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Or al Presentation / S°zl ¢ Sunum

Karma Tasarémlar da dé&xel fadgeaan Al ternat
Parametrde Olmayan Testler

Ark. G°r . Dr. Ha'san H¢gseyin Ggl
Prof.Dr. H%lya Bayrak
'Giresun !niversitesi

‘Gazi !niversitesi

*Corresponding author: Hasan H¢gseyin

¥zet
Bir-ok deneysel -al ékmada, parametrik testlerin %
ger-eklektirmek i-in parametrik ol mayan tectllekl!|lultlasr
yapeséné belirlemelidirler Probl eme tek bir tasareéem
dol ayé tasaréem yapeésée dejiktirilmek zorunda kal énabili
tamamenr ast gel e tasar éeémdan (TRT) ol ukan karma tasareéem i
°neril mi ktir. Testler Page testi, Hol |l ander test.i ve N
Testlerin performansl areng¢adenbgkemendan ilkpa rhkaétlaa kvt e
sim¢gl asyon -al ékmasé yapeéel mékteéer. Sonu- ol ar ak, °ner.i
Bundan dol ayé, TRBT ve TRT den ol ukanrcibbeadiebilk ar ma t asar €

Anahtar Kelimeler Rasgel e tamamlanméxk blok tasarémé, t amamen
alternatifler, ModifiedJonckheere test

Abstract
Inmanyexperimentalstudies, whentheassumptions of parametrictestsare not provided,
norparametrictestsareusedtoperformthehypothesistestingprocess. Researchersmustfirstdeterminethedesignstructure
in ordertoperformthetestingprocess. The problem can be startedwith a singledesignstructure. However,
thedesignstructuremayhaveto be changedduetocost time. Inthispaper, fourversions of
twononparametrictestsareproposedforthemixeddesignconsisting of a randomizedcompleteblock (RCBD) and a
completelyrandomizeddesign (CRD). Thetestsarecombination of Page test, Hollander test andModifiedJoncheere test.
Monte Carlo simulationstudy is conductedcomparingtheperformance of tests in terms of theempiricaltype |
errorsandpowers. Consequently, it can be saidthattheproposedtestsappearto be morepowerfulthantheothertests.
Therefore, one of thesefourproposedtests é$grableforthemixeddesignconsisting of a RCBD and a CRD.
Keywords: Randomizedcompleteblockdesign, Completelyrandomizeddesign, mixeddesigns, orderedalternatives,
ModifiedJoncheere test

Giri«x

Bir-ok deneysel - al e k mmmraetrik Veya pardmetdk olmayant testlery a p €
kull aneél er . Parametrik testl erin kull aneéel abil me
varsayémlardan en ©°nemlisi, °rnejin al endéjeée (-
Var sayémlnama dséaffénda i se parametri k ol mayan testl e

Bir deney yapel er ken, arakteérmacél ar hangi d
vermelidirler. Arakxteéermacél ar -al ékmalaréna bir t
gi bi nedenl erden dolayé tasarém yapélarénée dejiKk
sénavéna girecek olan ©°jJrenciler arasénda fark
gerektiiji var sayeéel sneanml afrnagkkt éebrlnoakc étl aasra rréansegneel ek utlal
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farkl e sénave uygulamayé d¢gkegnebilir. Bur ada
t ac

sonr a, arakteéerm élar deneye rasddlre et amamlf
ve maddi kayba ujrayacakl aréne fark eder|l e
tasarém kull anar ak, her °JTrenciye d°rt

altavekmek. dad8bmau-atnd ,ambi r k és

| e

ci ar

é me , dijer késmé tamamen rasgele tasarémdan
em as

, bu kar ma t aremén nasél analiz edilece]j

Birinci yol, tamamermr asgel e tasarémdan ol ukan késmé i hmal
bl ok tasarém kéesménéen analizini, uygun bir param
uygul andeéej énda, araktérmacél ar erodki rf.azKkai nvceir iy okl a
tasarém yapéséné bozmadan uygun parametrik ol ma
alternatifler i-in test edilen hipotez seti akafj €
o¢ t E 1t
od¢f t E th p
buradd,i. i kKl emi ¢ ki sli @i, sayéeséné ifade etmektedir.

Karma tasarémlar, farkl é dendy rtlaesarDam nyi kel aree
i Kl em etkisinin farkI|l él éejéné test eden bir ekl ekt
i -in parametri k ol mayan test i stati st-Whiheytgsd!| i Kt i
(1947) v e Wil coxon i karetl Sér a testlerinin
ol ukturul muktur .

Magel ve dij]. (2009) , séralé iklem etkilerini
t amamen rasgel e trarmmar@eangdamé no |l iukiam ikar ametrik 0 |
gel i ktirmiklerdir. Gel i ktirdi kIl e-Tdrpstia eestlerinin ($964at i st |
1952) kombinasyonl aréndan ol ukmaktader.

Ma gel ve diJ. (2010%gelgenebamamt enmacki bl ek { asal
tasar émdan ol ukan kar ma tasarém i -1in par ametr.i
Geliktirdi kl eri test i stati st i-\Walls tesHerinine @La53)n (21
kombinasyohtamakhdadeér .

Magel and Fu (2014), exlexktirilmik °rnek i-l e iKki
Whitney testi ve Wilcoxon ikaretli séra testlerin
yapéseé i-imlbaryamaramdt rkiokmbi nasyonu gel i ktirmikl

Gu l ve Bayrak (2021), séralé alternatifler i -1/
tasarémdan ol ukan bir kar amTetpstira testlesinmmkullararakparanketik | a n d
ol mayan test kombinasyonlaré geliktirmiklerdir.

Bu -al exmada, sSséral e i Kl em etkilerini t est et

tamamen rasgele tasarémdan olukan karma tasarém
° n dir iTdst istatistikleri Page testi, Hollander testi (1967) ve Modilietcheerderpstra test

i statistiklerinin (Tyron ve Hettmansperger, 197:
testlerin performansl| ar én Ikartk @l ahkatt &ar &vlemé ketsé&ri .n g ¢



¥nerilen Testler

Bu -al ékmada, ekitlik (1) deki hi poteze dayal e
rasgele tasarémdan ol ukan bir karma tasarém i -in

¥nerilen il k iki t es P)ilensodifeedJorsteerg @ r, p Ptargae tt eestt ii s
MIT) standartl akteérél mék ve standartl aktér él mamek
akajéeda verildiiji gi bidir,
B I ... 0 DUYOO O©OOULY.
W — LVQ W h C

¢ WWL WWLULY

buradaPveMJTt est i statistikl eri ekitlik (3) de veril di
0 Y 0QOLY Q dy 8 o

PveMIJTt estl erinin beklenen dejer ve varyansl|l areée seéi

. QO p . 0 0
(O] — 0VQ wv S —— T
T PTO p

Ouv v sts 0Q wu v YEeeu p8 V]
Standar td ekt @rséel sékwr aséyl a akajéedaki gibidir,
., 0 o0 ., 00"YOU O"Y
W —= ULVLQw ————=_38 ¢

WL wLOL"Y
¥nerilen di]J er Hollandertt eesstt iildiledskITi{ sstsiijjii s(f aeii st i j i nin
ve standartl aktéréel mamék versiyonlaréndan ol ukmak
., O ® ..., O 0D0YOO ©OOLULTY.
O — LQ W h X

q W0 wwbdLY
buradaHt est i statisti]i,
0 Y h P
Keklindedir. H test istatistijinin beklenen dejer

0 @ @ @ @ 0 o ¢0 ¢r
00 p p 00 &0 p Cw p ‘p C cn 8

P pto p

Standartdd ageéarbméedaki gibidir,
., O 00
o ————38 p T

5)e)

O6én dojruduy, o vedatsd mpa ,ot i k ol arak standadgtsenor ma
O hipotezi red edilir.
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Sim¢gl asyon ¢ali kmasi

P, H MIT,&, ®,® ved t est istatistiklerinin 1I. tip hat
karkél aktéreéel maseée amaceyla bir Monte Carl o si mgl
rasgele tamamlanméxk bl ok tasarém kamemeé ria-sigrel el dla
késmé i-in ise 5, 6, 10 ve 12 ol arak al énméext ér .
(0, 1) dajéel éméendan ¢retil miktir., Deneysel I .ty
parametreleide ¢r et i | mi Kkt ir. Deneysel . tip hata ora
al énméxkt ér . Monte Carl o sim¢glasyon -al ékmaseé MATIL
Tablo1.Kk | e m t=8,aRBI=s2@, TRT=5.

A A A MJT P H &) @ &) ®

0 0 0 0.049 | 0.046 | 0.049 | 0.049 | 0.050 | 0.046 | 0.047

0 0.1 0.2 0.083 | 0.125 | 0.148 | 0.135 | 0.120 | 0.156 | 0.164

0 0.3 0.7 0.266 | 0.570 | 0.675 | 0.646 | 0.518 | 0.713 | 0.746

0 0.1 0.6 0.217 | 0.469 | 0.558 | 0.548 | 0.431 | 0.605 | 0.631

0 0 0.8 0.295 | 0.655| 0.742 | 0.735 | 0.606 | 0.785 | 0.817

0.1 0.2 0.3 0.087 | 0.132 | 0.150 | 0.138 | 0.124 | 0.154 | 0.161
0.2 0.4 0.6 0.127 | 0.273 | 0.338 | 0.303 | 0.243 | 0.344 | 0.376
0.4 0.4 0.9 0.166 | 0.372 | 0.443 | 0.429 | 0.335| 0.475| 0.503
0.6 0.8 0.8 0.088 | 0.120 | 0.143 | 0.144 | 0.129 | 0.157 | 0.159
Tablo 2.K kK | e m t=8,aRBI=s16,TRT=10.

A A MJT P H &) ) ) )

0 0 0.043 | 0.048 | 0.052 | 0.049 | 0.041 | 0.049 | 0.046
0.1 0.2 0.112 | 0.098 | 0.111 | 0.155 | 0.118 | 0.160 | 0.153
0.3 0.7 0.452 | 0.356 | 0.424 | 0.634 | 0.502 | 0.674 | 0.641
0.1 0.6 0.356 | 0.305 | 0.361 | 0.532 | 0.397 | 0.565 | 0.530

0 0.8 0.512 | 0.409 | 0.485 | 0.721 | 0.571 | 0.759 | 0.722
0.2 0.3 0.114 | 0.096 | 0.114 | 0.140 | 0.121 | 0.148 | 0.141
0.2 0.4 0.6 0.215| 0.180 | 0.210 | 0.305 | 0.236 | 0.325 | 0.308
0.4 0.4 0.9 0.274 | 0.223 | 0.268 | 0.404 | 0.306 | 0.431 | 0.414
0.6 0.8 0.8 0.112 | 0.089 | 0.108 | 0.133 | 0.116 | 0.141 | 0.137

o >
—|o|o|o|olo

Tablo3. Kk | etsB, BRB-E5sT&RT=10.

A A A MJIT P H @ ® ® ®

0 0 0 0.051 | 0.045 | 0.054 | 0.049 | 0.049 | 0.052 | 0.052
0 0.1 0.2 0.123 | 0.104 | 0.134 | 0.156 | 0.131 | 0.169 | 0.168
0 0.3 0.7 0.446 | 0.454 | 0.575 | 0.719 | 0.529 | 0.773 | 0.768
0 0.1 0.6 0.361 | 0.355 | 0.470 | 0.596 | 0.425 | 0.643 | 0.638
0 0 0.8 0.522 | 0.518 | 0.642 | 0.802 | 0.609 | 0.843 | 0.841
0.1 0.2 0.3 0.112 | 0.102 | 0.134 | 0.147 | 0.124 | 0.162 | 0.161

0.2 0.4 0.6 0.212 | 0.207 | 0.279 | 0.348 | 0.251 | 0.383 | 0.381
0.4 0.4 0.9 0.284 | 0.264 | 0.348 | 0.470 | 0.338 | 0.512 | 0.509
0.6 0.8 0.8 0.111 | 0.102 | 0.132 | 0.158 | 0.119 | 0.165 | 0.164
Tablo4.Kk | e m t=8,dRkRBI=18, TRT=6.

A A A MJT P H » A) ) W

0 0 0 0.055 | 0.0568 | 0.053 | 0.051 | 0.056 | 0.049 | 0.048

0 0.1 0.2 0.100 | 0.145 | 0.151 | 0.148 | 0.136 | 0.164 | 0.171
—/
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0 0.3 0.7 0.302 | 0.565 | 0.637 | 0.652 | 0.503 | 0.714 | 0.745
0 0.1 0.6 0.249 | 0.489 | 0.542 | 0.550 | 0.416 | 0.604 | 0.631
0 0 0.8 0.348 | 0.656 | 0.720 | 0.746 | 0.586 | 0.798 | 0.822
0.1 0.2 0.3 0.096 | 0.141 | 0.147 | 0.143 | 0.128 | 0.163 | 0.161
0.2 0.4 0.6 0.154 | 0.279 | 0.306 | 0.311 | 0.237 | 0.342 | 0.357
0.4 0.4 0.9 0.203 | 0.365 | 0.398 | 0.431 | 0.329 | 0.471 | 0.483
0.6 0.8 0.8 0.097 | 0.150 | 0.151 | 0.160 | 0.135| 0.168 | 0.178
Tablo 5. KK | etaB, BRBIW=E2STRT=6.
A A A MJT P H ® ® ® ®
0 0 0 0.047 | 0.038 | 0.046 | 0.045 | 0.046 | 0.046 | 0.048
0 0.1 0.2 0.096 | 0.088 | 0.111 | 0.131 | 0.111 | 0.138 | 0.139
0 0.3 0.7 0.308 | 0.382 | 0.494 | 0.584 | 0.444 | 0.629 | 0.641
0 0.1 0.6 0.254 | 0.303 | 0.398 | 0.477 | 0.361 | 0.514 | 0.522
0 0 0.8 0.354 | 0.444 | 0.545 | 0.652 | 0.513 | 0.697 | 0.711
0.1 0.2 0.3 0.097 | 0.093 | 0.125 | 0.128 | 0.113 | 0.134 | 0.138
0.2 0.4 0.6 0.155 | 0.180 | 0.235 | 0.270 | 0.205 | 0.239 | 0.302
0.4 0.4 0.9 0.197 | 0.228 | 0.296 | 0.346 | 0.269 | 0.388 | 0.394
0.6 0.8 0.8 0.090 | 0.088 | 0.113 | 0.123 | 0.105| 0.132 | 0.135
Tablo6.K kK | e m t=8,aRBIs12, TRT=12.
A A A MJT P H W W ) )
0 0 0 0.049 | 0.043 | 0.051 | 0.047 | 0.046 | 0.046 | 0.046
0 0.1 0.2 0.121 | 0.096 | 0.119 | 0.153 | 0.128 | 0.163 | 0.156
0 0.3 0.7 0.499 | 0.376 | 0.483 | 0.694 | 0.540 | 0.742 | 0.690
0 0.1 0.6 0.386 | 0.302 | 0.393 | 0.576 | 0.430 | 0.617 | 0.580
0 0 0.8 0.571 | 0.445 | 0.550 | 0.786 | 0.623 | 0.820 | 0.785
0.1 0.2 0.3 0.123 | 0.092 | 0.120 | 0.151 | 0.126 | 0.157 | 0.155
0.2 0.4 0.6 0.249 | 0.188 | 0.246 | 0.366 | 0.271 | 0.393 | 0.367
0.4 0.4 0.9 0.322 | 0.231 | 0.313 | 0.467 | 0.355 | 0.504 | 0.473
0.6 0.8 0.8 0.115 | 0.091 | 0.122 | 0.154 | 0.122 | 0.164 | 0.157
Tablo7.Kk | e m t=¢,aRBI=s26, TRT=5.
A A A A MJT P H @ @ ® ®
0 0 0 0 0.054 | 0.044| 0.045| 0.049| 0.046 | 0.049 | 0.046
0 0.1 0.2 0.3 | 0.122 | 0.223| 0.252| 0.253| 0.198| 0.275| 0.291
0 0.3 0.6 0.9 | 0.389 | 0.827| 0.892| 0.891 | 0.755| 0.924 | 0.944
0 0.1 0.1 0.2 | 0.086 | 0.125| 0.137| 0.142| 0.116| 0.147 | 0.154
0 0 0.4 0.4 | 0.183 | 0.394| 0.456| 0.450| 0.348| 0.482| 0.516
0.1 0.2 0.3 0.4 | 0.119| 0.218| 0.246| 0.242| 0.193| 0.266 | 0.283
0.2 0.4 0.6 0.8 | 0.239 | 0.540| 0.617| 0.602 | 0.467 | 0.647 | 0.694
0.4 0.4 0.9 0.9 | 0.242 | 0.512| 0.593| 0.590| 0.456 | 0.628 | 0.674
0.6 0.8 0.8 1 0.145 | 0.265| 0.309| 0.313 | 0.240| 0.338| 0.360




Tablo8. Kk | e m t=¢,aRBI=s16, TRT=10.

A A A A MJIT P H () ) () ()

0 0 0 0 0.048 | 0.045| 0.053| 0.051| 0.048| 0.051| 0.046
0 0.1 0.2 0.3 | 0.163 | 0.137| 0.166| 0.230| 0.174 | 0.248| 0.216
0 0.3 0.6 0.9 | 0.659 | 0.549| 0.642| 0.862| 0.726 | 0.890| 0.832
0 0.1 0.1 0.2 | 0.108 | 0.093| 0.106| 0.136| 0.116 | 0.142| 0.125
0 0 0.4 0.4 | 0.288 | 0.244| 0.287| 0.429| 0.326 | 0.462 | 0.397
0.1 0.2 0.3 0.4 | 0.168 | 0.143| 0.161| 0.231| 0.184 | 0.243| 0.222
0.2 0.4 0.6 0.8 | 0.386 | 0.319| 0.384| 0.574| 0.438| 0.602| 0.540
0.4 0.4 0.9 0.9 | 0.386 | 0.310| 0.376| 0.569| 0.433| 0.610| 0.533
0.6 0.8 0.8 1 0.203 | 0.166| 0.197| 0.286| 0.230| 0.299| 0.267

Tablo 9. Kk | e m t=¢,aRBI=18, TRT=10.

A A A A MJIT P H (&) ) () ()

0 0 0 0 0.054 | 0.051| 0.049| 0.049| 0.052 | 0.051| 0.051
0 0.1 0.2 0.3 | 0.163 | 0.180| 0.202| 0.262| 0.183| 0.270| 0.259
0 0.3 0.6 0.9 | 0.653 | 0.723| 0.803| 0.917| 0.748 | 0.936| 0.923
0 0.1 0.1 0.2 | 0.114 | 0.112| 0.127| 0.149| 0.121| 0.154| 0.150
0 0 0.4 0.4 | 0.287 | 0.316| 0.357| 0.489| 0.340| 0.521| 0.497
0.1 0.2 0.3 0.4 | 0.170| 0.183| 0.270| 0.267 | 0.193| 0.285| 0.270
0.2 0.4 0.6 0.8 | 0.378 | 0.433| 0.511| 0.653| 0.449| 0.687| 0.657
0.4 0.4 0.9 0.9 | 0.396 | 0.447| 0.510| 0.660| 0.469 | 0.693| 0.667
0.6 0.8 0.8 1 0.209 | 0.214| 0.251| 0.335| 0.237| 0.348 | 0.332

Tablo 10.K kK | e m t=¢,aRBI=s18, TRT=6.

A A A A MJIT P H A () () )

0 0 0 0 0.053 | 0.044| 0.050| 0.049| 0.050| 0.049| 0.048
0 0.1 0.2 0.3 | 0.137 | 0.195| 0.223| 0.254| 0.203| 0.267| 0.273
0 0.3 0.6 0.9 | 0.462 | 0.784| 0.866| 0.879| 0.711| 0.907| 0.930
0 0.1 0.1 0.2 | 0.094 | 0.126| 0.141| 0.146| 0.116| 0.155| 0.158
0 0 0.4 0.4 | 0.209 | 0.368| 0.430| 0.456| 0.333| 0.484| 0.516
0.1 0.2 0.3 0.4 | 0.142 | 0.190| 0.228| 0.244| 0.199 | 0.263| 0.276
0.2 0.4 0.6 0.8 | 0.236 | 0.490| 0.568| 0.599| 0.439 | 0.653| 0.682
0.4 0.4 0.9 0.9 | 0.277 | 0.477| 0.550| 0.598 | 0.446 | 0.641| 0.666
0.6 0.8 0.8 1 0.162 | 0.248| 0.284| 0.314| 0.235| 0.339| 0.356
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Tablo 11.K kK | e m t=¢, & RBI =12, TRT=6.

A A A MJT P H @ ® ® &)

0 0 0 0.054 | 0.049| 0.051| 0.053| 0.053| 0.054 | 0.054
0.1 0.2 0.3 | 0.130] 0.161| 0.172] 0.205| 0.165| 0.215| 0.216
0.3 0.6 0.9 | 0457 0.635| 0.719| 0.809| 0.638 | 0.850| 0.851
0.1 0.1 0.2 | 0.089 | 0.106| 0.115]| 0.123| 0.099| 0.130| 0.131
0 0.4 04 | 0.212 | 0.278| 0.314| 0.379| 0.287| 0.409| 0.410
0.1 0.2 0.3 04 | 0.120] 0.161| 0.177] 0.212| 0.161| 0.218] 0.219
0.2 0.4 0.6 0.8 | 0.274 ] 0.381| 0.432| 0.515| 0.390| 0.557| 0.559
0.4 0.4 0.9 0.9 | 0.269 | 0.378| 0.425| 0.520| 0.383 | 0.551 | 0.555
0.6 0.8 0.8 1 0.147] 0.197| 0.223| 0.259] 0.199| 0.279| 0.281
Tablo 12.K kK | e m t=¢, dRBI=sl, TRT=12.

o|lo|o|lo|o|>

A A A MJT P H @ ® ® )

0 0 0 0.049 | 0.050| 0.053| 0.045| 0.048 | 0.048 | 0.046
0.1 0.2 0.3 | 0.187] 0.154| 0.176] 0.265| 0.203| 0.276| 0.249
0.3 0.6 09 | 0.722 ] 0.638| 0.717] 0.911| 0.773| 0.931| 0.879
0.1 0.1 0.2 | 0.118] 0.107| 0.114| 0.149| 0.125| 0.156| 0.143
0 0.4 0.4 | 0.333] 0.272| 0.306 | 0.486 | 0.362| 0.514| 0.459
0.1 0.2 0.3 04 | 0.187] 0.167| 0.177] 0.268 | 0.204 | 0.281| 0.249
0.2 0.4 0.6 0.8 | 0.434 | 0.386| 0.438| 0.650| 0.475| 0.686 | 0.606
0.4 0.4 0.9 0.9 | 0.433] 0.381| 0.423| 0.642| 0.474| 0.683| 0.602
0.6 0.8 0.8 1 0.226 | 0.200| 0.224| 0.320| 0.248 | 0.343 | 0.306
Tablo 13.K kK | e m t=5,dRBI=s26, TRT=5.

o|lo|o|lo|o|>

A A A A MJT P H ) Q) Q) )
0 0 0 0 0.064 | 0.044| 0.049| 0.064| 0.063| 0.055| 0.053

0.1 0.2 0.3 | 04 | 0.161] 0.340] 0.369| 0.357| 0.286] 0.395] 0.421

0.2 04 | 0.6 | 0.8 | 0.358| 0.807| 0.857| 0.858| 0.708| 0.897]| 0.920

olo|lo|lo|o|>

0 03 | 06 | 0.6 | 0.303|0.730| 0.784| 0.794| 0.643| 0.825| 0.864
0 04 | 04 | 04 | 0.191]0.447]|0.487| 0.497| 0.365] 0.541| 0.562

0.1 0.2 04 | 0.6 | 0.8 | 0.328| 0.720| 0.781] 0.789| 0.642| 0.824| 0.850

0.2 0.2 0.6 | 0.8 1 0.445| 0.852| 0.911| 0.894| 0.791] 0.918] 0.961

0.4 04 04 | 0.7 | 0.7 | 0.120| 0.314| 0.346| 0.360| 0.248| 0.373] 0.399

0.3 0.6 06 | 09 | 0.9 | 0.220| 0.555]| 0.614| 0.617| 0.488] 0.661| 0.702

Tablo 14.Kk | e m t=5,aRBI=s16, TRT=10.

A A A A MJT P H ® ® (&) ®
0 0 0 0.047] 0.039| 0.042| 0.048| 0.049| 0.048| 0.055

0.1 0.2 0.3 | 04 | 0.240| 0.215)| 0.249| 0.363| 0.275] 0.382| 0.325

0.2 04 | 0.6 | 0.8 | 0.597| 0.540| 0.609| 0.832| 0.668| 0.865| 0.770

o

0.3 | 0.6 | 0.6 | 0.493| 0.443| 0.504| 0.721] 0.540| 0.752]| 0.647

o|lo|o|o|o|>

o

04 | 04 | 04 | 0.310| 0.257| 0.282] 0.471| 0.352| 0.513] 0.413

0.1 0.2 04 | 06 | 0.8 | 0.518]0.483]| 0.523| 0.748| 0.577| 0.774| 0.669

0.2 0.2 06 | 0.8 1 0.682| 0.564| 0.663| 0.874| 0.732] 0.907| 0.832

0.4 0.4 04 | 0.7 | 0.7 | 0.238]| 0.182| 0.197]| 0.313] 0.264| 0.315| 0.286

0.3 0.6 0.6 | 09 | 0.9 | 0.407| 0.368]| 0.403| 0.609| 0.472| 0.638]| 0.554




Tablo 15.K kK | e m t=5,dRBI=16, TRT=10.

A A A A A MJIT P H &) ® ® ®
0 0 0 0 0 0.040| 0.055| 0.054| 0.055| 0.041| 0.048| 0.045
0 0.1 0.2 | 0.3 ] 0.4 | 0.235|0.279] 0.304| 0.387| 0.290| 0.413| 0.380
0 0.2 04 | 06 | 0.8 | 0.583|0.706| 0.760| 0.884| 0.698| 0.912| 0.870
0 0 0.3 | 06 | 0.6 | 0.549| 0.611| 0.660| 0.836| 0.655| 0.873| 0.819
0 0 04 | 04 | 04 | 0.321| 0.374| 0.400| 0.511| 0.377| 0.549| 0.486
0.1 0.2 04 | 06 | 0.8 | 0.519|0.651]| 0.696| 0.836| 0.635| 0.862| 0.815
0.2 0.2 06 | 0.8 1 0.682| 0.779] 0.841| 0.956| 0.767] 0.958| 0.926
0.4 04 | 04 | 0.7 | 0.7 | 0.207 | 0.255| 0.256| 0.345| 0.238| 0.361| 0.350
0.3 0.6 06 | 09 | 0.9 | 0.415|0.472]| 0.519]| 0.689| 0.496| 0.716| 0.667
Tablo 16.K kK | e m t=5,aRBI =18, TRT=6.
A A A A A MJIT P H @ @ @ ®
0 0 0 0 0 0.050 | 0.044| 0.049| 0.049| 0.054| 0.058| 0.057
0 0.1 0.2 | 0.3 | 0.4 | 0.195]|0.321] 0.363| 0.398| 0.292| 0.419| 0.431
0 0.2 04 | 06 | 0.8 | 0.428|0.773]| 0.824| 0.864| 0.696| 0.895| 0.919
0 0 0.3 | 0.6 | 0.6 | 0.393|0.672| 0.730| 0.809| 0.639| 0.836| 0.859
0 0 04 | 04 | 04 | 0.199]| 0.418| 0.470| 0.490| 0.352| 0.522| 0.552
0.1 0.2 04 | 06 | 0.8 | 0.365|0.700| 0.749| 0.797| 0.616| 0.825| 0.848
0.2 0.2 0.6 | 0.8 1 0.477 | 0.838| 0.887| 0.907| 0.759| 0.931| 0.943
0.4 04 | 04 | 0.7 | 0.7 | 0.157|0.279] 0.293] 0.333] 0.244| 0.357| 0.375
0.3 0.6 06 | 09 | 0.9 | 0.270| 0.567| 0.608| 0.664| 0.465| 0.690| 0.701
Tablo 17.Kk | e m t=5,aRBIsle, TRT=6.
A A A A A MJIT P H &) @) &) )
0 0 0 0 0 0.050| 0.051] 0.046| 0.054| 0.053| 0.051| 0.055
0 0.1 0.2 | 0.3 ] 04 | 0.172|0.207| 0.236| 0.305| 0.233] 0.334| 0.326
0 0.2 04 | 06 | 0.8 | 0.425|0.611]| 0.650| 0.783] 0.615| 0.810| 0.795
0 0 0.3 | 0.6 | 0.6 | 0.381| 0.530| 0.578| 0.713] 0.535| 0.749| 0.731
0 0 04 | 04 ] 04 | 0.209|0.311] 0.334| 0.402| 0.281| 0.423| 0.408
0.1 0.2 04 | 06 | 0.8 | 0.376]| 0.533]| 0.583| 0.696| 0.531| 0.728| 0.710
0.2 0.2 0.6 | 0.8 1 0.468| 0.677| 0.748| 0.838| 0.684| 0.879| 0.866
0.4 04 | 04 | 0.7 | 0.7 | 0.158| 0.209| 0.238| 0.276| 0.205| 0.296| 0.293
0.3 0.6 06 | 09 | 0.9 | 0.298| 0.398| 0.444| 0.543| 0.400| 0.564| 0.549
Tablo 18.K k | e m t=5,dRBI 18, TRT=12.
A A A A A MJIT P H @ @ @ ®
0 0 0 0 0 0.052| 0.039| 0.043| 0.047| 0.042| 0.046| 0.052
0 0.1 0.2 | 0.3 | 0.4 | 0.273|0.232] 0.247| 0.408| 0.295| 0.425| 0.357
0 0.2 04 | 06 | 0.8 | 0.708| 0.623]| 0.687| 0.892| 0.762| 0.914| 0.847
0 0 0.3 | 06 | 0.6 | 0.572] 0.531| 0.591| 0.802| 0.629| 0.833| 0.724
0 0 04 | 04 | 04 | 0.328]0.324| 0.352| 0.528| 0.374| 0.532| 0.460
0.1 0.2 04 | 06 | 0.8 | 0.574| 0.547| 0.603| 0.828| 0.645| 0.858| 0.756
0.2 0.2 0.6 | 0.8 1 0.757| 0.698| 0.760| 0.939| 0.817| 0.954| 0.892
0.4 04 | 04 | 0.7 | 0.7 | 0.223| 0.220| 0.223| 0.337| 0.245| 0.356| 0.298
0.3 0.6 06 | 09 | 0.9 | 0.438|0.425]| 0.461| 0.688| 0.515| 0.721| 0.626
Sim¢gl asyon sonu-I|l aréna deneysel . tip
tphataor anénén U=0.0506e ol duk-a yakén ol duju

hata or ¢
g%°r ¢l m
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Sonu-lara testin g¢x3, a4 ePaMdbvad t bmkEeeédeéniéndan
dejerl erine sahi pvteitestlerBaemekiedrd Veért ie ssdread édylnai se di
her durumda daha iyi g¢- dejerlerine sahip ol duju
fark az veydtewitti elndyjokrse& g¢- dejerlerine sahip
TRT=12 TRBT=6TRT=6, TRBT=10TRT=10ve TRBT=156T RT=10dur uml ar énda en vy,
Otestine aittir. TRBT ile TRT ©6éniwltoeks tsia yeénl ayri ek sae
dejerine sahiptir. ¥r n el RITa6, TRBET=E8TRT=6 vevIBBTE20TRT® n |, TR
durumléaresdia en y¢sksek g¢- dejerlerine sahiptir.

Sonwe- Tarti Kma

Bu -al ekxmada, TRBT ve TRT den olukan karma ta
versiyonu ©°ner i | MITPwveHrtestlei¥miem i $teaand a&rsttll @kt ér él mék
versiyonlaréndan ol ukmakt ad éeMJT,PvéHhtestleriyle@enbirbirleriylea me t r i
deneysel I . tip hata orané ve testin g¢ce bakémér

Yapél an siomalcanyan t¢em testlerin deneysel . t
yakéendeér . Testl eri n dgvwe wlteastnleerh anki énl ddkijjéenrd at & sstel, e

e
d
dejerlerine sahip olduju g°r¢hmegwiaken T geati @mli ar
éeml ar én bl ok sayé@éltag®t ibniirnbidamalenyiuz gkl akdte
me¢ Kt ¢r .
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Endemé Centaurea Zafer@Negaresh Bk &@a Anteksalan Aktardessy - Amdaz ve) -
Gl&oz&haz EnAvler@dékithde Edxe¥ z eklel®@d Belalenmesa-

Tugba T &mwfdc Asun Ergené,

Dr. ¥jJretim | yesi | mit Yérteéceé
Do-.Dr. Me’hmet Bona
'Kerekkale !niversitesi
Kstanbul ! niversitesi
¥zet

T¢rkiyedde endemizm orané %66 ol an Cgetanekasael. okan
sayéda hastaleéejen tedavi edil mesinde kullanéel makta ve
artmaktader.

Bu -al éekmada kull anél an Centaurea zaferifenoik@B&r esh b
ve flavonoid i-erikleroniamt{(dkK€)damngendi-ambeazitve Ul
glukozidaz enzimlerini inhibe etme ©°zelliklerinin gg¢-|
°cz¢tende@1TPE6 mg GAE/ g) 6 nin, ABOKAnogr oREEe/tga)nd °nzi¢nt ¢dnadhea i ys,
tespit edilmiktir. Di kl o164.58mdg ahEP @), t & mt;ino famlezdldi okl e Htdiem

mg ACE/g) inhibisyonunda, metanol ekstresisenDPPH 6.688mg TE/g), ABTS33.28mg TE/g), CUPRAC (61,71
mg TE/g), FRAP (82,22 mg TlEkozidaz1B4n.A0mgAKCE/d) ohidbisyoturds tlahae r i n d e

et kil ol duju belirlenmicktir. Sonu-rak €. zaferinNegaresh bitki i | e r i
°cz¢tlerinin i-erijinde bulunan etkin bilexkikIlerin tes
biyolojik etkinlikIlerinin belirlenip uluslararasé bir
Anahtar kelimelerrCent aurea zaferii, a fatmii d laglukdzaaz idhikisyonw i t e, di y al

Determination Of Antioxidant Activity And Enzyme Inhibion Effects Of
Endemic Centaurea Zaferii Negaresh Plant
Abstract

Many species are belonging to the genus Centaurea, which the rate of endemism 61% in Turkey, used to treat
many diseases traditionally among the people and thus the increasing bioactivity studies related to these species.
Different extracts from Centaurezaferii Negaresh plant used in this study were found to be rich in total phenolic
(TPC) and flavonoid content (TFC), and the extracts were found to be strong in hatio iantioxidant tests and
inhibition of diabetesa s s 0o c i at e da neyrl zaysneglsasiddsk).Ut was determined that TPC (21,76 mg
GAE/g) was higher in methanol extract, while in dichloromethane extract, 48 /4mg RE/g) was higher, obtained
by maceration. It was determined that dichloromethane extract was more effective ingoholyldenumi64.55
mg TE/ g) ant i-amylask §078,71tmg AGE/gxinhibitio) methanol extract in DR688mg TE/Q),

ABTS 83.28mg TE/ g) , CUPRAC (61,71 mg TE/g), F RdlueosidaBe2 , 22 n
(1147.00mg ACE/g) inhibition. As a result, further phytochemical studies are planned to determine the active
compounds in C. zaferii Negaresh plant extracts' content and determine the different biological activities of these
extracts besides enzyme inhibition and to bdiglued in an international journal.

KeywordsCent aurea zaferii, a natmyolxa sdeglucdsidasdciriiibiion t y, di abet es
Gi ri Kk

21 yézyéelda gittik-e artan farmakol oji k ger eks
es ki zamanl ardan ber.i t¢em degnyada hastal ékl ar én
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(Ampofo et al. 2012) D¢nya Sajl ek ¥rge¢te' ne gor e, modern i
kull anélan bitkilerden el de ediillma-kltarr -voek tC°enmeenl i
ol arak vye(eslie2000p! mgrya@r-apénda rwifakbanbPBRI I ar kul
ol an ¢l kel er de b u (Toburgand Kégpecbuk 2008) bul makt ader

Bu bajlamda artan ihtiyaca bajl é ol arak, arackter:r
czerinde farmakol oji k arakteérmar faB8ililyetlaegdraiml dab
ki myasal yapélarée izole etmek ve (Tusheing Bérrmtmand i - i

Douglas 2007; Connolly etal. 2009) Yapél an bir araktérmada 122 bitk
ol arak Kkul leann éelladne beidtiklidBadardiiniet alg 19851 Fahricamt and Farnsworth

2001)

Bir -ok -alékma ile -exkitli bitkilerin, bitki t ¢re
antioksidan, antimikrobiyal, aninflamatuar ve antkanserojen gibi biyolojik aktiviteleri ortaya

- é k ar ¢De Mante etalr2014; Allaria et al. 2015; Jimenez et al. 2015; Roleira et al. 2015; Rates 2001;
Sandhar et al. 2011)

Serbest radi kall erin artmasé ve antioksidan se
duruma oksidatiftsr es deni r . Meydana gelen bu oksitatif st
o | ma k(Faagl] ¥ang, and Wu 2002) Ol ukan bu hasarénj kameehjpbnjar
gi bi -exki tli hastaleéklar ile ilikkilidir ve biyo

hastal é&jén bir noktaya kadar ok(Kaydi atali2006)st r ese baj

Di abetes mellitusd ta serbest radikallerin oluwu
(Kuyvenhoven and Meinders 1999) Ser best radi kall erin diyabette
ol arak bu hastaleéején olukumunu °nleme ve tedavi si
kull anél abileceji d¢immukd &€einmgiz ahdk Gesgna 26606p o

Asteraceae familyasénén Centaurea ck ns00 dtagyranié-k
ve Asya, Avrupa ve Kuzey Amer i K@apham,mutit, and Mook Kk & s n

1990) Centaurea te¢grleri hal k arasénda tek bakéna ve
antienflamatuvar, kol ereti k, st omaxki k, di ¢keti k,
antibakteriyel a(mRe Y ma rk,ul K ameellima ka mdd EEr gun 2004)
Bu - al e k ma mé ZLentdurea zafariidbeinti kki s i ni n toplam fenol ik
antioksidaw@ami1eaigl viklod&iidazUenzimlerini G. zaferdilbe edi
ilgili literatg¢rde bir -aléxkxma bul unmamaktadeér.
Materyalve Y ° nt em
Bitki ¥rneklerinin Toplanmasé, ¥] ¢ teéel mesi ve Ekst
Bit ki °rnekl ezr ii |Haetsaiynbdéen UArus-ué nar mahall esinde

b°l gesinden toplanméxter.

Bit ki °rneklerinin toprak ¢st¢ késémlaré dojr
secaklejenda 2 hafta s¢re il e utykgiun® rknoekkull e rair dlai
dejirmeninde toz haline getirilmicktir. Ky i bir el
il e polar ol mayan hekzan, orta d¢zeyde polaritey
3124 eaak a@lkkilde ekstre edilmiktir. ¢coz¢icel er
°rnekl eri sonrad®d del cmé&l maknégtrére +4

Deneyl erde metanol ve di kl orometan ekstreler:i I
faak | € do7%z, U200 00g/ mL) ve her bir doz i-in 10 tekr a
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Toplam Fenolik Madde Tayini (TPC)

Bit ki ekstrelerinin toplam f en ol-Cidkaltdau netodukld e r i
spektrofotometrik olarak vemo d i f i y e e di I|(Kerald, Gadgill ang Tilley 2&L2) ¢ r

Kuyucuklara 20 OL bitki ®OWksiFnd<€i ocab0edlL vbakn
dk karanl ék ort amda bekl et $illmd we s klmtKzlearn anrel éY
secaklejeénda bekletilmik ve 760 nmdé de okunma vy
Ekstrelerinfenoliki er i k1l eri g kuru °rnek bakéna d¢gken mg ga

Toplam Flavonoid Madde Tayini (TFC)
Bit ki ekstrelerinin toplam flavonoid I -eri kle

Kolorimetrik metoduiless pe kt r of ot omet ri k ol arak ve (Chahgdtalm mod
2002)

Kuyucukl arkai 26k sQLlr etsiit, 125 OL, ulbbtrdaaks &fa &ayramb
bekl etil mi k6HO025t ©kr &Ad C5 daki ka karanl é&k ortamda
edil mik ve 510 nmdé de okuma vyapeél méreldrig flavonoit and a
i -erikleri g kuru ©°rnek bakéna d¢gken mg Ruti n ( mg

Biyoaktivite Tayini
Antioksidan Aktivite Tayini

Serbest radikal -gifenk-lpiakmai lehtikdirnaziijli ,( P,P2H) r adi Kk

metodu ile spektrofotometri k (Blbial®s8k Ky umouwk Ifdrya
bit ki ekstresi, 247 OL DPPH stok -©°zeltiden ekl
bekletil mik ve 517 nm okum&uydmalethanétké@rer . StEkrsd a ret
Giderme Aktivitesi g kuru °rnek bakéna d¢ken mg

2 , -&zihobis (Seti-kbezot i azolin 6 sul fonat) (ABTS) radi ke
absor bans énséin teenngeellilAbentrak 2008 Spektrofdt o met ri k ol arak ©°
y°ntem modi fiye edilerek uygulanméxkteéer. KuyucuklI g

ve 734 nmdébde okuma yapél mékteéer. Standart ol ar ak
d¢ken mg TeE/ogl)o xk e(kmigi nfde i fade edi |l mi ktir.

Kk kez Apak ve arka d lar& taraféndan geliktirilen bu y° tem temel olarak 2,9- dimetil-1, 10-
fenartrolin (Nedkuproin-Nc)@n Cu (1) ile duxturdu u b&keé (11)-nedkuproin kompleksinin (Cu(ll)-Nc), 450
nmoé de maksimum absorbansveren bak& (1)- nedkuproin (Cu(l)-Nc) K leté anindirgeme yetend inden
yararlan@arak anioksidankapaste hesagammaktadd (Apak etal. 2004) Spekt rof ot omet r i k
ve y°ntem modifiye edilerek uygulanméxkter. Kuyuc
ekl enmik ve 450 nmbéde okuma vy apeé |l Erstreletineu (I1) KSytoannud ar t
K rirdeyici AntioksidanKapasite g kur u °rnek bakéna d¢ken mg Trol o

Benzei ve Strain taraféendan geliktirilen bu y¢
anti oksi danmiakrtéanré nt atyo ptlivaeny a @ & | SZpdeikkirardodfrot omet r i k ol
y°ntem modifiye edilerek uygul anméxt ér . 12,5 OL
nméde okuma yapleamaEkt Erol &% akdlalran®l mékt éer . Ekstr
Ant i oks iKhpate Gy ckieur u °rnek bakéna d¢gken mg Tr ol ox

Prieto ve arkadaxklareé taraféndan geliitketsiir iy eni
fosfomol i bden kompl eks o | (Pretom®@ineda,| and AbalareI®99e ndi r
Spektrofotometrik olarak °Il-¢l mgk ve y°ontem modi f
ekstresi, 125 OL f osf bdneo | 9 Ob ddaat k irkeaa kit ni kf ¢j b aeskgaoennami bke,
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nmoéode o
Trol ox (

593

oda secakl ej
n mg

d¢ Kmesi bekl enil mi k ve
Ekstreleri kuru

a
g °rnek bakéna d¢ken
Enzim inhibisyon tayini 5

Bit ki ekstamel arzi rakiviesi ®6 kujucuklu mikroplakada, Caraw@gmogyi
iodinel/potassium iodide (IKI) metodu ile Spektrof

uygul a@(vangetd.202) Kuyucukl ara 25 @dmildzeéentikiilodkBEDddesi ,
60 rpmd de -al kalanmék, sg¢re s o°Qaaeap®d@ udyeu c-ukll kaar laa
s¢re sonunda kuyucuklara 25 OL HcCl, 100 OL LUGOL
ol arak Akarboz kul 4aammiéllané kit éhi.b iEkosrt raK teirv int els i g
Akarboz (mg ACEddi)l miektliimde i fade

Bit ki ek stgl alkerziidiar WUnhibitor aktivitesi 96 Kk
arkadaxk!|l arénén y°ntemi, Spektrofotometre de kin
uy gul a(Kim@Mangéand Rhee2004) Kuyucukl ara 80 OL bitKki ekstr

OL-ddikozidaz enzi°®d déaté ddkl makjnBZbasyona beé
daki kal ek aralaklyampléed meknéti k Sbkontart ol ar-ak Ak:
glukozidaz inhibit°er aktivitesi g kuru °rnek bakeée
Sonu-1lar Ve Tarti kKkma

Anadol ubéda hal k araseéndabiktikia tkéarylner ién doelnarba&kz €
famil yaséna ait te¢rlerdir. Hal k arasénda atek dg¢
yat ékt érécée (OOKamak® Xudtl aalel 620 @&a2)

Bu - al @ gafedibditkisinin metanol ve DCM ekstrelerinin toplavm fenolik, toplam flawioh
antioksidan ©°zell ikl eramiV eaglikosmaz 2nzialeripimibhéisyonu llee 1 | i
i gili -al éeékxmal ar yapél mék ve sonu-lar Tablo 16 c
Tablo.1. C.zaferibi t ki si nin TPC, TFC (Y@n ub ithyamoraNk3tSi voi ltaer a%ko niuf
edildi)

Ekstre
Metanol DCM

21.067N0. 13

TPC (mg GAE/Q) 19.677N0. 154

62.165N0. 11

TFC (mg RE/g) 489.739N0. 423

Antioksidan Aktivite
DPPH (mg TE/qg)
ABTS (mg TE/qg) 6 .

33.282N0.229 [10.108N0.156
688N0. 0775 |2.165N0. 0497

FRAP (mgTE/qg)

82, 222N0.066

79, 347N0.0943

CUPRAC (mg TE/g)

61.712N0. 78

33.216KR0. 2

Fosfomolibdenum (mg TE/g)

136. 419N0. 257

16455600 . 34 9

Enzim Knhibisyonu

U-amilaz (mg ACE/g)

100. 31NO. 654

1073.72N0.227

U-glukozidaz (mg ACE/q)

467.943N0. 022

1147.003N0.01
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Met anol ekstresinin, TPC Centaureatj gr | leirtierialte,r dkeg
-al ekxmal ara uygunluk g°sterirken, TFC i-erifji i S ¢
i -erijJi i s e da h(dengingtkak 20k8; Ayar bt aln261i;lOrcanrand Acet 2018; Zengin et
al. 2016; Uysal et al. 2021)

Literat ¢CQedtatad ¢cdil eei i | e DPRHSerbebtaadikalmirgidernuk aktivitesid a
belirl ebn@M @ekdtnr esi il e ybhapmamewtiar -lad egsebhgpl a ¢
karkél akt ér el lmat eyragptéd Cenmemkad kdridjreerri i | e Qaierndoali ekt ér

metanol ekstrelerindeBPPHSs er best radi kal i ni gi degZemgmetalk0l8;vi t es
Uysal et al. 2016; Acet 2021; Jaafreh et al. 2019)

Literatg¢rdeki dijer Centaurae t¢rl eri ABTS#M kar kK é
serbest radikal kat yonunu d{Zedie etade2018)kit t i d tes1 d @k ik
Centaurae tg¢rl emda i €C.ez akfaerrkiéil éankitné ABRG I sefbest radékdd st r e |
katyonunu gi der me akt(Ozeanand Acet 2QLF; Acetl2021)b ul unmukt ur

Literate¢rdeki dijer Centaurae te¢rleri il e kar
CUPRAC indirgemag ¢, ¢ ¢ d ¢ K ¢ k (Uysalletiah 2021kt i rer at ¢ r de ki di jer Ce
karkél akt ér él d ethnél mkdteeleri@del I PRACI d midm r meme g¢Cc¢é¢ uyu
(Uysal et al. 2016; Ayaz et al. 2017)

Literat ¢ rCdntalraet gri lj e i il e karkélakteéréldeéejénda
belirlemek i-in DCM ekstresi il e yapeéelan bir - a
karkél aktéréel ma yapél CGemauped ktrdre.r i Liitl eer aktzefarkueelikaik t cdBir
met anol ekstrelerindeki FRAP yplbselgemadeggmetglk v ar MC

Jaafreh et al. 2019)

r
S
2018; Uysal et al. 2016;
a

Cent aur e cinsine ait bazeée tg¢r |l er i nteleri bilinsel | i k é
|l ekxkmal arl a ortaya konul muktur (Sar ker ve Ar k. ,

a
tkiye sahip ol duju ve daha Cizafairbii tfkiit okzi ¢nmylaesrailni-r
ul

e
b unan et kdpihedilmelidire ki k1 er i t e

Literat ¢ Cehakdet ¢driljeerri i | e [KCaaf«itediat PCRII|I d&p€&nedberl
amilaz enzimini inhibe edici etkisy ¢ k sek bul unmuxkt ur Lzemgian ¢ v e&e KAIT
Centauraet ¢ r | er i i | @n Raaferidali ank tneert éalndod | - ankilaz tenzimihi énhilben d e k i
edicietkisiiu yuml u buAcemupk?20@20( ¥3.can ve Ark., 2019

Literat ¢r Ceathuraet ¢irjl eem | il e ICaafekiterl iark t ene &€ ad®] € nwea
ekstrelerindeklJ glukozidze nzi mi ni i nhi bdé ueé diinclilysatve krk.,2016;AWeetk s e k
2020; Zengin ve Ar k., 2018; ¥ z cZengin we &rk. 2024 . 2019;

Glukozidaz anahtar enzimdir Kkar bonihn Hirkaitté®nr Ihe rdi
yar ar | an é Vealk20D3;Bhatv(. hl). i yabet tedavisinde -o0ok say
bilekikler kull aneéel méctzaferib(i N&kgmot ide& ahuveaekgygrabz2@l.
g°zIl eml e n menlantviva- ad e knmead ar yapeéel mal edeéer .
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Kepler'"in G°zlemlediji Yeéeldézlaren Y
Ar k. G°r . Dr .&Omany nep ¢el
'‘Ege !niversitesi
¥zet
Yél dezl arén yapésé ve evrimini anl anfandeaml| k Wli Ira
G¢negmegze kadar tayfsal ve fotometri yapélan g°zl
yetersizdi, -onkg bu t ¢ér gzl emlerl e al @énan bi l
sunmaktadeéer AncakepASA' eanygftetesldbdbpu Kayesinde
yapan yeéldézlarén ©°zeklerine (-ekirdeklerine) da
yéldezl arén yapéséné ve evri mi anl amaiddi modAey il @c a
te¢er titrekim yapan yéldéezlarén titrekim frekansl @
evriminde en °nemld.i role sahip olan k¢gtle belir
belirl enmeséat reendigr,.- Bwr-aal ékmada i se Kepler'in g°
g°zl emsel sismik ol mayan ve sismik verileri kul I
Byl ece asterosismol ojisivyl e pya&ladreeztireeriémnr iy aod dhukk
Kekilde belirlenmik ol du. Ayréca se-ilen bu yel
y°ntemlerle geliktirilen °l-eklendirme ilixkkiler:i
Anahtar Kelimeler’Yél déz si smol oj i si, Evrimlekmik yéeldezl a
evrimi .
Abstract

The contribution of observational methods used in understanding the structure and evolution of stars
is very important. Until now, spectral and photmc observations were insufficient to understand stars
other than the eclipsing binary stars, because the information obtained through such observations provided
us with information about the outer layers of the stars. However, thanks to the Kepletelgsmape sent
by NASA, we can now have observational information about the centers (cores) dkeabacillation
stars . This is very valuable for theoretical physicists who resort to models in understanding the structure
of single stars and evolutio In addition, by using the oscillation frequencies and effective temperature
valuesof solarlike oscillation stars, the mass that has the most important role in the structure and evolution
of stars can be determined. Mass is the most difficult pasrteetetermine by observation in single stars.

In this study, two stars observed by Kepler were selected. Using the observaticeaigmic and seismic

data of these stars, internal structure models were constructed using the MESA evolution coaaéthThus,
asteroseismology, the basic parameters of the stars, especially the age, were determined very sensitively. In
addition, the basic parameters of these selected stars were compared with the basic parameters obtained
by scaling relations developed byeasisismic methods.

Keywords: Asteroseismology, Evolved stars, Slikaroscillations, Structure and evolution of star.

Giri«x
Yél dezl arén i - ve evrimini anl amak ¢zerine yaj
Bunun i -in ypladameareherntiemelhassas Yleddak| oreénr ki
parametrel eri séraséeyla k¢t e, yar é-ap, sécakl ek
/



e
Bunun d
yézden

whep
XSO XS —03> @

ocomooTa~rta<x —
—DCYODCSC® ODSQO

0w T g<<
® ®nwOo D
—_—— 0 — =

P o o -5 <
=~ @ — — D o M
DO —o ' o< T T W !

x < o X — > > M

-3
e)

20

Y fotometri k g°zlem verilerlié klilr amelk ialrdhek
éekéndaki tek yeldézlarén temel parametr el
tek yéeldéezl arén temel parametrelerini bel

girdipama met r es i ol ar ak; -\g)’,zlpaevhakbfa i feins e gmiek @Bk b(oT

(genel olarak g°zl enen [ Fel H] yél dezéen met al bol

uzakl ék (d) dejerl erivekullleanéyllér .moBRlue | ldielni ned nd eg °ezd
e mme | uyum sajlanmaya -al éexkéel er. Bu sayede Yy
sayem ile ©°zek (-ekirdek) ve merkezi bo%bhgel er
dézlarén i - yapésé ve evri mi hakkeé&n d bil gi ed
geler i-in ne kada ger - ek-i ol duju g°zl emler
e edilen éxkek lwelivegyd deizkiameé nhen egjsnt kat manl a
irlenir. Bu y¢zden y¢gzey kokull arénée -ok iyi t
n ger-ek-.i ol mayabilir. Do | alyaérséeny | ®az ebkul evrairnsea ya
gilere i htiya- wvarder.
icnh¢méigzde hézlé bir Kekilde geliken ve ilerley
i mciler °9zek ve ©°zeje yvakén katmanl art éhatkkp@pha :
yadbdaki gibi depremlerin olduju g°r¢lde (Grec,
el endi ve G¢nekdin yapéseéna ilikkin Dbilgiler
dézl ardaki tltre@DRIDErl(nZOQB)zIevneme$<iep|oelran(20C
deril mesiyle bu -al ékma al ané b¢gye¢k bir i vme K
dirde Kjeldsen & Beddingdin (1995) gel 8ktirdi
arl el éekl a3 vdeypateltepéal] Whesapl andeée. B°yl ece
zer. titrekim yapan yeéeldézlarén k¢gtle ve yar
arél aréndgaendél r o0 deakrlagknAdnigrarkd -i | i K ki | er i anakol
i i kkiler evrim eken ve yapé dejiktiren yeéeld
aplanan parametrelerde sistemati k hait-ailmr bwr 1
ekl endirme ilikkilerinin test edilip geliktir:i
kpamdaPlnsonneauIt ve ar k. (2014) taraf éendan
d eéTweloglgee [Fe/Hl par amet r el | belirlenmik 149iwyeéeddet
dez se-ilmikti. Bu yéldézl arénBWMEWB&Ap &lvan mi -k
el l erinde g%zI|l emsel asterosi smik ol mayan \
erosismolojisiyle yeéel&ézlparréaameyaw!| bkt @l ol lknaé
irl enmik ol du.
ilen yéldézlarén g°zlemsel ©°zellikleri
u -al ékma kapsaménda se-ilen yéldéezlarén heps:s
dezl ara ait g%zl envseerli | plar anBut r @$ eer olsaibslnoi k1 6otl
ametrel eri ve g%zl enen titrekim frekansl areée vy
|l oda koyu renk ile g°zlenen iki yeldéz ©°ncelil

| deé zdiatr renk ve patrvl&Kk)| éke d¥]StMBIARDrdlt eaoblaasne 6Bl e
meéekt ér. p UpakhéEp&sveerelb pGARdamradgalkir aga@&mléeak lvék
meé kKt ér .. lYOEd gd évzd a[r Re /aH |t Idefienden ialta@aryme gt®oad e(mMB
l en yéldézl ar-8809e Kdklli ek a&asaleejosi smMOK3 ol ar ak
amkd e ve frekansta gDmg¢ldeenf ebdyeak adayreélPnans(@©nne
Kmasaémehané Kkt ér .

reca Yeéeldez ve ark. (2014, 2015) frekansl ar
|l 1l emel erde bu yeni referans frekansl|l arée da ku
ans grafijindé€zgemelienregkk melfercedams]| aré kul |
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Tablo1: APOKASC katalojundan 149 yeéeldézdan frekansé b
g°zlem parametreleri. Séraséyla yeldéemnti somil,] ug u
maksi mum genli k frekanse, b¢e¢yek ayr él ma, GAl A pa
al énan g°re¢ne¢gr parlakl ék ve renk °1 -ekl eri bu t at

KIC Ter | logg [Fe/H] | nmax | Dn G p \Y B-V |V-K
(K) | (gler?) | (dex) | (mHz) | (mHz) | (mag) | (mas) | (mag) | (mag) | (mag)
5689820 | 5063 | 3.75 0.24 683.0 | 41.02 | 11.280| 2.942 | 11.360| 1.230 | 2.075
11771760| 5775| 3.75 -0.06 |526.0|32.10| 11.341| 1.464 | 11.890| 0.130 | 1.949
12508433| 5309 | 3.78 0.22 790.0 | 44.84 | 9.513 | 5.733 | 9.780 | 0.900 | 2.010
8751420 | 5287 | 3.61 -0.17 | 566.9|34.65|6.796 | 17.176| 7.010 | 0.810 | 1.982

MESA kodunun °zellikleri

Se-ilen d°rt yeldézéen hepsi MESRAE leavmr i bnu krnaddig/ Il lae
kompozi syonu ol arak helyum bolluju (Y) paame#ed 4, aj
(a) 2.175 ol arak aleénde. Ayréca bu i - yapé mode
i -ermemektedir. Saydamseéezl ék tablolaré ol arak vy
secakl ekl ar i -1i ns eOPFAeLr gunseorni lemi katli.r .( 2005

Yél dezl arén olukum akamasénda met al boll uju -o0j
etkilidir. Dolayéséyla yapélan farkl é modell ere a
elde edilen fgong dosyalaé kul | anél arak ADIPLS (Christensen
model |l erin adyabati k titrekim frekansl|l aré el de e«
frekanséné hesabénda -ok ince de él gar bkmelt endis
mo d e | | sample_photsphere e - enej i tercih edil miktir.
Yél dezl ara ait temel parametrelerin modellerle el

Dort yeéeldezdadm5i0l18k 338! yréd kBaklggGinad@delelne nmaid.el i ni y
Tablo 2bame ¥yem g°zlem parametrel eri kull aneél de. .
kull anél ar ak 0.0222 ol ar ak hesapl andé. Bakl ang:
parametrelerinden biri ol an bawlangé-nt ekbel demnel
Ayréca yine asterosismik olmayan y°ntemler g&en yél
dejerinin faptareadielt mesii ideijnktirildi. En uygun moo

dosyuwlsléarkél arak ADIPLS paketiyle modele ait adyahb
1250843306e ait model ve g°zl enbndtyiet nkepkriekfiei f r ek amn $ |
grafikte yapélan moddalari lugg ug al erh dwdg rui Igé€ mignd ime kn e

kekil 26de ise MESA evrim koduyla modell enen I
ayrél maya karkée frekans grafifji -ibzilmi ktior. Bu
uyumlu ol ddpudbkbuakeékia g°r ¢l mektedir. Bu i ki yel
olan ve ol mayan parametreleri Tablo 66da veril miKk

incelenmesine devam edilreceéeletidgiBu ymgéal hazeémnl
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keki APAKASC katalojunda yer alan KIC 12508433 ye

titrekim frekanslardan -izilen b¢gyéek ayreél maya ke

KI |M |R L Tew | Z Y a t Dn Mhoak | Mmin2 Ihin1 ino

C | M | (R (L | (K) ( Gy nmz)

w) |) ) ) (Mz) | (MHz) | (mHz)

125(1.2 |22 | 3.6 [536|0.0 |0.2 | 2.1 | 553 |45.1 | 779. | 470.25| 622.81| 828.62

084|57 |59 |46 |0 22 |74 |67 |7 29 958 |1 6 1

33

87511 |25 |4.6 |528(0.0|0.3 |20 |5.88 |34.7 |531. | 323.92| 427.04| 565.58

142|100 |68 |39 |6 09 |74 |34 |5 49 851 |3 1 2

0

kekil 2: KIC 8751420 yéldezénéen b¢yéek ayreéel maya k
46.5 T T T T T T

. ’APOKASC.KIQ12508433.C!I’ u 255$2-$10 +
freq.m01257y274522224a2167_kic12508433" u 2:($2-$10 x
46 |- )
455 | ’ /’/
w5l .
445
44
435 ‘ . - . : . . .
550 600 650 700 750 800 850 900 950 1000
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Tablo 2. APOKASC katalojundan se-ilen KIC 12508433 Ve
parametreleri.

36.5

‘ 'APOKAéC.KICB751420,p'ué:E$2-$10 -
'freq.m0110y27452090a20337_kic8751420_fit' u 2:($2-$10 <t
36
355 | A~ ’J;‘" 4
Dn (nHz) | | |
345 -
34 /
33.6 ‘¢ . L L
300 400 500 600 700 800
Sonu-1 ar
Se-il eynél d%®erztdan KI|"(M2) 508433 ve KIC 8751420 yé
model | endi Bu yapéTan model |l erde yéldezlara ai
maksi mum geml kvérfekakamsta Oh)veglPen emeyne k ed yer @lnma
(mini mumlar) da fit edildi. Byl ece yéldezlara ali
parametreler Tablo 26de veril di
Dijer iki yeldézen modell eri de dde ay asgoéohrane ky a p €
anakol yeéeldézlaré i-in elde edilen ©°]-eklendir me
Gerekirse yeni ili kkiler t¢gretilecektir.

TekekBKwr-al ékma 118F352 nolu T} BKTAK projesi tara
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¥zet

ABS polimerinin morfolojik yapése, yé¢zey akénder ma
g°zeneklerin daha sonraki proses basamakl ar éndBS, met al |
kol ay bir Kekilde kaplanabilir, pérézseéz bir yézey e
°czell ikl eri nedeniyle plastik kr om k a pékeratifdkrom kaglama a ma | a1
uygul amal ar éndd | ABSE | matka emndlear g lveema, al ték ¢zerine baker
ve bu katmanl arén ¢steéegnde bulunan dekoratif ama-1¢é& ve
bir kapl amader . Krom kapl dma rmate vad wd érka ral ane yldiarn ay gzd
ortaya -ékartabilme ejilimindedir. Y¢gzey akéendeéer ma ikl
akamadeéer. Y¢igzey akéndérma banyosu Yy ¢ikts e-k® ZKeolntsit sainmr daesry oon
Yézey akéndér ma °hiev@C saur agseénnedlad e- aSl0é k makt adeéer . Met al k
kuvvetini iyilektirebilmek i-in akéndéreéelan y¢izeyde s
Ve zey akéndeéer ma i K1 e mi esnaseénda gerekl idir. Bu -al e
uygul amal arénén il k adéemé olan +6 dejerl:i krom il e vyg¢.
kromun y¢zey kali tke ired melkum@suz Agtnlei siamamala ¢- dej er |
yé¢kseltgenerek akéndérma banyo -°zeltisine porospot te
Anahtar Kelimeler:} - Dej er | i Kr om, Krom Yenil enmegwoit, TAKS, JRI ast |

Negative Effects of Trivalent Chromium én t he

Abstract

The morphology of the ABS polymer defines holes or micro pores in the plastic layer that are formed in the etch
and the filled with metal in the process sequence. i8B&st commonly used for chrome plating plastic applications
due to ease to plate and provide smooth and consistent plated plastic surfaceAfiistue to its propertie®ABS
material is used in decorative chrome plating applications@mrdme plating is a plating of chrome over under plated
layers of copper or nickel for decorative purposes or directly on the base metal for engineering purposes. Chrome
plate may be either shiny or dull and often tends to highlight imperfections in skertal. It is the bath consist of
highly concentrated acid solution of chrome and sulfuric acid. The bath usually operates at the temperature between
50 AC and 7sblublk 6rganidsolveat ainel solvated hydroxyl ions to etch the surface @irthie pmprove
adhesion of a metal coating with the part. In this study, etching with chromic acid process which is the first step of
decorative chrome plating applications on ABS and its negative effect of trivalent chromium which can be occurred
during d@ching was studied. However, the regeneration of hexavalent chromium by porouspot technique was
investigated from trivalent to hexavalent state.

Keywords:Trivalent Chrome, Chrome Regeneration, ABS, Plating on Plastic, Porouspot Technique
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Girik

ABS, b¢t adi en késmérakrmhoni sirilgzerinde homoj en
m¢hendi sl i k plastijidir. M¢ kemmel tokluk dejerin
ki myasal dirence sahiptinm. akgme&cal[illetMgdmrndepi i &
ABS, krom kaplama ikleminde en -ok kull anél an mal
ve ekonomi k ol arak ABSOyI daha uygun hale getir me

ABS plastiklere kromnkapliameal izelmemi mi ny;,aegi pe
ki myasal °czell i klerini ver mektir. Kapl ama, akems
ayreéelabilir. Akémseéez kapl ama, -%zeltideki met al i
kendis nde bul unan bir Kkimyasal bilexijin, yani dahi
yoluyla ger-eklexktirilebildif]Ji bir otokatalitik
-%keltil mesi i -in yapgdmakitil eriadchi rb.i rKe&ks anya s-ad |l é «
ol ursa; kapl ama banyosuna yerlextirilen anotl ard
par-alar belirl:i °n i klem akamal ar @éneén oatr dgenrdeawni
gorg¢ér Kapl ama i KI emi nde kapl anacak ol an pl ast
uygulandéejénda -°zeltideki met al iyonl areée plast ik

ABS mal zeme ¢(zerinde dekarréaandd Kkirromm dckekpd raartai fu ywge
czere iki ayré ama-la kullanéel maktadér . Bir pl as
°zelli klerini dojrudan etkilemektedir. Krom kapl é
par |l ak, peé¢rézsez bir y¢gzey kaplanmasé ve krom me
dijer bir-ok ©°zellikler:i nedeniyle -exkitli al anl
pl asti klerin bakl éceal elky goualra naa laarrée ;v eo ted neokbtirli kl i e

ABS ¢zerine geleneksel el ektro kaplama ikl emi
ayreéelabilir. Yézey 1 Kl eme akamas é, akéndeéerma, ne:
ademl areéeneée i-erir%C79%%)k skerko nsiékc aaksl iétk | vaer dsa¢ 1(f6¢br i k as
etching -°zeltisiyle kaplanacak ol an par-a(katot
seviyede peé¢reéezlendilriar aseengab atirkato iglceemetk!| er 0
par - al ar a metall ekebil me czell ikl eri kazander ér
mal zemeden hidrofilik malzemeye d°ng¢kt ¢gr ¢ mi Her
ol duk-a ©°nemlidir. Bu i klemin ardéndan y¢zeyde
°zellije sahip +6 dejerli kromu n°trlexktirici ad:¢
dejerl i kroma iarkdiinvgaesrnymeasii k9 emicwséeérasénda aktival
sajl amakt adeéer . Aktivasyon akamasénda mi kron sev
pal adyum metali olukturulan mikr o g° zamayapabilmek ¢ zer
i -in gerekl:i ol an katalitik Db°lgeleri ol ukturar
i Kl eml erinde ger-eklekxecek metalizasyon i-in ince
ve kalay i-erithkliillolyliaied ikt i vazseglonunun ar dénda
metalini -evreleyen y¢zeydeki kal ay hidroksi't f
pal adyum tohumlaréné akémseéz kapl amayay haaeyde he
bozul madan tutabil mek i -in hezl ander éce ade Vel
ger-eklexktirilir.[ 2]

Ak é mslezr ak el de edil en kapl amal ar aré ni kel kat
bor al akémlaréder . Ni kel kapl amal ar ni kel tuzl ar
katalitik bir mal zeme ¢izkeerli nidyeo nilnadri & ngéeny ircii kneéln nreet
el de edilir. Bu sérada a-éja -éeékan fosfor veya bo
olayée kendisi de katalitik etKki gesteren nikel ¢ 2
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Ak émseéz kapnwmabiblaenkyeorsluer i , bir metal tuzu, 1ind
ve stabilizat®°r ol mak ¢zere bir tampon si st emi [
°czell ik kazandeéer él mexk yézey, a hdegarmmesyle ktekatdlitdkk ma S
reaksiyon devam etmektedir. Bu sayede indirgenm
Akémseéz kaplama bir akamasénén ardéndan daha yg¢k
bir y¢zey e-lidne aesdietbliil meakk @r én el ektrolitik kapl am
ni kel kat mané arasénda bir tampon g°revi g°r mekt
direnci gerekliliklerini sajlsa@&ya&mi lamalé nid-ainn ylagplea n
pirin-, g ¢ m¢ K Ve alten gi bi metall er kull aneéel a
yapél maktader . [ 1] Bu -al ékmanén amacé plastik ¢z
i Kl emi nkeana-ée] aleje&r | i kromun kaplama kalitesine
kromun alte dejerli kroma tekrardan y¢kseltgene
kapl ama banyosunun verimlil inmiikntiinnr .artteéer él masé il
Kromun Rejenerasyonu

Y¢ézey akéndéerma kaplama banyosunda y¢zey aktif
indirgenme y¢kseltgenme reaksiyonlarené sonucu K
gzl e g°r ¢ | egniezyeenceekkl imikkerki | de oyukl ar ol ukturar ak
derecesi sajl anér ve mal zemeye metallekebil me °©°z
akéndérma iklemi sérasénda "ot ak umunzeglya gekriakiedie k at

Cr®konsantrasyonunu optimum aral ékta proses s¢reci

rejenerasyon (oksamat) chitesi b u*® ksoenbseapnl ter agseyroenkul ,
Kekil de ©bir veezey partedeki] akém yojunlujunun d
akéndérma kaplama banyosunda kr omiKk asit i -eris
membranlad i yaf r aml ar (porospotlar) il e oksamat éni
y ¢ ktsednmektedir. Y¢zey *askeévnidyéersma bbua nkyeoksiulnddea kki o nQrr
kromi k asi't i -erisinde birikmekte olan +3 dejer]|
yé¢kseltgenebilir bir hal @z egletlinseikntdeed i b u | uPnonmaokst pao t
safsezl ékl aré ayréeca kendi b¢sg¢nyesine hapseder Vo€
safsezl ekl ar, |l ektri k vaséetasé ile g°zenekl er [
¢Ni t erseijnedneer asyon i KI emi sérasénda meydana konsat
sajlayabil mek amaceéeyla ©bir sirk¢lasyon pompaseé

yapél méktér ve akénmaya karké ol duk-a diren-1idir

Kapl ama danr gg& eiyyikal i t esi sajlayabil mek i -1in

Kekilde ne kadar oksitleyebildifi ve ayné zamand
opti mum konsantrasyon dejerl ereirii --erzieshiindmee sABSE «
kekil 1.). Bu nedenle akéndérma bany®go +°eei sid
biri kmesi nedeni il e meydana gelen safseézl ekl ar

kekil 3 tatse tk rkomiskkntrasyonu, 700 galon seviyenin

gal on seviyenin alteénda ki tankl ar i-in ise PPS
me mbr an i-erisindekl bilekenlleriM®, 5Al | ee 1Simd &ir
g®zenekli, serami k bir kapteéer. ][ 5]
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beraber, farkleée kimyasallarén ol ukumunamembrand aha f
prosesi bu y°ntemlerden -0k daha avantajl éder. E
Akéndér ma banyos un dagibi anetalik &irilikleFf enjnimiz€ vetmek e CFO ¢ n
yékseltgenerek harchnmekr Brdmnhk kabl anamg Cr -in e
iyonlaréenén anolit bir -°9zeltiden (s¢l feri Rkasit)
hezée) ile ayéréecé -bar) dbbvpundasetr amé hkmals § aif ramger
Metali k kirlilikler serami k membran (porospot) [
birikir.[6]
keWkiPlor ospot Si st emi kemati k Diyagramé|[ 6]
Anode  Cofhode
seramis Rnfaram:u - . ey Fhede
diagpham DHIU.E;P?:‘;LQH

: Cottons:

Cri4”
S04%

Fa®
Cu™ ¥
Ni™  fed
cr*

2
b:rd— thrama plating %

Water bath

Electro
n the

£ .}l’t
Pleting Bath i

Electralyte

In the

*Forous Pot® |

/

Krom Rejenerasyon (Oksamat) | nitesi Ger -ekl eken [
Elektrolitik rejenerasyon ve Gtk apl amada -°z¢ nmeye Kutr%98 Rb anot
i -eri kil oImaIéd@rcmAnKéQém@néuﬂn‘amlOEw|(1'5neyen anot | e
verilir. ¢°z¢nen anotl arda, el ektrolitteki met al
yéksek el ekt riakhsiepl bdiary aonkeskiltétlierj,a -sat |l ayabil diJi C
dol ayéséyla bu durum arzu edil memektedir. Genel | |
ol arak piyasada bulunur. Saf kimytasialekbirkluinkige nek
akéneéer, g%zenekl: bir yapéya d°n¢gker . %7 Sn i -er ¢
%0, 2 g¢megk (Ag) kull anél masé da tavsiye edilse d
di Jert amal zemel erine g°re kurkun*gkhsiktonsdlkindahas
azaltél masé bakéméndan avantajlée bir kataliz®rdg¢r
Anotta Ger-ekleken Reaksiyonl ar
1.Kurkun oksit olukumunun mekani zmarsé akaj édaki gi
U Pb Y*2P2e
U Pb?2+2H,0 Y RHO"+2e
2.%30061,89%- °Hzel ti si i -erisinde Kurkun Oksitle s¢grel
s¢rekli olarak bulunur.

U PbO;+ 2H,SO:Y Pb(SQy)2+ 2 H,0
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U Pb+PbO:Y 2PbO
i PbO+H.CrO4sY PbG#IO

3Kurkun anot +3 dejerli kromu +6 dejerli kr oma ol

iU 2Cr¥3*+7H.0 Y @F+ 14H" + 3e

Kurkun anot kull anéel déjéenda, oksijen olukumuna
reaksiyon mekanizmasé, ik-uirkulmium IICat{allil 2°rokael @ms ¥
i -erir. [ 8]

Kat ot t a GReaaksigoklare K e n

Katolit -°zeltisinin pH déenietre snidred ea rbtiérki kgeenr --eakr
kaynakl e voltajén artécke, cnitenin kontrol ¢gn¢g zor
pH6én y¢kselmesinin dolayé hidrojen olukumuna ba
ar tdeaknendol aye, bakl angée-ta katodun bir késméné (|
di binde bir s¢spansiyon olukturan met al hi droksi
°neml i °]l -¢de artek g°saraf &ndae -krkoari .k Kadtdatokyp{ 2
hidroksitin -°kmesi ile film halinde kaplanabilir
yézeyinin polarize olabil mesi, akéndér maesibiany osu
akém verimini deé¢Ker ¢r . Kromi k hidroksitin katott
yojunluju, pH hidroksit kapleée -amura bajl eBuol ar ak
nedenl e porospot | asre&kn étkd mi zylaipjéil nohil kkkdeétrl. d 6V e

U 2H0 Y ,4QtH* + 4e

Akéndéerma ve Oksamat | nitesi K-in Tasarl anabilir

Harcanmék Kromi k Asit/ S¢glfeéegrik Asit etch -°zel't
Ancak bu -°9zel tkiolreorz i ff a zalkaé nrdiek téacredlae r rejenerasyoc
yapél mal éder . Yukar daki proses i -in akendér ma :
takénmamasé ve kullanélan suyun tekrardaasyolhanyoy
snitesi sonrasé kurulabilecek bir evaporat®r ¢nit
de de azaltelabilir. Kl k kaskattan sonra rezervu
akéndérécéenerdsjywnidainn °mejee seyreltilir ve tekrar
Seyreltilen -°9zeltideki rejenerasyon (oksamat ¢ni
yeniden konsantre ediliplietchYefRizeéénilomadantredrat
ésé kontrol ¢ ile ™ dzgesémdadkigainndi ege n@rmre y ¢ ksel
il

erletmektedir.[7]
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kelbiPlIl asti k Akéndérma ¢°zeltisinin Rejenerasyonu]
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Deneysel ¢al ek ma
Removal Factor (Safsézlek Takénma Fakt?O°r¢)
RF, anolit ve katolit -°zeltileri araséenda mem
farkeder . Oksamat cnitesinde °1 -¢1 ebi lrilikerin ki f a
(Fe, Cu) ve Kromi k Asitin ne*0keadiam i rsgeernadmijki nyesm

hesaplanabilir.

Yé¢ksek akém yojunlujunda safseéezl éklarén uzakl ack
akém yojunl uj usnidrae kp o r ooslpaortalkar- al é kamaz. Ser ami k

-
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yojunlujundal ®&He | el halinde membrana veya katot e
s¢erekl i ol arak temizl enmesini gerektirir.

D¢kegk akém yojunlujupdiat esail edenakr o miek agkistaimat - ©
Zzamanda removal rate (takénma heéezeée) d¢kmesi ne  ne
altenda tutmak daha zor hale gelir.

Oksamat cnhitesinde RF hesabé asiet i kgmnmé$ ant2r adseynce
olarak C*konsantrasyonu hesapl anméxkteéer . Akaj éddki t a
konsantrasyonu farkéna g°re RF hesabé hesabeée yape

x Removal Factor Y@y+ed painmFakt ©

Tablol.Oksamat | ni t e s'fKiodnes aRFt rhaessyacbnél aQrré

Anol it ¢°2 Katoit ¢°7
3 3 RF (%)
Cr3 Konsantrasyonu| Cr™ Konsantrasyonu

1. Deneme 45.03 g/l 34.64 g/l %30
2. Deneme 38.97 g/l 30.31 g/l %22.2
Var él an Sonu-

Suda -°9z¢nen, ana bil dkemrrii kKki omillkekd k ikt my €s |
uygul amal arénda yaygén ol arak kull anél maktadeéer .

End¢gstride krom kapl ama, krom y¢zeyin sert vV e
°czelli bigte gyahPgén -apta baxkvurulan bir teknol oji

Bu uygul amal ar da, kromi k asit konsantrasyonl ar
kull anéména g°re dejikebil mekt e, %106dan daha az
banym!| beBl i bir kull aném s¢resinin ardéndan bu
safséezléeklar ile kirlenebil mektedir.

Aské ve bakéer bara kaynakl e olukabilen metalik
di j er kaanpyloalmaar ebndan veya yékama banyol aréndan ka\)
kaplama -°zeltilerinde olukabil mektedir. Bu safs
dejikebil mektedir. Bu s af s érztlneaksl éa rs oknaupcl ua nibaa n-y°oz eil
kapl ama veriminin d¢kmesi gi bi i stenmeyen etkiler

Yékama sul aréndan kromun uzakl aktéréel maseé i -1in
adsorpsiyon, nanofiltrasyehgkutodayalteagyobn, ys8a
i -in ileri s¢r ¢l mektedir.

¥te yandan, y¢zey akéndérma ve krom kapl ama - °;
az yapeéel méexkteéer. [ 9] Bu teknolojil emrénaar agemidak &z
(rejenerasyonu) kull anél makta ve iyon dejiktiric
araséndan en uygun malivyetl] tekni k ve kull aném |
il e y¢zey aweémdéar ma obmumy aleg enerasyonunu anl at él n
esnasénda olukan metalik kirlilikler kaplama -°z
dejer |l kr om, kr omi k asit - % zelsteilstignedneer akt ébadg
uzatélabil mektedir.

iy
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Pol i mer kaplamal arda iyi bir yapékma el de edebi
-%zel tisi ile y¢zey kromatl anmaktadeéer Ancak, Kr
sé¢resinin ardéndan oksidasyon kuweetti aaanalymaktyd d
veya polimer y¢zey -°z¢nerek az da ol sa bir pH ar
yé¢zeyde biri ktiril meéda,i |cel uskoannu -CQra(ninalk)t ayfd¢gzey Aayk €
vV e Cr(1V) konsantrasyonunu deKer or . Cr(1V) kon:
konsantrasyon dejerlerinde olabilir, t¢m meydana
CrfiI'l) konsantrasyonu nedeni il e kapl ama [I0°P zel ti s
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Or al Presentation / S°zl ¢ Sunum

Farkl é& Ek¥tmtad&dmwmli goin Kull anél arak Ada-ayé (Sa

Fitokimyasalker i kl erinin Kromatografik Anali zl
Dr. Hafize Ddek Tepe', ¥ 7] r . @& Doyuk'F at
'Mani sa Celal Bayar |!niversitesi

¥zet
Ada-ayé (Salw),a lodrmiiadead ifsamil yaséna ait tébbi ve a
kull anél masénén yaneénda, géda end¢gstrisinde, parf ¢mer |
Gel eneksel tepta ada-edbrpnkgp ud enoenlelri Wloe ukd utkrl e retne ryialknh év s €
kapasite dereg¢l asyonu gibi bir-ok bozuklujun °nl enme:¢
fitoki myasal bil ekenl eri kr omdteaglreanf i°kn cye® nbtietnklieyrel e¢ -an
y°nt emi uygul andeé. Bunl ar ; mi krodal ga, ultrasoni k ban
Séve Krofgttaoger &fpiekit romet r es iMSKMSI)e i3 pe K terncomaagmafids il e(kle®
K¢tl e Spekt-M8meiresu-(6&6€ organi k mol ek ¢l ve Kyon Krom
Fenoli k bileken analizlerinde ada-ayénda rosmarini k a
mi kt ar 2/99L 9k #Bu O] ér |l 6k il e homojenizat©or dest ekl i e k
organi k mol ek ¢l kalitatif analizinde homojenizat®o°r ve
ultrasonik banyo destekli ekstraksiyonda B4 | eken t espit edi | di . Analizl erde
karkeél akteéréeldéejenda homojenizat©°r destekli ekstraksi)
Il - ekstraksiyon y°nteminden en dakxtirkaloinuoerd da énl didjtu ag
Anahtar kelimelerrAd a - ay é, ekstraksiyon, fenoli k bilexkik, fitoki

Comparison of Phytochemical Contents of Sage Herb (Salvia Officinalis L.) with Chromatographic Analysis
using Different ExtractionMethods

Abstract

Sage (Salvia officinalis L.) is a medicinal and aromatic plant belonging to the Lamiaceae family. In addition to
its generally used as a spice, it is the source of essential oils used in food industry, perfumery and medicinal purposes.
In traditional medicine, sage is often used for the prevention and treatment of gastroenteric and bronchopulmonary
disorders, as well as many disorders such as menstrual cycle and mental capacity deregulation. In this study,
phytochemical components of sdgerb were analyzed by chromatographic methods. Three different extraction
processes were applied to the plant before the analysis. These were determined as microwave, ultrasonic bath and
homogenizer assisted extraction processes. After the extractiorsproleenolic component was analyzed by Liquid
ChromatographyMass Spectrometry/Mass Spectrometry -U6/MS), volatile organic molecule by Gas
ChromatographyMass Spectrometry (GMIS ) and anion analysis by Kon Chrom
component malysis, it was determined that the rosmarinic acid content was high in sage. The highest amount was
obtained from the homogenizer assisted extraction meth
molecule qualitative analysis, 62 compais were determined by homogenizer and microwave assisted extractions,
but 57 components were detected in ultrasonic bath assisted extraction. When the obtained results were compared, it
was determined that the phytochemical component amounts in thedrinsogssisted extraction were higher. It was
observed that the lowest results of the three extraction methods were in ultrasonic bath assisted extraction.

Keywords:Sage, extraction, phenolic compound, phytochemistry, chromatography.
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Girixk

Ad a - SapiéofficinalisL ) , - ok eski zamanl ardan g¢negmegze y
bir bitkidir. En tipik ada-aye hazeéer | ama Kekl i
infé¢gzyonudur . D¢nya - ap é nShlaia ofi€h8@lislc i, v draeanmn & etagr € a &
ai ttir Tatl andér éce, kozmeti k, par f ¢ mEocakyvd.,i | a - (
2016) Bitkilerin insahusaple] &@&e¢;agmién dzeakma Batlau f ar m
t¢erlerinin fenoli k asit i - er (Jiadgevd.,i201@)Solunuknaygltn a k | ar
enfeksiyonu, adet d¢zensizl ikl erii ve s {Abbdsvd.i m ki |
2016) Ada-aye, antiviral, fiptimlgongarayd®tamarewd., 200a)k t er i si d
Se-ici -%z¢celoer kull aneéel arak bitki veya hayvan
keséemlardan ayrél maséneé i-eren iklemler b¢teéengne
ucuz, h éeedié olemaneévnr yané séra istenen bilekenin

(Chemat vd., 2011) Kat é& bir maddenin bilekenlerinden biri
kullanarak elde edilmesi prandi ne dayawnw@anelkatmeaksi yonda veri m;
oranl aré, partiky¢gl boyutu, sécdMmhiravk,2018 s¢re gi bi

Moder n ekstraksiyon yenteml er i il e kl asi k e k¢
g deril me -abalareée, yeni ekstr ak@imjrody 2003 Wtragok | er i n
yar déml e, enzim yar déml e, mi krodal ga yardéeml é&, v
ektraksiyon, s¢perkritik akere ekstraksiyonu gl e
ekstraksiyon y°ntemleri olarak geliktirilmik oluwu
taraféndan belirlenen standartl ar a (Assebsnient,2009)i n 'y
Homoj enizat?©or De gtealell il i Eket rmakmuinyd re,r i n y ¢ ksek F
kull anél er . Yéksek kesme hézéenda birka- saniye i
serbest slkadgllmaséenba jer ekstraksiyon metotl aréna k¢
gereken s¢re yeiksek kes me (Bignae, 201& Da & Munpee, 20d@)n der
Mi krodal ga yardéemlée ekstraksiegoyal ekr eédalega -ene¢
bilekenlerin ekstraksiyonunda kul | aifArnirasdh,i2018c e kK vy e
Mi krodal gal ar 300 MHz ile 300 GHz aral éjénda bul
ekstraksiyon temelde mikradl gal ar én pol ar °zel |l i kteki (betlieek¢!l | e
& Budzinski, 1999) Ul trason yardémlé ekstraksiyon y°ntemi,
ol an ultrasoni k dalgalaré kullanar ak bitki he¢ecr

hezl andérarak ibsttexeml| bryoaaktiasi k tekni kl ere keéy
verimle elde edil mesinf{Ghiaftawipnd§bas& Rehinckar203
n.d.; Vilkhu vd., 2008; Zemouw#lioui vd., 2019)

Materyalve Y ©° nt em

Ekstraksiyon Prosesi

Deneyl eri mi zde 3Batvia-officingis Lbi t kr g i neauol Ibitkinyérél di&i
mar ketinden temin edildi. Kuru halde toz haline ¢
met anol ilave edil di. Daha sonra mikrodal ga, hom
farkl e ekstemaksygohande. Sonu-larda belirtilen e
kesaltmal ar kull anel dé. MD : Mi krodal ga Ekstraksi
Homoj enizat®°r ekstraksiyonu. Hildir bir analiz 3 t ek
Mi krodal ga Kle Ekstraksiyon )

Cem marka Mars 6 model mi k ®o,d a4 gla W ogzamngrud enaa rc
Daha sonra numuneler 0,45 Om -apénda membran filt
Homoj enizat®°r ile Ekstraksiyon
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IKAmarkaT25modelUltr& ur r ax c¢ci hazée il e 5000 g de 10 dakil
homojenatlar 10000 g de 10 dk santrif¢j edilip 0,
Ultrasonik Banyo ile Ekstraksiyon )

Wi sd marka Wi seclean modéeC dud t3 assaanti kb dbyaunnycoa ciint
sonra numunel er 0,45 Om -apénda membran fi'Ctre i
de tutuldu.

LC-MS/ MS Fenoli k Bileken Tayini

Ekstraktlareéen fenolik profidmamshénsédeéei K ©mae
spektrometresk ¢t | e spektrometresi (Agil ent 1IF2neli@ andlic i pl e
i -in metot CA8r OB&t (Bexi 4.6 mm x 5 Om) HPLC kol ol
faz %0.1 formikasits u  ( A) , met il al kol (%'0®@i9) (Bpaliez ak€ik
gradiyent y°ntem aka] édaki gibidir: 3 dk %2 B, 6
Bilekiklerin tanémlanmasénnal dpeozi Rao & maw eMB/M& g aatsii ft
kromatogram vekiekde gpskeruimdar é
GC-MS U-ucu Organi k Mol ek¢l Tayini

Ekstraktl ardaki u-ucu organi k moleke¢l l er, Agile
spektrometresi (MS) ile elektnoiyonizasyon (EI) modunda kalitatif olarak analiz edildi. Kromatografik
kolon Agilent HR5 MS, kapi l er kol on 30 m x 0.25 mm, O0.25 m
de baklateldé ve bu sécakleéekta ZBcakkicka abelklket iill
sécakl ék ygksdétbldaki R80tutul du. Takéyécé gaz ol
akék héez®evel.ebnjnelkt®ko ' 'sdeicrak | EBK st r2askot , 1 ml il e spl
spektt munun yorumlanmasé Ul usal Standartl ar ve Tek
tabanéna g°re yapeéeldée. GC/ MS Toplam Kyon Kromatog
A-MD,B-UB,CHOM ekstr xlekidegogPat &r il di
Anyon analizi

Anyon analizl eri Ther mo mar k a, Di mexk ol ©®% 0 &0
Dionex lonpac 4150 mm, analitik kol &n ueln®2mik i ca L
KOH kull anél deé. aAknykbmh dkiektod dounn dss@KCi @rjeksggn dacmi d€0
OL6dir. CihazdasDppnesoASRSI| 4am@l|l maktadér. Kyon }
Kekdé g°sterildi
Sonuvwvd alrar t € Kk ma

LC-MS/ MS Fenoli k Bileken Sonu-1| ar é

k e k i RosmhrinikAside ait LCMS/ MS Kr omat ogr am Vv eMDKbyUBrc- HOM e k't r ur
Ekstraksiyonl ar é.

Rosmarinicacid A
.;.wr.\ {3580 5 1809)2-14 ‘59‘5“ 021089 WRI (14397714829 min, 57 scans)356.0 > ~j2-2. Resmarinicacd B U
H ) £ o0 Relo= 380974 %) o] -MRW (358.0 > 1308) 5.2 0= TR, TRE T TEE T - MRV (14.423-10.97% 1IN, 5§ scans) [358.C > )52
: 12458 1 : i 508 ] 3 I o !
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Acguisiion Tane [min. Acyuisition Time (minf Mass-to-Cherge (miz} Acquis lina Tine {mn; Accuisitian Time (min) Nass-1o-Charge [miz)
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Tablo1:LC-MS/ MS Fenol i k Bilekik K-erifji Sonu-1ar e
Fenoli k Mik MD uB HOM
(O0g/ g Kuru a

Gallik asit - 5 B
0, O0ONO 0, O0ONO 0, 35NO0
Protokatekuik asit 5 . B
6, 74NO0 5, 11NO 7, 34NO0
Pyrocatechol . N -
0, O0ONO 0, 03NO 0, OONO
3,4-Dihidroksifenilasetik asit 5 . B
_ 0, 64NO 0, 44NO0 0, 58NO0
( NQatechin - - -
0, 72NO0 0, 40NO 0, 70NO
Klorojenik asit N .
59, 74N 57, 41N7 113,69
2,5-Dihidroksibenzoikasit . . N
2, 20NO0O 1, 66 NO 1, 45N0

4-Hidroksibenzoik asit 5 B B
9, 24NO0 7, 02NO 7, 65NO0

(O-Epi kat exki 5 B N
0, 46 NO 0, 81NO 0, 67NO

Kafeik asit . . .
91, 14N 58, 09N( 70, 14N
Vanilik asit - N -
6, 27N3 7, 99N1 10, 57N
Siringik asit

2, 62N0 2, 19N0 3,30N1

3-Hidroksibenzoik asit 5 5 B
0, 16NO 0, 45N0 0, 18NO

Vanilin - N N
2, 25N0O0 1, 28NO 1, 69NO

Verbascoside - - N
0, 00NO 0O, 00NO 0, 16NO

Taksifolin . - N
25, 34N 23,56N] 20, 46N

Sinapik asit 5 5 B
0, 30NO 0O, O0ONO 0, 25N0O0

p-Kummerik asit . . .
3, 19NO0 1, 96NO 1, 95N0

Ferulik asit . . 5
6, 72NO 3, 59N0 4, 57NO0

Luteolin 7glukozit

~

39, 01K 16, 92N¢ 7, 61N0

Hesperidin . - -
2, 99NO0 2, 44NO0 9, 91 NO

Hiperosit

~

54, 89N 37, 19KN¢ 70, 84N

Rosmarinik asit
2785, 701 2484, 0912919, 43

Apigenin 7glukozit

~ ~

60, 17N 28, 25N¢ 31, 42N

2-Hidroksisinnamik asit

0,12KN0 0, 13N0O 0, 16NO
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Pinoresinol 5 5 B
1, 53N1 2, 97NO0 4, 20NO

Eriodictyol . . N
7, 31NO 6, 09NO 8, 57NO

Quercetin . . .
50, 17N 31, 76N] 46, 17N

Luteolin . . .
70, 17N1 55, 38NY 60, 59N

Kaempferol . . .
26, 26N 17, 67N] 15, 66N

Apigenin . . .
35,41 N1 28, 29N§ 25, 19N

TOPLAM FENOLY 3351,49 2883, 14 3445, 43

il - farkl e ekstgrecakesityeosnpisto neudciulnean en y¢ksek kon
klorojenik asit, kafeik asit, taksifolin, hiperosit, rosmarinik asit, apigesinl7u k o0 zi t v eTablpuer ce't
1 . ¥zellikle mi krodal ga vV e homoj eni zat?or dest
konsantrasyonl ar é yakeén bul unur ken ultrasoni k

konsantrasyonu daha d¢ke¢ek t esdgditerelde d diir. diQuiemiczd e
deri kim mikrodalga ekstraksiyonu ile en d¢kegk de
edil di. Toplam fenolik bileken i-eriklerine bake
edi Isdiyjlie Ta@imlail f .i ve ark (2012) zeyti yaprakl ar &

n
ESFTOFMS <c¢i hazl arénda yaptéeklareé ©bir -al exmada, g

karkél aktérdéekl aréenda; mi bi ddaxlega i elkst ka ks ikytaamruwem
edil dijini (gaamsatli ed, 01R)P&m dve arkpr glklkal éndayn ypol i f
kafeinin eketinaketghkhadjyeghrud aa n2aOn smai aktrtoed al ga yar dém
dijer ekstraksiyon y°ntemler.i il e keyas!| aBan] énda
vd., 2003)

GC-MS U-uganiOk Mol ek¢l Tayini

kekidC/2MS Topl am Kyon Kromatogramé (TI C)-MD,Bount s
UB,CHOM ekstraksiyonl ar é.

k107 |+ TIGScan A %107 |*TICScan B
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4 \ | il | | |
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Tablo2:GC/ MS U-ucu Organi k Bilekenler ve % Benzerl ik

MD (% benzerlik)
ALPHA.-PINENE, €) (95,38),Camphene (96,85kthyl 5methoxy3-methyt5-phenyl2-pentenoate
(88,2), 2.BETA.-PINENE (94,88), Sabinene; Bicyclo[3.1.0]hexanemdthylenel-(1-methylethyl}
(91,02), betaMyrcene (93,48) ‘acetoxy2,5-ochtodadiene(79,13) R¥,2S5*, 3R* 9R*)-12-
Isopropylidene3, 7dimethyltricyclo[7.2.1.0(2,6)]doded€i10-dien-8-one (81,33), Eucalyptol (98,43
Benzene, methyl¢inethylethyl} (84,84), 1,8Cineole (69,92), dLimonene (91,38), gammderpinene;
1,4-Cyclohexadiene,-inethyt4-(1-methylethyl) (94,79) trans Sabinene hydrate (94,46), alphajone
(92,11), betaTHUJONE (83,65), Camphor (97,48),4¥rand-one, 2,3dihydro-3,5-dihydroxy-6-
methyt (86,34), 4Chloro-3,3,4trimethyl1-pentene (58,05);@ctyn-1-ol (63,82),Borneol (93,99)3-
Cyclohexenl-ol, 4-methytl-(1-methylethyl}( 93,96),3Cyclohexenel-methanol, .alpha.,.alpha,
trimethyl (91,07), linalyl acetate (93,59), EXOBORNYL ACETATE (91,33), ENDOBORN
ACETATE (75,31), Bicyclo[2.2.1]heptaR-ol, 1,7, #trimethy}, acetate, (&endo}( 94,09), 4vinyl-2-
methoxyphenol(95,63), Bicyclo[3.2.0]heptétione, 5formylmethyl6-hydroxy-3,3-dimethyt6-vinyl-
(75,30), Caryophyllene (97,72), Benzene;(blomomethyl)3-nitro-(73,49), nadoletris(C-TMS)
(54,03), Alloaromadendrene (88,47)plea-Humulene; 1,4,&ycloundecatriene, 2,6,6{8tramethy,
(E,E,E} (94,75), betacadinene (90,36), -}-Caryophyllene oxide (94,85), Veridiflorol (94,5(
Megastigmatrienone (89,22), 3iMethanobenzocyclodecene, 1,2,3,4,4a,5,8,9,12j#2ahydre
(7566), 4Hydroxybenzoic acid, 3,10, imethyl7 methylenecycloundee 8-dienyl ester (68,76),-3
isopropylidener-oxatetracyclo[6.4.0.0(2,6).0(4,9)]dodecane (74,14), Isolongifolene-deh$dro
(76,99), 3,5,6Trimethyl1H-indazole (68,99), -Naphthalenempanol, .alphaethenyldecahydro
.alpha.,5,5,8&etramethyl2-methylene, [1S[1.alpha.(R*),4a.beta.,8a.alpha(§6,82), 1,4Dimethyl-8-
isopropylidenetricyclo[5.3.0.0(4,10)]decane (89,48), bE€teamigrene; Spiro[5.5]lundetene, 3,7,7
trimethyl11-methykene, (-)- (72,24), Ferruginol (83,48), CARNOSOL (68,26), 2(IPH)enanthrenong
3,4,4a,9,10,10hexahydre6-hydroxy1,1,4atrimethyl-7-(1-methylethyl}, (4aStrans} (56,29), ¢)-20-
Deoxocarnosol (64,84), L{Dicyanoetheno)[6](1,4haphthalenophane (662 2-tertButyl-
3,3,4,4,7, fhexamethy7H-tetrahydroindeno[bc]furan (75,58), (20k3,2GEpoxypregrs-en-3.beta-yl
Acetate (70,53), 2;Dimethyk4-phenyt2H-naphtho[l,2b]pyran (83,88), Isocarnosol (68,41
Barbatusol (64,12), Palmitin, -rAonc (89,1), 13lsopropylpodocarpet2-ol-20-al (74,97),
Dibenz[a,c]cycloheptane, 2,3tidmethoxy (74,3), 2(1H)Phenanthrenone, 3,4,4a,9,10@xahydre
6-hydroxy-1,1,4atrimethyt7-(1-methylethyl}, (4aStrans} (69,61), Octadecanoic acid, 2,
dihydroxypropyl ester 92,67), 13Docosenamide, (Z) 82,37), Methyl 4,4imethyt3-oxo-exo-8-
phenylcis-bicyclo[3.3.0}octanel-carboxylate (72,2).
UB (% benzerlik)

ALPHA.-PINENE, €) (96,01), Camphene (93,84);.BETA.-PINENE (90,82), betaMyrcene; 1,6
Octadiene, fmethyt3-methylene (93,4), tacetoxy2,5-ochtodadiene (77,17}Rhellandrene (90,1), ¢
Limonene (90,91), Eucalyptol (98,26), gamsharpinene (94,96), trans Sabinene hydrate (94
Bornyl chloride (81,13), ‘tarbamow3,4,5trimethyl-pyrazole (71,55), ALPHATERPINOLENE
(90,35), alphaThujone (96,94), Camphor  (97,29), Borneol (93,02), Bicyclo[2.2.1]heptarol,
1,7, #trimethyt, exo(71,08), Borneol (92,96)-8yclohexenrl-ol, 4-methyl1-(1-methylethyl}(94,41),
linalyl acetate (94,69), ENDOBORNYL ACETATHEBZ,88) Bicyclo[2.2.1]hepta@-ol, 1,7, 7trimethy}
, acetate, (1#®ndo) (94,13), 4inyl-2-methoxyphenol (96,31), Bicyclo[3.2.0]heptd&one, 5
formylmethyt6-hydroxy-3,3-dimethyl6-vinyl-(75,94), Cyclopentane,-dcetoxymethyB-isopropenw
2-methyl (9745), CARYOPHYLLENE (97,45), Benzene;(thromomethyl)3-nitro- (85,98), Calaren
(85,98), alphaHumulene (94,17), Naphthalene, 1,2,3,5,6;8&xahydred,7-dimethyt1-(1-
methylethyl}, (1Scis) (90,33), ()-Caryophyllene oxide (94,32), Veridiflorol (95,68 UMULENE
OXIDE (88,41), Megastigmatrienone (92,36), -Ci&-1,7-CISACORENONE (82,67), 4
Hydroxybenzoic acid, 3,10, #0imethyl7-methylenecycloundeed,8-dienyl ester (71,34), (Aalerenyl
acetate (76,74), Aromadendrene, dehy(rd,7), Isolongifolene4,5-dehydre (79,43), Aromadendreng
dehydre (69,73), INaphthalenepropanol,.alphethenyldecahydraalpha.,5,5,8&etramethy2-
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methylene,[1S[1.alpha.(R*),4a.beta.,8a.alph&$]7,07),1,4Dimethyl-8-
isopropylidenetricyclo[5.3.0.0(4,10)] decane(89,78), 1-(2',5-Dimethoxyphenyi4,4,8,9
tetramethylperhydronaphthalene  (60,07), gamNeoclovene (76,46), -Bhenanthrenol
4b,5,6,7,8,8a,9,10ctahydredb,8,8trimethyl-1-(1-methylethyl}, (4bStrans} (80,72), CARNOSOL
(70,74)Dibenz[d,flcycloheptanone,2 Btrimethoxy;  Dibenz[b,d]cycloheptanone,2,3i@methoxy;
2,3,9Trimethoxy6, 7-dihydro-5H-dibenzo[a,c]cycloheptes-one (66,34), 2 Dimethykt4-phenyl2H-
naphtho[1,2]pyran (83,25), Palmitin, -thonc (89,6) , 13Isopropylpodocarpet2-ol-20-al (74,56),
Dibenz[a,c]cycloheptane,  2,3td@methoxy(73,58), 13,16.BETACYCLOPROPYL-5.ALPHA -
PREGNAN20-ONE (69,61), Octadecanoic acid,2iydroxypropyl ester(92,91), iBocosenamide
- (82,46), Isocarnosol (68,51), atid-bromo5,8-dimethoxyl16-methyl2,11-
dithia[3]paracyclo[3](2,4)thiophenophane (76,09), Methyl -difiethylt3-oxo-exo-8-phenylcis-
bicyclo[3.3.0}octanel-carboxylate (70,02)
HOM (% benzerlik)

ALPHA.-PINENE, €) (95,5), Camphene (96,78),.BETA.-PINENE (95,83), Sabinene (92,51), .bet
Myrcene (94,25), lacetoxy2,5-ochtodadiene (75,15) Sabinene (92,51), Hetacene (94,25)
l-acetoxy2,5-ochtodadiene (75,15);Rhellandrene (86,81), dl Limonene (84,35), Eucalyptol (98
gammaTerpinene (94,81), trans Sabinene hydrate (93,27), ALPHERPINOLENE (88,81)
Bicyclo[3.1.0]hexarB-one, 4methyll-(1-methylethyl} (91,02), alphaThujone (97,31), Camphd

(97,58), endeBorneol (85,37), Bicyclo[2.2.1]heptadiol, 1,7,7#trimethyl, exo(71,08),
Borneol (92,96) Lyclohexenrl-ol, 4-methytl-(1-methylethyl}(94,58), Linalyl propionate (92,43
linalyl acetate (93,76), ENDOBORNYL ACETATE(81,3) Bicyclo[2.2.1]hepgaal, 1,7, 7trimethyl,
acetate, (1®ndo) (93,96), 4inyl-2-methoxyphenol (95,15), Bicyclo[3.2.0]heptéhone, 5
formylmethyt6-hydroxy-3,3-dimethyt6-vinyl-(74,65), TRANS(.BETA)CARYOPHYLLENE
(93,99), Benzaldehyde, -l®ydroxy-6-methyt(73,66), 60OXOBORNYL ACETATE (64,64),
Alloaromadendrene (85,26), alpHdumulene; 1,4, &ycloundecatriene, 2,6,6t8tramethy, (E,E,E}
(93,38), ddia-Cadinene (85,63), Caryophyllene oxide (94,75), Veridiflorol; Viridiflorol (93,3
HUMULENE OXIDE (82,81), Megastigmatrienone (87,22), Longipinocarveol, r@875), 1,4CIS-
1,7-CISSACORENONE (79,69), 4ydroxybenzoic acid, 3,10,i@imethyl7-mettylenecycloundecal
3,8dienyl ester (68,3), Aromadendrene, dehydrd,66), (3E32,6-Dimethyl-5-isopropylidenl,3,6,9
decatetraene (78,28), -lISopropyt2-methylphenethyl acetate (70,24), Phenanthreneth@nyt
1,2,3,4,4a,5,6,7,8,9,10, :0adecahydrd 1,4a, #tetramethy (80,16), 1
Naphthalenepropanol,.alpkethenyldecahydraalpha.,5,5,8detramethyi2-methylene
[1S[1.alpha.(R*),4a.beta.,8a.alpha($6,84), 1,4Dimethyl-8-isopropylidenetricyclo [5.3.0.0(4,10
decane(90,37),. gammieoclovene (72,74 6-Epi-.beta:verbesinol or (+junenol(60,27), 2
Phenanthrenol, 4b,5,6,7,8,8a,9ddahydre4b,8,8trimethyl1-(1-methylethyl}, (4bStrans} (86,32),
CARNOSOL (69,7), 1,ZDicyanoetheno)[6](1,4haphthalenophan
(63,96),Dibenz[d,flcycloheptanone 329-trimethoxy (65,63), 2,2Dimethyl-4-phenyl2H-naphtho[1,2
blpyran(86,07), Barbatusol (67,45) Palmitinsmdnoe (87,94) 13lsopropylpodocarpeti?-ol-20-al
(69,44) Dibenz[a,c]cycloheptane, 2 Zritnethoxy(73,87), 6, /Dimethoxy-4H-
cyclopenta[def]chryses({69,14),Octadecanoic  acid,2jhydroxypropyl  ester(93,16), 13
Docosenamide, (£)82,49), Squalene (74,45), Vitamin e (67,33).

GC/ MS anal i z s @amphenk, aatfad Inupne, €&mpteor, Borneol, Caryophyllene,
gammaT er pi nene u-kuerul ek ggtagnd Kks iby d re i K |ekstraklardadaouak u
ol ar ak TpBla?).Anoakl $abirfene, bethlyrcene, exobornyl acetate ve betadinene sadece MD

el o

ekstraksiyon y°nteminde (gsalzidoefnfdiic.i nMilgwelbivwe&i ar k

-al ékmapanangehacamphor, borneol u-ucu organic
(Miguel vd., 2011)A d a - &avia offcinalis, ) bi t ki si , rosmarini k asi-t
U kafymll i-eren, u-ucu yajl ar (Janrgad,20l2)an zengin
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Kyon Sonu-1ar é

kekiKlyon: Kr omat ogr af ia StandagaaitVR EkstraksiyomgNu@unesine ait.

a) Standartlara ait pikler : b') rmege ait kromatogram
, Kloriir : 1 Kloriir
Nitrat
Nitrit ’ Nitrat ::_: i Fosfat
| ’ Fosfat o ‘ ‘ Jr’\‘

“_“ :/;‘ 3,_“;‘7* \‘\
Tablo3:Anyon Anali zi Sonu-1ar e

Kyon mik MD UB HOM

(O0g/ g ku _ _ _
Kl or ¢r 578N31. 348N33. 600N28.
Nitrat 1140N28. 356N22. 324N22.
Fosfat 442N8. 4 494N31. 748N11.
Nitrit - - -

Bromgr - - -

El de edilen bulgulara g°re anyon anali zi sonuc
ve fosfat anyonlaré tayin edil di ancak nitrit wve
yéeksek ol dKjlwrheel ivrel d maif . at i -eri klerinde i se HOM
g°zI| @abldd) .( Vali fard ve ar kad &avlamirzayanibd & -kd yséd@ mare byiarp
bir -alekxkmada 0,53 meq/L i-erijinde KIlor ol duj ui
bi karbonat ve s¢l fat (Vaifardwd] 200y da bel irl emi kI erdir

Sonu-

Sonu- olarak el de edilen verileM&/ M5r éepolflarb
analizinde rosmarinik asit bil ekendol de] u ophk aatmr & ke
y °caexmi homoj eni zat?©or destekli y®ktsemlaksi yokégdasl
homojeni zat®rden sonra mikrodalga ekt rM&Xsuywau y-
organi k bileken anal i zT mujeo Ceaa mpilkloe kel kkBlderrmid cHieyro @ &
yé¢ksek benzer | i kGGMS kalitadifradabzi sbnedu eldeledildnd i ek en sayél ar
dan aza dojru sér aleakmat riaskes i HHG@Mopplarkieykw ahatigdB8endui -rl.ar é n.
dejerl endien ¢ i k isanyora kensantrasyonuM D ektraksi yonuanyom , en
konsantrasyoni se UB ekstraksi yonund &alwaloffictnaligd i Ibdit.ki Bu nv
ekstraksiyon y°ntemi karkél aktéreéel danamdca ed¢ m ee teldii
belirlendi.

Texkekkyg¢r

Bu -al ékma Manisa Cel al Bayar i niversitesi Bi l
birimi taraféendan des08)kl| enmektedir (proje no: 2«
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Or al Presentation / S°zl ¢ Sunum

YabaneKu Kk bur nu A] a dgmek ol aK IHeokirgegnasyosu Sonucu Akii-Karbon
! r enbve K&woley S aAdsorpsaronu

Ar k. BfagGenet, Do- . Dr .elfYakar Gen

an Y¢zenceyél !'niversitesi

¥zet
Bu -al ekmada Van ve b°l gesinde yetikebilen yabani

kull anél arak ged creti maod ade Kk wmloll a mé Isanm éls@&tnyean iske claikd
pH6da (pH: 6, 02) adsorpS|yonunu incel enmi ktigile LAkt if I
oranéeénda I mregnasyonu ve 800 de Azot m/gdaanakifkarbanrmé n d a
cret Akmi Kk, karbon taraféndan maksimum kinolin sarésé ad
temkihve BR adsorpsiyon izoterm modell erine g°re uyumu g?@°
248,9350mg /gde R=0. 992 dejerine sahip Langmuir adsorpsiyon i
derecenden kinetik modele uyumlu ol duju belirlendi.
yapél méxkt ér . Boyar maidldier gadldcecujiunigd zIli en rkiud tl iam.é1 ab
Anahtar Kelimelet Adsor psi yon, Yabani kukburnu tal akée, Kmpregna

Activated Carbon Productiomnd Qinoline Yellow Adsorption as a Result of Impregnation of Wild Rosehip Tree
Shaving With Zinc Chloride

In this study, the adsorption of quinoline yellow, which is a cationic dye used in food production by using the
wild rosehip wood shavings growing in Van and its region in the production of activated carbon, at temperature,
concentration and natural pH (aH6.02) was investigated. Activated carbon with a surface aré&42.1622 m2 /g
was produced as a result of imregnation of raw material (wood chips) with ZnCI2 at a ratio of 1: 1 and pyrolysis at
800 in nitrogen gas environment in the production dafvated carbon, Determining the maximum quinoline yellow
adsorption by activated carbon (q max), Langmuir, The compatibility was observed according to the Freundlich,
temper, and DR adsorption isotherm models. The adsorption equilibrium data were besirdetéo be compatible
with the Langmuir adsorption isotherm with R2 = 0.992 at 248.9350 mg / g and the kinetic model of thespsendo
order kinetic model. Concentration measurements were made by UV spectrometer in the study. It has been observed
thatit can be used for dye removal.

Keywords Adsorption, Wild rosehipWood shavings, impregnation, pyrolysis

G r K

Aktif karbon ¢retiminde aktif karbonun y¢gzey al
derecede ol maseée i sheammekdedolrar 8lu keldlean&®l acak m
yapélar ol uktur ¢BabibhGfezéein egk@idid kyiaap € ol ukt ur mada a
hammaddesi ol arak kullaneéelabilir hammadde kaynak
olarakcins/ e t ¢r ol arak farkl él ek g°sterdikleri gibi a
yapésal ve ki myasal ° ZAFehgel vekWegener 20813Bh nepenlevam b i | me k t
b°l gesinde yabani Kk ukbur nkua rabjoanc & rteatlial knéi k- ivnek og €kdl ao
ol an Kinolin sarésénén giderimin de kull anél méext
bilinmesi ve su i-erisinden boyarmaddel erin al énrt
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Mat er yMelt owe

Akt f kkaetbom

¥] ct:mp et ¢l me ikl emleri 200 mesh el eje sahip °F ¢t ¢
Kmpregn@dalartardan 30" ar gr al énarak 100 ml"1liKk
karéekt ér el mécx vV e 48 saat impregnasyon i-in bekl
Karbonizasyon(pi r ol i zKmrgegemrasgyonu tamamlanan hammazdeamrewwe
500cni/ dk hezl a ge-tiji reakt°r¢gn i -ine eyakeéelehkew
lsaat 80C de bekl etil di. Daha asloénmaC aeked2i5rarl tda rié nedha sso
kapat el de

K¢l gi:Obukmbil ecek k¢l ve dijer bilexkiklerin gide
10 dk karékteérélak s¢zme i Kl emine hazérl andeé
Yékama vie B zinkel em akui gekarbenunjbsaée g°re ayarl e
sahip basit bir sistemle (kekil sistem) HCI wvarl
AgNOs( g¢m¢egk nitrat ) ile tesbit edilmiktir.
iretilen Aktif HKraeBetamahi El eméntyalpgeFmécxkt ér .

Adsorps yon
Adsorps yona konsatrasyon ve sécakl ék etk s

28 ,°G0°@5sécakl ékl arda ve 50ppm ,100ppm, 200ppm
200rpm karéktérma héezéenda deneyl er yapeéel méexter

K net k -al é&kmal ar

K net k -alékmal ar 200 p @ Okropms &ktarraéskytcerdhea 2h5 z énd
pH deneyl er

Akt f karbon pH deneyl er k nol n sarésénén 200

Bul gulTar t & ma
Elementel AnalizSonu-1 ar é

Hammad Karbon S¢l f ¢ r| Toplam
de/ aktiflor an|{or anaé

karbon

Al-S 0,6001 41,5562 5,4066 O 47,563

AlK 1,2574 71,6577 11,4913 O 74,4063

A1K1 0,8097 75,8521 10,8891 O 77,5508

Al-S saf akasya aozdoutn oratlaaméén d aA liKmpr € a@s pom oy agé |l
i K1 e mi soncu olukan kar bon, AlKI1Cédakpi kdloirz ri &l
sonucu olukan aktif karbon ol mak ¢zere EIl ement e
veeng K¢k hidrojen oranénén A1K1l de ol duju g°r ¢l mek
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1053 1054 1053
1033 1033 1033
668 1013 668
590 873 590
568 668 668

O A1l ve A1K1 g°r%38767rcm'®80Qge885mesim ( al3k8dkmter, a:
3627 cmt 3326 cmt He mi  sligrinsled z | oz H b a jCéllgaxilmési 2939 8D ¢ m
2966 cmt. 2865 cnt, 2844 cmt C-H gerilme (‘alkan), 2359 ctn, 2341 cmt CO-CO bandé, 21
cmt ' CUC g e rUNIgerilene, 2023 cm CO-CO bandéi , 1964 @i Ligmnde
aromat i k i slLigeindekitarormatikthallkalardaknC=0 COO, 1455tnE-H b aj & veya C
ksilen ve ligninde 'I5@z g adz dtaittCrekxii nmiC;Ot i;3r 22 kdenmli @ |
1234cm Ksi |l endeki Asetil vekar boksi-N,GCegeriimelgini nd e k
Lignin ve hemisel!*glOoprimendtkol, 1@®cm Kathdksilik asitiialkol-eter,

(1032 cm*  -1053 cm' Karbokslik asit i alkol-eter yadal030 cm* -1060cmt Li gni n Sel ¢l o
hemi sel ¢l ozda C=0Ggelri | @=2€i 2| 6&B8 diMECbsbafjf ee568
558 cm! OH gerimeyada €| baj é

O A1K karbonunda'@Pgedhesn (3a0&odmer , a<iHupdrilme( H be
alkan), 2359 cmi, 2341 cmt CO,-CO b a n d & CNilgériimesi , 8073 crh CO-CO bandé,
1412 cm' Lignin ve karbondihitrat™C-H par - al an maks ét i, rae winmltd &O ,C ,
primer alkol, 1033 cmt Karboksilik asiti alkol-eter, (1032 cmy -1053 cm' Karboksilik asiti alkol-
eter yadal030 cm' -1060cm* Li gni n Sel ¢l oz ve hemi séKuyétibzda C
bant et er , fenoOyediC-R®d | k guk @lpélalr@ngiar Cki ml er i, 8
trisibsit¢ge yada Hemisel ¢l oz -800emls,&Cl| bajua gbbBo
G¢-1¢ C=C alkan disibstite¢ge (cis)

AlKo6éda Ligninde ar-lagmadeki skonatikshélkalaréaki C1Oj GOOEK i mi

bajé wkgbal EA ve | igninde bl ztuintmae Rii mir K i 9Gir, i Bey l¢ | tc
O titrekimleri, Ksil endeki Aset il veNkK,aGb ok si | Vo
gerilmeleri, Lignin ve hemisgll oz d a ki CO titrekimlierinin keéreld

g%°r ¢l mektedir.

Alve A1K1 hemen hemen ayné yoadpeé nkéin CkHb rtuintdruejkui nsla
cmloe kaymék ol duju goreé¢l megket or .

Bet Analizleri

2
P / p Ab yazee kiginmka 86.4086 1119.9437

2
BET Y¢zeyg al ané m 80.8185 1133.0651
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2
Langmuir Y¢gey Al an, 979661 1542.1622

2
tPl ot Microfgore Al an 90.5580 391.5849

BJH Adsorpsiyon or 517.937 34.886
(4Vv/:i A) i

Betanalizgr afi Jinde g°r ¢l dej ¢ gi bi yézey alané i mpr
alanéen yaklakék 15 kat arteéejé g°r¢l mektedir. BJH
azal déejé makro g°zenekli yapénéhAryémekéeéedmezo ve
Adsorpsiyon Analizleri
Akti f karbonunun Kkinol in sé giderimi adsorpsi

208 21487 7649  1895,008¢
203 25523 0,9370 a0 o 12367,7556 48,1788
318 38,0143 11084 5933 7501

298 0,7871 -0,2394  593,0875
303 0,8880 -0,1188  294,2871 12759,6244 40,9530
318 1,0988 0,0943 -233,5401
298 0,6260 -0,4683 1160,3867
303 0,7726 -0,2580 639,2648 10812,4110 32,8775
318 0,8555 -0,1560 386,6312
298 0,2681 -1,3164  3261,703¢
303 0,2944 -1,2229  3029,862: 6846,6602 -12,1994
318 0,3232 -1,1295 2798,587¢

298 0,0892 -2,4172  5988,989( 3340,2510 -2,8910




303

0,0935

0,0953

B (J
mol-
1)

At
(Lo

R2
X'm
(mg
g-1)
Kl
(mol
2J2)

R2

-2,3696  5871,115C

-2,3504  5823,467¢

264,5438
0,9939
2,2897
0,4367
17,6069
0,8841

57,7054

0,1320

42,9366
0,9383

18101096766,662
6

0,000002954

0,9808
0,0024307

271,6572
0,9922
2,4234
0,4126
22,0341
0,8354

58,2815

0,1727

42,5122
0,8870

4841704746,426
6

0,000002726

0,9812
0,0023349

48

277,9982
0,9922
2,4968
0,4005
24,9765
0,8274

59,4286

0,1977

41,6917
0,8716

1357950357,384
4

0,000002512

0,9772
0,0022415
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Aktif karbonun kinolin sarésé adsorpsiyonu konsar

@ 298 Cads @ 303-Cads @ 318-Cads

200,0000
150,0000

100,0000

Cads (mgL)

50,0000

0,0000

(o] 250 500 750 1000
Zaman (dk.)
Aktif karbon ki nol i n sar ésé kinetik veriler:i tabl osu
T (K) k1 ge(Calc) (mg/g) ge (Exp.) (mg/g) R2
298 976,6108 150,7531 0,7565
303 1346,2704 150,7531 0,8911
318 1207,2877 150,7531 0,8505

T (K) k2 ge(Calc) (mg/g) ge (Exp.) (mg/g) R2

298 -0,000004609 0,0051 150,7531 0,9950
303 0,0000 0,0045 150,7531 0,9931
318 0,0000 0,0042 150,7531 0,9861

Tabl ol ara bakél déj énda;

O!- secaklékta da regresyon katsayélareé 0, 870in
O En yé¢ksek knegagégeéna sahip Langmuir Kzoter mir
adsorpsiyon kapasitesi, 266 de 264, 54 3®H dreg /nga kvse mudn adsor psi yo
mg/ Wd4® maksi mum adsorpsiyon kapasitesi 277,99
O Sécakl ek artek- maacdhscobehtanmékl enmiddeamé kt ar éneér
adsorpsiyon ol dujunu g°stermektedir. Regresyon s
tek tabakal é ol arak meydana gel diji b dejerine
</

-

UBAK
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O Freundichz ot erm sabitl erine -@4126@4005adsorpsiyan jizeterm e r 0, ¢
ejrisinin hafif-e y¢kselen ve elveri«kli ol duj u
ger -ekl exkti]i :

O Temkin izoter mi B-58\2&165D,4286rcele/mdt aldg u5 v,e7 ==L akl ék at
adsorpsiyon enrjisinin arteje,

O DR izoterminde E dejerine bakeéel ar ak adsorpsi
s°yl enebilir.

Aktif karbon kinolin sareéeseée pH deneyl eri
Kinolin saréesé Uv spektrof ouwernmhitredier .4 3Kinnmo |dianl

katyoni k boyar madde) asidik ortam ortamda ve Dbz

Spekrometrede dalga boyu dejiktijinden okunan de

yalnezca doj al pH: 6, R vedasidik dhramaayadserpsiyon algnéylermé k b a

yapél amaméxt ér .

Sonu-1 ar

O Kinolin sarésé( katyonik boyarmadde) asidik ort
bazi k ortamdan Sarémsé yekxi/l renge d°nmektedi
dejiktijinden okunan dejerler yanléexkx dejerler o

O ¢inko klorg¢r il e Yabanai Kukburnu aj a- tal ake
hammaddedeki yapésénClakbajyé pvwd aHi dbroozknsaidlé jeét kGO | et

O Boyaamadde Adsorpsiyonunda kullanélabilir.

Kaynak- a
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Kncel éDmesbr al di ssertation, Enerji Enstite¢sye)

2. .Fengel, D., & Wegener, G. (Eds.). (20Wpood: chemistry, ultrastruate, reactions Walter de
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3. G¥N} LTAKk, o., ERMEYDAN, M-KARRQOL ARKTCANNDWKRINE MOD KX
EDKL MKk PAVLONYA, KAVAK V E ¥KALKPTUS ODUNUN/L
BKLEKENLERK VE KT kR oldjBikrel Zekgisi, 6(3), 698704.

4. ¥z can, ¥Bi y(okQ,1td)e.ni n yavack piroliz yent emi vyl
eldesi Master's thesis, Anadolu | niversitesi).
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Or al Presentation / S°zl ¢ Sunum

Van Bé&deYetdsedben Akasya Aj] acé darokdddedf@pnegsayorttiody u m
Sonucu Akt Kar b emeve KXokt Sar ésgonAdsor ps

Ar kK . ByagGenet, Do- . Dr .elfYakar Gen
Wan Y¢gzenceyeéel iniversitesi

¥zet

Bu - al ékmadat aAlkaakslyaar éanjéan- akt i f karbon ¢retiminde Kk
acimleri iy bir aktif karbon ¢retilerek géda ¢reti m
, konsantrasyon vY¥apdd ard s-oalpé&k npaochau nauk ti infc ek aernbno
én NaOH ile 1:1 oranénda karéktéreéelarak i mregne
alane 1389.0122 m2/ g olan aktif kar boonl i¢nr estarl énsi & , a dAskat
belirlenerek (g max), Langmuir, Freundlich, temkinvkD adsor psi yon i zoterm modell er
Adsorpsiyon denge verileri en iyl kKekilde 227,0390 nm
izotermiyle vek i net i k model inin yalanceée i kinci derecenden ki |
konsatrasyon °Il -¢mleri UV spektrometre ile yapeéel méxkter
ortamda renk dejJikimekherafodmé¢dtenaddea daod klye& dejerl er
gzl enmi ktir. Boyar maddenin 200ppm de °1 -¢l en pH: 6, 0
Bu nedenle °I| -¢m¢g yapélacak ol an meyvarir kmaddeiméeirnni ar R
cretilen aktif karbonun boyarmadde gideriminde kull angé
Anahtar KelimelerrAds or psi yon, Akasya ajaceé talakée, Kmpregnasyo

Activated Carbon Production and Chinolin¥ellow Adsorption as a Result of
|l mpregsion of Acasia Tree Sheath Growing én Van

Abstract

In this study, the temperature, concentration and pH adsorption of quinoline yellow, which is used in food
production but remained as waste in nature, by producing an activated carbon with high surface area and good pore
volumes by using acacia wood chijpsactivated carbon production was investigated. In the study carried out,
activated carbon with a surface area 1389.0122 m2/g was produced as a result of imregnation of acacia wood
shavings by mixing with NaOH at a ratio of 1: 1 and pyrolysisirongre n gas at 800 A C in the
carbon, Determining the maximum adsorption of quinoline yellow by activated carbon (g max), Langmuir The
compatibility was observed according to the adsorption isotherm models of Freundlich, temkin afitheDR.
adsorption equilibrium data were best determined to be compatible with the Langmuir adsorption isotherm with R2 =
0.993 at 227.0390 mg / g and the kinetic model of the psseaiod order kinetic model. Concentration measurements
were made by UV speotneter in the study. It has beehservedhat quinoline yellow gives different valuiesthe
spectrophotometer and the measurements are different, since it decomposes in acidic environment and changes color
in basic environment. Since the pH of the idymeasured at 200ppm: 6.02, adsorption measurements were made at
this pH. For this reason, it has been observed that the spectrophotometric measurements of the dyestuffs to be
measured at different pH levels are important, and the potential of usepbtheced activated carbon in dye removal
is high.
Keywords:Adsorption, Acacia Wood shavings, impregnation, pyrolysis

G r K
Aktif karbon ¢retiminde aktif karbonun y¢gzey al

N,
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derecede ol maséeideinded @mmelatmemdidrd.e BU ar agk® zkeun é ehEl ac
yapélar oluktufK BeabhnlGh&sin2¢kdné kiarpé ol uktur mada a
hammaddesi ol arak kullaneéelabilir hammadde kaynak
olarak cins ve t¢r olarak farkleleéek g°sterdikIleri gi
yapésal ve ki myasal ° ZFehgel vekWegener 20%13Bh nepenlevam b i | me k t
b°l gesinde yeti ken akatsiyna nadea ckéu |tlaal naékl éméakk tvief gkeadrab

Kinolin sarésénén giderimin de kull anél méktér. BoO
ve su i-erisinden boyarmaddel erin alénma s¢re-1 er
spektrofaometre ile dalga boyd00-7 50 nm arasé cisimde séraseéyla ad
yekil i msi mavi , mavi msi yekil, yeki |, saréemseée y
yeki |l i msituruwalk &r, nmésgaata@or, mavi,y e K silmavimavi msivey g e ki |

ol arak gor ¢l ¢r.
Mat er yMdt ovde

Akt f karbon ¢ret m

¥ ¢t:Hp ¢t ¢ 1 me Kl eml er 200 mesh el eje sah p ©°J ¢t ¢
Kmpregnhaslyawmlardan 30'ar gr al énarak 10@ymE' laiyk é
karéekt ér él mécx vV e 48 saat impregnasyon i-in bekl
Karboni zasyonKmieghasgsyspuetamaml anan hamgmazdeamrewwe
500cnt/ dk hézl a ge-tiji reaktoor¢n i -lsaatte80@eyak éléek&
lsaat 80C de bekl etildi. Daha sonr & azedti rdrltda rié&neda sso
kapat él de

K¢l gi:@Obukmbil ecek k¢l ve dijer bilexkiklerin gide
10 dk karéktérélak s¢zme i kKl emine hazérl andeée.
Yékama vie B zinkel em aktif karbonun saf su ge-irger
sahip basit bir sistemle (kekil sistem) HCI wvarl
AgNOs( g¢megk nitrat ) ile tesbit edilmiktir.
iretilen Aktif HKar bven BretElaenmdnntzdle,rHt yapél méxkt er .

Adsorps yon

Adsorps yona konsatrasyon ve sécakl ék etk s

28 @B, 0°@A5secakl ekl arda ve 50ppm ,100ppm, 200ppm,
600pkmannsantrasyonl arda ve 200rpm kar éktérma hézeéen
K net k -al é&kmal ar

K net k -aléekmal ar 2000 p @M Okropms &ktarraéskytcerdhea 2h% z énd
pH deneyl er

Akt f karbon pH deneyl er bndal °h-gheaséndg @depep

Bul guelTamr t & Kk ma

El ement el Anali z Sonu-1ar é

0 6356 45,123  5,8996 O 51,6582




53
0,7553 68,6756 0,5988 0,6329 70,6626

- 0,9069 77,9076 0,5558 - 79,3703

A2-S s af akasya odun tal akéeé, A2 K ac
soncu olukan aktif kar bon, A2 @ad
aktfk ar bondur . El ement el analize b
A2K2 de ol duju g°r¢l mektedir.

6od e opitraariéinzd ai
diyuml i £t ei kI me mig
él déjénda en vy

FT-IR Analizi
I N
3710 3707 3707
3680
3337 3351
2981
922
2867 2390 2865
2844 2843 2843
2359 2359
2341 2342 2342
2107 2114
2078 2078
1877 1918
1635 1559
1505
1455 1091
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1421
1321
1371
1234
1053 1054 1054
1032 1032 1032
1013 1008

668 668 668
591 622

A2-S aj a- t al av@ gedlmesii @Kkolkrasint | er , H 1btag mi) , s 8133170 :
lignins el ¢l oz H b aCegamiime& 28672ch 2 2844ccmt  C-H gerilmesi ( alkan), 2341
cm! CO-CO bandé?! CQ@CO8 bamdeée T PataBB5k amél mék ar iC¥O ket on

Karbonhidratlar taraféndan absor be?ldbghinde aromatik2 O y
i s kel et Lignindeki azoknatiknalkalardaki C=0O COO, 1455tmC-H b aj & .ksdenae CH

l i gninde bozunmd Llignih vekkarbondihitral *€-H1 pam- al anma-Blé , ar
tirexkimler.i yada Aromati k hal kallatdm He mCs€l yeypa
sel ¢l dlzdef 6r masyonu yada Od#n8acnt Genl pli Heda b €Ceki m
syrin gy | t ¢ r@Qv | teirti me mi mt eKsilendekilAzedildvekarboksil ve lignindeki C=0
titrexki ml,&Oigerimeleribi §ni n ve hemiselg0maralkol, 10830, 105
cmt Karboksilik asiti alkol-eter, (1032 cmh  -1053 cm* Karboksilik asiti alkol-eter yadal030 cm' -

1060cm* Li gnin Sel ¢l oz ve hemisélGgl-dzda€=C=Q@l kearni ldmess
500cmt C-Cl bafj e,

A2-0 kar bonunda 1gOHrggrilmesn(alBolleta®s i arh er , H(Ciladrilenesk 98 0 ¢
Alkan) 2843 cm' C-H gerilme ( alkan), 2359 cin, 2342 cm CO,-CO b a n d é* @Ng @eillmesim
, 1054 cmt C-O primer alkol, 1032 cmt Karboksilik asiti alkol-eter, (1032 cm -1053 cm' Karbokslik
asiti alkol-eter yadal1030 cm* -1060cmt Li gni n Sel ¢l oz ve hemisell ¢l ozd
Kuvvetl. bant eter -QvVedl@OH , lkadrkioéd | Gglulra pdiariéwidral &r i ,
al kan trisClbshajoed Gymalg& O+ C al kan diCsCil b taijté¢ge (ci

3707cmOH geri Il mesi ( al kol T &bl,cmdzeinmi | esligiingHhedlzal] cgz) |,
H baj él ar é-lighiresme | ¢sled z;, | Hb zb & }-28d5 ant & 28438 LT-H garilmesi (
alkan), 23592342cm' CO-CO bandé?! CQOC8 bam d é ! C-I; petilfesic 1918 cm
1'CH <zayef bajl ar vy adaAromatikOgrutekij (6=C), 1 5I®BLRJosfolipid
titrexki miHeEOiprinieDakd, 1@3cm Karboksilik asiti alkol-eter, (1032 cm -1053 cm'
Karboksilik asiti alkol-eter yadal030 cm* -1060cmt Li gni n Sel ¢l oz ve hemisel
1008P04 662cm G¢ - | ¢ C=C al kan di,568dns tOH gegilme yada €4 ) ,b a§ €0 ¢
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Genel ol arak Li gni nd-dignmdeki aramatik halkalesdale C=©tCOQKE t r e K i

bajé veksi l@Hh ve | igninde b'€Ounma rekimkiemi, Ksi
vekarboksil ve lignindeki C=0 titeei ml er iN, CO® geasilmeleriLi gni n ve hemisel ¢
tirekimlierinin keéreéeldéjeée, Hidroksil bajlaréenénté
Bet Analizleri

P / p Ab6 da t ek 266.1453 1076.7854
m2/g

BET Y¢zeylgal ané 257.3286  1080.5928
Langmuir Y¢4gey 339.0434  1389.0122
t-Pl ot Microper e 2159078 437.7088

BJH Adsorpsiyon ortalama 67.445 40.253
g°zenek geni kl i

Bet analiz grafijinde g°r ¢yladpigl¢magyi abni k ayr¢lzcenya ad °a
yakl akék 5 kat artéjeée go°r¢l mektedir. BJH adsorpsi
ve mikro g°zeneklerin arteéejeé g°re¢l mektedir
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Akti f kar bonu ngiderimkadsorpdiyonrnernmsodinamilsparametreler tablosu
c = Q'
— D > B c e c
' c 5 O 0|: =
X 2 Q S E LS g c a) Iq—) %
o Q. ~—~ ()
Sl B8 4., (S|SB 18| & |g| ¢«
OE0E |08 |88 & |O | |o |E < £ =
14,465 | 35,534 71,088,836 | 0,162| 1,160(1,948| 2,671 4,486|0,00335
50 |3 7 7 8 8 3 6 8 7,02E+06 |8 6
59,841 | 40,158 40,1 (100,39 |0,596| 1,777|2,001| 4,091 4,609
100 |8 6 56 1 0 7 7 6,35E+06 |1
298
130,55 | 69,445 34,7|173,61 | 0,752| 2,115| 2,239| 4,871 5,156
200 |48 2 2 30 0 8 6 8 6,23E+06 |8
324,18 175,810/ 18,9|189,52 (1,710/2,510|2,277| 5,781 5,244
400 |93 7 5 68 5 8 7 3 6,18E+06 |5
519,50 | 80,490(13,4|201,22 | 2,581|2,715|2,303| 6,252 5,304
600 | 95 5 2 63 7 6 7 9 6,16E+06 |4
13,435 /36,564 73,1|91,411 | 0,147|1,128|1,961|2,597|7086710,32 4,515/ 0,0033
50 |6 4 3 0 0 3 0 9 58 4
57,893 |42,106/42,1|105,26 | 0,550|1,762|2,022| 4,058| 6352786,89 4,656
100 |4 6 1 66 0 6 3 6 00 5
303 127,55 | 72,445 36,2|181,11 | 0,704| 2,105| 2,257| 4,848|6235511,93 5,199
200 |48 2 2 30 3 7 9 5 89 1
320,16 | 79,830/ 19,9 199,57 | 1,604|2,505|2,300|5,768|6177287,38 5,296
400 |98 2 6 55 3 4 1 9 48 2
515,23 | 84,765 14,1(211,91 |2,431|2,712| 2,326 6,244|6162732,41 5,356
600 |48 2 3 30 4 0 2 6 81 2
11,876 | 38,123 76,2| 95,307 | 0,124/ 1,074|1,979|2,474|7216150,45 4,557|0,00314
50 |9 1 5 8 6 7 1 6 67 1 5
53,004 |46,995/47,0/117,48 | 0,451|1,724|2,070|3,970|6372701,88 4,766
100 |3 7 0 92 1 3 0 4 65 3
318
122,99 | 77,002 38,5| 192,50 | 0,638|2,089|2,284|4,812|6239106,43 5,260
200 |80 0 0 50 9 9 4 2 74 1
313,62 86,378/ 21,5|215,94 (1,452|2,496|2,334|5,748|6178090,60 5,375
400 | 14 6 9 65 3 4 3 2 89 0
iy




‘ 509,18 [ 90,815/ 15,1 2,242|2,706|2,356| 6,232 6163016,11 5,425
600 |44 6 4 7 9 1 8 51 1
Akti f karbonunun kinolin sarésé gideri mi

A2-2 KS T(K) 298 303 318

b 0,0245 0,0249 0,0284
Langmuir |Qm 215,8687 227,1222 241,7701

R2 0,9927 0,9931 0,9957

n 3,9465 3,9247 3,9695

1/n 0,2534 0,2548 0,2519
Freundlich

Kf 42,9838 44,9788 49,6960

R2 0,8872 0,8963 0,9287

B (Jmol-1) 34,6739 36,3880 38,3525

Ar(Lg-1) 0,6790 0,6938 0,7993
Temkin

br 71,4566 68,0906 64,6027

R2 0,8886 0,8960 0,9248

X'm (mg g-1) 37593,9372 |29152,1060 |19902,1642

K' (mol-2J2) 0,000000873 |0,000000824 |0,000000749
- R2 0,6724 0,6785 0,7293

E 0,0013212 |0,0012837 0,0012243

adsor psi
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Aktif karbonunun kinolin sarésé gideri mi  angmg¢i
298 KA2-2KS Langmuir 303 K A2-2 KS Langmuir
@ =~ 463E03%+0,189R2=0993 O = 44E0FX+0177R=0993
3 25 -
-0 20 L.
. re o 15 =
§ 1 - § " g
o 05— 0"
0@ no®
100 200 300 400 500 00 200 300 400 500
Ce Ce

318 K A2-2 KS Langmuir

@ 4,14E-03*x + 0,146 R2 = 0,996
2,5
o
2,0 -
@ 1.5 =
(=
;:)3‘ 1,0 —
0.5 o —®
00 @
100 200 300 400 500
Ce

Akti f karbonuad kammpdiiynomswarlksesantrasyon sécakl| ek

@ 298 Cads @ 303 Cads @ 318Cads

200,0000
150,0000

100,0000

Cads (mgl)

EE——————— ———=
Zaman (dk.)
Aktif karbon kinolin sarésé kinetik veriler:i tabl
T (K) k1 ge(Calc) (mg/g) ge (Exp.) (mg/g) R2
298 1411,2910 222,0919 0,9451
303 1577,0986 222,0919 0,9139
318 657,7084 222,0919 0,8341

G



59

T (K) k2 ge(Calc) (mg/g) ge (Exp.) (mg/g) R2

298 0,000003433 0,0057 222,0919 0,9977
303 0,0000 0,0054 222,0919 0,9974
318 0,0000 0,0051 222,0919 0,9961

Tabl ol ara bakél déj énda;

O!- seéecarkd grkeasayam katsayélaré 0,8706in ¢zerinde o

O Grafikte gore¢ldel e gibi sécakl ék arték-a adsorp

O!- seéecakl ékta da-Rr éd groasyani kKatrsay @, 88@ i ¢zerir

O En yéksek regresyon kzopageméndemsakl de Ladg e
adsorpsiyon kapasitesi, 266 de 215, 8 6 8% dmeg /nga kvsd mlun adsor psi yo
mg/ o4 maksi mum adsorpsiyon kapasitesi 241,77
ket esi bakéna ads®m@haamérmasnaddeaedot &t mi k bir
gestermektedir.

O Regresyon sayéséné 106e -ok yakén ol masé adsor p:
dejerine bakélarak bajlanma enerjisinin sécakl é

O Freundlich izotem mdesjadr 0202512 5d3pspsiyen izbterm
ejrisinin hafif-e y¢kselen ve elveri«kli ol duj u

ger-ekl exktiiji
O Temkin izoter mi B-36y38863i 8s,i 3n5e2 5¢gj°oruel ey 4mo6l 7 309 duj u ve

adsorpsiyon enrjisinin arteéejeée g°r¢l mektedir.
O Kinetik verilere bakéldéjénda regresyona sayeés
goer ¢l megkt ¢gr .
Aktif karbon kinolin sarésé pH deneyl eri

Bir bilkeklj]jn, rmaoakek¢l ¢nde by WNehé mzoydpeda, C =
O nitrozo veya nitro gibi gruplarile-OH hi dr oksi |, zayéf b-BlH.i k yada
ami no gibi grupl arén ol masé yada doymamék yapédal
renk, phoron,: fivkerroincoif,ort"a kdeiyjéecrée )k esména i se renk a
"oksokrom") , bu grupl ar én ol duj u bil exikl ere d
spektrofotometrede 437nm dalga boyunda pi k ver mk
as di k ortam ortamda ve bazik ortamdan renk dej i «
dejiktijinden okunan dejerler yanléek dejerler ol
deneyl er yapél mék bazi k ve asiadiékktodrrttamda adsor p:¢

/

G
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Sonu-1 ar

O Kinolin sarésé Uv spektrofotometrede 437nm dalg

O Kinolin saréseée( katyonik boyarmadde) asidik ort
bazi k ortamdan Sarémsé yexil regedgy @algadbbyu me k't ed i
dejiktijinden okunan dejerler yanléek dejerler o

O Sodyum hidroksit ile imregnasyon sonucu ol ukan
artméek mezo g°zenekli yapé yerine mikro ve mezo

O Boyarmadé Adsorpsiyonunda kullanél abilir.
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¥7Tr.Gor S¢meyya Serin
'Kn°n¢g !'niversitesi

¥zet

Bu -al ék-mhpneedktofFarak kull anélan yapésal ol arak ben:
ileilgiidr. Bahsedil en barbitg¢gratlarén farmakol oji k aktivitesi
i -in teorik hesaplamal ar yapeéel méetudvrO. abPheantiabarve t al e kvtel
°zell ikl S8tli++®B@,p)Y Pt 6&mel seti ile yojunluk fonksiyonel te
-al ekxmada il gi -ekici bir °zel |l ik, barbitg¢rat t¢e¢revloer
kat sayéseder . Bu s elbaerpélne , | iipnocfeilleinke nk abraar kitktetnqldekaigolvasgon € ml a m
serbest enerjileri SMD sol vent model i kull anél arak hes
partisyon katsayésé dejeri°ataséredaedojrruEaldebiediil leinklisio
ol duju g°r¢l megkt or .
Anahtar KelimelerrBar bi t ur at , Partisyon Katsayeéeseée, YFT, Lipofilik

Theoretical Studies on Pentobarbital and Thiopental

Abstract

This study deals with two structurally similearbiturate derivatives, pentobarbital and thiopental that are used as
sedativehypnotics. Theoretical calculations were performed in order to investigate physicochemical properties that may
be related to pharmacological activity of mentioned barbituratd®MO-LUMO analysis and electrostatic surface
properties of pentobarbital and thiopental were performed by using density functional theory (DFT) B3LYP method / 6
311++G(d,p) basis set. An interesting feature in this study is the partition coefficiect) wiay give an idea about the
lipophilic character of the barbiturate derivatives. For this reason, free energies of solvation in water aodtanal
have been calculated using SMD solvent model in order to define lipophilic character of studied&@dbitalculated
descriptors show that there is a linear relationship between the drug's activity and the partition coefficient value. It is
found that results are consistent with the literature.

Keywords:Barbiturate, Partition Coefficient, DFTLipophilicity

Introduction

In 1864, with the synthesis of barbituric acid, medical studies on barbiturates and their derivatives have
been the focus of attention. Although barbituric acid itself does not implement any impact on the central nervous
system CNS), 5,5disubstituted derivatives have been observed to display anxiolytic, seldgpinetic and
antiepileptic effects (L°scher and Rogawski, 2012:
according to features of substituents. Bfiere, the aim of use in treatment also changes. For instance, the
barbiturates in the category of short or intermeegating were employed initially as hypnotics, whereas those
of long-acting were widely used as anxiolytics and antiepileptic; ultrastobirig ones were commonly used as
general anesthetics for minor surgical interventions. The distinct pharmacokinetic features of barbiturate
derivatives made it feasible to establish such a clinical categorization depending on the duration of their action
Because of these properties, barbiturates have been the topic of many SkattuiseRelationships (SAR),
Quantitative Structuréctivity Relationships (QSARs), as well as Quantitative StrueRlrarmacokinetic
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Relationships (QSPkR) studies (Benitak 1998:121; Henry et al. 1976:619; Hansch and Andersen, 1967:745;
Gupta 1989:1765; Serdarojlu and Ortiz, 2017:957).

Computeraided drug design contains any application of compghased procedures for aims of defining
criterion to relate bioactivity tmolecular structure. Computational methods can contribute to the improvement
of new drugs by two ways. One of them is to expose structural factors that administrate the biological properties
of chemical compounds. The second one is to give insightshiatméchanisms that underlie the interactions
of chemical compounds with biological systems (Hopfinger, 1985:1133).

This work includes quantum chemical calculations for-iwmc forms of pentobarbital and thiopental
generally used as sedatiligpnotics. Bntobarbital is a member of barbiturates that is barbituric acid in which
the hydrogens at position 5 are substituted by ethyl amthylbutyl groups. The chemical structure of
thiopental is basically similar to that of pentobarbital; a thiocarbonylpgreplaces the C=0 group at position
2 of the pentobarbital molecule. The chemical structure and IUPAC names of studied barbiturates are shown in
Fig. 1.

Fig. 1. The Chemical Structure and IUPAC Names of Studied Barbiturates

PENTOBARBITAL THIOPENTAL
5-ethyl5-pentan2-yl-1,3-diazinane 5-ethyl5-pentan2-yl-2-sulfanylidenel, 3
2,4,6trione diazinane4,6-dione

Computational Methods

DFT calculations were performed by using Gaussian09 software package (Frisch et al. 2009). The
geometrical optimization of studied barbiturates has performed by using Becke's three parameter interchange
functional along with Leé&’angParr correlation funanal (B3LYP) and e11++G(d,p) basis set (Becke,
1993:1372; Lee et al. 1988:785). All calculations were repeated in the wateroatamhol phase in order to
evaluate lipophilic character of pentobarbital and thiopental.

This study includes the calculatiof theoretical physicochemical parameters like energy of the highest
occupied molecular orbital lbvo), the lowest unoccupied molecular orbitalffw) , ener gy gap ( &E
(S), gl obal hardness (d), el ecandnepamical yppobspnte
solvation free energies of studied barbiturates in water anebotamol have been determined using SMD
solvent model.

Resultand Discussion
Frontier Molecular Orbital Analysis of Barbiturates

Among quantum cheroal descriptors, lomo (energy of the highest occupied molecular orbital) angd=
(energy of the lowest unoccupied molecular orbital) are used frequ&htiyio and Euwmo are openly
interrelated to the ionization potential and electron affinity respaygtiihey define the susceptibility of the
molecule toward attack by electrophiles and nucleophiles.
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The quantum chemical descriptors such as chemical potential, hardness, softness, electronegativity and
electrophilicity are calculated directly from orlbiemergies of the optimized geometries. Calculation results of
studied barbiturates in B3LYP method in gas, water, aodtanol phase are represented in Table 1 and 2. In
thiopental, the softness value increased with the effect of the sulfur atom dwaddhess value decreased. The
high energy gap value indicates good stability and low reactivity. Also, it can be seen from the tables that energy
values vary with the solvent effect.

Table 1.Enomo, ELumo, 2 E V aStwliedBarlbitarates At Different Dielectric Media

Enowmo (eV) ELumo (eV) ot
e Pentobarbital -7.67742 -1.76983 5.90759
Thiopental -6.79850 -2.48141 4.31709
water Pentobarbital -7.69566 -1.76248 5.93318
(U=78.3 Thiopental -6.69074 -2.34617 4.34457
n-octanol Pentobarbital -7.69402 -1.76656 5.92746
( U=9, 8 6| Thiopental -6.68775 -2.33719 4.35056

Table 2.Calculated Energy Values For Pentobarbital and Thiopental

Chemical Chemical Electro-

Compound  Hardness 0"®SS  potential negat i v o cctophilicity

a) * = i ndex 1
Oevy) (D00 (v (
P ital
entobarbital , o380 0.16927  -4.72363  4.72363 3.77694
gas
Thiopental 215855  0.23164 -4.63996  4.63996 4.98697
= ital
entobarbita 2.96659  0.16854 -4.72907 4.72907 3.76933
water
Thiopental  2.17229  0.23017 -4.51846 4.51846 4.69930
Pentobarbital
n- 2.96373  0.16871 -4.73029  4.73029 3.77491
octanol i
Thiopental  2.17528  0.22986 -4.51247 4.51247 4.68041

The charge density of HOMDUMO levels and energy gap values are shown in Fig. 2 and Fig. 3 for
pentobarbital and thiopental respectively. According to Fig. 2, while HOMO is located on mainly C=0 groups
of pentobarbital, LUMO is located on the barbitundg. However, according to Fig. 3, HOMO is located on
mainly C=S group of thiopental; LUMO is located on the barbiturate ring.

J
-
UBAK



64

Fig. 2. Frontier Molecular Orbitals of Pentobarbital Corresponding to Gas Phase, Wate¥,

Octanol
gas phase water n-octanol
a2 3
; &
A r
LUMO
T 5.93318 eV T
5.90759 | 5.92746 eV
HOMO

Fig. 3. Frontier Molecular Orbitals of Thiopental Corresponding to Gas phase, Water; ¢

Octanol
gas phase water n-octanol
3
9 2 9 3z ; & 7
J’\‘& J’\‘ f
9 9
LUMO “
4'317|09 4.34457 eV 4.35056 eV
| |
2, '
9
J)\‘ ‘ ‘)\’ 5
9
HOMO ’
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Electrostatic Surface Properties of Barbiturate

Electrostatic potential maps, also known as molecular electrostatic surfaces, illustrate the charge
distributions of molecules in 3D. These maps let us to visualize variable charged regions of a molecule (Murray
and Politzer, 2011:153). The electrostaticface potential map was calculated in order to estimate reactive
sites of electrophilic or nucleophilic attack for the studied barbiturates at B3t3R/6+G(d,p) level of theory.

The calculated MEPs of pentobarbital and thiopental are represented & Fhe red regions of MEP are
related to electrophilic reactivity and the blue regions to nucleophilic reactivity. The MEP maps are in the ranges
10.0374kred and 0.0374b | u e, tredl and G.A3B38Blue for pentobarbitaand thiopental, respectively.

Fig. 4. Electrostatic Surface Potential Maps of Pentobarbital (A) and Thiopental (B) in'
ove!. [ o - - .

A) (B)

LogP.w Calculations of Barbiturates

Intrinsically, the LogRy is one of the important physicochemical factors affecting drug transport and
distribution. The contribution of each functional groups assists to identify the lipophilic or hydrophilic character
of the molecule. The use ofattanotwater partition coeffient remains the premier method to correlate the
activity with molecular structure in both experimental and theoretical investigations (Nadendla, 2005:16). LogP
can be estimated by using experimental or computational methods. Four methods have beeeddevelop
measure logP experimentally. These methods are gleakdgPort et al., 2018:122], slow stir, generator column
methods and reverse phase high performance liquid chromatography (Xiang et al., 2018:122; Ogden and
Dorsey, 2019:243; DeVoe et al., 198313. It is very advantageous to use computational methods to estimate
the logP values betweenogtanol and water instead of using expensive and-¢mnsuming experimental
methods.

In 1901, Meyer and Overton correlated the potency of hypnotic compodtidgheir lipophilicity. An
increase in the partition coefficient value of the compound will parallel an increase in hypnotic potency.
Therefore, it is possible to predict the lipophilic or hydrophilic character of a medicinal agent by exploring the
chemial structure of agent and recording whether its structural properties promote affinity for aqueous or lipid
media (Hansch et al., 1987:663).

In this work, the SMD method, a parametrized-selfisistent reaction field (SCRF) based solvation model
developedoy Truhlar and coworkers was used (Marenich et al., 2009:6378). It was developed specifically to
predict solvation free energies. LagRalues can be calculated according to equation given below (Garrido et
al., 2009:2436). In Formula, Rand T arethegasn st ant and t e mp @daicdd Ud BRI I €S P €
are the free energy differences of compounds in solvent and in gas phase.
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LongW: (h%@n‘ e Golvatior) / 2.303RT

Solvation free energies and logR/alues of barbiturates were given in Table 3. When comparing the
calculated logRy values at 311++G(d,p) level of theory with the values given in the literature, the deviations
are 1.05 and 0.00 log usifor pentobarbital and thiopental respectively. It is observed that with the addition of
a sulfur group to the pentobarbital, the leg®Palue is markedly increased. In this way, the lipophilic character
also increases.

Table 3. Solvation Free Energies and LggWalues of Studied Barbiturates

&sov (kcal/mol) LogPowit)

& water & octanol I(_:aﬁso)w Ref.24 Residual
Pentobarbital 9.01 7.72 0.95 2.00 1.05
Thiopental -10.96 -14.18 2.36 2.36 0.00

Conlusion

The pharmacokinetic properties of barbituric acid derivatives are determined by their properties against
enzymatic reactions. Molecular properties, lipophilicity, pKa, and steric and electronic characteristics of
barbiturates affect its interplay with tletive sites of enzymes. Therefore, computational chemistry methods
are requisite for generation, estimation and representation ofdimeasional structures of molecules and
related physicochemical properties. This work reports frontier molecularlabébysis, electrostatic surface
properties, and lipophilicity estimation of pentobarbital and thiopental by using DFT calculations.

In conclusion, it is observed that with the addition of a sulfur group to the pentobarbital, theviige
is markedlyincreased and the lipophilic character also increases. As the lipophilic character increases, the
amount of metabolization increases, and the duration of action is shortened. So, while pentobarbital is defined
as a shoraicting barbiturate, thiopental igfihed as ultrashortacting barbiturate. The sulfur atom appears to
have an additional effect in shortening the duration of destruction in the body and thus the duration of the
hypnotic action. Therefore, it can be said that there is a linear relatidyethipen the drug's activity and the
logPow value. The main advantage of the calculation approximation is a possibility to estimate some properties
such as lipophilicity during the design of drug candidates prior to their synthesis. The robustnitisy eatic
validity of the activity predictive power of a Quantitative Structéiptivity Relationships study vary depending
on the convenience of the molecular descriptors used. Many sources of molecular descriptors can be found
through quantum chemicadlculations.
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¥zet
Asteraceae (Composita€)a mi
endemik olanCentaureat ¢ r | er

| antduaeal .o lcainnsi nin T¢grkiyedde 194 t¢ér

[
ziganensi® i t Ki sinin fa

I

€
e il gili -0k sayeéedal Bikyn@adtadrealvai t e -
rkl & ekstrelerinin timvirdantioksilan aedaiyabek ( TP C
ile ilixkkilamielneg mikeotiodaazn elnzi ml er i ni i nkilikb eo leadriacki mazseel |
ile bitkinin toprak ¢st¢ keséemlaré farkl e polaritel erde
Bitkinin fenolik ve flavonoid i -erik a-éséndan zengin
ekstresinin TPC182,040mg GAE/g), TFC61,579mg RE/ g) 6 sinin metanol ekstresine
edi | mi ktir. Ay n é initramannt di ao kbsiitdkainn itne sbt¢ltegrni nde anl aml é bir
enzimleri inh be et mede y¢ksek bir potansiyelinin olduju g°r¢|
CUPRAC (88.178 mg TE/gg), Fosf omol i bdenumamilaz 8886.885n6fg mg T
ACE/g) inhibisyonunda, metanol ekstresinin ise ABT&,034 mg TE/g), FRAP56.736 mg TE/gantioksidan testlerinde
ve-gUDukozidaz (144.6685 mg ACE/ g) i nhi bi syonCuzigarensislaha e
bitkisinin ekstrelerinin il eri f ietdo K immaysa salbigmalkitilve rt le
tamamlanép ulusl ararasé bir dergide yayénlanmasé planl a

yas
il

Anahtar kelimeler: Centaurea ziganensis Ant i ok si dan -aankitliavglukeseaz lhibisyenb e t | V]

Determination of Antioxidant Activity and Enzyme Inhibion Effects of Endemic Centaurea Ziganensis Plant

Abstract

Centaureas a member of the Asteraceae family, and there are 194 species in Turkeyehthareagenus.118
endemic species of the genDentaureaare located imMurkey, and it has been made numerous bioactivity studies about
different Centaureaspecies. This study, the total phenolic (TPC) and flavonoid contents (TFC) of different extracts of
Centaurea ziganensi;-v i t r o anti oxi dant , -aanyd aismlhcasmase dizyyesprhich@re the i e s
enzymes associated with diabetes, were investigated. First, by maceration, the plantg@bualparts were extracted
with solvents of different polarities (Dichloromethane (DCM), methanol). It has dleserved that the plant is rich in
phenolic and flavonoid content. When the extracts were compared, TPC (182,040 mg GAE/g) and TFC (61,579 mg RE/Q)
of DCM extract were higher than methanol extract. It has also been observed that the plant has sigtiificant all
in-vitro antioxidant tests and has a high potential to inhibit diaksetegciated enzymes. While DCM extract was more
effective in DPPH (7,383 mg TE/g), CUPRAC (88.178 mg TE/g), Phosphomolybdenum (235,656 mg TE/g) antioxidant
t e s tamylase Uhhibition (2886.78 mg ACE/g), methanol extract was more effective in ABTS (36,014 mg TE/g) and
FRAP 66.736 mg TE/glant i o x i d a n-glucosidaset (544.6685 dng ACE/g) inhibition. It is also planned to
determine active compounds ©f ziganensigxtracts by advanced phytochemical analysis, complete bioactivity studies,
and publish them in an international journal.

Keywords: Centaurea ziganensis Ant i oxi dant -amli asd-glugasialeiithibitet e s | U
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Girik

Bu y¢zyel dd,erkinf alaé& maiktoh oj i k et kil erinin artmas
y°net i mi i -in gelecek vaat eden bir ila- olduju ka
ila-lara dojru bir y°nel i nm aolanka katdal awned eélr .8 | dna ki d o je &
d¢nyada hastal ékl ar én vV e rahatseéezl ékl ar én °nl enme
kul | an é(Amaoflo ét al.2@1R; Balandrin et al. 1985)

Bitkilerin antioksidan bilekenl eri radi kal t emi :
hal e getirmepkt Mare88Nnc & zel | i kl e fenoli lklhet ¢bil lee kin
el ektron verme °zelliklerine bajlée olarak bunl ar a
hidroksil grupl arénén sayésé ve bulunduju yerin
Birdneviko- al ekxkmatyyanaglPirk, bil eki kIl er ol duk-a g¢-1¢ an
antioksidan etkinlikler:i kroni k hast@Pedkd mdelkn 200

Diabetes mellitu¢gDM),yani ti p 2 diyabet, d¢nya -apénda b¢yé
bir hastaleéekter. Et kil enen i nsan (Mrmyaapow etal2e2e) i © |
Gel eneksel antidiyabeti k ila-1areéen hadzeé& edce zvaev abnetl a
et ki mekani zmaséna sahip ol(Gegdtha angl Gayathtie20lb6pksine, et ki |
bir-ok insan diyabet:i ko ynettrloelrlentlmeakzavlet nsaak] |ié-ki nb adk
maddel er den yararl anmaktadeéer . kifale bitkilerden
g°r mektedir. Bu nedenl e bltklsel form¢gl asyonl ar,
olmay an ve daha az t ok s(Lakkatithekel Hugnh,jandeDiasni20Xk9) e di r | er

Asteraceae (Compositad)a mi | yaséneée e iICenthugenls .k  cciimssiinionl achg ny ad
|

a
n
S
endemi zm or arnaéf ysa skéem@ nz tc¢o
k

bilinmektedir(Eskin2011) | | ke mi zde e 194 t¢re¢ bilinmekte ve |
M i -in g e n(AlagrakkAtagagun,aidd uj un
Aksoy 2017) Bu <cinsin bir—o te¢re¢ romati zma, di yabet ,

tedavisinde alternatif t e(dRey lden ,haK kp alr kgiga@igardioh Brud U |
Amoros, and Girre 1992; Sarker et al. 1998; Sarker et al. 1997; Shoebetal. 20060 | ay és éyl a f al

etkinlijJinin belirlenmesi i -in -aléexkmalar giderek

Bu - al @ k ma mé LCentduaea =Hgarkresiditkiginin toplam fenolik, flk onoi d i -erik
antioksi dawmmi 2eaigll vklo&iidazUenzi ml erini QGuzganensige edi ci
il gili |l iterate¢rde bir -alékma bulunmamaktadeér.

Materyalve Y ©° nt em
Bit ki ¥rneklerinin Topl a&nmnmbldesEdilmes¥] ¢t ¢ 1 mesi ve Ekstr

Bitki ©°rnekleri Zigana Ge-idi G¢m¢gkhane yolu 5.k
tari hinde toplanméxtér .

Bit ki °rneklerinin toprak ¢(ste¢g késéemlaré dojruda
2hafta s¢re i le uygun kokull arda kurutul muktur. Kur
getiril mi ktir. Ky i bir ekstraksiyon i-in bitki °ron
orta d¢zeyde poorloameittaeny ev es aphoilpardibkilr bil eki k ol an me
edi Il miktir. ¢°z¢gce¢ler rotary evaporat®rde u2Cdr ul mu
de saklanméxkter.

Deneylerde metanol ve diklorometan ekstrelerikl anél mékt ér . Bitki ©°rnekl er
doz (10067 , 8125 Og/ mL) ve her bir doz i-in 10 tekrar ol
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Toplam Fenolik Madde Tayini (TPC)
Bit ki ekstrelerinin toplam f e n BdinClocalteauemnetod lilee r i 9
spektrofotometri k ol ar ak(Heradd, Gadgid, antl Tilleye2012)d i | er ek ©°1 - ¢

Kuyucukl ara 20 OL bitki &MKstFrodsin, Clié adlt ewlut rrae ad
karanl ék ortamda bekl etidinmiakves Gends a ai x&rair ae@ | @R O al b

bekletil mik ve 760 nSméandlear ok wod ma aka geall mé Kkt ears.i t k u
i -eri kleri g kuru °rnek bakéna d¢ken mg galli k asi
Toplam Flavonoid Madde Tayini (TFC)

Bit ki ekstrelerinin toplam fbaVvakadd Al emi kly em
Kol orimetrik metodu ile spektrof ot ome(Chargktalo2002)r a k v

Kuyucukl ara 25 OL bitki eksyr®sdakilkd 1Odr ahlt éla sk
25 OL;s6MOCltekrar 5 dakika karanlék ortamda bekl etil
de okulmméwa@e. Standart ol arak rutin (kullaneéel mécxt
d¢ken mg Rutin (mg RE/g) keklinde ifade edil mixktir

Biyoaktivite Tayini
Antioksidan Aktivite Tayini

Serbest radi kal 22diferkl-d-p akai letikdmdZijli ( DPPH) radi k.
metodu il e spektrofotometri k (RBldisd958k Kvuey uncoudkil fairyae 1e3d
ekstresi, 247 OL DPPH stok -°zeltiderki&lal drhiwetika
517 nm okuma yapél mékteér. Standart olarak Trol ox ki
g kuru °rnek bakéna d¢gken mg Trolox (mg TE/g) kekl

2 , -&ihobis (3etil-bezotiazolin 6 sulfonat) (ABTSy adi k al katyonunun antio
absorbansénén engel(Aieenam2068)S pt eekmierl o fnoet odnaeytarniékr .ol ar ak
modi fiye edilerek uygul anméxkteéer . Kuyucukl ara 13 Ol
nméde okuma yapél méxktkeurl.l aited nmexrtteér ol &rkask rEd @lr o ¢
Trolox (mg TE/g) «keklinde ifade edil mi ktir.

Kk kez Apakve arka d lar&tarafendangeliktiriienbuy® temtemel olarak 2,9- dimetil-1, 10-fenarnrolin
(Nedkuproin-Nc)an Cu (II) ile duxturduju b&é (I1)-nedkuproin kompleksinin (Cu(ll)-Nc), 450 mmd de
maksimum absorbansveren baké& (1)- nedkuproin (Cu(l)-Nc) K leté anindirgeme yeteng indenyararlan@arak
artioksidan kapaste hesagdammaktadx (Apak et al. 2004) Spektrof ot ometri k ol ar al

modi fiye edilerek uygul anméxkteer . Kuyucukl ara 25 OL
nmode okuma yapél mékter. St BkstrélarinQu (1) | Kayr catkuirgdyicio | o x |
AntioksdanKapasite g kuru °rnek bakéna d¢ken mg Trol ox ( mg

Benzei ve Strain taraféendan geliktirilen bu y?°
antioksi danmiaktearent 4 yip(idZrrayl alp&l Rg0kOk7/e)d ef ot omet r i k ol
y°ntem modifiye edilerek uygul anméxt éer . 12,5 OL bi
okuma yapéel meat &k . TiSolamxdakul loanél mékteér. Ekstreler|
G¢ cKagpasite g kuru °rnek bakéna d¢gken mg Trolox (mg TE/

Prieto vV e arkadaxkl!l ar é taraf éendan gel i kteisi i |yeenk i
fosfomoli bden kompl eks (PtietokPineda, and Ageilardl @eektrbf@amdtiikr i | mi
olarak °1 -¢lmgk ve y°ntem modifiye edilerek wuygul
fosfomol i bdat fdeea kOtO fdia keikklae nimmikks,b a9ssg a nad b és ak@ k Iméjk a
beklenil mik ve 593 nméde okuma yapél méxkter St and:
bakéna d¢ken mg Trolox (mg TE/g) «keklinde ifade ed
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Enzim inhibisyon tayini

Bit ki e k s-tarnei |l earzi n iktivitestb96 tkAyucuklu mikroplakada, Caraw@gmogyi
i odine/ potassium iodide (I KI) metodu ile Spektrof
uygul afrang et 81.82012) Kuyucuk!l ara 25 Oilamilazienzini, 10elk 37 & cees i , !
60 rpmdé de -al kalanmék, s¢re sOoQudd@ ar kmy ud el k- alr kaa 15«
sonunda kuyucuklara 25 OL HCI, 100 OL LUGOL ekl enm
Akarboz kull anédamekltaézr .i nEhkisbtirtelreraiknt ilvi t esi g kuru
ACE/ g) HKealdlei mdle | imi Kkt i r.

Bit ki e k s-tgrleu keorziindianz U nhi biteor aktivitesi 96 k
arkadakl ar énén y°nt emi, Spektrofotometre de Kine

uy gul a(imémangeand Rhee 2004) Kuyucukl ara 80 OL bitki ekstre:
Ugli kozidaz enzi‘f@ dd av®e cakilkm Ki,nk83jJbasyona beéerakeée

aral ekl akluamakiymptil mékt ér . Standart olgauva&bzAlkdarzbonh
aktivitesi g kuru °rnek bakéna d¢ken mg Akarboz (m
Sonu-1lar Ve Tarti kma

Anadolu zengin bir flloermniymevee dedhikp kolvmaeé asgdeal
mer kezi k o(nkuerkuenrdcaidcéjrl u Cent abre@0&l hpsininde gen mer

sebebiyle eeingdel biyoiaktixite -al ékmalaré daha faz

Bu -al@Ekigaseds# i t ki si nin metanol ve DCM ekstrelerin
ve DMO6 nin ©°nl eamielsa zglukézeaz @nkimlerikin ihhibisyahu ile ilgl i -al ek ma
yapél méktér ve sonu-lar Tablo 16 de g°sterilmiktir

Tablo.1. C.ziganensiv i t ki sinin TPC, TFC ve Biyod&kstSi voiltaer a%o ni uf
edildi)

Ekstre
Metanol DCM
TPC (mg GAE/Q) 22,957N0. 15 182, 040N0. 24
TFC (mgRE/Q) 21,382N0.0746|61,579N0.202
Antioksidan Aktivite
DPPH (mg TE/g) 2,896N0. 08 7,383N0.05
ABTS (mg TE/g) 36, 014N0. 23 12,594N0. 16
FRAP (mg TE/g) 56. 736N0. 004 |44. 813KN0. 12
CUPRAC (mg TE/qg) 46.43207NR0.12/88. 178N0.231
Fosfomolibdenum (mg TE/g) 138, 196NO0. 26 (235, 656N0. 37
Enzim Knhibisyonu
U-amilaz (mg ACE/g) 205.88N0.0586/2886. 78N0. 274
Uglukozidaz (mg ACE/Q) 144.6685N0.02/36, 4304N0.005
Met anol ekstresinin, TPCCemntaurea i i el i t e f-aatl ietkdeall baur ly
uygunluk g°sterirken, TFC i-erifji i se daha d¢gkegk b
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y ¢ ks ek b uZeongmetalk2018;rAyaz et al. 2017; Ozcan and Acet 2018; Zengin et al. 2016; Uysal et
al. 2021)

Metanolve DCM ekstrelerininABTS serbest radikal katyonunte DPPH'serbest radikalini giderme
aktivitesil i t er at ¢r deCertaurtat pa hedii et e il gildi yapélan - al
(Albayrak, Atasagun, and Aksoy 2017; Ayaz et al. 2017; Zengin et al. 2018; Jaafreh et al. 2019; Ozcan and
Acet 2018; Acet 2021; Uysal et al. 2021)

Literatye¢r de Centalreah @ n |l driij reirn met anol ekstresi il e
-al ekxmal aréna g°re d¢kegk +BPakm®DICM éerkastgerse ndahal
(Aktumsek et al. 2013; Ayaz et al. 2017; Zengin et al. 2018; Jaafren2€x18l; Uysal et al. 2021)

Centauread ¢r Il erinin metanol ekstresi ile yapél an Fosf
(Aktumsek et al. 2013; Ayaz et al. 2017; Zengin et al. 2018; Jaafreh et al. 2019)

Géevenli géda ¢regnleri ve uygun antioksidan ©°zellli
antioksi dan czelli klerinin daha f dRicklEvang Midlex, taredr € | ma
Paganga1997) ve bu a-édan bakél déejénda -al ékeélan bitki
ol acakt ér.

Metanol ve DCM ekstrelerinitfamilaze nzi m i nhi bi t°r et ki si l'iterat¢r
ile i1 gili yapél an - al ék rfizigia etal. 2018;rOzcandaachAzet 308k Acet k b L
2021; Uysal et al. 2021)

Metanol ve DCM ekstresininl} glukozidaze nz i mi ni i nhi be edici et ki si
Centaurea t¢rleri ile 1 1gildi y a fZénbim et al.-2@l8; ®rcamaahda r a ¢
Acet 2018; Mawahib et al. 2019; Acet 2021)

Genel ol arak C. Ziganensis bitkisinin potansiyel
daha il eri modelVtieme!|l ealy@ip@d lfelareiedig &l e i n
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Y ajTormluBéké-er de K©° m¢r ¢ ¢éMackophgrjina Piadeolirdn € Kt Vaso
Gelxave}, z ée Bad- | u s &ayBtknig e Belalenmesa-

Arakt ér macée Ahlmadf. DiGCamap Gagly ¢ k
Ar k. GOl eDer&day man é alapdaapoiT
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¥zet

D¢nyada yajlée tohumlu bitkiler arasénda; soya fasulye
cevi zi bitkilerdi yer al maktadér . 'l kemi zde en fazla ay
End¢striyel °neme sahip bu tareémsal crée¢nlerde bir-ok f
ekonomi k kamébtadar yo¥zallikle, Ay-i-efi, Mésér ve Soya
hastal ékl aré ile yéekécé kay é Mlphaseslinggetnetleedir. Bulnedenlefbu patpjanl et m
m¢cadel esinde, - evr eetvkei linyseam Iksiamy &9 &ln ém¢d audresluezl er yer i n
°nem arz etmektedir. Bu - aM. phasedinakzaolsaatnBaoibbsaks gorkkue U min@dt @amé h
ol duju miselyum b¢gyéme i mkil mirsyamn aynd 2d élud ruin maurkd ue n d E£ki el

B4, S2, D7 ve C96un en y¢ksek inhibisyon y¢égzdesine sah

bakéméndan, i statistiksel ol ar aki ralnd ramil €t ibri r Ayfraéckaa, (IpAOX
sreti mi ve fosfat -%zme aktiviteler:i gi bi °neml i PGP (
siderofor sreti mi g°steren izolatlarén D8:.3%. 6émmm| d ER ¢
belirl enmicktir

Anahtar Kelimeler: Macrophomina phaseolin®acillusspp., Antagonistik Aktivite

Abstract

Among oilseed crops in the world; soybean, sunflower, rapeseed, corn, olive, sesame, palm and coconut plants are
took the place. Imur country the most produced products are, sunflower, olive, corn and soybeans. In these agricultural
products which has industrial importance, many fungal agents adversely affect yield and quality and cause serious
economic losses. Particularly, M. phaliea is the leading fungal agent in sunflower, corn and soybeans causing
destructive losses and diseases of coal rot and root rot. Therefore, in this pathogen struggle, it is important to identify
alternative methods instead of chemical struggles thattivety affect the environment and human health. In this study,
Bacillus ssp. The differences between the mycelium growth inhibition percentages caused by the strains were found to be
significant. The most effective bacterial strains B4, S2, D7 and COfauamd to have the highest percentage of inhibition
(pO0.05) and a statistically significant difference (pO
PGP (promoting plant growth) properties such as HCN, siderophore productiph@smhate dissolving activities were
studied and isolates showing the highest siderophore production were determined to be D8: 37.6 mm, E4: 37.6 mm, O8:
35.33 mm, B4: 33.5 mm, L5: 31.75 mm.

Keywords: M. phaseolinaBacillusspp., Antagonistic Activity

Birinci BeIl ¢m
Girik

Yajl e tohumlu bitkiler yaj, protein, karbonhi dr ¢
enerjili bitkilerdir. Tohumlarénda bulunan y¢ksek
yer tut maktader (Onawge¢mbdegk 2DAad) i yBtilrerii@&kagpe r - e k |
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enerjiye ihtiya--980yknal obuséengnjl arda@G5arkeéel andej
edebiliriz.1 gram yajén 9.3 kal oegibiemeirndardmdey alli:
t¢cketmesi gerekir Bu yajlarén yaklakek 1/ 306¢, seéeve
ol arak karkélanér ve son 1/36¢ ise peynir, s¢t vb
genl ¢k dojrudan yaj t¢gket i mi bir insan i-in 63 gra
gel ir. Avrupa standartl arénda bu miktaréen 24 kg o
(Kol saréceée vd. , 200n5 )y ajb¢en ytaadhau nglrue thinti k iylaepré |l aar as &€ n
zeytin, pal mi ye, susam ve Hindistan cevi zi bitki.l
end¢striyel alanda kull anél an yajlféastudtywemlidibi t(Kioll
2006) . Yajl & tohumlu bitkilerin d¢gnyada ¢reti min e
Hi ndi st an. T¢rkiye i se toprak ve i klim y°n¢égnden vy
avant aja@mam&lutl d daenr T¢rkiyedbde Geda, Tarém ve Hayyv
destekleri vermesine rajmen yajlé bitkiler ¢retimi
yer |l i cretimde ol an a- eakr kdéeélka ngrakket laedredde n | il tkheari aztd ey ¢
il gili uzun d°nemli tarém planlarénén yapeéelép uygu
a-ék artmaktadeéer. T¢rkiye i thalaténda pdikiewit. den s
T¢e¢rkiyedbnin 2014 yelénda yapélan 12 milyar dol arl é
bitkisel ham yajJ] ve k¢gspe gi bi crénlerden meydana

Ay -1 -ejJi ¢l kemi zde yajlée tohumlu bitkiler i-eris
adaptasyon yetenejine sahip ol mase, kuru ve sulu
cretim basamaklarénén,mebaumtasy‘eoda bvgundaolthasa vy
55) ile ekilen birim alanéndan el de edilen yaj] miki
ol maktadeéer Bu nedenl er ay-i-ejini diejjeir yyagjelnée |
yemekl ik kalitesinin y¢g¢ksek ol masé t¢gketiminind de
%6 9 6 u, toplam sévé yaj te¢gketimimizin yakl akéek %84
karkél anmaktadmrir zi Ay %67 65 i koetuj mw236¢ i se sulu ko
edil mektedir. Son yéllarda ay-i-efji taréménén sul
mal i yetini artéermék buda bitkise-li-yedji nidreent iymaijnéin oyl
45 oranénda k¢spe el de edi4dnekzendgirn &lran ek pspa klea
dejer |l bir yem ol arak kull anél maktadér. Ayr éca e
sanayi ndma kk wmldleanélSapl aré da yakacak ol arak dejer|l ¢
ay-i-eji cret i mi 6de yapél maktader, d¢nya ay-i-eji
i se T¢grkiyedde 2017 yeéloednd3ar ssréentéinmi- eyraepzélliakn oal yd-uif-ue
2020 Ay-i-ek ¢retiminin 2.067.004 ton olduju ve ¢r
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kekiAydi geét i mi 2018

(FAOSTAT,2020).
200000 Aycicegi Ekim Alani ve Uretim #200.000
800.000 -
—— Alan (ha) L 5.000.000
Uretim (Ton) =
> 600.000 S
< 1.500.000 =
§500.000~ _‘E
E s
< 400.000
2 1.000.000 £
5 300.000 ®
P ]
200.000 L 500.000
100.000 -
OH mhmﬁmmr\vaowOvamHmmr\mHmmr\0
Baklagiller fsaoyd yfas€wmldpasioldnnya -apénda endg¢st
gel mektedir D¢nyada ¢retimi ve ticareti yapélan e
yakl ak®& Wdi8-4We p%dG ei n bulunduryamapPacéen i ( Aagojvleupr 2
yemekl i k yajlaréen yaklakék 1/306¢( ve protein kaynaj
2004) Soya -exkitli endg¢stri alanlaréna hammadde s
biryer e sahiptir. Soya ve soya yajénda bulunan yaj] ac¢
insanlara °neril mektedir. Ayréca kandaki kol ester
ol arak doymamék yaji 4&P/IG)/ doywmémmdyalsb.adsigi bi y¢ksek
bitkilerden ¢st¢ kélan bir ©°zeliktir (Karacaoj !l u,
bakéméndan zengin i-erije sahigpittilrer Ssoayyae spirnodtee ibne s
bir yer sahiptir (Yel maz vd. , 2005) . Soya tohuml a
rasyonlarénda vazge-ilmez bir bileken olup hayvan
ya] ve &lapak i klenmektedir. Yaj ve k¢gspe ol arak i
%98 hayvan yemi ol arak dejerlendirilirken ikl enen
kesém ya asitleri, dabBumiyelbiabdintalk dgi diej eekiendi
k°oklerindeki nod¢l | erde dijer bakl agi | Rhizobidmi | er i r

Soya fasulyesi bu °zel |l i2]0i ksgd ydeas iarz b@mithiefideef@8hH)d d rd i \f
ve bu de

a
)
d

(Bradyrhizobiumjaponicumb a k't er i si yol uyl a havada bul mesahiptrser be:
u
jerin uygun kartl ar da 3(Beydergeé Ild, 499X.8d sayede- € k a k
d

e

i htiya uydofj ar akosaj doafmakta ve ondan sonra eki mi
toprak bérakmaktadeéer . Ayréca ¢l kemi zde Ege, Akdeni
Anadol u b°l gelerinde tahél hasadieélndani mloaanmlaan &mcdcan
°neme sahiptir.

T¢rkiyebde soya fasulyesi eki mi il k olarak 1940
fabrikasé da 1957 yeélénda Ordu ilinde kfjeult muwmtf end
¢tukurova B°l gesi 6nde 2 crén soya yetiktiricilifgi
artérél maséna rajmen sonr aki yéll arda bazé ekonomi
(Areojl T¢gr ROWOOPde soya taréemeée i -in Karadeniz ve Me
edil mektedir (Turan ve G°ksoy, 1998) Mar mara b?°

<
N4
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W

il -esinde ¢mg,n delszali ertdaehre | hmay Wdal
-ok -exitlilik g°stermesine raj
ol arak soya fasulyesinin rerkasm® n°b
ebil mesi a-éséndan b¢yeéek °nem t ak
ve ithalaténén y¢ksek ol masé g°z ©°
cretiminin yaygénl akt ér él masé bek
hadél ék bir alanda 250.000 ton soya
ir alanda 50. 00k tsomyaa d¢rkertéikmigrmi n( TH
b°l gesi ndeki i kinci crén yetiktiric
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itkisinin ana vatané hakkénda -exitli g°r
n Ameri kat klemaltte bilrdu(f K¢ m,e 1997) . Mésér e
sonra ol muktur. il kemi ze ise il k olarak
Sséer bitkisi hal en D¢nya . n¢foks uynun | ¢o ykuur laln
n kabi [ i [ [ [ il e D¢gnyabdda
n e e yetiktirilmektedir. ¢ ok
er50igkn samasnerykd i kenei kigm.e sT ¢ r7¢

i nyl eet ni nkem eeedver YeGel i@ &klIOE® i st er
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de ami
tuzluluk problemi olmayan, asitli
bir toprak se-ic
mi kt aréné ge-mi K
483 mi | yon t on i ken
de]erlendirildi]in
¢l ka, ¢ol up, 2018 ye
yapan dijer ¢l kel e

D

a
6 da 1 mi |
en fazla ¢retimin yapeé
d¢nya méeseér cretiminde vy
Brezilya, Arjantin ve Meks
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kekbi2D¢nya méseéer ¢retimi ve ¢l kelere g°re daj
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ahellar i-inde bujday ve arpadan son
sinde hem de hayvan yemi olarak kull
é Kar aldgeens iz ovlea rGekn ebyi [Mamrinra.r a} Ibke mi z i
zamana kadar yaygén bir kekilde sadec:
I'l'i kl e Tarém Bakanl ejy Hkealrgdleenrdiami zyd¢er
Verim miktaré ise modern méseér sreti
él mase, méseéer sretiminin sul anan al an
ma x lZEOZEIOI’&méIare arasénda méseéer ¢reti mi %
eki mi -ngaeynéesl | d kil eer énnndsaa nbak!l ar , bl gel ere g°re
stan kaséma kadar déan éma ssaédnéé ryeanp2é Iséur . v eMéssécra k
in yetiktirilme alanénén séneérl andérél maseéenc
bu bitkinin yetiKtiriImeS|ne el ert|o<rh|<plr|et|(rﬁ‘ae
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n mMeéseéer ¢ i minin t €l ama orané 9%
. 84 ha, or i

600.000 615.000 hektar civér n

(FAO) . 2018 ye
OcakTemmuz ayl aré araseé
°demi Ktir. Terkiyeodoni
bildirilmixktir.

OCToOYgIOK X TIo T
W= T TOY OO~ DT S
©OPT FCVWOS<SN—0OD® -

, 2018 yél en
dr al éjénda ol
re 2017 yeéel él
ida ohld,0om miéls
er isreti mdeki

Més ér danesinin %806i ni olukturan endosperm %9C¢C
rafinesird e k i son yéll ardaki gel i kmel er sayesinde saf
cretilebil mektedir. Ayréca ham ve iklenmik nikast a
yemeje kadar on binlerce. i Kkl enmik ¢régnde kull anéel m

Macrophomina phaseoline Tassi ) Goid, d¢nya -apénda yakl akeéek
bir konak yelpazesine sahip toprak k°kenli bir fit
-ekKi tli bitkilerdlk, - &kPmmice hast&l gklcarnvae ikl°e yekéceé
2017) . B u DbArachisinypegaed § e s & Bethavudgprigigpancar) Brassica oleracedlahana),
Capsicum annuurtbiber), Cicer arietinum(nohut),Citruss p p  ( t u rQuaumigsp. (kdvenyFjagaria

s p. (Glisinimaxtsgya fasulyesi}zossypiunsp. (pamuk)Sesamum indicufsusam)Solanum tuberosum
(patates) Sorghum bicoloi(sorghum),Vigna unguiculatafasulye),Zea mayqd mé s éHelipnthuseannuus
(ay-i-eji) gi bi °nemli endg¢gstriyel bitkiler yer
topraktaki b¢yéemesi mi kroskl erotide depol anan be

J
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mantar rakipleri devamyedersi BuolParad |l kadardeni yl e
d¢ K¢k vV e sécakl ek 30UC'" nin iszerinde ol dujunda
Mi kroskl eroti a, koklerin y¢gzeyinde veyal egmikrée.néK
eks¢gdal aré mi krosklerotinin -imlenmesine neden o
Kok y¢zeyinde, epidermal hg¢gcrelerin antiklinal d
mi krop t¢
veya yar
taraf énd
bitkiler
(Cowan,

pa
Lol
[ u
uv

p¢ ®tokiua, Bpi dappmal h¢cre duvar éna mekan
l ar ve doj al a-éekl éklar yoluyla n¢gfuz ec
n, tropiklerde ve subtirddpi,kleer d/ea ygré ny éhkasda
e hastaleéeja neden ol ur ( Reuveni vd. , 198
999) solgunluk, yaprak yaneéekl éejée ve k¢ll g

RO qgc

Soya fasulyesi deM. phaseolina( Ta s s i ) emls patodlerintlem biridir.M. phaseolinasoya
fasulyesinde k°m¢gr - ¢ré¢mesi ne, kuru -¢ré¢gmeye ve fi
neden ol maktadér. Khan ve dijerleri (201Dygundaar af ér
k°me¢gr -¢re¢gmesinden kaynakl anan kayeéplarén % 60 il
(2009) taraf endan M.TphaseklinGré denaden -e] dufda ko mg¢r -4
edi |l mi ktir. 2
annuusL . k°me¢r Kk
%50 arasénda

009 egheilre ihlaizndean2 ay¥indla e asjHel@thuso h u ml
aynakl é =-¢r¢k belirtilerinin ar-akt ér €
dej i ktiiji bildirilmiktir.

Bacillus cinsi bakterileri toprak miklol or asénén ©°neml i bir késmé ol uk:
i -erisimbddalusy grl atan aerop ve fak¢gltatif anaerop, gl
ve demir, 2005; Logan ve Turnbull, 200Bacillusg e nu s una -aoijtu tge¢ervieenrliin mi kr oor |
Tarém ve end¢strivyel ama-1arda bakar él e Kekil de
kabiliyetine sahiptirler (Bennik vd., 199Bacillust ¢ r | er i genel ol ar ak, pa
terialp®aj anl ar ol arak potansiyel uygul amaya s
ve ¢retilen antimikrobiyal bilekenlerin -o0]
Anti mi krobiyal ma d cee lod ra,r akée cPan ekno rkuayzuacnuraak | a
kontrol ¢ i - Batillusfea r°knleémlti¢dri rv.e sukl aré taraféndan ¢r ¢
patojenlerine karké anti bakt etinekteglit (Ongena, 2008, Hartmam,g a | é
2002).B.cereus gram pozi tif, spor olukturucu bir bakteri
b¢yeé¢mesini arttérécé rizobakteriler o IBaaerauss ukkuul | an
CITVM-11. 1' i n bbiark-togjrui beittkkiil eki ml eri ne potansiyel ol a
- okl ¢ M. phdseoknebwraark ar k€ g°sterilen g¢-1¢ antagoni ¢
bildiril miktir B eubthissubspeRGEMoK7dv8., amybligdetagien®GPBacCALM.
phaseolina( Tas si ) Goid' e karkée dejerlendirilmicktir. H¢ C
(CFS) ve PGPMori 7 ve PGPBacCA1l' i nM. phasedhgseypx u ma fk aarnk
t ar an Biamylokquefacien® GPBac CA1 i nhibisyon b°lgesinde surf

buna kar ké IMéphas#lBdMaesreil Y um beéeyéemesi ni i nhi B.eubtidist t i mi K
B. pumilusve B. licheniformisg i b i bu cinse ait bazeée t¢rler antif
edilmektedir. Bacillus sp. M. phaseolinaya kar ké g¢-1¢ bir antagoni sti k
potansiyel antagonistik etkids®ingMgmisgrz tbd y ¢ meeskiinlid e
gesteril mixktir. Ek ol ar ak, inhi be edilen b°l genin
analiz edildi. Mant ar ¢ zeratnldiekisieyalbepii gmggent anyt amny
kontrollelar k €l akt ér él déejénda sklerotiyal beyekl ¢ ¢n aza
Ks p a nM. pHaskalinavze Fusariumsoladini n s éraseéyla -ilekl:i bitkilerc
k ©k - er ekl g ¢ bel duf ul éruil unmektidrn .k k Her i ki funga

Trichoderma asperelluii 1 8 s ukuna daBynegatenunvg B latdrospoeu's dayanan iki ticari
form¢gl asyonun amvitoye@n ikotnitk oétl ki lograibméneatde]j ar ke K
Ayr éca i ki akél ama y°ntem (k°k daldérma ve toprak
iyilektirici tedaviler olarak patojen °ncesi ve sol

N
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T. asperellunve Bacillus spp.M. phaseolinaveF. solani ni n r ady al b¢yeéemesini % 3¢
eder ek, k° k d.aaspdd@luriman y°nr lueyy iac i uygul amasé, ke me¢gr -
(bir b¢gye¢me odasénklak 9o l4ar &@&n kaa d%65'vee Kaddra) ve ayn
t a- nekrozunun yBadlesepi nibaat el frmemmt;érasyon, k° m¢r -
bul unmukt ur ( PBsubtitisainm Aldl. CA 2t0r6) n ¢higt i miBglukdnazivd k e n :
proteaz) cretme kabiliyeti ki my 8.ssabtilisAsLtlathAd,a r i e kmeft @
fitopatojenik mantaAlternaria alternata Macrophominasp.,Colletotrichum gloeosporioideBotrytis cinerea

ve Sclerotum gloeosporioidedBotrytis cinereave Sclerotiumrolfesiy e kar ké anti fungal ak
B. subtiisAL I CA, c hli,t3ignlauskea,nabz ve proteaz enzimler:i tesp
h¢cre i -ermeyen kylegtmer i fnihli tbr sty® niul s éfr as@gyll ab %651, 36
arasénda dejikmiktir. Ayréca hasar, ker él ma, Ki Km
deji ki klikler g 21ZB¢lukanaazive lipopeptitleriB sobtilasia Bejbtilisin) ekspresyonu

genlerinin ALICA sukunun s¢pernatanéndaki var |l ekl :
fitoatojenik mantarl ara karké geni Kk bir antifungeze
°l d¢re¢cel erar plot anki yel botk alternatif ol abileceji
Endofitik bir bakteriB. subtilis(BERA 71) 'in mung fasulyesindel. phaseolingl Tassi ) Goi d ha:c
karké azalt ma mekanlzm\awmseelnmadaaaekba Byhi dabgrar pak
|l i pit peroksidasyonunu ind¢Rsubtilierekhbast &ai éblegd ¢ mies k
kl orofil, askorbi k asitler ve s¢peroksit ecidghitaaz,
aktivitelerini artteéer de Ovve lipibpertokdsidasybngnu ininibe etii. Bk olarak, t t € r
bitkilerle B. subtilisbi r | ek mes i , i ndol aseti k asitlerin ve ind
azal mas éMmplaskeling ryfl ek si yonunu haf i fB. subtilisieketdaviediledB un un | :
phaseolinhast al ekl & bitkilerde Na hari- besinler (N, K,
B. subtilis i n bitkilerle sulkydsikndmd nhast arluenlg diarenci ni
hor monl ar én, antioksidanl arén ve besinlerin metabo

2017) .B.gupptitise 0 @ u Mspghaseotina nén neden ol dArachis hyppgaehf. 8 s tkéjké n
- or ekl o] ¢n¢éB dubtiiskik 8 zGerin talk bazlé bir forme¢gl as)y

uygul amasé, sera kokullaré alténda k°k =-¢rée¢kl ] ¢y
Kki nci BOoIl ¢m
Materyal ve Y°ntem
Materyal
M. phaseolinaveBasilluss pp. 6 ni n EIl de Edi | mesi
¢al ekxmada k CHR421A@E3-hee  SMRY kaalaM. phaseolinave Bacillus sppGaziantep
i niversitesi Biyol oj i Bl ¢m¢g stok ke¢gltegrlerinden t
¢tal exmada Kull anélan Besiyerl eri

PDA Besiyeri (Patates Dekstroz Agar) (g/Litre)

M.phaseolindg Tassi ) Goi d i zol at | BaclusEmp .k ¢ & ktresr ialiéxnarad t
bi okontrol aktivitenin belirrozenAmeari) a(ma.cle)y | lae sPiDyAe ri
ama-la 99 adet PDA besiyeri hazérl anméxkt ér .

Tablo 2.1PDA (Patates Dekstroz Agar) besiyeri

Patates Dekstroz Agar 58.5 gr

Distile Su 1.5 litreye tamaml

N
(O
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58.5 g Patates Dekstroz Agar (Merck) 1.51dre st i | e suda eritildikten sonra
otoklavda 121AC6de 15 daki ka steri/l edi |l mi ktir.

NB (N¢gtrient Broth) (g/litre)

Kndol set

asetik asit ¢retiminin belikuéhmael mamaoéwuylpa
Tablo 2. 206de

veril miktir.

Tablo22N¢t ri ent Broth besiyeri

N¢egtrient Br o 8qgr

Distile Su l1litereye tar

8 gr Ng¢t tliredistlle siBla aevittidiktensonmpH 7. 26 ye ayar |l anm®&dakikee ot ol
steril edi | mi ktir.

TSA (Triptic Soy Agar)

HCN ¢retiminin belirlenmesi i-in TSA (Triptic Soy
Tablo23TSA besiyeri hazér | ama

TSA (Triptic Soy Agar) 40 gr

Distile Su llitereye tamaml an

40 g Triptic Soy Agar (Merck) 1 Ilitre distile suda
6de 15 dakika steril edilmixktir.

Blue-CAS Agar

Bacillus spp. bakterilerin siderofog, r et i mi ni n b e | -CAS Apar rikdesnént et al.j 190)B| u e
kull anél mék ol up, hazérl anéké Tablo 2.46de veril mi

Tablo 2.4Blue CAS Agar besiyeri

Pipes (Free asit) 30.24 g

a)Free asid sol ¢syonuag

suda)

Distile su 750 ml

0,39

KH-PQO,
Kar éy NH4CI 1g

b) Tuz Sol MgSQ 0,492 g

NacCl 059

<
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CaCb 0,110¢g
Distile su 100 mi
a) CAS chrome azurol S 60.5 mg
Distile su 50ml
1 b) 10 ml Demir (l11)
[ Kar @
solusyonu 10 Mm HClI 100 ml
FeCk 0,027 g
HDTMA 72.9 mg
c) HDTMA sol
Distile su 40 ml
' ve I K120 ml % 206! Sukroz 49
llave sol ¢syonu
edilecek Distile su 20 ml
30 ml 10%'luk kasamino asi _ _
sol ¢syonu Kasaminoasit 49
Distile su 40 ml
l. Karéeé&m: m distile suda 30.24 g Pipes (Free asi
distltesuda ésétélarak -°z¢nm¢kK ve sojutul muk tuz s
. Kar éeiem: bir sol ¢syon ayré ayreé hazeéerlayarak b
kar ékeml ar karékterélarak PH 6. 80e rek ptekiada n mé K t
121ACb6de 15 dakika $5t6elAiCbyediklamiak weojatubmubk©Ou
steril edil mik 10 ml %2061 i k Sukroz ve 30 ml 1
petrilere doke¢l megkt gr
NBRIP Agar

Tablo 2.5NBRIP Agar besiyeri (Nautiyal, 1999) (g/litre)

Glukoz 10g
Ca (PQy) 2 59
(NH.) 2SO 0,1¢g
KCI 0,29
MgSQ, 7H,O 0,259
MgCl,. 6H.0 59
Agar 209
Distile su
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NBRI P Agar besiyeri hhmazér Itgmaknad meeoney lea eaegart i | di kt
di |l

ve agar il ave e di kten sonra hazeérl anan ortam, o
Metod
Bacillus spp 6 mMacnophomina phaseolin&K ar K € i n v i tAktigitel&iniryBelklenmdsir o |

Bacillusspp 6 bi yokontr ol aktivitelerinin belirlenmesin
Macrophomina phaseolinee bi r bakteriyel izol at petri kabénén
yapél ar alddkeen 2B8NI2 A€r ubunun petriyi kapl Kkadayltashie
k¢l tegrl erindeki funguslarén radyal b¢yeéeme -apl ar é
b¢yeée¢me -aplaréniinnitbiebii sy @m me gHiedre sdiem ekmel lgan & lerkéwk tr &
I nhi bi syon y¢zdesinin belirlenmesinde kullanélan f

D a2 2G
di EEASEIOLUJAAG—Ep— pTT

(R1:Kontr ol grubu f RZiig kiisdutinl ermded ysad n u-caup éel de edi | en
Anti fungal aktivite G9%)0¢ sagrearseén o(r2t0a0,9 ) %506la vge® r¢éez e3i0

ol arak dejerlendirilmiktir.
Bacilluss p p . Binti ki Geli kimini Tekvik Edici ¥zelliklerini
Siderofor | retiminin Belirlenmesi

Siderefor ¢retiminin belirlenmesi K| eme&ASAgre di J
besiyeri kul lanéel ar akCAgpapal meesieyer(iTabl er &n 4pet Bill
izol atlar nokta ekimi yapél mék (keki.l 2.1) ve 28N2
saré zonlarén -aplaré mm ol arak °Il -¢l erwmrk dejerl en
kekil8i @erofor ¢retiminin belirlenmesi ve ekim akam

QL™
\\“‘ “
7 ‘\“‘*\\ .

HCN (Hidrojen siyanid) |Jretiminin Belirlenmesi

Hi drojen siyanid (HCN) aktivitesinin belirlenmes
bunag © ITE&S;A besi yeri czerine 4.4 g/l glisin i-eren 10
bakteriyel i nok¢lasyon -1 zgi ekim y°ntemiyle yapée

(o

UBAK
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Knk¢basyon sonr-&8sody@O k ar pokat k-a8gettisi steril Wha
(kekil 2.2), petri kapajénéen i- y¢igzeyine yerlexti
edi |l mi ktir Her deneme ¢(- tekerr¢rl ki ks kahiesant ur .
turuncuya dojru olan renk deji Ki mi HCN ¢retiminin
k e ki IHCN2 Aktvitesini belirlenmesinde %5 pikrik asi#2 sodyum kar bonat -%zel
kajéedena emdiril me ve yerlektirme akamal ar &
Fosfat ¢°zme Aktivitesinin Belirlenmesi

Fosf at -%zme aktivitesi deneyi Nautiyal (1999) 6
besiyerlerinin tam ortaséna nokta ekim yapél méxk ve
S¢re shoankunedras kol onileri -evresinde olukacak zonl ar
dejerlendirilmiktir. Her bakteri i-in deneme (- te

J
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kekiFo2f 8t -°zme aktivitesinin belirlenmesi

KndidA) (j retimin Belirl enmesi
Kndol cretiminin belirlenme deneyi, Bric wvd. (1¢
Broth (NB) besiyeri falkon fCHpaleersitrede |hazdérdImamkméw .
1 ml %WAL-TRPO liilkave edi |l miktir. 10cHa/%Mceddmnhakaral a
s¢spansiyondan 20 Ol her bir te¢pe ilave edilmik ve
i Kl em sonunda el de edil &nkaéesvankgl f¢egf 6A00i rpméds
kajéede ile s¢zel megktgr . Elde edilen flitrat t ekr e
s¢pernatanttan 3ml al énarak ayreé bir € p®8 arklt a%E3 @&l
HClI O4) ayracé ilave edilmixktir. Daha sonra 30 daki
I AA ¢retimin g°stergesi olarak kabul edi |l mi ktir.
kekill AR. 4gretiminin belirlenmesi filtrat e

SRR
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|- ¢ NBco%¢l ¢ m
Bul gul ar ve Tartékma

Bulgular
Bu -aléekmada vyajlée tohumlu bitkil eCHP2iAnopBAn més é
ve SMR7 kodluM. phaseolind z o | a Bdcilustés;, rvée bakteril erden el de edil e
izolatk od | ar @ Tabl BacilBissls pv M phadeohnakytai rk.ar k€ i n vitro biok
PGP °zeliklerden ol an Kndol sreti mi, HCN ¢reti mi,
deney sonu-larée dejerlendirilmixktir.
Tablo 3.1Bacilluss pp. kod ve t¢gr i simleri
B4 MH323438 B. amyloliquefaciens
S2 MH323439 B. amyloliquefaciens
D8 MH323450 B. atrophaeus
L5 MH323454 B. atrophaeus
E34 MH324397 B. licheniformis
08 MH324398 B. licheniformis
C9 MH324746 B. pumilus
D7 MH324747 B. pumilus
A4 MH321905 B subtilis
z2 MH321930 B subtilis
Bacilluss p p . N. phiaseolin®d y a KnavitrokBéokontrol Aktivitesi
Kul | aneélM phasholind zboilrat Batilussksapr.k ésnetdanéobBduju misely
inhibisyon y¢zdel erii araséndaki farklar anlamleé bu
C906un en y¢ksek inhibisyon y¢igzdesine sahip olduj
bakéemémdanstikstl ol arak anlamleé bir (ThhbBRa (pOO0. 05)
CHP421kodlu M. phaseolinai z ol at éna kar kKeé, bakteri Sukl ar énén
ol duju ve bunl ar dan %44, 4406nagnt @agom@mi svtei k%5abk, t5i6V istea
bel i r | €HPdadlkodlu M. phaseolina zolaténa karké en y¢ksek antag
%56, 67 i1 @9 SR%®3 .duJF)u,, B4 (%52.59), D8 (%51.50) v
inhibisyony(,zdesine sahip olduju g°r¢lmegktegr (Tablo 3. 2)
Amp3-1 kodlu M. phaseolina zo |l at éna kar kK é, bakter:i Sukl ar énén
ol duj u vV e bunl ar dan %6 6, 6 70si nin orta ve %3 3, 3360
belirlen mi kAmMp3¢l kodlu M. phaseolina zolaténa karké en y¢ksek antag
%7 2,59 il e BB33B)NveFA] 1 %5D866) i zol atl areéenén da y¢ksel

ger ¢l megktegr (Tablo 3.2).

N,
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SMP-7 kodlu M. phaseolai zol at €éna kar Keé, bakter.i Sukl aréneéen
ol duju ve bunlardan %55, 56"'sénén orta ve %44, 44061
bel i rl ennAiikediuMrphaseSlinBP z ol at é na kamtkagdg oenni syt d ks eakkt i vi t e
%66, 66 ile B4 olduju, D8 (%63.70), S2 (%59.33) ve
sahip olduju g°re¢lmegktegr (Tablo 3.2).

Tablo 3.2Bacilluss s p .Mdphaseclindaya kar ké& antagonistik etkileri
Baciluss s p. K M. phaseolinaEKz ol at | ar é
Knhibisyon Y¢gzdesi
CHP421 AMP3-1 SMP-7

D7be 50,74* 42,22 ** 42,22%*

08¢ 41,85** 41,48** 44 A4**

E4oc 40,37** 39,62** 43,33**

L5nc 45,18** 44,81** 46,29**

B4q 52,59* 72,59* 66,66*

Ay 47,22** 47,41** 44 A4**

D8cq 51,51* 53,33* 63,7*

SZq 56,67* 51,66* 59,33*

C%cd 53,33* 47,04** 54.,44*%

72, 3,70 11,11 11,11
* Yé¢ksek degzeyde inhibisyon akt i vabteéfsar, k1*& hQrrtfal ed
izolatlar arasé inhibisyon y¢zdesindel erii araseéenda

N,
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k e ki A: CBP421M. phseolingontrol, B: B4, C: C9, D: D7, E: S2, F: E4, G: 15, H: 08, |: Z2
antagonistik etki

J
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k e ki A: AMR3-2 M. phseolina kontrolB: B4, C: C9, D: D7, E: S2, F: E4, G: I5 H: O8, I: Z2 antagonistik
etki

</
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k e ki A: SEP-73/. phseolina kontrolB: B4, C: C9, D: D7, E: S2, F: E4, G: I5H: O8, I: Z2
antagonistik etki

91
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Bacilluss sp. 6 ni n BitKki Gelikimini Tekvik Edici ¥zell ikl
Bacilluss s p .idvitiob i t ki gel i Ki mini tekvik edici-CASzel |l ik
Agarda sider ofloAA ¢gredtiinmi,, NB®AIeda HCN ¢retimi,ve N
-al ékél mék ve el de edilen veriler Tablo 3.36de ver
Tablo33Baci |l l us ssp. bakterilerin bitki gel i Ki mi tekyv
Bacillus Siderofor Fosfat Hcn | rgKndol |
ssp. ..
breti mi ¢°zme
D7 14,33 - - -
08 35,33 - - -
A4 24 - - -
C9 13,6 - - -
L5 31,75 - - -
S2 23,5 - - -
z2 24 - - -
B4 33,5 - - -
D8 37,6 - - -
E4 37,6 - - _

IAA(Indol aseti k asit) ¢reti mi

I AA ¢retiminin bel-iTRP (eThinreisgt oif-ainn) %0.eOr5enL ve bakt
besiyerleri 30AC6de 120 rpméde 2 g¢n ink¢gbasyona b
Kndol Asemi ki Asiol upretimadéj énén belirl enmesi i -in
pembe renk olukumu bakterilerin I AA aktivitesinin
verilere gere deneyde k ud rl menred ia n b ibraikrtcee i y &AIA  akol
belirlenmiktir (Tablo3.3).

/

/

-
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kekiKn®@ol4 ¢retiminin belirlenmesi

Siderofor ¢retim aktivitesinin belirlenmesi

Bacilusssp. 6nin siderofor creti m aktAgavhbesi gerirerekimi n b

yapéldéektan sonra 30ACdde 7 g¢n inke¢gbasyon sonucu
-aplarée belirlendi. Buna g°re en fazla siderofor ¢
mm, B4:33.5 mm, L5:31%Y mm i ken, dijer i zol atl arén siderofor
mm en az aktivite g°steren izolatlar C9:13.6 mm,

keki BacilRissss p. 6ni reitdeni ofAor B4, B: D8, C: 08, D: S2,




94

HCN (Hidrojen Syanid) ¢reti mi

Hi drojen syanid aktivitesi bel i r406 pikrikasii ve YoXsbdyumi 4. 4
karbonat i-eren -°zelti +«madhiveirlemigk fiurume ulya] @dé¢mad
yapél méxkteéer. Buna g°r e; b¢ten bakterilerin HCN akt

kekiBacilBisss p. 6nin HCN aktivitesi A Kontrol, B:

Fosf at ¢c°zme Aktivitesi

~ Fosfat -°zme aktivitesinin bdlaktleenmexi mi-iympRBHR
ACébde 14 g¢n ink¢gbasyona bérakéel mék ve ink¢gbasyon
-%zme aktivitesinin olmadéjé belirlenmixktir (kekil

-
-
UBAK



95

kekiFog8f &t - °zme ak besiyeline ekimi NBRI P Agar

Tart ek ma

D¢nyada yajlée tohumlu bitkiler arasénda; soya fa
hindistanc evi zi bitkileri yer almaktadér. |l kemizde bu |
fasul yesi (Kol saréecée vd. , 2006) eki mi yapél an ve
ol uktur maktadeér

Yajl e tohuml ui nbiint kPinl¢enrdienk i¢ reente nm i engell erden bir
Bu fungal etmenlerden biri oldi.phaseoling d ¢ nya -apénda yaklakék 500 eki
bir konak yelpazesine sahip Q@pr.akBk°kaetndjiemiekdndr
-eki tli bitkilerde, k% mg¢r -er ekl ¢ ¢ ve Kkok -1 e oé

2017) . B u DbArachisinypegaed § e s ¢ Bethavudgpriégpancar) Brassica oleracedlahana,
Capsicum annuurtbiber), Cicer arietinum(nohut),Citruss p p  ( t u rQuoumigsp. (kdvenyFjagaria

s p. (Glisinimax{sqya fasulyesizossypiunsp. (pamuk)Sesamum indicufsusam)Solanum tuberosum
(patates) Sorghum bicoloi(sorghum),Vigna unguiculatafasulye),Zea mayd mé s éHelipnthuseannuus
(ay-i-eji) gi bi ©°nemli end¢striyel bitkiler yer a
Yajl é@ tohumlu bitkilerde ¢retimi ve verimlili7ji
tarémda kull anélan kimyasall ar én ]1 &k acéeséenda e
bitkiler il e bkakkitneirni laenrl aakréal snéansdéa kvie igleil i Kkt Bacillud me s i n
cinsi bakterilerin bitki gel i Ki mini tekvi k eden (F
sorunl aré ortadan kaldérmak i-in bir alternatif ol
Bu- al ékmada yajlé tohumlu bitkilerde ve °zellikle
ve k°ok -¢r¢jé hastaleklare i1l e yeéekecéM.k apyheapsiraorla nnae
CHP421, AMP3L ve SMP7 ol maikz glzaetrédna; -k afrakrék | B2i y dBhedlysi k k o |
spp.6nin kullanélabilirliji ve bu t¢grlerin °nemli
Bacillus ssp. 6nin bi yokontrol aktiviteldriinuygudajnenwélkd n
uygulamadaMl. phaseolinav e bir bakterivyel i zol at petri kabénén
ekimleri yapélarak ve 30ACode kontrol grubunun p
sonl andeéer el meektlkegl t (KWK ielRihahe dmil arnaadby a | gelikim -apé
i nhi bi syon zonl ar & °N. phadedtigakz glIrat 8muan ak grrw é&e,; ayemré ba
ol duju miselyum b¢gye¢gme inhibislyowml grpealdedejrer laegmdiém

N,
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Buna CGHP42KodluM.phaseolina z ol at éna karké, bakteri suxkl ar é
sahip olduju ve bunlardan %44, 4406n¢n orta ve %55, ¢
bel i r I EnPAdlkodlu M. phaseolina z ol at éna karké en y¢ksek antag
%56, 67 ile S2 ol duju, C9 (%53.33), B4 (%52.59),
i nhi bi syon y¢zdesine sahip p8l kbdiiMi phaséoling | znog) katt ¢eérn a( Tkaa
bakteri suklarénéen %9006nén antagonistik aktiviteye
i se y¢ksek antagoni sti k akt i-¥kodluMyphaseolnd izp | @ lték udau kla e
yé¢ksek antagonistik aktiviteye sahip i zolatén %72,
da y¢ksek inhibisyon y¢gzdesi ne -3 kobliuM phaskotingijzuo | ga°tréénlan
kar kK &, bakter:i sgehnseEnknakOlDdnteyansahip ol duju
%44, 4406n¢n ise yé¢ksek antagoni st i k7 kadutMi phaseoinae s a h
i zol atéena karké en y¢ksek antagoni B8(%6B.700, B2 (%50.83) ey e
ve C9 (%54.44) izolatlarénén da y¢ksek i Buwerieiesyon

geriem,hi bi syon y¢zdekiodenmn fianllatA@MR3I karkeé ol duju Ve
CHP421 kodli z ol at a kar ké& ol duj Bacilugflairrkll een mi¢krt ivre (sTuakbllaor €3

sekonder metabolitlerin, farkl & Dbitki patojenl eri
belirtiimektedir (Ongena, 2008; Hartman, 20®)cereus gr am pozi ti f, spor ol uktu
birlikte bu t¢greéen -exkitli sukl areée bitki b¢yeéemesion
potansiyel sergileB. cereuss u K u  GU IT.VIM i n kbiark-t cejr unleber phiansiyelolarak dahil

ol abilir ve bu sukun kR.phaseolikhedd ka kar ekl gPsteltukeéenor

aktivitesine katkéeda bul unabi IBesulilssubsp iPGRMori7iv8. mi Kt i r
amyloliqudaciensPGPBacCAL1M. phaseolinal Tassi ) Goid' e karkeé dejerl end
(CSs) , h¢cre i-ermeyen s¢pernatan (CFS) ve PGPMor i
farMIpbaseollnaSUKuna k ar kB anmylaliquafsiemePk@PéBra.c CA1 i nhi bi syon
surfaktin, iturin ve fengi Miphaseglnant sekgom bygpwagmé&stir
i mi Ktir ( B.osubtiligB pumilusie B, lich2rdfdmeisy i b i bu cinsengalt baz
iviteye sahip ol duklareée kabul edil mektedir.

gelikimini tekvik edici ©°zelliklerinden (P
ve fosf at -%zme aktivitesi gi bi I1°mziexltliirk.l
yel izolatlar I AA ¢retimi aktiviteleri a-¢@€s
aktivitesinin ol madéejé belirlendi. Kndol a
ren ftakkleyammanéhAaeml.i oksinlerden birisidi
n oranéné ve k°k olukumunu artér aktader. A
mektedir. (Tsavkelova vdin 28016¢&] é-kdddiengie ¢ i m
u e
I

°cc *0 0 =~ ®
N=-XXXxO0OXO0OW
O —c —c o+

ya ol an renk deji ki mi il e b I|rIenm|Kt|r.
enmemi Ktir. HCN glisin varl éjénda HCN sent a

Joocw®3z~3x

Q)
o)
0
=

4) . Bit ki gel i Ki mini etkileyen fakt°rl erden
i Yad mma&k yopruankdlaadréedamkgeam €| mamaak| amrea e RE
n gereksinimini s¢reklDende abliarka ki ekra rik-é
] & sayeéelsabd da bitki gel i Ki mi i -in -0k
ktivite i-in gereklidir (Briat vd., 199
Demir genel olarak zor -°z¢gnen ferri
lunanosnemé&r ve &empéeksddmimi riiymin serbes
er demire uyum sajlayan suda -°9z¢nebile
.0nin bakteril erind esninder-@iagd bgsrgerinde m a k t
e n ink¢basyona bérakél mexktér. Knke¢basy
zonl arén -aplaré mm °1 - ¢ | Baciluks sdoe joenri Ine rsd idr&if.Bomiokrt i¢rr.e
cmae] i Kt i belirl enmiktir. Siderofor Scret i mi
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belirlenirken, siderofor ¢reti mi C9 kodlu izol at d
-al eékmadaBadilluss s pnéhan koesfvatt es9Inmen @l madéejée belirle
Sonu-

Tar éms al verimlilijin artéerélmasé i-in kullanel e
raj men neden ol duju -evre kirlilifji vV e kal éntée s
(Sobi eczewski vd. , 1991) . Bu kimyasallarén wuzun s
dayanakl e érklarén ortaya -ékmaséna neden ol ur (D
yapélan bu iklemler°bekkifgrduxime nhbakteacirll ary agi i
y ol a-maktadér (Cuervo vd., 2015). Bu y¢zden son vy
(Pal ve Gardener, 2006) Bu y°nteml ekaywynaklianmdaen ysar
dojadaki kaynakl aré kull anarak -°zmeye -al ékmaktad:

ssp. bakteriler bitki gel i kKi mi ni t ekvi k (Klakmperk en a\y
1993; Lucas vd 2000).

Bu kapsamda yapélan -al ékmada Kaphadetdliea zy@lj 4 t€l 4 rodnuan
Bacilluss pp. 6nin biyokontr ol aktiviteleri ve PGP ©°zelil
fosfat -°zneAAakitrietiitndseirivebel irl enmi«ktir. El de edi |
Bacilusssp. 6nin PGP °zelliklerden antifungal aktivite
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Presentation ID/Sunum N& 7

Or al Presentation [/ S°zI|l ¢, Sunum

Poleemal 6 Malzemegre Cnc Tezgahta S¢rteéegnme Kar ékt ér ma |

Dr. ¥Jretim |YesAr akkerealmaMedr tAydén | - ¢nc¢
¥7r.G°r. Sevda Mert
'D¢zce !''niversitesi
¥zet
Bu deneysels¢r dl@mmadkaa,r €kt ér ma nokt a kaynaj e ( SKNK) ,
numunel erinin bindirme bajlantélaréné olukturmak i-in Kk
omuzlu silindirik bir kaynhklhatakamékkalmangebkéger BKN&ky? 1
ol ukur . S¢rt¢e¢nme karéktérma nokta kaynajé y°ntemi, s¢rt
zamanl arda sadece otomobil ekto°r¢s¢nde |l dajki-la ay rk&k az a maerkd
kaynak y°ntemdir. Y°nt em saye5| nde, késa i kKlem zamaneée i
otomasyona yatkeénder Bu sayede, robot ve ot otnawiytolni si
arakteéermaceélaréen -al ékmal ar e, bu y°ntem i-in takeém geo
bekl eme s¢resinin, bajl anténén -ekme kuvvet:i iczerine ol ¢
kal énkiegjRomldiaami d 6 | evhal arén SKNK ile bindirme bajlanté
testleri wuygulanméxkxtér. Kullanélan polimer mal zemeye ve
dej eri 576 NOoauy¢ ,zAylrércia keérkodmma b°l gel er i incel enmikti
Anahtar Kelimeler: Po |l i ami d 6, SKNK, Takeém, Parametr e, tekme Tec
Application of Friction Stir Spot Welding on the CNC Machine
to Polyamide 6 Material
Abstract

In this experimental study, the friction stir spot welding was used to make lap joints on strip specimens of Polyamide
6 (PA6) material. FSSW is a solid state welding method. In the method cylindrical shouldered welding tool was used. The
FSSW method constis of three phases, plunging, stirring and retraction. The friction stir spot welding method is a
derivative of the friction stir welding (FSW) process, which is a new process that recently has received considerable
attention from the automotive and othedustries. Thanks to the method, the effective overlapping joints can be obtained
a short processing time. FSSW method is prone to automation. In this way, by integrating the robot and automation systems
have been easily developed. Studies by variousarekers have shown quite the effect of tool geometry, tool rotation
speed, tool penetration and dwell time on tensile failure load of the joint for this method. In the experimental study, 4 mm
thick Polyamide 6 sheets were done lap joints with FSSW. [Betesits were applied to the welding samples. Depending
on the polymer material and parameters used, the maximum tensile force value obtained is 576 N. In addition, fracture
surfaces and rupture zones were examined.

Keywords: Polyamide 6, FSSW, Tool, Parater, Tensile Test, CNC Machine
1. Girick

1993 yeéeléenda Mazda taraféndan icat edilen S¢rteénit
yeni ve ergime ol maksézén bindirme bajlantéesé ger -
Feng vd. , 2005; Mitlin vd., 2006 ; Aréceée ve Mert :
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Tran vd., 2008; Tran vd., 2009; Mert, 2010; Mert v
y°nt emi , s¢rtenme BEKEkt grebi kmyntj enddMaear( ve Mert
Mert ve Mert, 2015) . Diren- nokta kaynajénén ot omo
birlektirilmesinde meydana gel en ha&t dliar xekgi der, i I
vd., 2007), al¢égminyum (Fujimoto vd., 2008), magne z
esasl & malzemeler ¢zerine SKNK ile yapélan il k fi
plastik malzemelerd e uygul anabi l irl if7Ji deneysel ol arak kané:
200 8; Ar écé ve Mer t 2008; Mer t | 2010) Sonrasénde
birlexktirilerek optimum kaypgpakapaepmedaeleki hl|l sapt
SKNK y°nteminin met al mal zemel ere il aveten plastik
mal zeme -exkitlilijJini genikleterek, SKNK y°ntemine
il givyi arteéermékteéer (Feng vd., 2005; Mitlin vd., 20
Mert ve Arécé, 2011, Yusof wvd., 2 0 1 Xawadzaki, 013Mert ve Yu
ve Mert, 2013aMostafapour ve Asad 2 01 6 ; Yan vd. , 2017; caker vd. ,
2020.

Pl asti k mal zemel eri n, metali k mal zemel ere g°re |
plastik yapéya -exkitli kat k& ma dfitbex Vbe fizikseliveymekahila v e e ¢
°zelli klerinin iyilexktiril mesi m¢mk¢n ol abil mekted
ol ma °zellijini, plastik malzemelerin | aboratuar K
kazandaverm20kQtkelrk (pol i mer mal zeme 1868 yél én@alarJd . Hy a
2002; Akkurt, 2007).Ter mopl asti kl er i n zincirleri arasénda - a
dal | anméck zincirldengolliemeré &t édldm&kdéar aeda erirl e
KekillendirilebilirleMer,200gun -°z¢ce¢l erde -°z¢égngerl

Poliamid y¢ksek dayanéem, sertlik, iyi elektrikse
termoplastiktirPal abey &lo,] i 20 @) er -ok ¢sten °zelliklere sa
diren-(Kayag 004 Ral i ami dl ere verilen -1@@Gebi bi ry aklsekNagy
aral ejénda kul |l anégl asbaijlleanm, Nasy¢lrotnilnamme, ksaet sayésé dg¢K,
sahip polimerlerdir. Nayl onl ar tornada(Kdyam R®Y). i kIl e
Naylonlar ticari poliamidlerdir(PAs ol vent | er e v e vyear],l adraar bkea rdkaéy adni érkel né-11|
asitlerden etkilenirlerBe k er gi Pol 28mi7d . 6 m¢hendi sl ik polimerler
polimerler ile karkeéel®@xelelriekldejiendadenisylie enleklatnn ikl
ve tekstil wuygul amal arénda yaygén ol arak kull aném
Ancak, Poliamid 6 polimerinin d¢kyg¢ ke I16Eséés esla pknaar asréscéaz
geni K uygul ama al anl arénda kull anéméné sénérl andeéer

Diren- nokta kaynajeé gibi °9zellikle otomotiv san
yerini, son yeéell &mda mgelki ktail malyan aldaynakirwmdadeéer .
sekt°r¢gnde yaygén ol arak kullanélan diren- nokta |
edilmektedirOt omoti v sanayi sinde, bir ot ordminléil makn eat iviee t
farklée tipte iklem ger-eklextirilmektedir. Bu ikl e
etkileyen ve aracén g°vdesinin ortaya -ékareéel dej e
kar ekt ek anyan mjoktas¢crt¢e¢nme karéexktérma kaynajé tekni]
2018) ve SKNK il k ol arak Mazéda nfoidrerha ssé otra raa fadmd arr ¢
RX-8 model spor arabal ar én20i).eti minde kull anél mékt é

S¢rt¢egnme karéktérma kaynaj énén, nokta halinde d
tekni i, gel eneksel ergitmel.i kaynak teknikl eri i
ger - ekl ekmesi , e n ifdin Bilich vd., 20M6aNd raij | aArendagndk y°ont el

N,
(O
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ot omoti v, havacél ek ve di]jer sMalkfhidwvd. 2010;0Venkkiumanvwd.g ul a m
2013; Buffavd., 200dSKNK y°nt emi ni n, SKK y°nt enbenndzee rk udilra ntéd |

dal dérma, karéexkxtérma ve geri -ekilme ol arak belirt
vd., 2004; Awang vd., 2005; Gerlich vd., 200Bgng vd., 2005, athabai vd., 2006; Smith vd., 2004ert ve
Ar é c é Kawasakl, 2013Rosendovd.,2033Bu bi rl ekt i rme s¢recinin ¢- ak

(Kawasaki, 201y

kek SKNK Y©°nt emi niKawasaki, 204 a mas é (

Doniis Takim

D/ s D o
] .

—7 [ A ( ; {
Tak.m/r Kanstlrma4
Ucu Bolgesi
Daldirma Karistirma Geri Gekilme
(Birlestirme)

Bu deneysel -al ekanasdas ICINC Kekigladhe aG ve M kodl ar
Poliamid 6 (PA 6)l evhal arén SKNK ile bin8KNKeybDaféminbhiéehar
mal zemeye wuygulanabilirlijikul | @°hstlamenplaertiilkermad |z
parametrelerine bajleée olakm&k kdwkeéetliabdtipemk amgkde
kaynak takéemlarée incelenerek, uygun kaynak takeémeé
tekrarlanan- ek me deneyl eri ritlaggzat e £tk a@ad iklopimat ibr°.1 g@ 1l er i [
Yapélan °n -al é&kmal arén éxéjénda, sabit tutulan da
bekl eme S¢resi dej erkluevrviet k ni | ammaékl sai rmaukm  d- e€j kenmee t a
parametrel eri belirl enmicktir.

2. Deneysel ¢al ek ma

Bu deneysel -al ékmada, kaynakl & Dbirlexktirmeler
boyutl arénda ve standarnunmurmelugrgiunh a&kzéarilta nkneekkl ti énrd.e
pozisyonundaki par-alara wuygulandéjeée i-in, yont emi
26deki gi bi tasarl anméxter.

k e k iSKNKX.- Poliamid6 Numunel erin Bindirme kekl:

150 mm

20 mm
I
/
- —

.._49_111111_.'

4 mm

150 mm

750 d/ d, 1250 d/ d, 2000 d/ d farkleée devir sayel a
s¢relerinde, 6,7 mm dal ma derinlifji ve 100 mm/ dak
tezgahénda ger-ekl exktiliikllmi Rini esékKanypnalk!| teamk € mé i hn @
bekl etilerek takémén ésénmasé sajlanmékteéer ve kay]

J
(O
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ger-eklexktirilmiktir. Kull aneél an kaynak zehkeonéar a
tasarl anméexter ve 4140 eéslah -elifji mal zemeden i
kull aneéel an SKNK takeméenén fotojrafe, kekil 36te
bajlantéelarda kul liam&l maki ceer aymaslkrtakemeneéen °]|
ver il mi ktir.

kekiTlas3a.rl anép Kmal Edilen SKNK Také&meé

Tablol.Kmal Edil en SKNK Takéménén ¥I|-¢leri Kle Klgili Genel
Omuz Cap1 28 mm
Takim Ucu Capa (Pim Capi) Ust:8 mm - Alt:11 mm (Konik)
Uc¢ Uzunlugu (Pim Uzunlugu) 6.5 mm
Omuz ici Egimi 0°
Omuz Cap1 / Ue Capn Ust:3,5 - Alt:2,54 (Konik)
Uc¢ Capr / U¢ Uzunlugu Ust:1,230 - Alt: 1,692 (Konik)

CNC terghhaséna, kaynak numunel erini bindirme po
bajl ama aparateénén fotojrafeée kekil 406te g°r ¢l mekt
vasétaséyla tezgah tabl aséna oialHatnldiekban sehki hde
yapél méktér . Hemen sonrasénda da CNC Freze tezgahe
hassas bir kekilde ger-eklextirilmi kK ve kaynak baj

ke kiSSIKNAK. Deneyl eannBej KamhaAparat é
i L




Ol ukturul an kaynakl|l & bajlanteéelarén ul akteéejé maks
deneyi ile belirlenmicktir. Bil gi sayar kontroll ¢ el
numunelerst andartl ara uygun ol arak -ekme testl eri uygu
mm ve -ekme test hezé 20 mm/ dak ol arak ilgili stan
3. Deneysel Sonu-1ar

100 mm/ dak dal mav eh é&z,eé7 smnbistabtiutt udalrmak der i nl i ] i i
2000 d/ ddédaki farkle devir sayeéelarénda, 75 sn, 100
deneyl erinde, -ekme kuvveti dejderf li kriimni rk efkaf k 156 [Kka
76deki grafi klTegmndedeagWwirrg |l aneekalearia .i -in belirli bir
°nce artteje, opti mum dejere ul akép bir maksi mun
¢al ékxmaylaapréél dej é farklé bekleme s¢greleri ve farkl e
dejerine, 6,7 mm dal ma derinlijinde, 750 d/ d devir
k e k iShbit 500 mm/dabal ma Hézé ve 6,7 mm Dal ma Derinliji K-in 7

Farklé Bekl eme S¢relerine Bajl é Ol arak ¢ekme

700
576
600

z
=
S 500
2
£ 400 28143128
E 300 223,2 750d/d
6,7 mm

E 200
@
O 100

0

0 50 100 150 200 250
Bekleme Siiresi (sn)

kekiSlab6.t 100 mm/ dak Dalma Hézée ve 6,7 mm Dal ma Derinlifj
Far kl & SBerkelleetnei ne Bajl e Ol arak ¢ekme Kuvvetin]

600
500,4

= 464,4
z 50 411
E 400
>
; 300
4 219 1250 d/d
£ 200 6,7 mm
=
& 100

0

0 50 100 150 200 250
Bekleme Siiresi (sn)
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kekiSlabda.t 100 mm/ dak Dal ma Hézé ve 6,7 mm Dal ma Derinlifj

Farkl é& Bekleme S¢relerine Bajl é Ol arak ¢ekme

500 4554 433,
g 400
£
£ 300
g 2000d/d

200 -
g 102,6 =78 6,7 mm
% 100
o3

0
0 50 100 150 200 250
Bekleme Siiresi (sn)

Yapeél an -ekme deneyl eri sonucunda, en SKNK s ek -
uygul ammerel er ve bu numunel ere verilen kodl ar Tab
-ekme kuvvet.i dejerlerinin elde edil di5dd ®2BONIKI n u mu
ve 2000 d/d takéem devier edayé leari 8 recha -y&pmmel &knuvder d yelre
arttéek-a -ekme kuvvetinde d¢gzenli bir kxekilde azal
2000 d/d takém devir sayél arénda, farkldevbeklsame :
i -inde, 125 snbélik bekl eme s¢resi i-in en y¢ksek -e

Tablo2.En Y ksek ¢ekme Kuvvet  Nubhejher Kedil mr@ EIl de Edil di i

Numune Devir Sayis1 Dalma Derinligi Bekleme Siiresi Cekme Kuvveti

Kodu (d/d) (mm) (sn) ™)

Al 750 6,7 125 576

A2 1250 6,7 125 500,4

A3 2000 6,7 125 4554

Yapél an deneysel -al exmada, en vy ¢ BKNKE humuneldeimire Kk u v \
-ekme testi °ncesi ve -ekme testi sonrasé g°re¢gnt ol
hasarl ar yakéndan i nrcee lkeunvaviejtiinndien, eelnd ey ¢ekdsielkd i-jeik nut
ol duju g°r¢l mektedir. Elde edilen bu g°re¢nteler, -

kekiFlar&.l & ParBmeYghkdsdek &Kekme Kuvvet SKDNK] luimemiehien i BIi cde ¢
Deneyi ¥ncesi (solda) ve ¢tekme Deneyi Sonrasé (sajda) G
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4 Sonu-1 ar

Yapél an deneysel -alékmada, PA 6 malzeme i-in, 7!
éséya ulakeéelabildiijri id®%r dlehguwtl emen¥rw 50aldédmall&50 d
en y¢dksek - ek me Kuvvet.i dejieranel anf 501 as tdidkd a maull za
parametrelerine bajlée olakmk&, kuVvaetel ahllidpmegesde bred k g
kaynakl & bajlantélarén olukturul maseée i-in |literat g
tasarl anép, i mal edi |l mi ktir. Numunel erin tezgah t ¢
aparaté kul leazngéal hméak t ESKNK QINyCg utl anar ak, kaynakl e baj
deneyl eri ile test edilmixktir. Yapélan °n -al ékmal
hezeée i-in, farklée devir sayéasd@éVarfa&r klekmekkeme es
takéyan optimum kayhnak rptaaryaame-térkealne rk o poneal ilbr°l legnemi ertii
-ekme kuvveti dejer |l er7i50i |de/ dbi r1l2i5k0t ed /ydo rvuem!| gah Qe K d /
yapélan deneyl erde el de edilen -ekme kuvvet.i dejer
d¢zenl i bir azal ma meydana gel di ] gor ¢l megkt gr . B
hasarén azal déjé gstaycélineerkénedda rhelTi¢grm idebviirr bekl| e me
arttéejé, optimum dejere ulakeéeldéktan sonra tekrar
N ol an maksi mum -ekme kuvvet.i dejerspeesirbedid €eg]
derinlijinde ul akél méxkteéer.
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¥zet

Yapélan bu deneysel -alékmada, tamamen temiz enerji
-alekmasé incelenmiktir. ¢aleékmada y¢zey sécakl ekl ar e,
veriler topl aemékear . sikmem, termoelektrik jenerator (
bilekenlerinden meydana gel mektedir. Termoelektrik, bil
el ektrik enerj i sdiifiin b&sré odnaeyrdjéirs. i rDee n-eeywsreill - al ékmaméza k
ol an éeésél enerji dejeri, solar toplayéecé aracéleéeje ile
TEG T-1n gerekli olbonasacaekbéehal eaeke sistempeamackt ér. Ve
deneysel °l-¢,m parametreleri sistemin -exitli noktalare
devre gerilimi, re¢zgarr lheérz o1 uopr tbaum vseércialkel ré j-éa Igé kbnia die-jeer
ger-eklektirilmiktir. Deneysel veriler se-Tlen ge¢n T -en
toplanméktér. ¥l -¢,m¢n yapeéelR@eBé&édg Ar ais-éenrdias idred & kimi ort ti am
solar radyasyon dejerinin °jne odatuljear igfPde | ynagkltgr ék Soll a
karkél ek sistemde olukan éseél dejerleriiiee TEGepzeni 88°
Ol - ¢l megkt o
G r K

Ter moel ektr k , b | nen bazé etk | er sayes ém@éde €s
enerj s ne -evr | d j b r ol aydér.

Termoel ektr k jeneratorl er (TEG) génhegmegz teknol o
TEGer n -ofjunl ubkdtaé kaudd athggrm armatcme k maBsatuhEagbrrrl c
teknol oj n n l erl emaer yl e ¢t ek nbankdéen a k ut Nline azé ¢ dna y a
bahsed | d j czere teBumal gkdteaerks &bk k uggsl anad rt
mal zemel er n b r tarafénén sojumasé daheed tlaegmf@Emd
gerej Termoel ektr Kk Soj wutau cswlnaurl muTkB @)r d Knwaann évrd . k u

Termoel ektr k ¢rete-1er her ne kadar at ék éseéc
-al ekxmal arda yojunlaktkaghakk oganak lkaolklranal abnl e
csret m nde bugé¢ne kadar bulunan y°ntemler arasénda
m ktarda ve g¢nh bazénda en uzun 6é6Eeen@amr&zizvd .k, (2@®L
Ener | sret m sZer ne g¢égnek ener | s nden yararl an
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Solar kollekt®°rler n gen Kk alanlarda topladeéjé g¢n
-al exmatar¢sgtde mevz@p2rur (Arora vd. ,

L teratg¢rde TEG ve ésé borularénén beraber kull a
ark. ara-larén egzoz késménda a-6&jtaak &rkaln machh £&kd &l
ol ukturmukl arder (Orr Jvb¢, €261 6pr uRaméebd nevé&kanrylg.zetye
sécakl éek farké olukturacak b r deneysel S stem tas
sonu-I|l aréné a-déxOj)aSmékt ér ( Remel %

Mat eryal Ve Metod

Tasarl anép, ma ld ekd vliaeknu nsl us tseomt alr2 Ok oclm ekt ° s & - er
borusu |l e ésé bakl éjé ve pas f t p sojutucu araseée
Temmuz0 2t0ar h nde 09: 00 ve 15: 00 saat d | ml er ar

Bu akamada genel met eor ol oj k dur udnisarc,a kk ovlel eskotj
yézler nono al é@énan anl ek sécakl ék dejerler ve an
dejerlend r Im kKt r. K t p éseél - ft |l e drelsepr t, e
bajl & buveurndutkdpalreey eécél ar ¢zer nden kayded I m kKt r.

S stem y¢zeye, °l -¢m¢gn al éndéejé | okasyona ve gg¢
yverl ekt r Im Kkt r(Messenger and Ventre, 2004). TEG
m ktar -al ékma akéexhanéej ukl ygnéymektéen. TFTEGal ¢im ny
sojutucu kullanél masé terc h ed I m kKt r. Sojutucu

°ng%r ¢l megkt gr

kek SI st elna s¥amr &€ mé

Deneysel s stemde kullanélan TEG' e a t bazeée °zel
Tabl DEG . mod¢l ©°zell kl er ( Sh2@&8 10)cat ons TEG modu
Sécak Y¢igzey Seécak 300
Sojuk Y¢zey Seéecak 30
A-ék Devre Ger | 9, 5
Mod¢l | zer nden ge- a325
ﬁJ
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Mod¢l ¢zer nden ge-erm alo0, 4
Sonu-

Deneysel °l-¢mler n aléndéjé zaman d | m -er s
AC arasénda dej «kt J tesp t ed I m kKt r
kek Sbl 2r Rady)asvyeo nA(-V8/km Devre Ger | mler (V)

800,00 1,00
700,00 0,90
r\éGDOOO O'BOE
E ’ 0,70 E
S 500,00 0,60%
& 400,00 050 S
g 040 3
E300,00 0502
EZOO’OO 020 &

100,00 0,10

0,00 0,00

S P PP PSSP
Q"PQ @P’Q \9@ '»G%Q 0'@ \,&Q \“;QQ \?"770 '\'PQQ Kk \PQQ '»“O)Q

e Solar Radyasyon e Acik Devre Gerilimi

kek | 2'"de, solar radyasyonun deneysel °l - ¢men b
me¢t eak bxmadséGatam dejere ulakteée] é g%zlsomlrearsm nidta P ]
b r | kte a-éekl@e¥0kadpar, In mpedaeat e] m az o085 b r
V dejer ne ulakmék maks mum 0,93 V dejer ne ul akt e

70,0 1,00
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& 50,0 0,70 '
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S 40,0 g
(75 ]
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—Sicak Ylizey Sicakhig Acik Devre Gerilimi
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70,0 1,00
= 090
600 g
& 080 =
& 500 070 E
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€ 400 0,60 3
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= S|cak Yiizey Sicakligi Agik Devre Gerilimi

kek3dle €sé& borusu vasétast®@ylekT&Ge seGrunbaf yjozryn &
uyumlu ol duju g°zlemlenm kKt r.

kek Sec4akl ek Farke(AC) ve A-ék Devre Ger | mler (V)
20,0 1,00
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16,0 O,BOE
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Sicaklik Farki Acik Devre Gerilimi
kekdlsécakl ek farké |l e a-ék devre ger | mlekar KE
kull anélan TEG' e a t tanémlanan ul akél ab | r dejer
far ke |l e a-éek deemeolgent ur muktbemzzer graf kil
R¢zgar hézéndak anl ek dej Kk mler n pas f sojutn

hezéenén artmaséna bajl é olarak anl ék b r kKkekijlde T
tesp t ed I m kt r.
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Bu -al ékmada, Ultra Genik Bant (UGBkekHabl er |Ineikknreo kseirsitte

tasarl anméxt ér . Bu anten, gékleame k elena@mn kdnodtii géryeyama |
yapéelanderéel mexkt éer . Tasarl anan anten, parametrel eri Fec
uygun ol arak incelenerek anal i zj, Buan IDalgaOtai & . ( VBPWR)e,c ev eG e
°r¢nt ¢s¢-18.6 GHz frekans araléejénda incelenmiktir. Ayr é
etkisi ayné UGB frekans aral éjéenda g°zl eml enmi kemlerr . E| de
i -in bant geniklijJi gereksini ml eQSTMicrowkve 8tadBr adeépamég? t gl mi
edi | mi ktir.
Anahtar KelimelerrAnt en Talakiélmeéi, Ya ma, Ultra Genik Bant (UGB)

Abstract

In this study, a novel trimmed-shaped microstrip patch antenna is designed for Wifmeband (UWB)
Communication systems. This antenna is configured by modifying and trimming the edges of the conventional rectangular
patch antenna. The designed antenna is analyzed by examining itsgtars in accordance with the regulations set by
the Federal Communications Commission. Thus, Return Loss (S11), Voltage Standing Wave Ratio (VSWR), and radiation
pattern are investigated over the 3.1 GH20.6 GHz frequency range. Furthermore, the ststwidth effect on antenna
behavior is observed over the same UWB frequency range. From the results, it is seen that the proposed structure meets
the bandwidth requirements for Ultideband systems. The designed antenna is simulated through CST Mérowav
Studio Program.
Keywords:Antenna Design, tShaped PatchUltra-Wideband (UWB)

Introduction

With developing technology, small antennas have begun to be needed in commercial and public
applications including mobile phone, wireless communications and large dimensional applications like aircraft,
space shuttle, satellite and guided missile. Thesdsnwere started to be met with microstrip antennas. Many
studies have been made on microstrip antennas. Because these antennas have small profile, it is easy to install
them on surfaces, they are robust in construction, and their manufacturing costwghaopvinted circuit
technology (Deschamps, 1953; Gutton and Baissinot, 1955).

Ultra-wideband (UWB) communication is an enormous wideband system that uses pulse signals to transfer
data from the transmitting side to the receiving side. The pulses havshatduration and these pulses
generate extremely large bandwidth. UWB communication has its origins in the 19th century with the first use
of sparkgap transmitters by Hertz and Marconi (Molisch, 2009; Nekoogar, 2005). During19960 this
technologywas limited by Military Department of Defense to be used only for covert communications.
However, United States Federal Communications Commission (FCC) allowed unlicensed use of UWB systems
in February 2002 (FCC, 2002). According to FCC regulations, dviadth of 7.5 GHz, which extends from
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3.1 GHz to 10.6 GHz in the spectrum, is allocated for UWB applications. Since then, this area has become a
popular and quite promising technology due to its many advantages over the other traditional narrow band
systens. Some of these advantages are high data speed, low power spectral density-aidkimad width.

The technology uses the spectrum together with other communication systems without any interference
problem. Additionally, the system is perceived astwhi noi se by ot her radio fregq
2007).

Antenna design is a critical factor affecting the performance of UWB communication due to broadband
nature of the system. Design stage is a big challenge since the designed antenna mifstiendtk ever the
whole UWB frequency interval. Most of the traditional antennas are narrowband and they should be modified
to operate over that frequency range. In this study, microstrip patch antennas are designed and analyzed for
UWB applications. Reirn Loss, Voltage Standing Wave Ratio (VSWR) and Radiation Pattern are examined in
the UWB frequency range.

Theory of the Microstrip Patch Antenna

The first studies on microstrip antennas were started in 1950s but its popularity increased in the 1970s
(Misra et al., 2015). These antennas, which have widespread use today, continue to be developed. These
antennas have a wide range of applications including mobile satellite communications and global positioning
systems. Additionally, biomedical systems, ragd@roadcast systems and remote sensing are some other areas
which utilize microstrip patch antennas for their applications (Neyestanak and Lotfi, 2008).

Microstrip antennas operate in a small frequency range. It is very useful for narrow band app$ioations
as government security systems (Balanis, 2005). There are many methods to increase the operating frequency
range. The two most common methods are circuit analysis and structural analysis. The circuit analysis is used
for providing equal characteristimpedance between transmission line and antenna. Otherwise, there will be
standing wave because of mismatching and it decreases the performance of the antenna. In this way, circuit
analysis is used for conjugate matching. The structural analysis isyrdost by changing the substrate
parameters of the antenna, such as changing the height or dielectric constant. Bandwidth of the antenna can be
increased by increasing substrate height, but it will also give rise to surface waves and loss of the power.

Fealing Methods

Some feeding techniques may be used such as line feeding, coaxial probe feeding, proximity coupled and
aperture coupled feeding (Indrasen and Tripathi, 2011). Each of these methods has its own positive or negative
sides.

Line Feeding Method

Production of microstrip line feed is easy. The feed line has a smaller width as compared to the patch. The
disadvantage of this method is that surface wave and spurious feed radiation increase with increasing substrate
thickness.

Coaxial Feeding Method

This method is one of the most popular techniques in feeding. The radiation patch is joined together with
inner conductor of the coaxial cable and ground plane is connected to outer conductor. Even though coaxial
feeding method has easy modelling and lowrgus radiation, it has narrow bandwidth. For this reason,
modelling is very difficult for thick substrates (Indrasen and Tripathi, 2011).

Aperture Coupled Feeding Method

Aperture Coupled Feeding Method yields the narrowband characteristic entbena. The general
structure of the feeding mechaniswnsists of two different substrates separated by a ground plane (Indrasen
and Tripathi, 2011). The connection is provided with a slot or an aperture in the ground plane between feed line
and patch (Bheel et al., 2012).
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Proximity Coupled Feeding Method

This method consist of two substrates and feed line is between these two substrates. The radiating patch is
placed on the upper substrate (Raletedl., 2012). Its production is difficult because two layers must have
proper alignment.

Materials and Methods
Antenna Design

The proposed antenna is designed by modifying and trimming the patch shape of the classical microstrip
antenna with rectangulgratch shape. The ground plane, patch, and feeding line are made up of Silver
conductive material with the thickness of 0.035 mm. Additionally, substrate material is selected as Taconic
TLC-30 with the relative permittivity of 3. The front and back viewsh& novel trimmed UWB tShaped
patch microstrip antenna is illustrated in Figure 1. Other physical parameters of the antenna are outlined in
Table 1.

Figure 1. The novel trimmed UWB tEhaped Patch Microstrip Antenna

i:&-%
=
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Table 1.Antenna Parameters for TrimmedShaped Patch Microstrip Antenna for UWB Applications

Symbol Definition Value Unit
Ws Substrate Width 40 mm
Ls Substrate Lenght 35 mm
Wg Ground Plane Width 40 mm
Lg Ground Plane Lenght 9.5 mm
Wp Patch Width 20 mm
Lp Patch Lenght 195 mm
Wi Feed Line Width 3.9 mm
Lf Feed Line Lenght 10.5 mm
ht Substrate Thickness 1575 mm
hg Ground Thickness 0472 mm
hp Patch Thickness 0472 mem

Simulation Results
Parametric Analysis of Substrate Material

UWB trimmed U shaped patch microstrip antenna is simulated by using different substrate widths as 38,
40 and 42 mm, respectively. In Figure 2, Return loss for the designed antenna is illustrated according to these
different substrate widths. The resonant frequency is almost the same at around 7.4 GHz, and return loss is
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36.5 dB,-50.35 dB,-41.22 dB for 3840, and 42 mm substrate widths, respectively. However, it is outlined
from Figure 2 that only the substrate width of 38 mm is acceptable in the UWB frequency range. The other
selected substrate widths are not compatible with the UWB applications. Tges@doantenna structure has
almost UWB characteristic in the frequency range of interest.

Figure 2. The return loss characteristics of the novel trimmed UWS8hdped Patch Microstrip Antenna with
different substrate widths

S-Parameters [Magnitude in dB]
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¥ StW=42) | Y

dB

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3 4 5 6 7 8 9 10 11
Frequency / GHz
The VSWR is also shown for different substrate widths in Figure 3. VSWR values are 1.048, 1.016 and
1.008 at the resonance frequency for 38 mm, 40 mm and 42 mm substrate widths, respectively. It is also clear
that only novel trimmed t$haped microstrip amhna is acceptable with the substrate material width of 38 mm.

Figure 3. The VSWR Characteristics Of The Novel Trimmed UWBSHaped Patch Microstrip Antenna With Different Substrate Widths

Voltage Standing Wave Ratio (VSWR)

—— VSWR (W=38)

ij X T N e (w=40)
: P ‘ | ‘ , U v VSWR (W=42)
3.1 4 5 6 7 8 9 10 10.6

Freguency / GHz

Radiation Pattern Characteristic

After determining the optimursubstrate width, the radiation patterns for the designed antenna are shown
at different frequencies in Figures 4 and 5, wher@®, a n d, respecévely. It can be seen from the figure
that the antenna has bidirectional radiation pattern at the logepreincy while this bidirectional pattern tends
to deteriorate as the frequency increases.

Figure 4. The radiation pattern characteristics of the novel trimmed U\W&h&lped Patch
Microstrip Antenna at different frequencies of a) 3.1 GHz, b) 6.85 GHz;)ahdl6 GHawvhere
«=90
Farfield Directivity Abs (Phi=90)
—— forfiold (=2.1) (3) Farfield Directivity Abs (Phi=90)
30 Phi=270 o

a

farfield (f=6.85) (3,
Phi=90 30 ¢ ) (3)

\ / 1 freq ¥ = 3.1 GHz 120 \ 120 Frequency = 6.85 GHz
Main lobe magnitude =  2.47 dBi 1 i P - -
150 150 9! L] Main lobe magnitude 3.49 dBi

180 Main fobe direction = 178.0 deg. 20w Y Main lobe direction = 157.0 deg.
Angular width (3 dB) = 86.7 deg. Angular width (3 d8) = 59.7 deg.
Theta / deg vs. dBi Side lobe level = -0.6 dB Theta / deg vs. dBi Side lobe level = -0.6 dB
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Farfield Directivity Abs (Phi=90)

farfield (f=10.6) (3)

Phi= 90 30 30 phi=270

”5 120 frequency = 10.6 GHz
v

. Main lobe magnitude = -0.901 dBi
180 Main lobe direction = 180.0 deg.
Angular width (3 dB) = 82.8 deg.
Theta / deg vs. dBi Side lobe levef = -3.1 dB

c)

Figure 5. The radiation pattern characteristics of the novel trimmed U\A&hbped Patch
Microstrip Antenna at different frequencies of a) 3.1 GHz, b) 6.85 GHz, and c¢) 10.&@&He
d=90
Farfield Directivity Abs (Theta=90) Farfield Directivity Abs (Theta=90)
—— farfield (f=3.1) (3) —— farfield (F=6.85) (3)

240 120 = 2qg*requency = 6.85 GHz
Frequency = 3.1 GHz ﬁ Main lobe magnitude = 4.22 dBi
180 210 Main lobe magnitude =  1.16 dBi 150 g0 21°  Main lobe direction = 133.0 deg.
Main lobe direction = 359.0 deg. Angular width (3 dB) = 48.7 deg.
Phi / deg vs. dBi  Angular width (3 dB) = 101.1 deg. Phi / deg vs. dBi Side lobe level = -9.9dB

a) b)
Farfield Directivity Abs (Theta=90)
— farfield (=10.6) (3)

120 vl oo 24gFrequency = 10.6 GHz

Main lobe magnitude = 5.58 dBi

180 Main lobe direction = 60.0 deg.
Angular width (3 dB) = 34.4 deg.

Phi / deg vs. dBi Side lobe level = -4.7dB

c)

Conclusion

In this paper, a novel trimmed-&haped patch microstrip antennalésigned and investigated for Ultra
Wideband communication applications. The structure is configured by modifying and trimming the edges of
conventional rectangular patch. The effect of substrate material widths is examined on antenna performance in
the frequency range of interest. After parametric analysis, the substrate width that gives the best result is
determined as 38 mm. Antenna performance is analyzed by observing Return ikpsgo{tage Standing
Wave Ratio (VSWR), and radiation pattern parameters in the frequency interval of 3:11Gldz2GHz. CST
Microwave Studio is utilized for designing and analyzing the designed antenna. From the results, it is seen that
the proposed antea configuration with the specified width satisfies the bandwidth requirements for UWB
systems. In fact, Return Loss is beled0 dB and VSWR < 2 over the UWB frequency range. Although the
radiation pattern is bidirectional at the lower frequency, itd¢adleteriorate as the frequency increases.
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Starter K¢gltegrlerin Sucujun G¢gvenlijine E
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¥zet

Fermente sosi gdejredli&xr,ikngpddn veeolaayé ge¢venli gédal ar ol «
yaygén olarak ¢retilen kuru fermente bir sosige¢vemi dijdi
i -in starter kel terl er be¢yeék °neme sahiptir. Sucuk ¢
Staphylococcus xylosus ve Staphylococcus carnosus yayge
bakterilerifermat asyon akamasénda yeterl:i bir asitlekme sajlayar
l aktik asit bakterilerinin asit ol ukum heze Ve der ec
mi kroorgani zmal ar én iamrhei keitsmedkn e da-rés é8rud abm k°treem | er ¢r ¢n ¢
ol maktadeéer . Koage¢l az negatif stafilokoklar ise nitrat r
czerinde de et kild ol ma k bgarnks EscheriShaalcoli @ b5€&:H7 va Staphyliocodcues mureas mo n
gi bi géda kaynakl é patojenlerin engel etkenleri akmasé
taraftan starter ke¢lterl er mi kyopemdaminaibi kimyasalltehliketeldeede ietkili © n | e
ol abil mektedir. Ayréca | aktik asit bakterilerinin nitro
dojrudan veya nitrozamin prok¢rsorleriniliazal abrhé&cedo
belirtil mektedir Bu -al ékmada sucuktaki mi krobiyal ve |
Anahtar Kelimeler: Su c u k , géda geelvteenrl,i Jnii,t rsotzaarmtienr, kbi yoj en amin

Assessment of the Effects of Starter Cultures on the Safety of Sucuk

Abstract

Fermented sausages are considered safe foods due to their low pih\aides. Sucuk is a type of digrmented sausage

widely produced in Turkey. Starter cultures are of giegtortance for the standard production and food safety in the
production of fermented sausages. Lactobacillus plantarum, Lactobacillus sakei, Staphylococcus xylosus and
Staphylococcus carnosus are widely used as stater culture in sucuk production. tiddbiaceria contribute to product

safety by ensuring sufficient acidification during the fermentation phase. Therefore, the rate and degree of acid formation
of lactic acid bacteria are important in terms of the inhibition of fbadne pathogens and spexge microorganism. These
bacteria also affect the taste and texture of the product. Coagulase negative staphylococci, on the other hand, have nitrate
reductase activity and catalase activity. They are also effective on flavor. Sucuk may pose an imgdthtansk if food

borne pathogens such as Salmonella, Listeria monocytogenes, Escherichia coli O157:H7 and Staphylococcus aureus
overcome hurdles. On the other hand, starter cultures can be effective in preventing microbial hazards as well as chemical
hazards such as biogenic amines. It is also stated that lactic acid bacteria can act directly on nitrosamine by degrading
nitrosamines or inhibiting nitrosamine formation, or indirectly by reducing nitrosamine precursors. In this study, the
effects of startecultures on microbial and chemical hazards in sucuk are evaluated.

Keywords:Sucuk, food safety, starter culture, nitrosamine, biogenic amin
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Introduction

Fermentation is one of the oldest methods used for food preservation. This method was déweloped
increase the acceptability and flavor of food, inhibit the growth of spoilage and pathogenic microorganisms and
preserve the food without cooling (Coccolin et al., 2008:91). Two types of fermented sausage are produced in
Turkey: sucuk and he#tteated scuk. Sucuk is a type of dry fermented sausage and the initial fermentation
temperature varies between 12 and 26 AC and the pr
Soyer, 2005:412; Kaban and Kaya, 2009:S58; Kaya and Kaban, 20191&&]ition, the pH value should be
5.4 or below and the moisture / protein ratio should be below 2.5 (Anon, 2019:2). The use of starter culture in
this product is increasing day by day. On the other hand, smoking process and heat treatment are not used in
the production (Kaban and Kaya, 2009:S58).

The speed of acidification during the fermentation stage is very important for the inhibition -tfcioeel
pathogens. Therefore, fermentation is an important key step. In additiorgdax potential, compeiit
microorganism and ingoing nitrite level are important hurdles for fermented sausages (Leistner, 1995:165).
These products are considered safe foods due to the reduction of piddamoh@ ripening (fermentation and
drying). Some of the pathogenic onggms could overcome the hurdles during ripening and may be present in
the final product. Staphylococcus aureusEscherichia coli O157:H7, Salmonella spp. and Listeria
monocytogenesay be able to survive (Ferreira et al., 2006:570). For exalereusan grow if sufficient
acidification does not occur during fermentation (Kaban and Kaya, 2006:799).

Starter cultures are individual or mixed microbial cultures. They include lactic acid bacteria and-catalase
positive cocci. In the fermented sausages, #loid acid bacteria most frequently used as starter culture are
Lactobacillus sakei Lactobacillus curvatus Lactobacillus plantarum Pediococcus acidilacticiand
Pediococcus pentosaceudmong the catalasgositive cocci,Staphylococcus xyloswend Staphyococcus
carnosusare the most commonly used species in meat ferment&taouria variansis also used a starter
culture in these meat products. In addition, yed3ehbaryomyces hanserdand Candida famataand molds
(Penicillium nalgiovensandPenicillium chrysogenujrare used as starter cultures in some products (Kaban et
al., 2012:1) Starter cultures have important functions in fermented meat products. Lactic starter cultures are
used to inhibit the growth of undesirable microbiata including fomae pathogens, improve sensory
properties and contribute to the texture devel opme

Catalasepositive cocci contribute to the development of the sensory properties of fermented sausages
through nitrate reductase,asll as proteolytic and lipolytic activities, and also produce catalase, which delays
lipid oxidation (Kaban et al., 2012:1). The removal of the nitrate also contributes to a stable and safe fermented
sausage (Vignolo and Fadda, 2007:148). The studywse\lee effects of starter cultures on the safety of sucuk.

Microbiological Hazards and Starter Cultures

Sucuk, a Turkish dry fermented sausage, belongs to the group of dry fermented sausages (Kaban and Kaya,
2009:S58).SalmonellaL. monocytogene<.coliandS.aureusre important microbial hazards in this product
(Yal -én and Can, 2013: 705; con et al ., 1996: 65;
Beyeéekegnal et al ., 2016:233). Many gtuliues anthe delsavice b e e |
of these fooeborne pathogens during ripening/storage (Table 1).

The most crucial role of lactic acid bacteria in fermented sausages is to ensure the safety of the product by
inhibiting, pathogenic or spoilage bacteria by laatt@ formation. Lactic acid is the main compound resulting
from fermentation by lactic acid bacteria (Kaban et al., 2012:1).

S.aureuss of significant importance in fermented sausages. In the case of incompetent acidification during
fermentation, theseobdborne pathogen may grow and produce enterotoxins which are heat stable. These
toxine may cause poisoning outbreaks (Paramithiotis and Drosinos, 2017:199). The prevefeageeofn
sucuk ranges from 10% to 17 %dCahikGl3703).emppeevieusly stadies,, 20
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it was reported that the number®fwureusaried between ®105¢c f u/ g ( G° kal p et al ., 1
2002:11).

The studies on the behavior $faureugduring processing of sucuk showed that sufficiendliication
play a significant role in the inhibition & aureugKaban and Kaya, 2006:799 ; Erkmen, 2009:62). Kaban and
Kaya (2006: 799) reported that the pH value of sucuk containing starter dulkakei+ S.carnosuss under
5.0 at the first day ofipening. In the same study, it was observed same results in the presBraaddfactici
+ L.curvatus+ S.xylosus In addition, it has been reported taaureusan grow in the absence of the starter
culture in the first days of ripening. In anothardst, Erkmen (2009:62) reported pH value under 5 in 3 days of
fermentation and observed significant inactivatiorSaiureusn sucuk with starter culture. (plantarum+
P.acidilactici+ S.carnosus In this study, significant reduction iaureusiumber vas also determined during
ripening and storage (Table 1).

Turantak (1991:1) indicated that GDL (0. 03 %, 1 %)
S.aureusluring drying and storage of sucuk. In the same study, it was found tttit dlnecusiumbers were
below the detectable values after 6 days in sucuk with starter culture. On the other hand, Erol and Hildebrandt
(1992:90) emphasized the importance of fermentation temperature and found$hatithasiumber increases
in sucuk without staer culture and decreases in sucuk with starter cultunglgntarum + S. carnosuguring
fermentation at 25 eC.

L.monocytogeneshe causal agent of listeriosis, is a ubiquitous pathogenic organism which may causes
serious food safealty, p2®@®b7T:e3n¢) .( ¢lon ak ettudy per f or me
16% of commercial sucuk samples were found to be positiveLigteria spp. andL.monocytogenes,
respectively. Similar results wer e dsautye2d%danmld.6% by K:
of commercial sucuk samples were positivelfisteriaspp. and..monocytogenes, e specti vely (¢o
2007:30). It is determined thatmonocytogenetend to decrease significantly during the ripening process in
the presence dftarter culture. However, this fodmbrne pathogen has been shown to survive in sucuk.

Erol and Hildebrant (1992:90) reported thahonocytogenesan grow in sucuk without starter culture at
an initial temper at ur e olf.moBobytoge@®m sucuk was doand to @exrease t h e
with the starter culture. On the ot her hplantdrum Kay a
Lb 75, P.acidilactici Lb 628, P.pentosaceusb 110, L.sakeiLb 706 andL.sakeilLb 706 -B (bacteriocin
negative) has an inhibitory effect on growthLafnonocytogeneis sucuk. However, in the same study, it was
reported that..monocytogenesan grow in the initial stage of ripening when sufficient acidification does not
occur during fementation. In another study, it was showed that the use of bacteuiocincing starter cultures
such asP.acidilacticiandL.sakeiinhibit the growth ofL.monocytogeneduring ripening of sucuk (Erol et al.,
1999: 793) . Si mi | ar |I6yreporiedthal.aciglilacticelB coald be usef@ &sla Protecive
culture for control oL.. monocytogends sucuk.

E. coliO157:H7 serotype is resistant to acidic conditions, low temperature, freezing and competetive flora
(Noveir et al., 2000:331). Ti pat hogen can survive in acidic foods
al., 2006:177). Noveir et al. (2000:331) fouaatoli O157:H7 in only one sucuk sample. In a study performed
by Séeréken et alE.coliO25:BBwad not7detted imamywoé theesucuk samples. On the
other hand, the effect of starter culturetbooliO157:H7 was reported as insignificant (Kaya et al., 1998:506).
Another study showed th&.coli O157:H7 survives for a longer period of time in vacyumeckaged suk
samples than nemvacuump ackaged sucuk samples (Cokansu and Ayl
(2001:651) reported that the use of starter cultug@gntarumt S.carnosuysand nitrite level (100, 150 or 200
mg/kg nitrite ) have no significantfett on the behavior @&.coliO157:H7 during ripening (Table 1). Similary,
the effects of nitrate levels (0, 200 and 400 mg/kg) and starter cuBlgarfosus- P.pentosacelion the
reduction ofE.coliO157:H7 in sucuk were reported as insignificanthensame studyk.coliO157:H7 number
was found to be below detectable |l evel in all samp
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Salmonellas p p . are present in sucuk. Sér ékeSalmentllaal . (
sppi's 7% in sucuk samples collected from shops and
(1991:1), it was reported that the numbeSafmonellaTyphimurium is under detectable level on thb 6f

the drying period in thpresence of a starteulture.

Table 1.The effect of commercial or autochthonous starter culture on behavior dbéond pathogen

Commercial offFood-borne Ingoing  |Initial Results References
Autochthonous  [Pathogen Curing Fermantation
Starter Culture Agent Temperature
P.acidilactici + ,
L.curvatus + -Rapid pH drop
S.xylosus -No growth
' -Reduction during
ripening
150 mg/kg Kaban and
S-aureus nitrite caecC Kaya(2006)
-Very rapid pH drop
: -No growth
L.sakei + - Reduction during
S.carnosus . .
ripening
300 mg/kg - Very rapid pH drop
L.plantarum+ nitrite + -No growth
P.acidilactici + 150 mg/kg - Reduction during |Erkmen
S.carnosus S-aureus nitrate p022 eC ripening and storage |((2009)
L. plantarumLb 8, '?Ieosvgnp(:'_e' g;op n
L. plantarumLb 75, P
e L.plantarumLb 8 and
P. acidilacticiLb . .
608 slight groyvth during
P ’entosaceulsb fermantation Kaya and
P 150 mg/kg - Rapid pH drop belo Y
1010, L.monocytogengnitrite 2 2 C 5.00 in the presence G° kalp
L. sakeilb 706 or ™ Yo ¢ oiher straing of lactic (2004)
L. sakeiLb 706B . )
acid bacteria
500 mg/kg - Reductionduring [Co K an s
P.acidilacticil3 [L.monocytogenenitrate 24 eC fermantation al. (2010)
- No growth during
fermentation
- TheE. coliO157 H7
S carnosus + 0, 200 or number in all samplesA payda
P.pentosaceus  [E.coliO157:H7 4.00 mg/kg 18 eC was below detectableal_ (2008)
nitrate \values after 28 days
- Starter culture and
nitrite level had no
L.plantarum E.coliO157:H7 22 eC significant effect on
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+ S.carnosus 100, 150 ol the behavioroE.coli ¥z et
200 mg/kg O157:H7 (2002)
nitrite

during ripening/storage of sucuk

Chemical Hazardsand Starter Culture

The main chemical hazards in fermented sausages are biogenic amitiogamines, polycyclic aromatic
hydrocarbons and mycotoxins (Laranjo et al., 2019: 5). Biogenic amines are nitrogenous compounds which are
mainly produced by microbi al decarboxyl ation of an
2008:8®). They are important for the human health because of the fact that the consumption of food with high
amounts of biogenic amines, especially histamine and tyramine, can be hazardous due to their toxic effects
(Gen-celep et al ., e ofhiodgeric8ainines depemds amitlwe uypet of faod and the
mi croorgani sms (Gen-celep et al ., 2007:425) . The ¢
attributed to the action d?seudomonasEnterobacteriaceaeEnterococcuandLactobacillus( Gen- c el ep ¢
al., 2007:424). Putrescine, tyramine, tryptamine and histamine are the most important biogenic amines in sucuk
(Bozkurt and Er k men, 2004: 21; Gen-cel ep et al ., :
(2008:868), tyramine is in thange of 2.4676 mg/kg. In the same study, tryptamine was detected in 16 of 30
samples in the range of 182.3 mg/kg. In addition, it was emphasized that hygienic quality of raw material,
manufacturing techniques, the specific flora and the type of stareire are important factors in terms of
bi ogenic amine formation (Gen-celep et al ., 2008: ¢
starter culturel(. sakei+ P. pentosaceus S. carnosus S.xylosuginhibits formation of putrescineub not
tyramine. On the other hand, in another study, the use of starter culture in the production of sucuk has been
suggested to prevent the formation of bi ogenic am
2007:429) . Si nhi(202012559) indicBted] trakin plaetarum &. sakeiand L. curvatuscould
reduce histamine and tyramine formation in sucuk (Table 2). In addition, the temperature and relative humidity
of the storage are important hurdles for the formation of biogeniwesnm sucuk (Bozkurt and Erkmen, 2004:
21).

Nitrosamines are generally formed by the reaction between a nitrosation agent and a secondary amine.
Nitrite plays an important role in the formation of nitrosamine in cured meat product such as sucuk and salami
Nitrosamine formation is a complex process (Yurchel
et al., 2020:107917). NDMA (Nitrosodimethylamine), NPYR (Nitrosopyrrolidine), NPIP (Nitrosopiperidine).
NDEA (Nitrosodiethylamine), NDBA (Nitrasdibutylamine), NMOR (Nitrosomorpholine) have been detected
the most common volatile nitrosamines found in meat products (De Mey et al., 2017: 2909). Ingoing nitrite
level, processing steps, amino acid decarboxylase activity of microorganisms, regiitealwater activity,
pH and presence of biogenic amine, presence of inhibitory nitrosation catalysts and/or inhibitors, cooking
temperature and time are important factors in the formation of nitrosamine (Sallan et al., 2019:341; Sallan et
al., 2020:107917). Since nitrosamines are a significant risk for human health, researches on the nitrosamine
formation have been increasing day by day. Accordingly, it is stated that lactic acid bacteria can act directly on
nitrosamine by degrading nitrosamines or iniigi nitrosamine formation, or indirectly by reducing
nitrosamine precursork a study performed by Xiao et al. (2018:126), it has been reported that autochthonous
Lactobacillus pentosuB3 represents a potential starter culture for improving safetyeipitoduction of dry
fermented sausages. In another study, it was found.tipentosufk3 decreases the level of NDMA (Shao et
al., 2021:107534). On the other hand, Sun et al. (2007:1514) indicatédpleatosud.. curvatus andL.sakei
inhibit N-nitrosoamine accumulation, with thecurvatusstrain showing the optimal performance in inhibiting
N-nitrosoamine formation in Harbin dry sausage production. In addition, Sallan et al. (2020) examined the
effects of the autochthounous starter cultureplantarum GM77 + S. xylosusGM92) on the formation of
nitrosamine in heateated sucuk and observed significant effects of strains on the NPYR and NPIP.

Polycyclic aromatic hydrocarbons (PAHs) are aromatic hydrocarbons with two or more combined benzene
rings in different conformations. Several PAHs have carcinogenic and mutagenic properties (Laranjo et al.,
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2019:7). Elias et al. (2014:45) reported that the use of starter cllaatlfacillusspp. +Micrococcacea®r
L. sakei+ S.xylosushas no significargffects on PAH content.

Smoking is not used in sucuk production process. However, sucuk, a type of dry fermented sausage, is
usually consumed after cooking. Therefore, more research is needed on the effects of different cooking
techniques, including baglquing, on the formation of PAH in sucuk.

Table 2.The effect of commercial or autochthonous starter culture on biogenic amine during ripening of sucuk

Commercial or | Ingoing Initial Results References
Autochthonous Curing Agent | Fermantation

Starter Culture Level Temperature

L.sakei +/0, 75 or 15022 eC -Sucuk with startel Ge n - C ¢
S.carnosus ol mg/kg nitrite cultures had lowe| et al. (2007)
P.acidilactici + amounts of putrescing

S.xylosus + cadaverine and tyramine

L.curvatus

L.sakei +| 500 mg/kg| 24 eC - The use of starter cultu Ayhan et al.
P.pentosaceus S. | nitrate inhibited formation off (1999)
carnosus + putrescine but no

S.xylosus tyramine

L.plantarum, - - - All strains used couliDoj a .
L.sakei or reduce histamine an (2020)
L.curvatus tyramine

Conclusion

Starter cultures are of great importance in terms of product safety in sutak is a type of dry fermented
sausage. However, starter cultures that are appropriate for the product type and process conditions should be
selected. Lactic starter cultures can prevent the growth of both-bfro@ pathogens and spoilage
microorganiss by forming acids. In addition, biogenic amine formation can be limited by the inhibition of
microorganisms with decarboxylase activity by starter cultures. On the other hand, although it is stated that
lactic acid bacteria can prevent nitrosamine foromadirectly or indirectly, research on this subject is still
needed. Coagulase negative staphylococci, on the other hand, contribute to the quality and safety of the product
with its biochemical properties such as nitrate reduction. Despite all thegehygienic practices, high quality
raw materials and ingredients are of great importance for a reliable sucuk production. Reducing pH and lowering
water activity are important factors that help produce a safe product. Salt, nitrite and redox potegitial are
important hurdles for sucuk.
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¥zet

Tekstil end¢strisindevroel uke urdespnol at@&ksahdit eden te
araséndadéer (Eren vd., 2006:11). Tekstil ikletmelerinde
aték suda °nemli bir roli jaoyrkeoma ktod d:é y°nTedrnke|Iy|e10|chee S2u0 1k1i r
24/4/20112 7914) arték tekstil atéeksularénda renk parametresi
fikse oranlaré nedeniyl e pamdd(FungvtdeZO®11li6ht €khsly st emnlsi gii deér
fiziksel ve fizikokimyasal y°nteml er, oksidasyon y°nter
met otl ardéer ( Namal , 2017:6). Tekstlimedioyiamianatle&siul ak €ina
arasénda olan ozonla (0O03) muamele alternatiflerden biri

eaktif boyama atéksuyunun ger.i kazaneéem wke2020eldboratuvar k ul | ar
°I—e]|nde atéeksu tekrar kull aa@&@méemnki gi @e I8N K Gk re(@knidnayl aEs
oksijen ihtiyaceée) gideri mi rapor etmiklerdir. tékear ki ns v
kull anemeée il e enerji ve kimyasal tasarrufu rapor et mikl
atéeksul aréenén geri kazaném tekrar kullanéménda Sundrar a
ayneédlkalbiotyema rapor etmiklerdir. Yapél an bu -al ékmal ar
kull anélabilirlifiji i -in gerekli kokull ar belirlenmicxktir
Anahtar Kelimeler:-Te kst i | |, At éksu; Reaktif Boyama; Re n k
Abstract

Waste water caused Iiye textile industry is among the industries that create hazardous pollution which threatens
the environment and people (Eren vd., 2006:11). In textile facilities, the color inside the foul water except the chemicals
plays an important roleBy the additios made in 2011 to Water Pollution Control Regulations in TurkeyZ®&/ 2011
27914) , the color parameters are being followed now in textile waste waters. Reactive dyestuffs are serious problem for
the cotton textile industry due to their relativelwldixation rates(Fung vd., 2000:116)Physical and physicochemical
methods, oxidation methods, biological methods and electrochemical methods are the main methods for waste water color
removal(Namal, 2017:6) Treatment with ozone (O3), which is an advanced oxidation method, is one of the alternatives
to remove color contamination in textile dyeing waste w;:
the recycling and reuse possibilitiesrefictive dyeing waste water were investigated. Survayan and his friends (2020)
reported 9293% color removal as well as 7% COD (chemical oxygen demand) removal in their laborasogte
studies involving ozone for waste water reuse. Perkins and aiglfi(1996) reported energy and chemical savings by
recycling and reuse of reactive dyeing by ozone waste water. Sundrarajan and his friends (2006). in recycling and reuse
of light yellow and blue reactive dyeing waste waters, and besides Sundrarajaisdrnidrtas (2007) in another study,
have reported dyeing in/of the same quality up to two cycles. In these studies, the necessary conditions have been
determined for the recycling and reusability of waste water in reactive dyeing.

Keywords:Textile; wastevater; reactive dye; color
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Tekstil end¢gstrisinde °zellikle boyama i kKl emleri
dekar | al anl arénda ci ddi -evre sorunlaréna neden o
at élkarsaun aréetémé °nem arz etmektedir. (Kara-iray,
ol ukturmasé ama-1¢é& -exitl:i ki myasall ar , prosesl er
arakt érmal ar devam zdlmeikkleddilbaoay &Sman praomaeglaeri kayn:
tekni klerl e geri kazanemé ve tekrar kull aneéel abili
-al ékmada kl asi k arétma tekni kI evrei tielker arre akkutlilfa nbeor
dekénda aték suyun temel karakteristiji olan rengi
arétma tekni kIl eri incelenmik ve raporlandér el mékt é

Te¢rkiye de 201konélrongaySmekimeliilfinide yapél an ye
renk parametresi de akaj édakkiedirt(a BSluo Ka rd dlliirftii IKdinjtir
2006)

Tablol.Tekst il Sanay

Tekstil Sanayii (Pamuklu Tekstil Ve Benzerleri)

At é k SStua nadraérntélna rAél é c é

Ort ama De

KOMPOZK|KOMPOZK]
PARAMETRE B K R K M|NUMUNE NUMUNE

2 SAATL[24SAATL
Ki myasal Oksijen |(mgl) 250 200
Askéda Kat e Madde|(mgl) 160 120
AmonyumA z ot u-N)( Nh (mg/L) 5 -
Serbest Klor (mg/L) 0,3 -
Toplam Krom (mg/L) 2 1
S¢l fer (mg/L) 0,1 -
S¢l fit (mg/L) 1 -
Yaj Ve Gres (mg/L) 10 -
Bal ék Biyodeneyi 4 3
pH 6-9 6-9
( Ek s a24/8/112791R)G
RENK (Pt-Co) 280 260
TekE£mhalgstréesénde At ek Sul awenUyeuléa Kalzam& m Y°nt e ml

Tekstil boyamac

9 Asidik boyarmaddeler

9 Bazik boyar maddeler

9 Direkt boyar maddeler

1 Dispers boyarmaddeler
TKep ve kegkert

él efjenda kull

boyar maddel er
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-
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fReakti f boyar mamadel er ol arak kull aném yer. uy gu
D¢e¢nya |if tegketiminin %40 nén pamuk %3 Amuinku vpeo |
Eren 2006) Pamuklu kumakl| argktii bogakimaddet er masisndeat
iy ol mamasé sebebiyle flottede kalan boyar mad
boyarmadde hidrolize ol arak aték suda ciddi renk
Yap €l an araktérmal arda tekstil boyama atékl arénda

1 Fiziksel ve fizikokimyasal,

1 Kimyasal oksidasyon,

1 Biyolojik ,

TEIl ektroki myasal y°OoNama 20118 r i bakl eécal aréedeéer .

Tekstil at ek s uyruennukn kgierrlii lkiajzianniénmégniddaer i | me s i V €
il eri oksidasyon y°nt$miéei yderl bnri kbkemneaoazenkan(
°neml i i kKl eml erden biridir. eOtrbmkeai atek bayxenaaywa
kombinasyonl!l ar i | e (ldassaapeerEtNerkr]201)e bi | mekt edi r .

r k (2000) ; reaktif boyar maddel erin

da Dbeonykasmaz | eetké& ki s wmyum appor | améxkl ardér . R
-
n d
]

m
c

ng ve
| adeéej e
| e mek
mi alté
i

n ticari bir boya ol an Cl -dk&dayort i ve F
a reaktif boyar maé&ddmnii x| kod inn ma t qae rmi
, uv/ultrason/ p@ung¥dsd000). prosesinin uyg

— X o

O 0ITo0oW a— o0«
- ® ® D C

o — T C

ve ark. (2017) ; y¢ksek miktarda tuz i -
iiklemi zeli grapmBxt eér . Bu -al ékmasénda Re:
e Reaktif Mavi 221 (RB221) i-eren ve

7]
-~ 0D

i . ¢tal ékmada t uz iwe Kiarrlkilléi ko zoorna rbéa zd e
03 / UV / H202)ile yapéel-ansaspekkarumear |
| mékteéer. Ozanlama ile 10 dk
i 7 obDakakyadmal samar at &klal oy £IC
émé i-in% 40 arasénda ol duj
¢ rgd leeriinm dveeh aa rfdeéémldaa n a yraéek
a vd., 2017)
)

l aboratuvar °1l -ejinde ger
suyun geri kazaném tekear ak@eklimand@laali ILi hlaicli imjei
mg / ka dozl ar én ozon aktarémé yapan reakt?®
dejer ne ditkkkatsuadai Ikmi krtemrk gi derme etkinliji%
et kin

Cumhu
BOK5, t
(suryawan vd., 2020)

O ~"mr0oT
w3 O~

e
/
dej e
azal
aras

ozonl amanén
g%zl emlenmiktir. (

SO —TCo®qgwv
ono<>Sg—

CDIB“

B
Suryawan ve ark. (2
é

78 ve% 83.5'"e ulakél mékteéer. 51/ 2014 say
i H¢ekegmet YPnetmeliJindeki (Séneéef 4 atan
am f enolNH3Yy e N) oglaaimt amenhwaklartl aréené kar |

- ——a

a
e
[
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[
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o T = x

Sundrarajan ve ark. (2006) a-éeék sari ve mavi ton
sularén renk gider i mi v e ytaepkérlammé kktuélrl.a nCBznoén ugnz egréi-nl e
oksitleme potansiyelinin klorun neredeyse iKki kat e
cm -apénda ve 200 cm y¢kseklijinde borosiHedlenam r ezé
renkl er 5 dk boyunca 0,16 g/ dk ozon il e muamel e e
ve TOC a-éeéséndan dejerlendirilmiktir. Spekol 1200 1
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Bu -alékma sknkesadhi 6 dgkrééei-erisinde dahi sar i 3
%9 0 renk aték sudan wuzakl aktéréel mékter. KOK gide
2 d°ng¢ halinde kullaneélabiktrrij(Suedaekjanl adabi

Sundrarajan ve ark. (2007) i bakka bir -al exmal a
etmi kl erdir. Turkuaz Mavi si, Zeytin Yexil:i ve La
-al exmal arirgnéexkd eklde k . Ozonl ama, rengi, ki myasal o]
azal t madaki etkinlijini dejerlendirmek i-in 0.16 ¢
kull anmékl ardéer. (Sundrarajan vd., 2007)

At ék suyuwe atreéktreadrmaksuel | anéel abilirlijinin sajl amak
Yekil i i-in 128 ve Lacivert tonlu aték sular 1i-1in
arétma sajlandéjée raporltahmemaésonOzondamaenkedgap:
44 ve% 43 iken, TOC kaldéerma verimlilif9J:i séraseéeyl a
-al ékmal aréndan el de edilen sonu-1I|ar, boyaogaa kal i
banyosunun yeniden kull anéméndan etkilenmedifjini g
boya banyosu at ekl aréeneén renkl erinin gideril mesi
(Sundrarajan vd., 2007)

Tart ékma

Tekstil end¢strisinde ajartma, terbiye iklemleri
boyarmaddel er vb. bir-ok farklée yapélarda yardeémc:
sonunda ciddi at éHK aprbcelrlaebmelre reizred |yi kil ea -bnoayka | ar at e
yarat maktadeéer . [ 13] reaktif boyamal ardaki substant
kaynakl e ©°nemli bir atéek meydadmadgetdmebéelkditril api
banyosunun olukturduju atéek suyun geri kazanémé ve
a-éséndan -ok ©°nemlidir. Ger i kazaném ve tekrar k
sontu | arén il eri oksidasyon y°ntemlerinden biri ol an
boyarmadde aték sularénén ozonl ama yent emi il e &
yapédan uzakl akttéerkerladé jkeu |V ea neétl erka ssfuyhuark k énda di j er
ger¢l megk ve |l iteratgerde de ve endg¢strivyel al anda

almaya devam etmektedir.

Kaynaklar

1. KARA¢I RAY, Ee k s2t0i119 hd & k& Bad lklre ¥zellikteki Boyae
Bi yoreakt©°r (Mbr) Sisteminde Arét éme

2. EREN, H. A. & M ksANKkboyamaelaat eksul ar @h@wmapzon
University Journal of The Faculty of Engineering

3. Su KirliliYj°ineKmatipl ¢ Tabl o 10: Tekstil Sanayi i
Standartl ar é)

4. EREN, H. A. & TPek SANHKK .bo(yzaOrma6 )at eéksul arénén ozor

University Journal of The Faculty of Engineering,
5. KESKKN, RReakdfB0 § ar maddel erl e Boyanmék Pamukl u Doku
Hasl ékl arénén G°zIle Ve Spektrofotometreyl e Dejerl

6. NAMAL, 0. ¥ TeKXt0ill7) . End¢gstrisi At éksul ar éneéen £
Ar akt éMev umatsier. BijilDergsi,ve Teknol o
7. HASSAAN, M. A., & EL NEMR, A. (2017). Ul udaj Uni versity Journnal

Engineering15(2).; Advanced oxidation processes for textile wastewater treatirnational Journal
of Photochemistry and Photobiolqgy

8. FUNG, P. C.M. SK&, T &UKDecofrisatith.and(degfadatoh kinetics of reactive dye
wastewater by a UV/ultrasonic/peroxide syst@uoloration Technology

J
(O

UBAK



134

9. BKLK6SKA, L., GMUREK, M., ¢&TelilE baAtenwatdlKréainent I AORs2 0 1 7
for brine rese.Process Safety and Environmental Protegtion

10. SURYAWAN, I. W. K., HELMY, Q., & NOTODARMOJO, S. (2020). Laboratory scale ozorsased
posttreatment from textile wastewater treatment plant effluent for water reuse. In Journal of Physics:
Conferenceseries (Vol. 1456, No. 1, p. 012002). IOP Publishing.)

11.SUNDRARAJAN, M. , VKSHNU, G . (QOzoné&tionJoDligEsPaHed exKausted 2 0 0 7
reactive dye bath for reudByes and Pigments
122SUNDRARAJAN, M. , VKSHNU, GDecolodsatidnal 8xadidted redctive dye 0 0 7 )

bath using ozonator for reudaternational Journal of Environmental Science & Technojogy

J
-

UBAK



135

Presentation ID/Sunum No= 67

Or al Presentation / S°zl ¢ Sunum

A New Circular Patch Microstrip Antenna Design With Split Ring Resonators for 5
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¥zet
Bu makalede, alt tabaka malzemesi olarak4&R k ul | anar ak Ayr ék Hanlikka oRkez d nta tyat
anteninin tasarémé sunul muktur. ¢tal ekxmada, i ki AHR met a
edi | mi ktir. AHR vyapélarénén d°rt farkl e dur umu, 6 GHz
i nceltenmmi Bakér yollarén varl éjJé ve yokluju séraséyla A¢
ol madéejée, yani her iki bakér yolun da KAPALI ol duju durt
frekans arapafyénd®Ba §g§wepma Hpaadacél ek Radyo Seyr¢gsefer Uygu
ve AC¢CI K), 3.38 GHz'den 4.46 GHz'e kadar ékémaya izin ve
ve A¢I K), anten yapéséenamten medmrfikr mampe s€z eleldielknli ¢gdiena@ayand
gelen -aléexkxma frekansé bandé, 3.54 GHz r ez @rnedDuramdf reenk an s
performans °zelliklerinden dekabbuulk oekduillleabriélni r5 G liduejtui ksiom
bajlantéel arénén t¢m konfig¢grasyonlaré, karkél ek gelen r e
AHR bajlanteéelarée ile °nerilen antearghptta®arcClSAanmkéKcr voeaa:r
AHR yapélarénén mikrokerit yama anten ¢zerindeki et kil

incelenmiktir.
Anahtar KelimelerrAnt en Tasar émeée,t AysgHER) HaB &k=al.kme okhaat t €, 5G

Abstract

This paper presents the design of Split Ring Resonator (SRR) loaded microstrip patch antenna by-4isiagheR
substrate material. In the study, two SRR metamaterials are integrated to the microstrip feed line via copper paths. Four
different states ahe SRRs are investigated by changing the copper path conditions in the frequency range@Hzub
The existence and absence of the copper paths are labelled as ON, and OFF, respectively. State 1 refers to the condition
when no copper paths exist, that both copper paths are in OFF condition. In this state, the antenna radiates in the
frequency range from 2.58 GHz to 5.06 GHz. This structure is acceptable for Aeronautical Radio Navigation Applications.
State 2 (ON&ON) allows radiation from 3.38 GHz 4.46 GHz. State 3 (ON&OFF) and State 4 (OFF&ON) have the
identical antenna performance characteristics owing to the symmetrical nature of the antenna structure. The
corresponding operating frequency band for these states is from 3.16 GHz to 5.29 Gtésavitince frequency of 3.54
GHz. It is also deduced from the performance characteristics of-Statel Statel that these conditions are acceptable
for 5G communication systems. All configurations of the SRR connections yieldlimuotibnal radiation @ttern
characteristics at their corresponding resonance frequencies. The proposed antenna structure with SRR connections is
designed and analyzed by using CST Microwave Studio program. The effects of the SRR structures on the microstrip patch
antenna are xamined in terms of Return Loss, Gain, and Radiation Pattern.
Keywords:Antenna Design, Feed Line, Split Ring Resonator (SRR), 5G.

Introduction

Metamaterials have been very popular for years due to their glamorous features not found in nature.
Investigation of the metamaterial structures has been dated back to the end btdraur9. The first endeavor
for metamaterial structure was in 1898 by Jagadish Chandra Bose. He proposed spearheading study for
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millimeter and microwave applicationstis@en 1894 and 1900. He also accomplished experiments to illustrate

the polarization effects. Addition to these endeavors, he performed the firshaakn twisted structure
experiment. These twisted structures were compatible with the artificial chivgtuse (Bose, 1898).
Afterwards, Lindell et al. proposed the artificial chiral medium by using small wire helices (Lindell et al., 1992).

In 1968, Veselago theoretically examined the double negative material whose permgtaty permeability

(m werenegative values (Veselago, 1968). The aforementioned major quantities define the propagation of
electromagnetic waves in any media. In that study (Veselago, 1968), the propagation of the electromagnetic
waves in the lefhanded media was proposed andaheu c i a | el ectromagnetic wave
and Cerenkov effects were explained. It was also concluded that the media, whose dielectricecamms et

magnetic permeabilitynwere negative, was leftanded system. Pendry et al. focused hen rhetamaterial
structure with metal mesh at uki@v frequency (Pendry et al., 1996; Pendry et al., 1998; Pendry et al., 1999;
Pendry, 2000). On the other hand, they also provided microstructures built-aragostic conducting sheets,

namely Split RingResonators (SRR) whose effective magnetic permeability is less than zero (Pendry et al.,
1999). Ziolkowski outlined that a passive, matched-time-derivative Lorentz material and its equivalent
permittivity and permeability are smaller than their valinekee space in the broadband range (Ziolkowski,
2001). After that, Ziolkowski and Heyman introduced the term of Double Negative Metamaterials (DNG) and
deliberated over the wave propagation through numeric and analytic methods (Ziolkowski and He@tjan, 20
Shelby et al. verified the negative refractive index at microwave frequency regime experimentally (Shelby et
al., 2001). The proposed structure was made up of 2D array of unit cells of copper line and SRR. The effective
refractive indexife) wasobe r ved wi th respect to Snell &8s nlwasw. T h e
equal to the negative root @andm(NIM). These studies have opened up new era of research for scholars such

as cloaks (Silveirinha, 2007), super lens (Fang et al., 2008)rizers (Landy et al., 2008; Ding et al., 2012),
sensors (Elwi, 2018), microwave imaging (Islam et al., 2015), energy harvesting (Karaaslan et al., 2017) and
enhancement of antenna structure (Tamrakar and Ush

In the literature, metamateriblased structures are generally used for enhancement of gain, directivity,
bandwidth and efficiency in antenna applications. Bagmanci et al. presented gain characteristic of the
conventional square patch microstrip antenna covetitl chiral metamaterial structure (Bagmanci et al.,
2018). Return Loss (8 and radiation pattern characteristics of the antennas with metamaterial and without
metamaterial were examined to observe the antenna performance at the frequency of 8.3 GHz. The obtained
results outlined that the antennas covered with chiral metanhatitiatures had better gain and radiation
pattern in the frequency range of interest. Additionally, main lobe magnitude was also increased by chiral
metamaterial. Chen examined various metamatbaaéd antenna structures to address the improvement of
crucial parameters of the antennas including operating bandwidth, gain and efficiency (Chen, 2014).

In this study, the effects of the SRRs integrated into the feeding line of the circular patch microstrip antenna
are investigated in the 1 GH® GHz frequency range. Four different states of the SRR connections (ON&ON,
OFF&OFF, ON&OFF, OFF&ON) are analys by using copper pathdntenna performances of all states are
examined in terms of Return Loss, gain, and radiation pattern.

Circular Patch Microstrip Antennawith SRRs Adjacentto Feed Léne
Antenna And SRRDes égn
Circular microstrip patch antenna withrtial ground plane is designed in order to observe the SRRs effect
on antenna performance for 5G Applications. The overall antenna dimension is 50 x 40 x3v&hnhe
substrate material of FR The FR4 materialhas relative permittivity of 4.3 artdngent loss of 0.0025. Two
SRR metamaterials are modeled and located adjacent to the feed line symmetrically. The geometries of the
antenna and SRR structures are shown in Figure 1 and Figure 2, respectively. Antenna dimensions are given in
Table 1 and tb dimensions of the SRR structures are listed in Table 2.
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Figure 1. a) front and b) back views tifie circular patch antenna with two SRR metamaterials loaded
adjacent to the feed line

a) b)

Figure 2. Geometry of the Split Ring Resonator (SRR)
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Table 1 Dimensions of Designed Antenna
Parameters Dimensions | Units
Feed Line Length 20 mm
Feed Line Width 2.7 mm
Substrate Width 40 mm
Metal Height 0.035 mm
Patch Radius 10 mm
Substrate Height (H) 1.6 mm
Table 2. Dimensions of the SRR Structures
Parameter 1 12 13 14 wl w2 w3 w4 Gap (9)
in (mm) 5 4 25| 15| 75 | 65 5.5 45 0.5
J
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Effect Of SRRs On Circular Patch Microstrip Antenna Performance

The characterization of the states according to copper path existence is illustrated and detailed in Figure 3.
The states are accomplished by applying copper paths to observe the effects of SRRs on the antenna
performance. Copper paths are labelled asn8lS2, respectively as shown in Figure 3a. Additionally, states
are depicted in Figures 3e.

Figure 3.a) Copper Path Labelling, b) Stat OFF&OFF), ¢) Stat@ (ON&ON),
d) State3 (ON&OFF), and e) Stat# (OFF&ON)
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Simulation Resultsof State Configurations

The proposed antenna structure is exploited by using CST MWS program to analyse the effect of SRRs on
the antenna performance parameters. Four different states of the SRRs are obtained by changing the copper path
conditions. The existence@dabsence of the copper paths are labelled as ON, and OFF, respectively. The return
loss and gain characteristics of all states are illustrated in Figure 4 and Figure 5, respectively. The operating
frequency range, bandwidth, resonance frequency, andagé#lire resonance frequency are also tabulated in
Table3.

Statel, where both copper tapes S1 and S2 are OFF, provides a 2.48 GHz bandwidth with.862.58
GHz frequency range and a 2.66 dB gain at the resonance frequency. The antenna witlo[S&ieds in
Aeronautical Radio Navigation Band. St&teadiates in the frequency range from 3.38 GHz to 4.46 GHz with
1.08 GHz of bandwidth. It is also observed from the gain plot it has a gath2d® dB at the resonance
frequency. Additionally, it is cleafrom Figures 4 and 5 that State 3 and State 4 have the same antenna
performance owing to the symmetrical characteristic of the antenna structure. Both of these states radiate in the
frequency range from 3.16 GHz to 5.29 GHz with 2.13 GHz bandwidth. Fomtiner the maximum gains of
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2.81 dB at the resonance frequency are identical. It is also deduced from State 3 and 4 that they operate at 3.5
GHz of 5G communication systems.

Figure 4. The Return Loss characteristics of the states in the frequency fantgrest
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Figure 5. The Gain characteristics of the states in the frequency range of interest
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Table 3.Frequency Range, Resonance Frequency, Bandwidth, and Gain of the States

States Frequency Range Eesonance Bandwidth Gain
reguency
State 1 (off& off) 2.585.06 GHz 4.29 GHz 2.48 GHz 2.66 dB
State 2 ( on &on) 3.384.46 GHz 3.62 GHz 1.08 GHz | -0.219dB
State 3 (on & off) 3.165.29 GHz 3.54 GHz 2.13 GHz 2.81 dB
State 4 (off & on) 3.165.29 GHz 3.54 GHz 2.13 GHz 2.81dB

Radiation Patterns of the four states at the corresponding resonance frequencies are illustrated in Figure 6.
It is outlined from Figureb that all states have omdirectional radiation pattern characteristics.
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State 4

Farfield Directivity Abs (Theta=0)
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Figure 6. The Radiation Pattern Characteristics of the states at the corresponding resonance frequencies

Conclusion

In this paper, a circular patch antenna with Split Ring Resonators integrated into the feeding line is designed
and analyzed in the stbGHz frequency range. The SRR metamaterials are connected to the feed line by means
of copper pathg-our different sties are examined by changing the copper path conditions. The existence and
absence of the copper paths are labelled as ON, and OFF, respestatel\i. refers to the condition when no
copper paths exist, that is, batbpper paths are in OFF condition State 2, both copper paths exist and hence
they are in ON condition. State 3 (ON&OFF) and State 4 (OFF&ON) have symmetry and show the same
performance characteristics. Antenna Return Loss, Bandwidth, resonance frequency and gain parameters are
analyzed ér each stateDepending on the conditions of the SRR connections, the proposed antenna operates
for various applications, such as Aeronautical Radio Navigation and 3.5 GHz of 5G Communication systems.
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L7e-C T@ Elektr&deAr a- 1 ar én Homod oQmasy®nu ve T

Ecem Tuj te Dirzbekjretim tLyesi Murat Aydeén
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¥zet

Teknolojinin héezlée bir kekilde gelikmesi, n¢gfusun art
her ge-en g¢n trafije -é&kan ara- sayésénda hézla arteéecx
emi syonl aseéndanadema ol maktader . ¥zellikle fosil yaket |
sayéeséndaki arteéex, beraberinde -evreye sal énan zararlé
-evreye duyarl e, tremi lzgienee jt bl eprgeshamga- ol B-e art maya
el ektri kli ara-lara y°nel mesini sajl amékteéer . Homol ogasy
aracén satélacajé ¢l kedekasaglet eV zudktulrairma viwey gkuunrluul Juuknl uanr
be¢tenegder . Dijer yandan, tip onayeée ise i mal edilen bir
standartlara uygunlujunun saptanmasériara-garékl akebhan |
dejerlendirmelerinden ge-tijJini g°s€Cetéep békgerekrdir mea:
ara- i-in uygulanacak homol ogasyon s¢r eci rlandinmekfiterlerimi Kt i r .
bel gel endir me, bel gelendirme kullanéelan i-erik bilgilerl
¢al exmanén dgLoruquredakl#a kI i bir ara- i-in homologasyon
Anahtar KelimelerHo mol ogasyon, Tip Onayeé, Bil gi sayar Destekl: Ta
Abstract

The rapid development of technology has been bringing the transportation problem of the population. However, it
causes an increase in carbon emissions with thee@se in the number of vehicles in the traffic. The increment of the
amount of fossifueled vehicles with internal combustion engines has led to a rapid increase in the number of harmful
gases that are harmful to the environment. Therefore, the intardsdemand for environmentally friendly, clean energy
vehicles has started to rise day by day and manufacturers have turned towards electrical vehicles. Homologation is a set
of procedures that determine the compliance of the vehicles with the legal imggilay the authorized institutions and
organizations in the country where the vehicle will be sold to sell the vehicles of the manufacturers. On the other hand,
type approval is a certification system that indicates that a manufactured product, sindtheosamples of the product,
is determined to comply with the standards and that the parts, systems, parts, and technical units of the vehicles have
passed all the necessary conformity evaluations. In this studyCltype electric vehicle design andethomologation
process of this vehicle were examined. The evaluation criteria required for the homologation process, certification, content
information used for certification are determined by basic design principles for electric vehicles. As a result, a
homologation application and type approval for an tZaype electric vehicle was presented.

Keywords:Homologation, Type Approval, Computer Aided Design, Electrical Vehicle.

Giri«k

D¢nya n fusundakl artek ve geliken teknoloji,
yenil enemeye ener ji kaynakl|l arénén hézla t¢i¢kenmesi
kul |l anéemé, bu ener jiarktagea kd takkié neeche nt sekre nbmgeysd kn dfea k t
¢-te birini oluxkturmakla birlikte, 2017 yélénda ya
teketiminion %85 i ni ol uktur makt ad®irninl]%82Dsnyya n o
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kaynakl ardan ve fosil aynakl ardan, kal anér
temin edil dif7Ji bil i | Ulusl ararasé an.
rezervlerininbi | meyenl erl e birlikte yaklakeéek °mr¢gnegn 50 0
t ¢keni i-ten yanmal & motorl ardan kaynakl & zarar |
kKirl.i sebep olaukwa,r agoname z2dad edli e katrrtitl€lrima&rn a
ara-1ar sekt®°rde yerini hezla al makt ac
yeterl mi kt arda ol mamamléa rvéen &b astéanreéy
[ 4] . Ancak, hezla geliken teknolojiy
t ortadan kal kacajée °ng°°r¢l mektedir
ohmaemal ar é, periyodi k bakéem gid
t°rlerdir [6]. Tahrik sistemler.i
Il ¢ ktans mot ork [f7a]r,k| €£e nkortoonr nmoitpar e
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ik ara-1ar ol an
l ena kadar 228.i®m00 bgdgetk aa
i ara-lara y°nelmiktir [ 9]
16 yelé sonu itibari ile 4.
a 47 adet, 2015 yeélend
ere g°re 2030 yeéeleénda
Yendeuhadéemjanan yaket
yanmal & motor ol arak d
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ktri kIl ara-|lara ol an talebin artmaseé@, bu ar
| emel eri de beraberinde getirmixktir. Bir arac
|l eyici standartl arée ve kokull aré karkél adeéj én
. nhe homorliolgmeskytoend iard €[ 1v2e] . Homol ogasyon kavram
n aksam ve sistemlerinin saték °ncesi yasal d
0
a

> [l s R N ¢))

gasyon s¢recinin sonundaéetipTbpaypanga khenoma
nda ve -ok fazla sayéda ar a- cretil mesini
|l enmesi ve bu ama-ta sarf edilecek maddi y ¢ k¢

Y ST oo
SO TS0
O DO O d O

p onawnwé &Moaolrdwuwé Ara-Il ar ve R°morklaré Tip Onay
Ti Onay Y°netmelifji ya da Kki veya |- Tekerl ekl
Onay Y©°netmelifji kapsaménca ogedyi rk.urbBid lugkeuy it aa laa keinld
ait aksam, ayré teknik ¢nite veya sistem ile il gil
Avrupa Ekonomi k Komi syonu reg¢l asyonl aréna uygun
rapordur Her bir aracén tasarl aneéep, cretilip, i
[ 14] ve bu dojrultuda zorunlu tutulan kan
[ 15]. Homol ogasyon syresupnpdeelRTaRamablDaayk
¢- -exit Keklinde yapél maktadeéer [ 16]. Dij
dol ayé, y°netmelikler ©°zellikle farkIl e ar
;, zde trafi kte kull anél an ara-1ar, tahri k si
n ara-1ar, t ¢rbin, benzinli motor ya da
|l an hashri keednl ékahemoverortemén havasén
ICI veya SOy Qgaz emisyonu yaymayan ara-1 a
séneflandéer él maktader [ 1&F. bBu kamgsamdagl tegin
mi K, tam ol an, tamaml anmék veya tamamlanman
uk Bel gesi d¢zenl emekl e sorumludur [19]. Uy g
7 asmalyaérl ek Brakkl u karar éyl a kabul etmi k ol duju
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t

czerinden yapélan bakvurular v
uygun ol arak yapeél maktadeéer [21].

Ara-1| ar
Kmal a

én hoemil ogashomolsggasyon onaylaré ¢zerin
;

nmakt a
[
%
I

bul unmaktadéer . Gé¢negmegzde °ozell ikl e el e
Otomati k s¢r ¢k fonksi woral,argeméere kh ore
tiril mesinin gereklilifji szerine yap
| anméxkt ér . Birinci yakl ak ém, ABD ve I

mén bi
a K
nd
ol

QT 0 C D

ilgili y°netmeliklerin vy
r. Kkinci yakl akéem i se,
| Snsteei Wi (I k&)i ol dojakulad
mek/ bel gel endi rmek i -1in
[22] . Dijer y an dpainl,

I
I
t
Kk
I
t
|

S C —TQOY ST C O
S < o
- D

c — —

ir e
erlendirmesi ger -ekl exktir
unl u yasal ve teknik gere
me kt aareaf éndan onay al é@&nmeé

3
m
%)
®

ger eken
e t e sB24 10rR02023# || A
n bazé ara-1ar i-|n sanal homol ogasyon K
edir [ 24] . ECE 13/ 11 y ° n et maldrda,kKarayon ni n

€ i-in elektronik stabilite iklevlerinin
tamamlanméKtér [ 25] . 2019 yélenda N2 kat
éol¢wretri mwel naasspél an -al ékmada ise yurt deée
thal até yapeélan aracén, Tg¢rkiye pazar

el enmi k ve bu ainai-k abiirk |yeomec ua | téankaénmag ekra
gunl uk belgesi ve tip onay belgesi al e
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| ékmal ar incel enldaynande, ga&lned maondamr aik-
angi testlerin kullanéldéjée veya Avrup.
a kull aneéel an ara-1|larén hangi mev zuat ¢
ve tip onay belgenin Capgpspmé&naekytern kver
uygunl ujunu tescil eden, homol ogasy
i K| e mi ir-men kgerteekrllieral, anb ed ggjed relnen d ime
l eri, el ektri kI ara- 1 -in temel tasar
dé¢zenl emel ere uygumelsu] us,ajtlraanfméjket é-rék a
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Materyal Ve Metot

Mekani k Tasar ém

Tasar é meé e homologasyon -alékmasé yapeéelan ara-,
kull anél mas ama-l anmaktadeéer . Bu nedenlekategmiiletrinci
belirlenir. MOTOY y°netmel if]Ji kapsaménda, i ki vV e\
mot osi kl etl er, L kategori si ara-lar kapsaména gir
kategorisi, ajnémod Ort ut akar ll ajri€ Q\Nélod?ktetbbeyleﬁ
ara-|lar kapsamendader . Bu sebeple tasaréemé yap an

kategoriL7eC ol arak belirl enmicktir.

o< Q

D

MOTOY y°net ntetipi daic,énlL ek
Homol ogasyon bakvurusu yap
tasarém yapél mekteéer .

mas € gereken °czel l ik

é | e
él acak ol an ar a- i -in bu

J
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Ci zellMOET OY y°%°net me7TeCjtiine @ra-e °zellikleri [ 26]
¥zel |l ik Dej er
S¢r ¢ c¢é  Aj Maks. 75kg
Uzunluk < 3700 mm
Geniklik O 150
Yg,kseklikQ 250
Az ami Net O 15 |
Azami Tas O 90 |
¢i zelge 16deki standart kriterler, m¢gkterd ger ek
yapélGntiLpe aracén genel czell i kl eri ¢Ci zel ge 206de ve
L7eC tip el ektri kli aracénda tasar émeé i ki akKama
geometrisinin olukturul mase, i Kinci akama ise alt

ve kabuk modell eme3bDeMAXkyarel &mé | ahél gapkl mékter .
mo d e | gor¢é¢negkKe veril mi ktir. Dék kabuk tasar éméneén
tasar ém, Kasi tasar e mé, tahrik grubu, yWrerklaen ki rtnaes
t amamé, SolidWorks programé kullaneéel arak ger-ekl ek
olukturan el emanl ar profillerden se-ilmik veCbu pr
tiparacaaie | t t akém, Kasi grubu model i gesteril miktir.
¢i ze&lTgsarlananL# t i p aracén teknik genel ©°zellikleri
¥zell ik Dej er ¥zel liKk Dej er

Uzunluk 3220 mm Motor Tipi Fer-aséez L

Geni kKl ik 1215 mm Mot or S¢r ¢ ¢« Meveut

Y¢e¢ksekl ik 1600 mm Mot or G¢c¢ 5KkW

Tekerl ek S 4 Mot or Ver i %85

kasi Al ¢mi nyum Mot or AjJ ér | 32kg

Kabuk/ Déexk | CamElyaf Batarya T¢grLityum Kyo

Fren Sistemi Hidrolik ve Mekanik Batarya Nominal Voltaj 70.3 V

¥n Lasti k +255mm Batarya Maksimurr 79.8V

¥n Lasti k +105mm Voltaj '

Q;EZ tzz::}iggmm Nomi nal Bat2890Wh

kek7illeC tip araca ait mekani k t agmrdéerh, mdbdel, sg®° rgfme
resim, ¢c) Perspektif g°°r¢neék

UBAK



147

(b)

1600mm

L7eC tip ara- ¢(zerinde konforlu bir yolculuk yapa
ve titrekimler:i mimoir mu m& ri, n @il t mslal iénicmk ve ¢st sal
el ektriklIi ara-ta kullanélan alt ve ¢st sal éncak,

kelkBiLteC ti p araca ait amortis®al émrmadle ngrakb g,r utb)u, S aj)
grubu

(b)

J
-
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El ektrik ar a- iszerinde, tahrik sistemini besl e
depol ayacak, i ki adet nominall voltajé 36 V olan 2
tasarémda kull anél amilkatiar.yal arén modeli g°steril

k e KOiL¥e-C tip araca ait batarya modelleri

L7eC ti pi el ektri k aracén s¢ré¢k esnasénda y°nl end
Mekani k direksiyon sisteminde, direksiyon simidi,
kesa rot kol |l arlé 5kéutlel a naeslaméékniéé ry.a pkeelkan ar aca ait di

k e kLO. L7e-C tip araca ait direksiyon sistemi modelleri

L7eC tip elektrikli aracén tasaréménda tahrik si
kull anél mékt ér . Kull anél an elektrik motorl aréndan
vasétaseéeyl a akt arnedemekcul&lran éfaahnr i zki nsciisrt edn K1 i -ar kil
adettir. Ayréca, motora bajlanan zincir dikli -ark
0,6 ol up, motora bajlé zinéddadiasaremeé kgapéel ansay
gesteril mixktir
K
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Homol ogasyon al ékmaseé

L7eC ti pi elek ri kl-ial @xkamasm® homwml dg ps YOnrmay Bel gesi
¢Cizim Tabl osu, Tanetéem Bil gi D% k¢ mané, Uygunl uk Be
s¢re- tamamlanmék ol maktader. Bu bel gelO84&tarinlivea a ma mé
25679 sayéel é& Resmi Gazeteden wul akélabil mektedir

Tip Onay Belgesi

Tip Onay Belgesi, creticinin ara-Ilareée i-in markeé
bilgilerinin verildifji, arbai-r ibaknvugeneflormaualulri kIB
bak!|l ékl ardan biri Tip Onay numaraseéedeéer. Tip onay n
tip onayéné veren ¢ye ¢l kenin ayrém kodu vyazél eéer
y°n melijin numarasé, tip onayéna uygulanabilir sol
C tipi ara- i-in 2002/24 MOTOY) . b-¢nce¢g bel ¢mde, t
bir séra numaraseée ylaawll &@mérve( MO0 1s)é.r aS oOn0 OhL°dld¢emnd e ,
karakterl:i bir s&€rdimpumamrasé iveamilkiarp.salmiegeni K|l et m
ol arak yazélér. kekil 76de °rnek bir Tip Onay Belg
keki2Ti p Onay belgesi °rneji

Ornek
(Azami format: A4 (210 mm x 297 mm))

AT Tip Onay Belgesi

Onay kurulusunun miihri

2002/24/AT Yénetmeligine gdre bir arac tipinin:
Tip onay

Tip onay1 kapsammm genisletilmesi
Tip onayuun reddedilmesi ¥

—  Tip onaymn geri gekilmesi

ile 1lgili bildirim.

e37*%2002/24*0001*00

Tip ONAY NUIMATASL ... S e L s e e
Kapsam genisletme nedeni:

0. Genel . X X

0.1 Markas1 (markalart) (imalatgmin ticari ady): KarabukUnlver51te51 ..................................
0.2 Tipi : . KBU -8 . SR

0.2.1  Ticari ads (adlart):... KBU 78

0.3 Arag lizerine isarctlenmisse, tipin tanitilmast YORIEmIi oo

0.3.1 Bu isaretin yeri:. R
0.4 Kategorisi 2...... L 767C .................

0.5 Arag imalatgisuun adi ve adresi:...

0.5.1  Montaj tesisinin (tesislerinin) ads (adlan) ve adresi (adresleri): =2 arabik Universicesi nSTRREITETE =

Tanétéem Bildiri mi (Bil gi Dok ¢maneé)

Tip Onay belgesinden sonra ikinci akama ol arak T
ara- ©°zelliklerini i -eren Késém 1 ve ayreé y°net mel

Tanétéem Bildiri mi formuhda, veyva Dhpyeéenagéei Vveckeke
veya aksamlar ile il gild@i detayl e bilgiler veril mek
uygun ©°I -ekl i, fotojraflar ise ayi&htencé Ibiar akékd]
edil en i Kl evsel sistemler var i se, performansl a
dok¢manénda, bakvuruyu yapan taraféendan verilen bi

Tanétém Bildirim kemmu Kéeémsinbel ¢megal't bol ¢ md
séras-®Moppeaet | &r , mot osi kl etl er, - Vve d°r {Sadece ikier I ek
tekerlekli mopet ve motosikletlerle ilgili bilgiler, Sadece ¢ - tekmot @kil k1 entolpeert |

J
-
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si kl etl erl e iCl gtiilpii beillegkitlreirk | d | aarraak-
ki ortak bil gil er v e0alCkatagorisinde aacd €] €
er girilmektedir. Burada 0.7 maddes

A~ X

o
a
I
u ve bu bilgilerin ha@gtii yi° narean ei -airra ct
aér ailnl ke eyw%ent e mi il e sabitleneceiji b
il

en seri nu@atapéebekmanddeyeagaril meh
ir. kekil i86éde bKdgaemelr A°sltterbdwuli &jtdamd

O = ® _, OO
—_— xS

- OS99 S5 QT
(¢°]
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(=)

Fa

D

w

M

3 3
=

>

QD

t bakl éjé genel bil giler

Tanrtun Bildirimi (Bilgi Dokiimani)®

(Ormek)

Bu Yénetmelik ve ayn yonetmeliklerdeki biitiin bilgi dokiimanlarn. sadece bu toplam listedeki bilgilerden olusmali ve
listenin numaralama sistemine sachk kalmalidar.

Kisim 1

Tip onay: verilecek araglar veya tip onay: verilecek sistem, ayn teknik tinite veya aksamlarla ilgili asagidaki bilgiler iig
kopya halinde hazirlanmalr ve bir i¢indekiler listesi ile birlikte sunulmalidyr. Biitiin ¢izimler yeterince ayrintili olmal ve
uygun Sleekte A4 boyutunda veya bu boyutta katlanmis sekilde sunulmalidir. Fotograflar da aym sekilde ayrntil
olmalidir. Fonksiyonlarn mikro islemeiler tarafindan kontrol edildigi durumlarda, performansla ilgili uygun bilginin
saglanmas1 gerekir. Bilgi dokiimaninda. bagvuruyu yapan tarafindan verilen bir referans numaras: tasumalidir.

A Mopetler, motosikletler, ii¢ ve dort tekerlekli motosikletlerle ilgili ortak bilgiler

0 Genel .

0.1 Markast: ..... KarabUk Un 1versi te 51

0.2 Tip (muhtemel varyant ve versiyonu belirtiniz: Her bir varyant ve versiyon numaralardan ya da harfler ve
numaralarin bilesiminden olusan bir kodla tanmmlanmalsdir): ...

0.2.1 Ticari adi (varsa):.. KBU-T78 o

0.3 Arag iizerinde belirtilmisse, arag tipinin tammlanma sekli ©

0.3.1 Bu tanumlama vasitalarmm yeri:.

0.4 Arag kategorisi ¥ LLlenc

0.5 Tmalateinmn adi ve adresi: Karab k Jniversitesi, Merkez/KARAB K o,
. . . Karabuk Oniversitesi, Merkez/KARABUR

0.5.1 Montaj yerinin/yerlerinin ady/adlart ve adresi/adresleri: ... s
0.6. Varsa, imalater yetkili temsileisinin adi ve adresi:. Earabuk Universites Merke.z /KARRBUK

o . ) . Sasi Alta
0.7 Sasi lizerine iligtirilmesi yasal olarak zorunlu talimatlann yeri ve ilistirme yontemi: ...pp e - 4

? : ¥ ¥ : 3 Percinleme

0.7.1 Tipin “No.” Ilc baslayan seri numaralandirimasi:.. 1235 et

A alt bakl éj énda, i Kinci ol arak araceéen gCetipie | d ¢ z
araca ait ol an genrel gdo¢szteenr iviemikkittilre. ©zel | i kil e

kekiKesém 1 A alt bakl éjé genel d¢zen ve kegtle ©ze

1 Aracin genel diizeni
11 Tipik bir aractn fotograflan ve'veya gizimleri: RE £-NO-KBU-00
12 Komple aracm boyutlarm gdsteren sizim: ... Re£7NO-KBU-01
121 Dingil mesafesi 21.30 L) = R ROl e s xatay
13 Dingil ve tekerleklerin sayst (varsa kayis veya paletlerin sayist): 2. D1ngil ve 4 Tekerlek
14. Motorun konumu ve dizeni: ALKa Tekerlek Baglantili
15 Oturma yerlerinin sayssi: .. ...
1.6 Trafik seyir yont) - sol veya sag ” : Sag
161 Arag karayolu trafiginde sagda veya solda kullanimak tzere donatilmsstr ¥ Sagda
2 Kiitleler (kg cinsinden) ¥
20 Yitksiiz kiitle 97+ 3902 15kg
21 Caligir durumdaki aracm kitlesi %3654 15kg
211 Bu kittlenin dingiller arasinda dagalumy: 00 190kg Arka 175kg
22 Caligsr durumundaki aracin stiriictisiiyle birlikte kitesi % 440kg
221 Bu kitlenin dingiller arasinda dagnlim: O 230kg Arka 210kg e B S
23 tmalitgs tarafindan belirtilen teknik olarak milsaade edilen azami kixdle: .2 29K9
231 Bu kiitlenin dingiller arasmda dagahun: OD._265Kg_ Arka 300kg I
232 Her bir dingil fizerinde telik olarak milcaade edilen azami tite: OB 285K Arka 330kg
24 tumalitgs tarafindan beyan edilen tekaik olarak milsaade edilen azami kiitlede azami yokusta galigma
yetenegi: 520.........cccnicincnn pacega ’ .
25 Gekilebilecek azami kitle (varsa):.. DY gulanmamaktadir
Uygulanmar_naktadlr

2.6 Katann azami kitlesi

J

7
UBAK



151

Kesém 1, A alt bakl éjéenén 3. maddesinde hem i -ter
girilmektedir. 3. madda | t éndak i 3.3. alt baxkxleéeje ise elektrikl
1006deC Ult7ep araca ait elektrik g¢- motoru °zellikler

kekibKesém 1 A alt bakl éjée elektrik g¢- motoru °zel

3.3 Elektrik giie motoru

331 Tipi (bobinli. uyarmalr): BOblnll
3.3.1.1 Azami siirekli anma giicii¥; ..

3.3.1.2 Calisma gerilimi: ........ 12

332 Akii

3321 Hiicre sayist: 3

3322 Kiitlesi: . kg

3.3.2.3 Kapasitest: . .. Ah (amper/saat)
33.24 Yeri: Ref
34 Diger motorlar veya motor birlesimleri (bu mototlarin aksamlar ile ilgili 6zel bilgiler) : ..

Uygulanmamaktadir

3.5 imalatet tarafindan mitsaade edilen sogutma sistemi sicakliklan  Uygulanmamaktadir

351 S1v1 sogutma

3.5.1.1 Cikistaki azami s1eaKIK: ..o C

352 Hava sogutma

3521 Referans NOKIASI .. ...viiieiiiiiicie e
3522 Referans noktasindaki azami sieaklik : ........°C

éem 1 A al't bakl éjé 3. maddesinden itibaren, a
sistemi, fren sistemi, aydéenlatma ve ékék sinyal c

Késém 1 C al't bakl éj e, e¢g- vtee kdérrite kleik emd peektl li e rmo t no
girildifji bol ¢mdg¢ eC. tTas aerléenkét ryikgd 1 aanr al-7ebu s éneéef a
°zellikler bu baklék alténda tanéemlanmaktader
kekibKéesem t1 ICawml éj & boyutlar ve k¢gtleler °2zelli kIl el

C Sadece ii¢ tekerlekli mopetler, motosikletler ve dort tekerlekli motosikletlerle ilgili bilgiler

1 Boyutlar ve kiitleler (mm ve kg) (gerekirse cizimlere bagvurunuz)

11 Karoserisiz gasi imalinde uyulacak boyutlar

111 Ul 322 I e e
112 Genislik: 1210 O e
113 VUKSUZ VRSO .10 0 oo ee e ee oo sese e et
1.1.4 On Al IKItST 220 oot e,
115 Arka dingil cikintisi: B O et
116 Karoserili araglar igin agulik merkezinin smir konumu: Uygulanmamaktadir
12 Kiitleler ©

121 Imalatci tarafindan beyan edilen azami is kapasitesi: A G e,

Kéesém 1 C bakléjénén devaménda, araca ai-t donan
karoser, °n cam ve dijer caimpegrizeyé eyéka&macaumyws, |
geri g°r ¢k aynasé, oturma yerleri, yolcu b°l ¢m¢g €s
tamamé tanémlanmaktader

Késém 2 b°l ¢meg, mevcut sistem,émgmean etkinp korngay & ev
czerinde sajlanan ©°zelliklerin ayré y°netmelik ona

onay numar as e, kapsam geni kKl et me var i se geni K1 e
tanéml ammakt adée

J
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Uygunluk Belgesi

Tanétém Bildirimi (Bil gi Dokg¢ mane) dol dur ul mas
hazérl anmaktadeér . Uygunl uk belgesi, homol ogasyon ¢
bel ge ol up, ©zet Ikleikkllienrdieniarbaecléinr tt@ert it Padéerl e Kk e k ikl i
hazérl anan uygunl uk bel gesi gesteril miktir
o AEIEL7e# OED AOAAgl OuUcOi1l OE AAI CAOE EUAIT EEI AOE

Uygunluk Belgesi
A. Onaylanms tipin serisindeki her bir aracla birlikte bulunacak uygunluk belgesi
(omek)
(Azami format: A4 (210 mm x 297 mm) veya A4’e katlanmus halde)
AT Uygunluk Belgesi
Sayfa I
Imza sahibi.

Karabiik Universitesi (tam ady)
asagida aynntilan belirtilen aracn AT tip onayinda tamimlanan tipe her bakimdan uygun oldugunu belge ile onaylar:
01 Markas: K2rabuk Universitesi .....(imalétcimn ticari ady)

02 Tipi KBU-78
Varyant. V: T
VerSIYOIU o, Lo
0.2.1 Ticari ad: (adlan) (uygun oldugunda): . £50~ 78
04 Arag kategorisi - = S C B
0.4.1 97/24/AT Yonetmeliginin Kisim 7'sine gére arag kategorisi (uygulanabildiginde): A/B/C/D ¥
05 Tmalitganun ads ve adresi Rarabik Universitesi, Merkez/m@gqﬁ 77777
0.6 Yasal olarak zorunlu plikanm yeri - _R¥=1580mm, Ry=13Smm, Rz=820mm
Arag tanitim numarass 85654054565
0.7 Arag tanstim numarasmn sasi tizerindeki yeri ;. RE=1630mm, Ry= 12,0f!““ Rz=650mn
- AT tip onay numarast €37%2002/24%0001%00
- Onay tarihi- 12/02/2021

Uygunl uk belgesinin A baxkl é&j e, onayl anméxk tipin
bel gesi, B bakl éjé ise tipi onayl anméexk tip seriler
cnite veya aksamuiybenbuk|l bktgebul bhbgakeri dir. A ©b
kéeésménda araca ait genel hatlare ile ©°zelliklerin
kéesméndaki bilgilerin ©°zet hal iwnlemagseétnidrai | Unegsu rdli uk
devaménda kull anélan kodlar ve kéesaltmalar kull ane

Uygunl uk Bel gesi dol durul duktan sonr a, Tip Onay
yanénda araca ait olan ve hazeérl anmék teknik resim
Onay M¢derl ¢ ¢) bakvuru yapél maktadeéer
Sonu-1 ar

Bualékma@Gakat&@gorisine ait elektrikli bir aracén
El ektri kIl aracén boyutl ar é, g - czellikleri bel i

yapélan el e
ol an ©°zel |l

i -in hangi

L7eC ti pi el

Kaynaklar

1.¥zbay, H-,
Onyedi Eyl
(2017).

ktri kIl i¢raerca-ndie- iknulHh camoell cagcaasky obnelsgel er ,

-/
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kl er belirlenerek bakvuru dosyasé hazér
i Kl eml erin yapél mas & bgue ryelknteitjme,l ikkal neurniin
ektri kli aracén Tip Onay bel gesi uygul a
Kezkurt, C., Dalcaleée, , Tektak, M.,
cMeghendesbi kewvie, Doj a Bi ml er i Fak¢l te
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Et ikl emede form¢glasyona ve proses artlaréna g°re kgl

kull anél an proseslerde beklenen etkilerin olukabil mesi
indirgen veya oksidan madde °zellifji gesterebil mesinin
bil ekiklen Bajanédzddy sekonder aminler araséenda ger-ek
crénlerinde en s ék rastl anan u-ucu nitrozaminler NDMA
(Nitrozopiperidin) olup NDEA (Nitrozodietilamin), NDBA (Nib zodi b ¢t i | ami n) , NMOR ( Ni tr
edi |l mektedir. Nitrozamin olukumunda hem kull anélan nitr
pHOSs é, prek¢rsorlerin mevcudiyeti, UmKliimoiintu® ret ke | e me kg &
uygul anan ésél i Kl emin yojunluju °ne -ékan °nemli bir f:
pi Kirme (baking) gibi pi kKirme y°ntemlerinin.n¥zebkahkl a
edi |l mi kK et scréenlerinde kézart ma, kavur ma gi bi kuru séc
artérdéjé ve bu artékta pikirme yojunlujunun da -ok ©°%°ner
de dj al nitrat kaynakl arée sebebiyle nitrozamin ol ukumu
-al ékmada pikirme y°ntemlerinin hem kg¢r edi |l mi k et ¢
ol ukumuna etkileri derlenmicktir.
Anahtar Kelimeler:Pi ki r me tekni kl er i, nitrozami n, ke¢egr edil mi k et

Influence Of Cooking Methods On Nitrosamine Formation In Meat And Meat Products

Abstract

In meat processing, nitrate and / or nitrite are used as curing agent depending on the product formulation and process
conditions. To achieve the expected effects, it must be converted to nitrite in processes using nitrate. Nitrite is a reactiv
compound ad plays a role in the formation of nitrosamine as well as being a reducing or oxidant substance. These
compounds are formed as a result of the reactions between the nitrosating agent and secondary amines. The most common
volatile nitrosamines found in mearoducts are NDMA (Nitrosodimethylamine), NPYR (Nitrosopyrrolidine), NPIP
(Nitrosopiperidine). NDEA (Nitrosodiethylamine), NDBA (Nitrosodibutylamine), NMOR (Nitrosomorpholine) have also
been detected. Ingoing nitrite and residual nitrite are very imparia the formation of nitrosamine. pH of product,
presence of precursors, inhibitors and stimulators also affect nitrosamine formation. In addition to all these, the intensity
of the heat treatment applied to the product is an important factor. Thesaffemioking methods such as boiling, frying,
barbecuing, roasting, baking, on the formation of nitrosamine are quite different. Especially in cured meat products, it has
been shown that dry heat applications such as frying and roasting significantlyasectiee nitrosamine level and the
cooking intensity is also a very important factor in this increase. Uncured meat products are also products that should be
considered in terms of nitrosamine formation due to their natural sources of nitrate. This stiglysréhe effects of
cooking methods on nitrosamine formation in both cureght products and uncured products.
Keywords:Cooking techniques, nitrosamine, cuneat products, meat

Introduction

The conditions during meat processing in meat technologyvemg suitable for the formation of
detrimental compounds to human health (Simko, 2011:478). While heat treatment is effective in increasing the
nutritional value and quality of foods, aroma development and shelf life, it also plays an important role in the
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formation of contaminants in foods (Li vd., 2020:C560). During the curing procesg,odamines, which are

part of contaminants, can also be formeehitdosamines are formed by nitrosation of secondary amines in
foods. The main nitrosating agent isroits anhydride which consist of nitrite. In foods, especially in meat
products, the main sources of nitrosyl donors are sodium nitrite (by curing) and gaseous nitrogen oxides (by
smoking) (Kaya, 2019:2; De Mey, 2014:9). Among the amines, only secondaiyeanform stable N
nitrosamines. Primary amines, however, are immediately broken down into alcohol and nitrogen, which is why
they play no role in nitrosamine formation (Honikel, 2008:75). Nitrosamines are generally stable in neutral and
strongly alkalineenvironments and difficult to decompose when formed (Douglass vd., 1978:582; Simko,
2011:491).

In meat products, the most common nitrosamines are NDMA, NPIP, and NPYR. Concern about the
presence of Mitrosamines in meat products arose in the late 1968mtp 1970s when high levels of NDMA
and NPYR were noted in fried bacon (Pegg ve Shaidi, 2004:175; Gloria vd., 1997:1817).

Nitrosamine formation is a complex reaction and various factors and compounds affect the nitrosation
reaction. Ingoing nitrite leve residual nitrite, pH, moisture, presence of biogenic amine, amino acid
decarboxylase activity of microorganisms, presence of inhibitors and catalysts, precursors, storage conditions,
spices (especially black pepper), method of heat treatment appiiggbragure and time are important factors
in the reaction (Gloria vd., 199 7 -Marldewiéz vd, 2000:1€Hh e n k o
Simko, 2011:491).

Heat treatment is applied to meat in a number of ways, as mentioned above, such as tilbiimpangl
frying in order to increase the hygienic quality by inactivating pathogenic microorganisms, improve the taste
and fl avor and extend the shelf l'ife (Ju8rez vd.,
transferred to foodsffs without moisture, while the moist heat method includes any technique that involves
heating with moisture (Wang vd., 2019:2).

Cooking temperature, cooking time and dry heating methods such as grilling, frying, roasting have a
significant effect on niosamine formation, and nitrosamine content generally increases as temperature and
cooking time increase (Rywotycki, 2002:335; Sallan vd., 2019:341; 2020:1). However, nitrosamines are formed
in smaller quantities during moist heating processes such #agbdii vd., 2012:C560). In addition,
nitrosamine were detected in fresh meat and meat products subjected to sterilization, pasteurization and
microwave applications (Rywotycki, 2002:336;ur c henko ve M° | deMarkiewkdDwWal.y : 1715
2010:126).

This study reviews the effects of cooking methods on nitrosamine formation in both cured meat products
such as frankfurter, salami, sucuk, hkeat e at ed sucuk and uncured products

Cooking Techniques And Their Effects On Nitrosanine Formation

Since the meat is usually cooked before consumption, some phgiségaical changes in the structure of
the meat occur during heating. Certain characteristics related to consumer preferences such as taste, color and
appearance can also be affected by aupkif meat to obtain a safe product (Lorenzo vd., 2015:50). Different
cooking technigues and the internal temperature during cooking lead to different food qualities. Three main
factors differ between the various cooking techniques; the temperature atrfaee of the meat, the
temperature profile through the meat and the method of heat transfer. The temperature on the surface is
i mportant for the odor , taste and col or of t he mea
which are impatant for odor and flavor development. While the temperature gradient affects the rate and extent
of change of protein structures in meat, the heat transfer meéispécially moist affects the smell, taste and
color of the meat; hence, a high humidityeyents Maillard reactions and dilutes the flavor and aroma
components. Increasing the internal temperature of the meat will especially affect the juiciness of the meat.
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Therefore, all sensory attributes can be affected by changes in cooking technigrao|Beje Aaslyng,
2003:19).

Cooking technique is divided by two groups as dry heat treatment and moist heat treatment. I dry heat
treatment, food is subjected to heating using a direct flame or indirectly by surrounded with hot air or oil. Both
of theseprocesses are performed at a higher temperature, leading to a different organoleptic change. Broiling,
grilling, roast i n-fatfrying,aakd padygying aseacanim®n methods ukedeap dry heat
treatment. As for moist heat treatment, id@e by placing foodstuffs or food products in a hot liquid, which
can be water, wine, stock or steam. Compared to dry heating, moist heating uses lower temperatures ranging
from 60 to 100 AC. Poaching, si mmere magisgheatigonethodsn g , S
commonly used. Boiling and steaming are generally preferred in the processing of meat ariohsedeal
products. Steaming, braising and stewing are often used to process poultry products (Wang veb).2019:2

Cooking procedure idfective in the formation of nitrosamine and cooking type, temperature and time are
important factors in regards of magnitude of nitrosamine formed (Lehotay vd., 2015:10341). The reactions
between secondary amines and nitrosating agents (nitrate, mulitexales of nitrogen) lead to formation of
nitrosamines. Depending on the product type, different cooking techniques affect nitrosamine in different
amounts.

Fresh Meat And NonCured Meat Products

Fresh meat is subjected to different cooking methodsréefonsumption. Cooked meat may contain
different levels of nitrosamine depending on the cooking method and intensity of cooking. In the microwave
cooking method, it has been observed that fresh meat and uncured meat products generally have lower
nitrosamne content than frying and baking methods. In addition, with decreasing heat treatment time and
temperature, the nitrosamine levels of the products decreased in all cooking methods (Table 1). In a study in
which different cooking techniques were appliedmatton samples, the highest nitrosamine values were
determined when they were cooked in frying pan (1¢
(150 UC, 30 min) and microwave oven (120 U®@er, 30 mi
2007:1715) (Table 1).

Effects of various kinds, species and genders of farm animals slaughtered at meat processing on
nitrosamine level were investigated. In the study, the lowest values were determined in meat from calve, ewe,
wether and ram, and these fresh meats, NDMA and NDEA contents varied betweer53.8®% 1 € g [/ kg
3566. 65 €g / kg, respectively (Rywotycki, 2007:544)

Spices can also affect the nitrosamine content in fresh meat products. In a study, it has been reported that
spices treatent caused a significant increase in NPYR content of grilled pork and pork samples, especially.
Similarly, it was found that the frying treatment applied to pork containing paprika caused a higher nitrosamine
content. In the same study, higher levels obsamines were found more frequently in fatty parts of pork meat
than lean tissue. The nitrosamine content of fried products has also been reported to be higher than that of grilled
pork (Yurchenko ve M°Il der, 2007:1715) .

Nitrosamine has also been deterednin doner, which is a fresh processed meat product (Ozel vd.,
2010:3272). Similarly, in a study on the nitrosamine content of meatballs, which are a nitrite #nei¢rate
product, the nitrosamine content of meatballs cooked in unready charcoal wasofbensignificantly higher
than samples cooked in over ready charcoal (Kocak vd., 2012:2218).
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Table 1: The nitrosamine levels formed in meats in relation to different cooking techniques

Product Treatment Temperature Time NDMA NDEA NPYR NPIP NDBA References
Raw meat 12,09 11,81 na na na Rywotycki
Fresh t (Pork i . ,
resh meat (Pork Pasteurizec, , ;o 80 ;.5 759 0 pa pa 2002
meat min
Fresh mea g:ré ;neat s 8,43 8,04 na na na
(Heifer) max 25 11,44 10,81 na na na
meat min
Raw meat 8,13 8,89 na na na
Freshmeat (Cow) Baked 85
meat max 25 min 10,33 11,38 na na na
Raw meat 10,08 9,75 na na na
Fresh mea Baked 85
(Bullock) max 25 . 14,41 13,67 na na na
meat min
Raw meat 12,00 12,24 na na na
Fresh meat (Bull) Baked max 25 85. 17,28 16,75 na na na .
meat min Rywotycki,
Raw meat 2,94 2,85 na na na 2007
Fresh mea Baked 60
(Calve) max 25 3,85 3,56 na na na
meat min
Raw meat 3,33 321 na na na
Fresh meat (Ewe Baked max 25 85. 4,33 401 na na nha
meat min
Raw meat 3,75 3,63 na na na
Fresh mea Baked 85
(Wether) max 25 4,95 433 na na na
meat min
Raw meat 3,99 4,32 na na na
Fresh meat (Ram Baked max 25 85 501 665 na na na
meat min
Poultry Grilled 1,23 0,45 838 1,69 0,22
Poultry Wit & ijeq 141 064 1460 1,96 026
spices
Pork Grilled 1,14 0,34 653 151 0,19
Pork with spices Grilled 1,32 0,52 11,34 1,57 0,21
Poultry Fried 1,16 0,71 1524 1,09 0,32
Poultry - with 0 g 1,30 0,88 2067 1,14 043 Yurchenko
paprika ve Mo
Pork Fried 1,02 0,66 10,23 1,13 0,29 2007
Pork (lean only) Fried 0,41 0,22 238 0,33 0,21
Pork (fat only) Fried 3,23 0,51 14,11 1,02 0,44
Pork with paprika Fried 1,20 0,74 14,65 1,28 0,36
Pork with paprike ¢ ;o 061 031 363 051 037
(leanonly)
Pork with paprike ¢ ;. 492 079 2442 1,62 071
(fat only)
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Microwave - ~ 30
Mutton oven 120 UC min 048 036 051 0,19 nd
Mutton Electrical 150 0c 30 071 05 o062 022 nd 158
oven min
Mutton Frying pan 150U C ?n(l)n 1,16 0,72 3,17 1,14 0,35
0,1+ 0,106 0,13 0,17 Ozel vd.,
Doner kebap Gas flame 041 098 7.72 723 nd 2010
Meatball  (lamhb . . unready 16
meat with %5) Grilled charcoal* min 961 6,76 1,08 1,49 3,47
Meatball - (lamb o 0q  over ready16 25 495 098 nd 079
meat with %5) charcoal min
Meatball  (lamb . . over ready 16 Kocak vd.,
meat with %10) Grilled charcoal min 0,55 077097 nd. 081 2012
Meatball  (lamhb . . over ready 16
meat with %15) Grilled charcoal min 0.67 084 098 nd 089
Meatball (lamb . . over ready 16
meat with %20) Grilled charcoal min 0,93 205 123 nd. 1,09

Cured Meat Products

Nitrite is added to meat products as a curing agent not only with its antimicrobial and antioxidant
properties, but also to contribute to the formation of curing color and flavor. Despite these positive properties,
nitrite also plays an important role ihet formation of Nnitrosamines. Mitrosamines are carcinogenic,
teratogenic and mutagenic compounds. It occurs in a reaction between a nitrosating agent and a substance
having an amino group, and its formation can be the result of a chemical and /@phiahreaction. The
occurrence of these compounds in meat products depends on different parameters related to the conditions for
the preparation, storage and / or thermal processing of meat (IMabiiewicz vd., 2010:123).

The nitrosamine levels forrdein cured meat products such as salami, sucukstiezdaed sucuk, bacon,
frankfurter in relation to different cooking techniques are given in Table 2.

The cooking method plays an important role in the formation of nitrosamine. However, the amount of
nitrosamine depends highly on the cooking time and temperature. Both the cooking temperature and the cooking
time are very important factors. However, maximum NDMA and NPYR l|eagisbe reached in applications
around 200 AC. H o w e wittosaming ldvelsiarsbe deteranined th cdsdaafurthel imcrease
in temperature (Hermann vd., 2015a:169). These factors affect the formation of nitrosamine as well as the
sensory quality of meat products. Many types of fermented sausage, such as mal&uohwaurst, are not
subjected to any heat treatment before consumption in general. On the other hand, in some countries, fermented
sausages are generally consumed after being cooked due to consumption habits.

Cooking by deeffrying or panfrying increasedhe level of NDMA, NDEA and NPYR compared to
boiling or microwave treatments, as reported by Li vd. (2012:C564). In the same study, it was noted that boiling
and microwave treatments were more suitable methods for cured meat (Li vd., 2012:C564).

In a stug conducted on sucuk, it has been reported that as cooking time increased in a dry heating method
(1800C), nitrosamine amounts increased, however,
intensity on nitrosamine formation varies dependinthertype of nitrosamine. While the NDMA level showed
a significant increase in 1 minute heat treatment, it increased less in 3 min of cooking. On the other hand, NPYR
content did not differ significantly between 1 and 3 minutes of cooking. NPIP showleighlest increase in 3
minutes of cooking (Sallan vd., 2019:344). Similar results were found in a study on anothérystemmented
sausage, the hetaeated sucuk (Sallan vd., 2020). The researchers stated that both sucuk-tredtesbsucuk
should 2 subjected to a heat treatment of a maximum of 1 minute against the nitrosamine risk (Sallan vd.,
2019:344; 2020:6).
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Bacon is the most studied product in terms of nitrosamine among cured meat products. The most common
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cooking method for bacon is frying [@ia vd., 1997:1816). However, it has been reported that microwave

application applied in bacon causes a decrease in nitrosamine level (Lehotay vd., 2015:10348) (Table 2). In

cured meat products, changes in nitrosamine formation can be observed deperltype of product, the

raw materi al

used

and

t he

cooki

ng

met hod,

cooki

ng

a study conducted to determine the effect of raw material used in bacon production on nitrosamirikebacon
product preared from beef was found to have higher NPYR than bilkerproduct prepared from turkey

(Gloria vd., 1997:1817).

Many studies have reported that spices play a role in the formation of nitrosamine (Gloria vd., 1997:1817;

Herrmann vd., 2015b:526; Sallad., 2019:344345). For example, in a study, more NPIP and lower NPYR
were detected in bacon containing pepper compared to the control. In the same study, slightly lower NDMA

and NDEA values were found in samples containing peppers (Gloria vd., 1997:1817)

Table 2: The nitrosamine levels formed in cured meat products in relation to different cooking techniques

Product Heat Temperatur Time NDM NDE NPY NPIP NDB Reference

treatment e A A R A s
Traditional pork Fried )
bacon regular 177UC 6min 1,0 0,2 7,1 nd 0,2
Traditional pork
bacon regula
with pepper Fried 177UC 6min 0,6 0,1 3,3 2,0 0,1 Gloria vd,
Baconlike Eried ) 1997
products (beef) 177UC 6min 0,7 0,2 2,6 nd nd
Baconlike
products Fried
(turkey) 1770C 6min 0,5 0,2 1,1 nd 0,1

Raw 1,15 0,19 397 nd nd

30

Boiling 90 UC min 141 0.2 3,97 nd nd
Fermented 10 Li vd.,
sausage Panfrying 150 UCmin 164 024 500 nd nd 2012

10

Deepfrying 150 UC min 1,64 0,26 5,02 nd nd

Microwave 89 UC 4min 1,02 0,18 376 nd nd

Fr_ied 177 UCG6min 0,5 0,25 2,6 0,3 1,1 Lehotay
Bacon Microwave ) vd.. 2015

d 177 UCG6mMin 0,4 0,07 0,7 0,15 1,15 ’

Raw 1,41 nd 9,15 2,01 nd

Cooked

dr
Sucuk gegting) 180 UC1min 1423 nd 1520 52,61 nd ggyg” vd.,

Cooked

(dry 159,3

heatingg 180 UC 3min 19,70 nd 15,77 4 nd

Raw 0,05 nd 2,76 154 0,06
Heat treatec Cooked Sallan vd.,
sucuk (dry 2020

heating) 180 UC1min 0,16 nd 4,45 17,21 0,17
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Cooked

(dry
heatng) 180 UC 3min 0,27 nd 595 55,29 0,34

nd:

not determined

Conclusion

In addition to the ingoing nitrite level and residual nitrite, some other factors are effective in the nitrosamine

content of meat products. Among these factors, temperature, time and consequently the cooking intensity have
a greater importance. The nitemsine level can increase significantly especially at high temperatures. For this
reason, fermented sausages such as sucuk anttdagatl sucuk should be consumed without cooking. these
products are ready-eat meat products. However, cooking intensitgudd be kept at low levels if heating is

to be applied. Because of their carcinogenic, teratogenic, and mutagenic properties, studies are still needed to
reduce these contaminants to lower levels.
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Abstract

Cash flow analysis is used to measure the financial performance of businesses. There are basically three types of

cash flows. These are operational cash flowsHdésvs from operating activities), cash flows from investing activities

(gains and expenses from purchases and sales of fixed assets) and cash flows from financing activities (gains and losses

from financial investments of the enterprise). Operationahdé®ws represent the most important cash inflows and

outflows related to the core business activities. Analysis of operational cash flows provides businesses with the opportunity

to hold on to the market without outsourcing, to evaluate the opportuttigégswill encounter, and to prevent the risks

that may arise. Therefore, enterprises want to estimate the impact of various factors on expected cash flow in order to

ensure the continuity of the production facility. For this, it is necessary to eval@apatameters in all processes from

demand forecasting to sales. These factors are; variable demand, input cost, production capacity, costs related to product

quality, inventory cost, sales quantities. In this study, a simulation model is developed tsyst&Engdynamics to predict

operational cash flows against variable demands and sales. The cash flow table based on the study is the operational cash

flow table determined by the Capital Markets Board and the Public Oversight, Accounting and Auditingrdstand
Authority of Turkey. With this simulation, cash flows are predicted over-gdaeperiod. The developed simulation can
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make predictions for different scenarios that may occur in the future at each run due to its stochastic feature. In order to
demanstrate the application of the simulation model, operational cash flows in a food production facility have been
estimated. In this case study, the simulation was run 500 times and a dataset was created from the discounted cumulative
cash flow estimates mador each five years. In the last stage, the histogram of the data set was drawn, and the average
and standard deviation were calculated, and comments were made about the cash flows of the company for the next five
years.

Keywords:System Dynamics, Casliolv Analysis, Cash Flow Forecast, Operational Cash Flows, Food Industry, Cost
Analysis

Girik

Nakit, finansal terim ol arak nakit ve nakit benz
creéenl oer nakde don¢kt ¢gr ¢ liesbei,l eink lvearmed kelrairnd éma ki Na kg
tanémlamaktadér . Kkl et mel erde nakit teri mi ve nak
°nemlidir S¢erekl i ol arak analiz edi | méeektekinakit i nc el
akeéeck tahminlerini yapabil mel eri, ri skl duruml ar |
takémaktadeéer. Kkl et mel er , ol ukacak feéersatlareée tes
sajl amak i-igemakien &kemliavéemanel er i gerekmektedir.

Kkl et mel erde nakit akék analizi ¢- sénéfta dejer
kaynakl anan naki't akékl ar é, fina nsman faaliyetler
kaynakl anan nakit akek akeéexl eder . Kkl et me faaliye
konulare ile ilgili nakit akéK d°ng(,|er|n| ol uktur |
el de edil enstnakiftaglias& |l ®lran ¢ré¢nl er i -in stokta Kk
kalitesinden kaynakl anan nakit -ékéklaré bu grupta
adéna yapmék ol duju °dewmeltierenfanéemet kgiméesyowegi den
dejerlendiril mekte iken, al énan temettg¢l er, al éna
ol uktur maktader . Operasyonel nakit akéwrmls@&r ésedberely
i Kl etmenin b¢gyeéekl ¢¢]jéneg ve kazancénée etkileyen en °©
sebebiyle de ¢retim planlamasé operasyonel nakit a
dayal &€ kyaa ddhgy adteo ¢retim y°ntemini tercih etmektedir
dal gal anmal ar @éndan dol ayé ger - ej e yakeéen bir t al
faaliyetlerinden kaynakl anaat @dknlkanémkar!| aealrde i scki lher
gi bi nakit girikleri ile verilen bor-1ar, k©r pay
duran varl ekl areée ol ar ak edédiji eraltengdibrii |kebnte éfmaahkrliiak ae,reda
uzun vadel.] varl ekl arén satékéndan kaynakl é& naki't
nakit akeéexkl areéedeér
Literate¢r Taramasi

Literategr taramasénda nakit akéekl aryetielresi izl goilldi
gor ¢l megkt ¢gr . Genel itibariyle dijer endg¢gstri kol I a
g%zl emlenmi ktir. Géeda end¢strisinde yapél an naki
dejerlendirielairjiin, yampé@éélmaedm] é g°°r ¢l megkt or .

Kaya (2000) stok seviyesi dejikkenlijinin beli:
y°ntemlerl e tahmin edil emeyece]ini °ne s¢é¢rmegkt ro.
model i kBamakadfar vV e Reza Monemb (2008) , 348 fi
incelemi klerdir Yaptéekl aré dejerlendirmede, tahm
s¢rmegkl erdir Nakit akeéecxk tahmlmerul-eml niorlkek!l Ivan me K
géda firmaséenén nakit akeé@ verilerini kull anarak i
Haahtel a(2010) bir dijer istatistiksel mo diredé ol an
duyarl el ék -alékmasé ile araktérmal aréné g¢-lendir
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yet , talep miktaré gib parametrelerin nakit
Kmal ar daalgiemebk®k at akminin dojrulujunu etkile:
eml enmi ktir. Bu et ki yi i ncel eyen Yoo ve Pae(
ekKtirerek entegre bir mo d e | obumaus enua | ar daer
l emi k|l erdir.
A (2011), 20@
nmukl ar céari.n &
i bi t
m

¢tok daha b¢gyek bir °rneklem kull a
B endaki verilerini
k54 liewliemtimkul | andéekl ar é -al eékmal ¢
rel erde gruplandérméKIardér. Naki
i kKtir. Awm&l xred&n | yap&lamas é ageirf elaty

etyngelnlianr € 1 9a93a s

par ame

K
bi
g°%zI|l eml en
ab (2011) konsantre meyve suyu ¢reti mi y i

o]
hm nlnde bul unmuxk!| ar deér . Amorti sman Vve

z
it
t a

rek modelin gevenilbirl i jJini artéerdékl aréneée v

C'D_Zc x C

< — o=

[
m
g
u
r
z
e

t ve karl el ék tahmini yapan Mi hal achey ve
ile turizm sekt©or¢ndeki b i maliyetléridrenimizexeldie t me s |
e artérmayé hedefl emiklerdir. Tangsucheev:
[ entegre ederek verilerini excel de analiz
r

I

~a-=-35Z

€ nk ad ne n?l reer i cretim ve stok maliyetleridir
(2018)-stbopkl demglesi de gi @aaimmk pr ogr aml ame
in geli kmesi i ecléraen biridil. Bkachenke vdk (ROL8, yeknolojile n © n
i n mal i yet czerindeki et ki sini vV e mal i
r Benzer bir bakék a-ésé il

t ki sini incel emi ktir. Kayépl aré en aza

n verilerini SPSS ile anal iz etmi Ktir
én & fzd e mlagmm@inktdlrdu] &i stem di nami Kk

[ bir maden yatajénén ger-ek opsiyon
et i, i Kl et me mal i yet.i czerkineei ndur @m
erdir. Dengl er vd. (2019) ise ¢reéen ve hizr
u vV e nakit akeéecx tahmininde et kilerinin [
] ¢énegn yapél agen -adimi injleryl@k aminaj-é aa€@séndan

(2019) 14 i Kl et menin vV e Garcia (2020)
rdir. Aky¢z vd., (2019), ¢r¢ndlogrriums ast dok
unu °ne s¢rmegklerdir. Garcia (2020), 1
akit akék tahminlerini kar kél akt ér méxkt
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&k tEerkleij i (k2 Oni :

®—3—oc———3—

DX N XD T T ALK R XO =X — DO

S0 Cc 3 TQC @ T TTTD moo — Qo

Literate¢r -al ekmalaréna bakél dejacmmmdd zgerndle dllal
l ékxkma ol duju g°zlemlenmiktir. Dijer sekt°rl erde
-al ékmal arda i isretimden satéka kadar ol an t
etimdeesabep y° i mi ile baklayép saték ile sor
up, her akamada netim olduk-a °nemlidir. Liter
rka- basamaj én erGléeamd isreiklt @irj¢in d@° lagmall eammi- &t iér
maména y°nel ik ékmal aréen yetersiz ol masé naki
stermektedir. K i géda ¢r ¢nloelrdiu kr-aaf r°im;rk<;l,idsitr(
yen ve bozul ma gi bi konul
i mi z s¢rekl i sisteml er ¢
[ nin de -o0k
l enmi ktir
e mo dgeéldian

akamal arda ka
akKtéermamézda h

tatisti ksel - a
téeréel maseéena y°ne

S‘N

ama-|l amaktayéez.
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Sistem Dinamik Model

Sistem, birbiri il e et kil ekimler:i ol an birden
ger-ekl exktirmek i -in bir araya gel enanfibi Kkseblgt ¥¢
tanémlanabilir. Dinamik sistemler ise dojrusal ol m
-ok kaoti k yapélarda g°r ¢l mektedir (Detay, 2011: 77)
sistemdinamkmdel i n amaceé, sistemi olukturan dejikkenler
incel enmesini sajl amakteéer . Sistem dinami k modell e
di yagr ame, dijeri stok alde&wmselyadmame dddry a@Caynée, b:
-al ékma felsefesini g°stermektedir. Ol umlu veya ol

gestermektedir.

k ek iNedertsetlD® ng¢ Di yagramé ¥rneji

Yukaréedaki nedenseum,d®°ngsm dviey angyg faurse adrogs éndaki ma n
Model in kurallare akajeéedaki gi bi czetlenebilir;
A Dojumlar artarsa n¢fus olumlu y°nde etkilenir.

A N¢gfus artéke dojumlaré olumlu y°nde etkiler.

A N¢fus arteke °l ¢mlileginl of uand uary°weeneft ks | @r sms u z
B

o}

u model dne;f udsojduim g ¢ s ¢ bir  pPekeink tdi°rnnges sdé® nigsees ¢hi rn ¢df e
l ukturur ; her i ki si de diyagramda kendi sembol ¢ i

kekiSlt oX.DAk@aigr amé ¥rnefj.i

Stokiakék diyagramé séeradan bir stokun ana unsurl ar é

A DoOng¢kteerécer: Don¢kKt egregcel er sabitlerin dejerler
hesaplar ve grafiksel Kk | evl er i -in depdag@kewiodg?rir pde; Ngbpsmsbo
ortalama yakam s¢resi don¢kt gregceg dejikkenlerdir.

A Stokakext oki yagraménén temel unsurl aréedeér . Siste
durumuharbhaek Sistem el emanl aréndan gerekli i°jJeler
akék modelinde; n¢gfus stok dejikkenidir


















































































































































































































































































































































































































































































































