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1. Biodegradable films

2. Kefiran

3. Nanoreinforcements

4. Nanocomposite polymers
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10. Analysis of variance
11. Statistical analysis system
12 . Desiriability Fanction

\Vo

ooy Sl @ il S sl s sslenS) ol
] el

T T JET RUTIVoge. LG P pRT
O3 aslllas 5550 O1iS Sl ol i ol a5 0T 3G
Gy M5 w53 ) e 05SU s ol 43S
ol 0z 518 e ool Sl SlSt s Jls g
e s palS L ol W5 ey cnl S b
S Olge 4 eyl 31 0T 53 &8 el OS5l Slas]
Js St ST oS5 Olge o s pS 5Wl 5 5 s
5 sl Ol 5 0 chle b ol s eslizal
ok Sl 5 Sl Sns oS sW
DA e 5 W85 15 e e Jl eSS0
St ol a1 s of b L s st A
ase ks 4 plaws @lp 5 edd adlas 50 Lsw 25,
e o o3lized RSM) "5y o 55,

Lh ‘J':’:'JJ K .bb.a —\'

3l g0 —\-Y

3 ol Olsl s ollee Sl S sladils
Aot D) Sl SLlSly oS3 5l st
DSk Suishose Sise el (S Slakie o Sege
Aol 5 Ve=Ys M i Slmio o301 JAT-AA 2o s iy
590/0 oyl ams b S sWH A -YIm Folmis
isesl el sl o3V plard LS5 WIS imes
(oW Sigma—-Aldrich 5,2 5l Sen cilore S5
3 S ol

Ol S C‘f;‘;‘" -Y-Y

s Zolfi s, 5l aS gl Ll 3l O, oAl sl
33 S gladils I asiia Slie 3 eslized [VWV] O Kes
Glosies b ool S oode 4 (M) i b i O

Sde 4 Ve Xg ,;‘J.;ujajlm.,u,\.;kﬂ»pmﬁ;
s (Universal320) j,u <l Yo °C 5 aids Yo

o= 9 0ol L sy ssld esle 5o e AL L

8 . Response surface method
9 . Gallery space



ST 5 (Sl s sleS s ol ane

Q‘)K.Q.A}jn.la&o)l}m

@ ekd ol Jolee A on) oa alds Vs gles s
Sl gl oedd Jame me gl A kS L lads ook
e A o3ls 13 e gles s sl SO s el
;lo\ﬁs&g‘om&:};\w“uy@m°Coﬂ¢_
53 Osesl plmil 51 S b wise pled il L ooyl

L byl s sy cell YE Ode 4,700 s o b

Al Dby Ver Ol s SoaldS b U B s 5 an S
S B Ll Il el o s 5l Jslome &S e
S s 358 OGl cpl ol 5 4l (ol e 5l Y Aol
Jsbe DAL 5o i ¥ cnl o L2853 s
Gy Al el Jg S = O sl & a5l
s U Jgle glos 2alS 51 aay i o2j0h a3y Yo e
A eyl pelila Lasiie gl clile 55 58 ST Jases

Table 1 Statistical design used to evaluate the effects of processing factors on fabrication of kefiran films.

Factor 1 Factor 2 Factor 3 Factor 4
Run A:kefiran B:Time C:clay D:alphatocopherol
(gr) (days) (%) (ppm)

1 4.25 15 1.75 150
2 5 0 3.5 100
3 5 15 1.75 150
4 5 30 35 200
5 5.75 45 5.25 50
6 5.75 15 1.75 50
7 5 60 3.5 100
8 3.5 30 3.5 100
9 4.25 15 1.75 150
10 5 45 1.75 50
11 5 30 7 100
12 5.75 45 1.75 150
13 5.75 45 5.25 150
14 4.25 45 5.25 50
15 3.5 30 3.5 100
16 4.25 45 5.25 50
17 4.25 15 5.25 150
18 3.5 30 35 100
19 5 45 5.25 150
20 6.5 30 3.5 100
21 5 30 0 100
22 5 45 1.75 150
23 5 15 5.25 150
24 5 30 3.5 0

25 5 45 5.25 50
26 4.25 45 1.75 50
27 5.75 15 5.25 150
28 4.25 45 1.75 150
29 4.25 15 5.25 50
30 5 15 1.75 50
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13. Ultimate tensile strength
14. Strain to break
15. Hunterlab colorimeter
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Fig 3 Effects of kefiran/nanoclay interactions (A) and
nanoclay/alpha-tocopherol interactions (B) on tensile
strength and effect of nanoclay contents on Young's
modulus (C) of bionanocomposite films.
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Table 2 Optimum conditions for achieving to
bionanocomposite films with the best

characteristics

Factor Goal
Kefiran (g) is in range
Time (day) maximize
Clay (%) is in range
Alpha-tocopherol (ppm) is in range
AE minimize
YI minimize
UTS (MPa) maximize
YM (MPa) maximize
DPPH scavenging maximize
PV is in range
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Table 3 The calculated values for properties of optimum bionanocomposite film

AE YI TS (MPa) DPPH (%) PV (meq O,/kg) Desirability
31.71263 0.000946 2.476491 55.23626 0.802028 0.606451
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In this research, Kefiran based bionanocomposite active film containing nanoclay and alpha-tocopherol
was prepared. The effect of kefiran content (3.5, 4.25, 5.75 and 6.5 gr), nanoclay content (0, 1.75, 3.5,
5.25 and 7 %wt. of kefiran) and concentration of alpha-tocopherol (0, 50, 100, 150 and 200 ppm) on the
barrier, mechanical and color properties and also antioxidant effect of film on the increasing of oxidative
stability of soybean oil were investigated by using surface response method. Results indicated that water
solubility and water vapor permeability were increased by increasing kefiran content and were decreased
by nanoclay increasing. Also, tensile strength and young’s modulus of films were increased by increasing
nanoclay content. But alpha-tocopherol had no effect on mechanical properties. Total color difference and
yellowness index of films were also increased by addition of nanoclay and alpha-tocopherol. The
antioxidant activity of films was decreased by increasing of their retention inside the oil. But increasing of
nanoclay and alpha-tocopherol caused to increase of antioxidant activity. Also, nanoclay caused to
increase the peroxide value of soybean oil by release controlling of antioxidant. For optimization purpose,
the desirability function method was employed. The optimum film was obtained by 6.2 g kefiran, 2.64%
nanoclay and 200 ppm alpha-tocopherol. The best retention time of film in oil was achieved as 31.81
days. At this condition, the overall desirability of 60% was achieved.

Keywords: Kefiran, Alpha-tocopherol, Physical properties, Antioxidant activity, Optimization.
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