[ Downloaded from fsct.modares.ac.ir on 2025-07-19 |

\Y’Q/\ :\>J.>'- c\-\ 692 c/\/\n)l.&.:r &‘.LG GW}(}lﬁ

O 33 S99 S S glSuw— (3 SIS Sk g 39 SLIN 36 g guas¥ 90
o 99 5SI Wa T 4 31 0ol b L g g3

F

2 oJUT clg.:ﬁ S 29 GL:— c*YL;)bM@J» olals c\L;.alfT = (S8 able

O gl Ol g umu\jgt@;b@uﬁzz;,r;;b‘,kﬂ.:fwjuammwfwﬂjg_\
Ol el s o oodhanl 33T o235 gt ol s 5 Aol g ¢ pond _poirdigs 055 =Y
olﬁwl,@;‘jmmja&ub‘uufs;a”;;bb‘w,;fw,ugmmw,:fwﬂjﬁ_v
O el g okl 13T oKl iy pohe Aol g (pard pilign 5 ok 0dSCESS (o dige 035 E
GO AR P W B SR AR P 1)

0 LS~

Gt 5 b SUISL Sl eslinal 4 5 a3l e sl gy At 53 il A s lasedd S 36 e So T 4 s L
ol 03 Al s SN GUIE A sl bs) cnFesle 51 SC s apd e el (S i ssbe Gty o 3 i 59
Sl ol 515 285 S5 s 3550 oSl 5 eSS ol es w0 (e g3 Sl el 2l sial) 5l g O3S 55 S (Gt
oslizwl (Design Expert 7.0) zll > b 15l ¢ (imlesl b e s el o Jases Bl 4l o DN S0l gew
wdis F55 (Xo) OIS 4 ol G e Cod (X) OIS @ o maS ISl S5 s Camtheld i slapine U5 LS
3 Lo S m ahoolh (5 ST w3 Jal i b s ST Al Bt ) p(Y 1) BUISE 3 ol anly iie (555 (X5) J s
oS kS s s ol il Jdse o sU L dy Dope b sl elad s Bame LIS 5 Les 5 e e VY oS e
IS8 g g il 58 8 O 5 s O s Ol g sl & ol Sl 2l Clsay o 5SSk )
andl il 550 (Bl 5oz se polis s sl i3 nle s il Ikl s S ST S S 51 SU 5L
5 el ) Sl b gy SUIE ol 0L ol il b aslitel ol (i 055 50T ) Sl e 6l 5 S

ol st 4l ISl ke VEOY an Ky omad 5 L2 Osb 5 ool 25 okl (gl s

o 3L OIAS (2l Blsn (sttin (o eSSl (5 2SI 1O 031y S

sh.shahsavari@srbiau.ac.ir:cu. Je.

Yor


https://fsct.modares.ac.ir/article-7-34274-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-19 |

e Sol= w#;@—&j% ey JLS.S\ j_'vU Qrﬂy‘}ﬁjﬁ

USas 5 53LT o (5555 4abld

SEGSS a8 e Ll O 55 5 ge (pBis (e OIS
eSS SlS S s el sy b el
Gy e 5 Casby 23l &K J st O [0]ail e
B P - E S I TP S IR S PR
Sl plt sl iy losee S i3 OIS 5l
Sl Gy pad 5 05uL Olganl gy 5l OIS A5
Ll s OB, 5 e (ol G (S L
L olessl (SKhp awes o Sl Gl s OIS

s e mlo il 5 ilig Y pams
5 S Sledo Sl 1 Jame sy i S ol
SdPs Shs e o5 bl S B s Sa ]
5 0T Slas IS 5 e 5 S sl sla i Sl
LSy Sl sl c il gl ae il
Lrer oo G S35 55 5 el Sdae SISl 51 5 elS
@ alpe ol b 2ot a5 gl sl 1 K Blus oS
i 3 L k) s O e 02 S0 S
Clakis p o sllVINles S s s 4 (5,5l
IAIsls 66 s s S OUI bl 5 Sealis o 5
s spSel el M e ol sl bl ln
w8 5 elmal s b Ol e 5L
GUIEL s badg sldad Jals Cor gany 50 21530 [ ]!
5 S o w5 st s 1y S 5 ek Jols
s A e Sl IR e s
e gt o ealizal s U oS T SV s e
e 3lse shuaiay 3 O 51 0l e oy Lt L el
5 baotias b ile 35 slge sla a3l [NV ]S sslizu
5 Ll 55 5 0SS 4 lel bolas) &
3 SIS (bl gl 2SI sla T oSS
Stlnbe el ge Dl G338l sla Jale b e, J xS
SIPL Al s 4 S S oSS S L
DYIL e oo @l 5 @Bl cue Jsb
SUl slasis gl oldl B8 sba o eSS
DNV o s bS5 0 L el ) X

Clea o8 dnes il ad S ey 2SS

5. Bio polymer
6. Nanoclay
7. Complex
8. Cyclodextrin
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1. Food Packaging
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
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Betacyclodextrine/ Nanoclay/ Nanofibers
Test No. Collagen Collagen Rate Voltage diameter
(W/W)% (VW% (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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Fig 2 Effect of independent variables on nanofibers
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Table 3 Optimal nanofibers formulation
Betacyclodextrine/ Nanoclay/ Voltage Napoﬁbers . .
Collagen Collagen Rate (ml/h) (kv) diamere viscosity(Pa.s)
(W/w)% (vIw)% (nm)
0.7 0.7 0.5 12 123.01 145.33
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Fig 3 SEM image of optimal nanofibers
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Fig 5 X-Ray diffraction of optimal nanofibers
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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.

Keywords: Electrospinning, Beta Cyclodextrin, Food packaging, Collagen, Nanoclay.
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