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Fig 1 Simultaneous effect of Nano titanium oxide
and grape seed essential oil on thickness of film
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Fig 2 The effect of grape seed essential oil on
antioxidant properties

ol SoBlis 5 55 g D gaT Y
Uy 4 45 Sl laodd (8 s Sl (Siis K dli
S o B ealil 3y 50 GME Slse s st b S
Al glEslge 2Ld Lol G Seee S S L ORE
(K, S Kl 5 S (g 4 Y geame 3
s 55 S 1 ol O ealdnST Bl L 0T ol 5 5
SVpame o lnedes b st kS Sl psS
e mbe 5150 2555 ple 5 At Slisee Sl Clabl
2 AL 5 e patls Bl s [YO] WSl
oS5l s ek 0S|y D3 o3l 4y by e Sl s

3 Son sl S 5 ols &S gosb a4 icnl sy oS



Ve J@A‘\d\ e))Jc\Y/\ A)Lo.:a

cju BEBESL) L)""’L‘"\ O ppm C,.]al.@l.o uw.vl.w‘ 6\5\;— ‘U}w
Lol sl ased 4 Gl 0l STy sue
LSl sde Oly Clid8 L Lol Lol azzls VY0 ppm cbals
G S b S LIV PPM ol (550 HILL € sad 5o
Ll oS Ll SRl 00 PPML et (5Ll 4 sed 4
chle 4 cand SIS EE Jeb SlS 5 Os oS Jds 4
L)ch.SUﬂA S0 LELA)}) daBd > .,\.J'L) AJ.}A..: U’-’-‘ B O~~ppl’n
2S48 Ol e (Lmed 01T 5D uilol clale o153l
MLl K Ol 4 el Bl R0 (5 58 Ol &
s opl e 45 03 S iy il Slaenst 5T 55 5Ls)
SUlF S 35 ol 5 axs Sope ik U L
o s kb e clale woanly LST les s aolasT
¢bls TBHQ St oSt 51 (sl 400 ladsed
clle U el gl e s Sl sde S
! 03 g .L,.Slﬂ e )\J.ia JM 6‘)]2 Yo~ppm J»JL-«J‘
Sl DIkl gk gad 55 AenSTy ekl Slae s pl L
L;:A 0) g_e_ra.a JJGJ:& )l.\i.d )] J;J 0)\‘}».& J\gb\ L: ol
oolad Olpl Jo spllial olud 5 (o SHLS 53 0¥y )
L;".J CJ).L; (Y"V) 9393 9 )_9_4<.LL.«J sl 03 g (i\OY)
Grime ST 2T L 18,508 Jgb ojlas Slas)
ASJJQJSUL‘)“}f)JJ.JJSMLEA Q\;Jﬁ.tﬂ&jJﬁTBHQ
O,.Cj) )b JL)LMS‘ A:J)l CJYW )L@.A )b TBHQ QJJ}
GLD &lS aBs] LJ CA.»‘ JJYL' r}f)}.d o)L& “ CM.MJ
woppm kil s Kl as Ll S caS Olg e
S OIS 8T L (0 Shee Lol andlys s
op 03 (Vo) O 5 0L [T ] wit «zls TBHQ
u@j)‘)}Nlﬁﬁ)}gg}jule‘)wd\w‘&ia‘)ﬁ
S5t US| ST L1 6 jlae il laclalé (e ol
declie o5 OgmldnS] Ll 5 55 sl YE Sl ,oBHT
Osanl eS| Oljee als lhl b oS wd S a5 A S
SISt 1T 5 e bale aan 3 J5blojlas 5 anl zals

Y] el ails |, BHT 3l ¢ 2

4

o Al el 4 el s gl W s
e S S i plal BB Gls W ged 5 DL i
o3biteel J g S s La (L 555 s EalS 5 08 531
05 o3 OBl DosdS Jals Lol i od el ps el
>)\j‘_§\>«;}s°jl.u\yl>¢.u@J},,gf.sﬁ&ur.@);
Dbs o pemiy m las e 5ol ey s o poniy o slad
ah o e g LA SRl el 5 e S i
sdd Ll g e alS Eel Yl bl pl ol
Iy 2alS 55 oS Of JLs & 5 ol jeds I3 Loy

IYA] &S

Design-Expert® Software

Trance
%2791

20.901

Xi: TiO2 (%)
X,: Essential oil (ppm)

Opacity (%)

250.00

12500 Egsential oil (ppm)
L570.00 PP

Fig 3 Simultaneous effect of Nano titanium oxide
and grape seed essential oil on Opacity of film
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Table 1 Comparison of the effect of synthetic antioxidant and grape seed essential oil in different
concentrations on Virgin olive oil peroxide number

Day 60 Day 45 Day 30 Day 15 Day 0 Concentration of essential oil
2.9+0.46°  22+0.04°  13+0.47°  1.6£0.56°  0.6+0.58" The film contains 125 ppm of essential oil
2.740.249 2.1£0.09° 1.3+0.31° 1.6+0.61¢ 0.7+0.34° The film contains 250 ppm of essential oil
2240.33° 224017 1.5+0.81  1.3+029°  1.3+0.19¢ The film contains 375 ppm of essential oil

2.1£0.37° 2.240.2¢ 1.7£0.05°  1.320.34°  1.3+0.22¢ The film contains 500 ppm of essential oil
1.2+0.72% 1.1+0.34% 0.57+0.15% 0.5+0.83* 0.4+0.74* TBHQ 100 ppm
*Mismatched letters in each column indicate significant differences (P <0.05).
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Table 2 Comparison of the effect of synthetic antioxidant and grape seed essential oil in different
concentrations on Acidic number of virgin olive oil

Day 60 Day 45 Day 30 Day 15 Day 0 Concentration of essential oil

0.32+0.46° 0.028+£0.01  0.27+0.26°  0.22+0.29°  0.17+£0.08°  The film contains 125 ppm of essential oil
0.32+0.54° 0.28+0.019  0.27+0.22¢  0.2240.18"  0.17+0.01°  The film contains 250 ppm of essential oil
0.28+0.68° 0.025£0.01°>  0.25+0.01°  0.22+0.49°  0.17+0.24°  The film contains 375 ppm of essential oil
0.27+0.52° 0.22+0.01° 0.2240.01*  0.22+0.53°  0.17+0.02° The film contains 500 ppm of essential oil
0.3240.49° 0.27£0.01°  0.27+0.02%  0.26£0.71°  0.17+0.21° TBHQ 100 ppm

"Mismatched letters in each column indicate significant differences (P <0.05).
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Table 3 Comparison of the effect of synthetic antioxidant and grape seed essential oil in different
concentrations on thiobarbituric acid

Day 60 Day 45 Day 30 Day 15 Day 0 Concentration of essential oil
0.04+0.69° 0.04+0.21° 0.03+0.01° 0.01£0.08°  0.01£0.21*  The film contains 125 ppm of essential oil
0.06+0.19¢ 0.06+0.07¢ 0.05+0.48° 0.04+0.51°  0.04+£0.63"  The film contains 250 ppm of essential oil

0.4+0.38¢ 0.4+0.17¢ 0.3£0.34° 0.2+0.74¢ 0.1£0.49°  The film contains 375 ppm of essential oil
0.5+0.02f 0.5:0.741 0.4+0.86 0.2:£0.69¢ 0.1£0.53°  The film contains 500 ppm of essential oil
0.3+0.15¢ 0.3+0.17¢ 0.20.74° 0.1£0.14° 0.1+0.06° TBHQ 100 ppm

"Mismatched letters in each column indicate significant differences (P <0.05).
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ABSTRACT

ARTICLE INFO

The aim of this study was to investigate some
physicochemical properties and antioxidant activity of
biodegradable film prepared from sodium caseinate
containing titanium nanoxide and grape seed essential oil
and its effect on the oxidative resistance of olive oil.
Antioxidants are added to oil to delay oxidation.
According to previous studies, the carcinogenicity of
traditional antioxidants has led to a reduction in their use
and their replacement with natural antioxidants. For this
purpose, bionanocomposite films based on sodium
caseinate at different levels of titanium nanoxide (zero,
0.38, 0.75, 1.3 and 1.5% w/w) and grape seed essential oil
at five levels (zero, 125, 250, 375 and 500 ppm) were
prepared.The results showed that the addition of titanium
nanoxide and grape seed essential oil increased the
thickness and opacity of the films and reduced the light
transmission through the films and thus their opacity. The
film containing 1.5% of titanium nanoxide and 500 ppm
of essential oil had the highest turbidity and thickness
among other samples. With increasing the concentration
of grape seed essential oil, the antioxidant properties of
the films also increased, so that the film containing 500
ppm of essential oil showed 78% antioxidant activity.
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