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Geliken teknolojiye bajlé olarak bilimde de hezl a
atomi k ve molek¢l er seviyede inceleme ve kontrol
yakaméeméza girmektadiri.-e¥ngsmandaeksi¢cpye&l bil gi sayar|l e
amel iyat yapan mikro ve nano robotl ar gi bi il eri
ger-eklekecek ve yakantémézdaki etkileri artacakter
il kemi zin bu teknolojide ger-ekleken gelikmel erden
°ncel i kl:i al anl ar i-inde ol mal e, tekni k altyapeéya
yatérem yapmekméisteyekeglierl e bulukturul mal édeéer . Bt
¢l kemi zdeki nanoteknol oj i geli kmel erinden haberdar
cniversitelerinin nanot ekemmilmj gelee kajtikreisre nganiardge @+
dair bil gi edinebil mesi ama-1laréyla Yeldez Teknik
-alekxmadanoKalw6 18!l us al Nanot ek,recelndjein medkn gerdd sri. 0
S°zvege poster sunumlarénén yané séra nanoteknol oj i k
gel i kKmesi a-éséndan ¢(niversite sanayi i Krbi T 8 @gmnai n

kongremiz 56 Mart 2012 ar i hl erinde ¢niversitemiz merkez kampeés

Kongremi zi katéel eéml ar é ile g¢-lendiren ve ama-1I1ar
kat el emceéel ar a, dest ekl eyen ig¢ngevneeryseint eBibliirm, mlRygzemlze
cyelerimize, kongre °ncesi ve kongre boyunca g°rev
Kurulu olarak en i-ten tekekke¢grlerimizi s liklednrdaimi b ¢ y
ol maséné dileri z.

Kongre D¢zenl eme ve Y
Kongre Ek Bakkanl a

Prof . Dr. Aykeg¢l AKDC
Prof. Dr. Cengiz KAYA
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Kér m&dzé Lahan

iLERI KULOBU
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a Antosiyani
G¢ngor Gendyg

AiSedef Et Kki [ Pi gmentl erin
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fMAr ki v Bel geDestakhi GKmgrsan Nanofi ber Kle Korunmas:¢

Gé¢ncem ¥zgeéen Eren, Cansu Noberi, Cengi z Kaya, Figen Kaya
Al t ay

f Gamze Ayg¢én,

¥zl em kahi n, Fil

fEdible Film Coating Containing Chitosan or Electrospun Gelati@hitosan Nanofiber for Fruit®
iz Lokumcu

EIl i
AiPrDopl u Ti O2 Nano Partike¢llerin
Mi ktarémén Et ki si

Ezgi tataltepe, Yasemen Kal pakl é

Sens°rl er

Fotokat al

i zO%r Ol ar

fiBi yo
Aybike Kurtuldu
ANd-TiIO2-MMT Kompozit Fotokataliz®°r |l er2i8n Axkos i Bloaysayro nma d cz
Mi ktarémén Et ki si
Bakak Otsukarcé, Yasemen Kal pakl e
ATopl ums al Sal génl ar a Mikkhbiyalk e AMie/d glad r NAamtoi Yapeéel é
Gel i Kt ri |l mesi
Eren, Cansu adober. , Figen Kaya , Cengiz K
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iINanodo Tép
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¢iJdem Bakkal o] CengizK&ya, rigen Kaao b e r i ,

APolipropilen Filtre Sistemlerine Anti mi krobiyal ve
Aysun Ekinci, Aybala Doj an



Sedef Et kil Pigmentlerin Kérméezé Lah

Me hmet Or k'unBoogdMawiek3 ¢@lmk®r* G¢gndyg z

'Hacettepe ! niversitesi, Nanot ek notonh@hacetiepe.Hda.trot & p
Hacettepe | niversite, Ma k i n a bnMyjsi@éacettéps.eédu.tff i BC 1l ¢
SKstanbul Teknik | niver sit eusdrcolak@itueduir i Enstitg¢
“0rta Doju Teknik | niversitesi, Kdgungua@ndilgetuetrn d i s | i
¥zet
Sedef et ki | boyal ar, dojada bulunan incilerin naeny ap
farkl é olan tabakal arén ¢st icste getirildif7ikl Fr arhi ol
yanséyan ékék ile o tabakadan ge-ip ikinci tabakadan y a
sayesinde g°r¢negr b°lge ékéjé bazée dal ga boyl alur.é&Sadéfeetkild a h ¢
pigmentlerin ¢reti mi i -in mika par-alarénén yg¢zeyi met a
belirler. Araktérma grubumuzun daha °nceki - alnénansaél airléen d
pigmentler ¢retilmik, bu pigmentlerin ¢zerine sojurma pi
Bu -aléekmada, daha ©°nce ¢retilmik olan sedef etrkinlki deijdm
antosiyanin molek¢ll eri il e kaplanmasé hedefl enmi«ktinr. <
kombinasyon pigmentleri, termogravi metri, keézencelteensmi kstpi
incel emel ere dayanar ak, senteti k sojurma pigmentlerinin
sajlanmasé ama-|lanméxktér. Ek ol arak,;pamtaciékdnrirgnéanol dloy
glzel eri i -in kullanéménén |iteratg¢rdeki °rnekl erinek day
i pu-laré arakteér él mékter.
Anahtar Kelimeler: Kér mézé Lahana, SedefyaKovdddhasy®aondek géhenesi, Bo
GKRKk
Sedef etkili pigmentler, optik °zellikler:i kejeerejikanklb
i¥zel Et ki Pigmenti o t¢regder. :retllinelyalplelhdteédofzmlceirlmaib
czerine kaplanmék ol an bir met al oksit tabakaséndaninde!l uck
hazéerl anmék ol an sedef etkili]@ pi gme et Igeed meii g mé kte s emreg idra
kaynakl anmaséndan dol ayé il gi -ekmektedir. Sedef et ki |
incilerin mikro yapéseée kekil 16 de g°sterilmiktir.
Wetal oksit e ’ e
r:l Mika :D
‘- Saglan sk
- Kirmiz  Mawi ?'_EEW
2arn -
: — ]IOO r'm_ a— Temivos Supor Biue — 300 nm
k e klia) Sedef etkilipigmeré k € k et ki | e ki mi [ 2] b) Sedef et kildi pi gment i
Girikim desenlerinin yarattéjé optik °zellikler, gedkef ok
daga boyunda g°zlenebilir hale gel mektedir. Sojurma pi gme
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verilir. Araktérma grubumuzda daha °nce sedef et ki briille pig
kapl anmékteéer. Bu -alékmada ise il k defa, bitkilerden, el d
bitkilere kérmézé ve mavi tonlu renkleri kazandéranj,i ne e
sahip olan antosiyanin molek¢ll eri kull anél mékt ér . Ant o
dejJi kKimleri kekil 26de g°sterilmicktir
Ri
OH
o Kuinonodyal Baz (A)
. R,
gi Glikoz
0 Glikoz
Proton Transfer Tepkimesi R, o
w_s 5 =X
+H TA Y R,
—> .
< Y O Glikoz  Flayyum Katyonu (AH+)
0 Glikoz
Hidrasyon Tepkimesi R .y
+H,0 HO
H R,
> o Glikoz Karbinol (B)
< 0 Glikoz
. . R,
Tautomerik Tepkime L _DOH
HOMO P&
S N oHY “R
< ~ aike, Kalzon (C
| 0 Glkoz Kalzon (C)
O Glikoz
kelRiAlnt osi yanin molek¢l l eeiacasifAeeytieiyapésanhdee
Antosiyaninlerin renk deji ki mi °czel i Ji, -%zel ti k oakdud rl a
[ 5] Bu tepkimeler kekil 36te go°sterilmixktir.
ka
AH' <—k_> A+H' Asit-Baz Dengesi (1)
-a
ki, .
AH +H20<T; B+H Hidrasyon Dengesi (2)
h
kt .
Be—>2C Tautomerik Denge (3)
K
kelBiAlnt osi yanin molekg¢ll erinin yapeésal dej i ki ml
¢tozel ti ortaméneéen kokul |l aréna g°re mol ek¢l I erin mar uz
tautomeri k tepkimelere g°rlker etehtucond& gyapet dvkinda&i ve
dej i ktiiji belirtilmiktir [5]. Bunun yanéséra -°zel thkl é el
yapélar sayesinde yaptéjé kapiugméntaaygmndegi birt atylae klo@amil m
Bitkilerde sentezlenen antosiyanin iskeletinde, -reuwpltarién
ekl enmesi ve asillenmeler sonucundm¢in olkulswurydkuwjau viee [Cizrell d n

9
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bitkisinde sadece siyanidin temelli fakat yi r mi farkIl &
Antosiyanin molek¢l ¢negn temel yapésé ve -ekitlenmesi kek:
R
,//\"\/"“

1
3 #1 L B
N 0
HO 7./ N\ 9~ 5 N e
0 \\\“/ \\”/ 1 \\Q/'/" R,
| A ( 6

6 NG N
\,;’/“\"\V\nn
2 1
OH
Delphinilin, R;= R;= OH Malvidin, R;= R;= OCH4
Cyanidin, Ry= OH, R;= H Pelargonidin, Ry= R= H
Peonidin, Ry= OCH;, R= H Petunidin, Ry= OCH;, R;= OH
keMKiAInt osi yanin molek¢l ¢ngn temel yapésé ve
Bu -al ékmada, kéermézé | ahanadan el de edilen -exitlilaralent o
mika/titanya pigmentleriniry ¢, z eyi ne bajl anméxktér . Bu sayede sedef et kil
i stenil mik, ve bu pigmentlerin bulunduju formlarén Ksionsa

irdelenil miktir.

MALZEMEve Y¥ NTEM

Muskovit mika, KAb(AISizO)(F,OHp,y apésal form¢l ¢ne sahip bir mineraldir.
TiOi l e kaplanmasé prosed¢gr¢ Topuzbdbun yaptéjé -alékmada a
yapésé;

T Merkezde ortalama 50 Omx50 Omx10 nm boyutlarénda mika

T Pl akal arén ¢zeritnaib akkaapsléa,y an i nce SnO

T SnGt abakasénén ¢zerindetkhbaktnhaEngdapésbBurkmaktadEBEan Ti O
Antosiyanin molek¢l |l egimazealrahdna bBiitrimagiamdean énalnarkt el mé

Bu -al ékmada izlenilen deneysel y°nt em, kekil 46 te Kema!
Kirmizi Kirmizi Saﬂa‘é“m‘la Antosiyanin
| Lahana Oziitii Molekiilleri

Kombinasyon
Pigmentleri _ pH Ayarlamasi ve Kaplama

I

Analizler
kelbiKlzl enen deneysel y°ntem [ 7]
FTIR °1 -¢mleri i-in Thermo Scientific Nicolet 6700 <ciha
o1 - ¢ml er i i-in Cary Eclipse Varian cihazé kull anél méex,
PerkinHE mer Pyri s 1 TGA °Cii9008Cz éa rkaul | éiCdemhédl amm&l®dt ma5 heze il e °1I - ¢r

10
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BULGULAR ve TARTI kMA
Kombi nasyon pigmentl eri ile yapeéelan kézeéelo°tesi deneyl eri
o _‘___——___‘————.__,_ w3 phe1D
£ w13 Dhmd
= m::::::
E\—_\f\_ mia phes
4000 3800 3zo0 2800 2-::“. , “:.‘l::lmq: 1600 1200 800 400
kelkbiKlombi nasyon pigmentlerinin kézél®°tesi s
Sonu-1 ar °zelli kle antosiyanin kapl amaséneén hi-Dbir koku
a—madé]éne, yani kristal vap@gsSesneka mbkt edliefi KkFRkajfe°mnedtek
belirgin ol ar alkkOOem'balygesiékanngy&blDeri, y¢izeye organi k bafjl
Termogravimetri k anali zde, aynée kokuydhantodiaga&mil mnmemu o
Her pH dejerinde ¢retilmik olan kombinasyon pigmentleri
ketl e kaybée -éekarteéelarak, numunel er e baj ldanmnenk voelrain ean
gesterilmiktir.
18% 16.43%
16%
14%
51
< 1
o
5
x
=
keKriTIGA anal i zi il e kombinasyon pigmentlerinde bul L
Ant osiyanin molek¢ll erinin, sedef etkiliipihgegasl amal @oo
pigment ve her pH dejerinde ¢retilen kombinasyon pigmen:
olukturan mikro yapénén fluoresans davrkan éhkeém ad ee tnkiiksai/ntii t
fluoresans ©°1 - ¢ mlkearpil aynyapen@éagt émi.k ahie@ ¢rettiji fluor es:
mi ka/titanya i-in karkélaktérmaleé fluoresans spektruml ar

11



200
mi@220 nm
. mica@220 nm

200 250 300 350 400 450 00 550 800 650 700

Dalga Boyu { nm )
kelBiMi ka ve mika/titanya pigmentlerinin karkeél akter
Antosiyanin molek¢l |l eri gor¢é¢ngr b°l gede fluoresans verd
boyunday ar ma yapeéel mékteéer. Her bir dalgaboyunda kombinasyon
el de edilen kiddetler karkélaktérél méxkteéer. Hemen hemem b
fluoresas Ki ddet i ni de¢kerdel ¢ g°zlenmi ktir., Sistemati k incel
doke¢l megkt ¢r . Bu grafikler kekil 96 da verilmiktir
a) 10 b) e
51‘“‘““«‘| |‘h"«‘“ EWNHhM|Mh‘M‘M"hM‘M"Nw
° 303nm 353nm 385nm 3%3nm 413nm 421nm 460nm 47SnAm 485nm S30nAm  542nm 605nm 666 nm ’ 370 0m 410 nm 425 nm 485 nm 500 nm 575 nm 585 nm 600 nm
Yaynim Bandi Yayinim Bandi
o N WpH=2 WpH=3 mpk=4 EpH=5 EpH=£ MpH=7 EpH=8 wpH=3 WpH=10 Y mpH=z moH=3 mpH=d mpH=s '_D|:=6 WpHST mpH=3 mpH=® mpH=10
i 5"‘“ ‘H|
En | ‘ ‘ H ““ H ““ ‘
) ‘II ‘I‘ I| |‘ ‘I‘ ’ I 460 nm II 485 nm l-smnm Ilsaunm 1 %s45 om _.575||m
‘ 420 nm 445 nm 450 nm 485 nm 520 nm
Yaywim Bandi a Yavinim Bandi
Ep4=2 mp4=3 upd=4 Ep+=5 mpH=6 WpH=7 WpH-B mpH=G mpH=10 mpH=Z mp=S EpHS3 NDH=D WPH=U WPH=/ EEHSY Wpr=¥ mpH=IU

keliBl¢gt ¢n dal ga boyl aréndaikhomkismad womnpiygmémtiEime kiay épl ar
uyarmasé ¢) 380 nm uyarmasé d) 420 nm uy

12
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kekil 96 da g°sterilen verilere g°re, 220 nm, 280 nme 38
ortaya -é&kan hemen hemen b¢te¢e¢n yayéném bantl arénén, &nth
smucunda, pH=3 ve pH=4 dejerlerinde ¢retilmik olan kombi
El de edilen verilerden yola -ékarak b¢gten pH dejerleri
kapl andéajnéa svamwe| mékt ér Kapl anma mi ktarl arénén pH derece
konsantrasyonlareée ile ilikkili@i ol duju d¢egkegnegl mektedir .
Fluoresans verilerine dayanar ak, geeispHE3bYege Hrdy @muaenmin &
renkl enmeni n, mol ek¢ll erin fluoresans yayénémlarénén et k
Literatg¢rde, ant osdiylaenient knmolleekki gmlleerriinndien, TfilQuor esans yayét
transfer kompl eksi olukumu ile a-éklandéjeée go°r¢l megkter [
bulunan form konsantrasyonlare ile ilikkilendiril mioan ne
bu - al ékma, genel kanénén tersine, antosiyanin molek¢ll e
olukturabilecejine dair bir ipucu olukturmaktadeéer.
Ayréca sedef et ki | mi ka/titanya pmgmgethteéeifimide, gV ¢ bdt
artereéel mek bir ékéma verdiiji, yine fluoresans deneyl erir
ortaya -ékan yayénéem kKiddetlerindeki azat enla, f Vo bSEIll tgaei kK
ol arak kabul edi |l mi ktir.

SONU¢LAR ve ¥NERKLER

Yapélan -al ékmada, farkl é@ pH dejerlerinde yapélan kaipl am
Bu i kKlem hem su or tmanien drae ngke r--eekkil telkimeisjii,nihet ek bir pi gme:
ve maliyet d¢keregceg bir etkiye sahiptir. Yapél an ©°1 -i¢gml e
de¢kerdej ¢ gzl enmi kKkompl ek ki nohuwygrkundamsKaeynakl andéejée °
i -in ul tra hezl é spektroskopi yapél masé, antosiyanin r

pigmentlerinin bir g¢nekkgfeesniprgethmkndezksal |l @ahepamlaki
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ARKKY BELGELERKNKN G! M! k DESTEKLK KKTO
KORUNMASI

G¢ncem ¥z ¢ gamsuBoberinCengiz Kayd,Figen Kaya?
'yel dez Tekni k | niversitesi, Mal zeme M¢hendi

*quncemozgun@gmail.com

¥zet
Yapél an araktérma i ki akamadan tekekkg¢l akteriykt g me K|l Rkana|
cretimi ger-eklextirilmicktir. Kkinci akama ol arak ekildet il
daj étél maya -al ékélmék ve ardéendan el ektr odmilmmiéngs zyeon tn
yapéel mekt éer . Analiz akamal arénda ise SEM, XRD, BET testl
Doj al bir polimer olan Kkitosanén antibakteriyel ve anti
B°yl ece bu proejbdeilgel brihikt&&aakel akteée]jé en ©°nemli sorun
sajlanmaya -al ékeélmextér [1].
Anahtar Kelime: El ekt rospinning Y°ntemi, Kitosan, Arkiv Belgel eri
GKRKK
Bilindif§i iczerlkar melkawt dwjed geeler+4 mk nsorun varder. Bu sorui
olarak ifade edilebilir. Fizi ksel etkenlere °rnek ol ar e
m¢rekkep i -erabslepdekhinge®zel mekle demir ve bakér én, me v
mevcuttur. Bu alanlardan biri de tarihi eserleri Kkoerklsma
°czelliklepeysal®Pmsmimekyadir .
Kitosan, deni z kabukl ul arénda bul unan kitinin bir t ¢r e
antibakteriyel ve antifungal et ki g°stermektedir. nhbit ekt
uygul amadeéer . El ektrik alané kullanarak kaplama yapél ma e
Son yéllarda vyapélan -alékmal ar, el ektrospinning y°nten
glesrtmi Ktir.
Arkiv belgelerinin ana mal zemesini sel ¢l oz fiberlerienden
kristalin b°lgeler i -erir [ 2] . Bu b°l gel er i -erirsyardd e ©°
biyolojik etmenler sebebiyle kolaylékla bozunmakt adeer [ 2
dejinecek olursak asidik ortamén hidrojen iyonu olawsktnur
sebebiyet ver mektedir. Kitaplarén yazéménda iKtkikzamygapa
m¢rekkepler asit bar §eamdaeermadaé k| saeémdmakbedil arerk.© Fakat S
suyla temas ettiklerinde j@ | ar ak yazéyé bozmaktadérl ar . Demir s¢l feorl ¢
oksitlenerrmiekaei ddadeEarsy a4 k akn@a ke dslinnyelerhrhegdana getirmektedir. Biyolojik etkenler
irdeleneceko | ur sa bunl arén bakénda mantarlar ve bakteriler gel
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0
MAKINE TERNOLOTLES I

°n¢nde bulundurul malédér. Mevcut teknol oji ile b°ceé&invb.
d¢kekl€#&kdara ve kimyasallara ol an dayanékl élaré s°z konu

kekil 1. Yépranmék bir eser °rnefji (a) ve onar e
Bahsi ge-en sorunlaré °nleyebil mek ama-1¢& zp&lsedokoffiumiaks
mevcut ol an tozlaré fér-a yardéméyla temizlemek, | agliinas
i Kl eml erdir. Ki myasal koruma i se -ekit i -8&yaenhmaktadeku
bel gelerinin korunmaseé ¢(zerine yapeélan -aleéekmal ar @@@n ot
dejinilecek olursa Polonyadda farkleé y¢gzyeéell amanaipar kK ©OK
emdirilmiktir[7]. Ancak buhar p¢skegrtme yonteminin kull
nedeni y¢ksek sécakl ékta bulunan buharén eserl erde mevcu:
¢ionde yapeéelan bir -alékma eserler ¢zerinde ger-eklexdar ril
el ektrospinning y°nt emi kull aneél ar ak, t emin edil en baz
biriktiril mi ktir. Yapélan testler sonucunda eserlerin dayrmniék]l
Suyun temasénén d¢g¢kmesi °zellikle bakta mantarl ar ol mak
Buprg eni n amacé, g¢mek dopl anmék kitosan nanofiberl er kull
°zellik kazandérmaktadér. ¥zellikle g¢mék, nanoboyuta in
ol d@jzel | i kl erinden biri de antibakteriyel, antifungal o |
edil ecektir. Kitosan, deniz kabuklul arénda bulunan kitin
gbiantbakteriyel ve antifungal etki g°stermektedir.
DENEYSEL ¢ALI kMALAR
Deneysel -al ékmal ar g¢m¢egk nanopartike¢gllerinin sentezi, ¢
czere 3 késémda incelenebilir.

1.1.G¢ m¢gk Nanoparti kel Sentezi

Deng de kull anélan kimyasallar

0 Etilen glikol (EG)
0 G¢m¢g kK MAgNOFy at (
U  Polivinilprolidan (PVP)
15
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U Sodyum klorg¢gr (NacCl)
KIl'k olarak etilen glikol (EG) -%zeltisi 120AC6 ye ratekar
(AgNOF) - © z ¢ nd ¢1r2:0l AnGeok t deerk. i etilen glikol -%zeltisine poliuwvi
Hazérl anan i ki -%zel ti karéktérélmék ve otoklava il ©ve
kul | &knéanyamsal |l ar ve parametreler verilmiktir.
Tablo: G¢ m¢g K nanoparti kgl scretiminde kullanél an ki
AgNOF(wt%) PVP(Mg/mol) NaClwt%) [EG(mL)| T (Al S¢r e |pH
G¢ mg¢ K 0,68 1,766 0,004 100 160 7 5
G¢ meg K 1,36 3,532 0,009 200 150 7 4
G¢ meg K 1,36 3,532 0,009 200 150 7 5
G¢ m¢ K 4 1,36 3,532 0,009 200 150 7 5
G¢mg kK 1,53 2,08 0,002 200 195 0,25 6
G¢ m¢g K& 1,53 2,08 0,002 200 185 0,25 9
G¢ mg K 1,53 1,04 0,001 200 185 0,25 6
122G m¢egk/ Kitosan Sentezi
Gemek nitrat -°zeltisi, sodyum hidroksit -°zeltisniélvmé ki
95A C6 ye -ékarél méxkteéer. Bu sécakl @atwad mbatdaki WMadkadanrt &
et ¢vde kurutul muktur. Tablo 26de kull anélan kimyasallar
Tablo2G¢ m¢egk/ ki tosan ¢retiminde kullanélan ki myasal
AgNOF(Wt%) Kitosan(wt%) NaOH (M) | Saf su(mL) T (AC S¢re (dk
Ag/CS 1 0,01 1 0,3 100 90 10
Ag/CS 2 0,02 1 0,3 100 90 10
Ag/CS 3 0,01 2 0,3 150 95 10
13El ektrospinning ¢°zeltisi Hazér | ama
Bu akama i-in iKki farkl é& yol izl enmi ktir. Kl k ol ar ak bi
sécakl éfjénda 24 saat boyunca karéexkteéereél mékteéer. Di ] eosan s o |
%261 i k aseti k asit -%zeltisine séraséyla il ©ve edil ik
0Ag/ CS 36 ve OAg/ CS 506 viskoziteleri °I-¢1l mek ¢zere al én
14Viskozite ¥I|-¢;mleri
Yukaréda bahsi ge - e°nl -ncummhuenrei | eyrai pné | veéirskkeonz idsepi ndl e 216 adl
ayarl anméktér. ¢ékan sonu-1lar akajéda belirtilmiktir.

16



15El ektrospinning Kkl emi

Ger-eklextirilen elektrospinning iklemine ait g°re¢nteler

kektiEIl extrospinning ikl emi (a) ve kaplanacak es
Kkl em esnasénda uygulanan voltaj 27 kV; kol ekt©Or ve i]r
mL/ saattir. Kkl em sérasénda olukan jetin kesikli kKekild

homojeno |l madéj é& g°zlenmiktir.

SONU¢LAR ve TARTI kMA
i retilen nano yapélarén analizleri séraséyla incelenmi:
16,Ag/ CS numunelerinin Taramal é El ektron Mi kroskop (SEM)
Ag/ CS 1 ve Ag/ CS 2 numunel eri nwee akietk iSEM 6gt®er ¢vnetr¢illemiik tsiérr.a

olursa g¢m¢gk nanopartikegllerinin kitosan i-erisinde homo
boyutl arénén 200 il © 400 nanomefiSrd amuanudreda neejaiikt iIEDS aa
veril mektedir. Ag/CS 1 numunesinin EDS analiz sonucunda

kekil 3. Ag/ CS 1numunesine ait SEM g°r¢n



T N N N NIy r Iy rrrrrrrryrrrryrrrryrrrryryrrryrrrryrrerey

0 1 2 3 4 5 B 7 8
Full Scale 1955 cts Cursor: 8114 (27 cts) keV

kekil 4. Ag/ CS 1 numunesine ait EDS anal

Ag/ CS 2 numunesinden bapasredikeelcle&r ion ubseywut(lkeerkéndab)d¢ Kk ¢ K
civarénda boyutlara sahip olduju ancak ayné zamanda top
s°yl erAg@S I 2mumunesine ait EDS analBDS saonnaulciuz iknedkei |d e6 6hdoamovj e
ol arak se-ilen b°lgenin -ok fazla g¢megk baréndérmadéjé s

2 numunesine i geor ¢

18



0 1 2 3 4 5 6 7 8

Full Scale 2046 cts Cursor: 8114 (17 cts) keV
keki |l 6. Agesit&it EDS analimu n
17Ag ve Ag/ CS numunelerine ait XRD sonu-1aré
Akaj éda séraséyla Ag ve Ag/ CS numunelerinin XRD sonu-|I ¢
I‘_'rﬂul:\-l-\.p--
(111)
K |
1508y (200) (311)
(220)
1 G- |
|
I {
. | |
i e -l'_"-.......-"h el e el o
hwra | ey

k e k 4Ad nuriunesine ait XRD sonucu

Ag numunesine ait XRD analig onucu (kekil 7) incelendi9 XROesomeder ahes
g°r ¢l meROFeard 04783) . Ag atomlarénéen (111) d¢zl eminde biri kt
akamada kull anélankipmyasahéh@enoRAgdani ¢sP¥P)eri czerindeki
kristallerinin sahip olduju (100) d¢zl emini pasiflexktir
kristallerin pentagonabekmé&ktdei beyEmdsi rdi sebelXRPetsonuc
teoride a-éklandéjé kekilde PVPOnin etkisini dojrul amakt
ger-ekl ekmedijini g°ster mekcekirdi r. Bu konuya da akaj éda d
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Inbrmuity dopa)

40 200 LR ), ()
Thas (deg.)
k e k 4 Ag/CS8numunesine ait XRD sonucu

Ag/CS numunesine ait XRDsonutd an (kekil 8) g°°r ¢l eceji czere amorf bir
meydana gelmiktir. (111) dg¢zlirgRDFcaydOME8R). nanoparti kel l eri |

18El ektrospinning Kklemi Analiz Sonu-1aréé
Analiz sonu-laré ©°ncesi viskozite sonu-I|laréné irdel emek

0 Ag/ CS 1 numunesinin viskozite dejeri 3,4 cp

0 Ag/ CS 3 numunesinin viskozite dejeri 1,4 c¢p

0 AQ/CS 5 numunesininviskozt e dej er i 2,7 cp
Referans al @&nan makalede el ektrospinning ikleminin ugnu iy
saptanméxt ér . Bu sebeple elektrospinning ikl emi i -in O0Ag.
Elektrospinning kK | e mi sonunda eserin SEM anali zi yapél mékt ér . An
go°re¢nt¢e¢se veril mektedir.

20



100 ym

EHT = 5.00 kV WD =26.5 mm Signal A = SE1 Mag= 100X
kek4Ell ektrospinning iklemi sonrasé elde edi
kekil 9 incelenecek olurglhaegekteblseknini nlgdii kil en? ni @an dAax
ayarlanan parametrelerdeki uygunsuzluktur.
Sonu-1 ar
Yapélan -alékma ile g¢megk nanoparti kel l eri sretimi XBakar
ve EDXanal izl eri, bunu dojrul amaktader Ancak farkIl & morfo
parametrelerinde dejickikIlikIler °ng°r¢lmgk ve optimum se
el ektrospinnsionngr asgel eanh énan SEM g°r¢nt¢gséenden bahsedi | mi
parametrelerinde dejikiklikler yapél masé gerekmektedir.
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Edible Film Coating Containing Chitosan or Electrospun GelatirChitosan Nanofiber
for Fruits

EI i f Gam%ke ¥A&Y @ dFiliz bokumeu Altay '

! Department of Food Engineering, Istanbul Technical University, 3¥&%akIstanbul, Turkey
" lokumcu@itu.edu.tr

Abstract
To extend the shelf life of postharvdaiit and vegetable which are very perishable, some effective measures have been applie
such as edible coatingdiblefilms containing chitosan has an effect which can be used in thénaosst decay controif fresh
fruits and vegetables. Since researches have highlighted the potential of nanotechnology applications for wide ranging ft
applications, nanofibers carivg a chance to produce large surface @we&lume ratio leading that more interactions can be
possible with other molecules to achieve their functions in any given syNtemfibers were acquired by using electrospinning
device that applies high eleictivoltage to a capillary droplet of polymer solution or a melt to overcome liquid surface tension.
Electrospun nanofibers can be applied to various products to obtain desired physicochemical puspertlesser amountsf
substances with better resulifTo exploit this hypothesis, nanofibers that were obtained from gehitosan solutions (mixing
ratio 8:2 (v/v)) by electrospinning were added to the edible film coating solutions at 0.5, 1.0, and 1.5% concentrations a
compared to solution with clisan at 2.0% concentration in terms of the capability to extend the shelf life. The edible film
solutions were coated to whole strawberries and sliced strawberries, kiwis and bananas by using dipping method. After coa
process, s amp | € and weighted perivdizallyrcdordimg to rdsdllts, there is no any distinctive property in terms
of limiting water vapour permeability neither in chitosan edible coated fruits nor in distilled water control group amphesof
electrospun gelatichitosan solutions, as concentration is raised up, permeability is ascending for sliced strawberry and is fallin
off for whole strawberry and banana. Kiwi fruit is not affected much from this concentration change. The most signifigent cha
belongs to the &led strawberry that has the highest weight lost showing up in the edible chitosan (37%) and control samp
(34%). Neverthelesgleteriorations began for the control samples after 8 days of storage where the edible solutions containir
chitosan or electrgain gelatinchitosangave much longer storage time by protecting their qualities G tays.

Keywords: Edible Film,ElectrospurNanofiber, Chitosan, Gelatin, Fruit.

INTRODUCTION

The usage of edible coatings and films to variable fruits and vegetaldemimon application before marketing in an attempt to
decrease water loss, slow senescence, and aging, give gleam and become more attractive for corisditer fltth has been
appertaining to food practices for 50 years. Polysaccharides such as starch, cellulose, gums and chitosan; protessesuch as c
gelatin and gluten; and lipids such as waxes are used to obtain edible films [2].The general ptigzbbksfdms and coatings

for fruits and vegetables are to delay gas transfer, vapour and volatiles. In this way, a modified atmosphere conditions
provided to food which reduces respiration and senescence, decrease aroma loss, preserve moistare eoldrrchanges
during storag¢3]. Furthermore, coating protects mechanical properties of the fruit during sfétage

In order to control the coating process, the flow behavior of film forming solutions are needed. Indeed, the presemzz @fabse
defects after coating in thin films depends on rheological properties of film solutions. The apparent yield stress batiagdn ess
mission in controlling the film behavior such as prevention from dipfshgBesidesthermal properties of edible film®uald be

used for evaluating the thermal behavior of film when the food product is ate different temperatures during transpattation a
storage. Thermal properties can be detected by differential scanning calorimetry (DSC) measurements [6]

Chitosan is th@olysaccharide that derived from the alkaline deacetylation of chitin which is mainly made from crustacean shell:
Chitosan is polyG( 1 Y-2-aminodeoxyD-glucopyranose. Conventional commercial chitosan is deacetylated abou7B5%
Chitosan films havebility to prevent the food product from oxygen and carbon dioxide. It is convenient for food packaging
material such as edible films and coatiigk In addition, i has antifungal and antibacterial properties due to its polycationic
nature. However ctosan films have very low resistance to water transmigéihnWhen a chitosan based plastic wrap was
applied for storage of fresh mangoes, the slifelfof the fruit increased to 18 days. Microbial growth andfiaffour was not
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observed during 18 day40]. The chitosan based edible coatings showed a useful impact on quality retention of minimally
processed broccoli throughout inhibit their weight loss and browning and yellowing processes, also decreasing micrdbial grov
and developing chlorophyll anakscorbic acid maintaininfl1]. Coating with chitosan film preserved strawberries from fungal
infection and also developed resistance to water vapour transniikgjon

Nanotechnology has the potential of innovation for food and agriculture systems; novel food packaging; increasing the range
food textures, colours and tastes; microbial, allergen and contaminant detection and control; development of ingredie
functiondity [13]. Nanofibers are made by using electrospinning process that applies high electric voltage to a capillary droplet
polymer solution or a melt to overcome liquid surface ten§id}. Applied voltage to the polymer solution creates a jet of
solution to be extracted toward a grounded collector and the fine jets dry to form polymeric fibres which collected HiSh web
Electrospinning process is affected from various factors. They are mainly divided into three groups which are polynmer soluti
effects (concentration, electrical conductivity, viscosity, surface tension of the feed solution), process conditions (feed raf
applied voltage and distance to the collector plate) and environmental fH@br3hese parameters affect the quality and the
morphology of nanofibef17]. Nanofibers having very large surface area in respect to their mass may achieve various functior
with lesser amounts when compared to their bulk counterparts. This characteristic of nanofibers appears to be promwising in f
industry, which seeks novel and functional products.

Examples of natural polymers that used in electrospinning process are collagen, chitosan, gelatin, casein, cellulosiék acetate,
protein, chitin and fibrinogen [16]. In some cases, some polymers aridres of polymers could be incorporated to increase
electrospinnability of other biopolymef8]. The electrospinnability of chitosan is depend on the parameters of electrospinning
like fineness of syringe tip, the gap between tip and fibre collec®fedding rate and applied voltage val[i.

To extend the shelf life of very perishable postharvest fruits such as strawberries, kiwis and bananas which are u$ethespecia
pastry industry, the edible film solutions containing chitosanelectrospun gelatishitosan nanofiber were applied. The
objectives were two folds. The first one was to determine the effects of edible film solutions that were applied orgcoétinkace
fruits to extend their shelfves. The second one was to comptlre effectiveness of chitosan and electrospun chitosan in edible
film solutions in terms of delaying of the fruit spoilage.

MATERIALS

The medium molecular weight chitosan (deacetylated chitin, 44880, Iceland), gelatin from bovine (Sigma, G93ERG

USA), % 100 acetic acid (AcOH) (Siga#ddrich, 27225, USA), Tween 40 (P15&O0ML, USA), sodium hydroxide (NaOH)

were used in the experiments. Whole strawberries, kiwis and bananas were purchased from local market in Istanbukd he disti
water was usgin all experiments when it was needed.

METHOD
- Preparation of feed solutions for electrospinning

Medium molecular weight chisan powder was converted to the low molecular weight by hydrolyzing with NaOH (50%) at 1:25
(chitosan/NaOH) (w/v). The mixtar t r eat ed at 95AC for 24 hours provided tF
rinsed with deionized water, then neut r [d8]. Huelgzedvand nbutradized H
chitosan solutions were prepared at 3% and 5% by dispersing in 90% AcOH solution. The gelatin solution was prepared w
AcOH (20%) at 10 %, 15 %, 20% (w/v) by mixing at 30AC for

The stock solutions of hydrolyzed andutralized chitosan were prepared at 3 and 5% whereas gelatin solutions were used at 1(
15 and 20%. These stock solutions were mixed at 4:6, 3:7, 2:8, 1:9 (chitosan/gelatin) (v/v) for electrospinning for @mminutes
room temperature.

- Electrical condudivity measurements of feed solutions

The electrical conductivityf solutions was measured by a conductometer (WTW LF95, Germany) at room temperature ir
duplicate.
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- Surface tension measurements of feed solutions

The surface tension of sampleasmeasured at room temperatimethe Wilhelmy plate method with a tensiometer (Dataphysics
DCAT 11EC, Germany). For each solution, average values of parameters from at least three measurements were reported.

Rheological properties of feed solutions

Rheolog ¢ a | parameters were measured at 25AC by using a r h
plate sensor system (dia=3.5 cm, gap= 1 mm). Measurements were conducted in the shear rate-8fys’ofbe results

were modelled bysing a software (RheoWin, Haake, Germany). The rheological behaviours of the samples were expressed
using the Power Law equation as follow:

” U r [20]

where,, is shear stress (Pa), K is consistency index {Ph.$s shear rate (§ and n is flow behaviour index)(

- Electrospinning of feed saitions

Sampleswere put into syringe with 0.5 mm inner capillary diameter. The filled syringes were then transported to the
electrospinning system (NE100, Inovenso, Turkey). The syringeatigscollectors were connected to electric generator. The
applied voltages and the feed rates were in between in the range26f kM and 0.30.5 ml/hr, respectively. The distance
between the needle artktgrounded collectaoatedwith aluminum foil waslO cm.

- SEM analysis of nanofilers

A scanning electron microscopy (SEM)epl JSM7000F, Japan) with accelerating voltages of 5 kV was used to observe the
morphologies of nanofibers.

- Preparation of edible film solutions

Chitosan solutionsvereprepared by dissolving chitosanAtOH (1%) at 2% (w/v). To achieve complete chitosan dispersion, the
solution was stirred overnight at room temperature and centrifuged to rémoweties P2].

The electrospun nanofibers containgejatin: chitosan (&) (v/v) were collected from the collector plate coated with aluminium
foil and kept at 4AC. The nanofiber solutions were prepa

- Rheological properties of edible film solutions

Rheol ogi cal parameters of edible film solutions were con
equipped with a parallel plate sensor system (dia=3.g5apx1 mn. Measurementwere conducted in the shear redege of 0
300 st.

The results werenodelled by using software (RheoWin, Haake, Germany). The rheological behaviours of the samples wel
expressedby using the Herschdulkley equation as follow:

» w» O (0 < n < D) [20]

where,, indicates yield stress (Pa). To calculate the maximum coating thicknegsféh coating fruits without slipping of the
solution from the surface of fruits, the equation given below was used:
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hmax - ;A = g" ,Q "Qé — [20]

where g is the gravitational acceleration (By$ is the density of the solution (kgfln—isthe angle between the coated surface
and the horizontal axis of the fruit.

The thicknesses (h) of the coating on the fruit was measured by a micrometer and was substituted in the equation dgiven belo
find A whereA indicates a maximum stress (Pa) and if the yield stress equals or is bigger than maximurf stress (

A , the coating material can cover the fruit surface homogenf2Gly

-Thermal properties of edible film solutions

The thermal properties of film solutions were determined BY5&€ (Q10, TA Instruments, USA)The samples were weighed as
19.1 mg for bottedible solution and electrospun gelatintosan solution and then placed in aluminum DSC pans, then lids were
hermatically sealedThe sampl es were heated from 20 to 100 AC at a
[21]. The transitiortemperatureTm,) of samples was obtained where the endothermic peak occurs using a software (Q Series, T.
Instruments, USA).

-Application of edible film solutions

Fresh fruits purchased from a local market were washed with tap water. The whole strakilvearyd banana were sliced in 0.5

cm. All fruits were prepared as two sets.

The four beakers were filled with the edible solution containing chitosan at 2%, and each fruits were dipped into théosdutio
min at 20AC separately, where the control group faui 8B8AQ@
for 2 hours in an oven. The method was duplicated for all sarfidlésThe dipped fruit samples were stored in a refrigerator at
4AC in aluminum covered petr.i di shes. The thicknesses of

RESULT and DISCUSSION
-Properties and electrospinnabilities of feed solutions
The electrical conductivity, surface tension and rheological parameters of the feed solutions were prekailied.in

Table 1.Properties of the solution containinglgtinhydrolyzed chitosan feed solution (v/v): 8/2)

& (Pa) Electrical Surface
Sample K{Pas) | n() r Conductivity Tension Electrospinnability
(mS/cm) (mN/m)
15% Gelatin+
50% Chitosan 0.044 0.636 0.417 | 0.989 5.33 28.711 +

Demonstrate that interfacial, conductivity and rheological parameters show improved correlation and can be used te predict
success of the electrospinning procg. According to rheology measurement results which was given in Table 2, n is lower
than 1 (n<1) which shows the flow behaviour of solution as pseudoplastic.

Conductivityof solutions was measured at room temperature as 5.33 m8/era the maximum value fetectrospinability is 5
mS/cm([23]. This value closes to reference value. Considering other effective parameters, the effect of electrical conductivity c
be evaluated fairly. Surfacetensma s measured at 22.7AC resulted with 28.71

At the end of the preparation of 3% and 5% hydrolysed chitosan with gelatin solutions at different volume (chitosam/gglatin (
4/6, 3/7, 2/8, 1/9) , ratio of 2/8 (v/v) gave the aspect of fibres good only for the 5% hydrolysed chitosan with 158 gelati
concentration. For this electrospinnable sample, the flow rate and the applied voltage were determined as 0.5 ml/hvand 17.5
respectivelyThe addition of surfactant (Tween40) decreased both the electrical conductivity and the surface tensidaenafsthe b
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which facilitated the formation of nanofib€eiz4]. Therefore, Tween40 was added in 1% (w/w) and that presented the best fibre
formation for the hydrolized chitosan with 15% gelatin concentr&iBrchitosan/gelatin(v/v).

The sample SEM images ar&vgn in Figure 1.Since chitosan and gelatin concentration is too low and mixed materials do not
include any polymer such as PEO, PVA, TFA solution which increases compatibility and spinnabillty, theSsa@plehitosan
that prepared by 90% AcOH, 15 wi§élatin (chitosan/gelatin= 2:8)ay not form a certain nanofiber.

Figure 1. SEM images of electrospun sample including 5 wt% chitdgamwt% gelatin (chitosan/gelatin= 2:8)

-Characterization of Edible Film Solutions
Rheology

The results omeasurements were defined by using HersBludtley model with RheoWin (Germany) program. The measured
results were given in Table 2. 2% edible film has the lowest yield stress where consistency index and flow behavioweindex hz
the highest value othendn electrospun solutions.

For 2% chitosan based edible film, and 0.5%, 1%, 1.5% chigstatin: 2/8 (v/v) electrospun coating solution, the coating
thicknesses was measured for each fruit. The maximum coating thickness and maximum stress were. c#lcatatdidg to
results, chitosan based edible film solution is suitable for coating. It provides the conditions that are givef above (

However, no any gelatiohitosanelectrospun coating solutions is convenient for coating homogenously betauée is lower

thanA  for each fruits.

Table2.Reol ogi cal properties of coating soluti
Sample o (Pa) K (Pa.s") n() R
2% Chitosan Based Edible Film -1.255 5.517 0.6532 0.98
0 . -
0.5% ChitosarGelatin:2/8 (v/v) -0.0034 0.1253 0.2196 0.99

Electrospun Coatin§olution

1% ChitosarGelatin:2/8 (v/v)

Electrospun Coating Solution -0.00335 0.2147 0.09884 0.99

1.5% ChitosarGelatin:2/8 (v/v)

Electrospun Coating Solution -0.0061 0.1160 03606 0.98
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DSC
DSC devicemeasures the difference between the energy supplied to a samdptee energy supplied to a reference material,
when both aresubjected to a controlled temperature programming. This is relatedhe change in enthalpy suffered by the
sample. Changem enthalpy are called as firstder transitions such as fusion, crystallizativaporization, adsorption and
solidification[8].

The film solution samples which are 2% chitosan based edible coating solution and 0.5%, 1%, 1.5%geHateaglectrospun
coating solution results were given in Figure 3.

The endothermic peak was not detected in 2% chitosan based edible coating solution which proved that there is decampositic
the structure of chitosan between2® 0 E&arieget al. indicatedwo endothermigeaks were detected for 1%, 1.5% and 2%
chitosan films. The first endothermieak was observed between temperatures & 48A C . Solvent evapor a
from this situation. The peaks in the range of-179 0 AC s h o we d llizatibneot the tcHitesanZly8y s t a

According to results, 0.5%, 1%, 1.5% chitoggaiatin electrospun coating solution have one endothermic peak betwéef 40C
which shows the decomposition of structure of solutibinet al. indicatedthat, the endothermipeak of raw gelatin powder
observed at 220 Cwhich shows the decomposition temperature of gelatin and the electrospun gelatin nanofiber does not shc
any distinct thermal decomposition peaks][25

When we consider these researches, the endothermis geatot indicate that there is a decomposition sourced from gelatin or
chitosan. The peaks can be sourced from gellation of gelatin.

Figure 3.DSC results of chitosan based edible film solution: A) DSC graph of chitosan based edible film solution, B) DSC
graph of 0.5% edible film solution that produced by electrospinning, C) DSC graph of 1% edible film solution that produced by
electrosinning, D) DSC graph of 1.5% edible film solution that produced by electrospinning.
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