YAYINCI

\

PUBLISHER
u

DERGISH

JOURNAL OF ENGINEERING
SCIENCES AND DESIGN

1ENL

Y

=
= —
=T
—
—
e b
—
=
i
P—
=
—
=)

120Z YdJeN/JeN | :anss|/ikes 6 :9WNOA/HID



YAYINCI
PUBLISHER

BILIMLERI ve TASARIM DERGIS!

JOURNAL OF ENGINEERING SCIENCES AND DESICN

-ISSN: 1308-6693 o mmmmm

Miihendislik Bilimleri ve Tasarim Dergisi / Journal of Engineering Sciences and Design

http://www.dergipark.org.tr/tr/pub/jesd
e-ISSN: 1308-6693

imtiyaz Sahibi / Owner
Deanery of Enginering Faculty, Suleyman Demirel University, Isparta, TR

Editorler / Editors
Gultekin OZDEMIR, Suleyman Demirel University, Isparta, TR (Bas Editér / Editor-in-Chief)
Erdal AYDEMIR, Suleyman Demirel University, Isparta, TR (Editér Yrd. / Co-Editor)
Turgay AYDOGAN, Suleyman Demirel University, Isparta, TR (Editér Yrd. / Co-Editor)
Mehmet AVCAR, Suleyman Demirel University, Isparta, TR (Editér Yrd. / Co-Editor)
Ali AGCAL, Suleyman Demirel University, Isparta, TR
Caglayan BALKAYA, Suleyman Demirel University, Isparta, TR
Atilla BAYRAM, Van Yuzuncu Yil University, Van, TR
Mehmet Ali BELEN, Artvin Coruh University, Artvin, TR
Habib GURBUZ, Suleyman Demirel University, Isparta, TR
Baris GUREL, Suleyman Demirel University, Isparta, TR
Tahir Serkan IRMAK, Kocaeli University, Kocaeli, TR
Alper KUSCU, Suleyman Demirel University, Isparta, TR
Mehmet Onur OLGUN, Suleyman Demirel University, Isparta, TR
Mehmet OZCELIK, Suleyman Demirel University, Isparta, TR
Savas OZUN, Suleyman Demirel University, Isparta, TR
Yunus PAMUKOGLU, Suleyman Demirel University, Isparta, TR
Olcay POLAT, Pamukkale University, Denizli, TR
Fatih Ahmet SENEL, Suleyman Demirel University, Isparta, TR
Hakan TONGAL, Suleyman Demirel University, Isparta, TR
Volkan UZ, Izmir Institute Of Technology, Izmir, TR
Kerim YAPICI, Suleyman Demirel University, Isparta, TR
Demet YILMAZ, Suleyman Demirel University, Isparta, TR

Danisma Kurulu / Editorial Advisory Board

Michael G. KAY, North Carolina State University, USA
Yun-Chia LIANG, Yuan Ze University, Taoyuan, TW
Ravi SANKAR, University of South Florida, Florida, USA
Alice E. SMITH, Auburn University, Auburn, USA
Bedri TUC, Baskent University, Ankara, TR
Erol TUTUMLUER, University of lllinois at Urbana-Champaign, Illinois, USA
Fatma YALCINKAYA, Technical University of Liberec, Liberec, Czech Republic
Gerhard-Wilhelm WEBER, Middle East Technical University, Ankara, TR

Yayin Editorleri / Technical Editors

Ayse BIYIKLI, Suleyman Demirel University, Isparta, TR
Mehmet KIR, Suleyman Demirel University, Isparta, TR
Elif Merve KUCUKONER, Suleyman Demirel University, Isparta, TR
Yasemin SIMSEK TURKER, Suleyman Demirel University, Isparta, TR
Sila YAMAN, Suleyman Demirel University, Isparta, TR

Dizin ve indeksler / Abstracting & Indexing
TR-DIZIN / EBSCOhost / SCILIT / SOBIAD / GoogleScholar / CrossRef

Cilt / Volume : 9 2021 Sayi / Issue: 1

Miihendislik Bilimleri ve Tasarim Dergisi / Journal of Engineering Sciences and Design — e-ISSN: 1308-6693
Suleyman Demirel University, Engineering Faculty, 32260, Isparta, TURKIYE
Phone: +90-246-211-1267 Fax: +90-246-211-1072 e-mail: jesd@sdu.edu.tr www.dergipark.org.tr/tr/pub/jesd


mailto:jesd@sdu.edu.tr
http://www.dergipark.org.tr/tr/pub/jesd

YAYINCI
PUBLISHER

BILIMLERI ve TASARIM DERGIS! ‘,

JOURNAL OF ENGINEERING SCIENCES AND DE 'IFN

-ISSN: 1308-6693 o mmmmm

Miihendislik Bilimleri ve Tasarim Dergisi / Journal of Engineering Sciences and Design

http://www.dergipark.org.tr/tr/pub/jesd
e-ISSN: 1308-6693

Cilt 9 Say1 1/ Volume 9 Issue 1

icindekiler / Contents

Arastirma Makaleleri / Research Articles

MULTI-STEP FORWARD FORECASTING OF ELECTRICAL POWER GENERATION IN LIGNITE-FIRED THERMAL POWER PLANT 1-13
Alper KEREM, [smail KIRBAS

ISIL ISLEMIN ELMA SUYUNDA ENZIM AKTIVITESI VE FENOLIK BILESIKLERE ETKISI: FTIR VE HPLC CALISMASI 14-26
Hande BALTACIOGLU, Gézde DOGANAY

THE STRUCTURAL COUPLING TO RUPTURE COMPLEXITY OF THE AFTERSHOCK SEQUENCE OF THE 2011 EARTHQUAKES IN LAKE VAN AREA 27-51
(EASTERN ANATOLIA, TURKEY)
Mustafa TOKER

AIR QUALITY INDEX PREDICTION IN BESIKTAS DISTRICT BY ARTIFICIAL NEURAL NETWORKS AND K NEAREST NEIGHBORS 52-63
Burhan BARAN

KAHRAMANMARAS YEMENI VE CARIKLARINDA KULLANILAN DERi MALZEMESININ OZELLIKLERININ INCELENMESI| 64-76
Mustafa Oguz GOK, Hatice ARIKAN

DOGRU AKIM OZDIRENG VE MANYETOTELLURIK VERILERININ TERS COZUMU ICIN MELEZ ALGORITMA 77-87
Kadir KARA, Ertan PEKSEN

JITTER OLCUMUNDE ONEMLI BiR GOSTERGE: ARDISIK BLOKLAR 88-98
Necdet Tugrul ARTUG, Sezin ALPAYDIN BASLO, Baris BASLO

SUREKLI MIKNATISLI SENKRON MOTORLAR ICIN YENI COK SEVIYELI EVIRICI TOPOLOJISI 99-107
Esra KANDEMIR BESER, Ersoy BESER

GERI DONUSTURULMUS BETON AGREGASI KULLANILARAK URETILEN HARCLARDA YUKSEK SICAKLIK ETKISININ ARASTIRILMASI 108-115
Emriye CINAR, Behcet DUNDAR, Tayfun UYGUNOGLU

UYARLAMALI BULANIK MANTIK DENETLEYICi TABANLI INSANSIZ HAVA ARACI (IHA)’NIN ROTA TAKIBI VE FAYDALI YUK TASIMA PERFORMANSI 116-125
Egemen BELGE, Aytag ALTAN, Rifat HACIOGLU

SEFAATLI (YOZGAT) DOGUSU SU KAYNAKLARININ HIDROJEOLOJIK VE HIDROJEOKIMYASAL INCELEMESI 126-138
Sehnaz SENER, Erhan SENER

TURKIYE’DE YASANAN KIYI KENAR CiZGiSi-MULKIYET SORUNLARININ ORNEK OLAYLARLA DEGERLENDIRILMESI 139-149
Halil Burak AKDENIZ, Saban INAM

GIRESUN-PIRAZIZ ARASINDA KARADENIZ SAHIL YOLUNA BAGLI KIYI CiZGISi DEGISIMI VE GUNCEL PLAJ OLUSUMLARI 150-166
Ahmet APAYDIN, Murat DURMAZ

STATIK YUKLU RADYAL KAYMALI YATAKLARDA HIDRODINAMIK YAGLAMANIN ANALIZI 167-175
Giiler ONCU, Ertugrul DURAK

OZDERE (iZMIR) JEOTERMAL KAYNAGININ HIDROJEOKIMYASI VE DENIZ SUYU ILE ILISKiSI 176-186
Can BASARAN
SASIRTMALI MAHMUZLARIN UG BOYUTLU SAYISAL ANALIZI 187-198

Oguz SIMSEK, Veysel GUMUS, Abdulkadir GZLUK

Cilt / Volume : 9 2021 Sayi / Issue: 1

Miihendislik Bilimleri ve Tasarim Dergisi / Journal of Engineering Sciences and Design — e-ISSN: 1308-6693
Suleyman Demirel University, Engineering Faculty, 32260, Isparta, TURKIYE
Phone: +90-246-211-1267 Fax: +90-246-211-1072 e-mail: jesd@sdu.edu.tr www.dergipark.org.tr/tr/pub/jesd


mailto:jesd@sdu.edu.tr
http://www.dergipark.org.tr/tr/pub/jesd
https://dergipark.org.tr/tr/pub/jesd/issue/61057/837788
https://dergipark.org.tr/tr/pub/jesd/issue/61057/848043
https://dergipark.org.tr/tr/pub/jesd/issue/61057/861520
https://dergipark.org.tr/tr/pub/jesd/issue/61057/861520
https://dergipark.org.tr/tr/pub/jesd/issue/61057/671836
https://dergipark.org.tr/tr/pub/jesd/issue/61057/705173
https://dergipark.org.tr/tr/pub/jesd/issue/61057/526705
https://dergipark.org.tr/tr/pub/jesd/issue/61057/675053
https://dergipark.org.tr/tr/pub/jesd/issue/61057/709404
https://dergipark.org.tr/tr/pub/jesd/issue/61057/711026
https://dergipark.org.tr/tr/pub/jesd/issue/61057/733266
https://dergipark.org.tr/tr/pub/jesd/issue/61057/745641
https://dergipark.org.tr/tr/pub/jesd/issue/61057/784508
https://dergipark.org.tr/tr/pub/jesd/issue/61057/817317
https://dergipark.org.tr/tr/pub/jesd/issue/61057/826662
https://dergipark.org.tr/tr/pub/jesd/issue/61057/831723
https://dergipark.org.tr/tr/pub/jesd/issue/61057/834131

[

BILIMLERI ve TASARIM DERGIS! I

JOURNAL OF ENGINEERING SCIENCES AND DE 'IFN

-ISSN: 1308-6693 o mmmmm

YAYINCI
PUBLISHER

KALGA PROTEZI TASARIMININ SONLU ELEMANLAR YONTEMI ILE STATIK ANALIZI 199-208
Fatih KAYA, Giilhan INCE, Mehmet AVCAR, Lokman YUNLU
FDM YONTEMI iLE URETILEN PLA NUMUNELERIN CEKME OZELLIKLERINE ISLEM PARAMETRELERININ ETKISININ INCELENMES] 209-216
Selim BACAK, Hatice VAROL OZKAVAK, Muzaffer TATLI
KALSIYUM ALUMINAT CIMENTOLU HAFIF BETONUN FiZIKO-MEKANIK VE TERMAL OZELLIKLERININ ARASTIRILMASI 217-229
Metin DAVRAZ, Murat KORU, Burak YANARDAG
KURESEL BULANIK KUMELER ILE GUVENILIRLIK ANALIZI 230-239
Esra CAKIR, Ziya ULUKAN
PORSELEN KARO YUZEY MODIFIKASYONU 240-254
Go6khan ACIKBAS, Mehmet Behliil KAYALI, Nurcan Calis ACIKBAS
ICTEN YANMALI MOTORLARDA OSTENITIK EGZOZ SUPAPLARININ YUKSEK SICAKLIK ASINMA MEKANIZMALARININ TESPITi 255-264
Fatma BAYATA
ZEMINLERIN KIVAM VE KOMPAKSIYON OZELLIKLERININ TAHMININDE RASTGELE ORMAN REGRESYONU YONTEMININ UYGULANABILIRLIGI 265-281
Said Enes NURAY, Hazal Berrak GENCDAL, Ziilal AKBAY ARAMA

TEMIZLIK CALISANLARININ CALISMA POZISYONLARININ BAUA YONTEMI iLE INCELENMESI: GIDA URETIM FABRIKASI ORNEGI 282-300
Glilgin OZCAN, Miige ENSARI OZAY
GURBUZ YUZ TANIMA ICIN COK-KiPLI OZNITELIK FUZYONU 301-311
Cihan TOPAL, Cevdet CIVIR
ANKARA - [ZMIR YUKSEK HIZLI TREN PROJESININ AFYON - USAK (ESME) KESIMINDEKI KAYA BIRIMLERININ JEOTEKNIK DEGERLENDIRMESI 312-318
Mehmet OZCELIK
ZIMPARA TASI ICEREN CEVHER ALANINA AIT MANYETIK VERILERIN SINIR ANALIZI YONTEMLERI iLE DEGERLENDIRILMESI: MUGLA, TURKIYE 319-329
ORNEG]
Erding OKSUM, M. Nuri DOLMAZ, Muhterem DEMIR, Luan PHAM
GREEN SYNTHESIS OF SPHERICAL-SHAPED Ni1/3Co1/3Mn1/3CO3 PARTICLES 330-335
Miisliim DEMIR
BIiR MIUHENDISLIK FAKULTESININ FARKLI i¢ ORTAMLARINDAN TOPLANAN TOZ ORNEKLERINDEKI PAH VE PCBLERIN SEVIYELERININ VE 336-347
KAYNAKLARININ [NCELENMESI
Sema YURDAKUL, Isil CELIK SAGLAM, Banu CETIN

Derleme Makaleler / Review Articles
ALTYAPI YATIRIM KARARLARINDA MALIYET HESABI VE ETKISINE DAIR BIR INCELEME 348-358
Selim Yiiksel PAZARCEVIREN, Mehmet Cadri KIZILTAS

Cilt / Volume : 9 2021 Sayi / Issue: 1

Miihendislik Bilimleri ve Tasarim Dergisi / Journal of Engineering Sciences and Design — e-ISSN: 1308-6693

Suleyman Demirel University, Engineering Faculty, 32260, Isparta, TURKIYE

Phone: +90-246-211-1267 Fax: +90-246-211-1072 e-mail: jesd@sdu.edu.tr www.dergipark.org.tr/tr/pub/jesd


mailto:jesd@sdu.edu.tr
https://dergipark.org.tr/tr/pub/jesd/issue/61057/839995
https://dergipark.org.tr/tr/pub/jesd/issue/61057/750264
https://dergipark.org.tr/tr/pub/jesd/issue/61057/760514
https://dergipark.org.tr/tr/pub/jesd/issue/61057/764492
https://dergipark.org.tr/tr/pub/jesd/issue/61057/768493
https://dergipark.org.tr/tr/pub/jesd/issue/61057/774005
https://dergipark.org.tr/tr/pub/jesd/issue/61057/804446
https://dergipark.org.tr/tr/pub/jesd/issue/61057/774231
https://dergipark.org.tr/tr/pub/jesd/issue/61057/808781
https://dergipark.org.tr/tr/pub/jesd/issue/61057/818057
https://dergipark.org.tr/tr/pub/jesd/issue/61057/796074
https://dergipark.org.tr/tr/pub/jesd/issue/61057/796074
https://dergipark.org.tr/tr/pub/jesd/issue/61057/726228
https://dergipark.org.tr/tr/pub/jesd/issue/61057/806359
https://dergipark.org.tr/tr/pub/jesd/issue/61057/806359
https://dergipark.org.tr/tr/pub/jesd/issue/61057/814771

Miihendislik Bilimleri ve Tasarim Dergisi Journal of Engineering Sciences and Design

9(1),1-13,2021 E@E DOI: 10.21923/jesd.837788
e-ISSN: 1308-6693 &r%
Of:252H

Arastirma Makalesi Research Article

MULTI-STEP FORWARD FORECASTING OF ELECTRICAL POWER GENERATION IN
LIGNITE-FIRED THERMAL POWER PLANT

Alper KEREM?", ismail KIRBAS?

1Kahramanmaras Siit¢ii imam University, Electrical Electronics Engineering, Kahramanmaras, Turkey
ZBurdur Mehmet Akif Ersoy University, Computer Engineering, Burdur, Turkey

Keywords Abstract

ARIMA, This paper presents multi-step forward forecasting studies using real-time
NAR, generated electrical power time series. Nonlinear Automatic Regression (NAR)
Artificial Neural Network, and Autoregressive Integrated Moving Average (ARIMA) models were created and
Time Series, applied to the generator power time series produced in Afsin-Elbistan Thermal B

Multi-Step Forward Forecast.  Plant. The data were divided into three categories as raw, 10-moving average and
20-moving average while the number of forwarding steps has been established as
6-step forward, 12-step forward and 20-step forward. Performance results of NAR
and ARIMA models were presented with 6 scenarios, and then, the results were
compared with tables and graphs. As a result of all studies, it has been observed
that the model’s success was greatly affected by moving average and forward steps
parameters.

LINYIT YAKITLI TERMIK SANTRALDE ELEKTRIK ENER]JiSI URETIMININ COK
ADIMLI iLERI TAHMINI

Anahtar Kelimeler 0z

ARIMA, Bu c¢alismada gercek zamanli {retilen elektriksel giic zaman serilerinin
NAR, kullanilmasiyla ¢ok adimh ileriye doniik tahmin c¢alismalar1 anlatilmaktadir.
Yapay Sinir Aglari, Dogrusal Olmayan Otoregresif (NAR) ve Otoregresif Hareketli Ortalama (ARIMA)
Zaman Serisi, modelleri olusturulmus ve Afsin-Elbistan Termik B Santralinde tiretilen generator
Cok-Adimli fleri Tahmin. glic zaman serilerine uygulanmistir. Veriler ham, 10 hareketli ortalama ve 20

hareketli ortalama olarak ii¢ kategoriye ayrilirken, adim sayis1 6 adim ileri, 12
adim ileri ve 20 adim ileri olarak belirlenmistir. NAR ve ARIMA modellerinin
performans sonuclar1 6 senaryo ile olusturulmus, ardindan sonuglar tablo ve
grafikler ile karsilastirllmistir. Tlim ¢alismalar sonucunda, hareketli ortalama ve
ileri adim sayis1 parametrelerinin model basarisim1 biiyiik 6lglide etkiledigi
gorilmiistiir.
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1. Introduction

Electrical energy is vital for human life to survive. However, the rapidly growing global population and developing
technology brings several concerns for energy supplies (Kirbas and Kerem, 2016). Coal, natural gas, nuclear, oil
and renewable energy sources are among the main sources of power production. And, energy consumption can be
detailed according to residences, industry, trade and other user communities (Rahman and Esmailpour, 2015).
Energy supply, demand and prices have become more changeable and unpredictable in recent competitive
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conditions (Hong et al., 2016). Thus, energy forecasting studies are carried out in order to make these complexities
more stable. Furthermore, it’s aimed to balance the energy demand; determining the amount of imported power
(Rahman and Esmailpour, 2015); managing the electrical power systems with accurately and reliably; ensuring
the efficient operation of electrical power systems (Bracale et al.,, 2014); integrating power plants into the market;
balancing the demand for auxiliary service and cost; increasing to power quality, transmission capacity, stability
and reliability (Yuan-Kang and Jing-Shan, 2007) using forecasting studies.

Forecasting models consist of physical method, statistical method and hybrid method (Mao and Shaoshuai, 2016).
Physical method is a method that uses weather data such as temperature, pressure, surface roughness and
obstacles (Chang, 2014). The statistical method based on time series (Mao and Shaoshuai, 2016) that uses the
difference between actual data and recently estimated data (Yuan-Kang and Jing-Shan, 2007). Time series
forecasting is a technique that uses historical data to predict future problems in science, engineering, economics
and many other applications (Niu et al., 2010). The hybrid method aims to increase the prediction accuracy and
decrease the error rate by taking advantages of each model that creates it (Bhaskar and Singh, 2012).

This study is based on forecasting of real-time generated electrical power time series. Thus, forecasting studies
which use time-series in related literature, have been examined. Accordingly, Rahman and Esmailpour (2015)
designed Backpropagation Neural Network (BP+NN) model for electricity generation forecasting. Obradovic and
Tomsovic (1999) used time series model to estimate the electricity market price. Amjady et al. (2010) designed
the Short-Term Load Forecast (STLF) model for short-term load estimates. They created this new hybrid model
using Enhanced Differential Evolution (EDE), Feature Selection (FS) and NN+EA models. Hossain and Mahmood
(2020) designed Long Short-Term Memory Neural Network (LSTM+NN) model for electrical load estimations.
They compared model performance with Extreme Learning Machine (ELM) and Generalized Regression Neural
Network (GRNN) models. Jeong (2020) used Gaussian Process Regression (GPR) model to predict energy trade in
microgrid. Liu et al. (2020) performed the electricity market price prediction using LSTM model. Bélint et al.
(2019) have forecasted power generation of solar panels using a weather forecast for microgrid application. Sahu
etal. (2019) used Nonlinear Automatic Regression (NAR) and Nonlinear Automatic Regression Exogenous (NARX)
models in the wind and solar generation forecasting studies. Sfetsos (2000) has applied the models for wind speed
forecasting separately, Adaptive Neuro-Fuzzy Inference Systems (ANFIS), Autoregressive Integrated Moving
Average (ARIMA), Backpropagation Neural Network (BP+NN), Levenberg Marquardt Neural Network (LM+NN),
Neural Logic Network Logic Rules (NLN+LR) and Radial Basis Function (RBF). Taylor et al. (2009) designed
Autoregressive Moving Average Autoregressive Conditional Heteroskedasticity (ARMA+GARCH) and
Autoregressive Fractionally Integrated Moving Average Autoregressive Conditional Heteroskedasticity
(ARFIMA+GARCH) models for wind power density estimations. Shi (2012) performed wind speed and wind power
forecast using ARIMA+ANN and ARIMA+Support Vector Machine (SVM) models. Kirbas (2018) developed ARIMA
and NAR models for wind speed forecasting. Liu et al. (2013) designed Wavelet Packet Broyden Fletcher Goldfarb
Shanno (WP+BFGS), WP+ARIMA+BFGS and Wavelet+BFGS models for wind speed forecast. They compared model
forms with Neuro Fuzzy (NF), ANFIS, Wavelet Radial Basis Function (W+RBF) and Persistent Model (PM). Hu et
al. (2013) developed a hybrid model for wind speed estimates using Ensemble Empirical Mode Decomposition
(EEMD) and SVM. Abdel-Aal et al. (2009) used Abductive Networks (AN) and NN models for wind speed
estimation. Kerem and Kirbas (2019) designed NAR model for multi-step forward wind speed forecasting. The
related literature studies are presented in Table 1.

In this study multi-step forward forecasting studies were carried out using real-time electrical power generated
in Afsin-Elbistan B Thermal Power Plant. Performances results of designed ARIMA and NAR models were
presented with 6 different scenarios.
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Table 1. Literature for time series applications in electricity studies

method

problem

reference

BP+NN

electricity generation forecast

(Rahman and Esmailpour, 2015)

time series

electricity market price forecast

Obradovic and Tomsovic (1999)

STLF

EDE
NN+EA
ARIMA
ARIMA+W
AWNN

electricity load forecast of microgrids

Amjady et al. (2010)

LSTM+NN
GRNN
ELM

electrical load forecast

Hossain and Mahmood (2020)

GPR

energy trading forecast of microgrids

Jeong (2020)

LSTM

electricity market price forecast

Liu et al. (2020)

time series

solar generation forecast

Balint et al. (2019)

NAR
NARX
BR

wind and solar generation forecast

Sahuetal. (2019)

ANFIS
ARIMA
BP+NN
LM+NN
NLN+LR
RBF

wind speed forecast

Sfetsos (2000)

ARMA+GARCH
ARFIMA+GARCH

wind power density forecast

Taylor et al. (2009)

ARIMA+ANN ARIMA+SVM

wind speed forecast
wind power forecast

Si(2012)

ARIMA
NAR

wind speed forecast

Kirbas (2018)

W+BFGS
WP+BFGS
WP+ARIMA+BFGS
NF

ANFIS

WP+RBF

PM

wind speed forecast

Liu et al. (2013)

EEMD+SVM

wind speed forecast

Hu et al (2013)

AN
NN

wind speed forecast

Abdel-Aal et al. (2009)

NAR

wind speed forecast

Kerem and Kirbas (2019)

Abbreviations - AN:Abductive Networks, ANN:Artificial Neural Network, ANFIS:Adaptive Neuro-Fuzzy Inference Systems,

ARIMA:Autoregressive

Heteroskedasticity,

Integrated Moving Average, ARMA+GARCH:Autoregressive Moving Average Autoregressive Conditional
ARFIMA+GARCH:Autoregressive  Fractionally Integrated Moving Average Autoregressive Conditional

Heteroskedasticity, AWNN: Adaptive Wavelet Neural Network, BFGS:Broyden Fletcher Goldfarb Shanno, BPNN:Backpropagation Neural
Network, BR:Bayesian Regularization, DE:Differential Evolution, EA:Evolutionary Algorithm, EDE:Enhanced Differential Evolution,
EEMD:Ensemble Empirical Mode Decomposition, ELM:Extreme Learning Machine, GPR:Gaussian Process Regression, GRNN:Generalized
Regression Neural Network, LM:Levenberg Marquardt, LSTM+NN:Long Short Term Memory Neural Network, LR:Logic Rules,
NAR:Nonlinear Automatic Regression, NARX:Nonlinear Automatic Regression Exogenous, NF:Neuro+Fuzzy, NLN:Neural Logic Network,
NN:Neural Network, PM:Persistent Model, RBF: Radial Basis Function, STLF:Short-Term Load Forecast, SVM:Support Vector Machine,
W:Wavelet, WP:Wavelet Packet

2. Data From Lignite-Fired Thermal Power Plant

Turkey's installed electrical power is 91.342MW as of 2020. The biggest one is the thermal power plants with
46500,09MW power (and 51% ratio) among the other sources. Table 2 shows Turkey's installed electrical power.

Table 2. Installed Power of Turkey, 2020 (TEY, 2020)

Source Installed Power (MW)
thermal 46500,09
hydroelectric 28508,06
wind 7609,34
solar 6032,07
biomass, waste heat, geothermal 2692,14
total 91342

Afsin-Elbistan B Thermal Power Plant is located in Kahramanmaras city of Turkey. It consists of 4 units and each
unit has 360MW installed power. The total installed power of the plant, which uses lignite as fuel, is 1440MW.
Geographic location of Afsin-Elbistan B Thermal Power Plant is given in Figure 1.

3
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In our study, raw production data obtained from thermal power plant were analyzed as raw and moving averages
of 10 and 20. Descriptive statistics data related to the gathered production information are shown in detail in the
Table 3.

Table 3. Data obtained from Afsin-Elbistan B thermal power plant

name length max min mean mode
raw 298 899,92 135 705,014 811,000
ma 10 298 873,336 276,6 704,983 476,400
ma 20 298 870,276 439,8 704,657 761,700
name median skewness kurtosis var std
raw 768,540 -1,206 3,826 26750,289 163,555
ma 10 739,800 -1,090 3,673 16566,712 128,712
ma 20 739,333 -0,894 2,824 10555,958 102,742

3. Methodology

In this study, the electricity production data of the thermal power plant was considered as a time series and 6
different models were developed and the future value of the production was estimated. In order to measure the
performance of the prediction models, the raw data has been converted into 10 and 20 moving averages and the
effect of using the moving average on the model performance has also been examined. For the forecasting, 3
different levels (6, 10 and 12) are determined as prediction steps. Three main scenarios, consisting of different
input data types and different estimation steps, were adapted to ARIMA and NAR methods and a total of 6 different
study scenarios were obtained. The scenarios and forecast models used are shown in Figure 2.

Data from thermal plant

i

A A

v v v v
raw data moving average moving average raw data moving average moving average
(10) (20) (10) (20)

TR e

6steps 10 steps 20 steps 6steps 10 steps 20steps 6steps 10 steps 20 steps 6steps 10 steps 20 steps 6 steps 10 steps 20 steps  6steps 10 steps 20 steps
forward forward forward forward forward forward forward forward forward forward forward forward forward forward forward  forward forward forward

| Scenario 1 | | Scenario 2 | | Scenario 3 | | Scenario 4 | | Scenario 5 |
| multi-step forecasting of electricity production using NAR model | | multi-step forecasting of electricity production using ARIMA model |

Figure 2. Scenarios for NAR and ARIMA models

Time series are numerical quantities in which the values of variables are observed sequentially from one period
to another. It is not a condition that the observed data occur sequentially over time, but it is necessary to see the
development of the sequence at regular intervals. The data used in business, economics, engineering,
environmental sciences, medicine and many other scientific researches are collected in time series form. The series
of observations for such a series, for example, measuring hourly temperatures, daily stock prices, weekly stocks
monitoring, monthly diesel consumption or annual growth rates are compiled or collected at regular intervals of

4
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time. One of the distinctive features of the time series data being different from other series data is that the
observed values in the series are interdependent during the time period. Therefore, statistical methods and
techniques that assume that the observations are independent of each other are not valid for time series
(Seviiktekin and Cinar, 2017).

Relationship between realization (observed sample values) and process (a specific stochastic process) in time
series analysis; similar to studies in statistical hypothesis testing, it is similar to the relationship between sample
and population. Therefore, it can be said that a time series is a sample obtained from a certain stochastic process
that constitutes the series.

A special aspect of time series analysis is the fact that consecutive observations take into account the time series.
When sequential observations are dependent, it is possible to predict the values they will receive in the future
from their previous observations. If a time series is fully predictable, it is expressed as a deterministic time series.
However, most of the time series are stochastic (probabilistic); that is, the data that the series may receive in the
future can be partially defined by its historical values. Precise predictions of the stochastic series can not be
achieved, and future values have a distribution of probability conditioned by the knowledge of past values.

Analysis of time series summarizes the characteristics of a series and tries to reveal the outstanding structure of
the series. The situation frequently encountered in time series is autocorrelated structures. As it is known,
correlation is a measure of acting together between two variables or a non-causal relationship. Autocorrelation,
on the other hand, conceptually implies the relationship between the value of a series in any period and the value
of moving together between the value of the previous or next period. If a series has autocorrelation, it can be said
that there is a correlation between the observations of the series (Seviiktekin and Cinar, 2017).

In the time series, sometimes instantaneous and mostly non-repeating sling-valued (outlier) observations can be
encountered. The deviating values (outliers) are, on average, either too small or too large than the observation
values present in the series. Therefore, they do not represent the pattern of the past or the future. The deviating
values are generally observation values resulting from unusual events and /but not repeated.

ARIMA (AutoRegressive Integrated Moving Average) approach is one of the widely used methods for time series
analysis. The reason why the method is so popular is that it can be solved with computer software, whether or not
any series is stationary, with or without seasonal factors.

In the ARIMA model, there are basically three parameters p, g and d. The AR component of ARIMA implies that the
changing interest variable regresses to its own previous values. The mean of the error term is zero in a stationary
time series and the deviation is o2. As in equation 1, the representation of this time series as a p-order
autoregressive phase is shown as AR(p) if Y:indicates the value of the time series at t-time (Kirbas, 2018).

Yi =8+ ¢1Yi1 + @Yo+ +@pYpt & 1)

where § is a constant value and ¢, is an error term. If we want to express the time series as a gt" degree of moving
average process MA(q), we can use equation 2.

Yt =u + &t + Qlé‘t_l + 028,:_2 + -+ qut—q (2)
If we combine two AR(p) and MA(q) equations we obtain ARMA(p,q) equation 3.
Yo=686+@1Ye1+ -+ @pYrpte+ 0161+ -+ 0564 (3)

If the time series seeking to process is not constant, it can be done as a stationary by taking the d times the
difference shape to make it constant. Once the difference is taken from of the non-stationary Y: series, the AY series,
which indicates a stationary feature, is obtained in equation 4.

A, =YY =Y, - LY, =Y/ (4)
The ARIMA (p, d, q) process can be generally expressed by equation 5 (Seviiktekin and Cinar, 2017)
(1 - gﬂlL - (ple — e gaqu)AdYt = 5 + gt + 918(:_1 + -+ Qqé‘t_q (5)

PACF is used to determine the AR parameter value of the ARIMA model, and the correlogram graphs of the ACF
functions are used to determine the parameter value of the MA. Step numbers above the specified threshold level
are tested for both parameters AR and MA. Figure 3 shows the ACF correlogram used to determine the MA
parameter. Figure 4 shows the PACF correlogram used to determine the AR parameter.
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The efficiency of the model is generally measured by the Akaike Information Criteria (AIC) equation in order to
determine the most appropriate parameter in the ARIMA method and is written as (Kirbas, 2018)

AIC = —2log(L) +2(p +q + k) (6)

where L is the probability of the data, p is the autoregressive portion order, and q is the moving average portion
order. The k represents the ARIMA model's intercept. The model with the lowest AIC criterion is deemed to be
more successful than the others, according to this metric. The parameters demonstrating the best efficiency were
obtained from the ARIMA (2,2,5) model in our analysis.

In the scope of the study, NAR ANNs structure was used as an alternative to ARIMA model. Artificial neural network
structure is based on expressing the working and learning behaviour of the human brain with a mathematical
model. They are used successfully in many different problems such as pattern recognition, classification,
regression, optimization.

The multi-layered artificial neural network structure consists of synapses as in the biological sample. Here a
mathematical model of anerve cell is created. The model includes neural weights and a nonlinear transfer function.
There are basically three layers in artificial neural networks. The first layer is the input layer where the data of the
input variables are entered. The second layer is called the hidden layer and is fully connected with the neurons in
the input layer. Data from the input layer is multiplied by certain weight values and transmitted to the transfer
functions of neurons in the hidden layer (Kirbas and Kerem, 2016).

Similarly, the transfer function outputs of the neurons in the hidden layer form the input data of the neurons in
the output layer. After the transfer function of the output layer is performed, the output data of the artificial neural
network is obtained. In order to determine the multiplier weights in the artificial neural network, the
backpropagation algorithm is used. For this process, data with known input and output values are used for training
and an increase or decrease is performed on the multiplier weights until the artificial neural network value
calculates the correct output value against the known input value. After obtaining the determined performance
criteria, the training phase is completed.

NAR is a frequently used approach especially in time series estimations. As training data and multiplier weights in
the artificial neural network are calculated, this artificial neural network uses a certain part of the time series
(Kirbas, 2018).

In order to measure model performance, the values that neural network does not know during training are given
as an input and asked to estimate the result. The NAR approach assumes that the value of y in time t (y,) is a
function of the past d number, as seen in equation 7 (Kerem and Kirbas, 2019).

Ve = fWeer - Veea) (7)

and this unknown f function tried to be modelled with artificial neural network. Figure 5 shows the NAR 2-delay
model consisting of 10 neurons. The future value is estimated by this neural network by focusing on two historical
data.

Hidden Layer with Delays Output Layer
(t)
12w} B
- - e
b ® I b @ )}; =
10 1

Figure 5. Main structure of NAR neural network model.

The values determined by the neural network are compared with the results previously known and the difference
is looked at in order to assess the model's efficiency. For high efficiency, it is required that the value of the
difference be close to zero. The seven criteria used to measure the performance of the prediction models in Table
4 are given together with their formulas.
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Table 4. Model performance criteria (Kerem et al, 2016; Kirbas and Kerem, 2016; Kirbas, 2018; Kerem and Kirbas, 2019)

Model Equation
1 -
Mean squared error MSE = ;Z(Y" -Y;)?
Peak signal-to-noise ratio PSNR = 201og;, (
2
Root-mean-square error RMSE = 55 , i= 1(Y ¥
X RMSD
Normalized root-mean-square error NRMSE =
Ymax Ymm
100
Mean absolute percentage error MAPE = — X Z 7
L~ :
. 200
Symmetric mean absolute percentage error SMAPE = — X Z
n — Y, + Y

4., Performance Results

The question of how successful the prediction models developed in the study is very important. In order to make
a fair comparison and examine the factors affecting the success of the forecast in more detail, a time series
consisting of 298 measurements was created and forward predictions were made using 6 different scenarios. The
performance values obtained for the forward estimation made in 6, 10 and 20 forward steps are given in Table 5.

Table 5. Scenario 1 results (NAR)

g?;‘é‘;ard values MSE PSNR R RMSE NRMSE MAPE SMAPE
A best 3.06E+03 13269 0995 55342 1,100 6526 6,776
cteps average 125E+04 9,137 0,984 93276 1,855 10,575 11,374

worst 2,13E+04 4,851 0,966 145876 2,901 16,280 18,128
best 1,98E+03 15,171 0,996 44,458 0,413 4,832 5,001
10 steps average 4,07E+03 10,132 0,987 83,580 0,777 9,285 9,630
worst 1,48E+03 6,423 0,975 121,717 1,131 15,135 16,459
best 2626,000 13,936 0,995 51,251 0,140 6,415 6,384
20 steps average 2,14E+03 8,028 0,978 104,241 0,285 12,274 12,033
worst 2319,00 4,477 0,955 152,288 0,416 16,658 18,747
Scenario 1: (10 run), raw data
delay of training: 8, number of neurons: 12, number of data: 298

When the results of Scenario 1 NAR model are examined, it is seen that the best estimate is obtained in 10 steps.
Figure 6 shows the estimates and actual values of the NAR model for scenario 1 together. Table 6 also shows
scenario 2 NAR results.

Table 6. Scenario 2 results (NAR)
values MSE PSNR R RMSE NRMSE MAPE SMAPE

best 1,98E+02 25,172 0,999 14,057 0,417 1,689 1,673
6 steps average 7,64E+02 20,436 0,998 25,974 0,771 3,132 3,071
worst 1,39E+03 16,703 0,997 37,271 1,107 4,461 4,352
best 9,95E+01 28,151 0,999 9,976 0,100 1,094 1,097
10 steps average 1,74E+03 18,700 0,996 36,234 0,366 4,028 4,092
worst 4,11E+03 11,996 0,992 64,077 0,647 7,106 7,463
best 551,091 20,718 0,998 23,475 0,124 2,900 2,951
20 steps average 2,12E+03 15,921 0,995 43,542 0,230 5,066 4,941
worst 4185,00 11,913 0,991 64,693 0,341 8,024 7,618

Scenario 2: (10 run), moving average: 10,
delay of training: 8, number of neurons: 12, number of data: 298

forward
steps
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Figure 6. Scenario 1 results (NAR) (a) 6 step-forward (b) 10 step-forward (c) 20 step-forward

When the results are evaluated, it is seen that the 10-step estimate includes the lowest error value. The results of
NAR model for Scenario 2 are given in Figure 7.
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Figure 7. Scenario 2 results (NAR) (a) 6 step-forward (b) 10 step-forward (c) 20 step-forward

Scenario 5 results are given in Table 7. Accordingly, the lowest estimation error is seen in the 6-step estimate.
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Table 7. Scenario 3 results (NAR)

forward

steps values  MSE PSNR R RMSE NRMSE MAPE SMAPE
best 42,717 31,824 0,999 6,535 0,187 0,843 0,842

6 steps average 4,89E+02 25,357 0,998 17,298 0,496 1,880 1,919
worst 2,46E+03 14,221 0,995 49,598 1,424 5323 5,549
best 1,53E+02 26,283 0,999 12,369 0,267 1,020 1,033

10 steps average 2,88E+02 24,158 0,999 16,389 0,354 1,824 1,807
worst 5,71E+02 20,563 0,998 23,897 0,516 2,635 2,587
best 1,65E+02 25,966 0,999 12,830 0,087 1,527 1,535

20 steps average 2,48E+03 16,607 0,994 44,417 0,303 5,284 5,096
worst 7,10E+03 9,616 0,985 84,281 0,576 9,857 9,408

Table 8 shows the results for scenarios 4, 5 and 6. Accordingly, 10-step estimation of scenario 6 gives the most

Scenario 3: (10 run), moving average: 20
delay of training: 8, number of neurons: 12, number of data: 298
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Figure 8. Scenario 3 results (NAR) (a) 6 step-forward (b) 10 step-forward (c) 20 step-forward

successful result, while the worst estimate was realized in the 20-step process of scenario 4-5-6.

Table 8. Scenario 4-5-6 results ARIMA(2,2,5)

frdstep MSE PSNR R value RMSE NRMSE MAPE SMAPE SMAPE
E, 6 step 11110 7,674 0,982 105,402 2,096 11,273 12,203 1,392
§ 10step 21904 4,726 0,963 147,999 1,376 17,180 19,135 1,375
§ 20step 27570 3,726 0,947 166,043 0,454 21,687 24,177 2,432
B step 6 480,51 21,314 0,999 21,921 0,651 2,470 2,432 3,751
§ step 10  4660,6 11,446 0,992 68,268 0,690 7,516 7,921 6,764
% step 20 41378 11,963 0,992 64,326 0,340 6,396 6,764 7,921
g step 6 152,59 26,296 1,000 12,353 0,355 1,383 1,392 10,026
§ step 10 1885 25,378 1,000 13,729 0,296 1,359 1,375 10,140
§ step20 6191,2 10,213 0,987 78,684 0,538 9,404 10,026 12,203

Scenario 4: (10 run), raw data
Scenario 5: (10 run), moving average: 10
Scenario 6: (10 run), moving average: 20
number of data: 298

10
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Figures 9 show 3 different scenario results for the 10 and 11 ARIMA models.
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5. Conclusion

In this study, it is aimed to forecast the production data from a thermal power plant in 6, 10 and 20 steps
prospectively. For this aim, two different prediction models based on ARIMA and NAR models have been
developed. In order to compare the performance of the models, six different scenarios have been created and the
results are compared with tables and graphs.

NAR model seems to be more successful than ARIMA model when tables and graphs are examined. The number
of prediction steps is also vital in multi-step estimation. Estimation performance decreases as the number of steps
increases. It is quite difficult to find an exact number for the most suitable prediction number. When the model
results are examined, it is seen that the best model is the NAR model used in scenario 3. Since the NAR model is
based on artificial neural network, it contains randomness and different performance rates can be observed in
each training steps. For a fairer evaluation, the same scenario was run 20 times in a row, and the best, worst and
average values obtained from these 20 studies were found. Another outcome obtained from the results is that the
NAR model can make more flexible predictions than the ARIMA model. The use of moving averages in the time
series also clearly affects the forecast performance positively.

The results of the study show that the thermal power plant production data can be estimated prospectively using
ARIMA or NAR based time series prediction models.
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ISIL ISLEMIN ELMA SUYUNDA ENZiM AKTIVITESI VE FENOLIK BILESIiKLERE ETKISI:

FTIR VE HPLC CALISMASI
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Anahtar Kelimeler

0z

Elma Suyu,

Isil Islem,
Fenolik Bilesik,
FTIR,

HPLC.

Bu calismada farkl sicaklik (40, 50, 60, 70 ve 80 °C) ve siirelerde (5, 10, 15, 20, 25,
30 dakika) uygulanan 1sil islemin elma suyunda Polifenol oksidaz (PPO) ve
Peroksidaz (POD) enzim aktivitesi ile fenolik bilesikler lizerine etkisi incelenmis ve
fenolik bilesiklerdeki degisim FTIR spektroskopisi ve HPLC kullanilarak
belirlenmistir. Enzim inaktivasyonu genellikle artan sicaklik ve zamanla artmistir.
PPO enziminde 80 °C’de 20 dakika sonunda % 99 inaktivasyon saglanirken, POD
enziminde 80 °C'de 20 dakika sonunda % 93,29 inaktivasyon saglanmistir.
Genellikle 70 ve 80 °C sicaklikta toplam fenolik ve antioksidan aktivitede artis
belirlenmistir. Bu artis, enzim inaktivasyonu ile iliskilendirilmistir. 80 °C’ de 20
dakika 1s1l islemden sonra toplam fenolik madde miktar1 668,41 + 12,70 mg GAE/kg
yas agirlik, ECso degeri 24,28 + 0,69 mg/ml olarak belirlenmistir. HPLC ile elma
suyunda belirlenen fenolik bilesikler katesin, klorojenik asit, epikatesin ve kamferol
olmustur. FTIR spektrumlar incelendiginde spesifik bantlarin epikatesin ve
klorojenik asitle uyumlu oldugu ve bulunan sonuglarin HPLC ile paralellik gosterdigi
belirlenmistir. Ayrica FTIR spektroskopisi ile fenolik bilesik iceriginde bir degisim
gozlenmemistir.

EFFECT OF THERMAL TREATMENT ON ENZYME ACTIVITY AND PHENOLIC
COMPOUNDS IN APPLE JUICE: FTIR AND HPLC STUDY

Keywords

Abstract

Apple Juice,
Thermal Treatment,
Phenolic Compound,
FTIR,

HPLC.

In this study, the effect of thermal treatment with different temperatures (40, 50,
60, 70,80 ° C) and times (5, 10, 15, 20, 25, 30 minutes) on Polyphenol oxidase(PPO)
and Peroxidase (POD) and phenolic compounds in apple juice was investigated and
the change in phenolic compounds was determined by FTIR spectroscopy and HPLC.
Enzyme inactivation generally increased with increasing temperature and time. In
PPO 99 % and in POD 93.29 % inactivation was achieved after 20 minutes at 80 °C.
Generally, an increase was determined at 70 and 80 °C in total phenolic content
(TPC) and antioxidant activity. This increase has been associated with enzyme
inactivation. After 20 minutes at 80 °C, TPC was determined as 668.41 * 12.70 mg
GAE/kg fresh weight, ECso value was 24.28 + 0.69 mg/ml. The phenolic compounds
identified in apple juice by HPLC were catechin, chlorogenic acid, epicatechin and
kaempferol. An increase in the amount of phenolic compounds was determined for
20 minutes at 80 °C. When FTIR spectra were examined, it was determined that the
specific bands were compatible with epicatechin and chlorogenic acid and these
results were parallel to HPLC. In addition, no change in phenolic compounds was
observed with FTIR spectroscopy.
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1. Giris (Introduction)

Meyvelerin ve sebzelerin islenmesinde gida kalitesinin saglanmasi i¢in enzimlerin inaktive edilmesi olduk¢ca 6nem
tasimaktadir. Polifenol oksidaz (PPO) ve Peroksidaz (POD) kaynakli enzimatik esmerlesmeye bagl olarak
meydana gelen renk degisimleri, meyve suyunda kaliteyi etkileyen 6nemli bir problem olarak gorilmektedir.
Giliniimiizde meyve suyu iiretiminde mikroorganizma ve enzimlerin inaktivasyonu i¢in genellikle 1s1l islem
kullanilmaktadir. Ancak, 1s1l islemler sirasinda secilen parametrelere gore gidanin besinsel ve duyusal 6zellikleri
olumsuz etkilenmektedir. Bu nedenle 1s1l islem ile enzim inaktivasyonu saglanirken meyve sularinda 6nemli
bioaktif bilesenlerden olan fenolik bilesiklerin degisiminin de belirlenmesi 6nemlidir.

Yapilan bu ¢alismada iilkemizde meyve suyu sektoriinde en fazla iiretilen meyve suyu olan elma suyuna, 1s1l islem
uygulamasinin etkisi incelenmistir. Bu amagla 1s1l islem uygulamasi ile meyve sularinin kalitesini olumsuz
etkileyen PPO ve POD enzimlerinin inaktivasyonu arastirilmistir. Bununla birlikte 1s1l islem uygulamasinin fenolik
bilesikler iizerine etkisi belirlenmistir. Bu amagla toplam fenolik madde miktar1 Folin-Ciocalteu ydntemiyle
belirlenirken, antioksidan aktivite tayini DPPH y6ntemiyle tespit edilmistir. Ayrica bireysel fenolik bilesiklerin 1sil
islem ile degisimi yaygin kullanilan HPLC yontemiyle ve FTIR spektroskopisiyle belirlenmistir. Son yillarda FTIR
spektroskopisi meyve veya meyve suyu gibi ¢esitli gidalarda farkl kalite 6zelliklerini incelemek i¢in yaygin olarak
kullanilmaktadir. FTIR spektroskopisi fenolik bilesik gibi ¢esitli biyoaktif bilesenlerin belirlenmesinde hizl,
ekonomik, giivenilir ve kolay bir metot olarak 6nem kazanmaya baslamistir.

Bu ¢alisma sil islem uygulamasinin hem PPO ve POD gibi enzimatik esmerlesmeden sorumlu enzimlere etkisi hem
de fenolik bilesiklere etkisinin Red Chief elma ¢esidinde belirlendigi ilk calisma olacaktir. Bu amagla hafif 1s1 (<80
°C) uygulamasi ve uzun islem siirelerinde elma suyunda enzim aktivitesi, toplam fenolik madde, antioksidan
aktivite ile FTIR spektroskopisi ve HPLC kullanilarak fenolik bilesiklerin degisiminin belirlenmesi amag¢lanmistir.

2. Kaynak Arastirmasi (Literature Survey)

Elma (Malus domestica), giilgiller (Rosaceae) familyasindan kiiltiirii yapilan bir meyve tiirtidiir. Lezzetli ve
ekonomik olmasi, kolay bulunabilmesi ve saglik iizerine olumlu etkileri bakimindan en ¢ok tiiketilen gidalardan
biridir. insan beslenmesinde monosakkaritlerin, minerallerin, diyet lifinin, ¢esitli biyolojik aktif bilesiklerin, C
vitamini ve dogal antioksidan olarak bilinen fenolik bilesenlerin kaynagidir (Erdogan ve Demirci, 2014). Ulkemiz
meyve suyu sanayisinde islenen meyvelerde en biiytlik pay1 yaklasik % 46 ile elma almaktadir (Anonim, 2011).

Meyve ve sebzelerde bulunan dogal enzimlerden isleme teknolojisi agisindan en 6nemlisi kuskusuz PPO (EC
1.14.18.1) enzimidir. Dograma, parcalama, ezme gibi islemler veya baska bir mekanik etki sonucu olusan
zedelenme yerlerinde rengin hizla esmerlesip kararmasi bu enzimlerin istenmeyen etkilerinin sonucudur (Terefe
vd., 2014). PPO’lar bakir iceren oksidorediiktazlardir. Substratlari olan fenolik bilesikleri oksijen esliginde esmer
renkli bilesiklere oksitlemektedirler (Onez, 2006). POD’lar (EC 1.11.1.7), hidrojen peroksit varhginda fenolik
bilesiklerin oksidasyonunu katalizleyerek kahverengi bozunma iiriinlerinin olusumuna 6nciiliik eder (Cemeroglu
vd., 2001).

Gidalarda kalite kayiplarina neden olan enzimleri inaktif hale getirmek i¢in ¢esitli yéontemler uygulanmaktadir. Isil
islemler enzim inaktivasyonunda gida endiistrisinde en yaygin kullanilan yontemlerdir. Literatiirde 1s1l islem
uygulamasi ile elma PPO ve POD enzimlerinin inaktivasyonu lizerine ¢alismalar bulunmaktadir. Dogal enzimler,
farkli termal kararliliklara sahip izoenzimlerden olusabilmektedir. Bu nedenle farkli meyvelerde veya ayni
meyvenin farkl cesitlerinde inaktivasyon siireleri ve sicakliklar1 farklilik gostermektedir (Yemenicioglu vd.,
1997).

Yemenicioglu vd. (1997), 6 farkli elma cesidinden (Golden Delicious, Starking Delicious, Granny Smith, Gloster,
Starcrimson ve Amasya) elde edilen PPO’in 1s1l paremetlerini belirlemek i¢in ii¢ farkh sicaklik (68, 73, 78 °C)
kullanmis ve elmadan elde edilen PPO’ in diger meyvelerden elde edilene gore 1siya karsi daha direngli oldugu
bildirilmistir. Yapilan baska bir calismada Red Fuji, Granny Smith ve Golden Delicious PPO enzimleri arasinda
Granny Smith PPO enziminin 25-45 °C sicaklik aralifinda 1siya en fazla dayanikli enzim oldugu, buna karsin Red
Fuji PPO enziminin 65 °C’ de en ¢ok stabil kalan enzim oldugu belirlenmistir (Liu vd., 2017). Krapfenbauer vd.
(2006), sekiz farkli elma ¢esidinden iiretilen elma sularina (Florina, Gala, Golden Delicious, Idared, Jonagold, Pilot,
Pinova ve Topaz) 60-90 °C sicaklikta ve kisa stireli (20-100 s) 1s1l islem uygulamis ve PPO enziminin 80 °C’ de
tamamen inaktive oldugunu belirlemistir. Niu vd. (2010), bulanik elma suyunda 55 °C’ de hafif 1s1 uygulamasi ile
PPO enziminin minimum kalint1 aktivitesini % 66,4 ve 65 °C’ de % 38,6 olarak bulmustur. Golden HP ve Red
delicious cinsinde POD enzimi 70 °C’ de 10 dakika sonunda inaktif olurken, Golden JK ve Royal delicious 70 °C de
5 dakika sonunda inaktif olmustur (Dubey vd., 2007). Jonagold Red cinsi elmalarda pastoérizasyon sonunda POD’
1n kalint1 aktivitesi % 52 ve PPO’ 1n ise % 54 olarak belirlenmistir (Riener vd., 2008).
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Isil islemin etkinligini belirlemek i¢in sadece enzim inaktivasyonuna bakmak yeterli degildir. Enzim inaktivasyonu
ile birlikte uygulanan prosesin gidanin kalite parametreleri lizerindeki etkisi de incelenmelidir. Ozellikle yiiksek
sicakliklardaki 1s1l islemler gidanin besinsel ve duyusal 6zellikleri tizerinde olumsuz etkilere sahiptirler. Sicakligin
etkisiyle fenolik bilesikler gibi bilesenlerde olumsuzluklar ortaya ¢cikmaktadir. Literatiirde yapilan bazi ¢alismalar,
1s1l islem ile hiicre duvari ve hiicre matriksinin yapisinin bozulmasi nedeniyle fenolik asitlerin miktarinin arttigini
ifade ederken bazi ¢alismalar ise 1s1l islem ile fenolik bilesenlerde ve antioksidan aktivitede azalma veya bir
degisiklik olmadigini belirtmektedir (Meral, 2016).

Aguilar-Rosas vd. (2007), termal pastorizasyon (90 °C’ de 30 saniye) ile elma suyunda toplam fenolik maddede
%32,2’lik bir azalma belirlemistir. Golden delicious cinsi elmalarda 1si1l islem (90 °C 1 dak) uygulamasi sonunda
toplam fenolik maddede kayip % 21-26 arasinda tespit edilmistir (Bagslar ve Erturgay, 2013). Yapilan baska bir
¢alismada HTST pastorizasyonunun (85 °C, 30 s; 90 °C, 15 s) bulanik elma suyunun fenolik icerigi lizerine diisiik
bir etkisi oldugu saptanmistir (Nayak vd., 2017). He vd. (2016), elma suyunda 80 °C’de 30 dakikalik 1s1l islemden
sonra toplam fenolik madde miktarinda % 1,35 artis belirlerken, 90 °C ‘de 30 saniye 1s1l islem goéren elma suyu
orneklerinde % 9,82 azalis gozlemlemistir.

Literatiirde elma suyunda cesitli sicaklik ve slire parametrelerine bagli olarak uygulanan 1sil islemin enzim
aktivitesi tizerine etkisinin belirlendigi ¢alismalar mevcutken, fenolik maddedeki ve antioksidan aktivitedeki
degisimin belirlendigi calismalar sinirhidir. Bu ¢alisma ile elma (Red Chief) suyunda hafif 1s1 (<80 °C) uygulamasi
ve uzun islem siirelerinde enzim aktivitesi, toplam fenolik madde, antioksidan aktivite ile FTIR spektroskopisi ve
HPLC kullanilarak fenolik bilesiklerin degisimi incelenmistir.

3. Materyal ve Yontem (Material and Method)
3.1. Materyal (Material)

Bu ¢alismada kullanilan taze elma (Malus domestica) yerel lireticilerden saglanmistir. Calismada Red Chief ¢esidi
elma kullanilmistir. Meyveler, meyve suyu eldesinden dnce 4°C sicaklikta depolanmistir. Yikanmis ve kagit havlu
ile ylizeyleri kurulanmis meyveler dérde kesilip, ¢ekirdek evleri ayrilmis ve blenderdan (Arnica AA 1233 GH21530
Orbital Mix, Tiirkiye) gecirilmistir. Elde edilen meyve suyu 4 kath tiilbentten siizilmiistiir. Taze sikilmis meyve
sular1 kontrol olarak ayrilmistir.

3.2. Onerilen Yontem (Proposed Method)
3.2.1. Isilislem (Thermal treatment)

Elde edilen taze meyve suyu farkl sicaklik ve siirenin meyve suyu lizerine etkisini belirlemek i¢in 1s1l isleme tabi
tutulmustur. 200 ml meyve suyu 7 cm ¢ap ve 9,5 cm uzunluga sahip cam beher icine konularak, cam beher su
banyosu (Yiiksel Kaya Makine, YKM-AS209, Tiirkiye) icine yerlestirilmistir. Isil islem sirasinda 6rnek i¢cinde hizl
bir sekilde sicakhigin homojen dagilimim saglayabilmek i¢in laboratuvar tipi 6zel mekanik karistiric1 (isolab,
615.01.001, GmbH, Germany) kullanilmistir. Meyve suyuna farkl sicakliklarda (40, 50, 60, 70 ve 80°C) ve farkl
stirelerde (5, 10, 15, 20, 25, 30 dakika) 1s1l islem uygulanmigtir. Islem boyunca érnek sicakhigi dijital sicaklik élger
kullanilarak kontrol edilmistir. Cam beher i¢cine konulan meyve suyu sicakligi istenen degere ulastiginda 1s1l islem
baslatilmigtir. Ornekler enzim aktivitesinin él¢iimii icin 1s1l islemin hemen sonrasinda buzlu su banyosuna
alinmistir. Her bir uygulama ii¢ kez tekrarlanmistir.

3.2.2. Kalan PPO enzim aktivitesinin belirlenmesi (Determination of residual PPO enzyme activity)

Inaktivasyon sonunda PPO enzim aktivitesi dlciimleri Baltacioglu vd. (2015) tarafindan kullanilan yéntem
modifiye edilerek, spektrofotometrik olarak belirlenmistir. Bu amacla Thermo Scientific marka Evolution 300
model (Thermo Fisher Scientific, Massachusetts, USA) spektrofotometre kullanilmistir. PPO enzim aktivitesi 420
nm dalga boyunda absorbans artisi 6l¢iilerek belirlenmistir. Test tiiplerine konulacaklar asagida listelenmistir:

Test Sahit
50 mM (pH=6,5) potasyum fosfat tamponu 2,00 ml 2,30 ml
0,25 M katesol (K- fosfat tamponu icinde ¢6ziinmiis) 0,30 ml 0,30 ml
Ornek 0,30 ml 0,00 ml

Reaksiyon, 6rnek ilavesi ile baglamistir. Tiip igerigi vorteks ile karistirildiktan sonra absorbans degerleri 3 dakika
boyunca 5 saniyede bir kaydedilmistir. Aktivite 6l¢iim sicakligi 25 + 2 °C olarak saglanmisir. PPO enzim aktivitesi
zamana karsi ¢izilen A4zo grafiginin ilk dogrusal kisminin egiminin belirlenmesiyle, birim zamanda absorbanstaki
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0,001°lik degisim olarak ifade edilmistir. Kalan enzim aktivitesi kontroliin aktivitesine oranla yiizde olarak ifade
edilmistir.

3.2.3. Kalan POD enzim aktivitesinin belirlenmesi (Determination of residual POD enzyme activity)

Inaktivasyon sonunda POD enzim aktivitesi él¢iimleri spektrofotometrik yéntemle Abid vd. (2014) tarafindan
kullanilan yontemde degisiklik yapilarak belirlenmistir. Bu amagla Thermo Scientific marka Evolution 300 model
(Thermo Fisher Scientific, Massachusetts, USA) spektrofotometre kullanilmistir. POD aktivitesi substrat olarak
pirogallol kullanilarak belirlenmistir. Tiip igerisine 1 ml 6rnek, 1,52 ml 100 mM potasyum fosfat tamponu (pH 6),
0,32 ml %5 pirogallol ve 0,16 ml 0,147 M H20: karnistirilmistir. Reaksiyon H:0: ilavesi ile bagslatilmis ve
absorbansdaki artis 3 dakika boyunca 5 saniyede bir kaydedilmistir. Aktivite 6l¢ciim sicaklig1 25 + 2 °C olarak
belirlenmistir. Enzim aktivitesi zamana Kkarsi ¢izilen A420 grafiginin ilk dogrusal kisminin egiminin
belirlenmesiyle, birim zamanda absorbanstaki 0,001’lik degisim olarak ifade edilmistir. Kalan enzim aktivitesi
kontroliin aktivitesine oranla yiizde olarak ifade edilmistir.

3.2.4. Toplam fenolik madde tayini (Determination of total phenolic content)

Toplam fenolik madde tayini Folin-Ciocaltaeu metoduna gore yapilmistir (Singleton ve Rossi, 1965). Standart
olarak gallik asit kullanilmistir. Meyve suyundaki fenolik bilesikler (1:5) % 1 HCl iceren % 80’lik metanol ile
ekstrakte edilmistir. Karisim 4 saat boyunca 40 rpm devirde calkalanmis ve berrak kismin ayrilmasi icin 9000
devirde, +4 C'de, 15 dakika santrifiij (Niive marka NR 800R model, Tiirkiye) edilmis, elde edilen berrak kisim tiip
icine alimmistir. Toplam fenolik tayini icin 100 pl 6rnek tizerine 0,75 ml Folin- Ciocaltaeu ¢6zeltisi (suda, %10’1uk)
eklenmis ve oda sicakliginda 5 dakika bekletilmistir. Daha sonra 0,75 ml Na:2COs (suda, 75g/L) ilave edilerek
kuvvetlice karistirllmistir. Oda sicakliginda karanlikta 1 saat bekletilmis ve siire sonunda 725 nm’de ¢ozeltilerin
absorbanslar1 okunmustur. Ayni islemler kalibrasyon egrisi icin hazirlanmis farkli konsantrasyonlardaki gallik asit
cozeltilerine de uygulanmistir. Ekstraktlarin absorbanslari, ¢izilen gallik asit kalibrasyon egrisinden okunarak
toplam fenolik madde konsantrasyonu esdeger gallik asit olarak hesaplanmistir (mg GAE/kg yas agirlik).

3.2.5. DPPH yontemiyle antioksidan aktivite tayini (Antioxidant activity determination by DPPH
method)

Serbest radikal yakalama etkinligi deneyi 1,1-difenil-2-pikrilhidrazil (DPPH) radikali kullanilarak Blois’in
metoduna gore ¢alisilmis ve asagidaki prosediir uygulanmistir (Blois, 1958).

Farkli konsantrasyonlarda hazirlanan ekstraktlardan 100’er pl alinmasi
3,9 ml 0,1 mM DPPH (%80 metanoldelhazwlanan) ¢ozeltisi ile karistirilmasi
Vortelisleme
Oda kosullarinda karanlﬁkta 30 dakika bekletme
\)

517 nm’de absorbanslarin okunmasi

Ornek yerine 0,1 ml %80’lik metanol kullamlarak aym sartlarda kontrol olarak kullanilmis ve kontroliin
absorbansi giinliik olarak o6l¢iilmistir. Sahit olarak %80 metanol kullanilmistir. % DPPH radikali giderme
aktivitesi Denklem 1’ e gore hesaplanmistir:

% DPPH Radikali _ Kontroliin absorbansi-Ornek Absorbansi
Giderme Aktivitesi - Kontrol Absorbansi

(1)

Orneklerin farkhi konsantrasyonlarina karsi hesaplanan % inhibisyon degerleri ile ¢izilen grafikten lineer
regresyon ile % 50 inhibisyona neden olan antioksidan derisimleri elde edilmis ve sonuclar ECso (mg/ml) olarak
ifade edilmistir.

3.2.6. Fenolik bilesik degisiminin FTIR spektroskopisi kullanilarak belirlenmesi (Determination of
phenolic compound change using FTIR spectroscopy)

Uygulanan inaktivasyon yénteminin fenolik madde icerigine etkisi Fourier Déniisim Kizil Otesi (FTIR)
spektroskopisi kullanilarak belirlenmistir. Orneklerin absorbsiyon spektrumu Nigde Omer Halisdemir
Universitesi Merkezi Arastirma Laboratuvarinda bulunan ATR hiicresine sahip FTIR spektroskopisi (Bruker,
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Almanya) kullanilarak, 2 cm! ¢oziintiirlilkte 128 tarama yapilarak 400-4000 cm-! bodlgesinde elde edilmistir.
Ekstraksiyon solventinin (metanol, %80) karisiminin bantlar1 kapatmasindan dolay1 érnekler liyofilize edilerek
kurutulduktan sonra (6nce etiivde metanol ugurulmus), okuma kurutulmus 6rnekte gerceklestirilmistir.

3.2.7. HPLC ile fenolik bilesiklerin belirlenmesi (Determination of phenolic compounds by HPLC)

Elma suyunun fenolik icerigini belirlemek icin HPLC yontemi uygulanmistir (Kus¢u ve Bulantekin, 2016). Ekstrakt
eldesi icin, oncelikle 15’ser ml falkon tiiplerinde 2 g elma suyu lizerine % 80°lik metanol (%1’lik HCl iceren)
¢ozeltisi ilave edilerek 10 ml hacme tamamlanmis ve oda sicaklifinda, 151k almayacak sekilde 240 dak ¢alkalanmasi
ile ekstraksiyon saglanmistir. Sonrasinda ekstrakt 9000 rpm, 15 dak, +4 C’de santrifiij edilerek, elde edilen
siiziintliden tiip icine alinmistir. Enjeksiyondan 6nce ekstraktlar, 0,45um teflon membran filtreden gegirilmis ve
kahverengi siselere doldurulmustur. Daha sonra, siselerdeki ekstraktlarin 20 pl'si SIL-10AD vp otomatik
ornekleme sistemi ile HPLC’ye (Shimadzu Corporation, Kyoto Japan) enjekte edilmistir. HPLC sistemi bir pompa
(LC-10ADvp), degazer (DGU- 14A), kontrol firin1 (CTO-10Avp), bir detektérden (DAD dedektér (Amax=278nm))
olusmaktadir. Polifenolikler Agilent Eclipse XDB-C18 kolonu kullanilarak ((250x4,60 mm), 5 mikron ) ayrilmistir.
Kolon sicakligi 30 °C’dir. Ayrim ikili ¢oziicii sistemiyle gradient program uygulanarak gergeklestirilmistir. Mobil
faz % 3 asetik asit (A) ve metanolden (B) olusmaktadir. Akis hiz1 ¢alisma boyunca 0,8 ml/dakikadir. Gradient
programi Tablo 1’ e gore uygulanmistir.

Tablo 1. Gradient programi (Gradient program)

Stire (dakika) A (%) B (%)
0 93 7
20 72 28
28 75 25
35 70 30
50 70 30
60 67 33
62 58 42
70 50 50
73 30 70
75 20 80
80 0 100
81 93 7

3.2.8. Istatiksel analiz (Statistical analysis)

Veriler Minitab (17 versiyon, Minitab Inc., State College, PA, ABD) paket programi kullanilarak % 95 giivenlik
araliginda analiz edilmis olup verilerin analizinde genel lineer model kullanilmistir. Uygulamalar arasindaki
farkliliklarin tespiti icin Tukey’s ¢oklu karsilastirma testi yapilmistir. Her bir deney en az ti¢ kez tekrarlanmistir.

4. Deneysel Sonuclar (Experimental Results)

4.1. Isil islem Sonrasinda Elma Suyunda Kalan PPO Aktivitesi (Residual PPO Activity in Apple Juice
after Thermal Treatment)

Sicakligin enzim aktivitesi {lizerine etkisini belirlemek i¢in farkli siirelerde elma suyu orneklerine 1sil islem
uygulanmistir. Is1l islem 6ncesi ve sonrasinda PPO enzimlerinin aktiviteleri belirlenmistir. Kalan enzim aktivitesi
kontroliin aktivitesine oranla ylizde olarak ifade edilmistir. Buna gére uygulanan sicaklik ve siireye gore kalan
enzim aktivitesinde gozlenen degisiklikler PPO enzimi icin Sekil 1’ de verilmistir.
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Grafikteki farkli harfler ((A, B, C...), sicakliklar; (a, b, c...), siireler) degerler arasinda 6nemli bir fark oldugunu
gostermektedir.
Sekil 1. Isil islem sonunda kalan PPO aktivitesi (Residual PPO activity after thermal treatment)

Elma suyuna uygulanan 1s1l islem sonucunda, enzim aktivitesindeki degisim incelendiginde sicakligin, stirenin ve
sicaklik-siire etkilesiminin PPO enzim aktivitesi tizerine etkisi 6nemli bulunmustur (p < 0,05). 40 °C sicaklikta 5,
10, 15, 20, 25 ve 30 dakika uygulanan 1s1l islem sonrasinda kalan PPO enzim aktivitesi sirasiyla % 71,37 £ 1,11; %
69,33 +0,18; % 64,49 +0,18; % 37,73 £ 0,55; % 31,47 + 2,63 ve % 29,36 * 2,23 olarak belirlenmistir. Ayni sicaklik
degerinde 5, 10 ve 15 dakikada enzim aktivitesindeki azalma yavasken, 20, 25 ve 30 dakikalik siire sonunda enzim
inhibisyonunda artis hizlanmstir.

Kalan enzim aktivitesi, 50 °C sicaklikta artan siirelerde sirasiyla % 48,55 + 2,05; % 32,71 + 0,85; % 30,45 * 2,46;
% 31,74 + 1,46; % 35,27 + 0,66 ve % 39,26 + 1,68 olarak saptanmistir. Bu sicaklik degerinde uzun islem siireleri
sonunda (25 ve 30 dakika) enzim aktivitesinde artis gozlenmistir. Benzer sekilde elma suyunda 50 °C sicaklikta
60 dakikaya kadar uygulanan 1s1l islemlerde PPO enziminin aktivitesinin arttig1 belirlenmistir. Bunun nedeninin
enzim konformasyonunda gézlenen degisim olabilecegi diisiiniilmektedir (Murtaza vd., 2018). 60 °C sicaklikta ve
5 dakika sonunda kalan aktivite % 33,68 + 1,13 iken, 30 dakika sonunda bu deger % 11,15 + 0,88 olarak
belirlenmistir. 70 °C sicaklikta 5 dakika uygulanan islemden sonra kalan aktivite degeri % 23,41 + 0,88
bulunmustur. Ayni sicaklikta 30 dakika sonunda bulunan deger % 11,61 *= 1,61 olarak tespit edilmistir. 80 °C
sicaklikta ise 5 dakikalik islemden sonra % 5,40 + 0,47 aktivite gozlenirken, 20 dakika sonunda % 99 inaktivasyon
saglanmistir. Elma suyunda PPO enzim aktivitesinin sicaklik ve siireye bagh oldugu ve genellikle artan sicaklik ve
siire arasinda 6nemli bir etkilesim (p <0,05) oldugu g6zlenmistir.

Benzer sekilde yapilan ¢alismalarda genellikle artan sicaklik ve siire ile PPO aktivitesinin azaldig1 belirlenmistir.
Royal gala cinsi elmadan elde edilen meyve suyuna 75 °C sicaklikta 20 dakika uygulanan 1s1l islem ile kalan PPO
enzim aktivitesi % 3,2 olarak tespit edilmistir (Sulaiman vd., 2016). Yi vd. (2017), Pink Lady, Granny Smith ve
Jonagold gesitlerinden iiretilen meyve suyuna 85 °C sicaklikta 5 dakika 1s1l islem uygulamasi sonrasinda PPO enzim
aktivitesi belirleyememislerdir. Elma dilimlerine 25 °C, 35 °C, 45 °C, 55°C ve 65 °C sicaklikta 20 dakikalik hafif 1s1
uygulamasi yapilan bir ¢alismada, bu dilimlerden bulanik meyve suyu iiretilmis ve elma suyunda 55 °C’ de 1s1
uygulamasi sonucu PPO enziminin minimum kalint1 aktivitesi % 66,4 iken, 65 °C ise % 38,6 bulunmustur (Niu vd.,
2010). Krapfenbauer vd. (2006), sekiz farkli elma c¢esidi (Florina, Gala, Golden Delicious, Idared, Jonagold, Pilot,
Pinova ve Topaz) kullanarak elde ettikleri elma sularinda yiiksek sicaklikta (60-90 °C) ve kisa siireli (20-100 s)
(HTST) 1s1l islem uygulamislar ve 60 °C’ de, PPO aktivitesinde 6nemli bir azalma tespit edememislerdir. Ancak 20,
50 ve 100 s 1sitma siiresinden sonra 70 °C’ de enzim aktivitesinde 6énemli bir azalma oldugu bulunurken 1sitma
siiresi arasinda bir fark gézlenmemistir. PPO enziminin 80 °C’de ise tamamen inaktivasyonu saglanmistir. Bu
calismalarda bulunan sonuglar, literatiirde belirlenenler sonuglar ile benzer bulunmustur.
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4.2. Is1l islem Sonrasinda Elma Suyunda Kalan POD Aktivitesi (Residual POD Activity in Apple Juice after
Thermal Treatment)

Elma suyu o6rneklerine uygulanan 1sil islem sonrasinda sicaklik ve siireye bagh olarak belirlenen kalan POD
aktivitesi Sekil 2’ de verilmistir.
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Grafikteki farkli harfler ((4, B, C...), sicakliklar; (a, b, c...), stireler) degerler arasinda énemli bir fark oldugunu
gostermektedir.
Sekil 2. [s1l islem sonunda kalan POD aktivitesi (Residual POD activity after thermal treatment)

Sicakligin, siirenin ve sicaklik-siire etkilesiminin POD enzim aktivitesi lizerine etkisi 6nemli bulunmustur (p <
0,05). 40 °C sicaklikta 5, 10, 15, 20, 25 ve 30 dakika uygulanan 1s1l islem sonrasinda kalan POD enzim aktivitesi
sirastyla % 79,81 £ 2,75; % 57,33 = 2,29; % 53,21 + 2,29; % 29,35 + 0,91; % 27,06 + 3,21; % 25,22 £ 0,45 olarak
belirlenmis ve artan siire ile POD enziminin aktivitesinin azaldig1 goriilmiistiir. Kalan enzim aktivitesi, 50 °C
sicaklikta 1s1l islemden sonra artan siirelerde sirasiyla % 53,24 + 2,59; % 34,63 + 3,96; % 32,90 + 3,96; % 53,95
1,90; % 29,68 + 0,31; % 31,25 £ 0,31 olarak 6l¢ililmiistiir. Bu sicaklik degerinde 20 dakika siiren 1s1l islemden sonra
POD enzim aktivitesinde artis gézlenmistir. Benzer sekilde Dubey vd. (2007) tarafindan, Royal delicious cinsinde
50 °C 10 ve 25 dk 1s1l islem sonrasinda enzim aktivitesinde belli oranda artis goriilmiistiir. Ayni sekilde Red
delicious cinsinde de 50 °C de 25 dakikada enzim aktivitesinde artis belirlenmistir. Bunun nedeninin, enzim
konformasyonunda goézlenen degisim olabilecegi diisiiniilmektedir.

60 °C sicaklikta 5 dakika sonunda kalan aktivite % 33,33 + 0,90 iken, 30 dakika sonunda % 21,65 * 1,18 olarak
tespit edilmis ve artan siire normlariyla lineer bir azalis goriilmiistiir. 70 °C sicaklikta 5 dakika sonunda kalan POD
aktivitesi ise % 27,50 = 0,01 olup, artan siire ile kalan aktivite azalis gostermis ve 30 dakika sonunda % 20,65 +
1,25 olarak bulunmustur. 80 °C de ise 5 dakika sonunda kalan aktivite % 21,71 * 0,46 olarak ol¢iilmiistir. Ayni
sicaklikta 20 dakika sonunda % 93,29 inaktivasyon belirlenirken, 25 ve 30 dakikalik 1s1l islem siirelerinde elde
edilen inaktivasyon arasinda 6nemli bir fark belirlenememistir (p > 0,05). Genel olarak bakildiginda 80 °C’ de 20
dakika sonunda yeterli inaktivasyon saglandig1 sdylenebilmektedir. Elde edilen veriler degerlendirildiginde Red
Chief elma ¢esidinde POD enziminin PPO’ya kiyasla 1s1l isleme daha direncli oldugu belirlenmistir.

Yi vd. (2017), Pink Lady, Granny Smith ve Jonagold cesitlerinden tiretilen meyve suyuna 85 °C sicaklikta 5 dakika
1s1l islem uygulamasi sonrasinda POD enzim aktivitesi belirlememistir. Golden delicious JK cinsinden iiretilen elma
suyunda 70 °C 5 dakika sonunda, Red delicious cinsinde 70 °C 10 dakika sonunda, Royal delicious cinsinde 70 °C
5 dakika sonunda enzim inaktivasyonu saglandig1 belirlenmistir (Dubey vd., 2007). Elde edilen veriler literatiir
ile karsilastirildiginda farkli elma gesitlerinde POD inaktivasyon sicaklik ve siirelerinin farkliik gosterdigi
belirlenmistir.
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4.3. Is1l islem Siiresince Toplam Fenolik Madde Miktarindaki Degisim (Change in Total Phenolic Content
during Thermal Treatment)

Elma suyunda 1s1l islem stiresince toplam fenolik madde miktarindaki degisimi Tablo 2’ de gosterilmektedir. Isil
islem uygulamasinda sicakligin, siirenin ve sicaklik-siire etkilesiminin toplam fenolik madde {izerine etkisi
istatiksel olarak dnemli bulunmustur (p < 0,05). Taze elma suyunda 404,13 * 6,20 mg GAE/kg yas agirlik olarak
toplam fenolik madde belirlenmistir. Isparta ilinden elde edilen farkli elma cesitlerinde toplam fenolik madde
miktari meyve etinde 399,0 - 657,1 mg GAE /100g arasinda, kabugundaise 929, 7 - 1692,5 mg GAE /100g arasinda
degismektedir (Yildirim vd., 2019). Buna karsin taze meyveye kiyasla meyve suyuna isleme sonucunda toplam
fenolik madde miktar1 azalmaktadir. Baslar ve Erturgay (2013), elma sularinin toplam fenolik madde miktarinin
190 - 200 mg GAE/L arasinda degistigini rapor etmistir.

Tablo 2. Is1l islem siiresince elde edilen toplam fenolik madde (mg GAE/kg yas agirlik) degerleri (Total phenolic content (mg
GAE / kg wet weight) during thermal treatment

Siire Sicaklik (°C)
(dak) 40 50 60 70 80
5 741,981 7,714 44925+ 8170 | 34853+ 1,51F | 538,54+ 16,29% | 672,83 + 11,808

10 71290 £1381% | 5151640,61Ca | 304,28+4,8404 | 559,05+ 11,348 | 703,51+ 1,794

15 603,18 £ 1,555 52506+ 1,88Da | 276,14+3,07F | 55457 +6,450c | 636,99 + 2,634
205,67 + 8,08

20 388,64 + 15,0501 | 332,52 43,170 | 587,64+8,158 | 668,41 + 12,704
25 200,33 £ 4,905 49124 +8,01¢% | 34681+157% | 573,39+371Bb | 638,21 + 29,894
30 22323 £9,73% 504,21 +0,1Cb | 378,52+ 1,610a | 568,74 +7,48%b | 668,42 + 25964

Tablodaki farkl harfler ((A, B, C...), sicakliklar; (a, b, c...), siireler) degerler arasinda 6nemli bir fark oldugunu gostermektedir.

40 °C’ de 5, 10, 15 dakika sonunda 1s1l islem gérmemis taze elma suyuna gore toplam fenolik maddede artis
belirlenirken ayni sicaklik degerinde 20, 25, 30 dakika sonunda toplam fenolik maddede azalis tespit edilmistir.
Kisa islem siirelerinde gozlenen bu artisin 1s1l islem ile hiicre duvari ve hiicre matriksinin yapisinin bozulmasi
nedeniyle fenolik bilesik miktarinin artmasindan kaynaklandig: diistiniilmektedir (He vd., 2016). 40 °C’ de artan
slireye baglh olarak fenolik bilesiklerdeki azalmanin, yliksek enzim aktivitesi ve a¢iga ¢ikan bu maddelerin uzun
islem siireleri sonucunda yapisinin bozulmasindan kaynaklandigi sdylenebilmektedir (He vd., 2016). 50 °C’ de
genel olarak bakildiginda 1s1l islem gérmemis taze elma suyu drnegine gore fenolik bilesiklerde artis gozlenmis
ancak 20 dakikada gozlenen azalisin PPO ve POD enzim aktivitesindeki artis nedeniyle olabilecegi
diistiniilmektedir. 60 °C’ de genel olarak 1s1l islem gérmemis taze elma suyu 6rnegine gore fenolik madde de azalis
belirlenmistir. Bunun nedeni PPO ve POD enzim aktivitesinin yiiksek olmasi ile sicakligin fenolik bilesikler
iizerindeki olumsuz etkisinden kaynaklanabilmektedir. Yiiksek sicaklik (70 ve 80 °C) uygulamalari sonucu toplam
fenolik madde degisimi 1s1l islem gérmemis taze elma suyu drnegine kiyaslaninca artis oldugu tespit edilmistir.
Bunun nedeninin elma suyunda enzim inaktivasyonunun saglanmasindan dolayi, fenolik bilesiklerin substrat
olarak kullanilamamasi olabilecegi disiiniilmektedir.

Aguilar-Rosas vd. (2007), elma suyunda 90 °C’ de 30 saniye boyunca termal pastdrizasyon uygulamasi sonucunda
toplam fenolik maddede %32,2’lik bir azalma belirlemistir. Golden delicious cinsi elmalara 1s1l islem (90 °C 1 dak)
uygulamasi ile toplam fenolik maddedeki kayip 1s1l islem sonrasinda % 21-26 arasinda tespit edilmistir (Baslar ve
Erturgay, 2013). He vd. (2016), elma suyuna 1s1l islem uygulamislar ve toplam fenolik madde miktarinda 80 °C’ lik
islemden sonra % 1,35 artis belirlerken, 90 °C’ de 1s1l islem goren elma suyu orneklerinde % 9,82 azalis
belirlemislerdir. Literatiirdeki ¢alismalara baktigimizda yiiksek sicaklikta (90 °C) kisa islem siirelerinde toplam
fenolik maddenin azaldig1 goriilmekteyken, bu ¢alismada oldugu gibi hafif 1s1 (< 80 °C) uygulamalarinda ve uzun
islem siirelerinde toplam fenolik maddenin arttig1 gorilmiistiir.

4.4. Is1l islem Siiresince Antioksidan Aktivitedeki Degisim (Change in Antioxidant Activity during Thermal
Treatment)

Orneklerin antioksidan aktivitesi DPPH yontemi kullanilarak belirlenmis ve ECso degeri (radikalin %50’sinin
inhibisyonunu saglayan miktar) hesaplanmistir. Bu degerin ki¢iik olmasi, antioksidan aktivitenin yiliksek
oldugunu gostermektedir (Cemeroglu vd., 2010). Tablo 3’ de 1s1l islem siiresince farkli sicaklik ve siirelerde elde
edilen ECso degerleri gosterilmektedir. Antioksidan aktivitedeki degisime, sicakligin, siirenin ve sicaklik-siire
etkilesiminin etkisi istatiksel olarak 6nemli bulunmustur (p < 0,05). Isil islem gérmemis taze elma suyu dérneginin
ECso degeri 31,78 + 1,46 mg/ml olarak belirlenmistir. Toplam fenolik maddenin artisina bagh olarak genel
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anlamda antioksidan aktivite de artmaktadir.

Tablo 3. Isil islem siiresince elde edilen ECso degerleri (ECso values during thermal treatment)

Siire Sicaklik (°C)

(dak) 40 50 60 70 80
5 22,65 +0,07Fe 41,45+ 1,458> | 4560+0,36Ad | 31,68+0,44% | 26,71 + 1,320c
10 20,05 + 0,30Ef 31,51 +1,17% | 48,27 +0,384> | 34,43 +0,42Ba | 29,22 +(0,14Dab
15 24,56 +0,11Pd 32,82+ 0,358 | 50,54 +0,4% | 28,87 +0,36Cc | 28,25+ 0,08Cbc
20 49,81 £ 0,164 45,87 1,408 | 50,49 +0,034 | 32,650,560 | 24,29 +0,70Pd
25 59,03 £ 0,074 43,18 +0,04Cb | 44,95 +0,028d | 34,50 +0,54P2 | 24,15 + 0,74Ed
30 53,42 £0,174b 4517 +1,428a | 47,04 +0,028 | 32,96+0,50% | 30,48 +1,04Pa

Tablodaki farkl harfler ((A, B, C...), sicakliklar; (a, b, c...), siireler) degerler arasinda énemli bir fark oldugunu goéstermektedir.

40 °C’ de 5, 10 ve 15 dakikada antioksidan aktivitede artis, daha sonraki siirelerde antioksidan aktivitede azalis
goriilmiistiir. Bu durum toplam fenolik miktarinin degisimine baglanmistir. Cetkovi¢ vd. (2008), farkh elma
¢esitlerini (Pinova, Reinders, Jonagold, Iduna, Braeburn) kullanarak elde ettikleri elma posasinin fenolik ve
antioksidan kapasitesini inceledikleri ¢alismada; toplam fenolik madde en yiiksek 8,67 mg/g ile Reinders cinsinde
belirlenirken, en diisiik ECso degerleri 6,33 + 0,31 mg/ml olarak yine Reinders cinsinde belirlenmistir. Bu cinsin
en yiiksek antioksidan aktiviteye sahip olmasi toplam fenolikle iliskilendirilmistir.

50 °C’ de tiim siirelerde 1s1l islem gérmemis taze elma suyuna gore ECso degerlerinde bir artis belirlenmis ve bu
durum antioksidan aktivitede azalis oldugunu gostermistir. Antioksidan aktivitede 15. dakikaya kadar artarken,
bu siireden sonraki islemlerde azalma gozlenmistir. Bu degisim toplam fenolik madde miktarinda gézlenen
degisim ile paralellik gostermektedir. 60 °C’ de 5 dakika sonunda ECso degeri 45,59 * 0,36 mg/ml olarak
bulunurken, 30 dakika sonunda 47,04 + 0,02 mg/ml olarak bulunmustur. Bu sicaklikta ECso degerleri 1s1l islem
gérmemis taze elma suyu 6rnegine gore artmis yani antioksidan aktivitede azalis belirlenmistir. Bu durum toplam
fenolik madde miktarinin azalisina baglanmistir.

70 °C’ de ECso degerleri incelendiginde elde edilen degerler 1s1l islem gérmemis taze elma suyu degerine yakin
bulunmustur. Antioksidan aktivitenin yliksek olmasi toplam fenolik madde miktarinin yiiksek olmasi ile
iliskilendirilebilir. 80 °C’ de ECso degerleri 5 dakika 1s1l islem sonunda 26,70 + 1,31 mg/ml olarak bulunmusken,
20 dakika sonunda 24,28 + 0,69 mg/ml olarak belirlenmistir. 20 dakikalik 1s1l islem siliresinden sonra genel olarak
antioksidan aktivitede artis goriilmiistiir. Bunun nedeninin yeterli (> %90) enzim inaktivasyonunun saglanmasi
ve toplam fenolik madde miktarinin artisi oldugu sdylenebilmektedir.

Bahukhandi vd. (2018), Hindistan’in farkli yerlerinde yetisen li¢ geleneksel elma cesidinin (Benoni, Fanny ve
Rymerin) antioksidan aktivitesinin (DPPH), 4,99-14,06 mmol/kg YA araliginda oldugunu belirlemistir. Yildirim
vd. (2019), Isparta ilinden temin edilen bes farkl elma (Starking Delicious, Golden Delicious, Pink Lady, Arap Kiz1
ve Granny Smith) cesidinde antioksidan aktiviteyi (% inhibisyon) meyve eti kisminda sirasiyla (% 44,42; % 47,06;
% 32,52 % 51,33; % 49,54) olarak belirlerken, kabuk kisminda sirasiyla (% 73,51; % 77,28; % 66,67; % 74,23; %
87,21) olarak tespit etmislerdir.

4.5. FTIR Calismalar (FTIR Study)

Bu ¢alismada fenolik bilesiklerin FTIR spektroskopisi kullanilarak analizi yapilmistir. Bu amagla farkl sicaklik (40
°C, 50 °C, 60 °C, 70 °C ve 80 °C) ve sabit siire (20 dk) 1s1l islem uygulanmis 6rneklerde FTIR spektroskopisi
kullanilarak fenolik bilesenler incelenmistir. Kontrol 6rnegi olarak 1sil islem uygulanmamis elma suyu ekstrakti
alinarak oda sicakliginda (25 °C) FTIR spektrumlari belirlenmistir. Farkli sicaklik ve sabit stiredeki elma suyu
orneklerinin FTIR spektrumlar: Sekil 3 ve ayristirilmis FTIR spektrumlari Sekil 4’ de gosterilmektedir.

FTIR spektrumlarina bakildiginda 1. spektrum kontrol 6rnegini (taze meyve suyu), 2. spektrum 40 °C 20 dakika,
3. spektrum 50 °C 20 dakika, 4. spektrum 60 °C 20 dakika, 5. spektrum 70 °C 20 dakika ve 6. spektrum 80 °C 20
dakika 1s1l islem uygulanmis elma suyu 6rneklerini ifade etmektedir. 1800 - 750 cm™! (parmak izi bolgeleri) dalga
saylilar1 arasinda bulunan bantlar, bitkilerde bulunan polifenollerle ilgilidir (Okur vd., 2019). Dért sogan ¢esidinin
toplam fenolik iceriginin FTIR spektroskopisi kullanilarak belirlendigi ¢calismada, 1618 cmde bulunan belirgin
tepe, C-C uzamasi polifenolik bilesenlerde yiiksek seviyelerde bulunan fenil halkasini ifade ettigi sdylenmistir (Lu
vd., 2011). Tahir vd. (2017), baldaki fenolik bilesiklerin belirlenmesi i¢in, FTIR spekrofotometresini kullanmislar
ve 1700-1600 cm-"deki bantlari, karbonil gruplarinin C-0 ve C-C germe hareketine baglanmis ve bu bolge fenolik
molekiillerle iliskilendirmistir. 1715-1680 cm-! b6lgesindeki bantlarin, aril (hidroksibenzoik asitler) ve / veya a,3-
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doymamis (hidroksisinamik asitler) karboksilik asit yapilari (C=0) germe titresimlerinden kaynaklandigi
belirtilmektedir. Ayrica 1720 cm-! civarindaki bant klorojenik asit olarak gosterilmektedir (Abbas vd., 2017). Okur
vd. (2019), visne posasindan fenolik bilesiklerin ekstraksiyonu icin farkli metodlar uygulamis ve elde edilen
ekstraklarin fenolik bilesik icerigini FTIR spektrosikopisi kullanarak belirlemistir. 3000-3300 cm-! hatta 2800 cm-
I’e kadar uzayan bantlarin, aromatik halkanin C-H germe titresimlerinden kaynaklandigi belirtilmistir. 1500-1150
cm! araligindaki bantlarin CH (fenoller) ve OH titresimleri nedeniyle oldugu rapor edilmistir. 1014 cmde
bulunan bant, piran halkasinin OH ikamesinin C-O esnemesini ifade etmis ve o6zellikle epikatesin ile
iliskilendirilmistir. FTIR sonuglar1 incelendiginde farkl sicaklik, sabit siire uygulanan 1sil islemin fenolik bilesik
profili agisindan bir degisime neden olmadig1 gézlenmistir.
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Sekil 3. Elma suyu 6rneklerinin FTIR spektrumlar1 (FTIR spectra of apple juice samples)

1674,94 1ou.4l
330650 5930 43 1729,909 ' 1
g N\
b2 1014,41
1673, 98
329396 995753 1729,909 A 5
8
o — 1013,45
380650 999753 1716,410 gs,m 3
g| \
0 101345
2 3297,82 2927,53 1727,017 167591 4
g AN
=1 _ 101345
329782 2927,53 1716,410 1673,01 \ 5
. N\
g 1014,41
329782 2923,68 1716,410 167205 / 6
= \
i e o = v ™
Dalga sayisi (cm™)

Sekil 4. Elma suyunun ayristirilmis FTIR spektrumlari (Separated FTIR spectra of apple juice)

4.6. HPLC Calismalar1 (HPLC Study)
Elma suyunun fenolik icerigini belirlemek ve farkl sicaklik ve sabit siire (20 dk) parametrelerinde degisimini

incelemek icin HPLC kullanilmistir. Kontrol (1s1l islem gérmemis taze elma suyu) érnegi ve farkli kosullarda islem
goren elma sularinda belirlenen fenolik bilesikler ve miktarlar1 Tablo 4’ de gosterilmektedir.
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Tablo 4. HPLC ile belirlenen fenolik bilesikler ve miktarlari (Phenolic compounds and their amounts determined by HPLC)

Numune Katesin K_lorojenik Kafeik asit Epikatesin Kamferol

(mg/kg) asit (mg/kg) | (mg/kg) (mg/kg) (mg/kg)
Kontrol 6,02 +0,22¢ | 21,48 +0,238 14,57 +£0,19¢ | 2,99 +0,12P
40°C20dk | 1,51+0,06F 2,53 +0,16F 0,50+ 0,02 <L0Q 4,48 + 0,064
50°C20dk | 4,51+0,13P 7,48 £ 0,12F 7,05+ 0,18E 4,05+ 0,108
60°C20dk | 3,54 +0,08E 9,49 + 0,110 8,06 + 0,15P 3,01 +0,08P
70°C20dk | 8,01+0,168 | 16,53 +0,18¢ 27,03 +0,298 | 3,97 +0,088
80°C20dk | 11,51+0,16A | 24,48 +£0,114 34,01+0,334 | 3,51+0,01¢

Tabloda ayni siitundaki farkli harfler (A, B, C...) degerler arasinda dnemli bir fark oldugunu gostermektedir.
(Epikatesin i¢in LOD: 0,3 mg/L LOQ: 0,8 mg/L)

HPLC ile 1s1l islem gérmemis taze elma suyunda belirlenen fenolik bilesikler katesin, klorojenik asit, epikatesin ve
kamferoldur. Genel olarak bakildiginda artan sicakliga baglh olarak fenolik bilesiklerde artis goriilmiistiir. 40 °C’
de 20 dakika 1s1l islem sonunda fenolik bilesiklerdeki degisim incelendiginde katesin ve klorojenik asit 1s1l islem
gérmemis taze elma suyuna gore azalis gosterirken, kamferol miktarinda artis belirlenmistir. Ayni sicaklik
degerinde kafeik asit 0,50 + 0,02 ppm olarak belirlenmistir. Bu durum diisiik sicaklik uygulamasi ile bagh halde
bulunan fenolik bilesiklerin, serbest forma ge¢mesiyle agiklanmistir (Szalzo vd. 2004). Daha yiiksek sicaklik
uygulamalarinda diisiik miktarda belirlenmis bu bilesigin pargalandigi ve tespit edilemedigi disiiniilmektedir. 50
°C 20 dakika sonunda katesin, klorojenik asit, epikatesin 1s1l islem gormemis taze elma suyuna gore azalis
gosterirken kamferolde artis belirlenmistir. 60 °C sicaklikta islem sonunda katesin, klorojenk asit, epikatesin 1s1l
islem gérmemis taze elma suyuna gore azalis gosterirken kamferol miktarinda degisiklik olmamistir. 70 °C ve 80
°C’ de 20 dakikada gerceklestirilen 1s1l islem sonunda fenolik bilesiklerde artis belirlenmistir. Bu durum toplam
fenolik madde miktarindaki artisla paralellik gostermektedir. Bunun nedeninin enzim inaktivasyonunun
saglanmasi sonucu fenolik bilesiklerin substrat olarak kullanilamamasindan kaynaklandig1 disiiniilmektedir.
Benzer sekilde Moro cinsi portakal sularinda 80 °C’ de 1 dakika pastérizasyon sonunda, kafeik asit, klorojenik asit
ve toplam hidroksisinamik asitlerin miktarinin arttig1 belirlenmistir (Szalzo vd., 2004). Bu durum katabolizma
icinde yer alan ve inaktivasyona neden olan enzimlerin aktif boliimlerinin 1s1l islem ile alikonulmas: seklinde
aciklanmistir.

Tiirkiye’ de yetistirilen bazi elma ¢esitlerinin baslica fenolik bilesikleri HPLC yontemiyle incelenmis ve analiz
sonucuna gore elma sularinda katesin (9,09-115,30 mg/1), klorojenik asit (41,10-276,3 mg/1), epikatesin (3,38-
6,76 mg/1), kafeik asit (3,04-79,09 mg/1) ve floridzin (0,52-20,13 mg/1) tespit edilmistir (Karaman, 2008). Pearson
vd. (1999), 6 farkli ticari elma suyunun fenolik bilesimini HPLC y6ntemiyle incelemisler ve fenolik bilesenlerden
katesin 7,6 - 33,8 mg/], klorojenik asit 17,0 - 58,3 mg/1 ve rutin 1,1 - 7,8 mg/1 araliginda belirlenmistir. Ayrica ayni
calismada toplam fenolik madde miktar1 meyve suyunda 181,7- 48,4 mg/l olarak belirlenmistir. Karadeniz vd.
(2001), 3 farkh ¢esit (Amasya, Golden, Starking) elmadan hazirlanan elma suyu érneklerine 97 °C 20 dakika 1s1l
islem uygulamis ve fenolik madde kompozisyonunu arastirmislardir. Bulgulara gore elma suyunda
konsantrasyonu en ytiiksek fenolik bilesik klorojenik asit (62,3-342,6 mg/1) olmustur. Bunu epikatesin (5,3- 240,1
mg/1), floretinglikozit (5,5-60,0 mg/1), floridzin (6,9-29,7 mg/1) ve p-kumarik asit (1,1-16,0 mg/1) izlemektedir.
Elma suyundaki fenolik madde miktarinin 6ncelikle meyve cesidine bagli olarak degistigi belirtilmistir.

Elmalardaki fenolik bilesik icerigini ve islenmis triinleri degerlendirmek amaciyla Jonagold, Sampion, Idared ve
Topaz cinsi elmalarin kullanildig1 bir ¢alismada, meyvelerde en yiiksek fenolik asit icerigi Idared (346 mg/kg)
cinsinde bulunmustur. En yiiksek miktarda kuersetin glikozit icerigi Jonagold (87 mg/kg) ve Topaz (83 mg/kg)
cinslerindedir (Markowski ve Ptocharski, 2006). Buna gore elma suyunda bulunan fenolik bilesikler literatiirde
yapilan ¢alismalarda belirlenenler ile benzerlik gostermektedir.

5. Sonucg ve Tartisma (Result and Discussion)

Yapilan bu ¢alismada, Red Chief cinsinden iiretilen elma suyuna, farkl sicaklik (40, 50, 60, 70, 80 °C) ve siirelerde
(5, 10, 15, 20, 25, 30 dakika) 1s1l islem uygulamasinin meyve sularinin kalitesini olumsuz etkileyen PPO ve POD
enzim inaktivasyonu iizerine etkisi belirlenmis ve fenolik bilesiklerin degisimine etkisi arastirilmistir.

Genellikle artan siire ve sicakliga bagh olarak PPO ve POD enzimlerinin aktivitesinde azalis belirlenmistir. PPO
enziminde 80 °C sicaklikta 5 dakikalik 1s1l islemden sonra % 5,40 + 0,47 aktivite gozlenirken, 20 dakika sonunda
% 99 enzim inaktivasyonu saglanmistir. POD enzimi i¢cin 80 °C 'de 5 dakika sonunda kalan aktivite % 21,71 * 0,46
olarak belirlenmistir. Bununla birlikte ayni sicaklikta 20 dakika sonunda % 93,29 inaktivasyon belirlenirken, 25
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ve 30 dakikalik 1s1l islem siirelerinde elde edilen inaktivasyon degerleri arasinda dnemli bir fark belirlenmemistir
(p > 0,05). Yani genel olarak bakildiginda 80 °C’ de 20 dakika sonunda yeterli inaktivasyon saglandig
soylenebilmektedir. Ayni zamanda elde edilen veriler degerlendirildiginde POD enziminin PPO’ ya kiyasla 1s1l
isleme daha direncli oldugu belirlenmistir.

Genel olarak toplam fenolik madde miktarinda degisimine bakildiginda diisiik sicaklik uygulamalarinda bazi
parametrelerde artis bazi parametrelerde azalis belirlenmistir. Bu durum fenolik bilesiklerin 1siya duyarli olup
sicakliktan etkilenmesiyle ve yapidaki enzimlerin aktiflik durumuyla iliskilendirilmistir. 80 °C’ de 20 dakika
sonunda toplam fenolik madde miktar1 668,41 + 12,70 mg GAE/ kg yas agirlik olarak belirlenmistir. Yiiksek
sicaklik uygulamalari sonucu toplam fenolik madde degisimi incelendiginde 1s1l islem gérmemis taze elma suyu
ornegine kiyaslaninca artis oldugu tespit edilmistir. Bunun nedeninin elma suyunda enzim inaktivasyonunun
saglanmasindan dolay, fenolik bilesiklerin substrat olarak kullanilamamasi olabilecegi diisiiniilmektedir.

Isil islem uygulamasindan sonra genellikle antioksidan aktivitedeki degisim toplam fenolik madde degisimiyle
iligkili bulunmustur. 80 °C’ de ECso degeri 20 dakika sonunda 24,28 + 0,69 mg/ml olarak belirlenmistir. Bu sicaklik
degerinde genel olarak antioksidan aktivitede artis goriilmiistiir. Bunun nedeninin yeterli (> %90) enzim
inaktivasyonunun saglanmasi ve toplam fenolik madde miktarinin artisi oldugu séylenebilmektedir.

FTIR spektrumlar: incelendiginde farkli sicaklik, sabit siire uygulanan 1sil islem sonucunda fenolik bilesik
iceriginde bir degisim gozlenmemistir. Parmak izi bolgesi (1800 - 750 cm1) incelendiginde spesifik bantlarin
epikatesin ve klorojenik asitle uyumlu oldugu belirlenmis, belirlenen fenolik bilesiklerin HPLC ile belirlenen
fenolik bilesikler ile paralellik gosterdigi belirlenmistir.

HPLC ile fenolik bilesikler incelenmis, 1s1l islem gérmemis taze elma suyunda belirlenen fenolik bilesikler katesin,
klorojenik asit, epikatesin, kamferol olmustur ve genel olarak artan sicakliga bagli olarak fenolik bilesiklerde artis
gorilmistiir. 70 °C ve 80 °C’ de 20 dakikada gercgeklestirilen 1sil islem sonunda fenolik bilesiklerde artis
belirlenmistir. Bu durum toplam fenolik madde miktarindaki artisla paralellik gostermektedir.

Yapilan ¢alisma sonucunda elma suyuna uygulanacak en uygun parametre 80 °C 20 dakikalik 1s1l islem uygulamasi
olmustur. Bu parametrelerde PPO ve POD enzimlerinde yeterli enzim inaktivasyonu (>%90) saglanmis, ayni
zamanda fenolik bilesiklerde ve antioksidan aktivitede artis belirlenmistir.
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Keywords Abstract

Lake Van, This study presents an analysis of the structural coupling to the two large
Van Earthquake, destructive earthquakes that occurred in Lake Van area on October 23 (Mw 7.1), and
Aftershock Sequence, November 9 (Mw 5.6), 2011, together with the azimuth-dependent distribution of
Microseismicity, the seismic activity and microseismicity clusters after the mainshocks, associated
Clusters. with the complex rupture processes of the aftershock sequence. The aftershock

sequences after the two mainshocks were linked to the local crustal faults beneath
Lake Van area, followed successively and produced unusually intense activity and
significant damage in the area. The main purposes of this study are to document the
spatial and temporal distribution and evolution of the October 23, 2011 aftershock
hypocenters and the azimuth-dependent distribution of seismic activity, and to
understand the structural character of the aftershock sequence using the
distributional and evolutional patterns of the aftershock hypocenters. A total of
10,000 aftershocks were obtained from seismic data with a high signal-to-noise
ratio collected over three years from October 23, 2011 to March 17, 2014. These
aftershocks were relocated for the time periods from November 2011 through
March 2012 to March 2014 and = 5000 aftershocks were retained in the depth
versus distance cross-sections to detect the clusters in the first step of study
(November 2011-March 2012). The focal depth distribution of the aftershock
clusters, the migration of hypocenter activity and microseismicity clusters were
analyzed and the distributional patterns of the detected clusters were assessed
using the geometric distribution of the aftershock hypocenters. The spatial and
temporal distribution of aftershocks reveals interesting key features of the deep
rupture complexity of the Van earthquake. This study presents the results of the first
detailed hypocentral observations and this is important data for future seismic
hazard analyses in the study area.

VAN GOLU BOLGESINDE 2011 YILI DEPREMLERININ ARTCI SOK SERISi KIRILMA
KARMASIGINA YAPISAL BAGLANTI (DOGU ANADOLU, TURKIYE)

Anahtar Kelimeler 0z

Van Gélii, Bu ¢alisma, Van Go6li alaninda gercgeklesen, 23 Ekim Van (Mw 7.1) ve 9 Kasim
Van Depremi, Edremit (Mw 5.6) 2011 yili1 depremleriyle, art¢isok kirilma karmasigina bagli olarak,
Artgisok Sekanst, anasok sonrasi olusan kii¢iik deprem kiimelerinin ve genel sismik hareketliligin,
Mikrosismisite, azimuta bagh degisimini dikkate alarak kurulan yapisal iliskinin bir analizini
Kiimeler. sunmaktadir. Her iki anasoktan sonra olusan artgisok serileri, Van Go6liiniin altinda

bulunan kabuk koékenli faylarla iliskilendirilmis ve ardarda olmak tizere, siradisi
yikicl bir etki olusturarak, bolgede ¢ok 6nemli bir zarara neden olmuslardir. Bu
nedenle, ¢alismamizin temel amaci, 23 Ekim 2011 artgisok odak derinliklerinin
zamana, mekana ve azimuta baglh olarak dagilimini ve dagilim siirecini géstermek
ve ayni zamanda, art¢isok odak derinliklerini kullanarak, artgisok serilerinin yapisal
karakterini anlamaktir. Bu ¢alismada, yaklasik 10.000 art¢isok verisi, 23 Ekim 2011
ve 17 Mart 2014 tarihleri arasinda 3 yil siireyle kaydedilen, sinyal giirtltii orani
yliksek deprem katalogundan elde edilmistir. Bu artcisok veri seti, 2011 Kasim ve
2014 Mart tarihleri arasinda yeniden yersel olarak konumlandirilmis ve bu
calismanin ilk asamasini teskil eden, yaklasik 5000 adet artgisok verisi, derinlik-
uzaklik profil Kkesitlerinde, deprem kiimelenmelerini tespit edebilmek icin
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kullanilmistir (Kasim 2011-Mart 2012). Bodylece, artcisok kiimelenmelerinin
derinlik dagilimi, deprem odak derinliklerin hareketi ve kii¢iik deprem
kiimelenmelerinin analizi gerceklestirilmistir ve ayrica, artgcisok odak
derinliklerinin geometrik dagilimi kullanilarak, tespit edilmis deprem
kiimelenmelerinin dagilim geometrilerinin analizi yapilmistir. Artcgisoklarin
zamanda ve mekandaki dagilimlari, Van depremini olusturan fayin derinlerdeki
kirilma karmasasina dair, ¢ok ilging temel 6zelliklerini agik¢a gdstermistir. Bu
calisma, ilk kez, deprem odag analizi detayl gézlem sonuclarini vermektedir ve bu
veri sonuglari, calisma alaninda, gelecekteki olmasi muhtemel deprem hasar
analizleri i¢in cok 6nem arz etmektedir.
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1. Introduction

During the last ten years, seismological observations of aftershock seismicity from the interplate and intraplate
seismotectonic settings and magnitudes have indicated that variations in stress state less than 1 bar are able to
induce the reactivation of nearby faults that are close to failure, either as long-term post-seismic deformation (e.g.,
spatial and temporal occurrence of aftershock activity) or as secondary larger earthquakes (e.g., compound
seismicity). This phenomenon has been described as a triggering process (King et al. 1994; Harris et al. 1995;
Benito et al. 2004). The triggering process may involve the anomalous generation of aftershocks or secondary
mainshocks with different focal mechanisms, with prominent changes in the spatial and temporal character of the
mainshock aftershock sequence in a given focal area which increases or decreases for several months or years
after a mainshock (Stein and Lisowski 1983; Reasenberg and Simpson 1992; Stein 1999; Benito et al. 2004).

Lake Van located in the province of Van in eastern Anatolia is characterized by intraplate seismicity and highly
active compressional shear strains (Kutoglu et al. 2016) with long-term aftershocks of magnitudes more than 3.5-
4.0 occurring repeatedly (Toker 2013; 2014) (Figure 1). Toker (2014; 2015) has shown that these aftershock
events in the temporal form of multi-clusteral patterns are repeating ruptures of asperities comprising areas of
large coseismic slip, which are locked during interseismic period. On October 23, 2011, a great thrust earthquake
of magnitude Mw 7.1 occurred in the Lake Van area (Irmak et al. 2012; Bayrak et al. 2013; Elliott et al. 2013; Acarel
etal, 2014; Gori etal., 2014; Moro et al. 2014; Toker 2015; Mackenzie et al., 2016) (Figure 1). The earthquake and
its strong aftershocks activated the ~27-km-long Blind Thrust fault system that marks the accretionary wedge
complex and the transition between the basins of Lake Van and Lake Ercek (Dogan and Karakas 2013; Elliott et al.
2013; Karakas et al. 2013; Dogan et al. 2014). The multi-crustal occurrence and distribution of long-period
aftershocks and focal mechanism of this larger event show a northeast-southwest striking rupture plane dipping
towards the northwest (Irmak et al. 2012; Toker 2013; Bayrak et al. 2013; Fielding et al. 2013; Utkucu et al. 2013;
Gori et al,, 2014; Mackenzie et al,, 2016). The rupture gradually expanded near the hypocenter and was shaped in
a sigmoidal-like propagation (Figure 1). It is thought that the earthquake occurred as a result of a long-term high
plateau uplift (Goriir et al. 2015) and an eastward oblique tectonic extrusion of the Lake Van basin (Toker and
Sengor 2011; Toker and Ecevitoglu 20123, b; Toker, 2017; Toker et al., 2017).

28



TOKER 10.21923/jesd.861520

: - : ,
O mM30 /@ 30sm<s0 /@ 40sm<s0 / @ sosm<so / @ 6.0sms7.0

Figure 1. The catalogue seismicity of the Lake Van area and all 5,088 aftershocks distribution of the 23 October 2011 Van
(Mw 7.1) and 9 November 2011 Edremit (Mw 5.6) earthquakes (see Table 1 for source parameters). The epicenters of the
aftershocks occurred until April 2012 are plotted (Landsat/Copernicus©2016 Google, ©2016 Basarsoft). The colored dots
denote the aftershock magnitudes determined by the KOERI seismic network (the inset maps) (©2018 GeoBasis-DE/BKG (©
2009), Google Maps API) and © 2018 Google Earth, Mapa GISrael, ORION-ME). The inset map (top) shows the KOERI network
in E-Anatolia squared in red and stations shown by black triangles, while the inset map (bottom) shows the station locations
of KOERI network in detail, together with 22 stations ID shown by red triangles, which are used for the distributional
analyses of the aftershocks relocated in this study. The study area, Lake Van, is shown by blue rectangle. The catalogue-
located epicenters show a compact and sigmoidal distributional pattern striking ENE (dashed red curves). The seismic
density of the located hypocenters is elongated and concentrated along a landward extending sigmoidal pattern
corresponding to the ruptured area, the faulting style in the lake and the location of Lake Van area (see Figure 5 for details)
(NAFZ, North Anatolian Fault Zone and EAFZ, East Anatolian Fault Zone).

The October 23, 2011 Van earthquake was a somewhat unusual case concerning the anomalous occurrence and
the spatial and temporal distribution of its aftershocks (M 2 3.5) in Lake Van (Figure 1 and Table 1). The Van
earthquake was followed by numerous aftershocks with the same origin and most of the aftershock activity was
restricted to a narrow area, bounded by the faults of the lake (Toker, 2017; Toker et al.,, 2017; Toker and Sahin,
2019); ~2,828 events occurred in the first month (November 2011), and 4,853 in the first five months (November
2011- March 2012), nearly half of which were larger than Mw 3.0. Until the end of 13 April 2012 over a period of
163 days, the total activity of 5,304 aftershocks comprised of 184 Mw = 4.0 and 13 Mw 2 5.0 events (Bayrak et al.
2013; Toker 2014). This earthquake was associated with the local fault system aligned with the Lake Van basin
that extends from west to east (Moro et al. 2014). Two weeks later, on 9 November, a second major earthquake of
Mw 5.6, the Edremit event (5-7 km depths), occurred the near the southeastern coast of Lake Van along the north
dipping a normal oblique-strike-slip Edremit fault (Utkucu 2013; Utkucu et al. 2013; Dogan et al. 2014) (Figure 1).
This second earthquake was also associated with the local fault system (Ketin 1977; Utkucu 2006). The aftershock
sequence of the November 9, 2011 Edremit earthquake worsened the situation in the area that had been affected
by the previous Van earthquake. The aftershocks and the fault focal solutions of the Edremit event are on the
different fault than the previous events (Figure 1 and Table 1).
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Table 1. Updated source parameters of 22 earthquakes shown in Fig. 5 (compiled and modified from Irmak et al,, 2012 and
various institutions).

No Date Origin time Location ERH ERZ Depth | Mag | Strike | Dip | Rake
(dd/mm/yy) (hr:mm:s) Q) (km) (km) (km)
Lat.-Lon.

1 23/10/2011 10:41:21 38.7188- 33 1.8 15.0 7.1* 246 46 59
43.3367

2 23/10/2011 20:45:34 38.6345- 2.7 0.5 5.0 5.7+ 248 71 90
43.0775

3 09/11/2011 19:23:34 38.4295- 2.6 0.5 5.8 5.6* 223 55 63
43.2342

4 08/11/2011 22:05:50 38.7241- 0.9 0.5 43 5.5+ 203 59 -88
43.0870

5 25/10/2011 14:55:08 38.7733- 3.2 1.0 5.0 5.4+ 38 41 -54
43.5468

6 29/10/2011 22:42:22 38.8985- 0.9 0.2 5.0 5.3+ 165 60 -56
43.5503

7 23/10/2011 18:10:45 38.6980- 35 0.5 5.0 5.0* 289 82 35
43.3873

8 23/10/2011 18:53:48 38.4072- 33 1.4 5.0 4.9+ 219 57 25
43.3383

9 23/10/2011 19:06:06 38.7868- 3.7 0.8 5.0 4.9+ 228 64 -90
43.2960

10 | 06/11/2011 02:43:12 38.9243- 1.2 0.3 5.0 4.9+ 169 57 -54
43.5650

11 | 02/11/2011 04:43:20 38.8735- 13 0.3 5.0 4.8+ 171 58 -61
43.5695

12 | 09/11/2011 22:38:18 38.4508- 1.9 0.7 5.0 4.5+ 238 43 90
43.2085

13 23/10/2011 19:43:25 38.7835- 4.1 0.9 5.0 4.4+ 223 68 -90
43.3447

14 | 24/10/2011 22:13:31 38.7710- 1.2 0.4 2.1 4.4+ 183 63 -90
43.1790

15 | 24/10/2011 18:52:16 38.7263- 1.9 0.4 2.5 4.2+ 50 41 -49
43.2247

16 | 25/10/2011 03:28:51 38.8368- 8.9 1.9 2.2 3.7+ 283 57 43
43.6687

17 | 25/10/2011 00:16:40 38.5482- 3.7 1.4 5.0 3.7+ 126 74 -34
43.1103

18 | 24/10/2011 20:15:49 38.8840- 0.9 0.3 5.0 3.6+ 259 56 36
43.4742

19 | 25/10/2011 00:26:26 38.8977- 4.0 0.9 5.0 3.6+ 285 57 42
43.4658

20 | 24/10/2011 16:24:19 38.9192- 0.4 0.1 3.7 3.6+ 289 56 43
43.5143

21 | 25/10/2011 02:39:38 38.7445- 13 0.5 4.0 3.5+ 115 61 146
43.2055

22 30/11/2011 00:47:21 38.5090- 2.6 1.2 2.8 5.0* 174 81 -32
43.4058

MAG: Magnitude, ERH: Horizontal error, ERZ: Vertical error, ¥Moment magnitude (Mw) obtained by waveform inversion,
*Local magnitude (My).

2. Literature survey

The two mainshocks of October 23 and November 9, together with thousands of events of lesser magnitude and
their respective aftershock sequences, produced an intense period of intraplate seismic activity over a short time
interval. This seismic activity did not appear to decrease over time and frequency, according to the known laws.
The temporal propagation and evolution of the Van aftershock sequence showed a complex short and long term
dynamic evolution in the aftershock area (Toker 2013; 2014; 2015). This is repeated for all the events, and may
have induced alternating stress increases and decreases in either time or space, thus generating the observed
clusters, declusters and dynamic complexity in the aftershock sequence (Toker 2015). If this is the case, the
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rupture area of the Van mainshock ruptures repeatedly in the consecutive aftershocks and it is extremely
important to reveal aftershock hypocenters of the mainshock in order to understand the focal depth nature of the
rupture complexity. This suggests that the present probability of the repeated aftershock occurrence (Mw = 4.0-
4.5) in the mainshock area is quite high.

Soon after the Van earthquake, many geologists undertook field investigations of the surface ruptures and co-
seismic deformation (Irmak et al. 2012; Kogyigit 2012; Dogan and Karakas 2013; Karakas et al. 2013; Dogan et al.
2014). However, because of the occurrence of seismic-related surface ruptures, mass-wasting and landslides in
the fields along the faults, the field investigations were limited to scattered sites and no information was obtained
on geological nature of the ruptured area. Geophysical studies were also inadequate for determining the spatial
and temporal details of the aftershock clusters around the hypocenter of the mainshock (Bayrak et al. 2013; Elliott
et al. 2013; Fielding et al. 2013; Utkucu et al. 2013; Moro et al. 2014). Furthermore, the land-based observations
that were conducted were insufficient to describe the overall rupture geometry and the detailed seismic activity
(Altiner et al. 2013; Kalafat et al. 2013; Utkucu 2013). Prior to the present study, little was known about the focal
depth nature of aftershock seismicity and structural coupling to rupture complexity at crustal depths.

Since the aftershocks following the Van and Edremit mainshocks occurred in larger numbers, they can assist in
delineating the focal depth pattern of the rupture upon which the Van mainshock occurred and clarify the spatial
and temporal distribution of the seismicity around the focal area. A close spatial inspection of the cluster pattern
of the aftershock distribution at depths of 10 km up to 30 km implies a possible relation between the fault-
controlled nucleation zone of 2011 Van earthquake aftershock sequence and P- and S-wave velocity anomalies
(Toker and Sahin, 2019 and references therein). This relation seems to be due to crustal faulting movements in
the Lake Van area, as explained in the tectonic model study of Toker et al. (2017) and also Toker (2017). This paper
explores the structural coupling to the aftershock sequences in the Lake Van area to gain a better understanding
of the hypocenter dynamics of aftershock sequence. Moreover, the current study analyzes the focal depth features
of aftershocks beneath the surface based on seismic velocity observations (Toker and $ahin, 2019) and comments
on rupture propagation complexity of aftershock sequence, and contributes to the investigation of the
distributional configurations of the hypocenters on the scale of a few tens of kilometers. This paper presents the
results of the first detailed hypocentral observations, coupled to the boundary faults of Lake Van basin, and this is
important data for future seismic hazard analyses in the area.

3. Structure of Lake Van

The Lake Van region is a mantle-supported, N-S shortened domal morphological structure (Sengor et al., 2003;
2008) (Fig. 1) and presently rises above a doming, hot asthenosphere due to slab detachment and break off events
in E-Anatolia (Zor et al., 2003; Zor, 2008; Sengor et al., 2003; 2008). A thin and warm crust underlies this shortened
region, covered by various kinds of fluids (Turkoglu et al., 2008; 2015), volcanic dome-cone complexes and active
magmatic intrusions, typical of an extensional regime as observed in the Lake Van basin (Cukur et al., 2016; Toker
etal, 2017).

The Lake Van basin is characterized by oblique-slip boundary faults; extension-transtension in E-margin,
transpression in N-margin and extension-transtension in S-margin, through which magma propagation and
related intrusive-extrusive occurrences are observable (Toker et al.,, 2017; Toker and Sahin, 2019). The oblique-
slip deformation in the lake basin actively controls differential subsidence in deep basin (e.g., relaxation barrier)
and differential uplift toward ENE (e.g., fragmentation barrier), where the 2011 Van earthquake occurred (Toker,
2017). Extensional-transtensional deformation observed in the lake is characterized by thick lacustrine sediments
overlying a faulted layer (e.g., detachment), beneath which ductile extension may have occurred (Toker et al.,
2017; Toker and Sahin, 2019). The present day deformation style of the Lake Van basin is derived from
incompatibility junctions of active tectonic structures (Toker and Sahin, 2019) driven by accretionary wedges and
controlled by upper crustal flake tectonics and sequential events of volcano-tectonic/magmatic processes (Toker
et al,, 2017; Toker and Sahin, 2019). The active deformation is within a form of fault-bounding oblique wedge,
escaping toward ENE, tends to localize in, and along the weakness zones of the lake margins, where strain
accumulation, condensation and partitioning, for example caused by transpression in the N-margin, are the most
prominent features, as proposed by Toker et al., (2017). Tectonic mobility of this lake probably began around the
Late Miocene-Early Pliocene and has intensified during the Plio-Quaternary periods (Toker et al., 2017).
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4, Material and Method

The earthquake data set processed by Toker and Sahin, (2019) (catalogue published by KOERI (Bogazici
University, Kandilli Observatory and Earthquake Research Institute)
(http://www .koeri.boun.edu.tr/scripts/Sondepremler.asp/2020) were used in the present study to relocate and
to plot the distribution of selected aftershocks (Figure 1). The KOERI network consists of 21 broadband and one
short-period seismic stations with a sampling frequency of 50 Hz. The dynamic range is 140 and 164-184 dB for
the broadband and short-period seismic stations, respectively. This network has the scheme for automatically
detecting events available for processing and working with the continuous waveform data.

Toker and Sahin, (2019) performed the catalogue of KOERI to improve the data quality and to refine the depth
resolution of the events given in the catalogue. This made arrival times of P- and S-waves and corresponding
hypocenter locations quite reliable for seismic tomographic research reported by Toker and Sahin, (2019) and
aftershock relocation analysis in this study. Hence, the current study used the routine procedures of the
hypocenter location method with the Hypo71 source code and 1-D crustal velocity model derived by Toker and
Sahin, (2019) for the determination of the hypocentral parameters of relocated events. (Lee and Lahr 1972), as it
gives the minimum RMS travel-time residuals. Toker and Sahin, (2019) checked initial velocity models to find the
best Vp/Vs ratio by using a number of slightly different initial P-wave velocity models with different Vp/Vs ratios
and applied them to different sub-data sets and found a constant Vp/Vs value of about 1.778. The related
cumulative wadati diagram used for initial model is constructed for this study (Figure 2), indicating that the overall
seismic structure has no substantial variations, but some slight changes in the edges, suggesting the reliability of
the Vp/Vs ratio in most cases (~ 1.77). Further details for data processing, inverted 3D model and inversion
procedures are given through the extensive study of Toker and Sahin, (2019).

40

Vp/Ns=1.778

0 10 20 30 40 50
Tp (s)

Figure 2 The cumulative wadati diagram constructed from arrival time data of our selected events provides an estimate of
Vp/Vs ratio used to derive the S-wave velocity model from a known P-wave velocity model. The time difference DT = Ts-Tp
between the arrival time of P-waves (Tp) and S-waves (Ts) was plotted against (Tp) for all available pairs of observations. The
mean slope equaled the velocity ratio, found to be best Vp/Vs, constrained for the purpose of the optimum 1-D velocity
model, based on the quality of their preliminary locations and the recording stations represented, indicating that the quality
of event locations was sufficient for the purposes of the analysis in our study (derived from Toker and Sahin, 2019).

In the current study, one of sub-data sets (~ 5,000 aftershocks recorded at 22 seismic stations from KOERI in
Figure 1) used in the previous study was selected from the events which occurred in Lake Van region (37 - 40°N
and 41 - 45°E), implying similar ray coverage patterns of both P- and S-wave data sets from Toker and Sahin,
(2019). The azimuthal gaps of the selected aftershocks for each station were carefully identified; the smallest gap
is less than ~5° (356° <gap< 360°), the largest gap is ~180°. An important task here is to check the quality of the
selected aftershocks to find the best relocation results by using available seismic velocity data. The Vp and Vs data
sets from Toker and Sahin, (2019) have been analyzed for quality check of the selected aftershocks. Selected data
in the study area are good at work enough to locate their own events accurately. Hence, sub-data set (e.g., phase
picks, phase readings, azimuths and residuals) from nearby stations of KOERI network has been edited to increase
the resolution, to improve the location quality and also to compare the residuals. The event locations and focal
depths are well constrained due to both near and far stations (Figure 1) using careful selections of available P- and
S-phase reads at the nearest stations to get a reliable solution and to select high-quality events and the focal depths.
All residuals are stepwise examined and residuals more than the limit #1 s are excluded from the inversion. The
travel time reading errors are averaged + 0.03 s for P-wave, + 0.04 s for S-wave. P- and S-wave residuals are
evaluated as a function of epicentral distance shown in Figure 3. Also, the initial and final RMS travel time residuals
for the P- and S-wave data sets are computed as shown in Figure 4. The sum of squared travel-time residuals is
reduced by more than 35% of its initial value after the inversion process. The final RMS travel time residuals were
0.33 s and 0.34 s for the P- and S-wave data sets, respectively (Figure 4).
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In this study, the use of a 1-D initial velocity model of Toker and Sahin, (2019) to relocate the focal depths of
selected events minimizes the relative location uncertainties by controlling the accuracy of the relative arrival-
time readings with available phases and/or selecting the high-quality events and the focal depths and improves
the location accuracy of data (e.g., systematic biases introduced by 3-D velocity variations). In addition to reduced
residuals, epicenter locations are also evaluated according to the faults observed from seismic reflection profiles
(Toker and Sengor, 2011; Cukur et al,, 2013; Cukur et al., 2016; Toker et al., 2017; Toker, 2017) that can ensure
reasonable depths.

In the present study, focal depth locations reveal a focused geometric picture of distributed aftershock seismicity
(Toker, 2013; 2014; 2015; Toker and Sahin, 2019). Most of the aftershocks align in upper crustal depths along
curve-linear, linear, horizontal streaks. Most of the aftershock activity consists of clustered similar and/or same-
sized events, suggesting strong self-similarity of coupled events at depths with focal depth location errors typically
about 1-2 km. Some selected events of the aftershock activity constrained by relocated catalog picks are also
compared with the data set performed by previous studies (Giilen et al. 2002; Irmak et al., 2012; Bayrak et al. 2013;
Fielding et al. 2013; Kalafat et al., 2013; Toker 2013; Toker 2014). The comparison indicates that overall geometric
pattern of the individual events reveal the same relocated seismicity structure of [rmak et al., (2012) based on the
same KOERI data set with focal depth uncertainties of 1-2 km (Irmak et al., 2012) and 2-3 km (Bayrak et al., 2013;
Kalafat et al,, 2013). Considering that the structure is highly complex, and based on the relocations given in this
study and also the data set performed by previous studies, this study proposes a focal depth location uncertainty
of ~1-2 km.
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Figure 3. P- and S-wave travel-time residuals as a function of epicentral distance (offset) for the initial 1D model used in this
study.
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Figure 4. P- and S-wave travel-time residual histograms for both the initial 1D and the final 3D model, showing distribution
of relative arrival time residuals associated with the initial model (before inversion at left column) and solution model (after
inversion at right column) for P- (at upper line) and S-(at lower line) waves. After the inversion process RMS values are
determined as 0.33 s and 0.34 s for the P-wave and S-wave data sets, respectively.
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5. Results
5.1. Relocations associated with velocity structure

The map view of the seismic density of the relocated aftershock hypocentersincludes 5,088 events shown in Figure
5. The relocation results of the selected high-quality events show that the seismicity has a maximum depth of ~30
km with peak activities at 8 and 10 km (Toker and Sahin, 2019). In Figure 5, the relocated aftershocks more than
about 65 % occur below ~10 km and indicate a focused view of the cluster seismicity at ~8-10 km, compared to
the more scattered locations in Figure 1.
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Figure 5. Shaded relief map of the focal depth distribution of the relocated aftershock hypocenters (5088 events) shown in
Figure 1 in the ruptured area (map modified from Toker and Sahin, 2019). The Lake Van boundary faults (black lines) used to
constrain the focal depth data are also shown (data compiled from Toker 2011; Toker and Sengér 2011; Cukur et al. 2013;
Cukur et al. 2016; Toker et al,, 2017; Toker, 2017). The map shows aftershock relocations, the fault plane solutions of the Van
and Edremit mainshocks (numbers 1 and 3) and 20 aftershocks (white dots) of the Van earthquake with the hypocenter
depths occurring during the earthquake (see Table 1 for source parameters of focal solutions updated and compiled from
Irmak et al. 2012 and various institutions) (Bayrak et al. 2013; Toker 2013; Toker 2014). The numbers on the focal
mechanisms indicate these aftershocks listed in Table 1. Local faults (f1, f2) are the landward continuations of basin-
bounding faults in Lake Van (see tectonic and seismic b-value models by Toker et al,, 2017 and Toker, 2017, respectively).
The map indicates the relation of the faulting styles of the lake to the distributional density of the hypocenters (contours are
depths in km, the dots denote the aftershock epicenters and dashed white line is common cluster axis). The map also
indicates that seismic density of the located hypocenters is concentrated along a landward extending sigmoidal pattern
corresponding to the ruptured area and the faulting style in the lake. The normal and thrust focal solutions seen are related to
the rupturing of the secondary faults as a result of the rupturing of a main thrust fault plane in the NE direction and with a
58°NW dip (Irmak et al. 2012). The rupturing caused secondary intra-plate deformations obtained from the fault plane
solutions of the aftershocks numbered 22 on map and fits with the direction of the aftershock pattern (see focal data shown
in Table 1).

38.2 ¢

Here, we conduct a spatial pattern analysis to address the distribution of the aftershock seismicity with respect to
the basin-bounding faults (Figure 5). The relocated aftershocks collapse into fault-bounding discrete zone within
the Lake Van area (Figure 5), and roughly follow the local zones of increased strains associated with the faults,
while other located events became more spread out. Also, more aftershocks are densely positioned along the E-
part of the lake, compared to the W-part. Seismic activity is increased to the E and S of the basin, while other areas
remain seismically quite. When moving W in the basin along the boundary faults, the activity decreases and fades
out, showing quite areas within the basin. However, the aftershock seismicity is densely distributed and clustered
between the basin-bounding faults, when moving E in the basin. These observations indicate a clear “aftershock-
clustered seismicity behavior” along the basin (Figure 5). This is the basic pattern of our further analyses.
However, the diffuse and asymmetric distributional pattern of aftershock events associated with the low number
of stations may impose a few limitations on the resolution of the observed velocity amplitudes (Toker and Sahin,
2019); the numbers of aftershock events are very sparse and the seismicity level is low in the W and central parts
of the lake, while aftershocks are densely clustered in the E and NE parts of the lake.
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These observations are also correlated with the multi-channel seismic reflection studies in Lake Van Basin (Cukur
etal,, 2013; Cukur et al,, 2016; Toker et al,, 2017; Toker, 2017) that indicate a tectonic mobility of cold, brittle and
fragmentary crustal block (see tectonic model proposed by Toker et al., 2017 for details of upper crustal
deformation). This shows the clustered behavior of relocated aftershock seismic activity that almost reaches the
upper elastic crust at about 10 km (Sengor et al., 1985; Dewey et al., 1986; Sengor et al., 2008; Toker et al., 2017;
Toker, 2017; Toker and Sahin, 2019) and the lower crust at about 30 km (Sengor et al,, 2003; Sengér et al., 2008;
Toker and Sahin, 2019). The clustered behavior of seismic activity well corresponds to the depth-dependent
distributional patterns of P- and S-wave velocity anomalies given in a study of Toker and $ahin, (2019) (see Toker
and Sahin, 2019 for the Vp, Vs structures and their cross-sectional profiles for depths ranging from 10 km to 30
km). The large number of data and the good ray crisscrossing in the clustered area of the lake support the reliability
of the obtained velocity anomalies (Gorbatov and Kennett 2003) and their relation to the cluster.

The relocated catalog of the Lake Van study area, spanning the period November 2011-March 2014 and contains
10,000 events over three years. The depth and magnitude of the earthquakes ranged from 5 to 30 km and Mw 1.5-
7.1, respectively. The relocated seismicity map of the Van mainshock-aftershock sequence for magnitudes (Mw 2
3.5) is well constrained by the previously mapped faults in Lake Van Basin (Cukur et al.,, 2013; Cukur et al., 2016;
Toker et al,, 2017; Toker, 2017), showing a sigmoidal pattern of aftershock distribution and the rupture zone
parallel to the Lake Van tectonic trend and approximately 60-65 km in length (Figure 5). During the period 23
October, 2011 through November 2011 to December 2, 2011, the Van aftershock sequence consists of about 3100
events of (3.5 < Mw < 6.0) and the recorded events of magnitude Mw = 4.0 were more than 100 occurred towards
the north-east and south-west parts of the rupture area (Bayrak et al., 2013). These short-term records suggest
that the seismic energy is mostly released in the form of moderate size aftershocks in the rupture area where large
size asperities were found (Irmak et al. 2012; Bayrak et al. 2013).

In this study, ~150 days of aftershock data (from November 2011 to March 2012) were processed and projected
from the catalogue. As a result, 4,853 aftershock hypocenters, of which 2,476 had a local magnitude greater than
3.5, wereretrieved (Figures 6 and 7). In Figure 8, the cross-sections show the migrational patterns of the relocated
hypocenter activity over the four periods including 4853 events of March 2012 as shown in Figure 6b. In Figure 9,
the cross-section is correlated to the local faults to show a complete clusteral picture of the relocated hypocenter
activity including 4853 events of March 2012 as shown in Figure 6b. Then, to establish azimuth-dependent cross-
sectional images of the aftershock distribution, the epicentral distribution of 10,000 events were selected for a
time period from November 2011 to March 2014 (Figure 10). Finally, to plot the temporal distribution of the
aftershocks and detect the temporal and spatial clustering of microseismicity, 6,135 events were selected from
282 days covering the period from October 23, 2011 to August 1, 2012 (Figures 11 and 12). Considering Vp, Vs
anomalies and their relation to the structural pattern of the cluster revealed by Toker and Sahin, (2019), generally,
low Vp and Vs anomalies slightly changed to high Vp and Vs at cluster depths and were densely concentrated
within the cluster at which the seismic activity was very intense with low V or low to high V.

5.2. Pattern recognition

The spatial and temporal patterns of the aftershock distribution associated with the observed clusters show no
distinct difference between the periods of November 2011-March 2012 (Figures 6-9) and November 2011-March
2014 (Figure 10). The main difference is only related to the growing, tightening and deepening patterns of the
observed clusters, showing a concentrated pattern of distribution and tightness of the relocated hypocenters. The
hypocenter locations were compared to investigate the spatial and temporal variation of the seismicity in the
clusters. The plotted hypocenter locations are closely and tightly spaced and clustered with the located clusters
being densely concentrated. Also, the distributions of Vp and Vs were recovered down to crustal depths at which
the cluster was observed. Tomographic imaging of the P-wave velocity structure beneath the cluster at depths of
4,7,14, and 23 km and the S-wave velocity structure at a depth of 14 km performed by Toker and Sahin, (2019)
indicates velocity-dependent structural pattern of the cluster. This suggests that the velocity anomalies from the
inverted P- and S-waves can be considered to be reliable within and nearby the cluster at depths of ~10 km up to
~30 km (the lower depth limit of seismicity in the main cluster at ~10 km in Figures 7-9 and at ~30 km in Figure
10). In the cross sections, the observed clusters concentrated within highly distinct spatial activity are also well
constrained by the mapped basin-bounding faults (Fig. 5) (Toker and Sahin, 2019) and caused by subsurface stress
perturbations closely occurred at similar and smaller spatial scales (Toker 2014; 2015). As a result, the pattern
recognition of the clusters observed from aftershock relocation analyses is mainly based on the events
concentration within highly distinct spatial activity and Vp, Vs anomalies (Toker and Sahin, 2019).
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Figure 6. Distance versus depth plots of relocated distribution of all 4,853 aftershocks of the Van mainshock, for one month
intervals from November 2011 to March 2012. The solid line labeled N-S in the map indicates the central line of the given
cross-sections, and the solid square marks the 70-km-wide zone projected onto the cross-sections. Aftershocks within the
squared area from the central line of the cross-section are projected onto the plane of the cross-section with the projected

distance of 180 km. The red horizontal lineament of hypocenters refers to fixed hypocentral artefact. a Omori’s law of decay

of aftershocks identified as changing the aftershock events for each month over a five-month period are represented in their
corresponding time windows. b Distance versus depth plots of distribution of the aftershocks within the time period from
November 2011 to March 2012, with the cumulative numbers of the events for each month and the same representation
criteria as in Figure 6a. F: the major regional thrust fault, f1: local thrust fault (Emre et al. 2011), f2: inferred local fault, local
faults (f1, f2) are the landward continuations of basin-bounding faults in Lake Van (see tectonic model by Toker et al.,, 2017).
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Figure 7. Relocated distribution of all the 4,853 aftershocks along four vertical cross-sections, with a projected distance of
180 km. The aftershocks are presented as the areal distributions from narrow to wide zones as shown in the map. The solid
rectangles labeled 1, 2, 3, and 4 indicate the W-E extending zones from the central line of the cross-sections, and the solid
square marks the 70-km-wide zone projected onto the cross-sections. Aftershocks within the different zones from the central
line of the cross-section are projected onto the plane of the cross-section. The locations of the cross-sections and the areas
within the projected distances are also shown. The red horizontal lineament of hypocenters refers to fixed hypocentral
artefact. Zones 1, 2, 3, and 4 contain 660 events, 2,762, 4,383, and 4,853, respectively. The distributional pattern of
aftershocks in zone 4 is the same as for March 2012 in Figure 6b. F: the major regional thrust fault, f1: local thrust fault (Emre
etal. 2011), f2: inferred local fault, local faults (f1, f2) are the landward continuations of basin-bounding faults in Lake Van

(see tectonic model by Toker et al,, 2017).
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Figure 8. Relocated distribution of all the 4,853 aftershocks along eight vertical cross-sections, with a projected distance of

180 km. The red horizontal lineament of hypocenters refers to fixed hypocentral artefact. The hypocenter distribution of the

aftershocks is subdivided into the four periods. Aftershocks within the area from the central line of the cross-section shown

in Figure 6b are projected onto the plane of the cross-section, for each of the four periodic distributions. Each period shows
the evolutionary distribution of the central and main clusters from periods 1 to 4 (see text for details). The distributional
pattern of aftershocks in the fourth period is the same as in March 2012 in Figure 6b and zone 4 in Figure 7. F: the major
regional thrust fault, f1: local thrust fault (Emre et al. 2011), f2: inferred local fault, local faults (f1, f2) are the landward

continuations of basin-bounding faults in Lake Van (see tectonic model by Toker et al.,, 2017).
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Figure 9. Relocated distribution of 4,853 events from all 5,088 epicenters in the shaded relief map along the vertical cross-
section, with projected distance of 180 km. Aftershocks within the area from the central line of the cross-section are
projected onto the plane of the cross-section. The red horizontal lineament of hypocenters refers to fixed hypocentral
artefact. The distributional patterns of aftershocks and the clusters are the same as in the fourth period in Figure 8. F: the
major regional thrust fault, f1: local thrust fault (Emre et al. 2011), f2: inferred local fault, f3 and f4: inferred local thrust
faults, local faults (f1, f2) are the landward continuations of basin-bounding faults in Lake Van (see tectonic model by Toker
etal, 2017).
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Figure 10. a. Azimuth-dependent, counterclockwise (-0° to -90°), and b. clockwise (+0° to +90°) distribution of all 10,000
aftershocks (November 2011-March 2014) along ten vertical cross-sections, with projected distances of 300 km (vertical axis
is depth, x10 km and horizontal axis is distance, x100 km). Aftershocks (red dots) within the rectangle analysis window
(white color) (1.0° x 3.00-wide zone) from the central line of the cross-section are projected onto the plane of the cross-
section and presented as a function of azimuths for each cross-sectional profile. The locations of the cross-sections and the

area within the projected distance of 70 km are also shown. LV: Lake Van.
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Figure 11. Temporal distributional pattern of 6,135 aftershocks from 23 October 2011 to 1 August 2012 over 282 days with
the daily seismicity rate (number of events/day), focal depths (km) and magnitudes along the rupture area. A high number of
events compared to the background seismicity can be seen for particular time periods indicating the temporal clustering of
earthquakes along the rupture area (see Toker 2013; 2014; 2015 for temporal clusters over the whole data). Cumulative
magnitudes of aftershock distribution do not exceed the commonly observed maximum magnitudes despite the very high
number of events for 282 days. The last 60 events (2.0 < Mw < 5.0) during the last 16 days mark the most prominent
sequence detected, while this sequence indicates west-east and north-south trending inferred faults and related
morphologies along the rupture area (dashed red lines with question marks). On the map (top), these 60 events are relocated
in numerical order according to the time of occurrence. The second prominent sequence marks the microseismicity cluster
(C) also detected, containing the largest number (35 events) of the last events (2.0 < Mw < 4.0) indicating the spatial pattern
of events cluster in the map. On the map (bottom), these 35 events are relocated in numerical order according to the time of
occurrence. The map confirms the close spatial proximity of the microseismic events within the temporal cluster. LE: Lake
Ercek.
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hypocentral artefact. The map shows the spatial distribution of C consisting of 35 relocated events (black dots) (also see C in
Figure 11 for location). Most events of the cluster occurred on a possible secondary fault (splay fault) close to the inferred

fault (dashed red line) between f1 and f2 (central cluster). F: the major regional thrust fault, f1: local thrust fault (Emre et al,,
2011), f2: inferred local fault, local faults (f1, f2) are the landward continuations of basin-bounding faults in Lake Van (see

tectonic model by Toker et al,, 2017), LE: Lake Ergek.
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6. Interpretation
6.1. Spatial and temporal character of the 23 October 2011 aftershock sequence

This section focuses on the spatial and temporal pattern of hypocenter distribution of the October 23, 2011 Van
mainshock-aftershock events, being the largest shocks of that year in the region, and on the spatial and temporal
characteristics of its aftershock sequence. This section aims to shed light on the focal depth nature of aftershock
seismicity and the rupture complexity of the Van event.

6.1.1 Spatial and temporal distribution of aftershock hypocenters

The map depicted in Figure 5 shows the total distribution of 5088 aftershock events used in the first step of this
study. Figure 5 is also the map view of seismic density of hypocenter distribution of the Van and Edremit aftershock
sequences. That figure shows the sigmoid-like propagation of the rupture area corresponding to the aftershock
sequences of the Van and Edremit mainshocks, with the boundary faults located around the epicenters of Van and
Edremit events. The purpose of this sub-section is simply to identify the cross-sections of the aftershock
hypocenters associated with the map view given in Figure 5. To obtain a spatial and temporal overview of the
seismicity pattern, the focal depth distribution of the aftershock hypocenters was examined month by month
within the time period of November 2011 to March 2012. The results are presented in Figures 6a and 6b.

During the first month following the October 23 Van earthquake, different and various-sized clusters of local
events occurred in the focal area (Figure 6). These aftershocks can be seen to have been gradually decaying over
the subsequent months in the period up to March 2012 according to Omori’s law (Omori 1884), and were dying
out when the second Edremit event occurred (Figure 6a). In December 2011, the second month, the overall activity
decreased continuing to decrease in the third and fourth months, and virtually ceased in the fifth month reaching
303 events (Figure 6a). In the same time period, November 2011 to March 2012, the total cumulative numbers of
the aftershock activity increased (Figure 6b). Figure 6a shows that activity began to subside in March 2012, even
though until the end of the July, 2012 there were several more events of M = 4.0 (Toker, 2014). The hypocentral
superposition of aftershock events produced unusual seismic activity during the two last months of 2011 (Figure
6b). It appears that the Van earthquake repeatedly triggered one or more local faults in the area, and these faults
in turn affected the seismicity.

In order to obtain more information from the distribution of hypocenters shown in Figure 6b to see and clarify the
spatial patterns of the events distribution in detail different orientations of the focal area were tested, centering
on the aftershock cloud, according to the focal mechanism given in Figure 5. The north-south trending zonal
projections on the distribution of hypocenters associated with the Van event, starting with the west-east trending
zonal distribution of the aftershocks for the four zones are shown in Figure 7. In this figure, the hypocenter
distribution for each zone from narrow (zone 1) to wide (zone 4) indicates the first appearance of the small-sized
linear clusters (zone 1) and uneven rapid concentration and densification of the event clusters (zone 2). Then, the
hypocenter distribution defines a tightly consolidated and spherical (or semi-spherical) and/or parabolic pattern
of the distribution (zones 3 and 4), which agrees with the distributional pattern given in Figure 6b.

6.2. The focal depth distribution of aftershock clusters

In Figure 7, the hypocenters of the aftershocks form a wide 'U’ letter shaped cluster (hereafter referred to as the
"main cluster"). This main cluster is a half cylinder-like channel-shaped cluster located at a broadly widening
(about 60 km wide) area. The main cluster has a central (and/or core) cluster that is more tightly densified. The
central cluster is narrow (about 25-30 km wide) bounded by faults f1 and f2 (Figure 5) at south and north,
respectively (Figure 7). The two arms of the 'U' are symmetrically dip towards each other and are of almost the
same length, about 20-30 km. The mainshock is included in the central part of the main and central cluster. The
hypocenters belonging to the main cluster and its surrounding area have spans of about 25 and 30 km in the strike
and dip direction, concentrated well into a depth of 8-10 km. Also, the hypocenters in the southern and northern
part of the main cluster seem to be located along the extension of the plane of the central cluster aftershocks down
to a depth of about 8-10 km.

The distributional pattern of hypocenters at the central cluster is fault-bounded (f1 and f2) (Fig. 5) and shows
strong concentration in and around the focal area (Figure 7). However, the hypocenter activity outside the main
cluster area deep down is more diffuse and few evident clusters can be seen. It is difficult to image the overall
shape of the hypocenter distribution at a depth of more than 10 km due to the diffused and scattered focal depth
distribution and do not seem to form a systematic pattern of the hypocenter geometry (Figure 7). The aftershocks
on the periphery of the rupture area (zones 3 and 4 in Figure 7) show a more diffused distribution partly due to
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the off plane aftershock activity. The location of the plane of the aftershock distribution corresponds to the upper
crustal seismicity. This location seems to be a good fit with the eastward and westward limit of the in-plane
aftershock activity. The zonal correlation of the events distribution from narrow (zone 1) to wide (zone 4) given
in Figure 7 suggests that the shape of the upper crustal block controls the spatial extent of the asperity complex of
the Van earthquake.

6.3. Migration of hypocenter activity

As shown in Figures 6 and 7, the spatial and temporal distribution of the aftershock seismicity can be explained
through distinct cluster formations. The spatial and temporal variation of seismic activity is densely complex and
highly clustered, comprising a repeated formation of small and large-sized clusters over brief time periods.

To further investigate the spatial and temporal variation of hypocenter activity in the main and central clusters
shown in Figure 7 the hypocentral data was divided into four periods and different numbers of events for each
period were used to reveal the migration and propagation of the hypocenter activity. Figure 8 displays the
hypocenter activity of the March 2012 shown in Figure 6b and the distance versus depth plots for the four time
periods are shown in each figure. The four periods shown in Figure 8 indicate the positions of the hypocenter
activity including 662, 1.000, 2.000, 2.771, 3.000, 4.000, 4.402, and 4.853 events, respectively. Figure 8 reveals that
the seismic activity began near the peripheral parts of the main cluster with small-sized linear clusters (a) and
then migrated to the center and the north and formed the first traces of the central and main clusters (b) during
the first period. The activity in the northern part started to accumulate in the center (c) and then, the activity
jumped to the south during the second period. In the south, many aftershock events occurred, particularly larger
events with magnitudes greater than 3.5 and the central and main clusters were apparently formed (d). During
the third (f and e) and fourth periods (g and h), the hypocenters were distributed across entire clusters. Thus, the
central and main clusters were tightly consolidated. In Figure 8, the lower bound (seismicity front) of the main
cluster increases over time, rapidly in the second period and this change in depth reaches 10-13 km. This
parabolic-like envelope of the main cluster characterizes the diffusion-like front migration (g and h).

In the cross sections, the shallow and deep migration of hypocenter activity in the main and central clusters is
shown in Figure 8. The hypocenters of more than 10 km seem to penetrate the deeper levels and those shallower
than 10 km are located in the main and central clusters. The diffusivity is smaller inside the clusters and larger
outside and towards the deeper levels. It can be inferred from the distance versus depth plots in Figure 8 that the
migration and diffusivity of the hypocenter activity seems to increase over time from November 2011to March
2012, with the maximum diffusivity recorded in November 2011, when the seismic activity had increased
drastically (2,828 events shown in Figure 6b). The general periodic trend of the migration of hypocenters and
diffusivity implies that the aftershock activity accelerated during the second period of seismic activity for event
numbers 2,000-2,771 (Figure 8). In Figure 8, the migrational pattern of hypocenter activity indicates spatially
predominantly linear to planar hypocenter distributions in the first period, but quickly changes to parabolic and
then to spherical (periods 2 and 3), and a more spherical spatial pattern in the last period. This suggests that the
hypocentral variation of seismicity is not unidirectional but very complex.

To interpret the main and central clusters, the hypocenters of the 4,853 events are projected on the epicenters of
the 5,088 events shown in Figure 9. The aftershock hypocenters are mainly distributed in the central section of
the focal area. The main cluster is interpreted to be limited by the possible reverse faults f4 and f3 in south and
north, respectively, while the central cluster is bounded by faults f1 and f2 (Fig. 5). This suggests that the
distributional pattern of the main and central clusters in the rupture area appears to be separated by fault-
bounded crustal blocks (Fig. 5), which are initially proposed by Toker et al., (2017) and well constrained by Toker,
(2017) based on the Gutenberg-Richter seismic b-values (Gutenberg and Richter, 1944).

6.4. The Azimuth-dependent distribution of seismic activity

The spatial and temporal distributional patterns of the aftershock hypocenters were noted in the previous
sections. To investigate their seismic activity in greater detail, approximately 10,000 events were recorded in the
time period from November 2011 to March 2014 (Figure 10). The epicenters and hypocenters were replotted
using a rectangular-shaped analyse window (1.0° x 3.0°) to observe the azimuth-dependent changes of the
aftershock seismicity projected on the distance versus depth plots. This is a very useful tool for investigating the
hypocenters of events in the main and central clusters and their focal depth changes. Since the distribution of the
seismic activity strongly depends on the azimuth and azimuthal rotation, and the aftershock events located within
the mainshock area are considered to be representative. For comparison, the aftershocks are shown using the
azimuth-dependent projections.
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Counterclockwise (-) and clockwise (+) rotational projections were applied to the events with rectangular-shaped
analysis window of 1.0° x 3.0°. Hence, the azimuth-dependent rotation of the depth versus distance plots were
used with varying rotation angles. The azimuth is 0° for the projections trending north-south, and ranges from -
10° to -90°, for the counterclockwise rotation shown in Figure 10a and from +10° to +90° for the clockwise rotation
given in Figure 10Db, respectively. Then, the azimuth-dependent changes of the events are projected on the depth
versus distance plots and shown along the lines of ten cross-sections (Figure 10).

The overall aftershock distribution on the cross-sections shown in Figure 10 roughly corresponds to the aftershock
activity on those cross-sections (Figures 6-9). Along the azimuth-dependent projections, it can be seen that most
of the hypocenter activity densely occurs just beneath the mainshock area and the central and main clusters are
combined into the one unique and larger cluster at a depth of 30 km (Toker and Sahin, 2019). The cluster on the
projections with an azimuth of 0°-40° and -50°-90° seems to have conical-shaped narrow and wide volumetric
patterns, respectively (Figure 10a). These conical-shaped volumetric patterns of cluster seem to have the square-
like widening patterns (Figure 10b). This suggests that the hypocenter activity migrates, extends down to ~25 km,
with the maximum depth being 30 km and covers the whole crustal seismicity (Toker and Sahin, 2019). Given that
the average cutoff depth of ~30 km represents the seismic base of the crust along the rupture fault system, the
seismicity distribution indicates that the upper crust in the study area is brittle and seismogenic, and that the
brittle-ductile transition may occur at the transition between the middle and upper crust. Since most of the
aftershocks were found beneath the surface outcrops of the focal area and the basinal area of Lake Van with sparse
aftershocks may represent the base of the thick sediment body.

The cross-section shown in Figure 9 is oriented south to north with 0° azimuth (see Figure 10). The hypocenters
depicted on this cross-section show a possible convergence at depths of ~8-10 k