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Mentha piperita L.'de Dissal Borlu Giibre Uygulamasimmin Verim ve
Toplam Fenolik Madde Birikimi Uzerine Etkileri

Ozlem Aras Asc1'*

Ozet: Nane anavatan1 Akdeniz Bolgesi olan, diinya iizerinde genis alanlara yayilmis ve
ekonomik 6nemi yiiksek bir bitkidir. Cok yillik aromatik bir bitki tiirii olan nane, igerisinde
bulunan eterik yaglar ve 6zellikle mentol, menton, pulegone, carvone bilesikleri ile basta
baharat bitkisi olmak iizere, kozmetik, tip ve ila¢ sanayi gibi endiistriyel alanlarda da
kullanilmaktadir. Burada sunulan aragtirma ile topraktan ve yapraktan piiskiirtme seklinde
yapilan borlu giibre uygulamalarinin diinyada ekonomik anlamda baharat ve tibbi bitki olarak
yetistirilmekte olan Mentha piperita L. tiiriine ait bitkilerde slirgiin uzunlugu, yas herba
verimi, kuru herba verimi, kuru yaprak verimi, klorofil miktarlar1 ve toplam fenolik madde
birikimi iizerine olan etkilerini belirlemek amacryla gergeklestirilmistir. Saks1 denemesindeki
bitkilere 0, 5, 10, 15 mg L-1 konsantrasyonlarda sodyum oktaborat giibresi (Na2BgO13.4H,0
disodyum oktaborat tetrahidrat) iki kez uygulanmistir. Elde edilen sonuglar, sodyum borat
giibresinin, 6zellikle 10 ve 15 mg L-1 konsantrasyonlariin, kontrol islemine kiyasla verim
parametrelerini dnemli dl¢lide artirdigini gostermistir. Toplam fenolik madde miktarini ise
5, 10, 15 mg L-1 konsantrasyonlarindaki sodyum borat giibresi uygulamalarinin sirasiyla
%123.87, %119.14 ve %136.02 oranlarinda artirdig tespit edilmistir.

Anahtar kelimeler: Nane, sodyum borat, verim, toplam fenolik madde.

Effects of Exogenous Boron Fertilizer Application in Mentha piperita
L. on Yield and Total Phenolic Production

Abstract: Peppermint is a plant of high economic importance, with its homeland in the
Mediterranean region, spread over wide areas around the world. Peppermint a perennial
aromatic plant species is used especially as a spice plant with the ethereal oils and menthol,
menthone, pulegone, carvone compounds in it, but it is also used in industrial areas such as
food, cosmetics, and pharmaceutical industries. The research presented under the light of
these determinations, the application of boron fertilizers in the form of spraying from the soil
and the foliarly in plants belonging to the Mentha piperita L. species, which are economically
grown as a spice and medicinal plant in the world, was carried out to determine the effects
by the shoot length, fresh herb yield, dry herb yield, dry leaf yield, chlorophyll amounts, and
on total phenolic accumulation. Sodium octaborate fertilizer (Na,BgO13.4H>0 disodium
octaborate tetrahydrate) at concentrations of 0, 5, 10, 15 mg L™ was applied twice to the
plants in the potting experiment. The results showed that sodium borate fertilizer, especially
concentrations of 10 and 15 mg L, significantly increased the yield parameters compared to
the control application. It was determined that sodium borate fertilizer applications at
concentrations of 5, 10, 15 mg L™* increased total phenolic matter accumulation by 123.87%,
119.14%, and 136.02% respectively.

Keywords: Peppermint, sodium borohydride, yield, total phenolic matter.

'Address: Isparta Uygulamali Bilimler Universitesi, Gelendost Meslek Yiiksekokulu,
Eczane Hizmetleri Boliimii, 32900, Gelendost/Isparta, Tiirkiye

*Corresponding author: ozlemaras@isparta.edu.tr
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1. GIRIS

Mentha piperita Lamiaceae (Labiatae) familyasina ait olup
otsu, ¢ok yillik, tiiysiz ve kuvvetli kokulu bir bitkidir.
Yapraklarinin iizerinde bulundugu kirmizimsi mor ve
piirlizstiz sap kismu kare seklindedir. Yapraklar kisa (2,5-5
cm), dikdortgen-oval ve tirtikli bir yapidadir. M. piperita,
Mentha aquatic ve Mentha spicata arasinda raslantisal
olarak ortaya ¢ikmis melez ve steril bir nane tiiriidiir (Shah
ve Mello, 2004; Alankar, 2009). M. piperita yapralarinda
tespit edilmis major polifenoller rosmarinik asit,
kriptoklorojenik asit ve klorojenik asittir (Elansary vd.,
2020).

Bor, yiiksek yapili bitkilerde optimum biiyliime ve gelisme
igin gerekli olan temel bir elementtir (Marschner, 1995). flk
kez Warington (1923) tarafindan H3BOs, H.BO3 seklinde
bitkilerin 6-60 pg/g miktarlar1 arasinda bor igerdigi
bulunmustur. Borun bitki zarlar1 tarafindan besin
taginmasinda 6nemli bir rol oynadig1 bilinmektedir (Tanada,
1983). Yapilan arastirmalar borun bir diizenleyici veya
inhibitor olarak diger bitki besin maddelerinin birikimini ve
kullanimin1  etkileyebildigini  gostermektedir (Alvarez-
Tinaut vd., 1979). Cilinkii asir1 miktarda bor, metabolik
stireclere miidahale ederek diger besin maddelerinin bitkiler
tarafindan alimini etkileyebilmektedir (Corey ve Schulte,
1973). Borun toprak tarafindan absorpsiyonu, biiyiik olgtide
toprak ¢ozeltisinin pH'ima baglidir. Toprak tarafindan bor
absorpsiyonu, pH 3-9 araligna yiikseldiginde artmaktadir
(Barrow, 1989). Bitkilerin kdkleri araciligiyla topraktan
aldiklar1 borun %68'ini yapraklarin, %16'stm1 koklerin,
%6'sin1 govdenin ve %10'unu meyvelerin bulundurdugu
bildirilmistir (Subedi vd., 1999). Nanede bor eksikliginin
gozle gorilir semptomlarinin tipik oldugunu belirten
Fischer ve Bussler (1984), internodlarin sinirli bityiimesi,
yaprak bozulmasi, yaprak formunun basitlestirilmesi,
yapraklarin dokiilmesi, korteks dokusunda patlama, renk
bozulmast, kloroz ve nekroz olabildigini rapor etmislerdir.

Yapraktan besin elementi uygulamalarinin, ¢ok yillik
bitkilerde énemli bir rol oynadig1 goriilmistiir. Ayrica ¢ok
yillik bitkilerden elde edilen mahsullerin hem kalitatif hem
de kantitatif yonleri, besin maddelerinin yapraklara
uygulanmasiyla iyilestirilmistir (Brown vd., 1996). Nagy vd.
(2008), Prunus avium L. bitkisine toprak ve yapraktan ii¢
farkl KNOs3, C&(NO3)2 ve Nay;BgOss. 4(H20) giibresi
uygulamislardir. Uygulanan tiim islemlerden sadece borun,
kontrole kiyasla seker iceriklerinin artmasinda 6nemli bir
etkiye sahip oldugu tespit edilmistir. Ayni ¢alismada bor
uygulamalarinin meyvede onemli 6l¢iide daha diistik asit
igerigine yol a¢tigi rapor edilmistir. Hiively vd. (2020),
endiistriyel ~ domateslere  yapraktan  borlu  giibre
uygulamasinin suda ¢oziinebilir kuru madde miktarini %0.25
oraninda artirdigini tespit etmislerdir. Ayni1 zamanda bu
uygulama hasat edilen domateslerin verimini artirmistir.
Ayni ¢aligmada bor giibresi diginda KCI ve Ethrel’de ayn
ayr1 uygulanmasina ragmen en yiiksek verime borlu giibre
uygulamasinda ulasilmistir. Zeytin agacina yapraktan farkli
konsantrasyonlarda B uygulamasi yaptiklar1 ¢aligmalarinda
Hegazi vd. (2018), o&zellikle 200 mg LT bor
konsantrasyonunun toplam klorofil, klorofil a ve b ve toplam
¢Oziinlir seker miktarim1 6nemli Slgiide artirdigini ancak
toplam fenolik madde miktarin1 kontrole gore diisiirdiigiinii

bildirmiglerdir. Rajput vd. (2002), Japon nanesi olarak
bilinen Mentha arvensis e mikro besin maddesi olarak 1, 2,
3 kg ha bor uygulamasi gergeklestirmislerdir. Bu uygulama
sonucunda kontrole gore bitki boylarmin uzadigini, yaprak
genisligi ve verimin arttigini belirlemislerdir.

Literatiir aragtirmasi, sodyum borat uygulamalarinin nanede
verimlilik tizerindeki etkilerine yoOnelik c¢aligmalarin az
oldugunu, toplam fenolik madde iizerine ise hi¢ calisma
olmadigini ortaya koymaktadir. Bu ¢alismada sodyum borat
giibre uygulamasinin Mentha piperita L. bitkisinin verim ve
toplam fenolik madde miktari iizerine etkileri incelenmistir.

2. MATERYAL VE YONTEM
2.1. Materyal

Bitkisel materyal olarak nane (Mentha x piperita L.)’ ye ait
bitkiler kullanilmistir. Nane fideleri 1:1 oraninda perlit ve
ozellikleri ph 5.5-6.8, EC (us cm™) 220, organik madde
%54-60, nem %53.43, su tutma kapasitesi 575.03 ve saflig1
%095 olan saksi topragi karisimi bulunan 12 L’lik saksilara,
her birinde 30’ar adet seklinde dikilmislerdir. Fideler 3 giin
ara ile sulanmiglardir. Siirgiin uzunluklart 25 cm olduktan
sonra sakst denemelerine toprak ve yaprak giibresi olarak 0,
5, 10, 15 mg L™ miktarlarinda 10 giin arayla 2 kez sodyum
borat gilibresi (NayBgO13.4H,0  disodyum oktaborat
tetrahidrat) (ETIDOT-67 marka, suda ¢oziiniir bor %20.8)
verilmis ve son uygulamadan 10 giin sonra hasat edilmistir.

Aragtirma tesadiif parselleri deneme desenine gore 3
tekerriirli ve her tekerriirde 10 fide olacak sekilde
kurulmustur.

2.2. Yontem
2.2.1. Verim kriterlerinin belirlenmesi

Siirgiin uzunlugu

Her bir bitkinin en uzun siirgiiniin toprak yiizeyinden en ug
kismma kadarki uzunlugunun cm cinsinden dSlgiilmesi ile
bulunmustur.

Yas herba verimi
Her bir bitkinin toprak iistii kisminin yas olarak g cinsinden
tartilmasi ile bulunmustur.

Kuru herba verimi

Bitkinin yas agirligi alinan ve golgede sabit agirhiga kadar
kurutulan toprak stii kismmin, g cinsinden tartilmasi ile
bulunmustur.

Kuru yaprak verimi

Bitkinin oda kosullarinda ve golgede kurutulan toprak iistii
kisimlarindaki yapraklar saplarindan ayrildiktan sonra g
cinsinden tartilmasi ile bulunmustur.

Klorofil igeriklerinin belirlenmesi

Witham vd. (1971)’nin metoduna gére klorofil analizleri
gerceklestirilmistir. Analizlerde 0.1 g kurutulmus yaprak
ornekleri %80’lik aseton ile 6zlitlenmis ve 10000 rpm’de 5
dakika siireyle santrifiijjlenmistir. Supernatant kismi
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ayrilmis, geriye kalan posa ise renksiz hale gelinceye kadar
%80’lik aseton ile Oziitlenmistir. Bundan sonra
slispansiyonun  bir araya toplanan  supernatantlari
spektrofometrede 645 ve 663 dalga Dboylarinda
okunmuglardir. Klorofil a, klorofil b ve toplam klorofil
miktarlari agagidaki formiillere gore hesaplanmugtir:

Klorofil a (mg g )=[12.7 (Ases) - 2.69 (Asas)] x (V /1000 x
W)

Klorofil b (mg g'l ): [22.91 (Ae45) -4.68 (Aees)] X (V /1000
X W)

Toplam klorofil (mg g ) = Klorofil a + Klorofil b

V= Siipernetantin hacmi (ml)
W= Ekstrakte edilen yaprak agirlig1 (g)
A= Dalga boylarinm absorbans degerleri

2.2.2. Toplam fenolik madde miktarlarimin belirlenmesi

Toplam fenolik madde analizleri Aras Asci (2016)’nin
metoduna gore yapilmistir. Buna gore 0.5 g kuru ve toz
haline getirilmis yaprak 6rnegi %0.1 HCI bulunan %70’lik
25 ml metanolde 1 dakika vortekslenerek homojenize
edilmistir. Daha sonra her biri 30 dakika olmak iizere 2 kez
ultrasonik su banyosunda (Bandelin Sonorex RK1000H)
ekstrakte edilmislerdir. Ekstraktlar son olarak filtreden
gecirilerek analizde kullanilmigtir. Toplam fenolik madde
miktar1 Singleton ve Rossi (1965)’ye gore Folin Ciocalteu
Kolorimetrik metodu kullanilarak hesaplanmistir. 765 nm
dalga boyunda spektrofotometrede okumalar yapilmis ve
toplam fenolik bilesik miktarlar1 standart gallik asit (Sigma:
CAS-No: 149-91-7) ¢ozeltisinden hazirlanan korveden
yararlanilarak, gallik asit esdegeri cinsinden mg g kuru
agirlik olarak hesaplanmstir.

Tiim spektrofotometrik okumalarda absorbans 6l¢iimleri, bir
UV [/ Vis spektrofotometre (Boeco S-22, Almanya)
kullanilarak gergeklestirilmistir.

istatistik Analizler

Veriler SPSS16 yazilimi kullanilarak analiz edildi. Olgiilen
tim ozellikler i¢in 6nemli fark seviyeleri hesaplandi ve
ortalamalar Duncan'in %S5 seviyesinde ¢oklu aralik testleri
ile karsilastirilmistir.

3. BULGULAR VE TARTISMA

3.1. Borlu Giibre Uygulamalarinin Verim Uzerine
Etkileri

Yiiriitiilen bu ¢alismada B uygulamalariin, nane bitkisinin
stirgiin uzunlugu tizerine olan etkileri Tablo 1°de verilmistir.
Tlgili verilerde goriildiigii iizere uygulanan 15 mg L™ B’ nin
siirgiin uzunlugunu kontrol ve 10 mg L™ B uygulamasima
gore olumlu etkisi olmus ve bu etki istatistiki olarak énemli
(P<0.05) bulunmustur. Benzer sekilde Balc1 (2017)’da ¢ay
bitkisinde topraktan ve vyapraktan dekara 400 g B
uyguladiklar1 arastirmasinda bitkinin hasat tablasi altinda
kalan yapraklar1 ve hasada esas siirglinlerindeki bor
konsantrasyonu ile birlikte bitkinin yag yaprak verimi ve
stirglin boyununda arttigin1 bildirmistir.

Yas herba verimi agisindan istatistiksel olarak 6nemli bir
degisiklik olmamasina ragmen yapilan uygulamalarin yas
herba verimini kontrole gore yiikselttigi Tablo 1’den
goriillmektedir. Dérdiincii uygulama olan 15 mg L B yas
herba veriminde kontrolle kiyaslandiginda %40°1ik bir artisa
neden olmustur.

Denemede kuru herba veriminin en ¢ok 2. ve 4.
uygulamalarla sirasiyla bitki basma 2.16 ve 2.47 g olarak
istatistiki olarak O6nemli miktarda arttig1 tespit edilmistir
(Tablo 1). Kontrol 0 mg L™ B uygulamasinda, bitki basina
1.26 g miktar1 ile en diisiik kuru herba verimini
olusturmustur. Kuru herba verimine benzer sekilde kuru
yaprak veriminde, 5 ve 15 mg L™! B uygulamalari da kontrole
gore sirastyla 2.04 ve 1.76 katlik dnemli derecede bir agirlik
artigini saglamiglardir (P<0.05). Bu sonuglara paralel olarak,
Yu vd. (2014) patlicanin biiyiimesi, verimi ve kalitesi
tizerindeki etkilerini incelemek i¢in tarla denemesi yaptiklari
calismalarinda B’un biiylimeyi tesvik ettigini ayrica verimi
ve kalitesi lizerinde bilyiik etkiye sahip oldugunu
gostermiglerdir. Aymi aragtirmada B uygulamasinin gévde
capmi %6.45’den %9.09’a, yaprak uzunlugu ve genigligini
ise %8.03’den %9.64 oraninda artirdigini bildirmislerdir.

Klorofil miktarindaki artig sayesinde fotosentez kapasitesi
artan bitkilerde verimde artmaktadir. Son yillarda yiiriitiilen
calismalar, stoma iletkenligi, fotosentez hizinin yani sira
klorofil igerigi gibi fizyolojik oOzelliklerin verim Kkriteri
olarak kullanilmasinin 6nemini ortaya koymustur (Dordas ve
Sioulas, 2008; Yildirim vd., 2009; Yaghini vd., 2020). Tablo
1’de gorildigii tizere klorofil a, b ve toplam klorofil
bakimindan 1. ve 2. uygulamalar olan 0 mg L* (kontrol) ile
5 mg L' B uygulamasi arasinda anlamli bir fark
bulunmamakla beraber istatiksel olarak en 6nemli sonuglar
3. ve 4. uygulamalardan alinmistir (P<0.05). Buna gore 10
ve 15 mg L B uygulamalar kontrole gére klorofil a, b ve
toplam klorofil miktarlarin1 kontrole gore oldukca fazla
miktarda artirmistir.
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Cizelge 1. M. Piperita’da borlu giibre uygulamalarinin verim iizerine etkileri

Borlu siibre Siirgiin Yas herba Kuru Kuru Klorofil A Klorofil B Toplam
(m E'l) uzunlugu versimi © herba yaprak (mgg? (mgg? klorofil
g (cm) g verimi (g)  agirhigi (g) KA) KA) (mg g*KA)
L.Uygulama 4 45 6.07 1.26¢ 0.51" 0.89" 0.45°¢ 1.34P
(0 Kontrol)
2JJV%§ama 40.55%® 7.65 216 0.90° 1.02° 0.54 ¢ 156"
3'“"(%‘5')""”‘& 37.04" 7.38 1.94° 0.86 % 132 176¢ 3.08°
4'Uy(%‘;')ama 45.842 8.55 2472 1.042 1.842 1.22°0 3.06
Pdegeri 0000010~ 0507176 _ 0.000184*  0.000010*  0.010470*  0.000010*  0.044552*

3.2. Borlu Giibre Uygulamalarmmn Toplam Fenolik
Madde Miktar1 Uzerine Etkileri

Literatiir taramalar1 sonucu yapilan bu calisma, toplam
fenolik madde tizerine sodyum borat uygulamasinin etkisine
dair nanedeki ilk ¢alisma olma 6zelligindedir.

Toplam fenolik madde bakimindan, kontrol uygulamasi 0
mg L' B disginda yapilan biitiin uygulamalarin istatiksel
olarak (P<0.05) 6nemli miktarda artig sagladigi Tablo 2
araciligiyla goriilmektedir. Kontrol grubunda 17.344 mg g
KA olan toplam fenolik madde miktar1 2. Uygulamada

38.831 mg g KA, 3. uygulamada 38.007 mg g* KA ve 4.
uygulamada 40.936 mg g KA olarak tespit edilmistir.
Zeytin yapraklarina bor uygulanan bir arastirmada Hegazi
vd. (2018), 100-500 mg L' arahginda farkli bor
konsantrasyonlarinin  toplam fenolik madde miktarim
kontrole gore digiirdiiglinii bildirmislerdir. Fenollerin,
glikolizden pentoz fosfat yoluna kayma nedeniyle bor
eksikligi altinda biriktigi bilinmektedir (Marschner 1995).
Bu yiizdende bor fazlaligi olan bitkilerde fenolik madde
miktar1 diismektedir.

Cizelge 2. M. piperita’da borlu giibre uygulamalarinin toplam fenolik madde miktar1 {izerine etkileri

Borlu giibre
(mgL )

Toplam Fenolik
Madde
(mg g* KA)

1.Uygulama (0 Kontrol)

17.344°

2.Uygulama (5)

38.8312

3.Uygulama (10)

38.0072

4.Uygulama (15)

40.936 2

P degeri

0.000454*

4. SONUC

Gergeklestirilen —aragtirmada secilen konsantrasyonlar
icerisinde 4. uygulama olan 15 mg L™ B konsantrasyonunun
nanede hem verimin hem de fenolik maddelerin yiiksek
oranda elde edilmesi acisindan tavsiye edilebilecek en iyi
konsantrasyon oldugu sonucuna varilmigtir. Ancak Mentha
piperita bitkisinde sodyum borat giibresinin verime ve
toplam fenolik madde birikimine etkileri ile ilgili gelecekteki
calismalarda daha yiiksek konsantrasyonlarmn kullanilmasi
Onerilmektedir.
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Abstract: Conducting polymers (CPs) used in fiber structures offer an extraordinary range
of materials due to their diverse properties such as electrical and optical properties, the
possibility of both chemical and electrochemical synthesis, and ease of processing. Among
CPs, polythiophene (PTh) is highly important due to its unique redox electrical behavior,
ease of synthesis, and application in many fields.

In this study, 10 wt% polyacrylonitrile (PAN) fibers (P1), 10 wt% PAN/1 wt% PTh fibers
(P2), and 10 wt% PAN/3 wt% PTh fibers (P3) were produced using an electrospinning
technique. The structural, morphological, thermal, optical, and electrochemical properties of
PAN fibers containing different amounts of PTh were characterized by Fourier transform
infrared spectroscopy (FTIR), Scanning electron microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDX), Thermogravimetric analysis (TGA), and Cyclic voltammetry
(CV), respectively. FTIR, SEM-EDX, and TGA results supported the presence of PTh in
PAN fibers.

The electrochemical behaviors of indium-tin-oxide (ITO) glasses coated with the P1, P2, and
P3 fibers in phosphate buffer solution (PBS) at various concentrations were assessed by CV.
These electrospun fibers containing PTh were used for phosphate anion sensing. For all fiber
samples, the oxidation potential increased with a decreasing concentration of phosphate
buffer solution. The obtained results indicated that the thermal stability and electrical
conductivity of the fibers were affected by PTh. This study shows that PAN fibers containing
PTh as anionic sensors can be used as new recognition models.
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1. INTRODUCTION

In the past few decades, significant advances have been made
in nanoscale one-dimensional nanostructures (1D-NS) such
as carbon nanotubes, conjugated polymer
nanofibers/nanotubes, inorganic  semiconducting, and
metallic nanotubes/nanowires (Long et al., 2011). Rods,
tubes, wires, and fibers with one-dimensional nanostructures
(1D-NS) represent the smallest sized structures that can be
used for efficient charge transfer. In addition, these
structures offer a fascinating optical, electronic, and
magnetic property, a large specific surface area, and high
mechanical strength. Therefore, these materials are very
important for next-generation nanoscale device applications
(Long et al., 2011; Ambade et al., 2017). It is known that the
physical properties of conducting polymers (CPs) that

modulate the performance of optoelectronic devices are
strongly influenced by the molecular orientation,
organization, and geometry of the CPs. Therefore, research
is increasing day by day to develop new materials with well-
defined configurations and improved physical properties.
Moreover, CPs mostly need to be nanostructured form to
improve device performance. The biggest reason for this is
that nanoscale CPs increase redox-mediated charge storage
capacity in batteries and supercapacitors thanks to their high
specific surface area (Long et al., 2011; Ambade et al.,
2017). CPs possess excellent properties such as easy
synthesis and processing conditions, chemical and structural
diversity, adjustable conductivity, and structural flexibility
(Yoon and Jang, 2009; Nambiar and Yeow, 2011; Le et al.,
2017).
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Recent advances in nanotechnology have allowed the
production of versatile CP nanomaterials for a variety of
applications including sensors/biosensors, electrochromic
devices, electronic and optoelectronic devices, (Yoon and
Jang, 2009; Nambiar and Yeow, 2011; Le et al., 2017). In
particular, CP nanotubes and nanofibers have a deep impact
on both fundamental research and potential applications such
as the bio-sensors, nano-diode, nanodevices, nanocomposite
materials, tissue engineering, templates for drug delivery,
neural interface, and biomedical (Santos et al., 2010; Chen
and Dai, 2011; Long et al., 2011; Llorens et al., 2013; Al-
Ahmed et al., 2013; Moutsatsou et al., 2017; Mazdi et al.,
2017; Park et al., 2019).

Polythiophene (PTh) is an important member of the family
inherently conducting polymer (Kaloni et al., 2017). PTh has
been widely studied for use in light-emitting diodes, water
purification devices, molecular electronics, hydrogen
storage, biosensors, and optoelectronic devices (Bouzzine et
al., 2015; Kaloni et al., 2017). Generally, PTh and its
derivatives are obtained by chemical oxidation and
electrochemical synthesis (Bouzzine et al., 2015; Massoumi
et al., 2016). However, few studies focused on studying the
electrochemical properties of PTh nanofibers (Ambade et al.,
2017).

In this study, firstly, nanostructured PTh polymers were
synthesized via chemical oxidation polymerization. Then,
indium tin oxide (ITO) glasses coated with the fiber
membranes of 10 wt% poly(acrylonitrile) (PAN) containing
1 and 3 wt% PTh were prepared for the evaluation of their
anion sensing properties. The electrospun fibers were
characterized using FTIR, TGA, and SEM-EDX. The anion
sensing behaviors of ITO glass substrates coated with 10
wt% PAN (P1), 10 wt% PAN/1 wt% PTh (P2), and 10 wt%
PAN/3 wt% PTh (P3) fibers was evaluated using CV in
phosphate buffer solution (PBS) prepared at different
concentrations.

2. MATERIAL AND METHOD
2.1. Material

Thiophene (C4H4S, Aldrich), oxidant; iron(lll)chloride
(FeCls;, Merck), chloroform (CHCIs, Sigma-Aldrich),
methanol (CHsOH, Merck) and N,N-dimethylformamide
(DMF, C3H;NO, Merck) were wused as received.
Poly(acrylonitrile) (PAN, (CsHsN),, average molecular
weight 150.000 g/mol) was purchased from Sigma-Aldrich.
Sodium perchlorate (NaClO4, >98 %, Sigma-Aldrich) was
used as a supporting electrolyte for CV studies. Buffer
solutions (0.1 M, pH 7.4) prepared in different molarities
were prepared with sodium hydroxide (NaOH, Merck), di-
sodium hydrogen phosphate dihydrate (Na;HPO..2H,0,
Riedel-de Haen) and sodium phosphate monobasic dihydrate
(NaH2P0O4.2H,0, Riedel-de Haen).

2.2. Chemical synthesis of PTh

PTh was synthesized by chemical in situ oxidative
polymerization method described in the literature (Gok et al.,
2007). Thiophene (1.92 ml, 24 x 10 mol) was mixed with
a magnetic stirrer in 70 ml of chloroform. Anhydrous FeCls

(8.94 g, 0.055 mol) was dissolved in 180 ml of chloroform
and added dropwise to the stirred monomer solution. The
[oxidant]/[monomer] molar ratio was adjusted to be 2.3.
Polymerization was performed at room temperature for 24 h.
The dark brown PTh precipitate was accumulated by
filtration and washed with chloroform. It was also washed
with methanol to remove residual oxidant from PTh. During
this process, the color changed from dark brown to brown.
PTh powder was dried under a vacuum dryer at 50 °C for 24
h (Gok et al., 2007).

2.3. Preparation of the P1, P2 and P3 electrospun fibers

A concentration of 10 wt% PAN (P1) was dissolved at room
temperature in DMF (10 mL). A homogeneous solution of
the P1 was prepared by mixing with a magnetic stirrer for 24
h at room temperature. Then, 1 and 3 wt% PTh particles in
10 wt% PAN solution (3 mL) were dispersed at room
temperature for 2 h, respectively. The solutions of 10 wt%
PAN/ 1 wt% PTh (P2) and 10 wt%PAN/ 3 wt% PTh (P3)
were stirred at room temperature for 72 h. Dark brown P2
and P3 solutions were obtained. Fiber production was
performed with a hand-made electrospinning system. In the
study, EMCO 4300 model direct current converter was used
to generate current from a direct current (DC) power supply.
The polymer solutions were located into loaded into a plastic
syringe with a 24-gauge stainless steel needle. The optimized
electrospinning parameters during the process were
determined as a solution flow rate of 0.01 mL/h, the
application voltage of 12 kV, and a needle tip-to-collector
distance of 8 cm.

2.4. Characterization of the P1, P2 and P3 electrospun
fibers

Redox behaviors of the P1, P2 and P3 fibers between -0.3
and +1.2V were evaluated using a Gamry 300 model
potentiostat with a three-electrode system at a scan rate of
100 mV/s.

The behaviors of the anion sensitivity of the P1, P2, and P3
fibers were examined with CV measurements in 0.1 M
NaClQ, electrolyte solution with phosphate buffer prepared
in varying concentrations.

Fourier transform infrared (FTIR) spectra of the P1, P2 and
P3 fibers were recorded in the range 400-4000 cm™ with a 4
cm? resolution from KBr pellets on a Fourier transform
infrared spectroscopy (PerkinElmer, Frontier, USA) .

The morphology and elemental composition of fibers were
investigated with scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDX) (Quanta 250
scanning electron microscope and Phillips XL-30S FEG
microscope). Thermogravimetric analysis  (PerkinElmer,
Pyris Diamond Series TG/DTA model, USA) of the fibers
was carried out in heating at a rate of 10 °C/min in the
presence of an N, atmosphere from 25 to 700 °C.
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3. RESULTS AND DISCUSSION
3.1. FTIR results

The FTIR spectra of P1, P2, and P3 fibers are shown in
Figure 1. A broad absorption band of the P1 fibers at 3530
and 3448 cm ! is due to the overlap of the N-H and O-H
stretching vibration along the polymer backbone (Zhang et
al., 2010; Eren et al., 2014). The absorbtion bands at 2940,
2242, 1723, 1451, 1072, and 536 cm™ arise due to CH
stretching in CH and CH. groups, C=N stretching, C=0
stretching, C-H blending, C-N blending, and C=0 twisting,
respectively (Zhang et al., 2010; Duan et al., 2012 ). The
strong absorption band of P2 and P3 fibers at 3448 cm™ is
associated with the N-H stretching vibration (Eren et al.,

2014). The absorption bands at 1491 and 1437 cm ™ arise due
to C=C asymmetric and symmetric stretching vibrations of
thiophene ring, respectively (Gok et al., 2007; Eren et al.,
2014). The bands around 1082 and 786 cm* belong to the in-
plane and out-of-plane C-H aromatic bending vibrations of
the substituted thiophene ring (Eren et al., 2014). The band
at 835 cm may be attributed to C-S stretching vibration
(Gok et al., 2007; Eren et al., 2014). The band at 696 cm!
are caused by the ring deformation of C-S—C in PTh (Gok et
al., 2007). The absorption band between 690 and 1082 cm
in the FTIR spectrum of P2 and P3 fibers, due to C-S
stretching modes, confirms the incorporation of PTh unit
along the polymer backbone.

Transmittance (T%)

4000 3500 3000 2500 2000 13500 1000 500

Wavenumber (cm™)

Figure 1. FTIR spectra of P1, P2, and P3 fibers.

3.2. Thermal results

Figure 2 displays the TGA curves of P1, P2, and P3 fibers.
The thermal degradation temperatures of samples are listed
in Table 1. Due to the loss of moisture embedded in polymer
chains, the TGA results of all fiber samples particularly
showed an initial weight loss of about 5 % in the range 25-
105 °C. While the decomposition stage of P1 fibers was one
stage, two-step decomposition was observed for P2 and P3
fibers. However, a sudden decomposition of 14 and 16 %
occurs for P2 and P3 fibers in a narrow temperature range of
145-250 °C, respectively. This degradation shows that PTh
chains have a weight loss indicating limited thermal stability
(Najar and Majid, 2013; Eren et al., 2014). The maximum
degradation temperature for P1 fibers is 310 °C. In this step,

while fragmentation of the polymer chain occurs, it leads to
weight loss (Wu et al., 2009; Duan et al., 2012).

P2 and P3 fibers containing PTh are more stable up to a
temperature of about 350 °C compared to P1 fibers. From
250 °C, continuous degradation starts for the P2 and P3 fibers
and the maximum degradation temperature is 353 and 390
°C, respectively. At this temperature the residue left is nearly
71% for P2 fibers and 74 % for P3 fibers owing to PTh,
which remains constant up to 700 °C. Residue left for P2 and
P3 fibers is 55 and 56 % at 700 °C, respectively, as compared
to 43 % for P1 fibers, shows greater thermal stability of P2
and P3 fibers. The thermal stability of P2 and P3 fibers
obtained in the presence of PTh is higher than that of pure
P1 fibers.
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Table 1. Thermal degradation temperatures of the fiber samples (Ti: initial degradation temperature, Tm: maximum degradation

temperature, T final degradation temperature).

Sample Ti (°C) Tm (°C) T:(°C) Residue at 700 °C (wt%)
P1 fibers 206 310 489 43
P2 fibers 145 193 238 55
250 353 496
P3 fibers 141 205 267 56
294 390 499
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Figure 2. TGA curves for P1, P2, and P3 fibers.

3.3. SEM-EDX results

SEM images of all fibers prepared by electrospinning are
shown in Figure 3. The P1 and P2 fibers had an average
diameter of around 0.5+0.1 um and 0.6+0.2 um, together
with smooth surfaces, respectively. On the other hand, it was
observed that the structure of P3 fibers was degraded, the
surface roughness and average fiber diameter (1.3+0.7 pm)
increased with the increase in the amount of PTh in the
structure of PAN fibers.

Increasing the molecular weight and the polymer solution
concentration can facilitate the preparation of uniform fibers
and also increase the diameter of the fibers (Jalili et al., 2006;
Shao et al.,, 2012). Due to the fact that PTh was not

completely dissolved in DMF, the fiber diameters of the P2
and P3 mats were clearly increased compared to the fiber
diameters of the corresponding P1 mat. The elemental
composition of all fibers was determined by EDX. The EDX
analysis of the P1, P2, and P3 fiber samples is shown in
Figure 4. While the aluminum (Al) observed in all fibers
originated from the fiber-collected Al surface, the chlorine
(CI) and iron (Fe) observed in P2 and P3 fibers were caused
by impurities in the solution media during chemical
synthesis of PTh. The atomic percentage of the element
sulfur (S) in the structure of the P1 and P2 fibers is 0.06%
and 0.51%, respectively. This small amounts of sulfur
trapped on the surface of the PAN fiber indicate the presence
of PTh in the fiber.

Figure 3. Scanning electron micrographs showing of the electrospun fibers of P1 (a), P2 (b), and P3 (c).
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Figure 4. EDX spectra images of P1, P2, and P3 fibers.

3.4. Electrochemical results

The electroactivity behaviors of the P1, P2, and P3
electrospun fibers were investigated by means of Cyclic
voltammetry (CV) in 0.1M NaClO, and different
concentration of phosphate buffer solution (PBS) (range
from 0.005 to 0.1 M) with a three-electrode cell consisting
of an ITO coated with fiber as working electrode, a platinum
wire auxiliary electrode, and Ag/AgCl as the reference
electrode at a scan rate of 100 mV/s. The fiber samples were
subjected to potential scans between -0.3 and 1.2 V (vs.
Ag/AgCI), as presented in Figure 5.

Table 2 given the redox potential data of the P1, P2, and P3
electrospun fibers. The observed oxidation-reduction peaks
are related to the reversible redox reactions of thiophene in
ITO glasses coated with P2 and P3 fibers. On the other hand,
the P2 and P3 fibers containing PTh showed a sharper CV
area than that of the P1 fibers. The presence of polythiophene
in the fiber structure contributed to the improvement of the
connectivity and electrochemical utilization of PAN fibers
during the electrochemical charge-discharge behavior. The
conductivity of the fibers was strongly affected by the
presence of PTh in the PAN fibers. Figure 5 shows that the
peak currents for P2 and P3 electrospun fibers are higher than
for P1 electrospun fibers, which indicates that the presence
of PTh increases their activity. The CV of the P2 and P3
electrospun fibers shown a typical redox couple with anodic
and cathodic peaks at approximately 0.90 and 0.35 V versus
the Ag/AgCl electrode, respectively, which was absent in the
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P1 fibers. However, shifts in oxidation and reduction peak
potentials of P3 fibers were observed with the change in
phosphate buffer concentration.

The anion sensitivity measurements of 1TO glasses coated
with fibers were made in from 0.005 to 0.1M PBS (Figure
5). The oxidation current value of the P1 fibers was 3.72 x
10 A for 0.1 M NaClOq at -0.05 V. However, the oxidation
current values of the P2 and P3 fibers were determined as
4.28 x10°% and 7.17 x 10% A for 0.1 M NaClO,4 at 0.90 V,
respectively (Figure 5, Table 2). The reduction current
values for all fibers were valued as a function of the
concentrations of PBS.

Especially, in the P2 fibers, a linear decrease was observed
in the current values in PBS concentrations ranging from
0.005 to 0.1 M. The highest peak current was observed for
P3 fibers at about 0.82 V for 0.005 M PBS (Figure 5c). It
was observed that the oxidation-reduction current values of
the ITO glasses coated with the P2 fibers were smaller than
those of the ITO coated with the P3 fibers. However, the ITO
coated with P2 fibers indicated good reversible redox
behavior at E1,=0.62 V (E1 called as half-wave potential for
a reversible redox couple (at 25 °C)) for the 0.005 M PBS
media. The substitution effect of thiophene on
electrochemical properties was studied (Nohut Maslakci et
al., 2016). In addition, electroactivity increased with an
increase in the amount of polythiophene in the fiber (Can et
al., 1998; Kiani et al., 2008; Bertuoli et al., 2019).
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Figure 5. Cyclic voltammograms of the P1 fibers (a), P2 fibers (b), and P3 fibers (c) obtained in 0.1 M NaClO/different
concentrations of PBS, at a scan rate of 100 mV/s.

Table 2. The oxidation-reduction peak potentials and current values of the P1, P2, and P3 fibers with different concentrations of
PBS/0.1M NaClOa.

Samples | Potential (V) Current values for different concentrations of PBS (A)
Eoxdation 0 0.005 0.01 0.025 0.05 0.075 0.1
P1 -0.05 3.72x10° | 3.26x10° | 3.2 x10% | 2.97x10° | 2.80x10°® | 2.74x10° | 2.68x10°
P2 0.90 4.28x10° | 3.71x10° | 3.54x10° | 2.31x10° | 1.98x10° | 1.73x10® | 1.49x10°
P3 0.90 7.17x10°% | - - - - - -
0.82 - 1.40x10° | 1.01x10° | 1.03x10° | 1.03x10° | 1.15x10° | 9.20x10®
Ereduction
P1 - - - - - - - -
P2 0.35 -2.92x10°¢ | -2.51x10° | -2.18x10° | -1.19x10°% | -1.11x10°% | -1.03x10°% | -9.5x107
P3 0.43 -5.30x10° | - - - - - -
0.35 - -9.6x107 | -2.11x10° | -1.25x10°% | -9.63x1077 | -1.03x107 | -1.11x10
4. CONCLUSIONS REFERENCES

This article presents the production of polyacrylonitrile
fibers containing different amounts of polythiophene by the
electrospinning method, as well as their electrochemical
properties and anionic sensing. All fiber samples were
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morphology of PAN fibers was greatly affected by the
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increased with decreasing phosphate concentration. It was
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peak current was observed for P3 fibers at about 0.82 V for
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0.005 M PBS media. The results support that PAN fibers
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interaction.
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Kimyasal Olarak Modifiye Edilmis Kitosanin Kuvars Kristal
Mikroterazi Kullanarak Antibiyofilm Aktivitesinin Degerlendirilmesi

Neslihan Nohut Maslake1 1™

Ozet: Biyomalzemeler iizerinde biiyiime ve hiicresel baglanma ile biyofilm olusumunu engellemek
icin, yeni biyomalzemeler gelistirilebilir. Bu sekilde biyomalzemeler yeni 6zellikler kazanabilir. Bu
calismada, plazma modifiye kitosan (PCh), 5-etoksi-2-metil-benzofuran-3-karboksilik asit (E1) ile
kimyasal olarak modifiye edildi. Kimyasal olarak modifiye edilmis PCh ve PCh-E1 filmlerinin yapilari,
X-151n1 fotoelektron spektroskopisi (XPS), Fotoliiminesans spektroskopisi (PL) ve Fourier doniistimii
kiz1l6tesi spektroskopisi (FTIR) ile incelendi. PCh ve PCh-E1'in elektrospun nanolifleri, destek polimer
polivinil alkol (PVA) varliginda yerinde elektroegirme ve kuvars kristal mikroterazi (QCM)
kullanilarak, QCM elektrot yiizeyinde mikrogram diizeyinde iiretildi. Elektrospun nanoliflerin
morfolojileri ve ¢aplari Taramali elektron mikroskobu (SEM) ile incelendi. PVA, PVA/PCh ve
PVA/PCh-El'in ortalama lif ¢aplar1 ve standart sapmalari sirasiyla 280.0 + 58.9, 104.5 + 35.9 ve 99.4
+ 21.9 nm olarak belirlendi. PVA/PCh nanoliflerinden daha ince gapa sahip PVA/PCh-E1 nanolifler
elde edildi. Nanolifler ile kaplanmis QCM elektrot yiizeylerinin Pseudomonas aeruginosa (P.
aeruginosa) karsi antibiyofilm aktiviteleri, QCM ile baglantili bir akis hiicresi kullanilarak
degerlendirildi. PVA/PCh-E1 nanolifleri ile kaplanmis QCM elektrodunda (AF: -13709.5 Hz, Am:
530.3 pg cm™?), PVA/PCh nanolifler ile kaplanmis QCM elektroduna (AF: -14552.7 Hz, Am: 563.5 pg
cm?) gore daha az negatif frekans kaymasi ve kiitle artis1 belirlendi. QCM sonuglari, PVA/PCh-E1
nanoliflerinin, E1 bilesiginin olasi bir katkisi nedeniyle biyofilm olusumunu 6nemli dlgiide azalttigini
gosterdi.

Anahtar kelimeler: Biyofilm, Kitosan, Elektroegirme, Lif, Kuvars Kristal Mikroterazi.

The Assessment of Antibiofilm Activity of Chemically Modified
Chitosan Using Quartz Crystal Microbalance

Abstract: New biomaterials can be developed to prevent the formation of biofilms on
biomaterials through growth and cellular attachment. In this way, biomaterials can gain new
properties. In this study, the plasma modified-chitosan (PCh) was chemically modified with
5-ethoxy-2-methyl-benzofuran-3-carboxylic acid (E1). The structures of chemically
modified PCh-E1 and PCh films were studied by X-ray photoelectron spectroscopy (XPS),
Photoluminescence spectroscopy (PL), and Fourier transform infrared spectroscopy (FTIR).
Electrospun nanofibers of PCh and PCh-E1 were produced at the microgram level onto the
QCM electrode surface using in situ electrospinning and quartz crystal microbalance (QCM)
in the presence of a support polymer polyvinyl alcohol (PVA). The morphologies and
diameters of electrospun nanofibers were investigated by the Scanning electron microscopy
(SEM). The average fiber diameters and standard deviations of PVA, PVA/PCh, and
PVA/PCh-E1 were determined as 280.0 £ 58.9, 104.5 £ 359, and 99.4 + 21.9 nm,
respectively. Finer diameter PVA/PCh-E1 nanofibers were obtained from the PVA/PCh
nanofibers. Antibiofilm activities against Pseudomonas aeruginosa (P. aeruginosa) of a
QCM electrode surfaces coated with nanofibers were evaluated using the flow cell associated
with the QCM. When QCM electrode coated with the PVA/PCh-E1 nanofibers was used,
less negative frequency shift and the mass increase in (AF: -13709.5 Hz, Am: 530.3 pg cm™2)
was detected compared to the QCM electrode coated with PVA/PCh nanofibers (AF: -
14552.7 Hz, Am: 563.5 pg cm™2). QCM results showed that PVA/PCh-E1 nanofibers
significantly decrease biofilm formation, due to a possible contribution of E1 compound.
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1. Giris

Yiizey ozellikleri, biyomalzemelerin isleyisinde dnemli bir
rol oynamaktadir. Bakterilerin polisakkarit, protein ve
DNA'dan olusan biyofilm adli bir tabaka olusturdugu
bilinmektedir (Marcus vd., 2012; Nohut Maslakci vd.,
2015; Nohut Maslakci vd., 2018). Ozellikle, g¢evresel
etmenlerden korunmak, besin elde etmek ve yeni genetik
ozellikler kazanmak gibi cesitli faktorler
mikroorganizmalarin  biyofilm tabakalarim1 olusturma
nedenleri arasinda yer almaktadir (Giilgor ve Korukluoglu,
2014;  Jamal vd., 2018). Bununla birlikte,
mikroorganizmalar1 dis etkenlerden koruyan bu biyofilm
tabakasi, tibbi uygulamalar, su aritma sistemleri ve siit
iiriinleri isletmeleri gibi birgok alanda ekonomik zararlara
neden olmaktadir (Marcus vd., 2012; Nohut Maslakci vd.,
2015; Nohut Maslakei vd., 2018). Biyofilm tabakasi toprak
ve bitki ekolojisi i¢in atik suya gore avantaj saglarken, gida
ve kagit endiistrisinde olusturdugu kabuklar dezavantaj
saglamaktadir (Shi ve Zhu, 2009; Baumann vd., 2009;
Tiirola vd., 2009; Asri vd., 2018). Dahasi, biyofilm
biyomedikal implantlarla iliskili enfeksiyonlarda oliimciil
sonuglara yol acabilmektedir (Bazaka vd., 2012;
Veerachamy vd., 2014; Nohut Maslakci vd., 2018).
Biyomalzemeler iizerinde bakteriyel biiylime ve hiicresel
baglanma ile olusan bu  biyofilm  tabakasi,
biyomalzemelerin yiizey modifikasyonu ile oOnlenebilir.
Boylelikle biyomateryaller yeni ozellikler kazanabilir
(Bazaka vd., 2012; Nohut Maslakci vd., 2015). Bununla
birlikte, oksijen iceren heterosiklik bilesikler cesitli
biyokimyasal alanlarda kullanilmakta ve ayni1 zamanda ¢ok
6nemli roller oynamaktadir (Kossakowski vd., 2010; Abu-
Hashem vd., 2014). Son yillarda furan ve benzofuran
gruplar1 igeren heterosiklik bilesikler, insektisidal, agri
kesici, anti-kanser, antibakteriyel, antifungal, antiviral,
antioksidan, antispesifik ve antiinflamatuvar gibi birgok
biyomedikal alanlarda oldukga fazla ilgi gérmiistiir (Iyengar
vd., 1987; Matsuura vd., 1996; Gottesdiener, 1999;
Malmstrém vd., 2001; Zeni vd., 2001; Lopez vd., 2002;
Dalvie vd., 2002; Meotti vd., 2003; Goncales vd., 2005;
Kossakowski vd., 2010; Abu-Hashem vd., 2014;
Khodarahmi vd., 2015). Ayrica, furan ve furanon gruplari
iceren ¢esitli bilesiklerin bakterilerin biyofilm olusturma
yetenegi  lizerinde engelleyici etkilerinin  oldugu
¢alismalarda bulunmustur (Lonn vd., 2012; Nohut Maslakci
vd., 2017; Nohut Maslakci vd., 2018). Son yillarda toksik
olmayan, biyouyumlu ve biyolojik olarak pargalanabilen
dogal bir polimer olan kitosan ve tiirevlerinin bakteriler
iizerindeki etkileri, QCM ve yiiksek performansh
kromatografi (HPLC) gibi ¢esitli teknikler kullanilarak
arastirilmistir (Nune vd., 2010; Nohut Maslakci vd., 2015;
Nohut Maslakei vd., 2018). Ozellikle kitosan bazlh
nanolifler, dis uygulamalar1 i¢in nanokompozitler, doku
miihendisligi, tibbi implantlar, kontrollii ilag salimi, yara
sargilari, filtreleme ve biyosensorler gibi biyoteknolojik ve
biyomedikal uygulamalarda oldukca fazla dikkat ¢ekmistir
(Pillai ve Sharma, 2009; Sun ve Li, 2011; Zou vd., 2012).
Ayrica ylizey hacim orani oldukg¢a yiliksek olan kitosan
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liflerinin, biyofilm olusumuna neden olan bakteri
hiicrelerinin lif ylizeyine yapigmasin sagladigi ve
dolayisiyla bakterilerin etkilerini azalttigi bilinmektedir
(Abrigo vd., 2015; Nohut Maslakci vd., 2015). Bununla
birlikte, sentetik polimer bazli nanoliflerde bakteri hiicre
tanima modellerinin olmamasi, biyomedikal ve sensor
uygulamalarmi  kisitlamistir (Kim vd., 2017). Ayrica,
bakteri hiicreleri ve lifler arasindaki etkilesimi anlamaya
calisan QCM tekniginin kullanildig1 ¢ok az sayida ¢alisma
vardir (Nohut Maslakcei vd., 2015; Kim vd., 2017).

Bu calismada PCh, E1 ile kimyasal olarak modifiye edildi.
Elde edilen PCh ve PCh-El'in kimyasal yapilart XPS, PL
ve FTIR ile karakterize edildi. Modifiye edilmis kitosanin
nanolifleri, destek polimer (PVA) varliginda yerinde
elektroegirme ve QCM teknigi kullanilarak, QCM elektrot
iizerinde  biriktirildi. PVA/PCh ve PVA/PCh-El
nanoliflerinin SEM gorintiileri alinarak lif morfolojisi ve
lif boyutlart incelendi. Liflerle kapli QCM elektrot
yiizeylerinin P. aeruginosa karsi antibiyofilm aktivitesi,
QCM ile baglantili bir akig hiicresi kullanilarak zamana
bagli olarak incelendi. QCM sonuglari, PVA/PCh-E1
nanoliflerinin ELl'in olasi1 bir katkisi nedeniyle biyofilm
olusumunu 6nemli dl¢iide azalttigin1 gosterdi.

2. Materyal ve Yontem
2.1. Materyal

5-etoksi-2-metil-benzofuran-3-karboksilik asit (C12H1204),
N-(3-dimetilaminopropil)-N'-etilkarbodiimid  hidrokloriir
(EDC, CgH17N3.HCI, saflik >% 98), N-hidroksisiiksinimid
(NHS, C4HsNOs, saflik>% 97), hidrazin (N2Ha4, % 98),
poli(vinil alkol), kitosan diisik molekiiller agirhik
(deasetilasyon derecesi>% 75) Sigma-Aldrich'ten satin
alindi. Sigma-Aldrich'ten alindigr gibi susuz metanol
(CH30H,% 99.8) ve asetik asit (glasiyal) (C2H102,% 100)
kullanildi.

Bu calismada, kitosanin serbest amino gruplarinin islevini
artirmak ve E1 ile molekiiler baglantiy1 saglayabilmek i¢in
radyo frekans (RF) hidrazin plazma ile modifiye edilmis
kitosan tozlar1 tercih edilmistir (Uygun vd., 2011). Altin
kapli kuvars kristal elektrotlar (5 MHz), QCM
calismalarinda kullanilmak tizere segcildi. Elektroegirme
isleminden oOnce, elektrot yiizeyleri literatiirde belirtildigi
gibi piranha ¢ozeltisi (3/1 (v/v) oraminda HSO4/ % 30°Tuk
H20,) kullanilarak temizlendi (Channasanon vd., 2007;
Nohut Maslakei vd., 2015). Biyofilm ¢alismalari i¢in Gram-
negatif bir bakteri olan P. aeruginosa ATCC 27853 susu
secildi. P. aeruginosa bir gece boyunca 35 °C'de
Luria—Bertani (LB) s1v1 besi yeri (Miller) igerisinde inkiibe
edildi.
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2.2. Karakterizasyon

PCh ve PCH-EIl filmlerinin yapilart Fourier doniisimi
kizil6tesi spektroskopi kullanilarak incelendi. Kizilotesi
spektrumlar, PerkinElmer Spectrum BX FTIR sistemi
(Beaconsfield, Buckinghamshire, HP91QA, Ingiltere)
iizerinde oda sicakliginda preslenmis KBr peletlerinde 400
ve 4000 cm™ arasindaki bolgede kaydedildi. PCh ve PCH-
E1l filmlerinin X-1511 fotoelektron spektrumlart (XPS),
monokromath AlKa-X 1sin1 kaynagi kullanilarak bir PHI-
5000 Versaprobe yontemi ile 45 ag1 ve 30 A derinlikte elde
edildi. PCh ve PCh-El1 filmlerinin ve E1 nanopartikiillerinin
fotoliiminesans spektrumlart (PL), bir Shimadzu RF
5301PC spektroflorofotometre ile incelendi. PCH ve PCH-
E1 nanoliflerinin morfolojileri Quanta 250 SEM, Phillips
XL-30S FEG model taramali elektron mikroskobu (SEM)
kullanilarak analiz edildi.

OH
o HN
(0] 0
H;&/O + H3C\/O Ny—CH,
NH, o
n
PCh E1l

2.3. PCh-E1'in Kimyasal Modifikasyonu

Ilk olarak, E1 (10 mg), metanol (2.5 mL) igerisinde ¢oziildii.
RF hidrazin plazma ile modifiyeli kitosan (PCh) filmler
literatiirde belirtildigi gibi hazirland1 (Nohut Maslakei vd.,
2015). Daha sonra bu ¢ozelti, baslangi¢c malzemesi olarak
bir PCh film (44.3 mg, kullanilan film boyutu: 1.5x1.5 cm?),
EDC (12 mg) ve NHS (2.8 mg) karisimi igeren bir siseye
konuldu (Hoven vd., 2007; Nohut Maslakci vd., 2018).
Cozelti, manyetik bir karistirici yardimiyla oda sicakliginda
72 saat karigtirildi. Modifiye edilmis PCh-E1 filmleri, iki
kez metanol ile yikand1 ve daha sonra 3 giin boyunca bir
vakum altinda kurutuldu. PCh ve El'in kimyasal olarak
modifiye edilmis iriinii ig¢in Onerilen reaksiyon
mekanizmast Sekil 1'de verilmistir. PCh ve PCh-E1
filmlerinin kalinlig1 sirastyla yaklasik 0.143 ve 0.140 mm
olarak belirlendi.

OH
EDC, NHS o %o
HO
CH;O0H, 72 saat,
Oda sicakhg: HN o /n
HSC\/O y—CHjs
o]
PCh-E1

Sekil 1. PCh-E1 igin 6nerilen reaksiyon mekanizmasi

2.4. PCh ve PCh-E1 Nanoliflerinin Hazirlanmasi

PCh filmi (¢Oziiniirlik siiresi: 10 giin) ve PCh-E1 filmi
(¢cOzliniirliik siiresi: 6 giin), agirlikca %2 konsantrasyonda
homojen ¢ozeltiler hazirlamak i¢in oda sicakliginda
manyetik bir karigtirict ile agirlikga %2’°lik asetik asit
¢ozeltisi igerisinde ¢oziildii. Reolojik ve disik
elektroegirme Ozelliklerinden dolay1 kitosandan lif elde
etmek oldukg¢a zordur (Ohkawa vd., 2006; Klossner vd.,
2008). Bu nedenle, PVA, lif {iretimi i¢in destek polimer
olarak secilmistir (Charernsriwilaiwat vd., 2010; Uygun
vd., 2011). Agirlikca %10 PVA ¢ozeltisi saf suda, 24 saat
igcinde 70 °C'de hazirlandi. PCh ve PCh-E1 ¢ozeltileri ile
PVA ¢ozeltisi 1:1 (v/v) hacim oranlarinda hazirlanarak, 4
saat boyunca oda sicakliginda karistirildi. PVA/PCh ve
PVA/PCh-E1 kodlarinda iki polimer ¢ozeltisi hazirlandi.

Lif iretimi i¢in ¢alismada ev yapimi bir elektroegirme
sistemi kullanildi. Polimer ¢ozeltileri, 0-30 kV araliginda
yiksek voltajli dogru akim (DC) donistiiriici giic
kaynagina (EMCO 4300) bagli 2 mL'lik bir sirgaya
yerlestirildi. Elektroegirme parametreleri siringa besleme
hizi: 10 pL/saat, uygulanan elektrik potansiyeli: 22 °C'de 24
kV ve igne ucu ile topraklanmis QCM elektrot yiizeyi
arasindaki mesafe: 10 cm olacak sekilde optimize edildi.
Igne ucundan sabit miktarda ¢ozelti vermek igin bir siringa
pompasi (New Era Pump System Inc., ABD) kullanildu.
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2.5. QCM-Elektroegirme Calismasi

Arastirma kuvars kristal mikroterazi (RQCM) (Maxtek
Inficon, ABD) 5 MHz AT-cut kuvars kristal cihazi, QCM
elektrot ylizeyinin nanolif kaplamasi sirasinda zamanin bir
fonksiyonu olarak kiitle ve frekans degisikliklerinin yerinde
izlenmesi i¢in ve daha sonra P. aeruginosa biyofilm
olusumunu ger¢cek zamanli olarak degerlendirmek igin
kullanildi.

PVA/PCh ve PVA/PCh-E1 nanolifleri, 20 dakika siireyle
yerinde elektroegirme-QCM islemleri sirasinda dikey
olarak konumlandirilmis bir QCM elektrot ylizeyi iizerinde
biriktirildi. Caligmalar 3 kez tekrarlandi. QCM elektrot
yiizeyinde biriken liflerin kiitle-frekans iligkisi, asagida
aciklanan Sauerbrey denklemi ile belirlendi (Denklem 1)
(Sauerbrey, 1959):

AF = -2Fg> Am/[A(up)*?] Denklem (1)
burada AF, rezonans frekansindaki kaymadir (AF = F—F)
(Hz), Am (ug), kiitle degisimi ve A (cm?), kristal yiizey
alanidir. Kristalin temel frekansi (Fo) 5 MHz'dir. p, kuvarsin
yogunlugudur (2.648 g cm™®). p kuvarsin kayma modiiliidiir
(2.947x10' g cm™ 's?). Yerinde QCM elektroegirme

caligmast sirasinda, QCM elektrodunda biriken lif
orneklerinin  rezonans  frekansim1  (F)  disiirdigi
gozlenmistir.
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2.6. QCM ile Biyofilm Olusumunun Degerlendirilmesi

QCM biyofilm deneylerinde lif kapl altin kaplamali 5 MHz
AT-kesimli  kuvars  kristali QCM  elektrodunun
yerlestirildigi bir akig hiicresi (Inficon Maxtek, FC-550)
kullanildi. Calismada, lifler ile kaplanmis yiizeylerdeki
molekiiler adsorpsiyon ve etkilesimleri ger¢cek zamanli
olarak degerlendirmek icin QCM kullanildi. Birim alan
basma adsorbe edilen kiitle (ug cm?) degerlendirilirken,
kuvars kristalinin salinim frekansindaki (AF) degisiklikler
o6lciildii. Boylece adsorbe edilen kiitlenin yapisal 6zellikleri
hakkinda yeni bilgiler elde edildi. Akis hiicresi, i¢cinden
stvinin beslendigi bir giris ve ¢ikistan olusmakta ve QCM
elektrot, iist ve alt tarafi arasinda yaklasik 0.3419 cm?!lik bir
alanla etkinlestirilmistir. Kuvars kristal elektrodun rezonans
frekans degisimi, elektrotun {ist ve alt ylizeylerinin {ist iiste
binmesi ile elde edildi. Elektrot yilizeyinde biriken kiitle
literatiirde belirtildigi gibi izlendi (Nohut Maslakci vd.,
2015). Kristaller, QCM g¢alismalarinda kullanilmadan 6nce
en az 5 dakika boyunca piranha ¢ozeltisi (3/1 (v/v)
oraninda HySO4/ % 30’luk H20) ile temizlendi, saf su ile
duruland1 ve son olarak bir azot gaz akisi ile kurutuldu
(Channasanon vd., 2007). Bu temizleme islemi iki kez
tekrarlandiktan  sonra, QCM elektrotlar1  yerinde
elektroegirme teknigi ile kaplandi. Lif kapli elektrotlar akis
hiicresine yerlestirildi. 50 cm uzunlugunda ve 1.5 mm i¢
capa sahip bir kilcal boru araciligiyla, Luria-Bertani (LB)
suyu (100 mL) akis hiicresi iginde, peristaltik bir pompa
(Instech, model P720 peristaltik pompa) yardimi ile kapali
bir dongii iginde 63 pL dk™lik bir akis hizinda siirekli
olarak pompalandi.

Tim deneyler oda sicakliginda gergeklestirildi. PVA/PCh
ve PVA/PCh-E1 nanolif numunelerinin her biri igin ¢
kopya gergeklestirildi. Calismada model organizma olarak
secilen P. aeruginosa biyofilm olusumunu baglatmak i¢in
tercih edildi. QCM-biyofilm ¢alismalarima baslamadan
once P. aeruginosa hiicreleri, LB broth'ta 35 °C'de 24 saat
kiiltirlendi. 24  saatin  sonunda, P. aeruginosa
siispansiyonunun optik yogunlugu (ODsgo) 0.1'e ayarlandi,
bu yaklasik 2.108-5.108 CFU mL e karsilik gelmektedir
(Nohut Maslakci vd., 2015). Daha sonra optik yogunlugu
600 nm'de belirlenen P. aeruginosa kiiltiirii, 100 ml Luria-
Bertani (LB) besi ortamina ilave edildi ve akis hiicresi
icerisinden gegcirildi.
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3. Bulgular ve Tartisma

3.1.  Modifiye
Karakterizasyonu

PCh ve PCh-E1 Filmlerinin

PCh, PCh-El filmlerinin FTIR spektrumlar1 Sekil 2'de
gosterilmektedir. PCh filminin karakteristik bantlar1, 3434
cm™de -OH, 2943 cm™de -CH, 1666 cm™’de karbonil
grubunun C=0 gerilmesi (amid 1), 1598 cm™*de -NH
deformasyonu, 1424 cm™'de -CH, gerilme titresimi, 1382
cm'de metil grubunun C—H gerilmesi, 1260 cm'de birincil
amino grubu (-NHz) ve 1026 cm™¥de C-O gerilmesine
atfedildi (Nohut Maslakci vd., 2018). PCh-E1 filmi igin
gdzlen 3434, 2928, 1636 ve 1169 cm™’deki karakteristik
pikler sirast ile -OH, -CH, C=0 (karbonil grubu (amid 1)),
CH=N ve C-O gerilme bantlarina aittir. Bu karakteristik
bantlar, elde edilen modifiye yapilarin hem PCh hem de E1
icerdigini kanitlamaktadir.

754
704
65 4
60 4

55 ——PCh-E1
——PCh

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

% Gegirgenlik

Dalga sayisi (cm'1)

Sekil 2. PCh ve PCh-E1 filmlerinin FTIR spektrumlari

XPS, Cis, Nis ve Oy hatlarinin davranisini gézlemleyerek
kimyasal bilesimleri analiz etmek i¢in kullanilmistir (Sekil
3). PCh filmi igin Cys (285 eV), Nis (402 eV) ve Oy (530
eV) sinyalleri goriiliirken, E1’in baglanmasi ile Cis, N1s Ve
Og;s sinyalleri sirasiyla 288, 402 ve 533 eV'de gozlenmistir.
285 eV'deki Cis zirvesi, PCh'deki C-C ve C-H kimyasal
baglarina atfedilirken, 286 eV'deki Ci;s zirvesi, PCh-E1'deki
C-O veya C-O-C kimyasal baglarina atfedilmistir (Nohut
Maslakci vd., 2015). Bununla birlikte, PCh-E1 igin,
safsizliklardan dolay1 201 eV ve 154-103 eV'de goriilen
baglanma enerjilerinin, sirast ile Cl ve Si piklerine ait
oldugu goézlenmistir. C-O (285 eV) kimyasal bagindaki
artis, PCh'nin oksijeni C-OH seklinde yapiya dahil ettigini
gostermistir (Nohut Maslakei vd., 2015). PCh-E1 filminin
karbon atomu konsantrasyonundaki azalmaya bagli olarak,
286 eV'de gozlenen Cys pik yogunlugunda da bir azalma
gozlenmigtir. Ayrica, PCh-E1 filminin atomik oksijen
degeri, E1°den dolay1 artmistir (Tablo 1).
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Sekil 3. PCh ve PCh-E1 filmlerinin XPS spektrumlari

Tablo 1. PCh ve PCh-El filmlerinin atomik degerleri

Ornek % Atom
Cls Ols le Sin C|2p
PCh 67.5 27.0 5.4 - -
PCh-E1 61.4 28.0 5.6 4.7 0.3

350 nm'lik bir uyarma dalga boyunda alinan E1, PCh ve
PCh-E1’in fotoliiminesans spektrumlarinda sirasi ile 445,
430 ve 428 nm'de emisyon pikleri gdzlenmistir (Sekil 4)
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Floresans Siddeti (a.u.)

(Mi, 2005; Kumar vd., 2010). PCh-E1 spektrumu, Sekil 4'te
gosterildigi gibi, maksimum emisyonda kirmiziya kayma
gostermistir. PCh zincirine bagli E1 bilesigi, modifiye
edilmis PCh-E1'in maksimum emisyon dalga boyunda bir
kirmiziya kaymasina neden olabilir. Bununla birlikte,
emisyon dalga boyu, ikame edici yan gruplarin elektronik
konjuge yapilarindan 6nemli o6lgiide etkilenir (Nohut
Maslakci vd., 2015; Nohut Maslakci vd., 2018). Ayrica,
elektronik etkiye bagli olarak dalga boyundaki degisiklikler
kirmiziya kaymaya neden olabilir (Nohut Maslakei vd.,
2015; Nohut Maslakci vd., 2018).

T
500

600

Dalga Boyu (nm)

Sekil 4. 350 nm'lik bir uyarma dalga boyunda (a) E1, (b) PCh ve (c) PCh-E1'in PL spektrumlari
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3.2. PVA/PCh ve PVA/PCh-E1 Nanoliflerinin QCM
Olgiimleri

QCM celektrot yiizeyinde toplanan PVA/PCh ve PVA/PCh-
E1 nanoliflerin Am ve AF degerleri, zamanin bir fonksiyonu
olarak QCM teknigi ile belirlenmistir (Sekil 5a-b).
PVA/PCh-E1 nanoliflerinin QCM ©6l¢iimlerinin, PVA/PCh
nanoliflere gore nispeten daha yiiksek bir frekans
kaymasina sahip oldugu gozlendi. Elektroegirme islemine
20 dakika devam edildi. Tablo 2'de verilen verilere
dayanarak, QCM elektrot yiizeyinde 20 dakika siireyle

(a) 500

— PVA/PCh-E1
PVAIPCh

400 -

3004

o

Am (ng cm )

2004

100

Zaman (dakika)

(b)

AF (Hz)

-10000 <

-12000 4

biriken lifler daha sonra biyofilm galigmalar1 i¢in kullanildi.
Kiitle degisimi, elektrot yiizeyinde biriken liflerin tipine ve
liflerde bulunan yapilarin molekiiler agirligina bagli olarak
degisti. 20 dakika boyunca, PVA/PCh-E1 nanoliflerin
kiitlesinin (477.1 pg cm2), PVA/PCh nanoliflerin kiitlesine
(246.3 ug cm) kiyasla daha yiiksek oldugu gozlendi (Sekil
5a ve Tablo 2). Nanolifler yiiksek bir spesifik yiizey alanina
ve gozeneklilige sahip olabilmektedir. Bu durum, daha fazla
bakterinin yapigmasi i¢in genis bir baglanti alan1 saglayarak
daha yiiksek bir hassasiyet saglamaktadir (Wang vd., 2010).

-2000 -

-4000

-6000 -

-8000 -

| —— PVAIPCh-E1

PVAIPCh
14000 - : : : .

0 5 10 15 20
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Sekil 5. PVA/PCh ve PVA/PCh-E1 nanoliflerin QCM elektrot yiizeylerinde olusumu sirasinda zamanin bir fonksiyonu olarak

kiitle (a) ve frekans (b) degisimi

Tablo 2. QCM elektrot yiizeyinde birakilan nanoliflerin
zamanin bir fonksiyonu olarak kiitle ve frekanstaki
degisikliklerin 6lglilmesi

Ornek AF (H2) Am (ug cm™)
PVA/PCh nanolifler -6365.4 246.3
PVA/PCh-E1 -12346.7 477.1
nanolifler

3.3. SEM Sonuglari

Saf PVA, PVA/PCh ve PVA/PCh-E1 nanoliflerinin ayn
elektroegirme parametrelerinde elde edilen SEM
goriintiileri Sekil 6°da gosterilmektedir.

PVA, PCh ¢ozeltisinin nispeten zayif egrilebilirligi ve
reolojik Ozelliklerinden dolayr PCh’in nanoliflerini elde
edebilmek i¢in destek polimer olarak se¢ilmistir (Zhou vd.,
2006; Nohut Maslakci vd., 2015). PVA'nin kitosan
karigimina dahil edilmesi, PCh'nin islenebilirliginde bir
artiga, gerilme mukavemetinde bir azalmaya, nem
iceriginde bir artiga ve karisimdaki PCh agindaki kristallikte
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bir azalmaya neden olmustur (Zhou vd., 2006; Nohut
Maslakci vd., 2015). Bu sekilde, homojen ¢6zeltideki PCh
igerigi ile daha ince liflerin iiretildigi gozlemlendi. Ancak
lifler daha kirllgan hale geldi (Gholipour vd., 2009).
Nanolifler iretilmis olmasmna ragmen, PCh ve PCh-El
cozeltilerinin  yliksek  viskoziteleri  nedeniyle  lif
yiizeylerinde boncuk olusumu gézlenmistir (Gholipour vd.,
2009). Bununla birlikte, Sekil 6b ve c'de gorildiigi gibi,
PVA/PCh-E1 nanolifleri, PVA/PCh nanoliflerinden daha az
boncuk olusumuna ve daha ince lif yapilarina sahiptir.
Gelistirilen kitosan nanolifleri, homojenlik, gdzeneklilik ve
kalinlik gibi ¢esitli 6zellikler elde etmek igin E1 bilesigi ile
daha da modifiye edilebilir. PVA, PVA/PCh ve PVA/PCh-
El'in ortalama lif ¢aplar1 ve standart sapmalar1 sirasiyla
280.0 £ 58.9, 104.5 =+ 359 ve 994 + 21.9 nm olarak
belirlendi. Onceki ¢aligmalarda, mikro boyutlu liflerin, 1if
haritalarina hiicre girisine izin verdigi goriiliirken, daha
kiiciik 1if ¢aplarma sahip lif haritalarinin ise yalmizca lif
yiizeyinde hiicrelerin ¢ogalmasina izin verdigi gozlenmistir
(Eichhorn ve Sampson, 2010; Matsumoto ve Tanioka,
2011; Kargar vd., 2012; Mortimer vd., 2016). Sonug olarak,
bu c¢alisma PVA/PCh-E1 bazli nanoliflerin daha ince gapli
oldugunu ve bakteriyel inhibisyonda daha etkili oldugunu
gostermistir. Bu durum, PVA/PCh-E1 nanoliflerinin sahip
oldugu yiiksek yiizey alanina atfedilebilir.
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Sekil 6. PVA (a), PVA/PCh (b) ve PVA/PCh-E1 (c) nanoliflerinin SEM goriintiileri

3.4. QCM-Biyofilm Cahsmalari

Kuvars kristal mikroterazi (QCM), hiicre yiizeyi
etkilesimlerini degerlendirmek icin bir piezoelektrik kuvars
sensOriine  baglanan  bir  kiitlenin  frekansindaki
degisikliklerin gercek zamanli izlenmesini saglar (Marcus
vd., 2012; Nohut Maslakci vd., 2018). P. aeruginosa'nin
biyofilm olusumu, sabit bir bakteri ortaminda PVA/PCh ve
PVA/PCh-E1 nanolifleri ile kaplanmis QCM elektrot
yiizeyleri i¢in degerlendirildi (Sekil 7). 800 dakikadaki
negatif frekans kaymalari, Sauerbrey denklemini takiben bir
ylizeye bakteri kiitlesinin eklenmesi ile iligkilendirilmistir.
QCM elektrodu iizerindeki negatif frekans kaymalari,
elektrot yiizeyine yapigan bakteri kiitlesinde bir artisa
karsilik  gelmektedir. P. aeruginosa kiltirii akis
hiicresinden  gecirilirken, 1lif kapli QCM elektrot
ylizeylerinde 800 dakika boyunca kiitle ve frekans
degisiklikleri belirlendi. AF, elektrot yiizeyindeki kiitlenin
artmastyla azaldi. PVA/PCh nanoliflerle kaplanmis QCM
elektrotunda maksimum negatif frekans kaymasi (AF:
—14552.7 Hz, Am: 563.5 ug cm™ ) gdzlendi. PVA/PCh-E1
nanolifler ile kaplanmig QCM elektrodu kullanildiginda,
PVA/PCh ile kaplanmig QCM elektroduna kiyasla daha az
negatif frekans kaymasi ve kiitle artis1 (AF: -13709.5 Hz,
Am: 530.3 ug cm™) gdzlendi. PVA/PCh ve PVA/PCh-E1
nanolifler ile kaplanmig elektrot yiizeylerine 800 dakika
boyunca yapisan P. aeruginosa'nin ortalama kiitleleri ve
standart sapmalari sirasiyla 515.8 + 47.6 ve 527.3 £3.0 pug
cm~2 olarak belirlendi (Sekil 7). Elde edilen sonuglar 6nceki
caligmalarla tutarli olup, PVA/PCh-E1 nanolifleri ile
kaplanmig QCM elektrodu, tercih edilen bir biyofilm
olusumu sergiledi. QCM-biyofilm deneyleri, PVA/PCh-E1
nanoliflerle kaplanmis QCM elektrodunun, PVA/PCh
nanoliflerle kapli QCM elektrotuna kiyasla P. aeruginosa
hiicrelerini 6nemli 6l¢iide engelledigini gdsterdi.
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Sekil 7. PVA/PCh ve PVA/PCh-EI1 nanoliflerle kaplanmig
elektrot yiizeylerinde P. aeruginosa'nin biyofilm olusumu
sirasindaki zamana kars kiitle degisimi

4. Sonug¢

Bu galigmada PCh, P. aeruginosa'nin biyofilm olusumuna
kars1 biyolojik aktivitesini gelistirmek i¢in E1 ile kimyasal
olarak modifiye edildi. XPS, PL ve FTIR analizleri ile E1'in
kimyasal reaksiyonlarla PCh film yiizeyine basariyla
modifiye edildigini dogruladi. PVA/PCh ve PVA/PCh-E1
nanolifleri, yerinde elektroegirme-QCM teknigi ile QCM
elektrot ylizeylerine homojen bir sekilde biriktirildi.
Nanolifler ile kapli elektrotlarin biyofilm olusumu
tizerindeki etkisi QCM ile incelendi. PVA/PCh-E1
nanolifler ile kaplanmig QCM elektrodun ortalama kiitlesi
ve standart sapmasmnm (Am: 527.3 + 3.0 pg cm?),
PVA/PCh nanolifler ile kapli QCM elektrodunkinden (Am:
515.8 £ 47.6 pg cm?) daha diisiik oldugu belirlendi. Bu
durum PVA/PCh-E1 nanoliflerinin biyofilm olusumunu
daha iyi engelledigini gosterdi. Sonug olarak, PVA/PCh-E1
nanoliflerle kaplanmis QCM elektrot yiizeyi, PCh
nanoliflerden daha iyi bir performans sergilemistir. Elde
edilen PVA/PCh-E1 nanolifler, biyomedikal uygulamalar
icin potansiyel adaylar olarak diisiiniilebilir.



Bilge International Journal of Science and Technology Research, 2020, 4 (Special Issue), 13-21

KAYNAKLAR

Abrigo, M., Kingshott, P., McArthur, S.L. (2015).
Electrospun polystyrene fiber diameter influencing
bacterial attachment, proliferation, and growth.
Applied Materials & Interfaces, 7, 7644-7652.

Abu-Hashem, A.A., Hussein, HA.R., Aly, A.S., Gouda,
M.A. (2014). Synthesis of benzofuran derivatives
via different methods. Synthetic Communications,
44, 2285-2312.

Asri, M., Elabed, S., Koraichi, S.I., Ghachtoul N.E. (2018).
Biofilm-based systems for industrial wastewater
treatment. Hussain, C.M. (ed.), Handbook of
Environmental Materials Management, Springer,
Cham., 1-21pp, https://doi.org/10.1007/978-3-319-
73645-7_137.

Baumann, A.R., Martin, S.E., Feng, H. (2009). Removal of
listeria monocytogenes biofilms from stainless steel
by use of ultrasound and ozone. Journal of Food
Protection, 72(6), 1306—1309.

Bazaka, K., Jacob, M.V., Crawford, R.J., Ivanova, E.P.
(2012). Efficient surface modification of biomaterial
to prevent biofilm formation and the attachment of
microorganisms.  Applied  Microbiology and
Biotechnology, 95, 299-311.

Channasanon, S., Graisuwan, W., Kiatkamjornwong, S.,
Hoven, V.P. (2007). Alternating bioactivity of
multilayer thin films assembled from charged
derivatives of chitosan. Journal of Colloid and
Interface Science, 316, 331.

Charernsriwilaiwat, N., Opanasopit, P., Rojanarata, T.,
Ngawhirunpat, T., Supaphol, P. (2010). Preparation
and characterization of chitosan-
hydroxybenzotriazole/polyvinyl  alcohol  blend
nanofibers by the electrospinning technigue.
Carbohydrate Polymers, 81, 675-680.

Dalvie, D.K., Kalgutkar, A.S., Khojasteh-Bakht, C.S., Scott
Obach, R, O’Donnell, P.O. (2002).
Biotransformation reactions of fivemembered
aromatic heterocyclic rings. Chemical Research in
Toxicology, 15, 269-299.

Eichhorn, S. J., Sampson, W.W. (2010). Relationships
between specific surface area and pore size in
electrospun polymer fibre networks. Journal of The
Royal Society Interface, 7, 641-649.

Gholipour, K.A., Bahrami, S.H., Nouri, M. (2009).
Chitosan-poly(vinyl alcohol) blend nanofibers:
Morphology,  biological ~and  antimicrobial

properties. e-Polymers, 9(1),1-12.

Goncales, C.E.P., Araldi, D., Panatieri, R.B., Rocha, J.B.T.,
Zeni, G., Nogueira, C.W. (2005). Antinociceptive
properties of acetylenic thiophene and furan
derivatives: Evidence for the mechanism of action,
Life Sciences 76, 2221-2234.

20

Gottesdiener, K., Mehlisch, D.R., Huntington, M., Yuan,
W.Y., Brown, P., Gertz, B., Mills, S., 1999. Efficacy
and tolerability of the specific cyclooxygenase-2
inhibitor DFP compared with naproxen sodium in
patients with postoperative dental pain, Clinical
Therapy, 21, 1301-1312.

Giilgoér, G., Korukluoglu, M. (2014). Mikroorganizmalar
arasinda cogunluk algilanmasi (Quorum Sensing).
Uludag Universitesi Ziraat Fakiiltesi Dergisi, 28(2),
83-92.

Hoven, V. P., Tangpasuthadol, V., Angkitpaiboon, Y.,
Vallapa, N., Kiatkamjornwong, S. (2007). Surface-
charged chitosan: Preparation and protein
adsorption. Carbohydrate Polymers, 68, 44-53.

lyengar, S., Arnason, J.T., Philogene, B.J.R., Murand, P.,
Werstink, N.H.,  Timmins, G., (1987).
Toxicokinetics of the phototoxic allelochemical a-
terthienyl in three herbivorous lepidoptera. Pesticide
Biochemistry and Physiology 29, 1-9.

Jamal, M., Ahmad, W., Andleeb, S., Jalil, F., Imran, M.,
Nawaz, M.A., Hussain, T., Ali, M., Rafig, M.,
Kamil, M.A. (2018). Bacterial biofilm and
associated infections. Journal of the Chinese
Medical Association, 81, 7-11.

Kargar, M., Wang, J., Nain, A. S., Behkam, B. (2012).
Controlling bacterial adhesion to surfaces using
topographical cues: a study of the interaction
of Pseudomonas  aeruginosa with nanofiber-
textured surfaces. Soft Matter, 8, 10254-10259.

Kim, B.J., Cheong, H., Choi, E.S., Yun, S.H., Choi, B.H,,
Park, K.S., Kim, I.S., Park, D.H., Cha, H.J. (2017).
Accelerated skin wound healing using electrospun
nanofibrous mats blended with mussel adhesive
protein and polycaprolactone. Journal of Biomedical
Materials Research A, 105, 218-225.

Khodarahmi, G., Asadi, P., Hassanzadeh, F., Khodarahmi,
E. (2015). Benzofuran as a promising scaffold for the
synthesis of antimicrobial and antibreast cancer
agents: A review. Journal of Research in Medical
Sciences, 20(11), 1094-1104.

Klossner, R.R., Queen, H.A., Coughlin, A.J., Krause, W.E.
(2008). Correlation of chitosan’s rheological
properties and its ability to electrospun.
Biomacromolecules, 9, 2947-2953.

Kossakowski, J., Krawiecka, M., Kuran, B., Stefanska, J.,
Wolska, 1. (2010). Synthesis and preliminary
evaluation of the antimicrobial activity of selected 3-
benzofurancarboxylic acid derivatives. Molecules,
15, 4737-4749.

Kumar, S., Nigam, N., Ghosh, T., Dutta, P.K., Yadav, R.S.,
Pandey, A.C. (2010). Preparation, characterization,
and optical properties of a chitosan-anthraldehyde
crosslinkable film. Journal of Applied Polymer
Science, 2010, 115, 3056-3062.

Lonn, S.J., Naemi, A., Benneche, T., Scheie, A.A. (2012).
Thiophenones inhibit Staphylococcus epidermidis


https://doi.org/10.1007/978-3-319-73645-7_137
https://doi.org/10.1007/978-3-319-73645-7_137

Bilge International Journal of Science and Technology Research, 2020, 4 (Special Issue), 13-21

biofilm formation at non-toxic concentrations,
FEMS Immunology Medical Microbiology, 65,
326-334.

Lopez, F., Jett, M., Muchowski J.M., Nitzan D., O’Yang C.,
(2002). Synthesis and biological evaluation of
keterolac analogs. Heterocycles, 56, 91-95.

Malmstrom, J., Jonsson, M., Cotgreave, LA,
Hammarstrom, L., Sjodin, M., Engman, L. (2001).
The antioxidant profile of 2,3-

dihydrobenzo[b]furan-5-ol and its 1-thio, 1-seleno
and 1-telluro analogues. Journal of the American
Chemical Society, 123, 3434-3440.

Marcus, .M., Herzberg, M., Walker, S.L., Freger, V.
(2012). Pseudomonas aeruginosa attachment on
QCM-D sensors: The role of cell and surface
hydrophobicities. Langmuir, 28, 6396-6402.

Matsumoto, H., Tanioka, A. (2011). Functionality in
electrospun nanofibrous membranes based on fiber’s
size, surface area, and molecular orientation.
Membranes, 1(3), 249-264.

Matsuura, H., Saxena, G., Farmer, S.W., Hancock, R.E.W.,
Towers, G.H.N. (1996). Antibacterial and antifungal
polvine compounds from Glehnia littoralis ssp.
leiocarpa. Planta Medica, 62, 256-259.

Meotti, F.C., Silva, D.O., Santos, A.R.S., Zeni, G., Rocha,
J.B.T., Nogueira, C.W. (2003). Thiophenes and
furans derivatives: a new class of potential
pharmacological agents. Environmental Toxicology
and Pharmacology, 15, 37-44.

Mi, F.L. (2005). Synthesis and characterization of a novel
chitosangelatin  bioconjugate with fluorescence
emission. Biomacromolecules, 6, 975-987.

Mortimer, C.J., Burke, L., Wright, C.J. (2016). Microbial
interactions  with  nanostructures and their
importance for the development of electrospun
nanofibrous materials used in regenerative medicine
and filtration. Journal of Microbial Biochemical
Technology, 8, 195-201.

Nohut Maslakci, N., Akalin, R.B., Ulusoy, S., Oksuz, L.,
Uygun Oksuz, A. (2015). Electrospun fibers of
chemically modified chitosan for in situ
investigation of the effect on biofilm formation with
quartz crystal microbalance method. Industrial
Engineering Chemistry Research, 54, 8010—8018.

Nohut Maslakci, N., Ulusoy, S., Uygun Oksuz, A. (2017).
Investigation of the effects of plasma-treated
chitosan electrospun fibers onto biofilm formation.
Sensors and Actuators B: Chemical, 246, 887-895.

Nohut Maslakcei, N., Ulusoy, S., Uygun Oksuz, A. (2018).
Investigation of the effects of chemically grafted
chitosan nanofibers on P. aeruginosa PAO1 biofilm
formation using quartz crystal microbalance
technique. Molecular Crystals and Liquid Crystals,
669(1), 76-93.

21

Nune, V., Sharon, L.W., Osnat, G., Moshe, H. (2010).
Reduced bacterial deposition and attachment by
quorum-sensing inhibitor 4-nitro-pyridine-N-oxide:
The role of physicochemical effects, Langmuir, 26,
12089-12094.

Ohkawa, K., Minato, K.I., Kumagai, G., Hayashi, S.,
Yamamoto, H. (2006). Chitosan nanofiber.
Biomacromolecules, 7, 3291-3294.

Pillai, C.K.S. Sharma, C.P. (2009). Electrospinning of
chitin and chitosan nanofibres, Trends in
Biomaterials Artificial Organs, 22, 179-201.

Sauerbrey, G. (1959). Verwendung von Schwingquarzen
zur  Wagung diinner  Schichten und  zur
Mikrowagung. Zeitschrift fir Physik, 155, 206-222.

Shi, X., Zhu, X. (2009). Biofilm formation and food safety
in food industries. Trends in Food Science &
Technology, 20(9), 407-413.

Sun, K., Li, Z.H. (2011). Preparations, properties and
applications of chitosan based nanofibers fabricated
by electrospinning, Express Polymer Letters, 5, 342—
361.

Tiirola, M., Lahtinen, T., Vuento, M., Oker-Blom, C.
(2009). Early succession of bacterial biofilms in
paper machines. Journal of Industrial Microbiology
and Biotechnology, 36, 929-937.

Uygun, A., Kiristi, M., Oksuz, L., Manolache, S., Ulusoy,
S. (2011). RF hydrazine plasma modification of
chitosan for antibacterial activity and nanofiber
applications, Carbohydrate Research, 346, 259-265.

Veerachamy, S., Yarlagadda, T., Manivasagam, G.,
Yarlagadda, P.K.D.V. (2014). Bacterial adherence
and biofilm formation on medical implants: A
review. Proceedings of the Institution of Mechanical
Engineers Part H Journal of Engineering in
Medicine, 228(10), 1083-1099.

Wang, X., Ding, B., Sun, M., Yu, J., Sun, G. (2010).
Nanofibrous polyethyleneimine membranes as
sensitive coatings for quartz crystal microbalance-
based formaldehyde sensors. Sensors and Actuators
B: Chemical, 144, 11-17.

Zeni, G., Lidtke, D.S., Nogueira, C.W., Panatieri, R.B.,
Braga, A.L., Silveira, C.C., Stefani, H.A., Rocha,
J.B.T., (2001). New acetylenic furan derivatives:
synthesis  and anti-inflammatory  activity.
Tetrahedron Letters, 42, 8927-8930.

Zhou, Y., Yang, D., Nie, J. (2006). Electrospinning of
chitosan/poly(vinyl alcohol)/acrylic acid aqueous
solutions. Journal of Applied Polymer Science, 102,
5692-5697.

Zou, A., Huo, M., Zhang, Y., Zhou, J., Yin, X., Yao, C.,
Zhu, Q., Zhang, M., Ren J., Zhang, Q. (2012).
Octreotide-modified N-octyl-O, N-carboxymethyl
chitosan micelles as potential carriers for targeted
antitumor drug delivery, Journal of Pharmaceutical
Sciences, 101, 627-640.



bil

Bilge International Journal of Science and Technology Research

© 2016 Kutbilge Akademisyenler Dernegi 2020, Volume: 4, Special Issue, 22-32
ISSN: 2651-401X Received: 24.10.2019; Accepted: 08.12.2020
e-ISSN: 2651-4028 DOI: 10.30516/bilgesci.815799

Saghkl Yasamda Uziim ve Uziim Uriinleri

Ozlem Aras Asc1”

Ozet: Uziimiin iyi bir B1, B6 ve C vitamini kaynagi oldugu bilinmektedir. Ayn1 zamanda Mg, K ve Ca gibi
mineraller bakimmdan zengin olmasina ragmen diisiik glisemik indeksi olan olaganiistii bir besindir. Uziimden
elde edilen pekmezin, demir anemisini azaltic1 ve engelleyici etkileri bulunmaktadir. Insanlar besin degerleri,
sevdikleri tatlar ve saglik iizerindeki olumlu etkileri nedeniyle diyetlerine giderek artan oranda iiziim ve {iziim
tirtinlerini dahil etmektedirler. Bu olumlu etkiler, iiziimlerin biyokimyasal yapisinda tanimlanan ve esas olarak
fenilpropanoidler, izoprenoidler ve alkaloidlerden tiiretilen 1600'den fazla bilesige baghdir. Uziim suyu ve
sarap yiiksek oranda Fenilpropanoidler olan flavanoidleri ihtiva etmektedir. Uziim iriinleri igerdikleri flavanoid
bilesiklerin potansiyel antioksidan etkisi ile plazmada oksidasyona bagli DNA hasarini Onleyerek
antikarsinojenik etkiye sahiptirler. Uziim ¢ekirdegi, {iziim suyu ve sarapta bulunan bir stilben tiirevi olan
resveratroliin ise anti-mutajenik aktivite gostererek farkli kanser tiirlerinde timdr olusumunu engelledigi
bildirilmistir. Bunlara ek olarak yapilan caligmalar, iiziim {iriinleri tiikketimi ile alinan resveratroliin viriis
geligimi, kotii kolesterol, yliksek tansiyon, kalp krizi riski, Alzheimer, Parkinson, demans ve ndrodejenerasyon
gibi bircok hastalig1 dnledigini belirlemistir. Sonug olarak vitamin, mineral ve antioksidan deposu olan iiziim
ve {liziim triinlerinin tiikketimi, yasam kalitesini diisiiren ve bazen 6liimciil olabilen hastaliklarmm 6nlenmesi
acisindan oldukga faydali bir alternatif sunmaktadir. Bu ¢alisma ile de {iziim ve iiziim iriinleri ile bunlarin
fonksiyonel bilesenlerinin, insan beslenmesinde kullanimlarinin saglik yararlarina vurgu yaparak bir incelemesi
ortaya konulmaktadir.

Anahtar kelimeler: Uziim, iiziim iiriinleri, sekonder metabolit, polifenoller, saglik.

Grape and Grape Products in a Healthy Life

Abstract: Grapes are a good source of B1, B6, and C vitamins. It is also an extraordinary food with
a low glycemic index despite being rich in minerals such as Mg, K, and Ca. The molasses obtained
from grapes has an effect of reducing and preventing iron anemia. People increasingly include grape
and grape products in their diets due to their nutritional values, favorite tastes, and positive effects
on health. These positive effects are due to more than 1600 compounds describe in the biochemical
structure of grapes and derived mainly from phenylpropanoids, isoprenoids, and alkaloids.
Flavanoids, which are phenylpropanoids, are found in very high amounts in grape juice and wine.
Grape juice and red wine have an anticarcinogenic effect by preventing DNA damage due to
oxidation in plasma with the potential antioxidant effect of flavanoid compounds in it. Resveratrol,
a stilbene derivative found in grape seed, grape juice, and wine, has been reported to prevent tumor
formation in different types of cancer by showing anti-mutagenic activity. However, studies have
determined that resveratrol taken with the consumption of grape products or extracts prevents many
diseases such as virus development, bad cholesterol, high blood pressure, heart attack risk,
Alzheimer's, Parkinson's, dementia, and neurodegeneration. As a result, the consumption of grape
and grape products, which are a store of vitamins, minerals, and antioxidants, offers a very useful
alternative in terms of preventing diseases that reduce the quality of life and can sometimes be fatal.
In this study, the presented a review of grape and grape products and their functional components
emphasizing the health benefits of their use in human nutrition.

Keywords: Grape, grape product, secondary metabolite, polyphenols, health.
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Giris

Botanik olarak iiziim, yaprak doken odunsu yapida Vitis
cinsine ait ¢icekli bir bitkidir. Uziim meyvesi klimakterik
Ozellik tasimaz ve salkimlar halinde olugmaktadir.
Meyveleri 15 ila 300'liik salkimlar halinde biiyiiyen ve koyu
kirmizi, siyah, koyu mavi, sari, yesil, turuncu ve pembe
renkte olabilmektedir (ElI-Mashharawi, 2020). Uziim,
7.157.658 ha alanda 79.126 bin ton ile diinyada en ¢ok
iiretilen meyve tiirlerinden biri olarak 6nemlidir (FAO,
2020). Uziimiin diinyada bu kadar ¢ok iiretilmesinin nedeni,
cok zengin tiiketim sekillerine sahip olmasidir. Agirlikh
olarak sofralik iiziim, kuru {izim, sarap ve iiziim suyu i¢in
kullanilmasinin yani sira pekmez, sirke, regel, komposto,
pestil, kofter ve bastik seklinde de tiiketilmektedir.
Yemeklerde kullanilan salamura yaprak ise {izliim
yapraklarindan elde edilir. Bunlarin yani sira {iziim
cekirdegi, yagr vb. iriinleri ise ilag ve kozmetik
endiistrisinde kullanilmaktadir.

Dani vd. (2012), beyaz ve mor {iziim sularmim 6nemli bir
mineral (Mg, Ca, Mn, Fe, Cu, Zn, Si, S, Cl) kaynag1 oldugu
ve bu igeriklerin 6nemli antioksidan ve antimutajenik
aktiviteleri oldugunu bildirmektedirler. Ayrica V. labrusca
cesitlerinden elde edilen {iziim sularimin antioksidan ve
antimutajenik etkileri ile korelasyon gosteren ve bu sayede
Parkinson gibi norodejeneratif hastaliklar, ateroskleroz ve
kanser gibi oksidatif stresin neden oldugu bazi hastaliklarin
Onlenmesine katkida bulunan iyi birer mikro besin kaynagi
oldugunu ifade etmektedirler.

Uziim ve iiziimden elde edilen iiriinlerin insan saghig
iizerinde oldukga fazla yararlari bulunmaktadir. Uziimiin
iceriginde bulunan primer ve sekonder metabolitler
sayesinde saglik {izerine yararlari ortaya ¢ikmaktadir.
Bunlardan baglicalari agagida verilmistir.

Resveratrol Etkisi

Resveratrol, viniferin olarak bilinen polimer ailesinin ana
molekiillerindendir ve trans-3,5,4'-trihidroksistilben (Sekil
2) ve 3,4'5 stilbenetriol olarak bilinen 2 formda ortaya
cikmustir (Walle, 2011). Ozellikle iiziimde diger bitkilere
oranla olduk¢a yiiksek miktarlarda bulunan bu sekonder
metabolit, biyotik stresler sonucunda bitkinin savunma
sistemi tarafindan {retilen fitoaleksin adi verilen bir
polifenol ¢esididir (Caylak vd., 2009). Antoniolli vd. (2015)
ise liziim posasinda ilk kez resveratroliin bir stilben analogu
olan piceatannolii tanimlayarak miktarini belirlemigler ve
kirmizi tizim posasi ekstraktinda (V. vinifera L. Malbec
iiziim ¢esidi) en fazla bulunan flavanollerin (+) - katesin ve
(-) —epikatesin ile en ¢ok bulunan antosiyaninin malvidin-
3-glukosit  oldugunu  bildirmiglerdir. V.  vinifera
meyvelerinin fenolik bilesiminin biiylik o6l¢iide {iziim
¢esidine bagh oldugu bildirilmistir (de la Cerda-Carrasco
vd., 2015).

OH

HO

OH

Sekil 2. Resveratroliin kimyasal yapist (Piver vd., 2003).

Alkan (2007), resveratrolii dogal bitki antibiyotigi olarak
tanimlamigtir. Bowers vd. (2000), resveratroliin antioksidan
aktivitesinin, kalp sagligini korumada etkili olmasinin yani
sira sahip oldugu anti-mutajenik (mutasyonu engelleyen)
aktivitesi sayesinde tiimor olusumu ve gelisimiyle alakali
hiicresel olaylar1 engelleyerek, COX (siklooksigenaz)
aktivitesini Onledigini ifade etmektedirler. Ek olarak,
resveratrol tiiketiminin bagirsak mikrobiyotasint modiile
ettigi ve oksidatif stresi azaltan antioksidan 6zelliklerinin
yani sira ¢evresel etkilerin, stres ve zayif beslenme gibi
cesitli faktorlerin neden oldugu oksidatif lezyonlara kars
dokulari korudugu da bulunmustur (Chaplin vd., 2018).

Yadav vd. (2009), tziimdeki resveratrolin bazi anti-
ensefalitozon (viral iltihaplanmalari durduran) ve anti-
antiviral  (viriis  gelisimini  durduran) aktivitelerine
deginmiglerdir. Resveratrol'iin polioma viriise (Berardi vd.,
2009), influenzaya (Bekhit vd., 2011) kars1 antiviral etkiler
sergiledigi gosterilmistir.

Houill¢ vd. (2014) cilt enfeksiyonlarindan oliime Kkadar
gidebilen sistemik enfeksiyonlara neden olan polimorfik bir
mantar tiirii olan Candida tiirlerine kars1 resveratroliin anti-
fungal aktivite gosterdigini tespit etmislerdir. Benzer bir
calismada, tiziim etanol ekstraktinin Fusarium tiirlerine
kargt  anti-fungal  aktivitesinin  yiiksek  oldugunu
bildirilmiglerdir. Ayni aragtirmacilar {iziimiin anti-fungal
ozelligini yiiksek polifenol miktarina baglamiglardir
(Fraternale vd., 2015).

Zaidi vd. (2009), mide rahatsizliklarinin hatta barsak
kanserlerinin pek c¢ogunun sebebi olarak goriilen
Helicobacter pylori bakterisine kars: (100 pm) resveratrol
uyguladiklar1 ¢alismalarinda bakteri hiicrelerini tamamen
inhibe ettigini belirtmislerdir. Bu konuda {iziim ve iiziim
ekstraktlarim1 kullanarak Brown vd. (2009) ve Brown ve
Jiang (2013)’da benzer sonuglar elde etmislerdir.

Bedé vd. (2020), yiiksek yagl beslenen farelerde karaciger
hasarina kars1 koruyucu olarak resveratrol, iiziim suyu ve
kirmizi  sarap kullandiklar1 arastirmalart  sonucunda
ozellikle kirmiz1 iziim suyu ve resveratroliin yiiksek yagl
beslenmeden dolay1 karacigerde olusan hepatik histolojik
lezyonu ve apaptozu azaltarak dokuyu karaciger
yaglanmasina karst korudugunu tespit etmislerdir. Benzer
sekilde iiziim ve ekstrelerinin karaciger dokularindaki
hasar1 engellediginin gosterildigi g¢alismalar mevcuttur
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(Dani vd., 2007; Buchner vd., 2014; Carpene vd., 2015;
Farias vd., 2015).

Xia vd. (2010), fareler iizerindeki ¢aligmalarinda
resveratroliin, kalp dokularinda siiperoksit, glutatyon ve
katalaz ekspresyonunu ve ROS inaktivasyonunu arttirdigini
bildirilmiglerdir. Baska bir c¢alismada ise resveratrol
tedavisinin kardiyak hipertrofiye kars1 koruyucu bir etkisi
olabilecegi bildirilmistir (Liu vd., 2005). Ahmet vd. (2017),
kronik kalp yetersizligi olan farelere, diyetlerinde uzun
stireli resveratrol destegi verdiklerinde, kardiyovaskiiler
yapisal ve fonksiyonel bozuklugu azalttigin1 ifade
etmislerdir. Uziim ekstrakti ve resveratrol tedavisi
uygulanan kardiyovaskiiler hastaliklarda kardiyovaskiiler
risk belirteglerinin diizeylerini azalttigi (Tome Carneiro vd.,
2012) ve kan mononiikleer hiicrelerinde aterotrombotik
sinyalleri  inhibe ederek kardiyovaskiiler faydalar
saglayabildigi bulunmustur (Tome Carneiro vd., 2013).

Yapilan caligmalara gdre resveratroliin, bobrek hasarini
onlemek icin yararli bir tamamlayici tedavi saglayabildigini
gosterilmektedir. Kitada vd. (2011), tarafindan yapilan
yakin tarihli bir ¢alismada, arastirmacilar, resveratroliin
bobrek hasarini iyilestirdigini ve farelerin bobreklerinde
manganez  siiperoksit dismutaz (Mn-SOD) (serbest
radikalleri tutan ¢ok 6nemli bir enzimdir) disfonksiyonu ile
mitokondriyal biyogenezi artirdigini bildirmiglerdir.

Viniferin Etkisi

Uziimiin icerdigi fenolik kompozisyonu biiyiik dlciide {iziim
cesidine, cevresel kosullara, yetistigi cografyaya, olgunluk
derecesine, hasat sonrasi isleme ve depolama gibi cesitli
faktorlerden etkilenebilmektedir (Shi vd., 2003; Bruno ve
Sparapano, 2007; Garrido ve Borges, 2013). Asmanin
odunsu kisimlari, stilbenoidlerin en degerli dogal
kaynaklarindan biri olarak bilinmektedir ve bunlardan
meydana gelen iki ana bilesen, monomeri trans-resveratrol
ve dimerlerinden biri olan trans-e-viniferindir (Sekil 3).
Trans-resveratrol'e benzer sekilde, viniferinler bitkiler
tarafindan mantar enfeksiyonlart ve diger stres kosullari
tizerine Uretilir (Pezet vd., 2003). Bunlar V. vinifera'da
(Pezet vd., 2003), tiziimlerde (Gonzalez-Barrio vd., 2006)
ve bazi saraplarda degisen miktarlarda yaprak ve hiicre
kiiltiirlerinde tamimlanmustir (Vitrac vd., 2005).

OH

Sekil.3 trans-e-viniferinin kimyasal yapisi (Morel-Salmi
vd., 2014).

Son yillarda gerceklestirilen aragtirmalar  biyolojik
ozelliklerinden dolay1 trans-e-viniferine olan ilgiyi
artirmigtir. Bu 6zelliklerin bazilari insan tibb1 agisindan ¢ok
timit vericidir. Viniferinlerin antioksidan (Ha vd., 2009) ve
hepatoprotektif (Oshima vd., 1995) 6zellikler sergiledikleri
bulunmustur. Ornegin, trans-g-viniferin glukozit, beyin
hiicrelerini korumak i¢in kullanilabilecek yeni bir bilesiktir
ve bu nedenle Alzheimer hastaliginin tedavisinde faydali
olabilecegi bildirilmektedir (Richard vd., 2011). Fu vd.
(2012) tarafindan trans-(-)-e-viniferin aktivitesinin beyinde
hasara neden olan ve kalitsal ve tedavi edilemeyen
Huntington hastaliginda mitokondriyal sirtuin  3'iin
aktivitesini arttirdigi, beyin ve sinir hiicrelerini korudugu
tespit edilmistir. e-viniferinin In vitro ortamdaki 16semi
hiicrelerinde, insan hepatoma HepG2 hiicresi ve kanser
hiicrelerinde pro-apoptotik ve anti-proliferatif olarak
resveratrolden daha giicli antioksidan etki gosterdigi
bildirilmistir (Zghonda vd., 2011). Ayni sekilde Piver vd.
(2003), viniferinin, multipl miyelom hiicrelerinin ve insan
sitokrom P450 enzimlerinin (viicutta kanser riskiyle birlikte
artisa gecen enzimler), 6zellikle CYP1A1, CYPIBI ve
CYP2B6'nin proliferasyonunu inhibe etmede trans
resveratrolden daha etkili oldugunu ifade etmektedirler.
Trans-g-viniferinin, sadece kansere karst koruyucu bir ajan
olarak degil, ayn1 zamanda se¢ilmis kanser hiicre hatlarina
kars1 dogrudan sitotoksisiteye sahip bir madde olarak da
aktif oldugu bulunmustur (Xue vd., 2014).

Oligostilbenler ~ ayrica  anti-enflamatuar  6zellikler
sergilemektedirler (Choi vd., 2011). Basri vd. (2014)
tarafindan yayinlanan bir ¢alismada sonuglar ¢ok iimit
vericidir ~ ve trans-g-viniferin ve vankomisin
kombinasyonunun, insanlarda ve hayvanlarda agir
enfeksiyonlardan sorumlu bir bakteri olan metisiline
direngli Staphylococcus aureus'a karsi etkili oldugunu
gostermektedir.

Gallik Asit Etkisi

Gallik asit (GA, 3,4,5-trihidroksibenzoik asit) ve tiirevleri,
bitkiler aleminde yaygin olarak bulunur ve dogal
antioksidanlar olan genis bir polifenolik bitki sekonder
metabolit ailesini temsil etmektedir (Sekil 4). Bunlar,
metillenmis gallik asitler (siringik asit vb.) veya katesin
tirevlerinden olan flanvan-3-ol’ler veya glikoz, Kinik asit
veya gliseroliin poligalloil esterleri seklinde mevcuttur (Lu
vd., 2006). Kaur vd. (2009), iiziim gekirdegi ekstresinin
aktif bir bileseni olan gallik asitin, farelerde prostat kanser
hiicrelerinin  biiylimesine kars1 antiproliferatif, pro-
apoptotik ve anti-tiimorijenik etkiler sergiledigini dzellikle
22Rv1 (prostat kanser hiicresi) bityiimesini inhibe ettigini,
apoptozu baskiladigt ve mikrodamar yogunlugunu
azalttigin bildirmislerdir.
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Sekil 4. Gallik asitin (3,4,5-trihidroksibenzoik asit)
kimyasal yapis1 (Reckziegel vd., 2016).

Piringgioglu vd. (2012) fareler de kolestrol ve antioksidan
kapasite iizerine Okiizgodzii (V. vinifera L. cv.) {iziim
suyunun etkilerini arastirmislardir. igeriginde 1208 ug mL-
1 gallik asit ve 5,2 pg mL*? kuarsetin bulunan {iziim
suyundan, giinliik doz olarak 2 mL kg* farelere verildiginde
28. Giinlin sonunda LDL oksidasyonuna karsi koruma
saglayarak antioksidan kapaisteyi artirdig1 ve noroprotektif
etkiler gosterdigini tespit etmislerdir. Onceki calismalar,
lizim suyunun kanser hiicresi modellerinde hiicre
¢ogalmasimi ve buna bagli olarak hastaligin ilerlemesini
onledigini gostermistir (De Moura vd., 2016; Kong vd.,
2019).

Elajik Asit Etkisi

Elajik asit, ilizimde dogal olarak bulunan yararl
metabolitlerin en 6nemlilerinden bir tanesidir. Elajik asit
(4,4, 5,5,6,6'-heksahidroksidifenik asit 2,6,2'6’-dilakton)
(Sekil 5) kimyasal yapist itibariyle {liziimlerde bulunan
gallik asitin dimerik bir tiirevidir. Elajik asit miktarini,
muscadine {iziimlerinde 100 g taze muscadine iiziim sarabi
basina ortalama 5,6 mg ve 100 g taze muscadine liziim
suyu basina ise 10,2 mg konsantrasyonlarda tespit
etmiglerdir. Uziim suyuna oranla saraptaki miktarmin
azlhigim ise ¢oziinmeyen tortu olusumuyla
iliskilendirmislerdir (Talcot ve Lee, 2002).

O
HO
O

OH
HO

O
OH
O

Sekil 5. Elajik asitin kimyasal yapisi (Kang vd., 2016).

Uziim igerigindeki elajik asit sayesinde anti-sitotoksik
(hiicreye toksik sekilde etki edip hiicreyi dldiiren ya da
fonksiyonunu durduran maddeleri etkisiz hale getiren) ve
anti-proliferatif =~ (kanser  hiicrelerinin  biiylimesini
engellemekte kullanilan) aktivite gostermektedir (Losso
vd., 2004). Ayrica anti-radikal (kansere neden olan serbest
radikalleri tutan ve etkisiz hale getiren), kemo-preventif
(kanser olusumunu onleyici maddeler) ve anti-viral (viral
hastaliklara kars1 kullanilan) aktiviteler gibi Onemli
biyolojik aktiviteler de elajik aside atfedilmistir (Gerhduser
ve Frank, 2003; Xu vd., 2003). Uziimdeki elajik asitin gii¢lii
anti-oksitatif (oksidasyonu engelleyen) aktiviteye sahip
oldugu bircok bilimsel aragtirma ile kanitlanmistir
(Teissedre vd., 1996; Lee, 2004; Han vd., 2006; Kim vd.,
2009; Wang vd., 2010; Burin vd., 2014; Karthikeyan vd.,
2020; Tosovi¢ ve Bren, 2020).

Papoutsi vd. (2005) arastirmalarinda tiziim findik vb.
yiyeceklerin ihtiva ettigi elajik asitin, "dogal" secici
Ostrojen reseptdr modiilatorleri olarak menopoz sirasinda
hormon tedavisinde alternatif olarak kullanilabilecegini
gostermiglerdir.

Diger Polifenollerin Etkisi

Polifenoller bitkilerde dogal olarak bulunan ve molekiil
basina birden ¢ok fenol grubunu ihtiva ederek bitkilere
rengini veren antioksidan 6zellikteki maddelerdir. Sebze ve
meyvelerde dogal olarak bulunan polifenollerin
antienflamatuvar, hipolipidemik ve antioksidan etkileri
vardir (Zern ve Fernandez, 2005).Vitamin ve lif kaynagi
olmasimin yami sira, lziimiin kabugu ve ¢ekirdekleri,
viicudun dogal biyolojik siireglerini artirarak g¢esitli saglik
sorunlarini iyilestirmek i¢in islevsel bir bilesen olarak
kullanilabilen polifenollere 6zgli proantosiyanidinler
agisindan  olduk¢a  zengindir.  Uziim  ¢ekirdegi
proantosiyanidinleri, katesinlerin veya epikatesinlerin
dimerler, trimerler, tetramerler ve oligomerleri formunda
polimerizasyonu ile olugmaktadir (Lan vd., 2015). Bu
proantosiyanidinlerin Wang vd. (2019), HepG2 karaciger
kanseri hiicrelerinin biiyiimesini 6nemli Ol¢lide inhibe
edebilecegini ve mitojenle aktive olan protein kinazin
apoptozu ve fosforilasyonunu baskilayabilecegini rapor
etmislerdir.

Uziim, iiziim bilesenleri ve kanser iizerine yapilan
aragtirmalar kolon kanseri, meme kanseri ve prostat kanseri
olmak {izere li¢ kanser tiirline odaklanmigtir. Kolorektal
kanser i¢in kemoterapi tedavisi siklikla mide bulantisi, kilo
kaybt gibi Onemli gastrointestinal toksisitelere neden
olmaktadir. Bu kanser tiiriinde kemoterapi sirasinda iiziim
cekirdegi ekstresi alan farelerde klinik gostergeleri
iyilestirdigi ve kolonik tiimorleri azalttigi goriilmiistiir
(Chartier vd., 2020). Dinicola vd. (2012) g¢aligmalarinda
iiziim cekirdegi ekstresinin kolon kanseri hiicre hatlarinda
antikanser etkiler gdsterdigi ve apoptozu baskiladigi
goriilmiistiir. Bu ¢alismada Italia ve Palieri iiziim ¢ekirdegi
ekstrelerinin neden oldugu biiylime inhibisyonunun, daha
once epigallokatesin ve prosiyanidinler ile kaydedilenden
onemli Ol¢giide daha yiiksek olmasi dikkat ¢ekmistir. Bunun
izimiin yiiksek miktardaki lif ve polifenol igeriginden
kaynaklandigini bildirmislerdir. Yapilan benzer
aragtirmalarda {iziim ¢ekirdegi ekstresinin meme kanseri
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hiicresi MCF-7'nin proliferasyonunu inhibe ederek gen

ekspresyonunu azaltigini rapor etmislerdir (Chen vd., 2009;
Leone vd., 2019).

Giiniimiizde gida ve tip alaninda tartigmalara konu olan
kolesterol, insanlarin miicadele ettigi kalp ve damar
hastaliklarmin  olusumunda olduk¢a etkilidir. igerdigi
polifenoller sayesinde iiziim ve {iziim triinlerinden {iziim
tozu ve posasinin (Vigna vd., 2003; Zern vd., 2005; Jiménez
vd., 2008; Tome Carneiro vd., 2012; Zunino vd., 2014;
Urquiaga vd., 2015; Vaisman ve Niv, 2015; Han vd., 2016;
Martinez-Maqueda vd., 2018; Millar vd,. 2018; ), iiziim
suyunun (Banini vd., 2006; Hollis vd., 2009; Park vd., 2009;
Dohadwala vd., 2010; Siasos vd., 2014), iiziim ¢ekirdeginin
(Preuss vd., 2000; Sano vd., 2007; Kar vd., 2009;
Sivaprakasapillai vd., 2009; Mellen vd., 2010; Argani vd.,
2016; Taghizadeh vd., 2016) ve {iziim kabugunun (Yubero
vd., 2013) kotii kolestrol ve trigliserit miktarinda azalmaya
neden olarak yararl etkilerde bulundugunun ifade edildigi
farkli arastirmalar mevcuttur.

Uziimiin lifli yapis1 tokluk iizerinde potansiyel bir etkiye
sahiptir ve karbonhidratlarin ve trigliseritlerin emilimini
azaltir, bu nedenle, sarap posast lifleri bagirsak
metabolizmasindan artmis butirat iretimiyle iliskili
kardiyovaskiiler hastaliklarin azalmasina yol agar boylelikle
diyabetli hastalarda plazma insiilininde artis gozlenirken
kan sekerinde bir azalma olmaktadir (Baboota vd., 2013).
Diger bir deyisle bu iiziim {iriinlerindeki polifenollerin
termojenez ve enerji tiikketimini artirirken, olast kilo kaybi
ile enflamasyonu ve oksidatif stresi azalttigina ve obezite ile
ilgili bozukluklar1 onledigine dair gii¢lii kanitlar vardir
(Wang vd., 2014). Resveratrol, epigallokatesin gallate,
fenolik asitler gibi bazi polifenollerin, adiposit (derinin
altinda ¢ katman derinliginde bulunan yag dokusu)
farklilagmasimi ve proliferasyonunu inhibe ederek PPARy
ekspresyonunu azalttiklar1 bu sekilde antosiyanidinlerin de,
adipositleri lipid oksitleyen hiicrelere doniistiiren, lipoliz ve
lipogenezin diizenlenmesine katkida bulunan
mekanizmalar1 aktive ederek adipositlerde yag birikimini
azalttiklan bildirilmistir (Wei vd., 2011; Del Pino-Garcia
vd., 2017; Zou vd., 2018).

Sarap yapiminda ortaya c¢ikan posa iriinlerinde, birgok
yararli etkiye sahip oldugu one siirillen fenolik asitler,
resveratrol, katesinler ve antosiyanidinler gibi lif ve
polifenoller dahil olmak {iizere bol miktarda biyoaktif
bilesik bulunmaktadir. Bu biyoaktif bilesikler bakimindan
zengin gidalarin tiiketilmesinin, antiinflamatuar etkileri
yoluyla enflamasyonu azalttig1 ifade edilmektedir (Maleki
vd., 2019).

Uziim cekirdekleri yaklasik % 35 lif, % 29 ekstrakte
edilebilir fenolik bilesikler, proteinler (% 11), mineral (% 3)
ve su (% 7) gibi bilesikler igermektedir (Matthdus, 2008).
Uziimler farkli polifenoller igerir ve antioksidatif enzimler
yoluyla Nitrik oksit (NO) inaktivasyonunu azaltarak
iltihaplanmay1 onleyebilmektedir (Haghighatdoost wvd.,
2020). Proantosiyanidin agisindan zengin {iziim ¢ekirdegi
ekstresinin, iltihaplanma, kalp damar hastaliklarn,
hipertansiyon, seker hastaligi, kanser, peptik iilser,
mikrobiyal enfeksiyonlar vb. bir¢ok hastaliga karsi fayda
sagladigi farkli ve ¢esitli caligmalarla kanmitlanmistir (Cetin

vd., 2008; Anastasiadi vd., 2009; Anderson vd., 2009;
Dohadwala ve Vita, 2009; Cao vd., 2015; Hosseinzadeh vd.,
2017). Uziim ¢ekirdegi yag ise a-linolenik asit (x - 3) ve c-
linolenik asit (x - 6) gibi % 85 ile 90 arasinda degisen
yiiksek miktarda yag asitleri (doymamis) igermektedir. Bu
yag asitleri, kardiyovaskiiler hastalik, kanser, hipertansiyon
ve otoimmiin bozukluklarin azaltilmasiyla ilgilidir
(Shinagawa vd., 2015).

Kuru iizimiin en yiiksek toplam fenolik bilesik
konsantrasyonuna ve en yiiksek toplam antioksidan
aktiviteye sahip meyveler arasinda oldugu bilinmektedir ve
baslica fenolik bilesikleri fenolik asitler ve flavanollerdir
(Mileti¢ vd., 2014). Meng vd. (2011), dokuz iiziim
genotipinin  kuru {iziimiinde on polifenol (gallik, 3,4
dihidroksibenzoik, Kafeik, siringik, ferulik, salisilik ve
kumarik asitler, katesin, kersetin ve rutin) rapor etmislerdir.
Bu fenolik maddelerden 4-dihidroksibenzoik asiti en
onemlileri olarak rapor etmiglerdir. Kountouri vd. (2013)
kus tiziimii ve kuru tiziimiin insan kolon kanseri hiicreleri
tizerindeki etkilerini arasgtirmustir. In vivo antiradikal
aktivite ve kolon kanseri hiicrelerinde kanseri oOnleyici
etkinligi belirlemislerdir.

Sonuglar

Bu derlemede iiziim ve iiziimden elde edilen bir takim
triinlerindeki aktif bilesenlerin ¢esitli farmakolojik
etkilerini  antioksidan, antikanser, antibakteriyel ve
antidiyabetik aktivitelerinin yanmi sira kardiyoprotektif,
hepatoprotektif ve noroprotektif etkiler gibi ¢esitli yonleri
ile Ozetlenmeye calisiimistir. Literatiir ¢alismalari
sonucunda V. vinifera'nin sadece tiim meyvesinin
farmakolojik etkileri aragtirilmakla kalmayip ayni zamanda
cekirdekler, kabuklar, saplar ve posasi {lizerinde de
calismalar yapilmistir. Uziimde bulunan insan sagligi
acisindan yararli sekonder metabolitlerin ¢oklugu onu
degerli bir besin kilmaktadir. Nutrasotik degere sahip diyet
bilesenlerine artan ilgi hastaliklar1 iyilestirme ya da
onlemede etkili olan bitki bazli kimyasal bilesenlere karsi
ilgiyi artirmaktadir. Uziimiin kimyasal kompozisyonundaki
resveratroliin yani sira diger polifenoller konusunda da daha
fazla arastirmaya ihtiyag vardir. Burada sunulan
caligmalarin 6nemi, liziimden ve gida endiistrisinde yan
iriinler olarak firetilen iiziim iriinlerinden elde edilen
polifenoller gibi antioksidan bilesikleri kullanmaya yonelik
artan ilgiyle de paraleldir. Uziim ve ekstreleri konusunda
yapilan arastirmalardan elde edilen sonuglar ¢ok timit
vericidir ve gesitli hastaliklarin gelisiminin 6nlenmesi i¢in
bitki sekonder metabolitlerinin gelecekteki kullanimina dair
yol gosterici olacaktir.
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Abstract: The increase in industrial production and thus world trade has also increased the
significance of the maritime sector further. Ports are of strategic importance as trade points
in this sector. Strategies for reducing maritime transport costs and waiting-periods for the
ships in ports cause increased competition between ports. Clustering theory focuses on the
industries of certain regions defined as industrial zones. Most of the research on the maritime
industry focuses primarily on its structure and economic impacts on national economies,
without providing detailed information on particular economic and technological activities
at the regional level. However, successful clusters are seen as means for regional and national
growth. In this context, a two-stage clustering analysis was conducted, considering the
different characteristics of the ship profiles that visited the area covering three administrative
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1. INTRODUCTION

Clustering is a technique that is used to capture the
similarities and differences between homogenous groups of
individuals (Saneinejad and Roorda, 2009), institutions,
organizations etc. with regard to different characteristics of
those groups. The goal of clustering is to group data points
that are close (or similar) to each other and identify such
groups in an unsupervised manner (Jain et al., 2019).

In economics, on the other hand, clustering theory focuses
on the industries of certain regions, which are defined as
industrial zones. The theory states that industries
concentrating at specific regions create numerous
advantages such as less competition and greater profits. The
constant presence of an unchanging customer base
guarantees their business and a stable income, and the
constant presence of suppliers also means low cost for
companies (Guadalupe Arredondo-Hidalgo and Guadalupe
Covarrubias Gardia, 2019).

33

In other words, in the last two decades, cluster theory has
been defined and adopted as a means to understand better the
economic activities in service and knowledge-based regional
economies. Clustering generates efficiency, reflects
innovation capabilities, and involves the transmission of new
business information. This is one of the most important
reasons for the tendency of industries to maintain a cluster-
like style. The concept of the industrial cluster played an
active role in the economy and defined it as a decisive feature
in formulating business strategies and industrial policies
(Zhang and Lam, 2013).

There are three reasons for cluster development. First,
companies or organizations operate at a higher efficiency
level. This means that companies or institutions in clusters
react more quickly because they are isolated. Second,
companies or institutions that work closely with customers
or other firms in the clusters create more ideas and put an
intense pressure on innovation. They can reach higher levels
of innovation because the cluster environment reduces the
cost of testing. Third, the level of start-up tends to be higher
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in clusters and relies more on external suppliers and business
partners. The above conditions will reduce the risk of failure
as entrepreneurs can rely on local employment opportunities
in other companies in the same field (Chang, 2011).

The increase in industrial production and thus world trade
has also increased the significance of the maritime sector
further. Ports are of strategic importance as trade points in
this sector. Strategies for reducing maritime transport costs
and waiting-periods for the ships in ports cause increased
competition between ports.

Most of the research on the maritime industry focuses
primarily on its structure and economic impacts on national
economies, without providing detailed information on
particular economic and technological activities at the
regional level. However, successful clusters are seen as
means for regional and national growth. This study
investigates the nature of the impact of ship profiles in
Istanbul maritime industry and determines the extent, to
which these impacts vary according to ports, ship types,
flags, ports density and location within a cluster.

Regarding the economic development of the regions, it is
observed that there is a close connection between the
intensity of the port activity and the economic development
of the region in the Marmara Region. In this respect, Izmit
Bay and Istanbul ports are the main regions that make up
Marmara ports with their industrial facilities. Istanbul Port
Area is comprised of Tuzla, Ambarli, Silivri, Istanbul and
Sile ports. When the data obtained from the Istanbul Port
Authority is analyzed, it is seen that the ports that make the
most commercial contribution to the country are Ambarli,
Tuzla and Istanbul (URL-1).

In this context, a two-stage clustering analysis was carried
out considering the different characteristics of the ship
profiles that visited the area covering these three ports
(Ambarli, Tuzla, Istanbul) of Istanbul Port Region. In the
analysis, clustering was made with regard to the type and
flags of the ships that visited Istanbul Port Region, the ports
they visited, and the length of stay in the ports they visited.
The clustering characteristics of Istanbul Port Region were
extracted according to the ship profiles.

2. MATERIAL AND METHOD

The main purpose of this study is to examine the various
characteristics of the vessels found in the port area of
Istanbul, and to categorize them into two groups via two-
stage clustering analysis for evaluating the differences
between the identified groups.

2.1. Data

It is aimed at clustering the data set used in the study with
regard to the following features:

* Ports of call,

* Flags of the ships,
* Length of stay,

* Types of ships.

There were three different ports of call as Ambarli, Tuzla and
Istanbul ports in Istanbul Port Area. The flags of the ships
stayed in the harbors were comprised of 29 different
countries (Germany, Panama, Portugal, Singapore, Turkey,
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etc.). The length of stay feature was handles on a day-to-day
basis and was of the continuous data type. The types of ships
under scrutiny were container / ro-ro, dry, and tanker.

Based on the measurements of the aforementioned features
of the vessels stayed in Istanbul Port Area, 6638 separate
cases were obtained from the Istanbul Port Authority. This
data was first used to determine the frequency distributions
for these four variables. As for the type of port, the Ambarl
port seems to be the port that provided more data (57.2%),
followed by Tuzla (31.3%), and Istanbul port (18.9%).
Figure 1 presents the flag dispersion as half of the ships
(52.5%) carrying Turkish flag, and the other half is split to
28 different country flags (varying between 2% and 9%).
When the length of stay feature is considered, it is seen that
the vessels stayed in the harbor for an average of 1 to 3 days.
When ship type is considered, container / ro-ro vessels
ranked first in number (57.8%), dry cargo vessels following
them with 31.3%, and tanker type vessels being the third
(10.9%).

2.2. Analysis

After determining the frequency distribution of the
aforementioned features, considering the data obtained from
the Istanbul Port Authorities, the clustering analysis, in
which the ships are grouped according to the relevant
characteristics, was conducted. At this stage, a two-stage
clustering analysis was used since the variables discussed in
section 3.1 were comprised of categorical and continuous
variables, since the study handled a large data set, and since
the management could automatically determine the optimal
number of clusters. In another study conducted by Ceylan et
al. in 2017, the same method was implemented in banking
sector and set an example for the analysis of this study
(Ceylan et al., 2017).

In this study, the main purpose of using two-stage clustering
analysis is to determine different groups by gathering the
vessels visited Istanbul Port Region in the same cluster,
regarding similar characteristics, and to reveal the
significance of the variables for the groups. Thus, the port
inspector is expected to have prior knowledge and insight,
and to make strategic decisions about specific ships in each
group by categorizing the ships arriving at the port area into
different groups.

The summary result of the two-stage clustering analysis is
shown in Figure 2. In the analysis, the clustering quality
range was selected as -1 to +1 scale, and the results indicated
that the clustering quality obtained is close to 1, therefore it
is “good”.

Figure 3 shows cluster distributions that occur regarding the
variables. As is seen, the 6638 ships arriving in Istanbul Port
Area were divided into two clusters. These two clusters are
comprised of 2999 (45.2%) and 3639 (54.8%) ships,
respectively. Only one of the voyages of the same ship in
2018 was included in the study and other frequencies were
excluded from the data set in order to ensure homogeneity.
IBM SPSS V.25 provides information about the significance
of each variable on the cluster. In the software, variables with
significance level 0.80 and above are considered to have a
significant effect on the cluster.
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Figure 3. Clusters obtained by two-Stage clustering method
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3. RESULTS

At this stage, the ship profiles in the two clusters obtained in
the analysis are explained generally. The interpretation of the
clusters will be based on the type of ships, their flags, the
length of their stay in the port and port of call.

As shown in Figure 4, the type of the vessel was significant
in both clusters. While the first cluster is comprised of 100%
container / ro-ro vessels, the second cluster also includes dry
cargo vessels (57.1%).

Distribution of Vessel Variable to Clusters

Cluster
0]
| B
v
o
E
3
z
CONTAINER /RORO DRYCARGO TANKER
Cluster 1 Cluster2
Importance Level 1,00 1,00
Container/Rarg 2999 835
Dry Cargo 0 2079
Tanker 0 125

Figure 4. Distribution of vessel variable to clusters

When the port variable in which ships stayed is considered,
it is seen that it has a significant effect on both clusters as in
Figure 5. The first cluster is only comprised of the vessels
staying at the port of Ambarli (100%), while the second
cluster mainly consists of the vessels stayed at the port of
Tuzla (43.5%).
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Figure 5. Distribution of the port variable to the clusters

When the distribution of the flag variable in clusters is
examined, it is understood that it has significant effect in
both clusters as seen in Figure 6. In both clusters, Turkish
flagged vessels are a majority with 34.9% and 67.1%
respectively. This group is followed by Liberian flagged
ships in the first cluster and Panama flagged ships in the
second cluster. It is seen that other flagged vessels are less
likely to visit Istanbul Port Area. Accordingly, Turkish
flagged ships are seen as an important variable among the
ships that visited the Istanbul Port Region.
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Figure 6. Distribution of flag variables

When the length of stay of the vessels in various ports of
Istanbul Port Area is examined as seen in Figure 7, it was
found that the significance level of this variable in both
clusters was around 0.11, and it did not have a significant
effect on cluster distribution. Therefore, this variable was
ignored during the final stage of cluster properties.
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4. DISCUSSION AND CONCLUSIONS

In this study, the analysis of the ships in the ports in the
Istanbul Port Area was carried out and a two-stage clustering
analysis was conducted regarding the different
characteristics of the ships in the ports. Cluster distributions
were carried out according to the type of ships, flags, port of
call and the length of stay in the ports. Accordingly, two
clusters were formed and it was observed that the type, flag
and the port variables of the vessels had significant effects
on the clusters, while the length of stay in the ports did not
have a significant effect on the clusters. Among the variables
that affect the clusters significantly, the type and flag of the
ship has the greatest importance level (1.00), while the port
variable they stay in is the second regarding importance level
(0.90). All variables are of equal importance for both sets.

The results of the analyses suggest that the first cluster was
comprised of Container / Ro-ro type vessels that visited the
port of Ambarli, while the second group consisted of Turkish
flagged, dry cargo type vessels that came to the port of Tuzla.
According to the results obtained, the ships that came to
Istanbul Port Area were categorized. The categorization
indicated which type and which flagged vessels were visited
the ports in Istanbul Port Area the most. For the
entrepreneurs, who wish to invest in the port sector in
Istanbul region, the ship profiles that make calls to this
region constitute an important preliminary information for
the investment.

Consequently, the commercially significant Istanbul Port
Region is dominant with the characteristics specified for the
two clusters, and the entrepreneurs who would invest will
examine the empty spots based on these characteristics. In
addition to the analysis conducted in this study, increasing
market awareness, connection with R & D institutes,
strategic cooperation operations and related maritime
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activities should be considered as other aspects for multi-
modal transport planning.
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