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2. Collagen

3. Electrospinning
4. Nanofiber
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Table 1 Electrospinning process

variablessurfaces
Range Variables
of

levels

Independent variables:
0.1-0.7 Beta cyclodextrine/ Collagen (w/w) (X;)
0.4-0.7 Nanoclay/Collagen (v/iw)(X3)
0.1-0.5 Solution rate(ml/h) (X3)

Dependent variables:
Nanofibers diameter (Y;) (nm)
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14. Scanning Electron Microscopy
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10. Falcon

11.Centrifuge

12. Ultrasonic Homogenizer
13. Morphology
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19. Differential Scanning Calorimetry
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15. Cone & Plate Rheometer
16.Transform Infrared Spectroscopy
17. X-Ray Diffraction

18. X-Ray Fluorescence Spectroscopy
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Fig 1 Effect of voltage;1) 12, 2) 16 and 3) 22 kV, on nanofibers diameter
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Table 2 Results of experimental design table

Betacyclodextrine/ Nanoclay/ R Nanofibers
Test No. Collagen Collagen ate Voltage diameter
(Wiw)% (VIW)% (mL/hr) V) (nm)

1 0.1 0.4 0.1 12 123.46
2 0.1 0.7 0.1 12 101.15
3 0.7 0.6 0.5 12 77.204
4 0.46 0.5 0.35 12 111.79
5 0.7 0.6 0.25 12 93.44
6 0.7 0.7 0.1 12 93.90
7 0.46 0.7 0.34 12 88.35
8 0.1 0.5 0.34 12 80.64
9 0.1 0.4 0.1 12 123.16
10 0.31 0.4 0.5 12 92.1

11 0.7 0.4 0.5 12 93.65
12 0.1 0.7 0.5 12 95.95
13 0.7 0.4 0.24 12 89.86
14 0.1 0.7 0.1 12 101.52
15 0.16 0.5 0.13 12 83.54
16 0.35 0.6 0.5 12 80.47
17 0.46 0.5 0.1 12 118.86
18 0.46 0.7 0.34 12 88.12
19 0.1 0.7 0.5 12 95.89
20 0.7 0.7 0.1 12 93.88
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Table 3 Optimal nanofibers formulation

Betacyclodextrine/ Nanoclay/ Voltage Nanofibers
Collagen Collagen Rate (ml/h) (kv)g diamere viscosity(Pa.s)
(W/w)% (viw)% (nm)
0.7 0.7 0.5 12 123.01 145.33
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Fig 4 Infrared spectroscopy of; 1) Nanoclay 2) Collagen, 3) Beta cyclodextrinand 4) Optimal nanofibers
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Fig 6 DSC analysis of; 1) Nanoclay 2) Collagen 3) Beta cyclodextrin and 4) Optimal nanofibe

Goslp pmmen 5 SUILL W5 s e glassS 51 (S
2 s opl Sl @ 8 5 s vt mls s
Olssas il 255, 26 s S oS OIS 3l andlas ol

Olpea o mSo lS  S5l pdy o Sy S

AR

z -
3 2l B Sy SV pame 5L Glaco s 4 s L

It s S (555 O s (5l LB Joniley



Qb\f\@jé:ﬂwé))i wble

methods, Quarterly Journal of Applied
Research in Engineering, Year 1, Number 3.

[7] Sotirios, 1., Marras, Konstantina, P., Kladi,
Ioannis, T., loannis, Z.& Costas, P., 2008,
Biodegradable polymer nanocomposites: The
role of nanoclays on the thermomechanical
characteristics and the electrospun fibrous
structure, ActaBiomaterialia, 4, 756-765.

[8] Preliminary feasibility studies of Nanoclay
production, Amirkabir University Industrial
Development Jihad, Research Deputy, 1390.

[9].Jorda-Beneyto, M., Ortufio N., Devis, A.,
Aucejo, S., Puerto, M., Gutiérrez-Praena, D.,
Houtman, J., Pichardo, S., Maisanaba, S.& Jos
A., 2014, Use of nanoclay platelets in food
packaging materials: technical and cytotoxicity
approach, Food AdditContam Part A Chem
Anal Control Expo Risk Assess, 31(3), 354-63.

[10]Yu, L.&Cebe, P., 2009, Crystal
polymorphism in electrospun composite
nanofibers of poly (vinylidine fluoride) with
nanoclay Polymer, 50, 2133-2141.

[11]Agarwal, A., Raheja, A., Natarajan, T.S. &
Chandra, T.S.,2014, Effect of -electrospun
montmorillonite- nylon6 nanofibrous
membrane coated packing on potato chips and
bread, Innovative food science &Emerging
technologies.

[12] GholamShahbazi, N., Samandanian, S. and
Asadi, A. 1395, A review of the use of
nanofiber composites in the food packaging
industry.

[13]Costoya, A., Concheiro, A.& Alvarez-
Lorenzo, C., 2017, Electrospun Fibers of
Cyclodextrins and Poly(cyclodextrins),
Elsevier Ltd, All rights reserved.

[14] Pour Khalil, A. and Farrokhzad, H., 1394,
Cyclodextrin, a nanoparticle with many uses.
[15] YogeshwarChakrapani, V., Gnanamani, A.,
Giridev, V.R., Madhusoothanan, M.
&Sekaran,G., 2011, Electrospinning of type I
Collagen and PCL Nanofibers Using Acetic

Acid.

[16]Bahria,H., 2017, Eletrospinning of collagen:
Formation of Biomedical Scaffold.

[17] Buttafoco, L., Kkolkman, N.G., Engbers-
Buijtenhuijs, P., Poot, A.A., Dijkstra, P.J.,
Vermes, 1. &Feijen, J., 2006, Electrospinning
of collagen and elastin for tissue engineering
applications, Biomaterials, 27, 724-734.

[18]Ghosal,K., Thomas, S., Kalarikkal,
N.&Gnanamani, A, 2014,
Collagencoatedelectrospunpolycaprolactone(P
CL) with titanium dioxide(TiO;) from an
environmentally benign solvent: preliminary
physico-chemical studies for skin substitute, J
Poly Res, 21, 410.

Y

Sl sl sl s hlay ediS J RS 5 eduS Il
o Sl 503 ) ol ey =l el o eslinal (e
DSl 4 OIS o (RS LS sl Ol Rl
SUI 5L kS sl 4 OIS ond R s
S5 2 4B S s Slalllee 4w Lol el
Shls GUI U aan a5 45 8 asie ang BUISL ksl
035l Al o S S bl bty el ) Skl
IVl S ISl 4 OIS e Dlasila L ang
ST hls /0 w385 F 5 eVl 5l e OIS o
l-JLl VEOMY a5y 5 ge sl YY) LS

VI NGIEYY

Cx;y C)@}‘ 9 o J.G.s -0
1- Excel
2- Measurement
3-Merk
4-Montmorihhonite
5- Philips
6- Research
7-Sigma-Aldrich

gl =

[1] Eslah, s. and Noori, M., 1394, A Review on
the Applications of Electrospinning Nanofibres
in Food Packaging, Journal of Applied Science
and Technology, Vol. 6, No. 24.

[2] Karimi, N., 1390, Introduction and
Application of Edible Coatings in Packaging,
Journal of Propagating Science and

Technology of Packaging, Year 2, No. 5.

[3] Jamil, A., Matthews, Gary, E., Wnek, David,
G., Simpson, Gary, L. &Bowlin. 2002,
Electrospinning of Collagen Nanofiber,
Biomacromolecules, 3, 232-238.

[4] Seyfzadeh, N., Bagheri, Z. and Babaie, f.
1392, Smart and active Food Package, 21st
Congress of Food Science & Technology,
Shiraz, ShirazUniversity.

[5] Hall Barrientos, 1.J., Paladino, E., Szabo, P.,
Brozio, S., Hall, P.J., Oseghale, C.1., Passarelli,
M.K., Moug, S.J., Black, R.A., Wilson, C.G.,
Zelko,R. &Lamprou, A.D., 2017, Electrospun
collagen-based nanofibers: A sustainable
material for improved antibiotic utilization in
tissue engineering applications, International
Journal of Pharmaceutics, 531, 67-79.

[6] NaderiSemiromi, A. and Mohammadian, j.
1396, Collagen and Collagen production



JFST No. 88, Vol. 16, June 2019 ABSTRACT

Formulation of Collagen-Cyclodextrin protein nanofibers
containing nano clay using electrospinning process

Nouri HoseinAbadi, F.', Shahsavari, Sh. **, Vaziri Yazdi, A. °>, Hemmati, A.*

1. Department of Chemical Engineering, Faculty of Oil and Chemical Engineering, Science and Research
branch, Islamic Azad University, Tehran, Iran

2. Department of Chemical Engineering, Varamin-Pishva branch, Islamic Azad University, Varamin, Iran

3. Department of Chemical Engineering, Faculty of Oil and Chemical Engineering, Science and Research
branch, Islamic Azad University, Tehran, Iran

4. Department of Chemical Engineering, Faculty of Oil and Chemical Engineering, Science and Research
branch, Islamic Azad University, Tehran, Iran

(Received: 2018/06/06 Accepted:2019/04/20)

Nowadays the use of natural and biodegradable nanofibers in the packaging industry due to the
contamination of non-biodegradable polymers in food packagingis dramatically obvious and
electrospinning is one of the easiest ways to produce these nanofibers. In this study, the
electrospinning of collagen polymer type I (extracted from the rat-tail) with Beta Cyclodextrin and
Nanoclay was investigated and Acetic acid was used as a safe solvent in terms of the environment.
After designing the experiments using an experimental design software (Design Expert 7.0), the
effects of independent variables such as weight-weight ratio of Beta Cyclodextrin to Collagen (X),
Volume-weight ratio of Nanoclay to Collagen (X,) and solution feed rate (X;) was evaluatedon
dependent variable, including nanofibers diameter (Y;). Also, electrospinning process was performed
with a voltage of 12 Kv and the distance between the needle and the collector 120 mm at ambient
temperature and pressure. Nanoclayhave been used due to barrier and antimicrobial properties; in
addition, Beta cyclodextrin was used for the specificity of the structure that causes hydrophilic and
hydrophobic surfaces. Furthermore, to investigate the shape of nanofibers Scanning Electron
Microscopy, to investigate the structure Transform Infrared Spectroscopy, to investigate existing
elements X-Ray Fluorescence Spectroscopy and to determine thermal resistanceDifferential scanning
calorimetrywas applied. The results showed that optimal nanofiber with a average size of 123.01 nm
and a flawless structure with a viscosity of 145.33 mpa.s was obtained.
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