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¥NS¥Z 

 

Geliĸen teknolojiye baĵlē olarak bilimde de hēzla geliĸim ve deĵiĸim sºz konusu olmaktadēr. Bu s¿rete maddeyi 

atomik ve molek¿ler seviyede inceleme ve kontrol etme bilimi olarak tanēmlanmakta olan nanoteknoloji hēzla 

yaĸamēmēza girmektedir. ¥n¿m¿zdeki yēllar ierisinde s¿per bilgisayarlar, daha hafif ve dayanēklē malzemeler, 

ameliyat yapan mikro ve nano robotlar gibi ileri teknoloji ¿r¿n¿ olan birok yenilik nanoteknoloji sayesinde 

gerekleĸecek ve yaĸantēmēzdaki etkileri artacaktēr. 

¦lkemizin bu teknolojide gerekleĸen geliĸmelerden geri kalmamasē, izleyen yerine ¿reten olmasē adēna nanoteknoloji 

ºncelikli alanlar iinde olmalē, teknik altyapēya sahip ¿niversiteler oluĸturulmalē ve nanoteknolojik uygulamalara 

yatērēm yapmak isteyen giriĸimci ĸirketlerle buluĸturulmalēdēr. Bu sebepler ēĸēĵēnda ¿zerimize d¿ĸen gºrevi yaparak 

¿lkemizdeki nanoteknoloji geliĸmelerinden haberdar olunmasē, konunun ºneminin farkēna varēlmasē, ¿lkemiz 

¿niversitelerinin nanoteknolojiye katkēsēnēn arttērēlmasē, ¿lkenin geleceĵinin yani genlerimizin gelecekteki planlara 

dair bilgi edinebilmesi amalarēyla Yēldēz Teknik ¦niversitesi Rektºrl¿ĵ¿ ve Makine Teknolojileri Kul¿b¿ ortak 

alēĸmasē olan ñNanoKonô15 - IV. Ulusal Nanoteknoloji Kongresiò d¿zenlenmektedir. 

Sºzl¿ ve poster sunumlarēnēn yanē sēra nanoteknolojik ¿r¿nlerin incelenebileceĵi bir sergi ve nanoteknolojinin 

geliĸmesi aēsēndan ¿niversite sanayi iĸbirliĵinin de konuĸulacaĵē panellere de yer verilecek olan ºĵrenci odaklē 

kongremiz 5-6 Mart 2015 tarihlerinde ¿niversitemiz merkez kamp¿s¿ oditoryumunda gerekleĸtirilmektedir. 

Kongremizi katēlēmlarē ile g¿lendiren ve amalarēmēza ulaĸmamēzda yardēmcē olan t¿m bildirili ve bildirisiz 

katēlēmcēlara, destekleyen ¿niversite birimlerimize, emeklerini esirgemeyen Bilim, D¿zenleme ve Y¿r¿tme Kurulu 

¿yelerimize, kongre ºncesi ve kongre boyunca gºrev alan t¿m personel ve ºĵrencilerimize D¿zenleme ve Y¿r¿tme 

Kurulu olarak en iten teĸekk¿rlerimizi sunar, b¿y¿k baĸarēlarla dolu bir gelecek iin bu t¿r birlikteliklerin daimi 

olmasēnē dileriz. 

 

Kongre D¿zenleme ve Y¿r¿tme Kurulu Adēna 

                    Kongre Eĸ Baĸkanlarē  

    Prof. Dr. Ayĸeg¿l AKDOĴAN EKER 

Prof. Dr. Cengiz KAYA 
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Sedef Etkili Pigmentlerin Kērmēzē Lahana Antosiyaninleri ile Kaplanmasē 

 
Mehmet Orkun ¢oruh1, Bora Maviĸ1, 2, ¦ner ¢olak3, G¿ngºr G¿nd¿z4  

 
1 Hacettepe ¦niversitesi, Nanoteknoloji ve Nanotēp Anabilim Dalē, 06800, Ankara; coruh@hacettepe.edu.tr 

2 Hacettepe ¦niversite, Makina M¿hendisliĵi Bºl¿m¿, 06800, Ankara; bmavis@hacettepe.edu.tr 
3 Ķstanbul Teknik ¦niversitesi, Enerji Enstit¿s¿, 34469, Ķstanbul; unercolak@itu.edu.tr 

4 Orta Doĵu Teknik ¦niversitesi, Kimya M¿hendisliĵi Bºl¿m¿, 06800, Ankara; ggunduz@metu.edu.tr 

 

¥zet  

Sedef etkili boyalar, doĵada bulunan incilerin nano yapēsē taklit edilerek ¿retilmektedir. Bu amala, kērēlma indisi birbirinden 

farklē olan tabakalarēn ¿st ¿ste getirildiĵi yapēlar oluĸturulmasē gerekmektedir. Kērēlma indisindeki bu farklēlēk, bir tabakadan 

yansēyan ēĸēk ile o tabakadan geip ikinci tabakadan yansēyan ēĸēĵēn ¿st ¿ste gelerek giriĸim yapmasēna sebep olur. Giriĸim 

sayesinde gºr¿n¿r bºlge ēĸēĵē bazē dalga boylarēnda daha ĸiddetli bir hale gelirken, bazē dalga boylarēnda yok olur. Sedef etkili 

pigmentlerin ¿retimi iin mika paralarēnēn y¿zeyi metal oksit tabakalarē ile kaplanēr ve kaplama kalēnlēĵē pigmentin rengini 

belirler. Araĸtērma grubumuzun daha ºnceki alēĸmalarēnda mika tabakasēnēn titanyum dioksit tabakasē ile kaplanmasē ile sedefli 

pigmentler ¿retilmiĸ, bu pigmentlerin ¿zerine soĵurma pigmentleri kaplanēlarak da kombinasyon pigmentleri ¿retilmiĸtir. 

Bu alēĸmada, daha ºnce ¿retilmiĸ olan sedef etkili pigmentlerin, kērmēzē lahanadan elde edilen ve pH deĵiĸimi ile renk deĵiĸtiren 

antosiyanin molek¿lleri ile kaplanmasē hedeflenmiĸtir. Sistematik olarak kaplama ortamēnēn pH derecesi deĵiĸtirilerek ¿retilen 

kombinasyon pigmentleri, termogravimetri, kēzēl ºtesi spektrometrisi ve floresans spektrometrisi yºntemleri ile incelenmiĸtir. Bu 

incelemelere dayanarak, sentetik soĵurma pigmentlerinin saĵladēĵē renk eĸitliliĵinin daha ucuza ve daha basit bir yºntemle 

saĵlanmasē amalanmēĸtēr. Ek olarak, antosiyanin molek¿lleri ile kaplanmēĸ olan TiO2 paracēklarēnēn boyar maddeli g¿neĸ 

gºzeleri iin kullanēmēnēn literat¿rdeki ºrneklerine dayanarak, kombinasyon pigmentlerinin bu gºzelerde kullanēlmasēna yºnelik 

ipularē araĸtērēlmēĸtēr. 

Anahtar Kelimeler:  Kērmēzē Lahana, Sedef, Kombinasyon Pigmenti, Boyar Madde, G¿neĸ Gºzesi 

 

GĶRĶķ 

Sedef etkili pigmentler, optik ºzellikleri ēĸēĵēn, farklē kērēlma indislerine sahip tabakalar ile etkileĸimine baĵlē olarak deĵiĸen bir 

ñ¥zel Etki Pigmentiò t¿r¿d¿r. ¦retilmelerinde doĵal incilerden ilham alēnmēĸtēr [1]. Genel yapēlarē, ince tabakalara sahip bir alttaĸ 

¿zerine kaplanmēĸ olan bir metal oksit tabakasēndan oluĸur. ¥zellikle, mika ¿zerine kaplanmēĸ titanyum dioksit tabakasē biiminde 

hazērlanmēĸ olan sedef etkili pigmentler, pigment renginin, ēĸēk dalgalarēnēn ¿st ¿ste gelmesi ilkesine dayalē giriĸim desenlerinden 

kaynaklanmasēndan dolayē ilgi ekmektedir. Sedef etkili pigmentlerde renk oluĸumu, bu pigmentlere ait SEM gºr¿nt¿s¿ ve 

incilerin mikro yapēsē ķekil 1ô de gºsterilmiĸtir. 

 

ķekil 1. a) Sedef etkili pigment-ēĸēk etkileĸimi [2] b) Sedef etkili pigmentin SEM gºr¿nt¿s¿ [2] c) Ķncinin mikro yapēsē [3] 

 

Giriĸim desenlerinin yarattēĵē optik ºzellikler, sedef etkili pigmentlerin ¿zerine eklenen soĵurma pigmentlerinin etkisi ile, pek ok 

dalga boyunda gºzlenebilir hale gelmektedir. Soĵurma pigmenlerinin eklenmesi ile oluĸturulan yapēya kombinasyon pigmenti adē 

mailto:coruh@hacettepe.edu.tr
mailto:bmavis@hacettepe.edu.tr
mailto:unercolak@itu.edu.tr
mailto:ggunduz@metu.edu.tr
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verilir. Araĸtērma grubumuzda daha ºnce sedef etkili pigmentlerin ¿zeri eĸitli fitalosiyanin ve metalofitalosiyanin molek¿lleri ile 

kaplanmēĸtēr. Bu alēĸmada ise ilk defa, bitkilerden elde edilen doĵal pigmentler ile kaplama iĸlemi yapēlmēĸtēr. Kaplama iin, 

bitkilere kērmēzē ve mavi tonlu renkleri kazandēran, ierisinde bulunduĵu ortamēn pH deĵerine gºre renk deĵiĸtirebilme ºzelliĵine 

sahip olan antosiyanin molek¿lleri kullanēlmēĸtēr. Antosiyanin molek¿llerinin pH derecesine gºre ºzelti ierisindeki yapēsal 

deĵiĸimleri ķekil 2ôde gºsterilmiĸtir. 

 

ķekil 2. Antosiyanin molek¿llerinin ºzelti ierisinde pH derecesine gºre yapēsal deĵiĸimleri [4] 

 

Antosiyaninlerin renk deĵiĸimi ºzelliĵi, ºzelti koĸullarēna gºre gerekleĸen ¿ farklē tepkimeye baĵlē olarak ortaya ēkmaktadēr 

[5]. Bu tepkimeler ķekil 3ôte gºsterilmiĸtir. 

 

ķekil 3. Antosiyanin molek¿llerinin yapēsal deĵiĸimlerini saĵlayan tepkimeler [5] 

 

¢ºzelti ortamēnēn koĸullarēna gºre molek¿llerin maruz kaldēĵē proton transferi tepkimelerine, n¿kleofilik tepkimelere ve 

tautomerik tepkimelere gºre, elektronik yapēlarēndaki deĵiĸimler sonucunda soĵurduklarē ve yansēttēklarē dalga boylarēnēn 

deĵiĸtiĵi belirtilmiĸtir [5]. Bunun yanēsēra ºzelti rengine etki eden molek¿ller arasē kopigmentasyon, molek¿llerin bazē farklē 

yapēlar sayesinde yaptēĵē kopigmentasyon gibi etkenlerin de bulunduĵu literat¿rde ortaya konulmuĸtur [5]. 

Bitkilerde sentezlenen antosiyanin iskeletinde, eĸitli bºlgelere hidroksil gruplarēnēn eklenmesi, eĸitli bºlgelere glikoz gruplarēnēn 

eklenmesi ve asillenmeler sonucunda ok sayēda ve ºzellikte antosiyanin molek¿l¿n¿n bulunduĵu belirlenmiĸtir. Kērmēzē lahana 
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bitkisinde sadece siyanidin temelli fakat yirmi farklē eĸit antosiyanin molek¿l¿ bulunduĵu literat¿rde belirtilmiĸtir [6]. 

Antosiyanin molek¿l¿n¿n temel yapēsē ve eĸitlenmesi ķekil 4ôte gºsterilmiĸtir. 

 

ķekil 4. Antosiyanin molek¿l¿n¿n temel yapēsē ve eĸitlenmesi [5] 

 

Bu alēĸmada, kērmēzē lahanadan elde edilen eĸitli antosiyanin molek¿lleri birbirinden ayrēĸtērēlmadan, fakat pH kontroll¿ olarak 

mika/titanya pigmentlerinin y¿zeyine baĵlanmēĸtēr. Bu sayede sedef etkili pigment ¿zerinde bir pigment kokteyli oluĸturulmak 

istenilmiĸ, ve bu pigmentlerin bulunduĵu formlarēn konsantrasyonundaki deĵiĸikliklerin sedef etkili pigment ile etkileĸime etkisi 

irdelenilmiĸtir. 

 

MALZEME ve Y¥NTEM 

Muskovit mika, KAl2(AlSi3O10)(F,OH)2 yapēsal form¿l¿ne sahip bir mineraldir. Ticari bir firmadan alēnan mika paracēklarēnēn 

TiO2 ile kaplanmasē prosed¿r¿ Topuzôun yaptēĵē alēĸmada anlatēlmaktadēr [2]. Kullanēma hazēr olarak bekleyen pigmentlerin 

yapēsē; 

¶ Merkezde ortalama 50 Õmx50 Õmx10 nm boyutlarēnda mika plakalarē, 

¶ Plakalarēn ¿zerini kaplayan ince SnO2 tabakasē, 

¶ SnO2 tabakasēnēn ¿zerinde kristal yapēsē rutil olan TiO2 tabakasēndan oluĸmaktadēr. 

Antosiyanin molek¿lleri ticari bir firmadan alēnan kērmēzē lahana bitkisinden ēkartēlmēĸtēr.  

Bu alēĸmada izlenilen deneysel yºntem, ķekil 4ô te ĸematik olarak gºsterilmiĸtir. 

 

ķekil 5. Ķzlenen deneysel yºntem [7] 

FTIR ºl¿mleri iin Thermo Scientific Nicolet 6700 cihazē kullanēlmēĸ, numuneler KBr tekniĵi ile hazērlanmēĸtēr. Fluoresans 

ºl¿mleri iin Cary Eclipse Varian cihazē kullanēlmēĸ, numuneler s¿spansiyon tekniĵi ile hazērlanmēĸtēr. TGA ºl¿mleri iin 

Perkin Elmer Pyris 1 TGA cihazē kullanēlmēĸ, 25 oC ï 900 oC aralēĵēnda 10 oC/dk ēsētma hēzē ile ºl¿m yapēlmēĸtēr. 
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BULGULAR ve TARTIķMA 

Kombinasyon pigmentleri ile yapēlan kēzēlºtesi deneylerinin sonularē ķekil 6ôda verilmiĸtir. 

 

ķekil 6. Kombinasyon pigmentlerinin kēzēlºtesi spektrumlarē 

 

Sonular ºzellikle antosiyanin kaplamasēnēn hibir koĸulda sedef etkili pigmentin kafes titreĸimlerinde bir deĵiĸikliĵe yol 

amadēĵēnē, yani kristal yapēsēnda bir deĵiĸikliĵe neden olmadēĵēnē gºstermektedir. Fakat ºzellikle y¿ksek pH deĵerlerinde 

belirgin olarak ortaya ēkan 1600-1200 cm-1 bºlgesi sinyalleri, y¿zeye organik baĵlanma olduĵunu kanētlamaktadēr. 

Termogravimetrik analizde, aynē koĸullarda hazērlanmēĸ olan mika/titanya ve mikta/titanya/antosiyanin numuneleri incelenmiĸtir. 

Her pH deĵerinde ¿retilmiĸ olan kombinasyon pigmentlerinin, termogravimetri deneyindeki k¿tlesel kaybēndan, mika/titanya 

k¿tle kaybē ēkartēlarak, numunelere baĵlanmēĸ olan antosiyanin miktarē hesaplanmēĸtēr. Elde edilen veriler ķekil 7ôde 

gºsterilmiĸtir. 

 

ķekil 7. TGA analizi ile kombinasyon pigmentlerinde bulunduĵu hesaplanan antosiyanin miktarlarē 

 

Antosiyanin molek¿llerinin, sedef etkili pigmentin fluoresans davranēĸēna etkisini incelemek iin kēyaslamalē olarak sedef etkili 

pigment ve her pH deĵerinde ¿retilen kombinasyon pigmentinin fluoresans ºl¿mleri yapēlmēĸtēr. Buna ek olarak, sedef etkisi 

oluĸturan mikro yapēnēn fluoresans davranēĸēna etkisini incelemek iin, aynē koĸullarda hem mika hem de mika/titanya yapēsē iin 

fluoresans ºl¿mleri yapēlmēĸtēr. TiO2 kaplamasēnēn, mikanēn ¿rettiĵi fluoresans ĸiddetini artērdēĵē gºzlenmiĸtir. Mika ve 

mika/titanya iin karĸēlaĸtērmalē fluoresans spektrumlarē ķekil 8ôde verilmiĸtir. 
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ķekil 8. Mika ve mika/titanya pigmentlerinin karĸēlaĸtērmalē fluoresans spektrumlarē, mt: mika/titanya, 

 

Antosiyanin molek¿lleri gºr¿n¿r bºlgede fluoresans verdiĵinden, karĸēlaĸtērmalē sonularē elde etmek iin dºrt farklē dalga 

boyunda uyarma yapēlmēĸtēr. Her bir dalgaboyunda kombinasyon pigmentlerinden elde edilen ĸiddetler ile sedef etkili pigmentten 

elde edilen ĸiddetler karĸēlaĸtērēlmēĸtēr. Hemen hemen b¿t¿n pH deĵerlerinde ve b¿t¿n dalga boylarēnda anthosiyanin kaplamasēnēn 

fluoresans ĸiddetini d¿ĸ¿rd¿ĵ¿ gºzlenmiĸtir. Sistematik inceleme sonucunda elde edilen sonular her bir dalga boyu iin grafiĵe 

dºk¿lm¿ĸt¿r. Bu grafikler ķekil 9ô da verilmiĸtir. 

 

 

 

ķekil 9. B¿t¿n dalga boylarēnda kombinasyon pigmentleri iin hesaplanan yayēnēm kayēplarē, a) 220 nm uyarmasē b) 270 nm 

uyarmasē c) 380 nm uyarmasē d) 420 nm uyarmasē 
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ķekil 9ô da gºsterilen verilere gºre, 220 nm, 280 nm, 380 nm ve 420 nm uyarmalarē sonucunda mika/titanya ºzel etki pigmentinde 

ortaya ēkan hemen hemen b¿t¿n yayēnēm bantlarēnēn, anthosiyaninler etkisi ile azaldēĵē gºzlenmektedir. Sadece 420 nm uyarmasē 

sonucunda, pH=3 ve pH=4 deĵerlerinde ¿retilmiĸ olan kombinasyon pigmentlerinde yayēnēm ĸiddetlerinde artma gºzlenmiĸtir.  

Elde edilen verilerden yola ēkarak b¿t¿n pH deĵerlerinde, sedef etkili pigment ¿zerine doĵal antosiyanin pigmentlerinin 

kaplandēĵē sonucuna varēlmēĸtēr. Kaplanma miktarlarēnēn pH derecesi ile iliĸkisinin, ºzelti ierisinde bulunan molek¿l formlarēnēn 

konsantrasyonlarē ile iliĸkili olduĵu d¿ĸ¿n¿lmektedir. 

Fluoresans verilerine dayanarak, gºr¿n¿r bºlge yayēnēmlarēnēn en az derecede azaldēĵē pH=3 ve pH=4 numunelerinde gºzlenen 

renklenmenin, molek¿llerin fluoresans yayēnēmlarēnēn etkisi ile olduĵu d¿ĸ¿n¿lmektedir. 

Literat¿rde, antosiyanin molek¿llerinin TiO2 ile etkileĸimlerinde, fluoresans yayēnēm ĸiddetlerinde ortaya ēkan azalmalarēn y¿k 

transfer kompleksi oluĸumu ile aēklandēĵē gºr¿lm¿ĸt¿r [8]. Fakat bu veriler ne antosiyanin molek¿llerinin ºzelti ierisinde 

bulunan form konsantrasyonlarē ile iliĸkilendirilmiĸ, ne de pH derecesine gºre sistematik bir inceleme yapēlmēĸtēr. Yapēlmēĸ olan 

bu alēĸma, genel kanēnēn tersine, antosiyanin molek¿llerinin y¿ksek pH deĵerlerinde daha verimli y¿k transfer kompleksleri 

oluĸturabileceĵine dair bir ipucu oluĸturmaktadēr. 

Ayrēca sedef etkili mika/titanya pigmentlerinin, UV bºlge ēĸēĵē ile uyarēlmēĸ duruma getiĵinde gºr¿n¿r bºlgede ve ĸiddeti 

artērēlmēĸ bir ēĸēma verdiĵi, yine fluoresans deneylerinden gºzlenmiĸtir. Kombinasyon pigmentlerinde UV uyarmasē sonucunda 

ortaya ēkan yayēnēm ĸiddetlerindeki azalma, UV bºlge ēĸēĵēndan yararlanēlarak ortaya ēkabilecek fotovoltaik etkinin gºstergesi 

olarak kabul edilmiĸtir. 

 

SONU¢LAR ve ¥NERĶLER 

Yapēlan alēĸmada, farklē pH deĵerlerinde yapēlan kaplamalar ile kombinasyon pigmentlerinde farklē renklenmeler elde edilmiĸtir. 

Bu iĸlem hem su ortamēnda gerekleĸmesi, hem de renk eĸitliliĵini tek bir pigmentten yararlanarak saĵlamasē aēsēndan, evreci 

ve maliyet d¿ĸ¿r¿c¿ bir etkiye sahiptir. Yapēlan ºl¿mler sonucunda antosiyanin molek¿llerinin fluoresans yayēnēm ĸiddetlerini 

d¿ĸ¿rd¿ĵ¿ gºzlenmiĸ, bu etkinin y¿k transfer kompleksi oluĸumundan kaynaklandēĵē ºnerilmiĸtir. Bu ºnermenin gereklenmesi 

iin ultra hēzlē spektroskopi yapēlmasē, antosiyanin molek¿llerinin ayrēĸtērēlarak kullanēlmasē, elde edilen kombinasyon 

pigmentlerinin bir g¿neĸ gºzesi ¿retiminde kullanēlarak etkilerinin g¿neĸ gºzesi ºl¿mleri ile irdelenmesi gereklidir. 
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¥zet 

Yapēlan araĸtērma iki aĸamadan teĸekk¿l etmiĸtir. Ķlk aĸamada hidrotermal yºntem kullanēlarak anti-bakteriyel g¿m¿ĸ nanopartik¿l 

¿retimi gerekleĸtirilmiĸtir. Ķkinci aĸama olarak ¿retilmiĸ olan g¿m¿ĸ nanopartik¿lleri kitosan polimeri ierisinde homojen ĸekilde 

daĵētēlmaya alēĸēlmēĸ ve ardēndan elektrospinning yºntemi vasētasēyla 1895 tarihli bir eserin bazē sayfalarē ¿zerine kaplama 

yapēlmēĸtēr. Analiz aĸamalarēnda ise SEM, XRD, BET testleri yapēlmēĸtēr. 

Doĵal bir polimer olan kitosanēn antibakteriyel ve antifungal ºzellikleri g¿m¿ĸ nanopartik¿lleri ile arttērmak amalanmēĸtēr. 

Bºylece bu proje ile birlikte arĸiv belgelerinin karĸēlaĸtēĵē en ºnemli sorunlarēndan olan mantarlar ve bakterilere karĸē korunmasē 

saĵlanmaya alēĸēlmēĸtēr [1]. 

Anahtar Kelime: Elektrospinning Yºntemi, Kitosan, Arĸiv Belgeleri, G¿m¿ĸ Nano yapēlar 

 

GĶRĶķ 

Bilindiĵi ¿zere, arĸiv belgelerinin karĸēlaĸtēĵē pek ok sorun vardēr. Bu sorunlar fiziksel ve kimyasal etkenler ile biyolojik etkenler 

olarak ifade edilebilir. Fiziksel etkenlere ºrnek olarak k©ĵēdēn yēpranmasē, yērtēlmasē; kimyasal etkenlere ºrnek olarak da 

m¿rekkep ierisindeki geiĸ metallerinin, ºzellikle demir ve bakērēn,  mevcudiyetidir. Nano yapēlarēn muhtelif alanlarda kullanēmē 

mevcuttur. Bu alanlardan biri de tarihi eserleri koruma olarak ifade edilebilir. ¥zellikle g¿m¿ĸ, nano boyuta indirgendiĵinde eĸsiz 

ºzelliklere sahip bir yapēya dºn¿ĸmektedir. 

Kitosan, deniz kabuklularēnda bulunan kitinin bir t¿revidir. Bu doĵal polimer, nano boyuta indirgendiĵinde g¿m¿ĸ gibi 

antibakteriyel ve antifungal etki gºstermektedir. Elektrospinning yºntemi, ºzellikle kaplama alanēnda ok tercih edilen bir 

uygulamadēr. Elektrik alanē kullanarak kaplama yapēlma esasēna dayanan bu yºntem ile farklē malzemeler kaplanabilmektedir. 

Son yēllarda yapēlan alēĸmalar, elektrospinning yºntemi kullanēlarak arĸiv belgeleri ¿zerinde de kaplama yapēlabileceĵini 

gºstermiĸtir. 

Arĸiv belgelerinin ana malzemesini sel¿loz fiberlerinden meydana gelen k©ĵēt oluĸturmaktadēr. Sel¿loz yapē itibariyle amorf ve 

kristalin bºlgeler ierir [2]. Bu bºlgeler ierisinde ºzellikle amorf yapēlar asit, m¿rekkep ierisindeki geiĸ metalleri ya da 

biyolojik etmenler sebebiyle kolaylēkla bozunmaktadēr [3]. Eserlerin bozunmasēna ait ºrnek ķekil 1ôde verilmiĸtir. Bu etkilere 

deĵinecek olursak asidik ortamēn hidrojen iyonu oluĸturmasē ve geiĸ metalleri ile birlikte sel¿loz baĵlarēnēn paralanmasēna 

sebebiyet vermektedir. Kitaplarēn yazēmēnda ilk zamanlar ok isli ve demir s¿lf¿rl¿ m¿rekkepler kullanēlmēĸtēr. Ķsle yapēlan 

m¿rekkepler asit barēndērmadēklarēndan bunlar k©ĵēda zarar vermemektedirler. Fakat suda kolay ºz¿nd¿klerinden, nem ya da 

suyla temas ettiklerinde daĵēlarak yazēyē bozmaktadērlar. Demir s¿lf¿rl¿ m¿rekkepler kalēcēdērlar fakat zamanla iindeki demir 

oksitlenerek aside dºn¿ĸmekte, bu asit k©ĵēdē yakarak siyahlaĸma ve delinmeler meydana getirmektedir. Biyolojik etkenler 

irdelenecek olursa bunlarēn baĸēnda mantarlar ve bakteriler gelmektedir. Bunun dēĸēnda bºceklerin ve kurtlarēn etkileri de gºz 
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ºn¿nde bulundurulmalēdēr. Mevcut teknoloji ile bºcek vb. organizmalarēn etkisi ºnlenebilmektedir; ancak mantarlarēn, bakterilerin 

d¿ĸ¿k sēcaklēklara ve kimyasallara olan dayanēklēlarē sºz konusudur [4,5].  

 

ķekil 1. Yēpranmēĸ bir eser ºrneĵi (a) ve onarēm iĸinin yapēldēĵē bir eser ºrneĵi(b) [2] 

Bahsi geen sorunlarē ºnleyebilmek amalē pek ok fiziksel ve kimyasal koruma yºntemleri vardēr. Fiziksel koruma, eser ¿zerine 

mevcut olan tozlarē fēra yardēmēyla temizlemek, laminasyon, yērtēk yerleri japon k©ĵēdē veya ipek k©ĵēdē yardēmēyla onarmak gibi 

iĸlemlerdir. Kimyasal koruma ise eĸitli ºzeltiler kullanarak belgeler ¿zerine uygulama esasēna dayanmaktadēr. Arĸiv 

belgelerinin korunmasē ¿zerine yapēlan alēĸmalar nanoteknoloji alanēnda kēsētlē bir literat¿re sahiptir [6]. ¢alēĸmalara kēsaca 

deĵinilecek olursa Polonyaôda farklē y¿zyēllara ait k©ĵēt eserler ¿zerine buhar p¿sk¿rtme yºntemi ile g¿m¿ĸ nanopartik¿lleri 

emdirilmiĸtir[7].  Ancak buhar p¿sk¿rtme yºnteminin kullanēlmasē k©ĵēt eserler ¿zerinde yēpranmaya sebebiyet verecektir. Bunun 

nedeni y¿ksek sēcaklēkta bulunan buharēn eserlerde mevcut olan m¿rekkep ¿zerinde olumsuz etki yaratmasēdēr. 

¢inôde yapēlan bir alēĸma eserler ¿zerinde gerekleĸtirilecek korumanēn daha iyi neticeler verdiĵini gºstermektedir. Bu alēĸmada 

elektrospinning yºntemi kullanēlarak, temin edilen bazē eski eserler ¿zerine polivinilidinflor¿r (PVDF) nano fiberleri 

biriktirilmiĸtir. Yapēlan testler sonucunda eserlerin dayanēklēlēĵēnēn arttēĵē, ayrēca su ile olan temaslarēnēn azaldēĵē tespit edilmiĸtir. 

Suyun temasēnēn d¿ĸmesi ºzellikle baĸta mantarlar olmak ¿zere diĵer mikroorganizmalarēn oĵalmasēnē engellemiĸtir [8]. 

Bu projenin amacē, g¿m¿ĸ doplanmēĸ kitosan nanofiberler kullanarak arĸiv belgelerinin kaplanmasē ve antibakteriyel ve antifungal 

ºzellik kazandērmaktadēr. ¥zellikle g¿m¿ĸ, nanoboyuta indirgendiĵinde eĸsiz ºzelliklere sahip bir yapēya dºn¿ĸmektedir. Sahip 

olduĵu ºzelliklerinden biri de antibakteriyel, antifungal oluĸudur. Projede kullanēlacak bir diĵer nano yapē da kitosandan elde 

edilecektir. Kitosan, deniz kabuklularēnda bulunan kitinin bir t¿revidir. Bu doĵal polimer, nano boyuta indirgendiĵinde g¿m¿ĸ 

gibi antibakteriyel ve antifungal etki gºstermektedir.  

 

DENEYSEL ¢ALIķMALAR 

Deneysel alēĸmalar g¿m¿ĸ nanopartik¿llerinin sentezi, g¿m¿ĸ/kitosan nanokompozitinin sentezi ve elektrospinning iĸlemi olmak 

¿zere 3 kēsēmda incelenebilir. 

1.1. G¿m¿ĸ Nanopartik¿l Sentezi 

Deneyde kullanēlan kimyasallar 

ü Etilen glikol (EG) 

ü G¿m¿ĸ nitrat (AgNOϝ) 

ü Polivinilprolidan (PVP) 
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ü Sodyum klor¿r (NaCl) 

Ķlk olarak etilen glikol (EG) ºzeltisi 120ÁCô ye ēkarēlmēĸtēr. Diĵer taraftan ayrē bir etilen glikol ºzeltisinde g¿m¿ĸ nitrat 

(AgNOϝ) ºz¿nd¿r¿lm¿ĸt¿r. 120ÁCô deki etilen glikol ºzeltisine polivinilprolidan (PVP) ve sodyum klor¿r (NaCl) eklenmiĸtir. 

Hazērlanan iki ºzelti karēĸtērēlmēĸ ve otoklava il©ve edilmiĸtir. Otoklavda hidrotermal iĸleme t©bi tutulmuĸtur.  Tablo 1ôde 

kullanēlan kimyasallar ve parametreler verilmiĸtir.      

 

Tablo 1- G¿m¿ĸ nanopartik¿l ¿retiminde kullanēlan kimyasallar ve parametreler 

  AgNOϝ(wt%)  PVP(Mg/mol) NaCl(wt%)  EG (mL)  T (ÁC )     S¿re(sa) pH 

G¿m¿ĸ 1        0,68 1,766 0,004 100 160 7 5 

G¿m¿ĸ 2        1,36 3,532 0,009 200 150 7 4 

G¿m¿ĸ 3        1,36 3,532 0,009 200 150 7 5 

G¿m¿ĸ 4        1,36 3,532 0,009 200 150 7 5 

G¿m¿ĸ 7        1,53 2,08 0,002 200 195 0,25 6 

G¿m¿ĸ 8        1,53 2,08 0,002 200 185 0,25 9 

G¿m¿ĸ 9        1,53 1,04 0,001 200 185 0,25 6 

 

1.2. G¿m¿ĸ/Kitosan Sentezi 

G¿m¿ĸ nitrat ºzeltisi, sodyum hidroksit ºzeltisi ve kitosan ºzeltisi ayrē ayrē hazērlanmēĸtēr. Ardēndan ¿ ºzelti karēĸtērēlmēĸ ve 

95Á Cô ye ēkarēlmēĸtēr. Bu sēcaklēkta 10 dakika karēĸtērēlmēĸ ve oda sēcaklēĵēnda soĵutulmuĸtur. Ardēndan filtreden geirilmiĸ ve 

et¿vde kurutulmuĸtur. Tablo 2ôde kullanēlan kimyasallar ve parametreler verilmiĸtir. 

                      Tablo 2- G¿m¿ĸ/kitosan ¿retiminde kullanēlan kimyasallar ve parametreler 

 

1.3. Elektrospinning ¢ºzeltisi Hazērlama 

Bu aĸama iin iki farklē yol izlenmiĸtir. Ķlk olarak birlikte ¿retilen G¿m¿ĸ/Kitosan tozu %2 lik asetik asit ºzeltisi ile oda 

sēcaklēĵēnda 24 saat boyunca karēĸtērēlmēĸtēr. Diĵer sol¿syonu hazērlamak iin de ºnceden ¿retilmiĸ olan g¿m¿ĸ tozlarē ve kitosan 

%2ôlik asetik asit ºzeltisine sērasēyla il©ve edilmiĸ ve 24 saat karēĸtērēlmēĸtēr. ¦retilen g¿m¿ĸ/kitosan tozlarēndan óAg/CS 1 

óAg/CS 3ô ve óAg/CS 5ô viskoziteleri ºl¿lmek ¿zere alēnmēĸtēr.  

1.4. Viskozite ¥l¿mleri 

Yukarēda bahsi geen numunelerin viskozite ºl¿mleri yapēlērken óspindle 21ô adlē mil kullanēlmēĸtēr. Kesme hēzē %30 olarak 

ayarlanmēĸtēr. ¢ēkan sonular aĸaĵēda belirtilmiĸtir. 

  AgNOϝ(wt%)  Kitosan(wt%)  NaOH (M) Saf su(mL) T (ÁC )     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 
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1.5. Elektrospinning Ķĸlemi 

Gerekleĸtirilen elektrospinning iĸlemine ait gºr¿nt¿ler ķekil 2 (a) ve (b)ôde verilmiĸtir. 

 

                                   ķekil 2 -Elektrospinning iĸlemi  (a) ve kaplanacak esere ait gºr¿nt¿ (b) 

Ķĸlem esnasēnda uygulanan voltaj 27 kV; kolektºr ve iĵne arasē mesafe ise 15 cm olarak ayarlanmēĸtēr. Fērlatma hēzē ise 2 

mL/saattir. Ķĸlem sērasēnda oluĸan jetin kesikli ĸekilde fērladēĵē ve belirli bir bºlgede birikme meydana geldiĵi, kaplamanēn 

homojen olmadēĵē gºzlenmiĸtir.  

 

SONU¢LAR ve TARTIķMA 

¦retilen nano yapēlarēn analizleri sērasēyla incelenmiĸtir. 

1.6. Ag/CS numunelerinin Taramalē Elektron Mikroskop (SEM) ve EDS Analiz Gºr¿nt¿leri 

Ag/CS 1 ve Ag/CS 2 numunelerine ait SEM gºr¿nt¿leri sērasēyla ķekil 3 ve ķekil 5ôte verilmiĸtir. Ag/CS 1 numunesi incelenecek 

olursa g¿m¿ĸ nanopartik¿llerinin kitosan ierisinde homojen daĵēldēĵē gºr¿lmektedir. Ancak ķekil 3ôte gºr¿ld¿ĵ¿ ¿zere, g¿m¿ĸ 

boyutlarēnēn 200 il© 400 nanometre arasēnda deĵiĸtiĵi anlaĸēlmaktadēr. Ag/CS 1 numunesine ait EDS analiz sonucu ķekil 4ôte 

verilmektedir. Ag/CS 1 numunesinin EDS analiz sonucunda g¿m¿ĸ piki aēka gºr¿lmektedir. 

 

ķekil 3. Ag/CS 1numunesine ait SEM gºr¿nt¿s¿ 
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ķekil 4.Ag/CS 1 numunesine ait EDS analizi 

Ag/CS 2 numunesinden bahsedilecek olursa (ķekil 5); partik¿llerin boyutlarēnda d¿ĸ¿ĸ meydana geldiĵi ve yaklaĸēk 50 nm 

civarēnda boyutlara sahip olduĵu ancak aynē zamanda topaklanmaya baĵlē olarak homojen bir daĵēlēmēn sºz konusu olmadēĵē 

sºylenebilir. Ag/CS 2numunesine ait EDS analiz sonucu ķekil 6ôda verilmektedir. EDS analizinde de homojen daĵēlmamaya baĵlē 

olarak seilen bºlgenin ok fazla g¿m¿ĸ barēndērmadēĵē sonucu ēkarēlabilir. 

 

 

ķekil 5. Ag/CS 2 numunesine ait SEM gºr¿nt¿s¿ 
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ķekil 6.Ag/CS 2 numunesine ait EDS analizi 

 

1.7. Ag ve Ag/CS numunelerine ait XRD sonularē 

Aĸaĵēda sērasēyla Ag ve Ag/CS numunelerinin XRD sonularē irdelenecektir: 

 

ķekil 7-Ag numunesine ait XRD sonucu 

Ag numunesine ait XRD analiz sonucu (ķekil 7) incelendiĵinde, referans alēnan makaledeki [9] XRD sonucu ile ºrt¿ĸt¿ĵ¿ 

gºr¿lmektedir ( PDF card 04-0783 ). Ag atomlarēnēn (111) d¿zleminde biriktiĵi, bunun nedeninden bahsederken de deneysel 

aĸamada kullanēlan polivinilprolidan (PVP) kimyasalēnēn Ag kristalleri ¿zerindeki etkisine deĵinmek yerinde olacaktēr. PVP Ag 

kristallerinin sahip olduĵu (100) d¿zlemini pasifleĸtirmekte, bunun yanēnda (111) d¿zleminin aktif kalmasēnē saĵlayarak 

kristallerin pentagonal ĸekilde b¿y¿mesine sebebiyet vermektedir. Elde edilen XRD sonucundaki (111) d¿zlemini belirten pik 

teoride aēklandēĵē ĸekilde PVPônin etkisini doĵrulamaktadēr [10]. Ancak SEM gºr¿nt¿lerinden alēnan sonular tel oluĸumunun 

gerekleĸmediĵini gºstermektedir. Bu konuya da aĸaĵēda deĵinilecektir.  

(1 1 1) 

(2 0 0) 

(2 2 0) 

(3 1 1) 



 

 
 

 
 
 

20 
 

 

ķekil 8- Ag/CS numunesine ait XRD sonucu 

Ag/CS numunesine ait XRD sonucundan (ķekil 8) gºr¿leceĵi ¿zere amorf bir yapē oluĸmuĸtur. 20 ve 40 derecelerinde 2 adet pik 

meydana gelmiĸtir. (111) d¿zlemi g¿m¿ĸ nanopartik¿lleri belirtmektedir ( PDF card 04-0783 ). 

1.8. Elektrospinning Ķĸlemi Analiz Sonularē 

Analiz sonularē ºncesi viskozite sonularēnē irdelemek yerinde olacaktēr. 

ü Ag/CS 1 numunesinin viskozite deĵeri: 3,4 cp 

ü Ag/CS 3 numunesinin viskozite deĵeri: 1,4 cp 

ü Ag/CS 5 numunesinin viskozite deĵeri: 2,7 cp 

Referans alēnan makalede elektrospinning iĸleminin en iyi ĸekilde gerekleĸtiĵi viskozite deĵerleri 2,5 il© 3 cp arasēnda olduĵu 

saptanmēĸtēr. Bu sebeple elektrospinning iĸlemi iin óAg/CS 5ô numunesi kullanēlmēĸtēr. 

Elektrospinning iĸlemi sonunda eserin SEM analizi yapēlmēĸtēr. Analiz ºncesi eser ¿zerine kaplama yapēlmēĸtēr. ķekil 9ôde SEM 

gºr¿nt¿s¿ verilmektedir. 

(1 1 1) 
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ķekil 9- Elektrospinning iĸlemi sonrasē elde edilen gºr¿nt¿ 

ķekil 9 incelenecek olursa elektrospinning iĸleminin baĸarēyla gerekleĸtirildiĵi sºylenemez. Bunun muhtemel nedeni iĸlem iin 

ayarlanan parametrelerdeki uygunsuzluktur. 

Sonular 

Yapēlan alēĸma ile g¿m¿ĸ nanopartik¿lleri ¿retimi baĸarēyla gerekleĸtirilmiĸtir. Yapēlan karakterizasyon alēĸmalarē; SEM, XRD 

ve EDX analizleri, bunu doĵrulamaktadēr. Ancak farklē morfolojiler ¿retme deneyleri neticesiz kalmēĸtēr. Bu baĵlamda deney 

parametrelerinde deĵiĸiklikler ºngºr¿lm¿ĸ ve optimum seviyeye ulaĸmak iin alēĸmalara devam edilecektir. Diĵer yandan 

elektrospinning iĸlemi sonrasē alēnan SEM gºr¿nt¿s¿nden bahsedilmiĸtir. Ķstenilen nanofiberler ¿retilemediĵinden iĸlem 

parametrelerinde deĵiĸiklikler yapēlmasē gerekmektedir. Bu parametrelerin baĸēnda viskozite, uygulanan voltaj gelmektedir.  
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Abstract 
To extend the shelf life of postharvest fruit and vegetable which are very perishable, some effective measures have been applied 

such as edible coating. Edible films containing chitosan has an effect which can be used in the post-harvest decay control of fresh 

fruits and vegetables. Since researches have highlighted the potential of nanotechnology applications for wide ranging food 

applications, nanofibers can give a chance to produce large surface area-to-volume ratio leading that more interactions can be 

possible with other molecules to achieve their functions in any given system. Nanofibers were acquired by using electrospinning 

device that applies high electric voltage 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 properties using lesser amounts of 

substances with better results. To exploit this hypothesis, nanofibers that were obtained from gelatin-chitosan 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 and 

compared to solution with chitosan 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 coating 

process, samples were stored at 4ÁC and weighted periodically. According to results, 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. In the samples of 

electrospun gelatin-chitosan solutions, as concentration is raised up, permeability is ascending for sliced strawberry and is falling 

off for whole strawberry and banana. Kiwi fruit is not affected much from this concentration change. The most significant change 

belongs to the sliced strawberry that has the highest weight lost showing up in the edible chitosan (37%) and control sample 

(34%). Nevertheless, deteriorations began for the control samples after 8 days of storage where the edible solutions containing 

chitosan or electrospun gelatin-chitosan gave much longer storage time by protecting their qualities up to 18 days. 

Keywords: Edible Film, Electrospun Nanofiber, Chitosan, Gelatin, Fruit. 

 

INTRODUCTION  

The usage of edible coatings and films to variable fruits and vegetables is common application before marketing in an attempt to 

decrease water loss, slow senescence, and aging, give gleam and become more attractive for consumer [1]. Edible film has been 

appertaining to food practices for 50 years. Polysaccharides such as starch, cellulose, gums and chitosan; proteins such as casein, 

gelatin and gluten; and lipids such as waxes are used to obtain edible films [2].The general purposes of edible films and coatings 

for fruits and vegetables are to delay gas transfer, vapour and volatiles. In this way, a modified atmosphere conditions are 

provided to food which reduces respiration and senescence, decrease aroma loss, preserve moisture and retard color changes 

during storage [3]. Furthermore, coating protects mechanical properties of the fruit during storage [4]. 

In order to control the coating process, the flow behavior of film forming solutions are needed. Indeed, the presence or absence of 

defects after coating in thin films depends on rheological properties of film solutions. The apparent yield stress has an essential 

mission in controlling the film behavior such as prevention from dipping [5]. Besides, thermal properties of edible films could be 

used for evaluating the thermal behavior of film when the food product is ate different temperatures during transportation and 

storage. Thermal properties can be detected by differential scanning calorimetry (DSC) measurements [6]. 

 

Chitosan is the polysaccharide that derived from the alkaline deacetylation of chitin which is mainly made from crustacean shells. 

Chitosan is poly-Ç-(1Ÿ4)-2-amino-deoxy-D-glucopyranose. Conventional commercial chitosan is deacetylated about 85% [7]. 

Chitosan films have ability to prevent the food product from oxygen and carbon dioxide. It is convenient for food packaging 

material such as edible films and coatings [8]. In addition, it has antifungal and antibacterial properties due to its polycationic 

nature. However chitosan films have very low resistance to water transmission [9]. When a chitosan based plastic wrap was 

applied for storage of fresh mangoes, the shelf-life of the fruit increased to 18 days.  Microbial growth and off-flavour was not 
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observed during 18 days [10]. 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 microbial growth 

and developing chlorophyll and ascorbic acid maintaining [11]. Coating with chitosan film preserved strawberries from fungal 

infection and also developed resistance to water vapour transmission [12]. 

Nanotechnology has the potential of innovation for food and agriculture systems; novel food packaging; increasing the range of 

food textures, colours and tastes; microbial, allergen and contaminant detection and control; development of ingredient 

functionality [13]. Nanofibers are made by using electrospinning process that applies high electric voltage to a capillary droplet of 

polymer solution or a melt to overcome liquid surface tension [14]. 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 as a web [15]. 

Electrospinning process is affected from various factors. They are mainly divided into three groups which are polymer solution 

effects (concentration, electrical conductivity, viscosity, surface tension of the feed solution), process conditions (feed rate, 

applied voltage and distance to the collector plate) and environmental factors [16]. These parameters affect the quality and the 

morphology of nanofiber [17]. Nanofibers having very large surface area in respect to their mass may achieve various functions 

with lesser amounts when compared to their bulk counterparts. This characteristic of nanofibers appears to be promising in food 

industry, which seeks novel and functional products.   

Examples of natural polymers that used in electrospinning process are collagen, chitosan, gelatin, casein, cellulose acetate, silk 

protein, chitin and fibrinogen [16]. In some cases, some polymers and mixtures of polymers could be incorporated to increase 

electrospinnability of other biopolymers [18]. The electrospinnability of chitosan is depend on the parameters of electrospinning 

like fineness of syringe tip, the gap between tip and fibre collector, the feeding rate and applied voltage values [19].  

To extend the shelf life of very perishable postharvest fruits such as strawberries, kiwis and bananas which are used especially in 

pastry industry, the edible film solutions containing chitosan or electrospun gelatin-chitosan nanofiber were applied. The 

objectives were two folds. The first one was to determine the effects of edible film solutions that were applied onto surfaces of the 

fruits to extend their shelf-lives. The second one was to compare the 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, 448877-250G, Iceland), gelatin from bovine (Sigma, G9382-500G, 

USA), % 100 acetic acid (AcOH) (Sigma-Aldrich, 27225, USA), Tween 40 (P1504-500ML, USA), sodium hydroxide (NaOH) 

were used in the experiments. Whole strawberries, kiwis and bananas were purchased from local market in Istanbul. The distilled 

water was used in all experiments when it was needed. 

 

METHOD  

- Preparation of feed solutions for electrospinning  

Medium molecular weight chitosan powder was converted to the low molecular weight by hydrolyzing with NaOH (50%) at 1:25 

(chitosan/NaOH) (w/v). The mixture treated at 95ÁC for 24 hours provided the hydrolyzed chitosan. The sample was strained and 

rinsed with deionized water, then neutralized with AcOH (90%) and dried at 60ÁC for 16 hours [18]. Hydrolyzed and neutralized 

chitosan solutions were prepared at 3% and 5% by dispersing in 90% AcOH solution. The gelatin solution was prepared with 

AcOH (20%) at 10%, 15%, 20% (w/v) by mixing at 30ÁC for 2 hours.  

The stock solutions of hydrolyzed and neutralized chitosan were prepared at 3 and 5% whereas gelatin solutions were used at 10, 

15 and 20%. These stock solutions were mixed at 4:6, 3:7, 2:8, 1:9 (chitosan/gelatin) (v/v) for electrospinning for 5 minutes at 

room temperature.  

 

- Electrical conductivity measurements of feed solutions 

The electrical conductivity of solutions was measured by a conductometer (WTW LF95, Germany) at room temperature in 

duplicate.  
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- Surface tension measurements of feed solutions 

The surface tension of samples was measured at room temperature by the 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 

Rheological parameters were measured at 25ÁC by using  a rheometer (Rheostress 1, Haake, Germany) equipped with a parallel-

plate sensor system (dia=3.5 cm,  gap= 1 mm). Measurements were conducted in the shear rate range of 0-300 s-1. The results 

were modelled by using a software (RheoWin, Haake, Germany). The rheological behaviours of the samples were expressed by 

using the Power Law equation as follow: 

 

„ ὑ          [20] 

 

where „ is shear stress (Pa), K is consistency index (Pa.sn),  is shear rate (s-1) and n is flow behaviour index (-). 

 

- Electrospinning of feed solutions 

Samples were put into syringe with 0.5 mm inner capillary diameter. The filled syringes were then transported to the 

electrospinning system (NE100, Inovenso, Turkey). The syringe tips and collectors were connected to electric generator. The 

applied voltages and the feed rates were in between in the range of 14-25 kV and 0.3-0.5 ml/hr, respectively. The distance 

between the needle and the grounded collector coated with aluminum foil was 10 cm. 

 

- SEM analysis of nanofibers 

 A scanning electron microscopy (SEM) (Jeol JSM-7000F, Japan) with accelerating voltages of 5 kV was used to observe the 

morphologies of nanofibers.  

 

- Preparation of edible film solutions  

Chitosan solutions were prepared by dissolving chitosan in AcOH (1%) at 2% (w/v). To achieve complete chitosan dispersion, the 

solution was stirred overnight at room temperature and centrifuged to remove impurities [22].  

The electrospun nanofibers containing gelatin: chitosan (8:2) (v/v) were collected from the collector plate coated with aluminium 

foil and kept at 4ÁC. The nanofiber solutions were prepared with 90% AcOH at 0.5%, 1% and 1.5% (w/v). 

 

- Rheological properties of edible film solutions  

Rheological parameters of edible film solutions were conducted at 25ÁC by using a rheometer (Rheostress 1, Haake, Germany) 

equipped with a parallel plate sensor system (dia=3.5 cm, gap=1 mm).  Measurements were conducted in the shear rate range of 0-

300 s-1.   

The results were modelled by using software (RheoWin, Haake, Germany). The rheological behaviours of the samples were 

expressed by using the Herschel-Bulkley equation as follow: 

 

„ „ ὑ     (0 < n < Ð)       [20] 

 

where „ indicates yield stress (Pa). To calculate the maximum coating thickness (hmax) for coating fruits without slipping of the 

solution from the surface of fruits, the equation given below was used: 
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hmax   ; ʎ  = g”ὬίὭὲ—         [20] 

 

where g is the gravitational acceleration (m/s2), ” is the density of the solution (kg/m3), — is the 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 given below to 

find ʎ   where ʎ  indicates a maximum stress (Pa) and if the yield stress equals or is bigger than maximum stress (ʎ  

ʎ , the coating material can cover the fruit surface homogenously [20]. 

 

-Thermal properties of edible film solutions 

The thermal properties of film solutions were determined by a DSC (Q10, TA Instruments, USA). The samples were weighed as 

19.1 mg for both edible solution and electrospun gelatin-chitosan solution and then placed in aluminum DSC pans, then lids were 

hermatically sealed.  The samples were heated from 20 to 100 ÁC at a heating rate of 10 ÁC/min under nitrogen gas atmosphere 

[21]. The transition temperature (Tm) of samples was obtained where the endothermic peak occurs using a software (Q Series, TA 

Instruments, USA). 

 

-Application of edible film solutions 

Fresh fruits purchased from a local market were washed with tap water. The whole strawberry, kiwi and 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 the solution for 3 

min at 20ÁC separately, where the control group fruits were dipped into distilled water. Fruits were drained and air dried at 30ÁC 

for 2 hours in an oven. The method was duplicated for all samples [11]. The dipped fruit samples were stored in a refrigerator at 

4ÁC in aluminum covered petri dishes. The thicknesses of coatings and weights of fruits were measured every day. 

 

RESULT and DISCUSSION 

-Properties and electrospinnabilities of feed solutions 

The electrical conductivity, surface tension and rheological parameters of the feed solutions were presented in Table 1.  

 

Table 1. Properties of the solution containing gelatin-hydrolyzed chitosan feed solution (v/v): 8/2) 

Sample 
ů  (Pa) 

K (Pa.sn) n (-) r  
Electrical 

Conductivity 

(mS/cm) 

Surface 

Tension 

(mN/m) 
Electrospinnability  

15% Gelatin+ 

5% 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 to predict the 

success of the electrospinning process [22]. 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.  

Conductivity of solutions was measured at room temperature as 5.33 mS/cm where the maximum value for electrospinability is 5 

mS/cm [23].  This value closes to reference value. Considering other effective parameters, the effect of electrical conductivity can 

be evaluated fairly. Surface tension was measured at 22.7ÁC resulted with 28.711 mN/m in averagely. 

At the end of the preparation of 3% and 5% hydrolysed chitosan with gelatin solutions at different volume (chitosan/gelatin (v/v): 

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 15% gelatin 

concentration. For this electrospinnable sample, the flow rate and the applied voltage were determined as 0.5 ml/h and 17.5 kV, 

respectively. The addition of surfactant (Tween40) decreased both the electrical conductivity and the surface tension of the blends 
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which facilitated the formation of nanofibers [24]. Therefore, Tween40 was added in 1% (w/w) and that presented the best fibre 

formation for the hydrolized chitosan with 15% gelatin concentration 2/8 chitosan/gelatin(v/v). 

The sample SEM images are given 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, the sample 5 wt% chitosan 

that prepared by 90% AcOH, 15 wt% gelatin (chitosan/gelatin= 2:8) may not form a certain nanofiber. 

 

  

Figure 1. SEM images of electrospun sample including 5 wt% chitosan-15 wt% gelatin (chitosan/gelatin= 2:8) 

 

-Characterization of Edible Film Solutions 

Rheology 

The results of measurements were defined by using Herschel-Bulkley 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 behaviour index have 

the highest value other than electrospun solutions. 

For 2% chitosan based edible film, and 0.5%, 1%, 1.5% chitosan-gelatin: 2/8 (v/v) electrospun coating solution, the coating 

thicknesses was measured for each fruit. The maximum coating thickness and maximum stress were calculated.  According to 

results, chitosan based edible film solution is suitable for coating. It provides the conditions that are given above (ʎ  ʎ . 

However, no any gelatin-chitosan electrospun coating solutions is convenient for coating homogenously because of it ʎ is lower 

than ʎ  for each fruits. 

 

Table 2. Reological properties of coating solutions at 25 ÁC. 

Sample ů0  (Pa) K (Pa.sn) n (-) R 

 

2% Chitosan Based Edible Film 

 

-1.255 

 

5.517 

 

0.6532 

 

0.98 

 

0.5% Chitosan-Gelatin:2/8 (v/v) 

Electrospun Coating Solution 

 

- 0.0034 

 

0.1253 

 

 

0.2196 

 

 

0.99 

 

 

1% Chitosan-Gelatin:2/8 (v/v) 

Electrospun Coating Solution 

 

-0.00335 

 

0.2147 

 

0.09884 

 

0.99 

 

1.5% Chitosan-Gelatin:2/8 (v/v) 

Electrospun Coating Solution 

 

-0.0061 

 

0.1160 

 

0.3606 

 

0.98 
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DSC 

DSC device measures the difference between the energy supplied to a sample and the energy supplied to a reference material, 

when both are subjected to a controlled temperature programming.  This is related with the change in enthalpy suffered by the 

sample. Changes in enthalpy are called as first-order transitions such as fusion, crystallization, vaporization, adsorption and 

solidification [8]. 

The film solution samples which are 2% chitosan based edible coating solution and 0.5%, 1%, 1.5% chitosan-gelatin electrospun 

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 decomposition in 

the structure of chitosan between 20-100ÁC. Casariego et al. indicated two endothermic peaks were detected for 1%, 1.5% and 2% 

chitosan films. The first endothermic peak was observed between temperatures of 78-94ÁC. Solvent evaporation was responsible 

from this situation. The peaks in the range of 179-190ÁC showed that the crystallization of the chitosan [21, 8]. 

According to results, 0.5%, 1%, 1.5% chitosan-gelatin electrospun coating solution have one endothermic peak between 40-60ÁC 

which shows the decomposition of structure of solution. Ki et al. indicated that, the endothermic peak of raw gelatin powder 

observed at 220ÁC, which shows the decomposition temperature of gelatin and the electrospun gelatin nanofiber does not show 

any distinct thermal decomposition peaks [25].  

When we consider these researches, the endothermic peaks do not 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 

electrospinning, D) DSC graph of 1.5% edible film solution that produced by electrospinning. 


