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Background and objectives: In food industries, nanotechnology can
potentially provide solutions to food packaging with short shelf life.
Nowadays, there has been an increasing interest in nanocomposites for
many advantages in food packaging. Polymers have a wide range of
applications in food packaging, and many studies have been conducted on
the simultaneous use of nanoparticles and polymers in food packaging,
which can be attributed to the synergistic effect of these nanoparticles. One
of the most important goals is to increase the safety and quality of food
during storage, transportation and protection against adverse factors such
as chemical, moisture, light and external forces. The aim of this study was
to investigate the effect of film prepared from PET containing
nanoparticles of ZnO, TiO; and TiO, + ZnO nanoparticles in quantities
0.25, 2 and 2.25%. Weight is based on the physicochemical properties of
mayonnaise.

Materials and methods: The PET-based nanocomposites containing 2%
by weight of TiO, nanoparticles and 0.25% by weight of ZnO
nanoparticles were prepared by melt mixing using an extruder. Mixtures of
PET nanoparticles were dried in the oven at 170 ° C before loading in the
extruder and fed simultaneously from the feeder to the extruder. The
material was melted and thoroughly mixed as it passed through the
extruder. The melt from the extruder was cooled by passing through a pool
of cold water and entered the granule mill to make granules. Pure PET
samples were molded as control and PET-based preforms containing
nanoparticles. At the end of the molding stage, chillers were used to cool
the preforms. PET-based bottles containing nanoparticles were produced
by blowing preforms at appropriate temperatures and pressures for 120 to
140 seconds. The morphology and particle size of the bottle layers were
investigated using FE-SEM. Then physicochemical properties including
colorimetry, pH and acidity of mayonnaise, oxidative and peroxide
stability, acidity of the extracted oil and migration of Zn *? and Ti *2 ions
from mayonnaise during 90 days at room temperature (22 + 2 ° C) Celsius)
was examined.

Results: Based on FE-SEM images, the films of polymer bottles containing
ZnO and TiO, nanoparticles showed a smoother surface than the films of
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polymer bottles of ZnO + TiO;, nanoparticles. Moreover, the results of
physicochemical properties showed that the reduction of brightness index
as well as pH, acidity number, peroxide number and oxidative stability of
the mayonnaise sample during 90 days of storage in a bottle containing
nanoparticles had a significant decrease compared to the control sample.
According to the results of the present study, mayonnaise shelf life indices
can be increased.

Conclusion: Due to the importance of food emulsions such as mayonnaise,
it is necessary to pay attention to the quality characteristics and shelf life of
this popular condiment. Using these nanocomposites could be a promising
approach to creating new active packaging in the food industry.
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Figure 1- FE-SEM images of ZnO nanoparticles at 500 nm magnification (A) and 200 nm magnification (B),
TiO2 nanoparticles at 500 nm magnification (C) and 200 nm magnification (D), TiO2+ZnO nanoparticles at 500 nm
magnification (E) and 200 nm magnification (F)
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Table 1. Effect of packaging and 90 days storage at 22 + 2 °C on mayonnaise color indexes

(s5,5) Group

(laj,,) Days PET ZnO TiO2 TiO2+Zn0O
L* 92.82+0.00° 92.77+0.00° 92.76+0.00¢ 92.82+0.00?

0 a* -0.05+0.00° -0.04+0.03? -0.04+0.002 -0.05+0.002
b* 11.89+0.00° 11.91+0.00? 11.90+0.00° 11.90+0.00°

L* 92.66+0.00° 92.66+0.00° 92.70+0.00? 92.68+0.002

30 a* -0.04+0.00° -0.04+0.00° -0.03+0.00? -0.04+0.002
b* 12.11+0.00? 12.08+0.00° 12.01+0.00¢ 12.01+0.00¢

L* 92.36+0.00° 92.44+0.00° 92.49+0.00? 92.49+0.002

60 a* 0.05+0.00¢ 0.0620.00° 0.08+0.00? 0.07+0.00P
b* 12.13+0.00? 12.10+0.00° 12.03+0.00¢ 12.07+0.00¢

L* 92.32+0.00° 92.37+0.00° 92.44+0.00° 92.44+0.00°

90 a* 0.05+0.00° 0.07+0.00? 0.08+0.00? 0.08+0.00?
b* 12.20+0.00? 12.17+0.00° 12.06+0.00¢ 12.07+0.00¢

Loy 0 Cla.ﬂ): Gls ome ol edias OIS sy e s gl g sl 0 (3158 1SS aw s Ikl Gl el £ Sl Q)}.p@@\f&

<l (p< 0.05)

The results in the table have reported as mean tstandard deviation of triplicate analysis. Different words in the same

row represent significant difference at 5 % (p< 0.05)..
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Table 2. Effect of packing and 90 days storage at 22 + 2 °C on mayonnaise acidity (acetic acid %/g)

Acidity of mayonnaise
(Sl Ll 223 08) i 52le el

Group
(03,5 0 day 30 day 60 day 90 day
PET 0.856 + 0.000% 0.864 + 0.0042 0.865 + 0.0022 0.868 + 0.0042
ZnO 0.854 + 0.002° 0.860 + 0.000° 0.860 + 0.000° 0.865 + 0.002°
TiO2 0.853 + 0.002° 0.860 + 0.004° 0.860 + 0.000° 0.865 + 0.002°
TiO2+Zn0O 0.853 + 0.002° 0.860 + 0.000° 0.860 + 0.000° 0.863 + 0.002°

J.p)zocla.d): Gols e sl edas OLES (s a s gl G el 0l 518 1SS a5 lilind Gl sl 2 Sl Q)‘,.pp@h}

<l (p<0.05)

The results in the table have reported as mean tstandard deviation of triplicate analysis. Different words in the same

row represent significant difference at 5 % (p< 0.05).
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Table 3- Effect of packaging and 90 days of storage at 22 + 2 ° C on the pH of mayonnaise

pH of Mayonnaise

sxbpH
(o5,5) Group 0 day 30 day 60 day 90 day
PET 3.37+0.01° 3.25+0.00° 3.28+0.00° 3.28+0.00°
Zno 3.33+0.00 3.28+0.00° 3.29+0.01° 3.26 +0.01°
TiOz 3.36+0.00° 3.28+0.01° 3.29+0.01? 3.32+0.01?
TiO+ZnO 3.34 + 0.00° 3.29 + 0.00° 3.29 +0.00? 3.32 +0.00?

Aoy 0 C]a.dj: Gol3 g Dol edias OLAS iy e s Soslie Gy el 0l u,':;ljf)lﬁu:)l.,\}\:.“l‘_élfu'li&ﬁ}\?a Q)}_pm.@l:i

<l (p<0.05)

The results in the table have reported as mean tstandard deviation of triplicate analysis. Different words in the same

row represent significant difference at 5 % (p< 0.05).
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Table 4. Effect of packing and 90 days storage at 22 + 2 °C on oxidative stability of oil extracted from mayonnaise

Oxidative stability of oil extracted from mayonnaise (h)
(Celo) Fale 5l odd zlmnal (o) sildenST 0L

Group (s5,%) 0 day 30 day 60 day 90 day
PET 17.08 £ 0.042 15.60 + 0.06° 15.42 +0.03° 15.18 + 0.02°
Zn0 17.08 £ 0.062 15.74 + 0.09° 15.64 £ 0.04?2 15.52 £ 0.042
TiO2 17.03 £0.022 15.87 £ 0.082 15.65 £ 0.072 15.54 £ 0.052

TiO2+ZnO 17.05 £ 0.042 15.78 £ 0.042 15.63 £ 0.092 15.53 £ 0.052

M_):Oda.w_): Gl gme Dol sdias OLES s, e s Dogline by el 0l Dl S skl Gl il £ Sl Q)y@@u

<l (p< 0.05)

The results in the table have reported as mean +standard deviation of triplicate analysis. Different words in the same

row represent significant difference at 5 % (p< 0.05).
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Table 5. Effect of packing and 90 days of storage at 22 + 2°C on peroxidation of oil extracted from mayonnaise

Peroxide index of oil extracted from mayonnaise (mEg/kg)

(0 SAS 5 05 S1ue) 5mle 5 ok il s OAS oS

Group (.5 %) 0 day 30 day 60 day 90 day
PET 0.42 £0.012 1.04 + 0.06° 1.06 £ 0.012 1.24 +0.002
ZnO 0.38 £ 0.042 1.01 + 0.09° 1.04 + 0.00° 1.10 +0.01°
TiO2 0.44 + 0.002 1.01 +0.08° 1.04 + 0.00° 1.09 + 0.01°
TiO2+Zn0O 0.44 + 0.002 1.02 + 0.04° 1.04 + 0.00° 1.09 + 0.01°
L33 8 a3 (5l imn sl ot OLE sy 53 sl g el odkd 1S LSS e 30l il Sl 0 w0 gl
ol (p< 0.05)

The results in the table have reported as mean +standard deviation of triplicate analysis. Different words in the same
row represent significant difference at 5 % (p< 0.05).
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Table 6- Effect of packaging and 90 days of storage at 22 + 2°C on the acidity of oil extracted from mayonnaise
Acidity of oil extracted from mayonnaise

Fala 3l et gl Sl by 4ol

Group (.5.%) 0 day 30 day 60 day 90 day
PET 0.630 + 0.000% 0.663 + 0.006P 0.718 +0.003% 0.790 + 0.0052
Zno 0.626 + 0.003 0.656 + 0.006P 0.716 + 0.009° 0.780 + 0.005"
Tio2 0.630 + 0.000% 0.653 + 0.006P 0.709 + 0.003° 0.780 + 0.006°
TiO2+Zn0O 0.630 + 0.000% 0.656 + 0.006" 0.711 + 0.000? 0.780 + 0.003"
Ao;3 0 e 53 (gols gan sl a0l sy a3 Doglite Gy el sld 158 1SS a3l Gl S0l s 4 il
ol (p<0.05)

The results in the table have reported as mean +standard deviation of triplicate analysis. Different words in the same
row represent significant difference at 5 % (p< 0.05).
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Figure 2. The effect of packaging on Migration rate of Zn*? (A) and Ti*?(B) ions to mayonnaise samples for 90
days of storage
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