, and resistance to
aggressive environments are critical, such as in bridge decks, marine structuregehigh
buildings, and industrial flooring. Its use contributes to the development opkrgbrmance

and sutainable concrete mixtures, addressing the evolving demands of modern construction
practices.

o

Figu;e.3.-SiIica Fume
In this study, in the ternary binder system, silica fume as a pozzolan was partially replaced with
mill scale (Figure 4) at certain prapions. Mill scale is the layer of iron oxide formed on the
surfaces of steel, slabs, and billets during annealing in rolling mills, continuous casting plants,
and reheating furnaces due to oxida{i®@]. Containing more than 70% iron, this material has
long been considered a waste product in aod steel plants and was sold as such. In recent

years, facilities in Turkey have been established to directly produce reduced iron from tufal,
enabling its recycling back into the iron and steel industry.

ot

Figure 4. Mill Scale
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In this study, in the teary binder system, silica fume as a pozzolan was also partially replaced
with blast furnace slag (Figure 5) at certain proportions in a seperate series. Blast furnace slag
is a byproduct generated during the iramaking process in blast furnaces. It'snparily
composed of silicates and aluminosilicates, along with smaller amounts of other compounds
such as calcium oxides and magnesium oxides. Blast furnace slag forms when iron ore, coke,
and limestone are heated in a blast furnace to produce moltenDinoimg this process,

impurities in the raw materials combine with fluxing agents to form slag, which floats on top
of the molten iron and is tapped off separately.

- -

Figure 5. Blast Furnace Slag
In this study, PVA fiber was used esinforcement. Polyvinyl alcohol (PVA) fiber (Figure 6)
is a synthetic material prized for its exceptional strength, high modulus, and resistance to
chemicals, finding versatile applications across industries. Its outstanding tensile strength
makes it pedct for reinforcing materials like concrete, while its chemical resistance allows for

use in environments with diverse chemical exposure. Notably, its water solubility enables
temporary support in wateoluble films and binders in certain concretes.

~

Figure 6. PVA Fibers

The oxide composition of the materials used in the study determined by XRF analysis is given
in Table 1.
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Table 1.

Chemical composition of gypsum, lime, silica fume, mill scale and blast furnace slag.

Gypsum (%) | Lime (%) SF (%) MS (%) BFS (%)
SiOz 2.81 2.58 95.12 0.23 34.87
Al203 0.67 0.35 0.24 0.03 13.24
FeOs 0.41 0.24 0.35 68.00 0.47
MgO 2.57 1.76 0.37 0.15 6.45
CaO 31.2 71.08 0.27 1.08 41.95
NaO 0.01 0.01 0.26 0.17 0.28
K20 0.11 0.02 0.54 - 0.33
SG; 40.3 0.05 0.29 - 1.22
LOI 21.94 23.87 2.53 0.01 0.35

2.2. Methods
In this study, the mixture design shown below in Table 2 has been used.
Table 2. Mixture design
Gypsum| Lime SF(g) | Sand PVA BFS (g)| MS (g) | Water
(9 (9 (9 Fiber (9)
(@)

R 250 125 62.5 750 2.5 0 0 450
BFS1 | 250 125 56.25 | 750 2.5 6.25 0 450
BFS2 | 250 125 50.00 | 750 2.5 1250 |0 450
BFS3 | 250 125 43.75 | 750 2.5 1875 |0 450
BFS4 | 250 125 37.50 | 750 2.5 25.00 |0 450
BFS5 | 250 125 31.25 | 750 2.5 3125 |0 450
MS1 | 250 125 56.25 | 750 2.5 0 6.25 450
MS2 | 250 125 50.00 | 750 2.5 0 12.50 |450
MS3 | 250 125 43.75 | 750 2.5 0 18.75 | 450
MS4 | 250 125 37.50 | 750 2.5 0 25.00 |450
MS5 | 250 125 31.25 | 750 2.5 0 31.25 | 450

In this study, eleven mortar mixes were prepared, including a reference mix (R) and two series

in which

silica fume (SF) was partially replaced by either blast furnace slag (BFS) or tufal (MS).

The reference mix contained 250 g of gypsum, 125 g of lim&, »f SF, 750 g of sand, 2.5
g of PVA fiber, and 450 g of water, with no BFS or MS. In the BFS series, SF was gradually
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replaced by BFS in five mixes: 6.25 g, 12.50 g, 18.75 g, 25.00 g, and 31.25 g, with the remaining
SF adjusted accordingly, while theantities of gypsum, lime, sand, PVA fiber, and water were
kept constant and MS was not added. Similarly, in the MS series, SF was patrtially replaced by
MS in the same proportions, with BFS absent and other components unchanged. This mix
design enabled thavestigation of the effects of partially replacing SF with BFS or MS on the
fresh and hardened properties of the ternary binder mortars. Mortars produced with these design
valueswere placed in cylindrical molds with a diameter of 50 mm and a heiditt wim. The
mortars were removed from the mol Cuntilafet er 2<
test date.

Determination of fresh and hardened mortar unit weights was carried out on fresh and hardened
composite samples in accordance with TS EN 16181] and TS EN 101510([22] standards,
respectively. Flowability of fresh mortar specimens were determined by using flow table
apparatus in accordance with TS EN I8 [23]. Water absorption tests were carried out in
accordance with ASTM C6423 [24]. Compressive strengths of mortars were determined in
accordance with ASTM C3925]. Splitting tensile strengths of mortars were determined in
accordance with ASTM C49@6].

3. EXPERIMENTAL TEST RESULTS

3.1. Flowability
The flow diameters of the mortars determined by the flow table test are shown in#Figure
175
m Blast Furnace Slag
mMill Scale
170

Flow Diameter (mm)

165
160
155
150
145
140

BFS1MS1 BFS2MS2 BFS3 MS3 BFS4MS4 BFS5MS5

Figure 7. Flowability of Ternary Blended Mortars

Figure 7 illustrates the effect of replacing silica fume with varying amounts of blast furnace
slag and mill scale on the flowability of mortar mixtures. The reference mixture (R), which
contains only gypsum, lime and silica fume, exhibited the highest flameter of
approximately 170 mm. When silica fume was partially replaced by BFS and MS, the
flowability of the mortars decreased progressively with increasing replacement levels. From
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BFS1/MS1 to BFS5/MS5, a noticeable reduction in flow diameter wasngdat Silica fume
particles are spherical in shape, which positively influences the fluidity of mortars by enhancing
particle packing and reducing internal friction. In contrast, the BFS and MS particles , which
have rougher surfaces and more angular gdoes[27, 28] replaced silica fume in the mortars

and increased internal friction within the mixture, thereby negatively affecting the overall
fluidity. These characteristics increased internal friction within the mixture, thereby negatively
affecting the fbwability of the mortars. When comparing mixtures with the same replacement
ratios, mortars containing MS consistently showed higher flow diameters than those containing
BFS. This behavior can be attributed to the higher specific surface area and wateticaabs
capacity of BFS, which increase the viscosity of the mixture and reduce its flowability. In
contrast, MS, being finer and less watemanding, helped to maintain a relatively higher
workability. Consequently, the partial replacement of silica fumith either BFS or MS
reduced the overall flowability of the mortars; however, MS replacement provided better flow
performance compared to BFS. It has also been observed in literature studies that as the BFS
and MS ratio in mortars increases, the workbdf mortars decreas¢s7, 29]

3.2. Unit Weight
Fresh and hardened unit weights of the reference mortar and all test mortarsraie Galde

3. When the table is examined, the results of both fresh and hardened unit weight measurements
indicate that the replacement of silica fume with BFS and MS generally increased the density
of the mortars. The reference mixture (R) exhibitedthevle st unit wei ghts, w
in the fresh state and 1308 kg/ mj after har
increased, a consistent rise in both fresh and hardened unit weights was observed. This trend
suggests that both BFS and MS posdeigher specific gravities compared to silica fume,
resulting in denser mixtures. Among the two materials,-dd&aining mortars exhibited
slightly higher unit weights than those with BFS at equivalent replacement ratios. This
difference can be attributed the denser structure of MS patrticles. Overall, the substitution of
silica fume with BFS and MS led to an increase in both fresh and hardened densities of the
mortars, with BFS replacements yielding the highest unit weight values. In light of this
information, it can be predicted that the mechanical properties of mortars with increasing unit
weight may also increase. BFS is a walbwn pozzolanic material. It can be said that its
pozzolanic properties will both make the mortar microstructure densdseralse it is heavier

than SF, will increase the unit weight of the mortar. However, as can be seen from Table 1, MS
is not considered a pozzolanic material due to its chemical and mineralogical characteristics.
Pozzolanic materials are typically richamorphous silica (Si§ and alumina (AIOs), which

can react with calcium hydroxide [Ca(QH)n the presence of moisture to form additional
calcium silicate hydrate (Gi H) phases. However, mill scale primarily consists of iron oxides
such as F®s, FeO4, and FeO, while its contents of reactive S&Dd AbOs are extremely

low. Furthermore, the crystalline structure of MS limits its chemical reactivity. As a result, MS
does not exhibit any significant pozzolanic activity. Instead, it acts mainly as rarfillee

material that may contribute to the densification of the microstructure and, to a limited extent,
enhance mechanical properties through physical effects rather than chemical reactions.
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Table 3. Unit Weight Values of Mortars

Fresh UnitWeight (kg/n¥) | Hardened Unit Weight (kg/fh
R 1610 1308
BFS1 | 1630 1353
BFS2 | 1660 1356
BFS3 | 1665 1364
BFS4 | 1715 1392
BFS5 | 1745 1406
MS1 1650 1366
MS2 1660 1384
MS3 1685 1390
MS4 1732 1399
MS5 1748 1425

3.3. Compressive Strength

Compressive strength values of the reference mortar and all test mortars are given in Figure 8.

4.5

m Blast Furnace Slag
4.0 mMill Scale

=1)]
52.5
5
2.0
2]
=
‘715
8
£.1.0
g
3o.s
0.0

BFS1MS1 BFS2 MS2 BFS3 MS3 BFS4 MS4 BFS5 MS5
Mixture

Figure 8. Compressive Strength Values of Ternary Blended Mortars

The graph presents the variation of compressive strength for mortars in which silica fume was
partially replaced with blast furnace slag and mill scale. The reference mixture (R), containing
only gypsum, lime and silica fume, exhibited the lowest compressrength, approximately

1.76 MPa. When silica fume was substituted with BFS and MS, a consistent increase in
compressive strength was observed, particularly with BFS replacement. TheoBtaing
mortars showed a clear upward trend, reaching a maxistiangth of nearly 4.0 MPa at the
BFS5 level. This improvement can be attributed to the latent hydraulic activity of BFS, which
contributes to additional calcium silicate hydraté $CH) formation and densification of the
microstructure. In contrast, M&ntaining mortars also exhibited an increase in strength
compared to the reference mixture; however, their values remained lower than those of BFS
mixtures at corresponding replacement ratios. This behavior is consistent with the non
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pozzolanic nature of &, as its high Fe O content provi
slight strength improvement in MS mixtures can be explained by the filler effect of fine MS
particles, which enhance packing density rather than participating in chemical bonding.The
increase in both fresh and hardened unit weights observed in the mixtures containing BFS and
MS is directly reflected in the improvement of their compressive strengths. As the density of
the mortars increased with higher replacement levels of BFS and Mi8teireal porosity of

the mixtures decreased, leading to a denser and more compact microstructure. This
densification contributed to more effective stress transfer within the hardened matrix, thereby
enhancing the compressive strength. The effect was pror®unced in the M$ontaining
mortars, where the higher density in greater strength gains. In contrast, although BFS primarily
acted as pozzolanic material, its contribution to the packing density of the mixture also
supported an improvement in strengifhe correlation between higher unit weight and
increased compressive strength indicates that the incorporation of BFS and MS not only
increased the physical density of the mortars but also improved their mechanical performance
by reducing voids and enhang structural compactness. Overall, the replacement of silica
fume with BFS significantly improved the compressive strength of mortars due to its hydraulic
and pozzolanic contributions, while MS provided moderate enhancement mainly through
physical densi€ation. Additionally, the TS EN 998 standard specifies that the minimum
compressive strength of mortars should be 0.4 MPa. Compared to this value, both the reference
mortar and the test mortars are observed to have valleast 4 times and at md<€d times

higher. According to the TS EN 132749standard, gypsuitime-based mortars must have a
minimum compressive strength of 2 MPa. Compared to this, the test mortars produced in this
study, ranging from BFS2 to BFS5 and MS3 to MS5, meet this criterion.

3.4. Splitting Tensile Strength
Splitting tensile strength values of the reference mortar and all test mortars are given in Figure
9.

m Blast Furnace Slag
- 0.48 | mMill Scale

ol

S 0.42
—
%0.36
g030
17,8}
©0.24
§ 0.18
n 0.12
&
g 0.06
j=h

2 0.00

BFS1 MS1BFS2 MS2 BFS3 MS3 BFS4 MS4 BFS5 MS5
Mixture

Figure 9. Splitting Tensile Strength Values of Ternary Blended Mortars
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Figure 9 illustrates the variation in splitj tensile strength of mortars in which silica fume was
partially replaced by blast furnace slag and mill scale. The reference mixture (R), containing
only gypsum, lime and silica fume, exhibited the lowest tensile strength, approximately 0.28
MPa. With tke incorporation of BFS and MS, the splitting tensile strength of the mortars
increased noticeably. Similar to the trend observed in compressive strengtho®B&Bing
mortars achieved higher splitting tensile strength values than those containingqiv aeat
replacement levels. The maximum splitting tensile strength, around 0.50 MPa, was obtained in
the BFS5 mixture. This enhancement in tensile strength can be attributed to the denser
microstructure resulting from the higher specific gravity and piaeticle distribution of BFS

and MS, which reduced internal voids and improved the interfacial bond between binder and
aggregates. The latent hydraulic activity of BFS further contributed to additiGr&lHC
formation, strengthening the internal matrixdamproving tensile resistance. On the other
hand, MScontaining mixtures showed relatively lower tensile strengths, primarily due to the
inert nature of MS and its limited chemical reactivity. Nonetheless, the filler effect of MS
particles contributed tsome degree of improvement compared with the reference mixture.
Overall, the results indicate that the increase in density and microstructural compactness
achieved by BFS and MS replacements positively influenced not only compressive but also
tensile stregth, with BFS providing the most significant enhancement.

3.5. Water Absorption
Water absorption values of the reference mortar and all test mortars are given in Figure 10.

2

=]
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4] —8—NMS5
0 5 10 15 20 25 0
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w

) 0 5 10 15 20 25
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Figure 10. Water Absorption Values of Ternary Blended Mortars

When theresults from all figures are evaluated together, a clear relationship can be observed
between the density, mechanical properties, and water absorption behavior of the mortars. The
replacement of silica fume with BFS and MS led to an increase in bothafrddtardened unit
weights, which was reflected in the enhanced compressive and tensile strengths. The denser
microstructure formed by the inclusion of these materials not only improved the mechanical
performance but also reduced the permeability of thearsor

As shown in Figure 10, the reference mixture (R) exhibited the highest absorption rate,
indicating a more porous structure. In contrast, mixtures containing BFS and MS demonstrated
a significant reduction in water absorption, particularly at higkgacement levels (BFS5 and

MS5). This reduction can be attributed to the hydraulic and pozzolanic reactivity of BFS, which
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results in the formation of additionali & H gels that fill the capillary pores and enhance
microstructural compactness. The imprdveompactness is consistent with the observed
increases in unit weight and strength. A similar trend was also observed in the mortars
containing mill scale (MS). The water absorption of-m8dified mortars decreased compared

to the reference mixture, inditing a denser internal structure. Although MS does not exhibit
pozzolanic reactivity, the reduction in water absorption can be attributed to its filler effect,
where fine and angular iron oxide particles occupy void spaces within the matrix, leading to
improved particle packing and reduced pore connectivity. As the MS replacement ratio
increased, a gradual decline in water absorption was recorded, suggesting enhanced
compactness and lower permeability. Interestingly, the mortars containing MS exhibiéed low
water absorption values than those containing BFS, despite the lack of pozzolanic activity in
MS. This behavior can be attributed to the hydrophobic nature of mill scale. The high iron oxide
content and the surface characteristics of MS patrticles redereaffinity for water, thereby
limiting capillary suction within the mortar matrix. In addition, the fine and dense structure of
MS contributes to improved particle packing, which decreases pore continuity and further
hinders water penetration. Therefpalthough BFS enhances compactness primarily through
chemical reactions leading to additional SCH formation, MS appears to reduce water
absorption mainly through its physical filling effect and inherent hydrophobic surface
properties. This combinatioresults in a less permeable and more weadsistant mortar
structure compared to both the reference and&sfbaining mixtures.

4. CONCLUSIONS

Based on the experimental findings, the following conclusions can be drawn:

1. The partialreplacement of silica fume (SF) with blast furnace slag (BFS) and mill
scale (MS) reduced the flowability of mortars due to the angular morphology and
rough surface texture of these materials. Howeverimd8rporated mortars exhibited
slightly higher flowdiameters than BFS counterparts, mainly because of the lower
water demand of MS.

2. Both fresh and hardened unit weights increased with BFS and MS incorporation,
owing to their higher specific gravity compared to SF. Among them¢bditaining
mortars exhibi&d marginally higher densities than BFS mixtures at the same
replacement levels.

3. The compressive strength of mortars improved with increasing BFS and MS content.
The enhancement was more pronounced in BFS mixtures due to the latent hydraulic
and pozzolaniactivity of BFS, whereas MS contributed primarily through a filler
effect, leading to microstructural densification rather than chemical bonding.

4. The splitting tensile strength followed a similar trend to compressive strength, with
BFS mixtures achievinthe highest values as a result of additionigbi® formation.

MS mixtures also showed moderate improvements attributed to enhanced particle
packing and reduced porosity.

5. Water absorption decreased significantly with BFS and MS replacement, indicating
the formation of a denser and less permeable structure. BFS reduced permeability
mainly through the generation of secondainsH gels, while MS, despite its non
pozzolanic nature, exhibited even lower absorption due to its hydrophobic surface
characteristicsrad compact particle structure.
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6. Overall, the incorporation of BFS and MS improved the physical and mechanical
performance of the ternary blended mortars by increasing density, reducing porosity,
and enhancing strength. BFS contributed chemically througtofsorc and hydraulic
reactions, while MS enhanced performance physically through filler and hydrophobic
effects.

ON
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EVALUATION OF THE EFFECT OF GEOTEX TILE FELT USE ON THERMAL
INSULATION PROPERTIES OF MASONRY WALL BLOCK ELEMENT
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Kzmir KOtnipv &red ietbesi , s evkelG@O0030250834k a n @i k

ABSTRACT

In the construction industry, various materials and designs are developed to optimize energy
efficiency in buildings, and these materials are evaluated according to standards that include
thermal insulation requirements. The revi§&I825 standard, whiateme into force iipril

2025 n T¢r kioye, defines six c¢climate zones and
values for wall units. Achieving the required insulation performance has made the use of
materials withow thermal conductivityncreasingy important. Among these, improving the
insulation efficiency ofightweight concrete blockemains a significant research topic. In this

study, thehermal performancef lightweight concrete masonry blocks was investigated by
incorporatinggeotextile fé layersof different thicknesses into a fixed block design to enhance
thermal insulation and heat resistance. Jikgow void masonry block (SW desigwas used

as the reference, and new test specimens were produced by adding geotextile felt irsdscknes

of 12 mm, 24 mm, and 38.8 mimto the voids. The findings demonstrated that increasing the

felt thickness significantly improved tlileermal resistance, reducing heat transfer through the
block. Additionally, the requirethsulation material thicknessér each modified block to

comply withTS 8251 i mi t s were determined for al/ Si X
concludes that integrating geotextile felt into lightweight block designs offers a practical

approach to improving building energy effincy and meeting modern insulation standards.

Anahtar Kelimeler: Geotextile Felt, Thermal Insulation, Thickness, Masonry Block, Analysis.
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1. INTRODUCTION

Achieving energy savings through energy efficiency in buildings has become paramuolatide

today. Four fundamental factors are generally crucial for achieving energy efficiency in a building [1].
The first and most important of these is the creation of a nearlyenergy passive building design
during the preconstruction phase. Theecond phase involves the implementation of the construction
project and the use of leenergy building materials during construction. The third important factor is
the use of energgfficient equipment to reduce operating energy requirements, whiletégeation of
renewable energy technologies for various applications generally constitutes the fourth factor [1,2].
Detailed analysis of the four fundamental factors listed here is essential for the implementation of
sustainable building projects. In buitdj projects, it is common to see masonry block elements with
different design components and the use of different material types in the units that form interior and/or
exterior partition walls [1]. In this context, in examining the thermal insulation prepef masonry

block elements, in addition to issues such as whether the size, geometry, configuration and design
include a special quality insulation layer, parameters such as the thermal conductivity value of the
masonry unit, thermal permeability refsince and thermal insulation efficiency gain special importance
[1,3].

This paper discusses the summary and comparative findings of a study on the thermal insulation
properties of four different lightweight concrete masonry units, in terms of configueatib concrete
density changes, and on the improvement of the thermal insulation performance of the masonry unit.
The effects of geotextile mats, particularly those made from 80% recycled textile fibers, on the thermal
insulation properties of the masonbjock design were analyzed in detail, using three different
thicknesses of 12, 24, and 38.8 mm, and using alternative application methods. Furthermore, detailed
analysis findings for the use of these block elements, based on the thermal transmittaadeeg)) v
predicted for the Turkish climate zones in TS 825 [4], are discussed.

2. MASONRY BLOCK ELEMENT DESIGN AND GEOTEXTILE FELT
INSULATION LAYER

Within the scope of the study, a lightweight concrete block form with a nominal dimension of 190 mm

x 390 mm x 185 mm (width x length x height) and a-sbw void, designated as the SW design by its
sectoral definition, was evaluated as the reference block design. This reference block design was coded
as RefB in the study program, and its geometric form is shawrigure 1. The geometric data and
configuration valuesf the RefB block design are given in Table 1.

12121212

390 mm

Figure 1. Design and General View of the Reference Block (RefB) Element.

The RefBblock masonry element was examined using a lightweight aggregate mortar with an
average net unit volume mass value of 535 Rgiinoughout the study. Furthermore, to improve
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the thermal conductivity and thermal insulation performance provided by the RetB

design, the row of voids in the middle section of the geometric design was initially designed as
a single void geometry. Geotextile felt with an average density of 70°kgdsiplaced in this

void to create a new composite block design with a singldation layer. Geotextile felt is a
durable, flexible, and easily applied nonwoven structure formed by mechanically bonding
synthetic fibers using the neeglanching method [5,6]. Its synthetic structure makes it
resistant to rot, bacteria, acids, dikaand moisture. It is unaffected by seawater, mold, and
rust. It is resistant to damage that may occur during application. It can be used as a separation
material between different surfaces. It protects thermal insulation materials. It is known for its
easy application and its composition that does not pose any harm to human health during and
after application [8]. Geotextile felt, made from 80% recycled textile fibers readily available

in the commercial market, was used as the insulation layer.driésign, the geotextile felt
insulation layer thickness was considered 12 mm, and this block sample was coded as Getl.
Furthermore, with the idea that increasing the insulation layer thickness in the block design
would further improve the thermal insulati performance of the masonry element, two new
designs were developed within the RefB design, resulting in alternative block designs with
geotextile felt layers of 24 mm and 38.8 mm thickness. These block designs were coded as Get2
and Get3, respectivelgnd their geometric forms are shown in Figure 2 and their configuration
valuesare shown in Table 1.

Get3

Figure 2. Design and General Views of Geotextile Felt Layered Block Elements.

Table 1. Configuration Values of Masonry Block Element Designs.

RefB Getl Get2 Get3
Total Surface Area, mm 74100 | 74100.0 | 74100.0 | 74100.0
Void Surface Area, mi 20592 | 21240.0 | 21888.0 | 26831.2
Solid Surface Area, mfn 53508 | 52860.0 | 52212.0 | 47268.8
Areal Void Ratio, % 27.79 | 28.66 29.54 36.21
Areal Solid Ratio, % 72.21 |71.34 70.46 63.79
Total Volume, cr 13709 | 13709 13709 13709
Void Volume, cmi 3810 | 3929 4049 4964
Solid Volume, cr 9899 9779 9659 8745
Block Mortar Net Density, kg/fh 535 535 535 535
Block Weight, kg 5.30 5.28 5.27 4.85
Block Density, kg/m 387 382 377 341
Geotextile Layer Weight, kg - 0.052 0.104 0.168
1 n? Wall Density, kg/m 412 411 411 382
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3. MASONRY BLOCK ELEMENT DESIGN AND GEOTEXTILE FELT
INSULATION LAYER

The hardened unit volume mass value of the mortar used in the production of masonry block
elements is one of the most important factors that directly affects the unit weight, compressive
strength, and insulation properties of the block element. For exaitripla general observation

that as the hardened mortar density decreases (as the mortar becomes lighter), the compressive
strength of the block element produced with this mortar decreases [1]. However, it is also a
separate observation that the thernmaulation properties of the block element can also
improve within the context of its design parameters [1]. Naturally, the reverse of these
phenomena is also true. In other words, as the mortar density applied to block production
increases, block strengtinproves, but thermal insulation properties may also be weakened [1].

In this study, in order to investigate and compare the thermal insulation properties of the
masonry block elements coded RefB, Getl, Get2, and Get3, a lightweight aggregate mortar
combiation with a hardened unit volume mass value of 535 kgs analyzed.

The determination of thermal conductivity valuaslightweight aggregate masonry block
elements was carried out according to the calculation algorithm for-laystied structural
elements within the context of the parameters and rules stipulated in the TS EN 1745 and TS
EN ISO 6946 [910] standards [1]. In this method, if a concrete masonry unit consists of more
than one material with different thermal conductivity values, themntherconductivity
resistances of each material are first calculated, taking into account their thickness and area.
Thus, by determining the average thermal conductivity valaesrding to surface percentage

(%) ratios, the equivalent thermal conductiwtya | ue ( &2eq) of the concr e
calculated, taking into account the dimensions of the masonry unit and the joint conditions in
the masonry. The following parameters, such as the size, geometry, configuration, and physical
properties of thenasonry unit and the masonry, are important in the calculation process [1]:

A Nominal di mensions of the masonry unit (
A Dry Unit Volume Mass of the Masonry Uni't
A Total Area Including Mortar,

A Tot al SuthefMasorey UAitt e a o f

A T ot a lthe Yoid Sarfacesf of the Masonry Unit,

A T ot a lthe BotideSarfaae$ of the Masonry Unit,

A Total Volume of the Masonry Unit,

A Tot al Void Vol ume of the Masonry Unit,
A Total \eConoreteeUnipf t h

A

Net Unit Volume Mass of the Concrete Uni
In this calculation method, the thermal conductivity value of the air voids included in the
geometric design of the concrete masonry unit was determined according to the parameters
predicted inthe TS EN ISO 6946 standard, depending on the section thickness of the air void
and the direction of heat flow [10]. In addition, the parametric vabfi¢ke inner and outer

surface heat conduction resistance vatieggending on the direction of lidkeow are also used

as the valuepredicted in the TS EN ISO 6946 standard. In the calculation methddy#hees

of the masonry mortar material connecting the concrete masonry units®dreattransmitting
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surface are taken according to tH®dry valuegpredicted for masonry mortar materials in the

TS EN 1745 standard [9]. The thermal conductivity resistance (Ri) value of the masonry unit
was determined with the ratio (Lk#q) dependingn the section width (Lb) of the block
element [1].

Thermal insulation calculations for buildings are carried out according to the principles
stipulated in the T825 standard [4], which was revised and entered into force in April 2025. The
primary purposef this standard is to limit the amount of energy used in heating and cooling

buildings, thereby increasing energy savings, and to determine the standard calculation method

and valueso be used when calculating net energy needs [4]. In the new revisfenstandard,
Turkey is divided into six distinct climate zones (Figure 3), and the minimum thermal

transmittance (U) valuegquired for structural sections in buildings constructed in these zones
are listed in Table 2.

¥ 1 Drecw Gain Bolgei = Cick Saxzk A Durucw Gim Bakgeai = lkman & Diermce Gun Blgaa = Gok Soduk
2Derace GHin Bolgesl - Rcak B &/ Carece Giin Bdlged - Soduk W bDeroce Gon BSges] - Ann Soduk

Figure 3. Climatic ZonesofT ¢ r ki ye (TS 825) [ 4].

Table 2. Recommended Walues for Climate Zones (TS 825) [4].

As can be seen from Table 2, the recommendedlUesof wall section units decrease as we
move from Zone 1 to Zone 6. This indicates that wall units shoultbbined with more
insulation. Based on thesevalues, it is possible to analyze whether a wall unit designed in a
specific climate zone provides adequate thermal comfort. If the wall section designed in the
project component does not meet the recommebidealue, the additional msthick thermal
insulation material required for the wall unit can be easily calculated. The thermal comfort

TS 825: Dt:j\;or Taqu{ Gati Déﬁme U:encere
2024 (W/m K} W/mK) W/m K) el &
1. Bolge 0,45 0,35 04 18 |=045
2. Bdlge 0.4 03 0,35 18 |=045
3. Bolge 0,4 03 0,35 18 =045
4. Bolge 0,35 0,25 03 18 |=055
5. Boslge 0,25 0,2 0,25 18 |=2055
6. Bolge 0,25 0,2 0,25 1.8 |=2055
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capabilities of four different masonry block elements designed within this study were analyzed
using this methodology.

4. MASONRY BLOCK ELEMENT DESIGN AND GEOTEXTILE FELT
INSULATION LAYER

In the analysis of thermal performance of masonry block elements made of lightweight
concrete, the geometric form of the masonry block element, its configuration and the thermal
conductivity coefficient value of the lightweight concrete mortar to be used in block production
can be taken as basic parameters and the thermal conductivity value of the masonry block
element can be calculated according to the calculation algorithnripesso TS EN 1745 [9]

and TS EN ISO 6946 [10] standards [1]. In this context, firstly, within the scope of the study,
the thermal conductivity coefficient valugsr edi ct ed in the title of
masonry units usi naothe TSIEN 1745ustandare at the hardemed urit 9 |
volume mass valuesf 535 kg/nt and declared for thiel0 dry condition corresponding to the
concrete mortar density were determined with the statistical regression approach by taking into
account the conddn of P=90%. Then, according to the methodology summarized above, the
thermal conductivity value of each block design was determined as the design thermal
conductivity calculation value. The thermal conductivity value of the RefB block element,
which doesot include any geotextile felt layer in its design, was determined as 0.134 W/mK.
The thermal conductivity value of the Getl block design with a 12 mm geotextile felt insulation
layer was determined as 0.108 W/mK. It was determined that as the thioktiesgjeotextile

felt insulation layer in the block design increased, the thermal conductivity value decreased,
and the valuesf the 24 mm and 38.8 mm thick blocks, coded Get2 and Get3, with geotextile
felt insulation layers were obtained as 0.090 @@¥4 W/mK, respectively (Figure 4). As can

be understood from these values, as the thermal conductivity value of the block design
decreases, the thermal insulation performance of the block element improves.

Another study determined how the thermal trarmce (U) value achieved by the block
designs changes when used in masonry walls, based on the obtained thermal conductivity
values. According to this study, the U value of the RefB block design was calculated as 0.63
W/m?K. The highest recommended U valfor climate zones in the TS 825 standard is 0.45
W/m?K for Region 1. Because the U value of the RefB block element exceeds this
recommended value, it appears not to provide the desired thermal comfort conditions when
used as a plain block in any climaene. The U valuesbtained for other block designs with
geotextile felt insulation layers are shown in Figure 5.
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Figure 4. Thermal Conductivity Values of Block Designs.
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Figure 5. Thermal Transmittance U Values of Block Designs.

The Uvalue ofthe Getl block design with a 12 mm insulation layer was determined as 0.52
W/m?K, and it can be seen that this block element, like the RefB design, does not provide the
recommended Waluesfor any climate zone. The-Ualue of the Get2 block design wigh24

mm insulation layer was determined as 0.44 ¥Wnndicating that this block element provides

the recommended -Malue for climate zone 1 and can provide thermal comfort in this zone
without the need for any additional insulation. Conversely, thalue of the Get3 block design

with a 38.8 mm insulation layer was determined as 0.37 2/imdicating that this block
element also provides the recommendeddlliesfor climate zones 1, 2, and 3 and can provide
thermal comfort in these zones without theed for any additional insulation. However, to
achieve the recommendedvdluesin other climate zones, the use of additional insulation
material in the wall section is necessary to meet these comfort requirements. In this study, when
the improvement ras in insulation properties were calculated for block designs using
geotextile felt as an insulation layer compared to the RefB block design without an insulation
layer, the trend shown graphically in Figure 6 was obtained. As can be seen from this,analysi
the thermal insulation performance of the block element increases with a linear trend as the
geotextile felt thickness increases.
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Figure 6. Relationship Between Geotextile Felt Layer Thickness and Insulation Properties In

Block Design.

The Uvaluesof wall units designed in Turkey's climate zones are required to meet the
minimum U-valuesrecommended in TS 825 for that climate zone. If a masonry block element
meets this Walue when used alone, an additional insulation material sbpppte thickness

can be applied to the surface of the masonry block element to achieve the recommended
minimum Uvalues. For this purpose, different insulation material components can be used
preferably in sectoral applications. The most commonly us#dteeé materials are EPS, XPS,
stone wool, and insulating plaster materials. For each block element designed within the scope
of this study, the insulation material thicknesses required to meet the anticipasdaesfor

use in six different climate nes in Turkey were individually analyzed and determined. The
insulation material thicknesses (Dx) obtained for each block design are presented in Tables 3
and 6. In this evaluation, the thermal conductivity value of the EPS material was evaluated as
| =0.02 W/mK, the thermal conductivity value of the XPS material was evalualec0a@33

W/mK, the thermal conductivity value of the stone wool (RW) material was evaluated as

| =0.035 W/mK and the thermal conductivity value of the thermal insulation plastsj (IPI
material was evaluated hs0.060 W/mK.

Table 3. Additional insulation layer thicknesses (Dx) according to heat zones (for RefB)

2.&3. 5. & 6.
1.Region Region 4. Region Region
ks Insulation Dx Dx Dx Dx
i gég fr{ Material (mm) (mm) (mm) (mm)
&l EPS 20 28 40 77
Q< XPS 21 29 42 79
RW 32 30 44 83
IPls 38 53 75 144
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Table 4. Additional insulation layer thicknesses (Dx) according to heat zones (for Getl)

2.& 3. 5.&6.
1.Region Region 4. Region Region
Insulation Dx Dx Dx Dx
Material (mm) (mm) (mm) (mm)
EPS 9 18 29 65
XPS 10 19 30 68
RW 10 20 32 71
IPls 17 33 55 123

Table 5. Additional insulation layer thicknesses (Dx) according to heat zones (for Get2)

2.&3. 5.&6.
1.Region Region 4. Region Region
Insulation Dx Dx Dx Dx
Material (mm) (mm) (mm) (mm)
EPS - 6 18 54
XPS - 7 19 55
RW - 7 20 59
IPls - 12 33 100

Table 6. Additional insulation layer thicknesses (Dx) according to heat zones (for Get3)

2.& 3. 5. &6.

1.Region Region 4. Region Region
Insulation Dx Dx Dx Dx

Material (mm) (mm) (mm) (mm)
EPS - - 3 40
XPS - - 4 41
RW - - 5 43
IPls - - 7 75

As can be clearly seen from these analyses, as climate zones change from 1 to 6, the required
insulation materiathickness in the wall unit increases proportionally. In other words, thicker
insulation materials are required. However, when the Get2 block design is applied, no insulation
material is required in the wall section in climate zone 1. It can be seerethedjtiired thermal
comfort can be achieved with alternative insulation materials with thicknesses ranging from 6
to 12 mm in climate zones 2 and 3. It can be seen that the required thermal comfort can be
achieved with alternative insulation materials whitknesses ranging from 18 to 33 mm in
climate zone 4, and with thicknesses ranging from 54 to 100 mm in climate zones 5 and 6.
When the Get3 block design is applied, no insulation material is required in the wall section in
climate zones 1, 2, and 3. Hever, it can be seen that the required thermal comfort can be
achieved by using alternative insulation materials in the 4th climate zone with a thickness of 3
I 7 mm and in the 5th & 6th climate zones with a thickness déf Z®mm.
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5. RESULTS

This studyexamines the thermal insulation properties of four different lightweight concrete
masonry units under different configuration changes and discusses the findings of a study on
improving the thermal insulation performance of the masonry unit by instajjagtextile felt

layer. It was observed that the reference design without a geotextile felt insulation layer and the
block designs with a 12 mm geotextile felt insulation layer did not meet the mininaatuels
recommended for the climatic zones in TS 82 was determined that the block design with a

24 mm geotextile felt insulation layer met the minimurvdJuesrecommended for Zone 1,

and the block design with a 38.8 mm geotextile felt insulation layer met the miniruatués
recommended for Zosel, 2, and 3 in TS 825. As the thickness of the geotextile felt insulation
layer in the block design increases, the thermal resistance of the block element and its thermal
insulation performance improves.
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Yiv °maemleri, hafif silahlarén i- bali s
m¢ hi mmat dojrulujunu dojrudan etkileyen Kkri
modern yiv a-ma teknolojileri; teknikmavanta
°] -ejJi a-éséndan ayrént el e v ekesciaauthéok aitket) € r ma |
v e Kk &kesEirgsarape/singipoi nt progressive cut) y°ntemle
ve hassas geometr.i kontrollsars,ajtl @aki;l blua sneas
prototip uygulamalar i -in tercih edilir. Bu
uzunl uj u, yéksek 1T k-ilik gereksini mi ve ser
rifling, yé¢ksek uekabrtanabi El Eki sumeabeynec
tesislerinde yaygén ol arak uygul anér; ancak
ve takémdaki bir aréezanén y¢i¢ksek yeniden ¢re
de¢kekrim seégresi ve p¢é¢rézséz 1 - yeéegzey sajl aye
met al de plasti k deformasyon ve kal écé gerilr
yojun kullaném kokull arénda doj r wléwka nkaa y(&f p loaw
forming) y°ntemleri, mal zeme-lar deriemmge) ksajnls
mekani k dayanémé artéréer ve y¢igzey s¢grekl il i]
yé¢ksek olup mandr el hat al &ri énypaasra-la yt éa | dax] rkuad a
temasséz bir y°ntem ol arak ter mal veya mekan
yé¢zey kalitesi ve karmakeék yiv profilleri ¢r
y°net i mi ve -evrieksey d k gmls¢alj¢lkeljeer i g ¢ivieenrli d¢ z
Y°ntem se-i mi; cretim hacmi, i s t-etkimli&k e saho J r ul L
kull aném kartlaréna bajl éder. ¢al ékxkma, yiv a
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koyareatki,m ;e tasarem s¢grecinde hangi y°nt emi i
g°stermekte ve ¢retim verimlilif7gi ile i- b
kurul masé gerektijJini vurgulamaktader.

Anahtar Kelimeler : Yiv-Set , Na ml u njleri,ButionRiflig, Brbaeh Rifling,

ECM

ABSTRACT

Rifling methods are critical manufacturing techniques that directly affect the internal
ballistics performance, projectile dispersion, and ammunition accuracy of small arms. This
study examines moderifling technologies in detail and compares them in terms of technical
advantages, disadvantages, application areas, cost, and production scale. Cut/hook cutter and
scrape/singkgpoint progressive cut methods provide extremely high accuracy and precise
geonetric control; therefore they are preferred for experimental barrels, singlgi@gision
productions, and prototype applications. The main limitations of these methods are long
processing times, high labor requirements, and unsuitability for mass pood&roach rifling
offers high repeatability and dimensional consistency, making it widely used inslzatpe
production facilities; however, broach tool costs, limited tooling flexibility, and high
re-manufacturing costs in case of tool failure areadisntages. Button rifling provides short
cycle times and a smooth internal surface, giving an advantage for serial production; however,
it causes plastic deformation and residual stresses in the metal, which can lead to accuracy loss
under hightemperatug or intensive use conditions. Swaging, efmying and flowforming
methods increase mechanical strength through-warllening during processing and improve
surface continuity; nevertheless, mandrel and machinery investments are high, and mandrel
defect directly affect the part. Electrochemical machining (ECM), as acootact process,
does not create thermal or mechanical damage and is suitable for producing high surface quality
and complex rifling profiles in hard materials; however, initial capitadstment, electrolyte
management, and environmental/occupational safety obligations require advanced planning.
Method selection depends on production volume, required accuracy, material properties,
costeffectiveness, and engse conditions. This studgveals the advantages and limitations of
rifing technologies and demonstrates which methods are more appropriate under different
manufacturing and design conditions, emphasizing the need to establish an optimal balance
between production efficiency andennal ballistic precision.

Keywords: Rifling, Barrel Manufacturing Methods, Button Rifling, Broach Rifling, ECM
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1. GKRKK

At ekl i silahl ar tarih boyunca toplumlar én
gel i kiminde °neml imeraoli noywnamexktieér kaMamléeun, s ¢r
hedef dojrulujunun belirlendif]J.i en krsetti k bi
yapélareéenéen iklevi ve ¢retim y°ntemlerd.i el e

Haf i f silahl ar, bireysetlakkéunlalbainléimm iatienk | tia
tanéeml anér ve hem askeri hem de sivil al anl
Tabancal ar , t ¢fekl er, karabinalar ve makinel
bel ir i oper asvyedarel ama-1ara hizme

Hafif silahlarén gelikimi, y¢zyéllar boyun:
il erl emel erl e °neml.i °]l -¢de evrim ge-irmikti
hant al ve yavak dol dwetekaol| eji ah| aka@s i Anaoma
dumanseéz barut gi bi yenilikler, hafif si |l afr
geveni il i g artermexter.

Modern hafif silahl ar, kompakt boyutl ar é,
uyum s &jabamayetleriyle °ne -ékar. Hafif sil
mekani zmal ar é, kull anél an m¢ghi mmat terl er \
destekler gibi aksesuarl ar én entsagmalkofjubnu ye
kuvvetl er.i ve avcélék ya da spor atécéeleje o
h©l i ne getirmixktir.

Savack bajl aménda hafif silahl ar, genel | ik
Tasaremlar é vwaHk kdlearrsé@endalki eagtiki rslai ] i bel ir]
heze, namlu -ékék hézé ve ergonomi k °zell ikl
et kil er. Savakeéen °tesinde, hafif sil adal ar ke
kull anél arak modern toplumda hem savunma henmn

1.1 Namlu ve Yiv-Set

At ek | i silahlarda naml u, mer mi nin enerji
dojrulujunun «kxekillendiiji lewmn, kpattliaky ébciél eganl
altenda genl ekmesi ni sajlayarak mer miyi hezl
rehber g°revi g°rg¢r.

Naml unun i - yézeyinde mer mi nin naml udan

A

kazanmaséné sagel aghaeanpbguar (yse)) vbul unmakt ad
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KALIBRE

G°r sel 1. Bir naml unun

yézeyindeki kal il

Bu d°n¢k hareket i, mer minin u-ukK séraseéend

sapmal aré minimize edeirl.erBueyteas ameérmmi ny nk sheek
y°r¢ngede kal maséné sajlar hem de hedef i ze
yardémcé olur. Bu nedenle, yiv uygulamaseé at

Yivli namlu, mermiyi dénerek sabit ucusa yénlendirir

Yivsiz namlu, kararsiz (dengesiz) ucusa neden olur

G°rsel 2. Bir nakliukahibrey¢yeéywyi vé set kavl

2. YKET A¢MA METOTLARI

21Kanca Kesi ci Yi v A-ma Met odu

Kanca (hook) kesme, met al kal dérma esaséna
itildijJjinde ayné anda tek Mbiiriolluak k@esmak ib-uil
kesici, i stenen ol uk der i nl i780ikezenamulbaywneea k 1 -
-ekil mesi gereklidir Yi v a- ma

takémé, namlu
orané (hatve)

ol uktiwmesli dkjul | aine | wirakaemé ema la
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G°rsel 3. -sptvarmal mgakvnesi [ 4]

Her yiv set formu tek tek birden fazla pasogld ukt ur ul dujundan dol a
uzundur. Ayreéeca kullanélan kesici takeémén kb¢©
gerekebildijinden ser.i cretime -ok uyumlu d

Kanca yiv a-ma metodunda, her yisvcbeet akéem
kull anéldéje i -in t¢egm yivlierde ayné boyuna
dijer metotlardan ayért edil mesi kol aydeér

G°rsel 4  k a¥rrcnee kt bk éme [ 4]

22Kazéma Kesici Yiv A-ma Metodu

Kazéma kesici y°nt emi , i -ine ejimli ve ser
-ubuk kull anér. Bu kazéeyécé sayése, i stenen
tekge-i kte kesilir,; ardendan kazéyécélaren vy
son derece ince yivlier ¢retir ve en kaliteld

ISBN NR. : 978625569446-1 | 91



% CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
- October TARBRKARA25

et CONFERENCE BOOK
kesi ci y°nteme -ok benzer diérc;é aknucla ka nhed rd éy iéwn
arasénda temel bir benzerli k bulunmaz[5].
23Brok il e Yiv A-ma Metodu

Brok yiv a-ma, modern si | ashety¢ rietlienmen dye® netne r
biridir. Bu y°ntemde, ardékeldi keleinl od uxamnl| el
-ubuk (genellikle 20 ila 30 adet kesi ci di s
ger-eklextirilir. Her bir disk, yiv profilir
°ncekine kéyasl a hkaefniafr-lea rba¢ ys¢atheilpnéikr .k eBsui ckia d ¢
ge-i kKte kesim derinliji artérélarak yiv ve s
Son di ske u | -sek @oitmd dsfeden kaibre wve iggometrik hassasiyetle
tamaml anmekk YdImutremiBrhem y¢iksek boyutsal tuta

uygunl uju nedeniyle yaygén ol arak tercih edi

G°rsel 5. ¥rnek bir brok takemé [11

24Button Yiv A-ma Metodu

Button y°ntemiyle yiv aomayakamleuci,hetidmi

y°ntemlerdendir. Bu y°nt em, °czell i kle cret
duruml ar da, °rnejin 5.6mm kalibreden Kkg¢- ¢k -
uygul anér .

Button yiv a-ma, mandeaeni(lyi y manadmrelt)a k@umé n d
-apta olan namlu i-inden zorl anarak ge-1irili
yiv a-ma sérasénda namlunun dék -apénén ve n
Button yi vmandma mhgmléé zvae ekonomi k bir y°nt em
-eki-le d°vme metodu (hammer forging) i -1in
button ile yiv a-élmék namlularén ejil me ol
iskartaya g r €l maséna neden ol abilir. Eji |l me ve i:
uygul anan kuvvet gi bi yiv a-ma kokull ar éné
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ej i | me, daha d¢ K¢k bir naml u cretim kal it e
yvars €t abil ir[ 6].

—

-
G°rsel 6. ¥rnek bir button takeéemé |
25D°vme ile Yiv A-ma Metodu

Button y°ntemiyle benzer prensiplere sahip

kalite sunan alternatif bir yiwlatmamdg®°ptrem
s¢reci, namlunun i- -apénén, son -ap dejerin
Kekil de raybalanmasé ya da honl anmaséyl a ba
daral an ve y¢ksek sert leinkt(ema-lealfiakt eyne r¢ reettiilrr
yiv ve set profilinin tam negatifini taker

Yiv for mu, mandrenin i- y¢zeyde ilerletilm
hidrolik basén-la sékékteéereéel maseé yamlolargk a K ek
oturur ve y¢ksek -datssypapged |l el des tedielni ry.i vBu
ol ukmaseéene sajl amakl a kal maz, ayne zamanda
nedeniyle sertlik ve yojunl©uzelalritlelker ,dan asmljd:
direncini ve kullaném °mr¢é¢neég °nemli °l - ¢sde a

Arka Punta

>

Cekicler (4)

Malafa
Taslak Namlu

Cekiclerin Hareket Yonii
On Punta

G°rsel 7. D°vme prosesinin kKkematik g°©°
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26Sévama il e Yiv A-ma Metodu

Bakta savunma ve havacéléek sekt®°rg¢ ol mak

karkél akélan sévama y°ntemi, serbest seéevama
bul maktadeér. Silindirik ya da koni k yapédak
temel de bir sojuk plastik «kKekil |l andi°rnmes mide k
par -al ar boyl ar é y°nl erinde uzateéel maktader.
mal zemenin i - y¢gzeyinde zét yapéséné meydana

kal derabil mektedir[9].

FI ow aFkcérkngi,n gn anmel luz evriee t ez g©h g°r s

2.7Elektro-Ki myasal Tal ak Kal dér ma Met odu

Gel eneksel tal akl e i mal at y°nteml er Il e
yékeml ¢l ¢kl oer ve kalite hatalaré meydana ge
i stenen par -al ar én cretil mesinde t erikci h e c
°czelli klerini deji kKtirmemesi, mi ni mum takeém
il e bakta savunma, havacéléek, silah ve ot omo
uygun ortam ve kokul |l ar da ntagom | smerkttleidk tre k iKkrh
mal zeme i -in herhangi bir mekani-kka tzootr |ialninkaknié
el ektroliti i -ermektedir. Anot i Kl enecek pa

adl andér él an apaWihtgibdr .el&GIlr,ol NaDelr Kul | ané
metotta katot par-anén anot mal zemeye tasaré
vasétasé il e anot mal zeme y¢zeyinden par-a Kk
ar k ol ukmamapar éil ainn par -al ar én mal z e me y
gerekmektedir[9].

Ayr éca, boy/ -ap or ankéei myalksadk ol amlakl ark | elneall
hassas bir kélavuz ka-énél mazdeér. Bu nédenl e
€, ek merkezlilijJini

n
delijin konumunu, a- éseén
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G°r sel 9. ECM maki nesi t ool ve i K|l emi t ama
Katot
Hareket
Elekirik Akum, Saglayic1
DC (+)
Elekirolit Kaynagt
Tool,
(Katot)
Elektrolit
Gilg
e i
J Elektrik Akmnu,
DC(+)
G°rsel 10. El ektroki myasal i K|l emede si st emi

El ektroki myasal yi vl eme, butonlu ve broa

benzer; ancak yivlier ile set (lands) arasénd
dejildir. Bu durum, ateklenmik dermilerin in

At ekl enmi K mer mi |l erde striasyon (k-erit)
makine aracé y°ntemi nedeniyle sorunlu g°r ¢
Bunun nedeni i K ayr e faktorde¢r Naimd iurd,a kK i
reaming izl eri h©ol © mevcuttur. Akéndér ma i
yivlierinde tamamen rastgele bir peéereézl ¢l ¢k
bireysel olarak exlexktirilebilir °zellikler

G°r seHI elklt.r oki myasal akendérma il e i klenmik ne

ISBN NR. : 978625569446-1 | 95



\_LBHFERE*[‘_.
¥ Ty

g,

CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
October TARBRKARA25
CONFERENCE BOOK

ACADE,
v,
b
SHe

D

3. SONU¢LAR VE DEJERLENDKRME

Bu -aléekmada hafif siliadt naméuil mr medat kai
dojruluk, y¢zey kalitesi badrnettiirh rmdlkiiyetri y°oa
Kekil de karkeél aktéréel mexkteéer . Bul gul ar , her ¢
gereksinimlerine g°re avantaj sundujunu orta

Gel eneksel talaklé y°ntemleknbkhar kangat
geometrik hassasiyet, tekrar yapélabilirli
sajJl amaktadeéer . Bununla birlikte operasyon sg¢
d¢kek ¢retim hezée nedeni ylde seri cretim s¢re

Brok ve button y°ntemleri, modern seri ér
Brok y°nt emi yéksek hassasiyeti koruyarak t
mal iyetlerinin y¢gkseklIl if]i ve tak@maktadnek! i Bu
y°nt emi dée¢Kek -evrim séresi ve yeé¢ksek yegzey
termal y¢k alténda dojruluk kaybeée riski bar e

D°vme wvfeorfrmhiomg tekni kleri, sojuk «kekill en:
I y¢é¢zey s¢egrekli b iJini artérmakt a, bu sayede
sunmaktadeér. Fakat makine ve mandrel amliyet
sebep olur.

El ektroki myasal I KI eme ( ECM) ,eri¢tldeletmaye k al d é
i mk©n tanéeyan il eri bir teknolojidiriyiv S¢grt ¢
k°kelerinde deformasyon ol ukmaz. Bununl a bi
eki pman mal i yeti g°z ° n¢ne rektifee kriike $aeunntha |, Yy ¢
uygul amal aréenda tercih edil mektedir.

¢izelge 1. Met otl arén karkeél akteéer el maseéeé

Y°nten i reti m T Hassasiyet Yézey K Maliyet
Kanca Prototip, 4/5 3/5 D¢ K¢k
Kazéma i st séeneéf 5/5 4/5 D ¢ K-Qrka

namlular
Br ok Ser i Sr et 4/5 4/5 Y¢ksek ot
maliyeti
Button Ser i c¢ret 35 4/5 D¢ K¢k
D° v me Askeri [/ 4/5 5/5 Cok vy¢ke
° m¢r
Flow-forming Havaceéel ek 5/5 5/5 Cok vy¢kes
ECM Kl eri tek 4/5 5/5 Y¢ksek

Ayr éca, ssaanvauyniman d e kull anél an naml ul ar én
STANAG, CIlP ve SAAMI standartlareée ile tanéml
tol eransl ar e, basén- dayanéemé ve °mg¢gr ger ek
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sajl am8kthdgltamda y°ntem se-imi, yalnézca ¢r
balistik normlara uygunluk ve operasyonel g¢

Sonu- ol ar ak t ek bir yi v a- ma y°nt emi
kar kél amamaknmaadal anéygmbhhzeme yapeéseé, i ste
dayanéekl él ék gereksinimleri, y°ntem se-imind
tasar émceasledr tiekinmlyijv l erinin se-iminde tekni
savunmauy gul amal ar énda cretim verimlbilifji Il e
Kurul masénén °nemini vurgul amaktadér.
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kilidir; basit ve emniyetl.] tasar éml ar L

(o]

rdeerj.erBwendir mel er hem tari hsel °rnekl er

Kéjénda karkeél aktérmaleée tablolar ve g°rsel

n o 9

i stemlerinin evrimi yalnézca mekamidia geleit i m
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teknolojileri, me¢ hi mmat gel i Ki mi ve taktiks
¢al ekmanén bul gul ar é, tasareéemceéel ar , creticil
sunmakt a; ej i tim, test pl @exenéhd malr€r ii -ve gstd
etmektedir.

Anahtar Kelimeler: T ¢ f e k At ekl eme Si st emi, FI intl ock,

ABSTRACT

Firing systems in rifles have a decisive impact on effectiveness, safety, and manufacturability
of firearms. This studyomprehensively examines the historical development of ignition
mechanisms, their technical characteristics, operational advantages and disadvantages, and
their implications for production processes. Early matchlock systems offered simplicity and
one-handel operation but were vulnerable to environmental conditions such as moisture, wind,
and ignition delay. Intermediate mechanisms like the wheel lock and snaphaunce improved
ignition reliability at the cost of greater complexity and expense. The flintldeichvbecame
widespread in armies in the 17th century, was favored for its mechanical simplicity and ease of
manufacture, facilitating standardization with the rise of industrial production. The percussion
cap system developed in the 18th century increfised speed and safety, paving the way for

the widespread adoption of bredolading cartridges. Nineteentientury integrated cartridge
designs such as pinfire and rimfire simplified ammunition handling, while the Dreyse needle
rifle served as a prototgpfor bolt mechanisms and modern brelading ammunition,
transforming military tactics. The adoption of centerfire systems enabled the use of more robust
cartridge cases, improving resistance to high pressures and compatibility with rifled
ammuniton. he study al so evaluates each mechani sn
in safety and locking devices, maintenance and cleaning requirements, atethomyrability

criteria. From a manufacturing perspective, mechanism selection is directlyd rétate
massproduction efficiency, parts interchangeability, and cost optimization; simple, safe
designs ease maintenance procedures and enhance field reliability. These assessments are
supported by historical examples, modern engineering standards, comepéahbtes, and
illustrative figures. In conclusion, the evolution of firing systems reflects not only mechanical
innovation but also the concurrent development of production technologies, ammunition
desi gn, and tactical r eaffer pracecal eenomsiendatiohsefor s t u d-
designers, manufacturers, and maintenance personnel and serve as a reference for training,

testing procedures, and standardization efforts.
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1. GKRKKk

At ekl i silah teknolojisi, i nsanl é&k tarihin
gel i kmelerinden biridir. Barutun 9. yg¢zyeél C
yézyéldan i1 tibaren Avrupa' duat ekla ztaonpméakrtéénré.n Agr
d°nem silahlar, ateklemenin manuel ol arak fi
hem de héz a-éeéséndan b¢gyeéek sénérl amal ara s a
silahen atekl emeeherzgoBromggiveni arrérnmanwe ked
T¢e¢fekl erde at ekl eme sistemlerinin gel i ki m
ekill enmiktir: barutun yanma karakteristiij.
adar ge-en zincirrléemee nmakkemi zdanneémd et afsiat i | |
asit yapeélaréna rajmen saha «kxartlarénda nei
rkéyaydée. Bu sorunlar, 16. y¢zyéel ortalareé
smenTaked dek | i mekani zma, d°nen bir -elif]i
ha kontroll ¢ bir atekleme sajl éyordu. 17.

m mekani k sadeliJi hem de ¢r et i m ykéd |l aayrlcéaj ¢
anéel de. Bu sistemde, tetijin -ekil mesiy
an keveéelceéemlar, barutun tutukmaseéné saj
rn atekleme sistemlerimiemimermalzépild and$i. p
ndijinde i1ise kaps¢ll ¢ (percussion cap)

e, emni yetl ve °ng°r¢lebilir hale gel di
z etkilenmesini saij $tagmraki nmodgirderkayolouw a
kenardan atexkl emel.i (rimfire), ardendan ort a
géenegmegzdeki yaré otomati k ve tam otomati k t ¢
Bu -al eékmadat exl¢efneek | er sseeml er i ni n tari hsel
incelenecektir.

o]

@ O — cc OO D D
N —o c —
- — 0 x —

QJTQBOXSQ_WXUXX
(o]

2 T! FEKLERDEKK ATEKLEME SKSTEMLERK

KIl'k takénabilir silahlarda farklé t¢rde a
bojazl é, aj €ézdan dol dmea kmaan ikzenkallianrdeenyédni . g eA ti ekkt
atexkli silahlarén mimarisi a-éséndan bir il e
olarak "muskete" olarak biliniyordu. G°rsel
g°rsel mevcuttur[ 1].

G°rsel 1. Bir ajezdan dol durulan t¢fefj
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21Mat chl ock (Serpentine) Atekl|l eme Si st emi

Bu sistemin 15. yg¢zyeéeléen oKltlkl atrewnldamea etl ii |
fitilin yakeél masé ger ektiut;ucbtuurfairtakl ,minsakneltu ki
hedefe dojru feérlamaséné sajlarf[2].

S Keklinde, "serpantin" adé verilen bir Kk
tetiKk mekani zmasé kul l anél ar ak serpantin al
namlunun yan taraféna bajlé olan tepsideki
silahén arka késméndaki ke¢-¢k bir delikten g

G°r sel 2. Matchl ock sil ahéna ai't t emsi

Mat chl osk,| adotl @k ldia ©° neml i bir ilerlemeydi,
alabil meye ol anak tanéyordu. Muzzle y¢kl eme
sajl éyordu. KIl'k versiyonlarda fiti/l tutacak
ol arak adlandéreéelan bir kekle dP°n¢gkteg. Kngil
gel di, fakat neml:i kokull arda kull anémé zord

Mat chl ock atekleme sisteminin avantaj é, t
t¢feklerin seayeasredé:saka&jnmwad asérasénda fitil
tutul amazde. Fitillerin kendilerinden gel en
donanmék askerlerin s¢grpriz salderée yapmaseé
kazara&k endi veya bir yoldakénén m¢ghi mmat éné at e
1677 yeéeléna gelindijinde, Kuzey Ameri kabédaki
yasakl amék ol duju bildirilmektedir[2].

22WheekHl ock At ekl eme Si st e mi

Kesinola ak ne zaman ortaya -ékteéjé bilinmen
bakl aréné bazé kaynaklar ise 16. Y¢gzyél baxkl

Leonardo da Vincionin -izimleri arasenda
Al manya / Avustbetgelerdaer @de dalrd&dheée g°r ¢kl ere

WhellkLock si st emi, I -indeki ol ukl u bir -el i
creten bir mekani zmaydeée. ¢ark bir yayla geri
s¢rterek lkevelbuwémevelarém taval éktaki (pan)
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Mekani z ma, tutukmasé zor olan bir fitile ih
takénmasé daha pratiktir, ama ¢(retimi daha p
G r 4.&VheellLock sistemine sahip bir silah resmi[16].
Sistem zamanla dejikikliklere ujradé, bu
bu silahé m¢gmke¢gn ol dujunca hava kokul |l ar éna
par -al ar é kapl ayarak veya Kkili.it pl akaseéneén
azaltelde[T7].
23Snaphaunce Atekl eme Si st emi
Yakl akek olarak 1550 yéllaréeénda icat edi/l
sistemdir. Wheelock si st emi ne keyasla yaré yareéya mal
olukturmak i-in demir pirit yerine, -akmak t
kola bajléydé. Tetik -ekildijinde kol il eri
bir- el i k par-aséna -arpar, bu

-arpma sonucundée

G°rsel 4 Bir Snaphaunce atekl eme sis
24F1 intl ock Atexkl|l eme Si st emi
Snaphaunce at ekl eme

buge¢nkeg hOI

si stemi niant egkelleinket isriislt
ni 16106da Fransaobdda al méxkteér. I
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deliji araceéel ejéyla, tava i1-ine doldurulan b
bunun yerine keével cakkm t-a&kéanrémma k- eil -iikn bhirr p-l aakkn
dayaneéer . FIintl ock, tekerl ekl i kilitten -ok
daha wucuzdur. Kkl evsel ol masée i -in deneyi mli
bir or dunéun- atkamaakméén t f ekl erl e donat mak m¢ mk
bakéemé daha kol ayder. Sistem makul °]1 - ¢de
avantajl ar t ez zamanda sistemin b¢yé¢ek saye
sajl amentéock FEistemine sahip atexl:] si |l ahl
ul akméxkteéer|[9].

Snaphaunce;k agpyarké viei raypan bir -arpécé -el il
flintlock, bu i ki fonksiyonu fra zgéewmenllie weeKk
géevenilir bir -°2z¢e¢m sunmuktur .

G%rsel 5. FIlintlock silahéna ai't res

25Percussionbock At ekl eme Si st emi

Perk¢syon kapsel |l eri 19. y¢zyéléen baxklaré
-akmakl ésiagteiniemie i yil exktirmeye hizmet et ti
or anda, barut nemi ve atekleme i-in yeterl:
karkéyaydé. 19. y¢zyelén baklaréndaspasbagde
-akmakl & atekleme sistemlerinin yerini alde.
kull anma y°nteminin Ksko-yaleée Rahip Al exand:¢
Forsyth ve dijer muci t | erve potady@ ldorat lalllanma b a K |
konusundaki bakareélée deneyleri, bu yeni at ex
kul |l anan d¢zinel erce patentin al énmaseéna y
cretimindeki bu °neméi kgpsék, Kkeklpi, ndes | it r, - d
kapse¢l ¢negn yapél maséyla sonu-Ilande[ 11].
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2.6 Pinfire

1851"
pinfire
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G°r sel 6 . Percussion | ock sistemine ai

de Londra' daki B¢eyéek Sergi' de Lefauc
sdbdehée mermicivem&kapse¢gl ¢n hepsinin pi

bul unduju, il k ger-ek arka y¢kl ¢ silahlardan
bul unur ken, kapsg¢l czerinde duran bir iJne
S | ahén -ekici bu i Jneye vurdujunda, i J ne
tutukturuyordu. Silahén namlu haznesinden -
yerl ektirmekl e kal méyor, ayné zamanda kul |l an
Pinfire, 1890 ile 1910 arasénda en pop¢l oer
kol ayca bulunabiliyordu. Ancak, Kngil tere'de
neredeyse temin edilemez hale gelmikti[3].

%\}7 g

G°rsel 7. P iittemgilimesim[8]i | ahéna a

dijer

S i

Pinfire revolverlerde mevcut kalibreler 5, 7, 9, 12 ve 15 mm iken, 9 mm, 12 kalibre ve

st emi

-eki t |l kali brelerde av tg¢feji ve t¢f

nin aseéeél b¢eyek 11 Eepkeke dii,r yalkre&z cfa |
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zamanda "obturation" °zellijiydi. Bu °zel |l ik
m¢hegrl emesi ve gazlarén geriye dojru ka-ékKkeéen

2.7 Rimfire

Pinfire si st emi ° nemfk aj nbeinr, iblierrklae-me d eozl a
bul unuyor du; bunl arén en °nemlisi, fikejinn
ol asel ejeyde. Bu sorun, 1851" de B¢yek Sergi
neredeyse tamamen oritkedan kalidébdro&l dvee. KkReinnafriér
fikekti. Bu flankén i-ine k¢g-¢k bir miktarde
kenaré ezmesi, atekl eme bilexkijJinin patl ama:
atekl enmesameé.yoBu sistemin il k geliktiril me
taraféndan 1847 gi bi erken bir tarihte ger - e

ancak 18556te Smith ve Wesson tarafretiddan r i |

Bu, -er-evenin ¢st késméndaki bir mentexke 1|
silahte ve bu, silindirin y¢klenip bokalt el
raj men, rimfire sistemi y a | siablara wygukdy. 5.6nkm k a | |
kalibre ¢zerindeki her hangi bir ©°1-¢de, at ek
kovanénén arézalanmaséna neden ol uyordu. [ 3]

-~
A 7

BASLANGIC BILESIGI

W‘
.

G°rsel 8. Rimfire fikek resmi[12].

28Dr eys Atkjkne me Si st emi

Prusya Ordusu taraféndan 19. yézyel én ort
18646te Dani markadya ve 18666da Avusturyaoby
devri mci bir ma h mu zIild@aadidnog )d utr gnfaé let i(.leann&lemd n
Ni colaus von Dreyse taraféndan 183606da icat
zamana kadar t¢efekler ajezdan dol duruluyord
zorundaydeé. Mahmuzdan dol dur mal é t ¢cBekkl er
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akamal ardan ge-mi kK ol sa da Von Dreyse kajét |
a-ép kapatan bir cévata (bolt) mekani zmasé

atekl eme pi mi kaj et kartuku cael)i p abiprar dlr n
atekliyordu; dol ayeseyla t¢fejin adé burada
silahlardan mahmuzdan dol durmal é silahlara
ol arak beni msenen il k askeorlidumavhemuazdker "dod al
dol durmal & t¢fekl eri eskimik hale getirdi

teremi Ktir -¢nk¢e bu pi m, bir 1 J7ne gibi kaj
dar be kapaj éna - ar ptegyfoerkd u k arBiuukt gr éniginnebir
mekani zmaseéeydeé: i ne, barutun yanmasé nedeni
kal eyor du. Kineler ince ve narindi, bu y¢zd
sahada yedeké igenredkeiry arakue.masyr éca, mahmuzdaki
zaman tam séké dejildi; gaz ara seéra ka-eéeyorl
mahmuzdan dol durma i-in daha iyi se-enekler

cvar eénda ya da o d°°nemde tarihe kareéexte[13].

1-Dreyse Igneli Tiifek, 2-Tiifekten Kesit, 3-Fisek

G°rsel 9. Dreyse ijneli t¢fek ve fikejine

2.9Centerfire At e K | Qistemn | i

Mer kez vurfuikrlew) (kaemttiewun gel i kKtiril mesi g
sil anhdsae@ména ol anak sajladé. Yaygeén bi-i mi
(ri mless) kovan «keklindedir. Kapsg¢l , kovan
el emandeéer . Bu tas&wuemkl| e hamdgi rleg g vtdansialaiermdbe
atekl eme sajl ar ve ayr eca, kenarée ezil mik |
ol mamasénén aksine, yeni den dol durul maya el"
bunu kesin olarak tek bir kalyamabiar lat Ktee mepr a
bakéel déj énda, 18576de Fransaoddaurpklemtk enaml
dojrudan atasé sayéelabilir. Ge-mi kte bir-ok
Charl es Lancaster dancatsftetrmikkdavaneé, Asd remalai L
sakéencal aréne gi der meye yonel ik bir girikKi
vurukl uydu; ancak Pottet-@unucktlausyaar € sna h E a d énjoé
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Lancaster 6én tasar éméilndiar .bull amma&a sméemkbéenn  dgeejl
n

-%z¢mken, Pottetdi gel i kKtirmesi yeni bir a
merkezv ur ukl u kovan, 18616de Kngilteredbde pate
creticisi G. sha.t eDadve .t alr8abf6&dmMdaa M a w, benzer bir
T. El eybye dava a-teée. Dava reddedi I-vdur uvkel uk é s
modi fi kasyon geliktirildi[15].

Bu, silah ve m¢ghi mmat gel i ki nadnad ea thbe¢yl ¢ekm
m¢ hi mmat énda, sadece primerin atexkl eme pi mi
gerektijJi I -1in, fikek kel éfe daha sajlam bi
basén-Ilar 1 -in gaz seézdér neazdleé ke dsiajelba yl aercaekk,

-ok daha fazlaséna dayanmaséné sajl ade.

—

Atesleme ignesi

Fisek kovam

7"

Barut baslatica madde

Alev kanah
\ Kaps i
psiil haznesi
N
Arka mekanizma viizeyi
G°rsel 10. Ortadan atekl emel i bir t¢gfekte

4, SONU¢CLAR VE DEJERLENDKRME

At ek | i silahl arda atekleme syshemml &risgirece
ayné zamanda asker’ doktrinlerin, mal z e me
gel i kimiyle paralel i1ilerleyen -o0ok boyutlu bi
m¢ hi mmatl ara uzanan y akataekélke mee kmeykany &lmaé lar
mant éj éné, kull aném gereksinimlerini ve per
Kekilde incelemixktir.

Erken d°nem fitil sistemleri, barut enerji s
-%z¢m ebdei olarak sunul du; ancak atek geci
eksi kl er i, bu mekani zmal ar én s¢rder el ebilir
engelledi. Wheel ock ve snaphaunce gi bi ara adéml ar ,
sayesinde daha kararl e bir atekleme sajl adeé,;
mal i yet.i ve bakém zorl uj u, geni kK °I| -ekli yay

FIlintlock d°nemi, bu evrimin en krrnbhahak t ek n
sade mekani k d¢zenek, ser.i cretime uygunl uk
atekleme g¢venilirliji, y¢zyeéllarca standart
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modern atexkl. silah m¢hendi-sal isjtiamidm redn ztaesmyeolr
ve alan bakém kolayl éejéné ortaya koymuktur.

Percussion cap sistemi ile birlikte Kimyassea
géeveni b irl i Jini dramati k bi-imde arteéer mécx,;
dol durmall@addbnggclsi stemlere ge-ikKin altyapée
m¢hendislijinde ve m¢ghi mmat tasaréménda baseé
gi bi kavramlarén °n plana -ékmaséna neden ol

Yézyéel en obharmaemarbptdgnl ekiik kartukl arén (pi
kol ayl éjé ve lojistik ¢stegnl ¢k sunarken, Dre
mekani zmal arénén °nc¢se¢ ol arak doktrinleri
yetersizIliji, i Jne kéréel masé ve gaz sézdeéer me
-%z¢mlere bérakeéel mekter.

Géenegmegzeéen standart kabul edilen centerfire
sonucudur . Pirin- es asylaép eys¢ek s eaky rn@u kparviemmeert | & |
dol durulabilirlik ©°zellif5ji sayesinde hem vyg¢l
end¢gstriyel haci mli cretim ile birlikte stan
°mr ¢, ge¢venistirk actekil eimek Vvejmaliyet opti miz
sunmaktadeéer .

Bu -al ékma, atekl eme sistemlerinin tarihse
hafif silah platformlarénén tasaréménda hOoOl
Koymuxktur :

M Basitlik ve ¢retilebilirlik, savak sahase

T Gaz sézdérmazl éjé, basén- y°netimi ve mal

belirleyicisidir.

T Atekl eme mekanizmaseée ge¢veni lirligi, bal i s

s adr. |

T End¢striyel standardi zasyon ve bakém kol a

s¢rdereéelebilirlbijini belirler.

1 Kimyasal kaps¢l ve m¢ghi mmat yapésé, mekan

tanémlayan unsurdur.

Sonu- ol ar ak, atekl eme meEhamcamalski érsdrstewn
daha gelikmik tasaréemlarén al masé «keklinde
yojunluju y°netimi, m¢ghi mmat standardi zasyon
il e kekill enen bir id°meikié¢dm ral aG¢anke mdejder |pei nedz
el ektromanyeti k féerlatma ve elektronik tetik
et mekte ol up, tari hsel s¢re-te greglen teme

basitlik ve emniyet) gelec] i n at ekl eme pl atformlarénda da k

KAYNAKCCA
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Abstract

This study aimed tinvestigate the antioxidant and antifibrotic effects of Spirulina platensis
extract. Spirulina platensis is known as a potent natural antioxidant source thanks to its rich
phenolic compounds, phycocyanin, and carotenoid content. Oxidative stress pfapsiarit

role in the development of fibrosis as well as many chronic diseases. Therefore, natural
compounds that reduce oxidative damage are expected to have antifibrotic potential. In this
study, the free radical scavenging capacity of Spirulina platersigct was determined, and

its effects on oxidative stress markers at the cellular level were evaluated. Furthermore, the
extract's regulatory role on collagen deposition and fibrotic markers was investigated. The
findings showed that Spirulina platensexduced the production of reactive oxygen species
(ROS), strengthened the antioxidant defense system, and suppressed the expression of fibrotic
proteins. In conclusion, Spirulina platensis extract can be considered a protective agent in
oxidative stressnduced fibrosis processes. These findings support the therapeutic potential of
naturally occurring antioxidants and suggest that Spirulina platensis is a promising candidate
for antifibrotic treatment strategies.

Keywords: Spirulina platensis, antioxidarantifibrotic, oxidative stress, fibrosis

Introduction
Oxidative stress is a condition that results from the disruption of the balance between free

radical production and antioxidant defense systems, leading to lipid peroxidation, DNA
damage, and proteirxmlation at the cellular level (Birben et al., 2012). Laagn oxidative

stress can cause fibrosis in organs such as the liver, kidney, heart, and lungs, contributing to
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tissue dysfunction and the progression of chronic diseases (Wynn & Ramalingam, 2012).
Fibrosis is characterized by excessive extracellular matrix (ECM) accumulation and increased
collagen synthesis. Overexpression of markers such as transforming growtibéat¢rGF
b);smdot h mus-BMA} and Cadllagen | play an important oin this process
(Henderson et al., 2020). In recent years, it has been reported that natural antioxidant
compounds can be considered a therapeutic approach in preventing oxidativinctiess

fibrotic damage (Szymonikesiuk et al., 2003). Microalgaearticularly Spirulina platensis
(Arthrospira platensis), are among the potent natural antioxidant sources noted for their rich
phenolic compounds, phycocyanin, carotenoid, and chlorophyll content (Karkos et al., 2011).
Spirulina’s biological activitiesnclude antioxidant, antnflammatory, immunomodulatory,

and hepatoprotective effects; these properties are attributed to its phycocyanin pigment and
polyphenolic compounds (Belay, 2008; Chu et al., 2010).

Spirulina platensis has been reported to be @fedh reducing oxidative stress in various
disease models, suppressing lipid peroxidation, and increasing glutathione levels (Jayanth et
al., 2018). Additionally, some studies have shown that Spirulina may limit the development of
fibrosis and possess affibrotic potential (Pabon et al., 2019). These effects are attributed to
Spirulina’s ability to reduce ROS production, increase antioxidant enzyme activity, and regulate
fibrotic gene expression.

In light of this information, the current study aims tedstigate the antioxidant and afilirotic

effects of Spirulina platensis extract. The study determined the free radical scavenging capacity
of Spirulina extract and evaluated its effects on cellular oxidative stress markers and fibrotic
protein expressio The findings are expected to contribute scientifically to the development of
new therapeutic strategies for the treatment of fibrosis using natural compounds.

Material Method

The study was conducted at the ¢anRetrehl e On
Application and Research Center using 28 weekold Wistar albino female rats weighing
200-300 grams. Doxorubicin (2 mg/kg) was used as the chemotherapeutic drug to induce
toxicity. Some animals administered Doxorubicin received 500 mg/kg S&gastrically
(gavage) once daily for 21 days. On the 21st day of the experiment, the animals were sacrificed
under general anesthesia (Ketamine 75 mg/kg + Xylazine 10 mg/kg), and tissue samples were

collected.

Group 1: Control group; nthnerapeutic application was performed (n=6).
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Group 2: Doxorubicin group (DOX): Doxorubicin was administered intraperitoneally at a dose
of 2 mg/ kg in a volume of 100 eL (n=6).

Group 3: DOX (2 mg/kg ip) + SP (500 mg/kg intragastric) group (n: 6).

Group 4:  group: 500 mg/kg SP was administered intragastrically (gavage) every day (n: 6).
Results

Body Weight Assessment

The mean weights of the rats before and after the experiment were statistically evaluated. The
mean (Mean), standard deviation (SD), anéajuesof the body weights for the groups are
presented in Figure 1. As a result of the assessment, weight loss was observed in the subjects
treated with DOX (p<0.001) and DOX+SP (p<0.05), while weight gain was observed in the
Control and SP groups.

Histological Findings

The medulla of the ovarian sections from the control group had a loose connective tissue
structure, containing collagen and reticular fibers, and rich in vascular and nerve tissue.
Histologically, it appeared normal (Figure 1). Ovarigssues from rats in Group IV, which
received only SP, were examined by light microscopy, and generally normal histological
findings were detected. Ovarian sections from the SP group showed no pathological findings
in the cortical stroma and parenchyrmaad their general morphological characteristics were
similar to those of the control group. However, some sections showed areas of vascular
congestion (Figure 1). When ovarian sections from Bgainistered experimental groups
were compared with those frattme control and SBnly experimental groups, it was observed

that the normal histological structure of the ovary was disrupted, and follicular degeneration,
vascular congestion, hemorrhage, and polymorphonuclear leukocyte infiltration (PMNL) were
higher ompared to the other experimental groups (Figure 1). In rat ovarian samples from the
DOX + SP groups, the histological structure was preserved in the DOX+SP group compared to
the DOXadministered experimental groups, while edema, vascular congestionMad P

infiltration were reduced, and newly developing follicles were observed (Figure 1).
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Figure 1. H&E staining of ovarian tissues, magnification X20.
Discussion

This study evaluated the efficacy of spirulina, a primary source of high levels ofagamm
linolenic acid, betaarotene, linoleic acid, and arachidonic acid, in reducing doxorubicin
induced ovarian tissue damage. The protective effects of spirulina on doxoinbicted
ovarian damage were evaluated histochemically, demonstrating its tner&biecacy in terms

of both preserving primordial follicle numbers, which determine ovarian reserve, and
developing follicle numbers. Many agents, primarily antioxidants, are used in the treatment of
doxorubicirinduced ovarian toxicity. At the celluldevel, oxidative stress causes DNA
damage. The effectiveness of the use of antioxidants to significantly attenuate doxerubicin
induced mutagenicity by suppressing doxorubiogiuced oxidative stress and psdiated
mitochondrial apoptosis has been destmated in the literature (Attia et al., 2010, Yeh et al.,
2009). According to the results obtained from our study, it was determined that there was a
decrease in the number of primordial follicles in the DOX group and a significant increase in
atretic folicles compared to the control group, while the follicle numbers in the ovaries of the

DOX+SP group were close to the control group.
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Abstract

This study examines the potential effects of hesperidin, a natural flavonoid, in combating
cancer. Hesperidin, a compound abundant in citrus fruits, is noted famticxidant, anti
inflammatory, and anticancer properties. Numerous studies have demonstrated the regulatory
effects of hesperidin on oxidative stress, inflammation, and cell cycle disorders, which play a
significant role in cancer development. Hesperidimts oxidative damage by reducing the
production of reactive oxygen species (ROS) and induces controlled cell death in cancer cells
by activating apoptotic signaling pathways. It also slows tumor growth by suppressing cell
proliferation and reduces themession of MMP enzymes involved in metastatic processes. It
has been reported to exhibit synergistic effects when used in combination with certain
chemotherapeutic drugs. In conclusion, hesperidin can be considered a safe and effective
complementary congund in cancer treatment, both alone and in combination with other
anticancer agents. These properties make hesperidin a promising candidate for the development

of nextgeneration natural anticancer agents.
Keywords: Hesperidin, cancer, antioxidant, apdpteffect
Introduction

Cancer is a group of diseases characterized by the uncontrolled proliferation of cells and their invasion
of surrounding tissues, causing high morbidity and mortality worldwide. Current treatment approaches
include surgery, radiothapy, and chemotherapy, but these methods are often limited by side effects

and the development of treatment resistance (Hanahan & Weinberg, 2011). Therefore, the use of
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naturally derived compounds as supportive or complementary agents in cancer tréatagring

increasing importance.

Hesperidin is a flavonoid glycoside found abundantly in citrus fruits, particularly oranges, tangerines,
and lemons. The antioxidant, airifflammatory, anticancer, cardioprotective, and neuroprotective
properties of hesperidin have been demonstrated in numerous in vitro and in vivo studies (Roohbakhsh
et al., 2015). Recent research suggests that hesperidin may have antitumoral effects by suppressing

cancer cell proliferation, inducing apoptosis, andbititig metastasis.
1. Antioxidant and Anti-Inflammatory Properties

Oxidative stress is one of the mechanisms that plays a significant role in cancer development. Reactive
oxygen species (ROS) cause DNA damage, trigger mutations, and accelerate tumamuintelo
Hesperidin limits cellular oxidative damage by reducing ROS production and activates endogenous
antioxidant defense systems (SOD, CAT, and GSH) (Parhiz et al., 2015). Furthermore, hesperidin
suppresses the inflammatory response by inhibiting theation of nuclear factor kapp (NF-a B )
thereby reducing the expression of proinflammatory cytokines such@&sTNFU , a n @ (LI&QO X
Schluesener, 2017). These effects both reduce the inflammatory state of the tumor microenvironment

and contributed the suppression of cell proliferation.
2. Effects on Apoptosis and the Cell Cycle

One of the anticancer effects of hesperidin is its capacity to activate apoptotic signaling pathways.
Studies have shown that hesperidin activates the mitochondrial patheragases cytochrome c release,

and stimulates caspa8e-8, and-9 enzymes (Kumar et al., 2020). It also induces cell death by
increasing the Bax/Be2 ratio, contributing to the selective elimination of cancer cells. Hesperidin also
inhibits proliferaion by arresting the cell cycle at the GO/G1 or G2/M phase. For example, experiments
in breast cancer (MCF) and cervical cancer (HeLa) cells have reported that hesperidin reduces CDK2

and Cyclin D1 expression (Garg et al., 2019).
3. Effects on Metastas and Angiogenesis

Metastasis is a critical step in the progression of cancer to advanced stages. Hesperidin inhibits cell
invasion by suppressing the expression of matrix metalloproteinases-@vié MMR9). It also limits
angiogenesis by reducing vasmukndothelial growth factor (VEGF) levels (Kim et al., 2020). This

reduces the tumor's ability to form new vessels and metastatic spread.
4. Synergistic Effects with Chemotherapeutic Agents

Recent studies have reported that hesperidin increases treatficayy when used in combination with
some chemotherapeutic drugs. For example, when combined with adriamycin (doxorubicin), it reduces

cell viability and synergistically regul ates mar
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Similarly, when used in combination with cisplatin eflorouracil, it has been observed to reduce the

development of drug resistance (Chen et al., 2019).
Conclusion

Hesperidin is a promising compound in cancer treatment thanks to its natural structure, libyy &oxic
versatile biological activities. Its antioxidant and anflammatory effects reduce cellular damage while
stimulating apoptotic mechanisms, enabling tumor cell elimination. Furthermore, its ability to suppress
metastasis and angiogenesis oftlies added advantage of slowing tumor progression. Future clinical
studies are needed to demonstrate the efficacy of hesperidin in various cancer types, either alone or in
combination with chemotherapeutic agents. Such studies could position hesperidm tamaorext
generation of natural anticancer agents.
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Girik: Anterior b°lgede dik eksiklikleri, ke
estet k a-édan dejil, aynée zamanda fonksiyonel
czerinde ol umsuz et kil er ol ukturabilir. Zir

alternatif se-enekler araseénda Vy¢ k sdekiyleday aneéeé

tercih edilir.
Ama - : Bu ol gu sunumunun ,sohpeg@terals@9g m¢ lag ek ani r
bul unan bir hastada, saj kanin ile sol prem

porselen veneer uy g urbteilorehabditpsyons gemaletkére xt i r i |

Ol gu Sunumu: 34 yakénda kadeéen hasta, ¢st ©°n
bakvur du. Yapeéelan klinik ve radyografik mua
konjenital olsaorlakk apneign kdeikkliinndes,e g°m¢l ¢ ol dufj
pozisyonu protetik planlamayeée etkilemedijind
ve mobilite varl ejé nedeniyle sol l at er al d
resbrasyonla diketi Kekillendiril mesi hedefl e
Tasarem/ Bil gi sayarCAOM)stielkd it dgearnliangpCADI r kon
sinterlendi. rzerine feldspati knpolikarbeksilate n t a'lt
simanl a simante edil di. Kontr ol seansl| aréend
ol arak yeterli d¢zeyde sajlandéjé belirlendi
Sonu-: Anterior b°lgedeki yer darl éjé ve asi
¢-kKdformu verilmik ve porselen restorasyonl a
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al anendaki doku eksi kliji, pembe porselen uy
b°l geyle simetrik bir g°r¢ng¢gm ssaypsindendestek t € r .

di Kkl erde madde kaybé azaltel mék, késa s¢rede
Anahtar Kelimeler : Estetik Rehabilitasyon, Peg Lateral, Zirkonya

ANTERKOR ESTHETKC REHABKLKTATKON KN A PATKEN
IMPACTEDCANKNE, AND LATERAL AGENESKS: A CASE

ABSTRACT

Introduction:Anterior tooth deficiencies, morphological anomalies, and space limitations can
negatively affect individuals not only aesthetically but also functionally, phonetically, and
psychosocially. Among alternative treatment options, zirecbagsed porcelain veneers are
preferred due to their high strength, biocompatibility, and superior esthetics.

Purpose: The aim of this case report is to present the prostifeiiailitation of a patient with
a missing right lateral incisor, a psbaped left lateral incisor, and an impacted canine, using

zirconiabased porcelain veneers in the region between the right canine and left premolar teeth.

Case Presentation: A 3#arold female patient presented to the clinic with a complaint of
tooth deficiency and esthetic dissatisfaction in the anterior maxillary region. Clinical and
radiographic examination revealed the absence of the right lateral incisor, a congenitally peg
shaped left lateral incisor, and an impacted left canine. As the position of the impacted canine
did not interfere with prosthetic planning, extraction was not required. The left lateral incisor
was extracted due to root resorption and mobility. The prepédhant teeth were used to
shape the gingival contour through temporary restorations. In the laboratory, the substructure
was designed using Compui&ided Design/ComputefAided Manufacturing (CABCAM)
technology, milled from a zirconia block, and sinterédldspathic porcelain was layered and
fired onto the framework. The final restoration was cemented using polycarboxylate cement.
During follow-up appointments, esthetic harmony, functional integrity, and gingival adaptation
were found to be clinically siafactory.

Conclusion: To correct space deficiency and asymmetry in the anterior region, three tooth forms
were designed over two right anterior abutments, achieving esthetic harmony with porcelain
restorations. The tissue deficiency in the papillary ameahe right side was esthetically

compensated using pink porcelain, providing a symmetrical appearance with the left side. This
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minimally invasive approach reduced tooth structure loss in the abutments and achieved a
natural and esthetic rehabilitatiana short period of time.

www.akademikangre org

Keywords: Esthetics Rehabilitation, Peg Lateral, Zirconia
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1. GKRKK

Anterior b°lgede dik eksiklikleri, kKekil boz
a-eédan dzeaggmalndaayfnoéenksi yonel , fonasyonel ve p
ol umsuz etkiler olukturabilir.,

Gom¢l ¢ maksiller kaninler, denti syonun gel i
etiyolojiye sahip anomal imuer, de°nz ebdilriikdier .| altie
anomalileri, dik eksiklikleri ve -exitli ort
bildiriimektedir! B u i kki, bazé ol gul arda kanin geor
bazéel arénda i sien gseolniukceun od nadomd leiclegri ni g°sterr
Broadbeltma ksi | | er kaninin orbita tabanéna yakeén
yolunun, pal at al yer dejikimin té&masle, nedearsie
kal abal €] én mervdcautp alladtuglu yodrgudej i Ki mi ol ase
akéré bokluk bulundujunda ise bu anoma*l i nin
-al ekxmasénda, pal ati nal g°m¢l ¢ kaninlerde koc
preal anseéneé ortaya koy muck; | ater al kesi ci Kk
durumlarda kaninlerin mezial ve palatinal y ¢
g°m¢l ¢ kal déjéné vurgul améxkteér. GCed@! mompmrala
mor folojiye sahi pken, g m¢gl ¢ kanin bul unan
bildirilmiktir.

Tedavi s¢reci, mevcut di Kl erin korunmaseénée
ama-1| ayan kapsaml é restor atiafk | avtee® Kkl b ddat i
gereksinimlere bajl e ol ar ak prognozu zayef
tamamlandéktan sonr a, estetik ve fonksiyone
protetik rehabilitasyon Uygul amal aré ger-ekl
Anterioki b8l geed&si kl i kl er i ve «kekil bozukl u
tedavi se-eneji bul unmaktader. Anterior b°l
feldspati k seramik, l'ityum disilikat ve me
kull aneméByamateadgal |l erin her biri; transl us
uyumu ve mekani k dayaném a-éséndan -exkitli a
Kompozi't rezinler, konservati f- °vze; mlami rs agdial
lityum disilikat ve feldspatik seramiSekrl er, vy
yéll arda ise monolitik zirkonya materyaller.]|

transl usent forml &l gedaye®i nedset ea mkerai-oérd alm
verebilmektedit! Zi r konya alt yapéleée porselen veneer

arasénda y¢ksek dayaném, biyouyumluluk ve es
Bu ol gu sunumunaln dimaceéksisllli jliat es ol peg | at
bir hastada, saj kanin ile sol premol ar di K
veneer uygulamaséyla ger-eklextirilen protet
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2.0LGU SUNUMU

34 yakéndhaaskadé ¢st °n b°l gede dik eksi kIl ifj]i
Yapélan klinik ve radyografik muayenede saj
ol arak peg keklinde, sol kanin diklig liisedigrln
izl enmektedir. (G°rsel 2.1.)

Ayr éca, hastanén saj ve sol alt posterior b
Ki k©yetinin bulunmadej é, bu b°l gelerde yapeél
estetik olarak stabil durumaal duj u bel i rl endi

G°rsel 2.1. Hastanén panoramik g°r ¢n

Go°m¢l ¢ kanin dikin panorami k radyografideki
sénérl aré dékénda kaldéejéndan ve fonksiyonel

-ekimine gerek duyul madeée. Buna Igeaind& &elirgink , s ol
rezorpsiyon ve il eri derecede mobilite tespi
olumsuz etkiledijinden, periodontal stabilit
uygun bir dest ek al anekimendikagyonukonulda bi | mesi ama
Sol maksill er peg | at er al di Kin -eki mi y
tamaml anmaseéneén ardéndan aj éz - kontrol |l
al ende. (G°rsel 2.2.) Yet er lpir od@eku ki tieldawme s
ge-il di
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G°rsel 2. 2. Hastanén intraoral foto]

Preparasyon iklemi, aksiyal ve servikal b°lg
gren, mum al evi Keklinde ebmmbatelede.(yhRxdeén
dé¢zgenl ¢ ¢neg artérmak ve marjinal ge-i kKl eri
bantl &) ve -0k ince gren (saré bantl ée) el ma
b°l gede singulum forsmundwmbudl| UKtpuredlmaass & rie-zi rk

Restorasyon materyal:] ol arak planlanan zirk
kal enl @] éné sajlamak ¢zigr®, mmpsiakal yiHR2!| ged e
mm derinlijinde bi ektpirreipladriasy 8ar vgiekra-lekb©° 1l g
ol ukturul madan, -eb@®amakaegi n@knifasarém t et
tamamlande. (G°rsel 2.3.)

G°rsel 2.3. Dik preparasyonlarénén ta
Kesimiy apél an dikler ¢zerine uygulanan ge-ici r
bi-imde «kxekillendiril mesi ve yumukak doku wu
mevcut doj al di kl erin korunmaseée ©°nmlerini kI end
karkél anmasée amacéyla ge-ici restorasyonl aré
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G°rsel 2.4, Ge-iciraygugylPanmékt an sonr a

Laboratuvar akamasénda restorasyonun al¢t y @
Dest ekl LCrAeM)i mi(s@lDni kul |l anél arak dijital o
zirkonya bl okt an frezel eni p¢] @i nsteejril eemadki . a me
feldspati k porselen tabakal anarak féreéenl andéeé

Ni hai restorasyon, klinik akamada wuygun i zol
kull anélarak ilgili diklere simante edil di . (

G°rsel 2.5. Protetik restorasyon simante ed
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Kontr ol seansl|l aréendangisvealti kyumowmkEkl yonk vel
sajlandejée belirlendi. (G°rsel 2.6.)

G°r sel 2. 6. Kontr ol seansénda -ekil en
3. SONU¢CLAR VE DEjERLENDKRME

Anterior b°l geme@r fda lko jeikks i &nd drkd leirlier ve yer ¢

pl anl amasé hem fonksiyonel hem de estetik ge
gerektirir®

Maksiller | ater al kesi ci di kl erde Kekil, b
bozukl ukl ar ol duk-a sék karkel akélan anomal
durumun g°r ¢l me séekléejéenén %l1,6 ile %4, 9 ar e
daha y¢ksek oranl arda ?rSeporilkard dedaicgkendred i groi |
d¢zeyinde belirgin meziodistal daral ma il e Kk
esteti k dengeyi bozarak diastemal arén ol ukul

sorunlara neden olabilmektedfr.

Peg bi-i mliicilletremalt ekdaasyi si nde farkI|l & vyakl a
uygul anabil ecek y°ntemler arasénda ortodont
restorasyonlar ve kronlar sayeélabilir. Ayrec
g°epl ol gul arda il gild@ di kin -ekilerek i mpl
alternatif bir tedavi sé*~eneji olarak dejerl
Tedavi pl anl amasénda, bi yomekani k denge, okl
dej er lreenkd,i r me® cut di kl erin periodont al dur
al enmal edeér . Bu dojrultuda, yeterl: sayéda v
hem y¢k dajél éméneén dengel enmesi hem de -e
bildiriimektedir®®* Bu ol guda, maksi mum fonksiyonel Ve
mini mal invaziv bir yaklakém beni msenmi ktir.
tutul muk, b°ylece destek diklerde gereksiz m
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Anteriorl abB%%lrgpddeeksi kI i 7 i bulunan i ki di Kin
bi yomekani k a-édan uygun bir k°prg¢ tasar eme
verilerek protetik restorasyonu tamamlanmeéxk:t
maksmum d¢zeyde korunmuk, dojal dik esteti ] i \

Proteti k dik heki ml i ] -seramik @esioganydniardas dam seyaeik | ar d
sistemlere dojru bir yaklakém dejikerklIheém g°©
estetik goréneégmegnyg hem de bi youyumlul uj
kaynakl a¥®maktadeér .

Zirkonya esasl é& materyaller, yé¢ksek mekani k
gi bi csten ©%zelli kl eri s ay easkitnaddeé rb u Adnecjaikk izmi
yé¢ksek sertliji, kar két di kK y¢zeylerinde acxk
optimum d¢zeyde <cilalanmasé be¢egyék °nem takeéeé
i stenen esteti k ©° zenhelni kkléerreel gsaanh iypa poél | naarl éayrléan a
Bu nedenl e, zirkonyanén mekani k dayaneéekl él é&j
getiren hibrit materyallerin kullanémée dg¢Kkyg

probl eml¢gem¢innde-,® zirkonya alt yapeéeleée porselen
bildirilmektedirl’

Dent al esteti k, di klerin ve -evre yumukak d
uyumuna dayanér. Diketi dokustugmuingjsanl £4jel ar
belirleyici bir rol oynar . Di ket estetijini
sajl éklée bir yumukak doku g°r¢negmeg el de et me
ve papil b°lgesinegskietdakuyeknsai bl uknserzi y°hde
arasénda y®Bru aoll ngaukdtaa doéermbe por sel en kull anél a
doku kaybé esteti k olarak maskelenmik ve yg¢z
Literate¢rde, bu t¢gr yumukak doku kayépl areéneé
uygul amas éneéenmpl®znetl Idiekslt e k1 i veya sabit prot
betenl ¢ ¢neg yeniden oluktur mak a- és'®9Bda et |
ol guda, anterior b°lgedeki yer darl eje ve as
dik formu kazandéerél mék ve porselen restora
alanendaki doku eksikliji, pembe porselen uy
sol b°lgeyle simetrik bir goouté ndink ledrdien ekda n um
farkl él ekl aréna rajmen anterior b°l gede doj
sajl amexkteéer .

Proteti k tedavilerde uygun materyal se-imi,
d°neml i fonksi yaoréenlée nve e dtoatiillebb amesi a- ése
Tedavi sonraseéenda de¢zenl i kontr ol seansl| ar €
periodontal dokul arén sajléjé dikkatle dejer
pol i sdjeriimlien d¢gzenl i aral éeklarl a yapél mase,

betenl ¢ ¢neg koruyarak uzun d° n@%Bubljudaeldk b ack a
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edilen sonu-1I|lar da, ' iterat ¢¢rde ball daea-iilmin u
pl anl amanén protetik tedavilerin prognozunda

4. GENEL DEJERLENDKRME VE SONUC¢LAR

Anterior b°lgedeki yer darl éejé ve asimetrini
formu verilemi kr esd opasyehl arla estetik wuyum
al anendaki doku eksi kliji, pembe porselen uy
bl geyle simetrik bir g°r¢negm sajl anmécxkt éer .

di Klnmeardddee kaybé azalteéel mék, késa s¢rede doj al
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FOBKK HASTADA PERKODONTAL VE PROTETKK REH.
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¥ZET

Girik: Di Kk heki mi korkusu ve pani k atak, d
reddediimesineee n ol abi |l en ©°neml psi kol ojik engel
i Kl eml erin g¢venlii ve konforlu bir Kekil de
sékl ékla tercih edil mektedir.

Ama-: Bu ol gu ,dentalfobisuve panikatamayg ¢ s¢ bul unan bir
anestezi alténda ger-eklexktirilen periodont

gereksinimi olmadan tamamlanan protetik rehabilitasyonun maPkrtoétre.z ak amas €,

bir i nvaziv i dlammmh aynameE&!l, maelksséezdrk pl e fonksiyc
Ol gu Sunumu: Dental anksiyetesi ve panik ata
di Kkl erinde mobilite kKkikOyetiyle klinije bakyv
di kd eirlderi d¢zeyde periodontal yékeém tespit

tedavi korkusu nedeniyle i klemler genel anes
Yumukak doku iyilekmesinin tamamobanumapémda| Bas
amacéeyla anatomik ve fonksiyonel °l - ¢l er al
fonksiyonel ve estetik gereksinimlerini karkck

uyuml amanén ardéndan pastayavuleatrémda,di pdot
et kinlifJi ve estetik b¢gtenl ¢ é¢negn korunduj u,

d¢zeyinin yogksek ol duju gzl endi

Sonu-: Dental fobi ve pani k atak °yk¢gaeg bul u
altenda ger-eklextiril mesi; hast a konforun
al énmaséna ve klinik iklemlerin ge¢gvenlii bir
fobi si bul unan benzer ol gul ardast egiiri &l ms e
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ger-eklektiril mesi v e protetik rehabi |l itas)
s¢rder el mesinin, klinik bakaré ve hasta uyurm

Anahtar Kelimeler : Genel Anestezi, Dental Fobi, Hareketli Protez

CASE REPORT: PERIODONTAL AND PROSTHETIC REHABILITATION IN A
DENTALLY PHOBIC PATIENT TREATED UNDER GENERAL ANESTHESIA

ABSTRACT

Introduction: Dental fear and panic attacks are significant psychological barriers that can lead

to postponement or complete avoidarmfe dental treatments. In such patients, general
anesthesia is often preferred to ensure that necessary dental procedures can be performed safely
and comfortably.

Purpose: The aim of this case report is to present the prosthetic rehabilitation of anpéttient
a history of dental phobia and panic attacks, following periodontal and surgical treatments
performed under general anesthesia. The prosthetic phase was planned without the need for any

invasive intervention, achieving both esthetic and functionatorgment.

Case Presentation: A female patient with a history of dental anxiety and panic attacks presented
to the clinic with complaints of pain and mobility in the mandibular anterior region. Clinical

and radiographic examination revealed advanced periaddestruction in the mandibular
anterior teeth. Due to the patientds severe
procedures were performed under general anesthesia, and the affected teeth were extracted.
After soft tissue healing was conmepgd, anatomical and functional impressions were taken to

plan the prosthetic rehabilitation. Based on the obtained models, a removable prosthesis was
designed to meet the patientodés esthetic and
the prostlesis was delivered to the patient. During foHap visits, it was observed that the
prosthesis maintained its functional efficiency and esthetic integrity, and the patient reported a

high level of satisfaction with the treatment.

Conclusion: Performing dal treatments under general anesthesia in patients with dental

phobia and a history of panic attacks allows for increased patient comfort, effective anxiety
control, and the safe completion of clinical procedures. In similar cases, conducting invasive
dental procedures under general anesthesia and continuing prosthetic rehabilitation with

noninvasive treatment approaches may enhance clinical success and patient compliance.
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1. GKRKK

Genel anestezi, hastanén bilincinin ge-ici
tamamen engell endi]i kontroll ¢ bir bilin-si
dental tedavilerin ertelenmesine veya tamamee dde di | mesi ne neden 0
psi kolojik engellerdir. Bu t¢r hastalarda ge
yapél abil mesi i -in genel anesteézi altenda te
Dent al I Kl eml er riraehii sgndexki°mledrliirk,] ehaset al a
anksiyeteye neden olduju bildirilmektedir. E
min°r ajéz cerrahisi uygul amal arénda seéekl ékl
yararl|l anGemakt acn@&st ezi altenda g°m¢gl ¢ di kK -
-oklu dik -ekimleri, dent al i mpl ant uygul anm
restoratif tedaviler gibi -exitli demfdrtal i kI
artteéerélarak cerrahi s¢recin gevenli v kont
Dental anksiyete, dik tedavisine y°nelik kor
kez a-ék-a ifade edil emegpkargwk]j uanbmltagérgi k&
mi z a - Ve b ack etme stilleri, °nceki travmat
ailel-evreden g°zI|l emsel °7 renme yol uyl a C
sénéeflandérél amayan peoynkiBsongadlenédtemekl emni ki wy
preoperatif bil gilendirme, kayge azal tma y¢
sedasyon ve genel anestezi se-eneklerinin b,
Yapél an -al exesail ade has tal a°nrécn bil gilendir.i
hazérl anmasénén, operasyon kaynakl é& anksiyet
ortaya koymaktadeér .

Kés mi di ksizli k durumlarénén esteti gbitve f o
protezler, implant destekli sabit parsiyel protezler ve hareketli parsiyel protezler tercih

edi |l mektedir. Kmpl antl ar ve sabit protezler,

estetik avantajl ar sunsa leca Wbhaxé uvuglgadlaarada
olabilmektedir®

Yapém s¢recinin g°rece daha basit ve invazi
°zelli kle dent al fobi si bul unan hastal arda
yumukak ve é&spelrar édnoak ub aklalyé esteti k ve fonksiy

bakarél & sonu-1lar sajlar. Tedavi s¢é¢recinion
kol ayl ekla yapélabilmesi, uzun d°nem bakém v

Hastand&murkuilmuni lksi stemi k sajl ek °yk¢gseg ve psik

(PMMA) esasl é& veya termoplastik poliamid esa
Her i ki mat eryal de mini mal Il nvaziasyonupa k| ak
sajl anmasén&Seoritanakr itlainke rmatervyal rijit yapeé
il eti mini destekl er ken, esnek poliamid mat el

dokul arl a daha uyumlu bir kkill laaémanspreabe Hea

ISBN NR. : 978625569446-1 | 133




CUMHURI YET 15th | NTERNATI ONFARL ISOINERNRESCE ON
October TARBRKARA25
CONFERENCE BOOK

di keti konturlaréné taklit ederek yumukak do
bir g°r¢negm el de edi I®hagi @ea kam&ec wta] haab &b
korunmaséné sajlampmapnakmadokuvbemacscpbukbhdeur Ve
d°nemlerde uygulanabilecek sabit veya i mpl ar
bir altyapé hazérl ar. Bu yakl akeém, komku do
di kK| er de phreerphaarnagsiy obni rger ekt i rmedi ji nden madd:

Bu ol gu sunumunun amaceé, dent al fobi si ve p
anestezi alténda ger-eklexktirilen periodont
gereksinimiolmd an t amaml anan protetik rehabilitasyo
bir invaziv iklem yapél maksézeén planl anméck,

2.0LGU SUNUMU

Dental anksiyetesi ve panik at@lkgédg& ajer dul di

mobilite ve estetik kaygé «kKikOyetleriyle kI
s¢redir dent al tedavil erden ka-éendéejé ve g
d¢zeyini artérdéjeée °Jremilddikl|l eKildienii k emuayegnre
-ekil mesi ve atakman kaybé g°zlendi. Radyogr
kemi k rezorpsiyonu ve periodont al destek ka:
izl enmektedir. (G°rsel 2.1.

G°rsel 2.1. Hastanén panoramik g°r ¢n

Genel anestezi altenda ger-eklektirilen dent
yekéemtwe pk ognoz nedeniyle 31, 32, 41, 42 ve
i Kl eml er i atraumati k tekni klerle ger-ekl exkti
dokusu uzakl akt érel de vV e yar a al anildear énén
Kekillendiril mesine °zen g°sterildi
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¢ekimlerin ardéndan mevcut diklerin fonksiyo

amacéeyla koruyucu restoratif tedavilere ge-
al anl ar é temi 2ltenrdezine rleempoasyonl ar uygul
destekl enmesi amaceéeyla detartraj i klemi ger -
°neril di. Bu akamal ar sonucunda mevcut di Kkl e
sajl andcdg éz i -1 dokul ar, pl anl anan proteti k
tedavi akamal arénén tamamlanmasénén ardéndat
mevcut durumu Kklinik olarak dej eraleénndd ér.i(lGir s
2.2))

GPrsel 2. 2. Hastanén tedavi ©°ncesi i nt
Protetkr e habi | itasyon amacéyl a anatomi k ve fonk:
czerinde hastanén fonksiyonel i htiya-1ar éne
kokull aréné karkélayacak bi-imde hagrekeitnde j
dudak desteji, di k dizili mi, okl ¢zal de¢zl em

G°rsel 2. 3. Hareketl i protez

Laboratuvar akamal ar énén tamaml anmaséneé t ak
dejerlendirme yaperdsongasékldia oihalt me ot ez
edil di. (G°rsel 2. 4.) Protez tesliminde okl ¢z
hastaya kullanéem, temizlik ve bakém konusund
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G°rsel 2 .i3n.t rHaaosrtaaln éni t i m fotojrafl are

Takip randevul arénda, protezin fonksiyonel €
hastanén tedaviye y°nelilkW¢kabkelotidiu] memf zhie)
2.5))

G°r sel 2. 5. Kontrol seansé intaor al
3. SONU¢C¢LAR VE DEjERLENDKRME

Dent al fobi ve panik atak, di K hekiengellerj i pr.
arasénda yer almaktadeéer. Y¢ksek d¢egzeyde dent
genel yakam kalitesini olumsuz y°nde etkiler
ve di kK kaybé orané genel Itiikkl et eddaahvai yugcykgsuel ka, mat
sénérl eder. Ayréca ajreée, enfeksiyon ve fonks
artma¥tader .

Tedavi s¢recinin y°netimi, yalneéezca klinik b
gerektirir. But ¢ r bireyler, aj éz sajleklarénén yet
yakadékl|l aré yojun kayage nedeniyl e dent al t
Literatg¢rde, dent al anksiyete ve panik bozul
azd tt ej é vV e tedavi geci k me¥® 8u iduruen, pgriodontala - t €] «
hastal ékl arén ilerlemesine, dik kaybéna ve y
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Muj | al &- sakéamkl arénda kadén hastalarén cerra
ve kaygé seviyel edraihnai ny ¢sekrskeekk ohladsutjaul naur dvaen b un

tedavi tecr¢gbeleri ve kikilik yapeéelaréyl a ba
Bu nedenl e, dent al fobi veya panik bozukl uj
kontroll ¢ ve hlkaesnfaoral-we skein-diamd el achear - ek | ekt i ri
genel anestezi uygul amal aré yaygén ol arak t
I Kl em °ncesinde bilgilendiril mesi ve psi kol
azalbitlegieri |l mektedir. Kikiye ©°zel bil gilend
uyumunu artéermakta ve postoperatif d°nemde
nedenl e, her hast a bireysel °czelli kleri

dej er melidird% r i |

Genel anestezi altenda ger-eklexktirilen iKI ¢
iyil ekmesinin sajlanmaseéyla birlikte protet
s¢rder el mesi, hastal arda tr dwmaetdiek °cheenmd yi i mli a
ol ar ak dejerlendiril mektedir. Giriki msel I K
psi kol oj ik tol ere edilebilirlik hem de fo

vermektedif®

Har eket | protezler Khwr awgulda ma lkaaryab €° rynaekka y @
duruml ara bajlée olarak séekl ekl aDterekbi BHil]¢
sayésé, hastanén -ene yapésé ve genel ajeéez s
Literatgrdel @daksizlikIlerin, mevcut dikl ere
protez sistemleriyle rehabilite edil mesinin,
ve estetik sonu-1lar®%ajladéje bildirilmekted

Hareketli protez materyab | ar ak PMMA esasl é& ve termopl ast
kull anél makt #déraf Shdagh bel dirkilen olgul arda

hastalarda esnek parsiyel protezl er bakar el
Termopl asti k poliamid esasl é& bu protezler, m
sayesinde °2zellikle g°re¢negr bl gelerde estet
elastik ©°zellifji ret ansi y dgymdaptasyon éehasta koefaoryu y u m

sunmaktadeéer.

Esnek protezlerin yumukak doku astarl aré,

materyall eri il e yeniden astarl anmasé gg¢-1t¢r
yézeylerinin idg¢éazlgaghnmabma-siéemddeu rcu munda, vyi yecek
i -eren maddel erl e kol ayca |l ekel enme ej il
olukturlmMaktaldguda ise, bu t¢r séneéerl él ekl ar
esasl é proterdmbmeryBli PMMADOheéen ye¢igksek y¢ ze
edil ebil me °zellif]i ve uzun d°nem kull aneémd:
hem de estetik a-édan tatmin edici bir sonu-
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Benzer Keki Pdea,r aBemrdamaddep | eme -al ékmasénd
materyall erin doku uyumu ve hasta konforu y°
pereéezl el &7 ¢, retansiyon ve boyutsal stabil it
g°sterdiji vurgul anméxteer.

Zananl a -ene kemijJi ve yumukak dokul arda meyc
dokul ara wuyumunu olumsuz etkileyerek Kkull an
hareketl i protezlerin uzun °m¢rl ¢zeel fobakeéw
ve uygun temizlik protokolleri'm™ n uygul anmas
Literatg¢rde, protezlerin uzun d°nem estetik
bakémén belirleyici bir rol oyngderpgi nmdegpl.
pi gment birikimini °nl emek amaceéeyl a uygun
uygul amal aré ve protezlerini dojal Miklerden
Esnek parsiyel protezlerinmiesedick kawgesta
bildirilmekle birlikte, yézey °zellikleri n
durumun d¢gzenli bakém eksiklijinde protezin
belirttulzminktdi°m.e m t aeriipd eyalgés @lr od®ygdneékl!l él &
yetersiz hijyen uygul amal arénén y¢i¢zeyde sar €
Bu bul gular dojrultusunda, esnek veya sert
uzun d°nemresntéent ikkorbuanka bi | me s i i -in hasta uy.!
kontrol protokollerinin be¢gye?d °nem takeéedeéej e
4. GENEL DEJERLENDKRME VE SONU¢LAR

Dent al fobi ve pani k atak °yk¢gse bulunan has
ger-eklexktiril mesi; hasta konforunun arteéerel
kKl inik i klemlerin g¢gvenl i bikt &re.ki | de t amaml
Dent al fobi si bul unan benzer ol gul arda, gir
ger-eklexktiril mesi vV e protetik rehabilitas)
s¢rder el mesinin, Kl inik bakarnmg ke rhasta uyurmr
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SELENYUM NANOPARTKK] LLERKNKN PROSTAT KANSE

ANTKKANSER POTANSKYELK VE HEDEFE Y¥NELKK KL

ROL !

Sel da DURUKAN

Kastamonu seldadsrudé&s n9 90@JordEs &24 8 ¥ m
Do - . Dr . D I kad ¥Z
Kastamonu | n vers tes ,-0d@kbaspe@k @& st amon

¥ZET

Prostat kanser erkekl erde en yaygén mal g
sékl ékla s stem k toks s te g b senérl| el ekl
ant oks dan savunma mehkayazmél ar érscka ted maren
kanser doh | b r-ok t¢egmer t p nde kekmopr ev
vitrmad ékmal ar, selenyum b lek kler n n prost :
baskeéel adéj e, faerorpdpmtzqgz og of ajh¢ owree °1 ¢m yol |l a
genel | k1l e reakt f oks jen terloer (ROS) é
bozul masé, -p58ramBaxdB8fl K m Ve kaspaz akt
g°ster merkétcead, rbB fA3e, FPNF3 K/ Akt g b s nyal vyol/l
oks dat f stres ve nfl amatuvar s¢re-1oer .
selenyum b | ex kler , daha y¢ksek b yoyararl
norgan k formlara g°re daha avantajl é kemop
yeéellarda gel Kt r |l en selenyum nanopart kgl
hedefl eneb | r Kek | de sunarakawdsdé&kat h¢ ekaenle
ROS ¢ret m n arterdejée, apoptot k yanete gg¢
daha d¢ K¢k s totoks s te serg |l ed j g°ste
nanopart kgl formunun, ver adsetdaaty lsamsler umunt Ov
ol dujunu ortaya koymaktader.

Anahtar KRAognedterkanser Sel enyum nanopart
y°nel k tedayv

1.GKRKEK

Prostat kanser d¢nya genel ndel ep kekmmer dl:
B rlekxk k Devlietler 6nde erkeklerde en yaygeén
Prostat kanser n n olukumu ve |l erl emes , ge
alténda kek | |l enmekteldb§TdgzZund.go 2@20) . 2B 210
kanser n tesp t et mek - n prostat spes f |
manyet Kk rezonans gor¢nt ¢l eme ( MR1) veya ¢
kull anél maktadén4f) Hj ermbBearag «kK@a.nselO - n uy
araséeénda akt f z|l em, kemoterap , radyoter a
al maktadér (Bach vd., 2014) .
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G¢ncel -al éexkmalar, yakam tarzéendave agpréd em ever
prostat kanser n n l erl emed mangyadaXr mega Bn),l

5al fa red¢ktaz n hK aor urPar k aerr, vid n,oR0s2tSr)@an @ mé e (
2022) ve karoteno ditl gketn M Komastkal &jdén K6€y2r2)
Bununla b rl kte, - nko, kals yum ve selenyu
dej Kkt reb | en fakt®°rler arasénda yer al mak:
I KKk Inceolleanreank - ok sayéda bes n b | eken vV e
koruyucu hem de tedav ed c¢ potadsawngl vdne
2023)

Sel enyum nanopart k¢ller (SeNPOI €rz)e)l | b&hze
neden yle b yomed kal arakteéermalarda yojun

selenyum b | ek kler ne keyasla SeNPOI er, d
akt v teler g b bel rg n lasvrant gm? ar msknmae
mmen yanété mod¢l e eder ek, temerl e [ Kk |
spes f k T Il enfos tler n akt ve ederek ant

Son yéellarda, nsan v gc ugda-nlag mamt nkuam syean ed
anomal zemel er n gel Kt r I mes ne y°nel k - ¢
el enyum |l e zeng nlext r I m Kk nanopart k¢l
- mde ar akt ér éeslemaekntyaudnéurn. yBauk am g - n ger ekl
el enyum y ¢kl ¢ nanomal zemel er n gel Kt r
estekl enmekted r. T¢gm bu °zell kler, seleny
e d¢ K¢k t o ktse csa ut ed Ktarnasteq | |l er nde yen |
et rmekted r (He vd., 2025).

o < o nw T wnw S

2.DENEYSEL ¢ALI kMALAR

2.Sle.l enyum Nanopart k¢gller n n Genel ¥zell
Nanot ép, b yoloj k s stemler n tané, tedav
aaktéermal ar é vV e Kk | n k uygul amal ar € kaps
Nanot ép kavramé, geleneksel kemoterap l e o
pl atform ol ar &Nkatdr tvaly a8S oh@dKkiEorkkt éyre l(dap $elmemy
e me | odak noktase, Sedbn n kemoprevent f ° z
t oks dan °zel |l kl er sayes nde oks dat f
, 2018). ¥te yandan,élsledreday uymp k sseckr eent kb nle
y¢ksek dozl aroka dmhayd k- ékean peden yl e Kk
km kt r. Y¢ksek y¢gzeyl/ hac m orané sayes nd
pas tes ne evwee ds¢akhe kptt o ks Bsu t° zel | kl er, S
-l end rmekted r (D as vd., 2018). G°rsel 1

< < Q@
& D D QS

x 1
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Selenyum Nanopartikiillerinin (SeNP)

Genel Ozellikleri
(" =N e e W )
Boyut ve Morfoloji Yiizey Ozellikleri | | Biyouyumluluk
ve Toksisite
(@)
: :
Nano boyut: 10-200 nm Yiik ve zeta
potansiyeli Diisiik toksisite
Kuresel, elipsoid, .
amorf veya kristalin Fonksiyonel gruplarin Hiicrelerde
koniugasyonu gdvenll kullanim
(protein, polisakkarit,
\ 25 PEGWD) ) J

A N =
Kararlilik Biyolojik Etkiler Uygulama Alanlan

O® | ©¢

Antioksidan aktivite Kanser tedavisi

ve siczi{itl:arr):a stabil : A.r)tikanse.n_' ve“ (hedefi-i ila? el
imminomodiilator Antioksidan
Oksidatif bozunmaya Ozellikler takviyeler
direncli Antimikrobiyal
" AN PNE ajaniar _/
G°r s eSle NP, nano boyutl ar é, -ek tl mor f ol oj
b yomed kal uygul amal arda gen K b r kul |l ané
sah p olup, ant oks dan ve ant klaanrseekr Wezyed |b €
takv yes Kekl nde dejerlend r | mekted r.
Genel ol ar ak norgan k selenyum b | ex kler ,
bel rg n genotoks s te oluxkxturab | r ve bu d
Buna kar kel ék, organ k selenyum b | ek kler
baskeél ayéceé °zel | k vV e daha de¢ K¢k yan et k
nanopart ke¢ller , %2zgell ¢jé¢ ve etk ml Ijm kar tr
(Nath vd., 2022).

2.2l enyum Nanopart k¢gller n n Hedefe YO ne
Sel enyumun toks s tes esas ol ar ak reakt f
selenyumun metabol zmaséndan kayhak|] aeedRdhd
norgan Kk vV e organ Kk formlar éna kéyasl!l a S
durdurab I d J n ortaya koymuxktur (Zhang vd.
daha et k | b r kemoprevermmtatfid.aj] a2n0 2021)ar ak ku
SeNP tedav s n n avantajé, nanopart k¢l ler n
zar éndan kol ayca ge-erek h¢gcecre - ne al éna
arkadaxkl!| ar &, meme kanser hgemleg khad t€ndg/ kg
dozunun kanser hg¢cres gel K m n engel | emek
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2012) . Ayréca, -8%eNR@gkeeler (©HQ@QT gel K m n
konsantrasyonl arda baskeéel adéjné avd élk@ydar urur
bel rienm xt r (Gao vd., 2014). Wang ve - al ¢
boyut u, ret k¢loendotelyal s stemden ka- mal
engell emekted r. Yakharegpant2, b¢Inlmerboly urt-umid atk
apoptozu nd¢gkl erken, daha b¢gyek part keller
(Wang vd., 2015).
Nanopartike¢ll erin ( NP) he¢cre i -ine al énmas
sorumludu,y . h Baur es ¢triepi ne ve nanoparti kel boyu
birl ekerek daha b¢yeée¢k yapélara de°n¢gkebilir
2011) . Bel irli bir hedef Db°l geye il a-=erleil etinm
konjuge edi |l mesiyl e sajlanabilir. Bu konj u
bajl anarak antikanser ilaceéen dojrudan t¢mor
nanopartike¢gll erin t¢egmor dokul ar éndatokdiki r i Ki m
et kil er azal maktadér. Bu dur um, SeNPOIl erin
ger-eklexktirilmektedir (Kumar vd., 2015)

2.Be.l enyum Nanopart k¢ller n Prostat Kans:

Potans yel
Sel enyammpart k¢gller non (SeNPO6Il er n) ,kanset
genel | k1l e mal gn temerl er n baskél anmasén
ed | melkugeadr ov & Seal.eny2wmuwBn .ant t ¢mer etk s g¢
Konmuwk . cek t| -al exmal ar , SeNPO6n n -0k s
s totoks k etk s n n, he¢cre - reakt f 0Kk ¢
g°stermekted r. SeNP6n n etk s n amalslea mak
DNA hasar é, anj yogenez nh b syonu v e m t
mekan zmal ar tanémlanmékteéer. Sel enyum, t ¢mor

nd¢ kl emes neden yle yadygeang oldarakROoOtl&dnc h e

Kongve arkadakl|l arénén 2011 yeéeléenda yapteéeklar

he¢egcecrel eri czerindeki anti kanser et kil eri ay
SeNPOIl erin LNCaP hg¢gcre hatteénda heectrta jgral ivf
bu et kinin késmen kaspaz aracel e apopt oz
gestermektedir. Ayr éca SeNPO61l erin, androj e
d¢zeylerindeki e kt srparnesskyr o npusni iy oanzed | taakrtlairkM iktt @ si
(Kong vd. , 2011) . Bu bul gul ar, SeNP6l erin pr
bozarak t¢mPr hegcre begyéemesini baskél adéj ene
mekani zmaneén SeNPO6Il erin proktdter aphsieki aj a
dejerlendirilebilecejini d¢kendegrmektedir (K
L ao, v3eNPO6Il er n, androjen bajémleéel éejeéndan

¢czer nde bel rg n ant kanser et k namaks éq%®at e
h¢cre doPnge¢gse¢gnde duraksamaya yol a-teje ve
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bel ri enmokvdSgnkwW2r0e,va. 0g2Ge7 nl konsantras)
selenyum nand®gEarpragtberkanseakt Ky okesl ¢grennde
araceéel é& nekroptozu nd¢gkl ed J bel ri- enm kKt
fakto°r,e ntEMF)eron d¢zenlegsept?Paketk Lekl RIF1
(RI'P1) ekspresyon dg¢kteyrl.erAynrdéec aa r tnéekk rgo®pztloezn n

varl éjénda hg¢gcre canl él éjénén y¢kseld ] r a
kanser h¢creler nde ROS melkare | Zmarsekréo pa kott
ant kanser emk omgtayar ebymdkjadeéer. G¢egncel b
prostat kanser tanésvé&l 321 m&ay | tkb6é Kabkasoler
Avustralyadédda al énan plazma °rnekl er ncel
ortapbmama selenyum d¢gzeyler n n kontrol gr
ol dujunu g°sterm Kt r. Bu bul gu, prostat k a
d¢zeyl er n doj r ul amiaykrt éacdaé,r a yDhé |-laolné kwmla d a 2d0e
ve ke¢gkegrt g b d Jer el ementler n d¢gzeyler n
saptanmék ve bu durumun z el ementler n ol as
bel rt Im kt r (Dh |1l on wdk. ,162@22))y.erBul-malké
¢ zelSepeNPB.I er n prostat kanser czer ne yapel
tal é HaHt"tCér/e Temel Bulgular Et ki Meka
SonkusrePC-s(androjer BiygjenikSe NPél-a?rh_g: d?rCe ROS creti
ve bai ém _hC,cre ca_nlelejen aktlvasyor_1uve
Cameotrs J i nd¢gkl edi; norma androj en
(2017) prostat kanser d¢kéek bulund ekspresy
Endotok_si.n I -er TNF ve IRF1 gen
nanoparti kel l erir

q. ekspresy:

ajézdan 10 kat AR ve PSA

mg Se/ kg) veri-lr

Sonkusre LNCaRPFGC selenometiyonine ekspresyonunu
(2020) he¢cre daha dg¢kek tOkSi:baShkfclraga

TNF ve I RF1 genl

edilirken AR ve PSA genlerinin azhle proliferasyonunu

azalteéc

belirlendi.
" : H¢cre d°
Liaovd. LNcap JSE&NPoOler prolifer " se,
16 d¢gzeyini artér

(2020) hatt art e kle, am

2ekspresyonl aré gen rege

Prostat kanse!

Liao vd hocr el SeNP6l er h¢gcr e ¢ miR-1555p/NFa B
(2021)' xencé aftfare 22al t1%®5pmid Rzeyi1 akse cze
gram IKK-U v e SgehkefinPhedefledi. met ast az
modeli
. ) R BCL-2 ailesi
An ve Metastatik Len_tlnank ap_l € _Se NPOI e proteinlerinde
ile birlikte uy ~
Zhao prostat kansel = = o = dej i kKi m,
) canl el ejéené azal't o
(2021) h¢gcecre ; sal enéemé
gzl endi

aktivasyonu
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_ He¢cr e :
¢cal e Hatt e/ Temel Bulgular Et ki Me k a
TrxR inhibisyonu,
Zou vd PG3 h¢c LET-SeNPOI| e ke kK é4dn éGyi ROS art
" +radyoterapiuygul andéj éenda r a p53/MAPK/AKT
(2024) . ; _ _ ,
modeli arterde, hg¢gcre. b yol |l ar é
d¢zenl er
Genel ol ar ak, SeNPO6l er prostat Kkanser tedayv

S ner | k tedav komb nasyonl aré yoluyglraleetk
selenyum nanopart ke¢ller |l e komb ne tedav
hastalarda kanser tedav s nde d KMeatbha+tek vd.
2025)Ayréca i paptigkborimedaaam dyume naebdbpart kg
komb nasyomurndienn f azl a mol ek¢l er lhrendefkanserer
etk nl ] haptooéreab nldeanejyol a - ékfélluméaxkm é&dr .n Bue rk
dozl aréneef dalammla «k k|l 4 karac Jer toks s te
potans yel ne sah PMemlbdu] u.vdlegk e ®RDI2ZBekt ed rr (

3. SONU¢LAR VE DEJERLENDKRME

st at kanseri, erkeklerde en sék rastl ana
reseli nf aektklirllexri mi yl e gel i kKen bir hast al
teml er -oju zaman ciddi yan etkiler, tg¢n

1
(¢

o
5 0O 5 5 < O

érl anmaktadeéer Bu nedenl e, daha hedefe yP©°
avi yakl akéml ar éna ol an i htivya- gi der e
o] rtike¢glleri, sahip olduklaré y¢ksek biy
° ¢l il a- takéma potansiyelinsay@lsmaldta di
t¢rdeki b ul giru iteor hem &dnN @O Imeordied | d re ane h ¢
rasyonunu baskél adej e, h¢cre dP°nge¢seé
u uyardeéj éné g°stermektedir. Ayr éce
i psiyonel aktivitesini ¢samaslithdr aké ng@rrd
nmi ktir. Bu etkiler, SeNPO6lerin andro

y
s
t
n
v
L
Y
a
t
b
a ser etkinlik g°sterebildi]Jini ortaya

QO — X O ™o Q@ o

x = 0 ~ — = N
>0 DD ™ N

SeNPO6l erin ROS ¢retimi, DNA hasar é, mi tokon
nekroptoz gi bi far kl é mekani zmal ar czerinde
-al exmal ar |l a destekl enmi ktir. Bununl a birl i
prostat kanser. riskini etkil eyebi Imanure] i do
belirlenmesinin kritik ©°neme sahip olduju g°
konvansiyonel anti kanser ajanlarl a kombinas
toksisiteyi azaltma potansiyeli a-éséndan di

4. GENEL DEJERLENDKRME VE SONU¢LAR
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Sel enyum nanopartike¢gll eri, prostat kanserind
etkinlijin artéréelmasénda g¢-1¢ bir aday ol a
uygul amaya akt ay&d amliamem, doi nomtiymi zasyonu
farmakokineti k profillerine ilikkin 1ileri d
gerekmektedir. Bu dojrul tuda, SeNP temel
kanseri tedavisindeeyni | i k-1, etkili ve daha az yan et k|

potansiyele sahiptir.

KAYNAKGCA

An, Y., & Zhao, J. (2021). Funct onal zed sel
ac d to suppress prostatme@ucanorr o-metnl dtiged wt
apoptos s and cell cycle S phase arrest. Fro
Bach, C., P s pat , S., Daneshwar, D., Wr gh

The status ofmasaggenensr Kkt e gsNaattuer ec aRecveire.
Urol,bb®) -3 5314.2

Canob8Yez, IMNRodr BguezoplsdRr.ca,LoM-&Ah oWVnSSoqueFz , Ar
Mart2n, MNMuS8re€rzz,v JfReM.uuenaQl Redao 2020) .t Dt et ar
cancer n a Span sh aMwtirtjl®®tpsul 69 4n: capl f

Dh Il on, V. S., De o, P., & Fenech, M. (2022)
Cases Il s Altered Rel®@Re svyiel ttso olead t Py | cCtontS
Aust Cahc&bs), 77.

D as, M. F., de F Hleeoredo, Bue€CrabP. M. T&€. x &.
A. S. (2018) . I n v vo evaluat on of-laadetdumo

pol ymer ¢ B&oogahiet & |Pehsa.rimax d-lDF4 apy

Gao, F., Yuan, Q., Gao, L., Ca |, P., Zhu, H. ,
effect of r notecan combBi mreat 3§ 3tl) 8 836885 u m

He, L., Zhang, &LHe, PEng(2025) . Sel en um n
t her apeutFrco rptoit erng, 1idd 1QGin9c0071 400g. y

Hj el mbor g, J. B., Sche ke, T., Hol st , K., Sk
L. A. (2014). pThostlaer tcamclerty noft he&CaMare c
Epidemiol ogy, Bi agm@tke2321@0.Preventi on

Huang, Y. , He, L., L u, W. Fan, c. , Zheng,
cellul ar upt ake and ndurcd¢c-t ®ng e todd aspeolpd
nanopaBiomate3std Rn) & 171160.6

J ang, J ., Chen, B. , Tang, B. , & We
progress onPhanmadat gepsof) mea hl2.50 .

NS

Q.

ISBN NR. : 978-625569446-1 | 147




% CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
- October TARBRKARA25

et CONFERENCE BOOK
Karunakar, K. KaktCheH.yaKatBr Y., KSh Yabase
(2025) . Selen um Nanopart-Edlgesl SwoiPdoof atTeh e
Potent al BdmdneHddx ad tMa.t e2d9i.al s & Devices
Koneck , T. , Juszc@Za®22)A. ,C&n Cd céhtocgr ev éMn t L
update on caroteno dsNuatsr icdrenso pt2&@2.nt ve Age
Kong, L., Yuan, Q. ., Zhu, H. , L Y., Guo, Q.
prostate LNCaP canceumcrednespagrtowtlhesbyt helug
control | eRli canpaotB2@disa)l 56 562521. 5

Kumar , S., Tomar , M. S., & Achduygad Aynt(Resl
character zat on of sedtdemoumponaeomadast |gmpdak
celClod.l oids and Sur,flg6ess®B: Biointerfaces

L , Y., L X., Wong, Y. S. , Chen, T. , Zhang
c splmdumed nephrotox ¢ ty by sel emecnarptmanonp
lundecanol by -melkd khteddd poiat@&®3 4) 9 097066.8

L ao, G. , Tang, J ., Wang, D. , Zuo, H. , Zhan
nanopart cles (SeNPs) have poteoel hatt humaogh
upregul atléwoar od MmoRrnal ofl183drgiBdal Oncol ogy
L ao, G. , Ma , H. , L , Y., Sheng, Y., & Chen,
met astas s n prostat e -1chdbrpceslra ttwharyopuagBhholsr em
B otechnology, and-2B6ochem stry, 85(2), 287
Lub nsk , J., Marc n ak, W, Muszynska, M. ,
S. A. (2018). Serum selen um Bereadsts pamrderctr
and tr,& &U2neH 9589.1

Menbar Oskou e, 1., Khatam , F., Sh ral zad
Dougaheh, S. N., Agham r, S. M. K. (2025) .
prostate cancer cedd dn nwesth hselugm -wcnotnioa n o
st uRIlyaS,20n%e) , e0318483.

Nat h, D. , Kaur, L., Sohal, H. S. , Mal h D.
selen um nanopart cles n | o cAmnlC hzeecd Adgreungt st ait
Medicinal-Archaemd st rAQ EH)t L2)722751. 5

S egel , R. L., M | I er, K. D. , FuchsCAH. aE. |,
cancer journ@aRljor clinicians

Sohel, M. , Sultana, AH.,, ASwuliInt,anMa, NI..,, Hvassuan ,n
(2022) . Chemot herapeut ¢ act v t es of d et
observat onal Cuorehtnpbal m@€ed) ¢élsxass06desi gn
Sonkusr e, P. (P0®Q@krn 8Speeleencumynahopart cl e
w th reduced r sk of tox ¢ ty: an n v tro a

ISBN NR. : 978625569446-1 | 148




% CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
- October TARBRKARA25

et CONFERENCE BOOK
Sonkusr e, P., & Cameotra, S. S. (20mMe7d) .atBedog:
necrept @s R@ncer cell s tlhouwrungahl TANFF raadnfolb)iact eocn
43

Stan sgawska, | . J., F-Kpatc,zakKk.,, BK H,02~R.) .K.Es
and sofl avono ds n tNet prlé®®sli2 2&6n of pr ost
Tugarova, A. V., Mamchenkova, P. V., Dyatl ov
Raman spectroscop ¢c stud es of selen um na
Azosp r ||l uBpetch ropcthilminm.a Acta Part ah: Mo |
Spectrnbgz b3 .

Vekar vya, K. K., Kaur ,UsJ.gna& f@dgkompaiKts (@I
select v ty to selen u\w@nnoarmeodpl acritn ec:| eNsa n ont ebcrher
and Me#8(7c)i,nlel 325

Wan g, L, ,J Wanl u, X. L u, Q. ., Zhang, G. , &
selen um nt ake and t he r-asilal wys§ spamfcr edts e
stuBiosci en865Rep @008 95

Wan g, X. Sun, K., Tan,)Y. Ef Wucady, akd Zshaheg
nanopart cles adm n stered ntraper toneally
per tonfakec®adiygal Bi,p2d®y and Medicine
Wang, Y., Chen, P., Zhad’ha®.g, Sun, 2K.1,5)L ., nD.
bet ween el emental selen um nanopart cle s ze
n Wwowda. and ChemB6&aVl1Toxicology

Zhang, J., Wang, X., & Xu, T. an9kx08)a.s Rl emdre
chemoprevent ve agent w th reduced r- sk of
met hyl sel enocloxti e one® gikOithh )8dtPe&nces

Zhang, Y. , L X. , Huang, Z. , Zheng, céM | Fa
per meab | zatndounc apgo patcots vs t vy of selen um n
decorManmmedicine: Nanotechn¥lld@w,74Bi ol ogy a
Zou, Y., Xu, H. , Wu X., L u, X. ., & Zmmao, J
prostate cantenciw ohal en¢édnsaa@al en um nanopart
therapeut ¢ potent al . Phar maceut <cs, 16(9),
Zun ga, K. B. , Chan, J. M. Ry an, C. J ., &
cons déoat pamsents w Urholporgasct aotnec oc aongcye r .s el i
investiVydalti oh&, -Nb7) 3, Elppev 165

ISBN NR. : 978-625569446-1 | 149




\_LBHFERE*[‘_.
¥ Ty

RCADEY,
)'6:/0
SHe

CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
October TARBRKARA25
— CONFERENCE BOOK

....................

KUERSETKN KLE KkARTLANDIRILMI k PROSTAT EPK
ORTAMI NI N PROSTAT BANSERRE(LECZERKNDEKK
ANTKKANSER ETKKLERKNKN KNCELENMESK

Selda DURUKAN
Kastamonu | niversitesi, s0005:4682d48X uk an 9 ¢
Do - . Dr . Di |l kad ¥

Kast amonu |dokan@ kastamiortu.eds).0000000205563879

¥ZET

Prostat kanseri, d¢nya genelinde erkekl erde
olan bir malignhast al ékt ér Prostat kanserinin ol uk:
°zelli klerine bajl é olarak tedavi se-enekler
birl ekerek, prostat kanserini gi demektédir. b ¢y ¢y ¢
Kuersetin (Que), anti kanser aktivitesi nede.]
Knsanl arda kuersetinin farmakokineti j.i ve u
veri ci sonu-1I| ar el de et mixlti h¢gcr eBuer- anli @K nsael
kuersetin ile dejiktirilerek «kartlandeéer el meé
kKartlandérél mék ortam ile kuersetinin kemop
ama-|la prostat ekpliét ed oyzaHm26HRac @ ()l Oelr u enres & tairn Uy ¢
h¢cre canl él éjéne etkilemeyen konsantrasyonl
24 saatlik kuersetin °n uygulamaséna -H)abi t L
el de edinldem élkm@k | aor-3 amr d tVg t, Pnser i he¢cr e
konsantrasyonlarda wuygul anmék ve 48 saatin
dejerlendirilmiktir. Buna-1g °hrsec,r ed yeg u lna ma m ntl ¢a
etkilenmal i ] i tespit edil miktir. Ayr éca, b-@ dozl &
h¢cre canl él éjéené °zellikle CM1 ve CM20de
belirl enmicktir. El de edilen veriler, kuer se
kemopreventif ajan dejil, ayné zamanda terap
aday ol abilecejini de ortaya koymuxtur.

Anahtar Kelimeler: Kuer set i n, Prostat kanseri, kart |

anti kansegel iaktRiGE)Ba maA

1. GKRKKk

Prostat kanseri, erkekl er arasénda i kinci
kanserden °|l ¢mlerde bexinci sérada yer al mak
insidansé y-4dD0bikmkkiebikideen h€Q@r kicy bin kikiden
olup, bu y¢z bin kikiden sadece biri 40 yakeée
ve ar k., 2014) . Prostat kanser:i 40 ya8éndaki
yakéndake &BRekl| eed dkmaktadér (Vuichoud ve L
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prostat kanserinde °nemli bir risk faktorg¢ Kk
olup 70 yak ¢(st¢ erkeklerde daha séek tekhis

Kuersetin (GsH1007, 3, 3pdntahidjoks2;fenil-kromen4-on), antiinflamatuar

°zelli klere sahip olduju bilinen bitki k ° Kk e
miktarda bulunan bir flavonoiddir (Chirumbolo, 2013).0 r ma | kokul |l ar alte
bitkilerde hi dr of i I i k gli kozitler formunda bul unm
emi |l emeyeceji anl aména gelir. Dahaseée, bitKki
t emel faktorde¢gr (Graefe Wweivoamk éexmaDadk . i Kos
taraféndan emildi kten sonra kuersetin gliko:
aglikonunun %68 1 kadar y¢ksek bir emil-emziomam&namy
ol duj unu gestermi ktir (Wall e ve oamjk.g,atbkane
olukturmak 1i-in glukoronidasyon, metil asyon
met abolize edilir ve karacijerde sonlaner.
metaboli k s¢recine kateler (Bischoff, 2008;

Kuersetinin antinflamatuar, antioksidan, proapoptotik, antiproliferatif ve antianjiogenik
gi bi bir-ok farkl é biyolojik aktiviteye sahi

ol arak dejerlendirilebiéylra,(Yhlegénetkanserap &t an
ajan ol arak umut vadeden bir flavonoiddir. ¢
apoptozu aktive ettijini g°stermektedir. ¥
proliferasyonunwmhgbel @thifjikgRistedei | mektedir
bir -al ekmada s&«Bvikkdprleasryoseamudhan NRzaltél ma
pop¢l asyonunu arttérdeje g°sterilmektedir.

kuersetin kemoprevefitt et ki |l eri ve terap®tik potansiyel]

kesin mekanizmal ar hala tam ol arak aydénl at e

Dol ayéséyla biz bu -alékmada ©°ncelddkd e s.
sitotoksi k et&arégbetiermeyenekldpzkuersetinin Kk
et meyi hedefl edi k. Sonrasénda, 24 saat s¢roes

el de ettijimiz h¢gcre sekret-8mbpor&beéronanékd
Kaandér él mék ortamén kanser hg¢gcre canl él éj é

2. DENEYSEL ¢ALI kMALAR

2. 1. Kuersetinin (OUE) hazérl anmaseé

Ana stok -°zeltisi hazérl|l amak amaceyl a, [
mM) ol arak hazérl|l anméxkteéer.

2. 2. Hececre Kelteor g

¢tal ekmada kXl praoetan kP&nser h¢creleri Du
Medi um ( DMEM) , ayné zamanda pr osltRPMIIGE0 i t el y
besiyer.i i -ine 1:1 or anénd aBRenisilidtirdptorrignt(RIS) s é] é
sol ¢syonu ekl enmesiyle olukturul an besiyeri

2.3. kartlandéereél mék Ortamén Topl anmasé
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kartl andéer él mék ortam (Conditioned medi a;
ve b¢gye¢me fakerPirgi gebenbbhbeésikeadi dir . Bu yo°nt

Kekil de model |l emesi yapélmerkostlar. eBut élay dla
besiyeri toplanmék ve bu h¢gcr el 8prestatkanseri- e K it
h¢crtet emmaa uygul anméxkitlérh.scBwel ama- 16a KRWRE u k¢
kuyuya 5 T 10 h¢cre ekil mi ktir. CM hazerl e
grubudaki h¢crelere herhangi bir ©°n irkl em wu
serumsuz besiyerine ge-irilmiktir. Kuersetin

bir g¢n sonra, daha-19eceibektiokkekmok mag aRWBE
( QUE) serumsuz besiyeri -5025¢05 GNdnldaec adi |keeek i é
uygul anméxkt ér . Bu ©°n i Kl em 24 saat s¢rder ¢
al enmexkteéer . Her i ki grupt aki h¢creler, seru
h¢crelerin bul unduj u besiyert egpliertionpel aakmte &r
Besiyerleri 2000 rpmdébde 5 dakika s¢reyle san
temas et meden ¢(stte kalan séve dikkatlice al
il erideki akamal and&ukuséebnpgl &mak edavi si g°
epitelyal h¢crelerinden CM elde edil miktir.

2.4. MTT Testi

MTT, canl e -[h5gimetikidzad2-ilj-2r, 53 di feni | tetrazol
formazana indirgeme yetkemejrinahdayanan (Kaleo ik
anali zi-3 ihgoenrelPP i, 48 saatli k uygul amal ar i
kuyuya 5 T 10j h¢cre olacak «kekilde 100 ¢lL
boyunca inkfhakipdetdenkgegn, he¢gcrelerin ¢gzerle
h¢creler 100 eL 1x PBS ile bir kez yékanmext
uygul anmékter; Kontr ol glroudoeun, t°onp Itaendnaévki QM,r n
totalh& i m 100 ¢l ol-3acmiko skteakti | kl @& n sPeCr h¢gcrelerir
grupl arénda ise, 24 saat fardl @é,cdozll &rdad@ue
CM, far kl é konsantrasyonl arda tot al haci m
uygul anméktér. Takiben kuyulara %2 oraneénda
besiyeri i-erisinde ekilen h¢gcre grubu kull a
e | besiyer.i ekl enmi Ktir. Heayehea , K 4GBt sraeat é
Belirlenen s¢renin sonunda her kuyuya 10 ¢l
ink¢gbat°rde inke¢gbe edil mi ktir. Knk¢basyon s
kristaller:i izopropil a | kga boyundh ELISA Okuyyicude:, r ¢ | m,
kuyucukl erin absorbansl areée °1 -¢l mgkt¢gr . Kont
ve farkl é tedaviler g°rm¢gk gruplarén canl el é

% Canl éléek = [100 DGr@Kimyadabr Vygad ©Onaal
Absor bans Ortal amasé) / (Kontir &P r GAbbonban
Ortal amaseé) ]

3. SONUC¢CLAR VE DEJERLENDKRME
Bu -al ékma, QUE kull anéeménén prostat k an

etkileriniar akt ér may é ama-1| adé. Buna d5095®50 M)k , be
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sajl ekl e prostat efii eeluygygtrmelder iveoldd8n sRWRE
e

czerindeki et kil erini dejerl endir mekl éil €eifjre M
100eM | ék en y¢s¢ksek que dozunda bile %84, 78"
deney gruplaréeée i-in uygun bulunmuk ve CMOI er
RWPEL
120.00
100.00 100.46
100.00

84.78
80.00
60.00
40.00
20.00
0.00

Kontrol v] 96mMnwmka@op nwla®oHpwlaDodmnxwpddopx:e

Gorse€lekltl i dozl arda QUE wuygul andeée -tied&saqgtlik ekl e
bir ink¢basyon periyodunun ardéndan MTT testi ku
dozl aré ile t-kdhaydr elded ieenk kiRaWPkE® Il a wtr @b @ | d é .

QUE dozl aré wuygulanan gruplardan CM' | er t

h¢cresi-3otany®€Cl andeée.-3'48i msaldgcrseoncanl ePICe] é

dejerlendirmek i-in MTT yapehd€&€MlBdea%§gor 2,
CM2' de %67, 466ya azal d¥jper dosetlatr | keanndsi e r(iG°hr¢scerl ¢
(epithelioid) h¢gcre hattedér, ancak tam kIl as
poligonal veya oarehéndasénvne da(iéenaédk kekil de
mi grasyon potansiyelini glesterir. CM uygul al
h¢creler yuvarl ak morfoloji al méklardér. Bu
3).
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PG3 (%50 CM)
120.00
100.00
100.00 84.77 86.46 89.41
80.00 67.46
60.20
60.00
40.00
20.00
0.00
N D D D
& QQQ' @Q§ Qﬁo\}@ \§§ &$
@"/’0 g N\ &
S S S S
G°rseél8 2aat sonunda h¢gcre canl el éjeneéeb, préslat bel ir
kanser. h ¢3c'rtee kdii zhi¢scir eP G o] al maséné doza bajl é bi

KONTROL

cM2

cMm1

G°rsel 3. CM wuygul ann3epostatkea nisye g u | ahnégrcarmeélke r P @
sonundaki ékék mikroskobu g°re¢ntegleri. (Skal

4. GENEL DEJERLENDKRME VE SONU¢LAR

Bu -al ékmada, kuersetinin sajl ekl e pr o:
etkileyebilecejini ve ayné zamanda prostat Kk
Kartl andér él mepgr @lrit faenr gytoil fuye mkiadng9st{ et dlj k &
ol ukturmak i-in kullanélan dozlaréen sajl ekl e
de belirlenmiktir. Bu sonu-1ar, kuersetinin
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etkileriyle wumaarl &ddrd ané&l lan yaheél i k- mo d e |
et ki mekani zmal aréna yeni bir bakék a-é&sé s
umut veri ci bir kemopreventi f ajan ve pros:

ol abil gegndpr mdkt edi r .
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ABSTRACT

The human gut microbiota is central to nutrition and health, regulating the effects of dietary
components on metabolic and immune functions. Recently, probiotics amhdids have
garnered considerable attention as key regulators of intestinal microflora and homeostasis.
Defined by the Food and Agriculture Organization (FAO) and the World Health Organization
(WHO) as "live microorganisms that confer health benefitsnwé@ministered in adequate
amounts," probiotics play important roles in maintaining microbial balance, strengthening
intestinal barrier function, and regulating inflammatory pathways. Flavonoids;d#&xed
polyphenols metabolized by probiotic microangans within the gut microflora into bioactive
compounds that influence microbial diversity and host metabolism, are particularly abundant
in fruits and vegetables. A bidirectional and synergistic relationship between probiotics and
flavonoids is thoughta exist. In this context, probiotics enhance the biotransformation and
bioavailability of flavonoids, while flavonoids selectively support the growth of key probiotic
microorganism groups such kactobacillusandBifidobacterium Thisinteraction contributes

to antioxidant, antinflammatory, and metabolic benefits, particularly in the prevention of
chronic diseases such as obesity, diabetes, and cardiovascular disorders. Understanding the
synergistic relationship between probiotics dlasonoids offers insightful new perspectives

for microbiotatargeted dietary strategies. The combination of probiotics and flavonoids offers
a promising path toward personalized dietary programs and a new generation of functional
foods designed to reguéagut health.

Keywords: probiotics, flavonoids, gut microbiota, synergy
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1. INTRODUCTION

In recent years, the complex relationship between nutrition and the gut microbiota has emerged
as a critical determinant of human health and disease (Lil 2022). The gastrointestinal

mi cr obi ome, often described as the @dAmetabol
modulation, metabolic homeostasis, and even neurobehavioral functions. Among the numerous
dietary components that influence this dynamicsgstem, probiotics and flavonoids have
received significant scientific attention due to their complementary and synergistic bioactivities
(Kaur et al. 2022). Defined as live microorganisms that confer health benefits on the host when
administered in adeqtea amounts, probiotics play a crucial role in maintaining intestinal
integrity and microbial balance (Suvorov et al. 2013). Flavonoids, polyphenolic compounds
abundant in fruits, vegetables, and plant foods, exert prefikgiceffects by regulating
microbial diversity and producing bioactive metabolites that influence host physiology. The
intersection of these two fields represents a rapidly expanding areaeairch, highlighting

how dietary bioactives and microbial symbiontsregulate metabolic paivays, inflammatory
responses, and gbtain signaling (Baky et al. 2021). Understanding this complex interplay at
the intersection of nutrition and microbiota may open new avenues for designing next
generation functional foods and personalized nutriticateyies aimed at promoting health and
preventing disease. In this review, we aim to elucidate the interaction of probiotics and
flavonoids at the nutritioimicrobiota intersection and identify future research areas (Pan et al.
2023).

2. THE ROLE OF PROBIOTICS ON THE MICROBIOTA AND HOST HEALTH

Probiotics, particularly those composedLaictobacillus, Bifidobacterium, Pediococ¢usnd
Saccharomycespecies, provide benefits to host health when consumed in adequate amounts
and affect host physiology multiple ways by maintaining the ecological balance of the gut
microbiota. Probiotics not only alter the composition of the gut microbiota but also involve
mechanisms such as immune system modulation, strengthening intestinal barrier function,
maintainingmetabolic homeostasis, and regulating inflammatory responses (Ouwehand et al.,
2022). The gut microbiota, in a mutually symbiotic relationship with the host, plays a crucial
role in digestion, vitamin synthesis, shohain fatty acid (SCFA) productionna defense
against pathogens. By supporting this system, probiotics help eliminate microbial imbalances
called dysbiosis (Almeida et al., 2021). Probiotics directly affect the host immune response,
exhibiting regulatory effects on dendritic cells, T helpelis (especially Th17 and Treg), and
macrophages. This contributes to the prevention of excessive inflammatory responses and the
maintenance of mucosal tolerance (Yan & Polk, 2021). Potential probiotic species, such as
Pediococcus acidilacti@andP. pertosaceushave positive effects on both the immune system
and metabolic disorders (obesity, type 2 diabetes) and gastrointestinal diseases (irritable bowel
syndrome) (Lee et al., 2024). These effects on the microbiota may also have effects on the
nervousg st em and behavior al heal t higuitvi a hm nax ihe,
some probiotic strains have been reported to alleviate symptoms of stress, anxiety, and
depression by modulating neurotransmitter production (GABA, serotonin) (Miller 2028).

3. INTERACTION OF FLAVONOIDS WITH MICROBIOTAS
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Flavonoids are polyphenolic compounds of plant origin and are among the most abundant
bioactive phytochemicals in the human diet. Flavonoids are natural polyphenolic compounds
abundant in plant sources such as fruits, vegetables, tea, and cocoa. Thesk gavexidants

are metabolized by the gut microbiota upon ingestion into bioactive metabolites. Flavonoids,
which encompass the subclasses of flavones, flavonols, flavanones, isoflavones, anthocyanins,
and flavanols, are noted for their antioxidant, i-amftammatory, antimicrobial, and
neuroprotective properties (Panche et al. 2022). Due to the complexity of their chemical
structures, the bioavailability of flavonoids is limited. Consequently, a large portion of ingested
flavonoids remains unabsorbedire small intestine and reaches the colon, where they undergo
microbial fermentation (Chen et al. 2021). The gut microbiota has been a central mediator in
the biological effects of flavonoids. In this context, intestinal microorganisms biotransform
flavonoids, altering their chemical structure, bioavailability, and bioactivity. An example of this

is the conversion of flavonoid glycosides to aglycone forms by micrebi@ar i v e d b
glucosidase enzymes, which increase their absorption (Morrison & Preston). 2023
Bifidobacterium, Lactobacillus, Eubacteriunand Clostridium species break the cyclic
structures of flavonoids to produce phenolic acid derivatives. The produced metabolites
enhance antioxidant activity and affect cellular signaling pathways (Kumal 2024).
Polyphenols can promote the growth of beneficial bacteaat¢bacillus, Pediococcisvhile
suppressing the growth of pathogenic species (Escherichia coli, Clostridium perfringens). The
interaction between probiotics and flavonoids supportprib@uction of shorthain fatty acids
(acetate, propionate, butyrate), which contribute to both the maintenance of microbial diversity
and host health. This interaction is one of the fundamental mechanisms underlying the
pharmacological effects of flavords. For example, compounds such as quercetin, kaempferol,
and epigallocatechin gallate (EGCG) exhibit significant microbmotaiated effects in
suppressing inflammation, regulating lipid metabolism, and reducing oxidative stress (Li et al.
2023). In recenyears, studies have demonstrated the potential of flavonoids to rebalance the
microbiota, particularly in chronic conditions such as metabolic syndrome, obesity, diabetes,
and inflammatory bowel disease (Xu et al. 2024). When flavonoids are adminisigeduer

with probiotics, they can enhance the colonization capacity and survival rate of probiotics
through a synergistic effect, while probiotics can also enhance their biological efficacy by
optimizing flavonoid metabolism. This interaction forms thei®af the "postbiotic" and
"synbiotic" concepts and is considered a promising strategy for the development of functional
foods (He et al. 2025). In the flavonemicrobiota interaction, which is a mutual metabolic
dialogue, flavonoids shape the microbjoteéhile the microbiota determines the functional
effects of flavonoids. A deeper understanding of these complex interactions will enable the
development of personalized nutrition and targeted microbiota modulation approaches in the
future.
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POLYPHENOLS - RICH FOODS CHANGES IN GUT MICROBIOTA
COMPOSITION
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Figure 1. Effect of phenolic compounds on intestinal microbiota (Castillo et al. 2024)

4. PROBIOTIC -FLAVONOID SYNERGY: COMMON INTERACTION
MECHANISMS

The symbiotic relationship between probiotics and flavonoids arises from the fact that
flavonoids modulate microbial metabolism and probiotic performance, increase active
metabolite production by accelerating flavonoid biotransformation, enhance host responses
through shared antnflammatory and antioxidant effects, and exert positive tffemn
intestinal barrier function and microbial competitive balance (Park et al. 2025).

1 Acceleration of microbial biotransformation and flavonoid activation

The bioavailability and pharmacological efficacy of flavonoids, which are ingested in glycoside
form and converted into aglycones and smaller phenolic compounds by microorganism
enzymes in the intestine, are enhanced by certain probiotic straadolfacillus,
Bifidobacterium and somé&ubacteriunspecies). Probiotics are responsible for the enzymatic
capacity of the transformation pathways that contribute to this process. In this context, the

aforementioned synergistic relationship strengthensiftdinmatory and metabolic effects
(Li et al. 202).

9 Supporting probiotic colonization and survival

Flavonoids and their derived metabolites enable probiotics to better survive stressful
environmental conditions such as stomach acid and bile and to colonize the intestine more
effectively. Furthermore, the selective antimicrobial activity of flavonoids against pathogens
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increases the competitive advantage of probiotics, thereby supporting the expansion of
beneficial microbial populations and the maintenance of ecosystem balance. This smechani
has been reported in both in vitro and in vivo experimental studies (Wang et al. 2024).

1 Combined antioxidant and antrinflammatory effects

Probiotics exhibit immune modulatory effects that support the reduction of inflammation, while
flavonoids are @lo potent antioxidant and amiflammatory molecules. Literature data
suggests that when flavonoids and probiotics are administered concomitantly with the gut
microbiota, oxidative stress is reduced, endotoxin load is reduced, and systemic inflammatory
makers are reduced. These effects are highly significant in conditions such as metabolic
syndrome, NAFLD (NofAlcoholic Fatty Liver Disease) / MAFLD (Metabolic Associated
Fatty Liver Disease), and cardiometabolic disorders (Kumar et al. 2025).

1 Short-chain fatty acids (SCFA) and metabolite profile modulation

The synergistic effect of probiotics and flavonoids can alter SCFA (&liain Fatty Acid)
production via microbial metabolism. There are important flavonoid metabolites that support
SCFA production ah stimulate bacterial populations. Increasing levels of
acetate/propionate/butyrate, among the important SCFAs, are crucial for epithelial cell
nutrition, inflammation suppression, and metabolic regulation. This is one of the key metabolic
components of #h probioticflavonoid synergy (Zheng et al. 2025).

1 Strengthening barrier function and mucosal defenses

Probiotics and some flavonoids reduce intestinal permeability by promoting tight junction
protein expression. However, synergistic combinations patentihis effect and reduce
endotoxemia/LP$nduced systemic inflammation. This synergistic mechanism suggests
significant therapeutic potential, particularly in metabolic diseases and inflammatory bowel
diseases (Garcia et al. 2025).

CONCLUSION

Literature suggests that the gut microbiota serves as a crossroads connecting metabolism
and systemic health. Within this complex network, probiotics and flavonoids act
independently but also as two important modulators that exhibit synergistic effects in
maintaining microbial balance, improving barrier integrity, and reducing inflammation
and oxidative stress. The synergistic effect between these two important modulators is
mediated through mechanisms such as microbial biotransformationchhortfattyacid
(SCFA) production, and tight junction regulation. This synergistic effect highlights the
potential for nutritional interventions to impact host physiology rather than the gut. As
developments in delivery systems continue, focus should be on strdicompound
specific mechanisms, personalized synbiotic formulations, and clinically validated
applications targeting metabolic and inflammatory disorders such as NAFLD/MAFLD.

ISBN NR. : 978625569446-1 | 161




\_LBHHRM'[‘_.
¥ Ty

KCADE g,
Yo,
g

EITER

CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON

October TABRKARA25
ﬁm_ ,,,,,,,,,,,,,,,, CONFERENCE BOOK

In conclusion, understanding the intersection between nutrition and microbigtth
the probiotieflavonoid symbiotic relationship offers a promising path toward -next

generation functional foods and precision nutrition strategies designed to support human
health.
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COMPARISON OF BUPLEURUM KURDICUM BOISS AND BUPLEURUM ZOHARII
SNOGERUP SPECIES IN TERMS OF MORPHOLOGY AND
MICROMORPHOLOGY

Assoc. Prof . Dr . Hakk é
Sel -uk University,-0000000210%801880 @g ma i

ABSTRACT

Using scanning electron microscopy (SEM), this study compares the general morphology and
micromorphological features of the fruits of two morphologically similar species from the
Apiaceae (Umbelliferae) family's geniupleurumL.: Bupleurum kurdicumBoiss and
Bupleurum zohariSnogerup. According to Davis's Grid quadrature sysi&nikurdicumis

di stributed in B7 (Elazej, Diyarbakeéer), B8 |
C10 (Hakkari) squares, whii& zohaii is distributed in C4/5 (Mersin) and C6 (Adana, Hatay)
squares. In phytogeography, tBekurdicumspecies is a member of the l¥&aoran element,

but the endemid®. zoharii species is a member of the Mediterranean element. These two
species belong to ¢hsame group in the diagnostic key for the Apiaceae fanlydeurum

genus in the Flora of Turkey. Taxonomically, it might be challenging to discern between these
species. BotlB. kurdicumandB. zohariiare annuals with nemigzag stems, long branches,
many umbels, and comparable heights. According to micromorphological observBtions,
kurdicumfruits are larger, rectangular or sedtiiptical, with longitudinal lines and deep
ridges on the surface, b&. zoharii fruits are smaller, spherical or ellipal, with more
noticeable ribs and a not pitted surface. Therefore, the micromorphological traits of their fruits
can be used to differentiate these species from one another. By providing information on both
the general morphology (LM) and fruit micrombggogy (SEM) of these hattd-distinguish

taxa, this research findings help simplify their identification.

Keywords : Apiceae,Bupleurum micromorphology.

1. INTRODUCTION

The Apiaceae (Umbelliferae)bdtaamilyt'E éeimmsutr fpe t
because of iIts remarkable inflorescence stru
of medicines derived from members dfld4thhee Api
Api aceae (Umbelliferae) familligesi amomg amhgitd
(fl owering plants) with the highest number o
[ 6ln Turkey, t he Apiaceae (Umbelliferae) fa
species. Among t heseandl 871 asrpee cmoenso tayrpei ce n doermir

taxa, with an en[d®Witshm nr atthee oAfpi3a7ckRiamlod wrmi my
includes 49 taxa, [8fn wthhe hFI2Bual e@fuaemikkekne g€ o n
in terms off tshpeR2drh@slp é eqggemuuns has a wide distr
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Northern Hemi spher e, Eurasia, and North Afri
species of the genus arp7bsed in traditional

Members of t hel iAfpe raacee)a ef aminilbyelar e economicall
are particularly used as vegetables and ani

ornament al plants in |l andscaping. Due to t he
applnsatnomedicine and cosmetics. For these
groups of consifdé¢rable i mportance

BecaB.sekurachilc um ahreer icil assi fied within the seé
di fficulties i n di sit @ 1 g umog Ipihmd ogiheaslel yt. wol ns
mor phol ogical characteristics and micromor ph

to differentiate between these two species.
taxonomi Sewvesgadr et .utdhiee fruit surface mor phol
genBuwspl euawen been[ Iclo,ndlulc,t e&dd, 9, 13].

2.MATERIAL AND METHOD

During the field studiesB.comudaaiBlcudma e hciod H e c
are the focus of our research, both plant a
specified in the Flora of Turkey.

Speci mB.nsk wddiec dms Bi7H |Ibauztéejd: iBet ween <¢capak-ur
west of ¢apak-Morr,., 1NIPB® 7m, DHwml.r bakeér : Bet weer
km south of ErMam.i 1088903 ;m,E+H&abnichalni: d¢&Kienmrean ti oy e
1550 m20Q@2, OAH. Demirel ma 38B8&8Wuk& B3 tkunj rnuolr t(hK NoY
46119C6vRRAlr)a,k: Kaya Lake, 38 km fMom. GXRO0OB, n
Ur f a: Siver ek, Karaca Mountain, Sint. 1888: 1
20.2®1 2, H. Demirel ma 3342 & O.Tugay (KNYA);
500 m, 20.06.2012, H. Demi CebBalkek 883141 & IOmTsga
Hakkar. Y¢ksekova road junction, Bl15%2@Gheeyi D.
dits i b «Lt4e-deli:n Mut, Between Su-ateé village and
Vur al AC/58 - € E! ) Near Mer si n, 18 viidi 1931, Ei c
Ceyhan, 3-Morm, 1HuD4 8; 8 km between .SA0A10,ke
H. Demirel ma 3298 & O. Tugay (KNYA); 3 km betw
H. Demirel ma 3299 & O. Tugay (KNYARI19 @6 MDdanma;

639 (E!); Hatay: South of Payas, 10 viili 193
Aft erecording information about the plant S |
they were dried and prepared as herbarium
Her barium of t he Department of Bi ol YA, Fac
Herbarium). The identification of the plant
AFl ora of Turkey anfpgd2jhe East Aegean | sl ands

In addition, mature fruits were collected during field studies and placed in seed paper envelopes
for use in SEM analyses. Doubdeled adhesive tape was used to mount the fruits onto stubs.
To observe the surface details of the fruits with a ZEIS8QScanning electron microscope,

the fruit surfaces were coated with gold. SEM photographs of the taxatalen at 300x
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magnification to show the general appearance of the fruits and at 3.00kx magnification to reveal
their microscopic structural characteristics.

3.FINDINGS
Bupleurum kurdicum Boiss.

3.1. Morphology

Annual herb, 5080 cm tall. Branches lgnand bearing numerous umbels; not zigzhgped.
Leaves 28 cm long, 1.564 mm wide. Rays 8.0, unequal in length,i80 mm. Bracts 5,
unequal, 414 mm, narrowly ovate. Bracteoles 5, brliog, 216 mm. Umbellules with 8L2

flowers. Petals yellow, 0i®.8 nm, inner lobes broad and slightly bifid. Anthersi@45 mm.

Stylopodium 0.81.1 mm wide; styles 0i®.8 mm long. Fruit 2153 mm, dull bluiskgreen,
with filiform projections.

Flowering period: Jurifdugust.
Altitude: 500 1550 m.
Habitat: Forested aredslds, and slopes (Visual 1).

Visual 1. General view oBupleurum kurdicunBoiss.
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Visual 2. Bupleurum kurdicunip ) distribution map.

3.2.Micromorphology

The fruit isrectangular or serelliptical in shape, with slightly tapering ends. Tiha@t surface
displays five distinct longitudinal ribs that are smooth, parallel, and relatively prominent along

the entire length of the fruit. The furrowed areas between the ribs are dark, slightly concave,
and narrow. The ribs are wingless, and theagaris generally smooth.

In the furrows between the rib tops, there are dense wrinkles and fine linear depressions. The
epicuticular layer on the fruit surface is heterogeneous. The wax layer is thicker on the ridges
and becomes sparser toward the furroleere is no granular or papillary structure present;
therefore, the surface type is not grantilpgpillate (Visual 3).

@

50
EHT =15.00kV Signal A = SE1 - 200 um EHT=15.00KkV Signal A = SE1 T 20 pm
WD=125mm |Probe= 1.0nA Mdgsi 00X A WwD=125mm |Probe= 1.0nA Mag =500

Visual 3. Scanning electron microscope imageBapleurum kurdicum
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Bupleurum zoharii Snogerup

3.3.Morphology

Annual herb, 1680 cm tall. Branches long and bearing numerous umbels, not zigzag. Leaves
3715 cm long and 1i% mm wide. RaysiBL0, nearly equal in length. Bracts 5,1233% mm
long, narrowly ovate, shorter than the rays. Bracteoles®52nm long, sinfar to the bracts.
Umbellules with 812 flowers. Petals yellow, 0.5 mm long. Anthersi0.2 mm long.

Stylopodium 0.40.75 mm wide; style 0i®.5 mm long. Fruit 1/& mm long, with filiform
projections.

Flowering period: Juriddugust.
Altitude: 301200 m.
Habitat: Maquis, fields, and roadsides (Visual. 4).

Visual 4. General view oBupleurum zohariBoiss.
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Visual 5. Bupleurum zohariiy’) di stri buti on map

3.4.Micromorphology

The fruit shape is narrowly ellipsaidylindrical, with slightlytapering ends. The surface bears
five prominent ribs that are parallel, distinct, and continuous along the fruit axis. The grooves
between the ribs are narrow and distinctly depressed. The ribs are wingless or weakly
developed

The rib tops are distinctaised, and appear smooth and glossy. The intercostal grooves are
covered with very fine wrinkles, but these are not parallel to each other. Epicuticular wax
crystalloids are present on the fruit surface, showing a playgletwax structure. There are no
papillae or papillary structures, indicating that the surface is smooth (Visual 6).

EHT =1500KkV Signal A= SE1 = 100 pm EHT=15.00kV Signal A= SE1 ag= 3.00K 30 pm
wp=120mm IProbe= 1ona Me9T 00X wo=125mm IProbe= 10na "o97 300KX —o

Visual 6.Bupleurumzohari ni n t ar amal & el ektron mi krosk
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Table 1.The comparison dB. kurdicumandB. zohariispecies in terms of morphological and fruit
micromorphological characteristics

Species Bupleurum kurdicum | Bupleurum zoharii
Characters

Lifespan Annual Annual

Length 50-80 cm 1580 cm

Zigzag situation Absent Absent

Leaflength 2-8cm 3-15cm

Ray number 5-10 5-10

Position of the rays relativg Not of equal length | Almost equal in length

to each other

Bract number 5 5

Bract length 4-14 mm 2.33.5mm

Bract shape Narrow ovate Narrow ovate

Bracteole number 5 5

Bracteole length 2-6 mm 2-3.5 mm

Umbellules number 8-12 flowers 8-12 flowers

Stylopodiumlenght 0.81.1 mm 0.4-0.75 mm

Fruit lenght 2.53 mm 1.62 mm

Fruit shape rectangular, semi Narrow cylindricatellipsoid
elliptical

Rib number 5 5

Rib shape Straight, parallel and | Parallel, distinct, and continuous
relatively distinct

Presence of wing Absent Absent or weak

Fruit surface Smooth Smooth

4. GENERAL EVALUATION AND CONCLUSIONS

This study focuses on determining both the morphological and fruit micromorphological
characteristics oB. kurdicumandB. zoharij two species belonging to the gerigpleurum

within the family Apiaceae (Umbelliferae), which holds significant importam¢erms of the
number of taxa and endemic species. These two species are known to present certain difficulties
in morphological differentiation.

In the Apiaceae (Umbelliferae) family, the morphology and anatomy of the fruit are of great
importance in theclassification of genera and the groups within them [1]. The fruit
ornamentation and anatomy exhibit considerable variation among closely related taxa within
the genus Bupleurum compared to other groups in the family [12].

As a result of our study and eraations, it has been observed that there are certain notable
morphological and micromorphological differences and similarities betBe&uardicumand

B. zoharii(Table 1). Both plant species share several morphological similarities, such as being
annuaj reaching up to 80 cm in height, having numerous wslhabed branches, possessing

51 10 rays, having yellow petals, bearing small umbels wit2&lowers, having 5 bracts and

5 bracteoles, and stems that are not zigtwped.

B. kurdicumandB. zohariidiffer in some morphological characteristics, such as the unequal
length of the rays, the width of the stylopodium, the length of the styles, and the length of the
fruits.
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From a micromorphological perspective, the species show similarities in havinidp$iva the

fruit surface and lacking papillae and tuberculate projections. However, some differences are
observed in general fruit shape, the presence or absence of wings (being wingless or weakly
winged) on the ribs, and whether a distinct depressipresent on the ribs.

For an accurate identification &upleurumspecies, it is essential that especially the basal
leaves and fruit characters are fully mature.
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S! RD! R/ LEBKLKR ARDI kI K YEkKkKL ARITIM (SAYA):
K¥RFEZ SUYUNDAN AJI R METAL KKRLKLKJKNKN ARI
MKKROALGAL ARITIM SKSTEMKNKN KYKLEKTKR

Suna ¢ELKK
Kzmir At asunacelk678@gma&ls£adr00030007%+33165273

¥ZET

Ge¢n ge-ti k-e artan nefus vV e teketim i1 e
kirletil mektedir. Kkincil kirlilik yarat mama
su aréetémé i-in kullanél maktadéerekYSoyemi me
zaman mi kroal g yakam Kkokull ar éna uy mamased
biyok°®megr terl eri i se sucul ortamlardan kont
Bu -al @ékmada, deni zI| er i s¢rdigiregl vbnt e ml @ earf @
i ki farkl e aréetém -al éekmasé Kzmir K°rfezi bdni
zeytin budama artéklarénén pirolizinden el de
Kerfezioni ajér mdtiali dherel ermdti masr ep ®Ptbgan Lidy, Cr ,
bul gul ar el de edil di. Kkinci aréetém - al ékm:
ardendan modhamydomonksrreirdrdiy et i Kt i ri | mesi ve str

met abol i k gkginthemiddneynde el desi hedefl endi
bi yok©°mg¢gr ( BK) vV e akti-BKegktfiarrikll n@gi ko rbainyl cakr °€nm,

i ncel endi ve mikroalg yakam kokulu ile yars
d¢ezeyiypwanshijyak®megr uygul amasé tespit edil di
analizleri il e kar akt er-OEsSanalzideatdsptiedildi. Mikréalgy met a
yakat él maev dirigicmie sayeéeme, karotenoi dlendie | i pi
Kzmir K°rfezidnin arétéménda kull anél mak ¢z
optimizasyonu ve ajér metal adsorpsiyonu bu
kadar eyl a i1k def a SAYA (S¢rdgady !l &khmiplsiarmeé e
ger-eklexktirildi. Bu sayede -evre ve insan
giderimine y°neli k metotlara karké yenilik-i
-%z¢ém °neriosi sunul du.

Anahtar Kelimeler: Su  Ar ét eé mé , Kz mi Chlariytioambragréinharddd jyéork © my¢ t
Metal

1. GKRKK

K-inde bulundujumuz Antroposen -ajénda, ng¢g:
sonucu ortaya -ékan ateéklar, hézla geliken
kirlilijine sebep ol maktadeéer ( Wioljlails -vedv.r,e n2
fiziksel, ki myasal veya biyolojik °zellikler
Ki mya S°zl ¢] ¢, 2020) Keklinde tanéemlanan - e

yojun kontaminasyonu anl amém™aldeltmekt &8diyro.l 02
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Ekosi stem Hi zmet |l er i -Prolgika¢, Platforme r(BM AlPBES)é Bi l
dejerl endirmesine g°re her yél 300 ila 400 m
end¢gstriyel ateéekl ared¢hynesal sat akésaybok&B®©O
aréetem yapél maksézeéen -evreye dexkar| edi | mekt
K¢resel ngfusun, zenginlijin ve kaynak t¢ket
ve kirli jpekrbayatekbbdoké ciddi tehditler ba
creti |l mesi gereken bir insanlék sorunu halin
Deniz kirliliji, -evre ve ekosistem i-in b
cretim sonarmut ak®ijla kiekyasall ar, aj ér met al |
denizler i-in birer kirleticidir (Chowdhary
gem® ¢n ¢zerinde ol an metaller fAajér metal o o
tevre ve canl é sajl éjéna y°nelik ol umsuz e

konsantrasyonl arénén ¢(zerinde bulunmalaré d
aktif Db°lgelerinde birikerek y¢kse&K Ddnzr ec ed e

cré¢nlerinde biriken ajéer metaller ve dijer o
basamakl|l aréndaki t¢keticilere karkeé tehdit v
ol ukturmaktadeéer (TexaskDaspaoastl vByshemoasn RO
organi k maddel er, suda -°z¢nm¢gk oksijen mikt
floraaf aunaséné risk alténa sokmaktadér (Singh,
benzeri tehditlaridenazéalréimmasé temiz|l enmesi
g°stermektedir.

T¢rkiyebdbnin tarém, sanayi, ticaret, turizm
gelikmik bir 111 olan Kzmir, Ege iDe-na wvzri lney &
i -, orta ve déex ol arak ayreéelan Kzmir K°rfezi
464 km, y¢izeydodilmanenRbsmi, 4 Kkir fezi o 2006). K

akarsu mevcuttur (Tekelkém20&a79ur Kzmi a- &8éne
sahip ol masénén yané séra Akdeniz foklaré gi

sahipliji HKMapanakZzealdete\(me Koruma B°l gesi o, t

21. yé¢zyeél én bakénda wgkuawepuun 3gaonmd moand e |
-ékmasé ve artan t¢gketim ile beraber il de - e
Kz mir Kerfezi, ger ek feribot hatl ar é gi bi
bokaltéméndan krnlyetakdialheamderekolt dmskz et kil en
Belediyesinin a-éklamalaréna g°re 1960061 & yeé
Kzmir K°rfezidne dekar | edilerek k°rfez kirl
2015)ndaAmr daer et él ma -al ékmal arée ye¢regtel megk ol
refah d¢gzeyini ve bireylerin ge¢nl ¢k hayateéene
kokuo ve fAtoplu balék °l ¢mleri o g4:bi ikKzmibrd e
Kerfeziénde fA-evre felaketi o: Bakanl ék bel ed

Kerfezin ana kirleticiler:i ol arak k°kenl e
dayandeéjé d¢kegneglen ajér metabhaen vanbéan®ihpm
ortaya -ékan organi k bilekenler g°r ¢l mekted
korfezin yézey sedi manl arénda -exitl:i aj er

konsantrasyonl ar é&n é(Aksuovl.d1998wvea syuidkas e°kz ed Il d kjl ue
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ke kenlerle kabul edilen sénéréen ¢stegnde aj e
vd., 2023; Akinci vd., 2013; Atalar vd, 2013).

Kerfezdeki kirlilik probl emine kar Kén ads
yveni |l enebilir ol mase, d¢kek maliyeti Ai Ki nci
sudan ajér metal ve dijer kirleticilerin are
¥rnejin; basit ve hézl é& bilrenyi°ndtee nkionlyaans afl k itr
i kincil kirlilik riski olduk-a fazladeér, spe
y°ntemi 0 ayné zamanda y¢ksek bir baklangé-
y¢ksek arétma verimitsagyaygyaa yfimemémande i se
problem durumlaré mevcuttur. Buna karkén ac

ol masénén yané séra d¢kKk¢k konsantrasyonl ar da
(Y. Wang vd., 2022; Nazgoour vd., 2021).

Bi yok©°mg¢r biyok¢tlenin pirolizi, oksitl eyl
basén- alténda ésétélmasé, sonucu el de edil e
g°zenek hacmi, geni kK vy ¢ zieyyo naella ngér, u pkl aarrbéonné ni -ze
ortaméndan ajér metallerin gideriminde yayge
vd. , 2016) . Literat¢rde farklI é hammaddel er
metall erin uzakl| akntéélrdeéljnea s € a | aénkantael yalra nkeuvl cl uat
Devrajani vd. , 2024) . Ayné zamanda tar émsal
biyok°®m¢greéen -evresel avantajlaréndan bir di]
azal t mas éd-&harpdk Mde, 2023 Demgeva., 2024). Pirolize sokulan hammaddenin
hali hazerda bir artek ol mase, at mosferik k
emi syonl aréné azaltmasé ve ajeéer met al adsor
kapsamérkdangbri;y -evre ve insan sajl éejénée koru
ol arak g°r ¢l mektedir (Kaur vd., 2024; J. Wan

T¢e¢rkiyedde yetiktirilen tarém ¢renleri biy
sahiptir. 8mk3ipetepdam¢gt &réem al anl aré T| KK
dekar ol arak belirlenmicktir. ATar émsal artek
meyve, kabuk ve budama arteéeklaré vb. maddel
tarém uygul amal aré sonucu yakél makta veya ba
ol makt adeér (Ko-er vV e Ker k¢, 2018) . Tar |l al
verimsizIl ekmesine ve orman yangeémrls&@ma beanfmen
sékl ékla uygulanan bir iiklemdir (¢akal ve €
ol uku ve ortaya -ékan potansiyel artek mik:
hammaddes:i ol arak tareémsal dratr ekl aorl ulmsluizr |Ise
dojuracak «kKekilde imha edil mesi yerine biyo
sajl éeje a-éséendan -aléeéxkmayé bir adém daha ka
zeytin budama artekl arzZeytei-n | gn ttii gi.| eDrginnydaenrs
d¢nya zeytin ¢gretiminin yakl akék ol arak %906u
sonucu ol ukan zeytin budama arteéjéeneéen i se
kull anél maseé pl anlKaznnmeérkt B¢ r f eBziiybonki°nm¢ aj, @r me
mi kroal g °ncesi ortam optimizasyonu i-in kul

fazla a-édan el e al maktadeéer.
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Kzmir Kerfezi,; tuzl u ol masénén yane Seéer
° n g ° reyeh, eheterojen ve inorgarkr g ani k bil eki kl erce yoj un
kaynaj édeéer . Bu nedenle birisinin verimini yg¢
sonu- ol ar ak ASAYAO met odu gel i ktirilmicktd.i
optimi zasyonu i -in se-ilen or gani Ghamydomonasd e | n
reinhardtic di r . ( Merchant vd., 2007)

Yapeéel an -aléekmal arda yakl akék 50.000 fark
Mi kroal gler; yaj asittllamri a-@grse@&tnaiaml ere nyge nk ail
alanl arénda genik wuygulama potansiyeline sa
I -eriJi bi yodi zel ve biyogaz gibi yenilenebi

( X. Liu vdve gem2epndgétdai sinde protein ve On
yer alan mikroal gl er (Mosyba&aalvamal2a0r2éd ) s ayeans

deji ki klijine karkeé olasée -°9z¢;m ara-1|laréndan

Literatg¢rde sékl ekl aé kbisyuolsaorrépns i ayroent éymién t kean
yer alan (Mahl angu vd., 2024, Ayel e vd. , 202
yakadékl|l aré -evrenin kokull aréendaki dej i ki ki
deji Ki mleri, We)simajyle& ealsarzdk jstrvese maruz K
2018) . Ancak -evresel stres faktorlerine m
cretebil me kapasitesine sahip ol up, bel irli
sergileyedi me kt edi r |l er . Bu °zellikleri, mi kroal gl
koruma alanénda potansiyelini artérmaktadeéer
enerji yetersizIliiji yakamamak adeénael eeent ezl
bi yoyakeét cretiminde kull anél abil mektedir (
antioksidanl ar, polisakkaritler ve dijer met
sentezi hezl anan ve depol aMnacna k¢ ragrnél teérmeén dgeenrd-i
at ek su kokul |l ar énén mi kroal ge sajl adej e S
baskél anmaseé, k¢ mel enme vV e kirlilik et me
sonu-I|lanabil mektedir. S°z eama yean ddeuvraunmdead enmn ek
gi bi faydal e ¢re¢gnlerin metabolizmasénée s¢rdyg
Bu probl eme karkeé -al ékmada, arétel mak i st el
ortamén bir °n adsorbamidbegelfam@aneril enekp teidrr

Bu -al ékmada mi kroal gal aréetém °ncesi ortal
Bi yok°m¢gr hammaddesi ol arak muhafazasé ol um
zeytin budama arteéjé seenlmemizbuj safadiecsnod
adena bir adém daha atél méxkter. Ayréca dene
Chlamydomonas reinhardfiin i n h¢cresel strese bajlé ol ar
bil ekenl er s°%z¢ ecdivireselendkauyd tl mingenll anvéen a h a
Adsorbanl ar birbirleri il e g¢-lendirilerek i
Kzmir K°rfezidnden al énan su °rnekl eri czeri

SAYA (S¢rder ¢l ebArnagtrémdr dlextékd uYeiklid i ncel e
birbirinden bajémséz -alékélan 2 farkl e ads
gé-lendiril mektedir. Bu metot ; bi yok©°mg¢r il
yakal ama vekarapsé&maréenigetnemli g°r ¢l mektedi
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yel pazesi geni kK metabolik -grganhiek i myedeasluamri -
b¢yé¢ mesi gi bi avantajlarénén yanéenda sg¢rder ¢
Bu -al ékmada aréetél mak istenen su °rnejine

suyun ©°n aretéemé ger-eklekmik ve mikroalg vye
kontamine ortam arték ardekéek arédt-édémerelera

hale getirilmiktir. Aktiflektirilmik biyok?©?r
kapsaménda dejerlendiril mik, Kz mir Kerfezi
taramal ar é -er-evesinde eri @kmabal dSIAYIA kred e
kapsaméakbiaswm arétéeménda kull anél mak ¢zere b
biyok°®m¢gr il e optimizasyonu -aléexkeéel mék, akt:.
bir y¢zey suyunda aj ér ImMeamdl|l maktoagrp.si yonuna

Bu -al exmada bi yok°m¢r ¢n k ar Klkamydamonasna g i
reinhardtio ni n fAkirl ili ko olarak nitelendirilen ot
b¢gyeéet el mesi vV e stres kokul | ar @ dahk tsenreki a b¢r
-al ékmal arda kull anél ma potansiyell eri bir |l e
aréteéem materyali olukturmak i-in dejerlendir
Kzmir Kerfezi °©zelindan say@némg ége rmed kall e kbta k
yakam kokull aré sajlanarak k°rfez ardékek ar
mi kroal g biyok¢tl esinin Il i pit vV e karotenoi c
potansiyelleri ortaya konmuxktur

Ege B°l gesi zeytin budama artékl areéenén
Chlamydomonas reinhardtmi kr oal gi ni n biyok°®m¢gr il e optim
suyunda yakateél masé ve b°ylelikle 1iKklistreeil bi
sonucu sal gél anan kat ma dej ere sahip eréenl
aktiflexktirilmik biyok°®m¢gr il e ajér met al ki

2. MATERYAL VE Y¥NTEM

¢al ékmal ar i ki alkrmimad rés ibti s ik e&li tl ydeep éEsgée k u |
Kl k akamadaki Abiyok°®me¢gr ¢retimio ve Asu °rn
''niversitesi Fen Fak¢l tesi Ki mya B°l ¢m¢g Endyg
-al exkeéel deé.akKklamydoionas kemmatthi kr oal g k¢l t ¢r ¢ yeti
°rneklerinde mikroalg uygulamaséo, fAmikroal g
I Kl eml er i ise Ege | niversitesi M¢hendi sl i k F
Teknolg 1 | er i Laboratuvaréenda ye¢r ¢t el deg. Bul gul
Kzmir Ye¢ksek Teknol oj i Enstite¢gseg Temleki ko F
M¢hendi sl i BoIl ¢ mg¢, Ege I niversitesi Biy

LaboratukKac¢cEYV)dager -eklexktiril di

2.1. Materyal
Bi yok©°mg¢gr hammaddes:i ol an zeytin budama
l'niversitesi Fen Fakg¢l tesi Ki mya B°l ¢m¢g Endg¢

T. C. Tarém ve Orman Baktaed @y eEKgmitr¢i LeyMdgdgn
edildi. Chlamydomonas reinhardi@i | g k¢l t ¢r ¢ Chl amydomonas Kay|
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edil di. ¢alékma s¢resince kullanéelan dijer Kk
beraber safl aktéeér éArneatkésngéz éanmak-ullanaanné lsdu °r nej
Kzmir Bostanl é Feribot Kskel esi keyeséendan (
2. 2. Kzmir K°rfezinden Su ¥rneji Al eéme
Deneyl er boyunca aréeteéemlaré - al é«kréedtmarkd e z ¢
Kir @i 1 i7Ji belirtilen Bostanl é Feribot Kskel
(Sabi kogl!l u, 2021) . KI ki aj éer met al adsorps
mi kroal gal arétem kokul |l ar é&n ariminde pet birnli02a sy o n |
mi ktarénda al énde. ¥rneklIl er, deneyl er boyunc
kal mayacak kKekil de muhafaza edil di

2.3. Aktiflexkti-BK) mjkeBimok°me¢gr (A

Biyok°m¢gre¢en yeégzey alané pelrodérz;, sgtakhe&kle

kull anél an hammaddeye bajlé ol masénén yanéeé
aktivasyon I Kl eml er i Il e arteéereélabil mektedi
g%zenekl i yapée ve y¢adey . alBauneéneidleem!l doj-rad é o1
adsorpsiyonu i-in kimyasal ol arak aktifl exkt.i
ol arak potasyum hidroksit ( KOH) se-il di. Mi

biyok°®m¢greéen (BKhiyve k& nBIKIn&Kg i ri Kimrkezi su ©
etme potansiyeli incelendi.

2.3.1. Hammaddenin Kimyasal Aktivasyonu

Biyok°m¢gr hammaddesi ol an zeytin budama
i -in ki myasal a khtiidvraoskysointu (pKoGHy)s ykuuwml | anél ar a
ger - ek |l kawwvd,024)d0 o zeytin budama arteje, 100
potasyum hidroksit il e empACendyee 4e8d isladait. bAorydué
Kurutul du.miKnuirnuterai ti kdier kKkekil de ger - ekl ek me:
bir et¢vden -ékartéel ép karéexktérélde (Duman,

2.3.2. Piroliz

Aktiflexkxtiril mick bi yok©°mg¢r | aboratuvar °

kull anél arak ed,@25kdliemdi sqAucpwraddi séve ve ga
ol ukmaséna karkén hedefl enen kateée ¢reéegneégn aj

se-il mesini sajl adélll Demc mbadekie pashanm®dd 2)
ilekimyasal&t i vasyonu tamamlanan zeytin budama art
yerlexktirildi. Reakt®°r¢n etrafé ésé Kkaybeéneé
bakl ande. Kkl em boyunca kate ¢r¢neégmnadedgat | €] €n
ve sévé yan ¢régn twuzaklaré kurul du. 9Qr ekl i
AC/ dk ésétma heéezéeyla 800 (N10) AcCdébye kadar &
(Gotore vd., 2024) . Denggzass,akséncdanaoaddakoe

sojutul du.
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2.3.3. Geri Sojutma ve pH Optimizasyonu

Bir gece oda sécakl éjénda sojumanén ardeé
bi yok©°mg¢r, yézey al anénén &aur ed, @l2MBea &t 9 - i n
bakiyesi, 300 ml %10 HCI -°9zeltisi ile 1 saa:
vakum alténda filtrelendi ve klor¢gr i yonl ar é
100AC6de 24 saat boyuncallkus®t ghdm zek¢tne de
5 gram KOH il e kimyasal aktivaspBaeldeedildir - e k| «

( Duman, 2021) (G°rsel 1) .

50 g zeytin =
budama artig1 B ‘ ‘ ‘ \| ~~—r —
-  Daas YD,
=
|-
t

100 ml saf su g‘ g ’ Kimyasal —— .
\

+100gKOH L emdirme 100 °C’de 48 saat 800 (£10)°C’de yavas piroliz

\

. ™ A\
\\ ‘»\
- = €= 5" - | ¢
L v
Aktiflestirilmi -
Biv kl.. - ';“‘,;SK Boastma Safsuile  HCIgozeltisinde 300 ml %10 HCI +
yolomir (A-BK) yikama kaynatma bakiye

G°rsel 1. Aktifl ed8BtKirilrmitk mBiAk@aknamanr é( A

2. 4. Bi yoKkYmgin mi BK)

50 g zeytin budama artejé herhangi bir akt]
yerlexktirildi. Reakt®r¢n etrafé és80 0k a(yNbleon)é
AG6de ayné «kartlar al t ér(Gbtore ydg 224)kR emikrt @ Iri zs égerk
hedefl enen dejere wulaktéektan sonra 1 saat a
sistem 1 gece boyunca oda sécakl éjénda azot
bi yok©°mg¢r ( BK) havandak -] ¢l t(Kagdedr ¢2024)S caam egrni &n b
olarak %30 verim ile 50 g zeytin budama arté

o
£

4eyun bl‘ldama 800 (+10)°C’de yavas piroliz Biyokomiir (BK)
artigi >
1 AKama
2. 5. Su ¥rnejinde Biyok°®m¢gr Uygul amasé

Bu akamada 03.09.kP6GPérvedéaOOallé&nafn2d4ut &@rnek
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bi yok©mg¢r uygul amal aré -al éxeéel dé. Kl 'k ol ar a
sadece aktiflexktiril mik -012%) oek250/560 (D25) gmll a ma s €
oranl ar énd di. AQOgl25-ve AOI, e2k5t iardillé deney d¢gzenekl er
rpm hézda ve oda sécakl ejéenda orbitalBKkkar éxkt
de filtre kO©]jédée ile su °r nelBIK&rliemrdeln saayarté |Ibc
et ¢vde kurutul du ve oda sécakl é&jénda soj umay
paketlenip muhafazaya hazér hale getiril di
arteéejenén yavak pirolizi S 0 ngurc uk Cerl fdeez esdu Yl temd
met al adsorpsiyonunu dejerlendiril mek adéna
Kkinci su °rneji kullanélarak alg °ncesi o
m| ol mak ¢zere iKki farkl éarmhé yoeAepdi k° Afyea 2
ki myasal aktivasyonun mi kroalg yaka#Kwokul | a
BK i ki oran i-in de ayreé ayré kullanel de. S

(A=aktiflektirilmik bigyekEBADASIERSD, Yok8& d¢adl
deneyl erl e ger-ekl ebiiyokPdigcr Bagtr gméemParlféezves
ekKitlemek adéna 200 ml biyok°®m¢gr uygul anmay a

karékt érma he&gréeécdda o02dbidamdt klmaywwnc a, ver i mi
karekteérélde (Ye vd., 2022) . 24 saat boyunc
karéekeémlar , filtre k©]jéde yardemée ile sg¢zel
emasénda birlextirildi. Bajémséz dejikkeni S

dijerleriyle beraber 1 g¢n boyunca kar éxkt eér e
da dijer ©°rnekler gibi filtre ykoCkjoéndeér |ielre 1s ¢

boyunca 100ACo6de et¢gvde kurutuldu, sézdér ma:
sonunda el deki 200 mlolik 4 farkl e biyok©%mg¢gr
her hangi bir biyok°m¢gr uygubhambhsel gapal jmameék
mi kroalg uygulamasé i-in 100 ml ve Kahit nun

(Bauer vd., 2020).

¢izelge 1. Su ¥rnekl eri i zerinde Ger-eklextiri
Bi yokTmet er i
Kull anélan Biyc Su ¥rneklerinde Ger -
AktiflexktirilBK « A-0,5/A1/A-0,125/ A0,25
Bi yok°m¢gr (B S05/81

2. 6. Mi kroal g K¢gltegreéegnegn Yeti ktiril mesi
Chlamydomonas reinhardta | g k¢l t ¢r¢e¢neéegn yeti Ktiril mesi
TAP (Trisi Acetatei Phosphate) Medium metoduna g°re ¢i z
ml ol mak ¢zere hazérl andé (Har r CHdanydan®o8a8 ) . Mi
reinhardtii be s i ortaménda 1 hafta boyunca 110 r pmo
m | s T ékéek «kiddet.i il e karektérélarak bg¢yet
rpmdde 5 daki ka boyunda stahlamydohongs remithidtl e r e k
h¢gcecresi el de edil di (G°rsel 3) .
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¢i zel geAcllatePiospate (TAP) Medium Ortamé (500 ml)
Mi ktarl ar é

K-erik Miktar
2xXx Filnerds Beje 12,5 ml
KH2PQy 0,027 g
KoHPOy 0,055 ¢
Trace MineraSo | ¢ sy ont 500 Ol
Tris-Base (TrisAminomethan) 1,219
Glasiyel Asetik Asit (17,4 mM asatat) 505 Ol
Saf Su Sol ¢syonu 500 ml 6y e

_ ‘ [t e ‘ L i1
£+ | 1 1 @ e
C. reinhardtii 500 ml TAP 1 hafta sonra  4.100 rpm’de 5 dakika b Deney basina 8_5»106 110 rpm’de, oda sicakhg ve
kiltiiri Medium hiicre 40 umol foton m=2s~"’de 1
hafta
G° r s €hlamgdomonasreinhardtiK ¢ | t ¢r ¢n¢n Yeti ktiril me AkKa

2.7. Su ¥rnejinde Mikroalg Uygul amaseée

Bu akama sadece 10.11.2024 tarihinde al
uygul amal aré sonrasénda ger-eklextirildi. B
farkl é dehegdd¢salg uygul amasé yapéldée: Biyok

ve 1/ 200 g/ mBKouywqulaammam Au °rnekl eri, 0, 5/
B K uygul anmecxk s u °rnekl eri . Deney d¢zenej |
ger - ekl <k tsiur i°lrnekl erinin her biri I -in 100
edil en h¢ecor €821 adgtgul anScué °r ne Chlaenydomoeas uy g u |l
reinhardtih ¢ cr el er i , al g ke¢ltegregnegn yetiktitari | di]J
karéekteéerécéda, oda sécakl é&j] énda, 110 rpm hé
karéektérélarak be¢gyet ol dg.

2.8. Suyun Tam Aréetémé ve Mikroalg K¢glter

1 haftanéen ardéndan alg hg¢gcrel eboyjuncoda sé
santrif ¢j I Kl emine tabi tutularak su °rnekl ¢
tutul muk su °rnejinin 50 ml&ési Kahit numune
Farkl & oranl arda farkl e i ydegkemderk| weydwnldemadl &
yetiktirilen alg k¢glteéegreéegnegn hemositometre 0|

2.9. Toplam Karotenoi d, Klorofil wve Lipit
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Mikroalgin klorofil a (Chla), klorofil b (Chlb) ve topl am karotenoi d

Lichte nt hal er ve Buschmannédan (2001) wuyarl anar
dé¢zenejinden her birinin 2 mlodsi 5.000 r pmb
haci mce %20 su i-eren 2 ml asetomuim- hededavéo
daki ka boyunca par-alande. Pigmentl!l eri i - er
tutul arak beyaz h¢gcre kal éntelaréndan ayrel d
dal ga boyl arénda spektrlf-ogloeme tdee] e&rull dra nad ajr
yerl erine konarak pigment konsantrasyonl ar é

Chla( O g™*)m12,25 ODes2i 2,79 ODeas
Chib( Og™?)m21,50 ODessi 5,10 ODgs2
Tcar ¢ 6@00nIODsoi 1,82 Chlai 85,02 Chlb) 198

Lipit i -erijJjinin belirlenmesi i-in 5 dene
hezda ve 4 C'"de 10 dakika santrifg¢g) edil di
10 mgéée Folch vd.éne (1957) g°ceellepi 2 ek $
Eppendorf te¢plerinde 250 Ol %0, 73 NaCl i-in
kl orof orm: met anol 2:1 hacminde ekl endi ve 1
boyunca buz ¢zerinde i nky¢ba Neminelerd3.40¢rpmve daki
4 C'de 10 daki ka boyunca santrif ¢j edi | di
camlara aktareéeldé ve 80 C'"de 4 saat boyunca
ve lipid i-erijiéehidébé¢lietldemekn, a@®rd)t art

2.10. Bi yok°m¢gr Karakterizasyonu
2.10.1. SEM Analizi

Zeytin budama art ékBKdEmdnaink rga eg izl eenne kBIKi vy
topogrZaBly$ éeéEVO MA10 Taramal e El ektron Mikroc
incelend., Anal i zden ©°nce, yékl enmeye bajl e ol ara
problemlerin °n¢gne ge-mek i-in numunelerin
kapl andeé.

2.10.2. BET Analizi
Zeytin budama art éklI-BK rumuhaenning ¢ 2¢y | ah aB&

g%zenekl i yapeéel aréendaki farkl el ekl ar hakkeée
kull anél ar ak -BpnmetEed lalne rBr (uBiRRTu)er anal i zi i1 e el
numunel er , g°zenekl erde biri Kden24 gaatzbbyancad an a
degaze edildi.
2.11. Adsorpsiyon ¥ncesi ve Sonrasé Su ¥rn
HerikiA-BK uygul amasé sonunda el de edilen ve 1

czere 3 su numunesfiininhrasggonmechlémtayinin &an
Plazma- Optik Emisyon Spektroskopisi ICBES) met odu kul |l anéll ar ak
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/ 11885 standartlarénda ger-eklexxtirildi

3. SONUC¢CLAR VE DEJERLENDKRME

3.1. SEM Analizi Sonu-1aré@

G°r sel 406t e cBlKdin eBSEBKgYreegnA ¢l eri -ag®ster
i -erisinde yer verilen biyok°m¢gren Iifli yap
g°r ¢l d¢g .-boCGlPer segdstderi l en aktifl ektiakgdtmiedebn )
kalan i fli yapésénén piroliz ©°ncesi aktiva
yapésénén aktivasyona baluian(202l)ad iatk wad t t (3 @1 M
-al ékmal aréna benzer kekilde gzl emlendi

Livle 29 Do 2024

10 fm EHT - Se0RV Sina

Wo=ggmm  Mags tH0EX

Wt = B Mag= 06K Thamibar =2 #8e 01 Fa
PYTENAM - s o - N IYTEMAM

(a) (b)

G°rsel 4. Biyok°m¢gr (a) ve Aktiflextiril mick

3.2. BET Analizi Sonu-1aré@
¢i zel ge 30tBeKOBK BET AY¢izey Al ané Ve Mi kr

g°steril mektedir. Potasyum hidroksit ile akt
i ncel enmesi adéna analiz edilen parametreler
gesterdii]i tesPKéd¢credy ddey dbammggz Ay gabmn8iKén
30 kate kKeklinde g°zl|l emkBeKnddsin. nB uknruonp oyra naél asé

BKéo¢n ayné dejerinin yaklakék 30 katé ol duj
ol duju gibi KOH aktivasyanuRrudébeygRZmegml gpd
bul gul aré KOH il e kimyasal aktivasyonunun ze
g°zenekli yapéséné yaklakek 30 kat artérdéeje

¢i zel ge 3. AktiflektirigdmiBEKETBIYWoKEeyn Al avreé Bvie/ oMi° |
Dejerl eri

Numune BET Y¢zey?gh Mi kropor 2yl

Bi yok°m¢gr ( 21,1078 17,1078
Aktiflextiri |-BK) 672,6660 545,6660
3.3. Adsorpsiyon ¥ncesi ve SflnréansléerSu ¥rne
Kzmir K°rfezi czerinde ajér metaBKgbdaném
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(50 mililitrede 0,125 ve 0,25 gram) wuygul ams
dejerleri ¢izelge 406te verdnenekéleanrkunrewm e
( As) vV e al ¢minyum (Al) dejerlerinin, aktif
uygul amasénén ardéndan 0,01 ppm seviyesinin
krom (Cr) aj ér met al naliark A0al25] namugesinda dahasfazla b e n z
ol mak ¢zere, gzl emlendi. Adsorpsiyon ©°ncesi
bul gul ar e, aktiflexktirilmik biyokom¢gre¢gn Kzm

adsor ban ol ar ak iHKestékleranteBkte buidusda. hi pot ezi n

¢izelge 4. 03.09.2024 Tarihinde-BXIlI &Jygnul Kkanaisre KN

ve Sonrasé Ajér Met al Mi ktarl aré (ppm)

Numune Pb Cd Cr As Al

Kerfez £ 0,256 0,09 0,088 0,069 0,266

A-0,125 <0,01 0,03 0,035 <0,01 <0,01

A-0,25 <0,01 0,036 0,042 <0,01 <0,01

3.4.Chlamydomonas reinhardtiK ¢, | t ¢r 1l eri nin Ger.i El desi , Li
K-eriji

Su °rneklerine séraséyla yapélan biyok?®m,
santrif ¢j i | eChlamydbraomas eeypharélthk ¢ €r €l eani nin deney
g°re son he¢cre sayése Ve h¢cresel bil ekeil
g°zl emlenebilir fark ise G°rsel 506te g°steri
sayémé sonucunda mi kmoalmgikn kBiry @k nsguy unmyda@u |
yakayamaBde] @y guA amaséeneéen ardendan I se h¢gcre
k¢mel endi ] ve bu y¢zden son h¢gcre sayéméneé
mi kroal gin k¢glteregn 0 l%sthearlmediiljea mnersegpdday seedi
mi ktaré da h¢gcre sayeéslénwmygbud nazmears émléar aakr d&m
k¢l tegrde °1 -¢l deg. pH dej erl euyig ualraansasné aa rndé
mi kroal g sonr alséwnjdaki esmi t°®remcijli dio. Karotenoi
ABK ve BK wuygul amal arénda birbirlerine yakeén
Ko r f e zZChl@dmydbmonas reinhardty et i kt i ri | meden ©°nce ortam

engelleyici kontmmi nant | ar & ortadan kal dér mada dijerl e
Uygul ama oranfLlaf208r am$ érmsdilarPr®ejinde 1 g biy
h¢cre sayésé ve mikroalg i-erijine etkisi b
denemn dijJjer oranlardan daha veri mli ol duj una
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¢Ci zelFgeer kbl.eé Bi yok°m¢r Uygul amal aré Ger-ekl ektiri
Yeti ken Chlamydomonas rei «Kwr@agendi pi tHME ké aSdpe€éeye
¥ncESanirasé Su pHOsi

pH pH H¢cr e Chla Chlb Tcar Lipit
(¥nc(Sonra) (1 ml ¢ (mg/g (mg/g) (mg/g) (mg/g)
Kerfez 7,77 8,24 29: 0 7,377 4,098 4,432 500

Numune

A-0,5 7,88 8,17 - 12,006 7,449 6,257 375
A-1 7,95 8,06 - 9,084 6,003 5,280 111,11
S0,5 9,6 7,88 5, 81 7,207 5571 4,781 142,86
S1 9,28 7,65 8L 0 9,891 6,831 6,002 600

G°rsel 5. Farkl e Deney D¢ Ceamnbakdlikgli ngdel dr Haf t a

4 . GENEL DEjERLENDKRME VE SONUC¢LAR

¢al ékmanén sonunda, deniz kirlilijJi proble
yolu gel-0k125i bhddti flAektirilmik biyok?%mg¢gr uy
tehditler olukturan Pb, Ccd, Crnel Ak Ve eAnl i ajbé

el de edil di . Saf su ortaménda -exitl] aj éer

bi yok°-BKy, (Al akéel abilen |Iiteratg¢gre g°re bu -
ve Kzmir Kerfezi °lziel dejdeer laernédtién | ot a nBsiiyyoek ¢
-al ekmada mi kroal g ©°ncesi ortam optimizasyon

su °rnejinde biyokChapgydomangsgreinhadiyaa kaarngé kiokeul | a
sajl ayabil ecek edereeayilndreryi¢ rkeatrekléd¢akvt ér el de. (
h¢cre sayeéesab vkearlltermaofiidl, i pit mi ktarl ar é

biyok°®m¢gr uyhbu(laimaskhmaor S 1/ 200 ¢/ nily)g ud ladnajsu
ile 1 mililitred e k i h¢cre sayésé neredeyse tamamen kot
ve klorofla-bi | e topl am karotenoid dejerlerinde biy
go°re kayda dej er artexkl ar tespit edi | di

Chlamydomonas reinhardiii- i n opti mum kokul |l aré sajl ayamac
k¢mel enmel erine neden ol duju g°r¢l dg. Kzmir
biyok°®m¢gr ile k°rfez hem arétaldeahemedenamiak
hal e getiril di. Bu -al Eékmanén bul gul ar énén,
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kirletil mik ortamlar én iyilexktiril mesi Pl
optimizasyonunda biyok?©m¢lrarnasd ametkrée nmea knt ebd

Gel ecekteki -B-Kalveek BKI ali @ rAkontamine yg¢zey
arétemena y°neli k kullaneéel abil ecefji gi bi Kz
amacéeyla da el e al énabvéya . piFrolkil 2 a&daklasjy®
biyok°®m¢grl er; ajéer metal a dChlamygomangseembardtii - i n  d

°ncesi adsorban ol arak kullanélabilir. Zeyt
cretilen biyokomegrl er aynée ama - dojrul tusun
kapsaml é dejerlendirmek i -1in ar tCérkinhaodtiir mat ¢
h¢crelerinin b¢gyeé¢grken sentezledi]i i pit ve
dejerl eri, bi yoyaket v b. -evre dostu y°ntem
mi kroorgani zmal ar én h ¢dcerjesri -piorn daen ssi eynetl & znlee dsiajh
i -in SAYA metodu kull aneéelabilir. ¢al ékma; S
avantajlara sahip ve -evre Kirl il iJini bir
g%°r ¢l mektedirinC. Kenmidtii IK® rdre&ti®mé ©°ncesi biyok
°n¢ a-ék ve geliktirilebilir biSAYAmetétdonee ol ar
ekl enmek ¢zere yeni su arétém stratejilerini
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¥ZET

Géda talebia@amad¢ satrrtiékiéendeédgpéda boyal arénéen Kk
getirmi ktir. Geda endg¢gstrisi géda boyal ar éné
ayarl|l amak i-in sékleéekla kullanmaktadér. Bu d
herne kadar olumlu g°r¢nsede, insan sajl eje
¥zelli kle bazée senteti k boyalarén akéré mikt
sajl ek problemleri dojur makt ad e rvekaBinojepte obl e m
il e karakterizedir. Dol ayéeseéeyl a, géda boyal .
derecede ©°nemlidir. Mevcut -al ekxmada, géda
boyal arénén bazél ar é&nén Y¢glowa BritliantaBlue)ntayinild | ur a
kull anélan analitik y°ntemler genel baj |l amd:
kull anél anél an Spektrofotometrik, kromatogr
|l iterat¢rde yapélanl makekmal AyaéeéeanelkPat emke
kéesaca dejinilmiktir. Dol ayéseéyl a, bu - al ékn
géda boyalaréyla ilgili analitik s¢reci anl a
Anahtar Kelimeler: Geéda boyal aré, Spektrofotometri, Kr
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ABSTRACT

The increase in food demand has led to an increase in the use of food dyes in the food industry.
The food industry frequently uses food dyes to enhareapearance of products and adjust
their color tone. Although this may seem positive in terms of the food industry's production
goals, it raises many issues that are detrimental to human health. In particular, excessive
amounts of certain synthetic dyesdatheir use under inappropriate conditions cause serious
health problems. These problems are often characterized by high toxicity and carcinogenicity.
Therefore, the analytical determination of food dyes is critically important for human health. In
this gudy, analytical methods used in the determination of some food dyes (Tartrazine, Allura
Red, Sunset Yellow, Brilliant Blue) commonly used in the food industry were evaluated in a
general context. Spectrophotometric, chromatographic, and electrochemitaldmeised

within the scope of these methods were examined, and examples from studies in the literature
were provided. In addition, the environmental aspects of the methods are briefly discussed.
Therefore, this study is informative about food dyes anal la¢és the characteristic of being
multifaceted in that it describes the analytical process related to food dyes.

Keywords: Food dyes, Spectrophotometry, Chromatography, Analytical procedures
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1. GKRKK
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Anal
Bu -
tayi
anal

boyal aré& modern zamanén en -ok kull anél
;n¢g uzat mak, m¢kKteride i1 gili crén i -in b
strisinde sékl ékla kull anlédmawktidré rk e Kinls

de, géda boyal aréneéen akKére ve bilin-s
rmaktadéer .

boyal ar é kaynaj éna gore doj al géda b
flandéréel makt adésel Pohalyvgadal boegghameénb
éndan daha ge¢venl i dir. Doj al k°kenl. g é
n-siz olduklare i-in geda endg¢strisinde
rli el e&l sasceememenaeti k boyal ar d¢e¢kek malii

tajlara da sahip ol malaréna rajmen biyogc

n sajl é&ja zararl edeér . Bu zararl ardan kul
ngévelijinin test edilmesi ve olukacak z
|l € °rnekl erden analati k tayininin yapélm
e-Vi(sUV spektrofotometri, yéksek LQ)erfornm
troki myasal y°ntemler ve kapiler el ektroc
emlerin se-iminde géda boyasénén ki myasa
r¢eéemanén bulunabilirliJl mgkbad&mi t@g hgmg z
e ve sajl ek endikeleri g°z °n¢gne al éndeéj
r kriter de vyexillik kriteri ol muktur.
I ti k Kimyaodonlémaktlekdedreri ni di kkate a

al exmada, géda end¢strisinde yaygén ol a
ninde kullanélan analitik teknikI|ler gene

I ti k metotl arda geneal- éesjéinldianml edreg edreljeinndiilr
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2. GIDA BOYALARININ SINIFLANDIRILMASI

2. 1. Doj al Géda Boyal ar é

l'st saterlarda bahsedil diji gibi, dojal géda
d¢kek toksisitelikalyinlag&kdk ik |lpeirgdmernt | Birt kairsaeslé n
kar ot en; havu-), antosiyaninler (siyanidin
(betasiyaninl er; kér méze pancar) vV e kl orof
-ékmaktadér . Beybweoyatak?°kekbksframktl aréendan

et kil eri mi ni mum d¢gzeydir (Downham & Collins
°rnek verilebilir. Doj al boyal ar éseé, éKeéek

kull ané&mlla&rdersgrmi gurdson, Tang & Giusti, 201
2.2. Sentetik Geda Boyal ar e

Sentetik géda boyal ar é aromati k organi k bi
skal al arénén geni kK, mal i yetlerinin d¢gkegk Ve
Yaygé&nakolkaul | anél an sentetik boyalarén bg¢y¢ék
Bu grupl ama ki myasal yapeélaréna g°re yapeél mé
Azo boyalarrBu gr up en y aNsNi&kmr ogmodptrurgrweunu i - erer
ol mal ar éndan dol agle adloankdeya&llartak bbdaader . Azc

sistemlerinden dolayé azo bnoyal ar Tatfazingne¢r b
(E102), Sunset Yellow FCF (E110) ve Allura R
& Fernandes, 2004).

Triarilmetan boyalar: Tr i ar i | met an boyalar katyoni k yap
kat sayélaréna sahiptir., Bu sayede 8riliang k der
Blue FCF (E133) bu gruba ©°rnektir (Minioti v
Ksanten ve indigod boyalar: K s ant en boyal ar, ksanten (¢- arc
bilekiklerden oluktuju i-in bu isimlendirmey
grubu sentetik boyader. Kndi g boyalrdrektspi i
fonksiyonel yapélardan ol ukmaktadeér. Kndi go
boyal ar yapéséndaki bajlardan dol ayé redoks
aktiftir (Shabir vd., 2018).

Géda boyal aréedegreallietnidi ratddannde -°z¢negrl ¢k
maksi mumu (&amax) ve stabilite gibi o zel l ikl e
azo boyalar genelli kle suda -°z¢negr tuz fori
gereji dradani-kok-°9z¢c¢l erde -°z¢gnmekt 8600 r . Bu
nm ar al eéj énda maksi mum absorpsiyon verdii§ji [
kol aydeéer . Absorpsiyon maksi muml ar énén - akéecxkt
HPLC gi bi kromatografik y°ntemler kullanel ér
vd., 2016).
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3. GIDA BOYALARININ ANALKTKK TAYKNK

Geda boyal aréenén analitik tayini kalite kon
ol duk-a °nemlidir Uygun y°ntemin se-iminde,
duyarl ék d¢zeyi belirl eyilairakl wakt acdn@&tisanL iyt e
spektrofotometri, HPLC, kapiler elektroforez
3.1. Spektrofotometrik Y°ntemler

Spektrofotometri, basit, d¢kek maliyatke ve
maddel erinde ol duju gibi géda boyal arénén a
Karékém halindeki boyal ar én toplam absorba
belirl enmesinde veya kar ekémdaki t tercih er i n
edi |l mektedir. Kullanélan spektrofotometreler
ol duk-a avantajl é kel maktadeér Buna raj men,
spektorofotmetrik ayr émeée bel iduriumd uaryuéenrl naar d
zenginlexktirme tekniklerinin kullanéméyl a ack
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k e k iBIr UM2Vis spektrofotometre

3. 2. Kromatografik Y°ntemler

HPLC, géda boyal arénéekultlagn eli mallet ayda&y g é nGea le
sajlanmasé i-in UV veyaardriaggyyotdedekts®r ,delAk)dt
edilen HPLC sistemleri, bu konfig¢rasyonl ar é
HPLCO6de farkle lalngdymarkt ageéerer iBukwlaj | amda, |
boyunca dejiktirilerek veya s¢rekl i sabit
ayrélabil mektedir. Buna ek ol arak, uygun kol
bir f akt ° ardktartazin¥sunset \ellow Ve allura red gibi azo boyalar genelde C18

kol onlarda ve asetonitril/su (% 0,1 fosforik
2024) . HPLC teknijinde en iyi sonu-| da k¢t

edilmektedir( HPLEMS veya HPLC MS/ MS). K¢tl e spektr ome
boyal aré k¢tlelyé¢gk oranéna g°re tespit eder e
kull anél an organi k =-°9z¢celoer ni s pik olabiir. y ¢ kse
Geliktirilecek analitik y°ntemlerin yexkil et
Ntrallou vd., 2020).

HPLC Cihazéenén g°r ¢ng¢émg
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3. 3. El ektroanalitik Y°ntemler

¥zelli kle wvoltametritkaytienk midkel esré kg eéeckd ab kyd Il «
satérl arda da bahsettijimiz gibi, géda boya
vermeleri) onlaré bu tekniklerle tayin edile
gerektirimedtPiz¢ega@gd bt ¢keti mi d¢Kek ve hezl & |
y°ntemler ol duk-a avantajl édér. Elektroaktif
d¢kek se-icili k gesterse de el ektrotinbirg zeyi
Kekil de arter éelRatbieli meok ted. r ICh2) st Fakat b
tekrarlanabilirlijinin zamanl a azalabiliyo
ol ukturabil mektedir. Ayréca dojrusadalndear dla&ijé
sénérl amal ara sebebiyet verebilir (Dilgin, 2

Purge tube =
Reference electrode
- {OD: 6 mm)
Counter electrode : >
(OD: 6 mm)

«Bg Working electrode
{OD: 6 mm)

) || ]
(100 mL)
't

Sample vial for alkaline solution (100 mL)

kekiBli |2 kenl eriyle birlikte bir volt:

3.4. Kapiler Elektroforez

Kapiler elektroforez (CE), boyal arén y¢k ve
i -intrelkekal ané kull anmaktader. Analiz i-1in
sunmaktadeéer . Ancak <cihaz maliyet.i ve met odu
sénérl|l amal arée varder. Ayr éca, el ekt siovezmot i |
tampon bil ekimindeki -0k k¢-¢k dejikiklikler
3.5. Y°ntemlerin Analitik Parametreler A-é&sé

Duyarl él ék

Duyarl él ek, analitin derikimdindeki oldtak- ¢k d:
dejerlendiril mektedir. Geéda boydlaevigesindayi ni n
ol masé hedefl enir.

Spektrofotometrik y°ntemlerde ci ha%210%winf i ge¢r
Ltaral €] énda t e sbpnektedil. HRhGDXA D eilldee beud’indobdjler | er
seviyelerine kadar, HPL®IS/MS ile ise 1#ve 10° molL*s evi yel erine -eki | ¢
El ektroki myasal tekni klerde ise °zelli-kl e na
10 mol L tespit limitleri elde edilebilir (Talath & Hani, 2024; Easterling vd., 2020)
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Se-icilik

Se-icilik, gel i ktirilen y°nt emin hedef ana
yetenejinin bir ©°I|-¢se¢gder.

1 UV-Vissbenzer ki myasal yapéya sahip boyal ar €

absorpsiyon bantalarénda °rt¢kme ol abil e
Ayérma zenginlexktirme y°ntemleri bu sor ul

1 Kromarografik t&niklerises e - i ci | i k a-é&séndan en g¢-1 ¢
pHOGs é, iyoni k g¢- ve kol on t ¢ r-gabitdaz bi f aki
veboyahar eket | i faz etkilekimlerinin °1-¢sy¢
fazl ader GinEaez1838p a &

T Kapil er elektroforezde ayeér ma tayin edil
Ve tampon -°zetlideki hi drodinami k boyul
yé¢ksektir., Ancak, tampon - ° zlektedini n bi | e
Tampon -°zel ti bil eki mi ayérma verimini
bil ekenlerinin iyonik girikimlerine sebel

TEl ektroki myasal sens®°rlerde se-icilik, el
fonksiyonudur. mddgudnmn yreleidli | mi Kk ens®°rl er |
y¢zey alanée el de edilebilir ve analitin
arteréelabilir. Ayné zamanda sinyal/lg¢r ¢l
2025).

Matris Etkisi

Géda °rnekl eri kompl eks matris yapeéelaréyl a
organi k asitler ve kullanélan koruyucul ar a
enstr¢gman kull anéel érsa kul | anranetelermi etkilayerr i s g i
, °neml i vV e belirgin bir sorundur . Bu soru
zenginlexkxtirme tekniklerinin kullanéméyla g
daha d¢keék bir faza aytragylialni vaen azleintgikn |perkaotsie
akamaséder . Literate¢grde bu ama-la en -o0ok ©°ne
Bu teknikler analitik parametrelerin iyilext
yekil bir k gHesliyanhwel.r20d8)az andér éer
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Tablol.Li t erat¢rde géeda boyalarénén tayin edi
Geda B ¥rnek MlkroeksFraAks_lyon Tayin T¢e¢LOD Kaynak
Tekni i
keker .
Rhodamine i - ec el UV-Vis - Duman
B puding, DLLME spektrofotometri 35 ¢gd 11 vd., 2020
Kurup
Ponceau 4R, ,
Carmoisine, keker ||ME HPLC 0.050. 1 g Salamat
. L1 vd., 2018
Erythrosine
Sabun,
. tekstil . o
Rhodamine UV-Vis -, Taziki
B boyas DLLME spektrofotometri L. 05 Lei “vd., 2012
musluk
suyu
Rhodamine zc s lSPME HPLC 0.28ngmk1 XYV
B S e ng 2016
ya)l €
-0 ftl
Malachite S¢S UV-Vis Aydin vd
akvaryum LLME . 3 &1 y
Green ~ spektrofotometri ., 2017
bal &k
numunesi
Amaranth,
Ponceau 4R, K-ecel
Allura red, ., 0.0'0 . 0g8 Faraji,
Azorubine, J i lkgi ,DLLME HPLC LT 2019
Erytthrosine, '
Thymol
gg;?;crﬁ"hne’ Far kIl CE.LID (0.20.5eg Ryvol
y °rnekl mLT 1) vd., 2007
ponceau 4R,
Tartrazine,
sunset
yellow, K-ecel. Diferansiyel puls 13.1:143 nmol Medeiros
brilliant °r nek/| voltammetri Lil vd., 2012
blue, sunset
yellow

ISBN NR. : 9786255694 46-1

200

I NTERNATI| ONRARL ISOINERNREBSCE ON

d



\;ummﬂ,
¥ Ty

g,

CUMHURI YET 15th | NTERNATI OANRARL ISOINERRESCE ON
October TARBRKARA25
CONFERENCE BOOK

ACADE,
v,
b
SHe

D

4. SONUEC

Bu -al exmada, géda boyal ar é anal i tik bajl
end¢gstrisinde sékléekla kullanéelan sentetik
bel ir i analiti k parametrel er a-a,s égnédaan bdg year
HPLC ve elektroki myasal tekni klerin daha dg
etmeleriyle °ne -ékteje s°ylenebilir. Ancak
tekni kl ere g°re - ok d a h ae vyr¢ekssed k  smgirkdtéarrell aerbdi e
a-eéeéseéndan ol umsuzVi & arsped katnradbfidtiamet UV, bir
sajl amaktadér . Spektrofotometrenin uygun ma
kol ayl ék eri kil ebil i ronkeétlrneankitna dkéurl.l afyérnéec ao,| ds
Vis spektrofotometr.i kull anél arak -ok d¢kek
anal itik prosede¢rl erin gel i ktiril mesi de m ¢
kull anéméeyl a bintliikktparymmet emil eranale °neml.i C
boyal arénén anali zi ile 11 gild@ s¢rece genel
a-éséndan y°ntem se-iminde faydalé olabilir

sunabilir.
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Anal itik prosedg¢r gel i kti remedixegereai ,badaejnase
Ge-mi kte ol duju gibi génegmegzde de bir-ok yan
sajlek ile ilgilidir. Bu s¢re-, analitik par
prosed¢rl er i -inebmggskndiyol® nammeé K tad@re. Cevr e
korumayé ama-1layan Yexki l Analiti k Kimya yakl
gereken 12 ilkeyi tanétméekteér. Bu s¢recin de
dejerll masi mi ama-|layan farkle ara-I1-%ale gel i kK
GAPI , AGREE ve Compl ex GAPI bu ara-Ilaréen en
ara-|lar kapsam, parametreler ve kull amel abil
Dijerlerine g°re belirgin cstenl ¢kl er sergi
prosed¢r¢n kapsaména ve hedeflenen -evresel
yapélabil mektedir. Bu - al @k mad ai nbcaehlsein egcee-jan
okuyucul ara vyol haritaseé sajl anél masé ve a

dejerl endirmesinde farkéndal ék ol ukturul masé

Anahtar Kelimeler: Ye k i | analitik ki mya, S¢rder ¢l ebi |
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ABSTRACT

The analytical procedure development process inherently involves certain concerns. As in the
past, these concerns, which continue to generate significant discussion today, are mostly related
to the environment and health. This process has led to the gophc o f Afgreeno be
important as analytical parameters in analytical procedures. The Green Analytical Chemistry
approach, which aims to protect the environment and researcher health, has introduced 12
principles that must be met for analytical prdaees. Subsequently, various tools have been
developed to evaluate the green character of analytical procedures. NEMI, Analytical Eco
Scale, GAPI, AGREE, and ComplexGAPI are the most important of these tools. This study
comparatively examines the aforemened tools in terms of scope, parameters, and usability.
Although some tools demonstrate clear advantages over others, the right tool can often be
selected based on the scope of the procedure to be developed and the scale of the targeted
environmental imacts. As the tools mentioned in this study will be examined comparatively,

the aim is to provide readers with a roadmap and raise awareness in the assessment of the
environmental performance of analytical procedures.

Keywords: Green analytical chemistrypStainability, AGREE, GAPI
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1. GKRKK

Son yéllarda, analitik kimyaceéelar tarafén
nokt aséneén -evresel s¢rdereéeglebilirl ik ol «
tekrarl anabilirl ik gibi anal i ti kyermirlalmieijt ir el
karkélanmasé da temel ama-lardandér. Bunun
reaktiflerin toksisitesi, enerji i htiyaceéeneé
gi bi duruml ar deér ( Ar me n tep olan kimyasal2aRtititBlgrin ~ Bu
ol umsuz sonu-|aréna al énacak ©°nl emler i se
ol umsuz sonu-1laré azaltmak i-in Anastas ve
ve bu yaklakémén 12 i ladknerslPd) t anét mékter )

tevre ve sajlek a-éséndan bir-ok olumsuz
s¢re-1lerden do!l aye, Yeki | Ki myaodneén il ko
ol ukturul masénén gerekl il ifji or t aAnaitk - é k mé kK
Kimya (Green Analytical Chemi stry, GAC) o |

yél énda Galuszka ve -alékma arkadakl|l are t a
il kel er czetl e; ki myasal t ¢keti mdostu azalt
alternatifleriyle dejiktirilmesi, enerji V¢
veyerndemanal i zl erin yapél maséné tekvik etmekte
GAC, 12 il kesi il e yexkil bir analitik y©°n
anlatsad, o d°nemde analitik prosed¢ren yexki ||
mevcuttu. Dolayéeseéyla, yexillik derecesinir
ara-|larén gelixktiril mesi °neml i btrnibhakyp
eden d°nemlerde tari hsel séral amayl a NEMI
Analytical EceScale, GAPI (Green Analytical Procedure Index) ve AGREE (Analytical

GREEnness Metric Approach) ara-1|aria, gel i
kapsamlarénéen ve analitik s¢re-lere kat kel
katacajé gibi -evre ve sajl ék -Wadka,i2018).e de k
Bu -al ekmada, -al ekxkmal arda en-Salep®APIkul | an
(Green Analytical Procedure Index ve AGREE
-al ékma kapsaménda bu ara-I|larén performans|
kapsamlareée ve uygul anabilitrml i kl er i kar Kk é |
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2. Yexi | Prof il Dejerlendirme Ara-|larénén Ge
Bahsi ge-en ara-1lar genellikle nitel, nicel
sénéflandérma ile incelenmektedir.

Nitel ara-1|lar g°rsel ol ukbtwrnrlaarra kb adseijterd ®mg«
sayeéesal bir dejer sunmadéklaré i-in nitel
ge-ersi z/uygunsuz gi bi dejerl endirme yapel
karkéeméza -éeékmaktadér (Keith vd., 2007).

Ni cel ara-|larda yexillik dejerlendirmesi S
EcoScal e bir nicel yexillik dejerlendirme ar
G°rsel tabanl é& dejerlendirme ara-I|lareée ise
pikt ogramla veya grafikle vermektedir. Bu sk
temsi | etmekte ve renk tonuna g°re kriter
tabanl é dejerlendirme ara-1 ar é&n-®ereAH I ve |

2020; Yin vd. 2024).

3. Yekil Prof il Dejerlendirme Ara-I|laréna Gen
3.1.National Environmental Methods Index (NEMI)

NEMI, il k yexi/l profil dejerlendirme araceé
ABD ¢evre Koruma Aj angel i(kkS rER A)n tNeErivH f, & nadn:
yekillijini d°rt kriter bazéeénda dejerlendir
karkél anéyorsa o kriterin piktogramdaki k a

kriter akajéedaki gibidir:

1. Kulanél an reaktiflerin RCRA (Resource Cons

Atehlikeli o olarak sénéeflandérél éep séneéefl
2. Kal écé, biyobirikimli, toksik (PBT ol arak
Kull anél an ki mydsaltleasn nERAyreen aPByor sa pi

beyaz renkli olur.

3. Akéndéréece (corrosive) ©°zellik: Kkl eme al

bu -°zel ti akender écé sayel ér. Bu dur umda

4. At ek mi kthggppenbS0bsgegamdan az aték ¢retili
a

yeki |l renk; fazla ise beyaz renk g°°r¢l ¢r
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PBT Hazardous

Corrosive Waste

kekil 1. NEMI piktogr amé

NEMI kolay ve hezl é ol masénén yanénda dg¢gze
sajlasa kaated®°matmal itik prosed¢rl erin yexi
sayél mamaktadér. Belirli bir skorla puan ye
3.2. Analytical EcoScale

AnalyticalEceScal e nicel °1 -¢m aralbkbarégonoOobl keden
nicel) atelsa da (Van Aken vd., 2006) , tanm
al eénan noktalarla birlikte 2012 yélénda t al

Analytical EceSc al e y°nt emin y ekialr akpr dfoiOl i gz erd

dejerl endirmektedir. Bu yaklakémda ceza pu:
puanl aré y°ntemin yexi/l profilini azal taca
durum-8i -airnasleé ceza puané ugerelskorise 0D puarddné r . E
bu ceza puanl arénén -ékareél maséyla hesapl ail

GEE 0 QEDRED A 0O OHBGEUTE | p IO & N LLDBHD GE & Ol

Ceza puanlaré ise genelde bek kategoride d:¢
1. Ki myasal rreaxotntfdmredea nk ul¢glragnél an ki myasa
dog | ul ujuna g°re dejerlendiril mektedir. Bu
kull anél déysa 8 puana kadar ceza uygul anabi
2. Olukan ®&B8uéldmi knat ez ile olukan atek mi

fazl a at ek ol ukdahg@aziay6Gapuahabkldar cend uygulanakalmektedir.
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3. EnerjiYOtnégkeentdiemikul | anél an analitik enst
ama-1¢é& kull anélan cihazlarla meydana gel en
-al ekxkma s écaikdien eqer slagnn aemakr j i de bel irli
ol duju 1T -in bu faktWirs ded¢lkgkabeanek ati 81 évre.y e
enstr¢gmanl ar én (daha yék8ekuamerajria)s é kd &
uygul anmaktader .

4 . Oper alte®ma UyggBue nkégémda i se y°ntemin uygu
ol arak bilekenlerin (cihaz, ésé kaynaj e, r
ceza uydgulpamear afsénda) .

5. ¥rnek hazeéerl ama a KBauma s d B enn dkaib a G gadensrede
dejerl endirmeye dahi | ol sa da (bazen),

analizl enmedijine bakél ér. Ejer °n zenginl
hangi y°ntemler oldujuna bakeéel ér . tBamradak dse

unsurl arén olup ol mamaséna g°re puan hesap

t¢erevlieme akamal aré di kkate al énmaktadeéer .
Elde edilen AnalyticalEc&c al e skoruna g°re y°ntemin yecx,;
< 50: yexi/l ol mayan y°ntem

50-7 5 : Y elebilirl(kabdiledilebilir).

>75: M¢kemmel yexkillikte y°ntem.

Analytical EceSc al e arace uyguanabilir, hezl e vV e
avantajl edeér. Fakat bazé dezavantajl ar é

puanl amal aremg°°kiekiya@le!l imalier oé¢mseder . Dol ay
-al ekxkmada kull anélan y°ntemin enerji t¢ketdi
Géenegmegzde yekil ik dejerl endir mesi yaparKk
olabilmektedir (T i szews ki , 2016) . kekil 20de ger-e
°rneji g°sterilmicktir.
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(1) Cu determination in a brass sample by titration is presented in Fig. 4, and
the details about assigning penalty points are given in Table 3,

Weighing of 1 mg brass sample

Addition of 26 mL of HNO, (1:1); heating until the sample dissolves

Dilution, addition of: distilled water, NH,|ag), CH,COOH, 2 g of KI; storage of the sample
in a dark place for 15 min; titration with Na, 5,0, until yellow color of solution; addition of
2 mL of starch solution, 2 g of KSCN and titration until white color of solution

Downlood: Dewnload full-size image

Figure 4. Analytical procedure for a determination of copper in a brass
sample by titration.

Table 3. The penalty points (PPs) for Cu determination by titration in a brass

sample
Reagents
Penalty points
HNOs: 10mL 8
NHs(ag.): 2mL 6
CH5COOH: 10mL 2
KI: 2g 0
Na5,0- 0
Starch 0
KSCN: 2g 1
w17
k e k iAhalyzcalEceScal e il e °rnek hesapl ams
3.3Green Analytcal Procedure Index (GAPI)
GAPI, °nceki 1 ki yexkil dejerl emadé&ymea az2 @l¢
yél énda gel i #Maiswyil kmi, Kk 201 8) P &mhka& ki i ki ar
s¢reci geni K kapsamda, numune hazeéer |l an
dejerlendirmektedir. GAPI y°ntemin yexi/l
kekil 3adda GAPI pi ktograménén szerin
dejerl endirmede kullanélan 15 kriterdi bel
¥rnek hazeéerlama ile il gil:i ol anl ar ;
1. ¥rnek t olpd dafima ( én
2. Kor uma (yseégisks@&ryméaz é , koruma yok, ki myasa

fizikokimyasal koruma)
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3. Tak & ma

Met ot te¢reyle 11 gill ol anl ar ;

4. Depol ama: Yok, nor mal kokull ar altenda,
5. Dojrudan analiz veya °rnek hazérl|l ama me\

(dekantasyonwr b ) ekstraksiyon gerekl il ifjJi

6. Ekstraksiyonun °I|-¢s¢ (nano, mikro, maki
7. Kul Il anél an -°9z¢ceél er: ¢C%°z¢CeéSéz metot \

-%z¢ce¢ kull anéme

8. Kl ave numune ikleme: y-op, vbasiti nemluead,i

¢ ° z ¢ c aktilede ilgilielan:

9. Mi ktarl ar é&: <100 mio(L01@0g)1>100gn). (>100 d)

10.Sajl ek etkileri: hafif toksik, orta der

mar ¢ziyette bile problem olukturan veya
11.G¢venl i k tehhiké&eisi yYypoé&l birt atederece ya

yé¢ksek yanéecéel ék veya kararsezl ek

Enstr¢gmantasyon ile i1 gili ol anl ar ;
12Enerji te¢ketimi: Numune bakeéna: 00. 1 k\
13.KK tehl i kesi Anal i t i k-,apmostese blariemisybner me t i |
14At ek mi kt ar éilomlA(T1®yg), X1&rL (glQg) 1

15At ék aréetémé: GpasdPhektmrmepzat embma yol
GAPI pi kt ograménda her kriter yeki |l uygun
gesterilir. Bueadwpewminl ax€écdama]eygurerol an ye
saré, uygun ol mayan ile kérmezeée renklidir.
GAPI anal itik sg¢greci kapsamlé ol arak el e
arter maséeé, uygul anabilirliji asey?aceakianéani
Ancak, parametrelerin exit °neme sahip ol
dezavantajl é& da sayélabilir. kekil 3bdode G
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Reagents and compounds used
Sample collection, preservtion,
transport and storage
General method
type
Quantification
keki YuBareda bahsi ge-en kriterlerin GAI
( Procedure 1 ] [ Procedure 2 ]
[ Procedure 3 ] [ Procedure 4 ]
keki An8biti k prosed¢rlerin yekil dejerle

pi ktograml ar é

3.4.AGREE (Analytical GREEnness Metric Approach)

AnalyticalEceSc al e v e

al éeénan kriterde
baze

GAPlal g@inia arad Imdi

kapsam darl é] é
dezavantajl ar

Pereira ve

Bownu-1ar

ve genel ol
ortaya koymaktadeée+ . Bu

-2bewmyg édrchada AGREE aracéné t an:é
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ara- ol an AGREE, ayné zamanda en kapsaml é
analiti k prosed¢r ¢, -evreciliji, mi ni mal i s
kapsamda de(entemdsagéséll skor i -eren bir

AGREEONIi n en ¢stegn y°ng de 12 dejerlendirn
Il kesinden odPekxkmasadeéevrd, ( ReOmRad ) . AGREEONI n
akajedaki gibidir:

1. ¥rnekeme (dojrudan anali z):

2. ¥rnek miktaré (Minimum sayéda °rnek kull a
3. ¥l -¢m cihazé pozisyonu (takéma veya korum
yapél mase)

¥rnek hazéerl ama akamal ar é

Ot omati zasyon ve minyatg¢rizasyon
T¢e¢revliendi r me

At
¢o
En

k mioltuxraén vad ékl arén y°neti mi

parametreli veya -ok analitli y°nteml

© © N o g A

rpi tegketi mi

11.T o
12.0p
AGREE bu kriterlerekaré | €k geren dur uinl amr@&s @ epean emalli |

e
k
e

100.Reaktiflerin kaynajé (biyolojik/yenileneb
ksi k reaktiflerin kaldéerel masé veya dah
e

rat°r ge¢venliji

kriterden el de edilen puanlar -hracaanémes agd

skor belirlenir. Ejer genel skor 0.6 ve da
O5pum orta uygunlukta olup daha d¢kegk dej

belirtmektedir. AGREE piktogramé dairesel

gel mektedir. Kriterin karkél anma durumuna
ol maktuadpéirk.t oBgr amén ortaséndaki sayé ise e
kekil 46te AGREE piktogramé verilmicktir.

entegre olukuyla dijer ara-lardan daha o
AGREEONiIi n Y&kKIi mpadhén 12 il kesine dayal é
AGREE aracé indirilebilir bir ara-teér ve L

sebep ol abilse de kull anécélSayedwd.e2024) gi r i Ki
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kek AGREE. pi kt ogr ame

Hat érl anacajé ¢zere, 2018 yélénda geliktiri
ve t¢m akamal aréyla dejerlendiren ve Dbir
dejerlendirme aracéydé (kAmsa&im GBi B.Ki.mAacma&n
kar kKél amak i -1in anal itik s¢rece (s¢re- dé
sorbentl erin vV e kol on v b terl erin sent ezl
Dol ayéséyla analitik prolsiedlgirjinniyede] &€ [ €n
s¢re-»1 eri hari - tut mak °nemlii bir ek-si kIl i k
Wasyl ka ve Wojnowski 2021 yeléenda GAPI 6neén
araceéeneée ol ukt Wasylkak&l Womnawskr, 221).FCoroptexGAPI, numune

topl ama, t ak é&ma, saklama ve depol amadan nu
anal i tik prosede¢regn teéem yo°nlerini, ayne z
ger-eklexkxtirilen bu y°nleri ve s¢re-leri di
Complec GAP | pi kt ogr amé, kl asi k GAPI pi ktogr
i -ermektedir. Bu alan °n analiz s¢re-»Ilerin
-0 z¢éecel er, enstr¢mantasyon, son créenl erion
kapsamaktad & r (kekil 5) . Ek altégen b°lgenin or
fakt°rg¢ -alékma ve saflaktérma akamaseéyl a
kull anél mék kataliz°rl er ve kataliz©°r desH

edilebilecthkher peywameEresinin hesabéyl a
fakt°r¢ ne kadar y¢ksekse, ol ukan atek mikt

b¢yek ve segrdereéelebilirlifji 0 & aldearr awamd ui
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.- renk skalaseé kull anél ér. Yeki |l : D¢ Kk -
d¢zeyde et ki ; Kér méze: Y¢éksek -evresel et k
s¢re-lerin vV e anal itik ps®t ®kolvegn beai kil &
karkélandéjéenda yexil renkl e dol durul ur

keki.l Cohmpl ex GAPI pi ktograméndaki e k alteéege

karkél ekl ar é.

Compl

Re
Se
Ve
Ku
Compl

T
T
T
T

yazeéel
ol ar a
bel ir

Compl

eXGAPlI 6de ek kriterler °zet ol arak Ku
aktiflerin,sor%znddleariinn jvyeeytd m akKkamal a
ntez sérasénda kullanéel an enerji t ¢r ¢
rim, saflaktérma iklemleri, sentez yal
'l anél an yexkil ki mya prensiplerine uy
eXGAPI 6nin en °nemlanéacéanyaljil agéndanr
émla desteklenmesidir. Araktérmacéeéel ar
k girer ve ara- bunu dejerlendirmeye
l endi J i bir pimktsagréssmd d/%emr gk ¢gr-.ermekt. o
ex GAPI pi ktogramé verilmicktir
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