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! Protopectin

2 Protopectinase

3 D-Galacturonic acid
4 Araban
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¢ Galactan

7 Ramnose



OoH CooH
v@ :
S A OoH H
3 OH

DVYAY (oobls] Sy olaxslo 5l ctemd (Y-)) S

Rhamno galacturonan | Rhamno galacturonan 11

Homogalacturonan Xylogalacturonan

Hairy region Smooth region Hairy region
O = D-Galacturonic acid ® = I-Arabinose ® = D-Apiose & = O-Acetyl
© = L-Rhamnose @  D-Gatactose @ . L-Fucose . O-Methyl
® - D-Glucuronic acid @ = L-Aceric acid ® - D-Xylose ® = Boron
® = 4o = D-Dha

[Espitia et all, 2014] - =S, sl ,o oyl 5 as >le (F-)) S

5 oad (gl Jsilio b g,V el 55 oS35 Jolye 5| solaes (535, sl 5o

S5 G sl e S mpl s dawgs (S 0 5 5T aies oo LSS JenS 5o

! Pectin methylesterase

A4



o7y s S8y el Glgie o Jolomal (oS 5 D50 (nl )0 Wisd laz S gt slog 5 ple (LS
ol 4 058 00 Jolo TSy sl g 052278 5l JemnS 550 slog 5 51 (> Laid STy o
Sty Gl 5l gy laiws ol g gl geges pb S 2SS 4S5 LS g o0 S
DIWAY ( obls] el by T oty (6wl a0 48 02 b oLaddlis] a5 el

5 I BN e s wibpasiz Il 5o s bl e Dglite hlise (AL SLaS 5 50 0y e
hls JW& g o aiile oloogas é_'éls 30 3,18 0928 S LYO B Y e 4 OLS o Gy o
& (r e Lol aylo (585 (65508 Jlade (52055 g (S alex jl ) slaogee g e polie
[Penhasi and Meidan, 2014] axil so oo alis 5 OLS po Congy g Al (03 Jlaseiwl 5,
ooliiul Lye aile SYgame jo J5 oaido hhSis g oaiiS Il Hlee 4 oSy 5l ol mlio o
a0 gleare; (Ls g (o 5 650 DY ez (gl sl Gardyi 5 Wogre] agi )0 w0 o
Sher Glapks colo )0 calio 6 )luntan) oS 5 S Glgie 4 i3Sl uioed 0l 0 )5 5

[Cabello et all, 2015] s,5 oslizsl )lo5 oo

"y 56 o § (speled 50 5 0,035 5 Lgi I pge—0-Y-F-)

R-) Saydepgive ©pz Sl L o hob i slaveal (od gyl jl opse (olerd Sl
s g At ooy agb 5 cbs s Lo gls laJSI ol lond LS5 YU JsSge o35 L (OH
(CisH370H) JSI! il (CrsH3s0H) JSI1 o zaiile el V- 31 2 Yoana oyl o5 cslaed

Sl e SlaS 5 onl A o oogr gldl B bapge [iSle o 0aiSES 18 Gy slaosul

2l Je sl slab yﬁ‘-’“’ Oyl g (Sile slajlid 1 o lapge .aiius polie (ygamlannSysl

! Pectic acid
2 Pectinic acid

3 Carnauba wax



Slsie ay ool gbosliil age 5l VI 4 b oy slale; 51 DIYAY o abli] aiies sglie cosh,

IMelo et all, 2012] coul ouss g3l Jow g 5 o5 A (s 3Luopolie cLadls Y w0aiS Sl coane
22,5 anadib aiws oz 4 plgiee ] apge

Loz sz (00,5 LSl pge IS g5 2 2L (slapse
Lol el (Y (s 55 poe 1 Sl slapge
xS 931 eordily (il gme slapge

[Milanovic et all, 2000] .ST5:,15" ¢ uSTol ST 06 5 slopge

e (nl 0ebse oamel 5 TS pae b T e pae a5 Sl aLS slapge s 3l Lgi)lS pge
o 55 ol g o0 41iS Plapge aSle ()l 4 a5 Wl go s 4 Tty o LS 55 0 4 5 slaS

,am (\c—\)JS...J)O J)jbul-o.ib ..MS‘SA ..L..:) JJ))J (59).»4 ‘-JLO-MJ d.bLA)Q‘L:.Q_‘JASw‘ ¥ olﬁf
Chiumarelli and Hubinger, | o] o cows 6,555, 3 GV oyl 40,5 8,5 5 yinsls g IS

12012

! Spermaceti

2 Brazil wax

3 Palm wax

4 Copernicia cerifera

> Queen of waxes

1



Lsi S e +(F-1) JSC3

S 9y dewh ¥ aile ol jrulieo o G900 ,0F ) SsladT sla il ¢l sads JuSCis Lgs IS LsLes
"oz lasl JSU 5 (559 20,0V 1) T SelnS 52,5 oS g o AW (G359 ooV 1) T Sl
AY-AF °C pgo ol wgd ahais g conl ooy aisliss b pge cp icotw pge onl (559 S0\ Y)
pge bgi S pge sl (V-1) Jsax o IMelo et all, 2012] coul Jolxals I sl 5 O jo ol

[Talens and Krochta, 2005] Lasla JsIl g & o aenl (slgions duglio g pge £45 diz :(V-1) Joax

A S < 7]
Lo, 5 poo CH3(CH2)28CH2-OH CH3(CH2)24COOH
J_.M_g 395 e CH3(CH2)28CH2-OH CH3(CH2)14COOH
gg‘;_‘.,l',)_.?wl poe CH3(CH2)14CH2-OH CH3(CH2)14COOH

! Aliphatic esters
2 4-hydroxycinnamic acids
3 W-hydroxycarboxylic acids
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Abstract

Today, because of environmental pollution, the use of biodegradable polymers in pruducing
packaging materials, is highly considered by researchers. One of the potential applications
of this type of biopolymers, is the production of active packaging with antimicrobial
substances. In this study, emulsion film based on pectin in method of casting were prepared,
and the effects of nanoparticles of TiO (at concentrations of 0.5, 1, 2 and %3) and carnauba
wax simultaneously were studied, on the mechanical properties and anti antimicrobial
properties of films. The results showed that permeability of the moisture films was affected
by the nanoparticles TiO. and water vapor permeability decreased with increasing amounts
of nanoparticles. property of water solubility and moisture absorption rate of films affected
by increasing concentrations of nanoparticles and coated with carnauba wax also decreased.
Mechanical test on the films showed that added wax carnauba to the film of pectin, tensile
strength (the amount of force exerted on the surface) was lower than the control sample. But
added nanoparticles of TiO> at a rate of %1 makes improvement in films tensile
strength.Carnauba wax was also increases the elasticity (The elongation at break) films, but
conversely TiO2 nanoparticles, reduced the elasticity of the films. The results showed that
the Young's modulus (Ratio of stress to strain) of carnauba wax and TiO2 nanoparticles were
both significant decrease in the index. About feature films appearance, results showed that
nanoparticles of TiO. and carnauba wax in biopolymer structure decreased the clarity and
brightness of films while increased their darkness. In the case of yellow index, carnauba wax
caused increasing yellowing and nanoparticles of TiO, was reduced yellowing. Also in case
of whiteness index, carnauba wax caused redusing whiteness but nanoparticles of TiO2 was
increased whitenessing. Anti-microbial test results showed that by increasing the amount of
TiO2 nanoparticles films inhibitory effect against Escherichia coli increased at %3
concentration, showed a maximum inhibitory effect. Also edible films in terms of
morphology, the distribution of nanoparticles and nanoparticle crystallization of TiO2 using
scanning electron microscopy (SEM) and X-ray diffraction (XRD), has been studied. The
results showed that by increasing the nanoparticles, concentration and agglomeration of

nanoparticles increased.
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