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3.3.3. Activation energy of the diffusion () B

Ir. the absence of first order and second order phase transition
such as glass transitions or melting, the effect of temperature on
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between all samples may also stem from the

films.

' molecular
‘migration of carvaerol, thymel and finaool from starchvbed
(Kuorwel et al. 2013). The activation energies for the riigra-
Y NE from the NE15%whw and NENL1S%wAY filns were
found to be 3024 and 35.74k) mol™" respectively, It cin be seen
significant : between

that there | the £, values of the
antioxidant compared ‘wth the nanoll-
posome-loaded ﬂm NE exhibited higher

In all concentrations. These

presumably reflect the differences in the molecular

hunmm and hydrogen bonding that exists amongst the NE-
nllﬂpomu !nd m Nmr matex,
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ortocopherol and synthetic phenolic antioxidants (BHT, BHA, TBHQ

and PG) from PLA films into 10%, 50% and 95% ethanol, water

and coconut ofl food simulants Uamshidian et al, 2012ab:

Lopez et al, 201 i, 2011), carvacrol

a5 & natural antioidant from HDPE films 1o ollve ail and distiled

water (Peltzer et al, 2009) and a-tocopherol from LOPE films to
com oll (Graciano-Verdugo et al, 2010).

Possible three mechanisms could be attributed to much higher
release of antioxidants In 95% ethanol at 40°C compared 1o 4°C;
hydrolyss of chitosan at higher temperature, increasing of chairs
mobility and decreasing of migrant and simulant viscosity. Han
et al. (1987) showed that BHA release from HDPE was drastically
dependent 1o temperature; they found that almost all antioxidant
was lost {greater than 95%) within 1day at 50 °C. within 3 days at
40°C, and within 7 days at 30°C. The formation of dense crystals
is known 1o Increase the regularity in polymer matrix and decrease.
the overall molecular mobility, which is likely responsible for the
reduction of release rates (Arvanitoyannis and Kotsanopoulos,
2014), By the studying of the physicochemical propeties of chito-
san based active and nano-active films, It was found that adding
nanolipasomies could Increase nucleation In. chitosan matrix and

promotion of the cryztallization process (data not presented in this
Paper) which in tum coud potentally affect mobilty of chitosan
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o-active films, the energy required 1o produce an
the polymer chains that is large enough for NE
molecules to move through is higher than free. NE-loaded ;;;ur
films. These findings shaw that the temperature sensitivity of diffu-
sion in nano-active films is lower than active films due to the vari-
ous.effects of nanolipasomes on polymer specially decreasing the
porosity, Increasing crystallinity of chitosan matrix and chemical
bindings that causes to slower movement of the NE molecules

through the polymer matrix.

words, In the nan
opening between

Conclusions

Our results Indicated that the Incorporation of NE as a natural anti-
oxidant agent to chitosan film possessed sustained-release effect,
which had potential for using the developed film as an actve
packaging. The results indicated that the addition of NE In nano’r
posomal form to chitosan film is able to stow down the ant.xi-
dant release rate. Also, It was shown that, the acceleratine effect
of temperature on NE release rates from nano-active fil- . was less
than active films. The results demonstrated the effi_acy of a NE
incorporated active and nano-active chifosan films in slowing
down of lipid oxidation and increasing oxidative stability of soy-
bean oil. So this work 5hawed that there is a potential for the pro-
duction of added with

Fig. 1. Images of composite films: a)Control and samples containingb) 5%, ¢) 10% and d)20% of ethanollc extract of propolis



OhKen ¢ sule slgzaeme

ovY <> S g (b -0 —aislid S 5o old p pge 0 (Jlil ojlae 136

Y
I3 Sl 5 0 (sl k) C-O 5 (bl 5 b yzul) C-O
55500 (S5 o sdalie Ve = VAL cem T sogame 4o o)lac
S obml ojlas gyl oS e Slaphd o e Sl
Oy s (G9l> diges j0 4 0 VYEYemT Uiy saua
Slrog 8 siem Sliles )l a4y by o g 0l cawlive o las ws o
g ol nl adbioe olas )3 09250 (Jeib Bl 5 O-H
Eelss 4 Wlgige ojlae cdile mldl L ey
g 00l s oolain] 0 y50 (6l oy g g 0 L o Tl
a4 VY-V FoemT ds eoguzme o Sy a8l
Vg s gy o ADFEm™ Sy g 00 0018 o Jid sloog )
00l e oylae (g5l S yo (lopld Siilos,l ail> C-H
o3gazms ;0 C-H sl Cal canl (53 a5 p3Y Conl ou
5 Yfee-vfYoem™ oL 0 O-H 4 YAF--Y...cm”
Wy ez BB Sl sald dse 4 Cond S slaplhd
ol b ol Jolas g o5las 0 S5 50 (J5i8 sloog S 4 &S
Al C=C lonisn (yuiored g 990 o0 00ld o S o o3
5 Sasleg,l dil> C-H 5 V#F0em” wis o Sleg)]
aS o sdalie FYO-AVecm™ g VPO -VPO cm™ oogue
Ol 00938l caims lis g alily 0gzg wald Wld b o
—alid o8 o olid e Slo o jlas 10 09250 (Jgid LS 5
sl LF-F sl oo was el sl g PVA- 5V
axllae ;5 LFYT (gl yoms 5 (Sl g oo s Bollae

ilior SligS slaphd 4 pge 0 0jlac (13938l (55 »

SeS PVA 5 V5 atulis joglhe LMW 4 pse 0 p
ol oS5 5l 5 ESeSs phd olas (nl jpam 0 5 0 (o
Cold gl 55 ST ol A Sl 09l g0 Sl jerdyg 4w
gyl g LIS 4 Wl oo 55 pge 0 0 las )3 Joibl j9im a5

S SeS o perlyg il 60y

(FT-IR) 455 Jy5 303 (390l (o2mimw s .Y
o St ol it (ly FT-IR | nies il 5|
poe op ojbas Sdeid (ly SlS 5 g PVA (Y5 atulis
latiges FT-IR sloo, 55 cinbs (V) JSb auo,5 oolicul
ol aals A5 b dumlio 10 1, o L ilihs slous,s g5l
@ bgye YYO--YO+com™ odgazme ;0 od> Al o0 o
456 4 el CHy-OH 5 O-H (gloog 5 _5iS lilss)|
(FYVA-YY e ccm HNH 5 (FF- YD+ - )NH 05,5 i
YAV--YaZ-om™ axl o ods aib oyls Sliges 5V
L¥al conl oas o0ls s )l g ¢y lie C-H (slaog 5 4
ail> C=C Kgy uiS & by, VPfOem™ Li> ab
Sl 5 ole sloog,S oams olis 45wl o Saileg,]
Cbld 2l g anl e pge 0 p ISl jLas ;5 9290 Jgid
4 by Ya¥eom™ wilb b o Gioli8l S Dol oylac
G331 5 0392 —CHa (gloog,S jo C-H wigny oiutS il )|
C=C slodign i b o Liolpdl o] o ojlac so o
(Selog ] ails ,3) C-C (Swiles,] dil> ,5) -C=C-C=C-

EPELO%

Transmittance {%)

T T T T
4000 3300 3000 2500

T T T T
2000 1500 1000 500

‘Wavenumber {cm '1)

Fig. 2. Spectrograms of composite sample of Starch-Gelatin-PVA (Control) and Samples containing various percentages of propolis extract (EPE)
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Fig. 3. SEM microscopes of comp0s1te films: The control and sample containing 10% ethanollc extract of propolis
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Table 1 shows the tensile strength (TS), young modulus (YM) and elongation to break (%E) of composite films containing different percentages
of propolis extract.

Jeb obojl (MPa) b Jgow (MPa) oS plSoin! (1) pgo 0 33 0 lac
Elongation to break (%E) Young Modulus Tensile strength Ethanolic extract of propolis (%)
1/44*£61/37 0/889+24/69 0/19%15/13 (o) o
Control (0)
2/39°+65/10 0/83+15/83 0/20*£10/26 5%
3/02°£69/37 0/89°%17/83 0/13°£12/32 10 %
1/03¢+£95/89 0/11*%11/76 0/15°+11/28 20 %
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Table 2 Permeability values relative to water vapor permeability and water uptake of composite films containing various percentages of
propolis extract.

(1) gl iz Tk 4 g5 (1) p3o o5t SJ3ilT o las w3
Water uptake Water vapor permeability (x 10**g m.h"..Pa™) Ethanolic extract of propolis (%)
7/07 £0/41° 23/72 *0/77¢ (o) o2
Sample (0)
5/27 *0/16* 11/25 +0/59° 5%
5/19 *0/39* 9/22 *0/65° 10 %
5/46 *0/51* 14/47 £0/19° 20 %
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Table 3 color parameters of composite films containing various percentages of propolis extract.

(1) pgo oy Jibil o lac

b* a* [LZ
Ethanolic extract of propolis (%)
2/43 +0/04* -4/11 %0/02* 89/05 0/01* (o) o2
Control (0)
13/13 £0/31° -8/05 £0/07° 88/71 0/16° 5%
19/18 0/57¢ -9/05 *0/12°¢ 88/12 £0/35% 10 %
27/74 £0/84¢ -11/05 +0/13¢ 86/85 £0/60° 20 %
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Table 4 Total color difference (AE), yellow index (YI), white index (WI) and opacity of composite films containing different percentages of
propolis extract.

©)y9u8 Gohw gl (69, (il S S (1) pgo oy Jilil oslas
Opacity White Index Yellow Index Total color difference Ethanolic extract of propolis (%)
2/04 *0/21¢ 88/05 +0/01* 3/89 +0/07° 9/65 +0/02° (o) a2
Control (0)
0/93 +0/13* 80/91 0/32° 21/15 £0/53° 10/94 £0/29° 5%
0/96 +0/27* 75/39 0/58¢ 31/10 +0/98¢ 15/90 +0/57¢ 10 %
1/79 £0/39° 67/23 £0/87¢ 45/63 £1/54¢ 23/98 +0/88¢ 20 %
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Table 5 Antimicrobial properties of composite films containing different percentages of propolis extract on two different bacteria.

(mm) o) poc s i

The diameter of inhibition zone

(1) pgo oy JPbl o lac

Ethanolic extract of propolis (%)

E.coli S.aureus
0* 0* (;20) aalsControl (0)
6/25 10/07° 9/35 10/16° 5%
6/97 *0/09¢ 9/97 £0/09¢ 10 %
7/50 £0/07¢ 11/83 +0/15¢ 20 %
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Table 6 Antioxidant strength and total phenolic content of composite films containing various percentages of propolis extract.

S Jgé

Total phenol (mg GA/g film)

DPPH.(;T gla JUSG oy (FuiaS )l oy
Percentage of DPPH free radicals

(1) pgo oy GI,JL'a’l o lac
Ethanolic extract of propolis (%)

2/79 *0/17° 1/55 +0/40? (he) 22
Control (0)
44/20 +0/34° 31/61 0/44° 5%
75/06 *1/67¢ 45/28 £0/32¢ 10 %
116/37 *1/67¢ 55/61 £0/17¢ 20 %
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Abstract

In this study, biodegradable blend based on wheat starch, gelatin and polyvinyl alcohol was prepared and
ethanolic extract of propolis (5, 10 and 20 %) (EPE) as antimicrobial and antioxidant agent was
incorporated. The films were prepared by solvent casting method and their microstructural, mechanical,
barrier, color, antioxidant and antimicrobial properties were investigated. In the control sample,
homogenous structure was not formed due to the incompatibility of the biopolymers with each other, while
the addition of EPE caused to formation of uniform structure and cracks were decreased according to SEM
observations. FT-IR test approved the formation of new interactions between biopolymers and components
of EPE. Addition of EPE caused to decrease the tensile strength, water vapor permeability and opacity. But
the elongation to break and yellowness index increased. Total phenol content and antioxidant capacity of
the films increased with increasing concentrations of EPE. Different concentrations of EPE significantly
affected all properties of the film, exception water absorption. The films containing EPE had more
antimicrobial effects on Saureus compared to E.coli bacteria. Generally, the film containing EPE 10%

demonstrated the best physicochemical and functional characteristics. Results of this research revealed that
the blend film activated with propolis extract is a good candidate for antioxidant and antimicrobial
packaging and increasing the shelf life of foods.
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