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1. Scanning electron microscopy
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Fig 1 Examples of prepared films (A) and packaging of virgin olive oil with prepared films (B)
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Table 1 List of experiments based on D-Optimal

design
Run F actf)r A: Storage Factgr B:
time (Day) Packaging type
1 30 Control
2 1 PVA/Sp*
3 15 PVA/AgCl
4 1 PVA
5 30 PVA
6 1 PVA/AgCl/Sp
7 1 PVA/AgCl
8 30 PVA/Sp
9 15 PVA/AgCl/Sp
10 15 PVA/Sp
11 30 PVA/AgCl
12 1 Control
13 15 Control
14 15 PVA
15 30 PVA/AgCl/Sp

* Polyvinyl alcohol (PVA); Spirulina (Sp)
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Fig 2 SEM images of polyvinyl alcohol film and its composites
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Table 2 Mathematical models and regression coefficients of the relationship between storage time and
type of packaging and acidity, refractive index, peroxide value and total phenol content of the oil

Acidity (mg Refractive PV(mEq Total Phenol
KOH/g oil) index 0,/Kg oil) (mg GAE/kg)
Coefficient Factor Coefficient Factor Coefficient Factor Coefficient Factor
0.372225 1.776758 3.155865 163.2959
0.1165 *A 0.0939 *A 1.302668 *A -34.3496 * A
0.111763 * B[1] 0.070667 * B[1] 1.429124 * B[1] -35.9353 * B[1]
-0.01338 * B[2] -0.00775 * B[2] -0.21124 * B[2] 5.490926 * B[2]
-0.04415 * B[3] -0.03744 * B[3] -0.65325 * B[3] 16.76485 * B[3]
0.002304 * B[4] 0.019711 * B[4] 0.131235 * B[4] -5.14297 * B[4]
0.089594 * ABJ[1] 0.059425 * AB[1] 1.288799 * AB[1] -32.6568 * ABJ[1]
-0.01971 * ABJ[2] -0.00485 * AB[2] -0.24303 * AB[2] 5.373646 * AB[2]
-0.03779 * ABJ[3] -0.03673 * AB[3] -0.59381 * AB[3] 15.43707 * ABJ[3]
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Fig 3 Linear interaction curves of the effect of storage time and type of packaging on acidity, refractive index,
peroxide value and total phenol content
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Table 3 Mathematical models and regression coefficients of the relationship between storage time and
type of packaging and flavor, color, texture and total score of the oil

Flavor Color Texture Total
Score
Coefficient Factor Coefficient Factor Coefficient Factor Coefficient Factor
4.510238 4.838399 4.932647 4.59794
-0.26932 *A -0.13926 *A -0.05975 *A -0.17924 *A
-0.34667 *B[1] -0.04 *B[1] -0.06667 *B[1] -0.30309 *B[1]
0.02 * B[2] -0.00667 * B[2] 0.066667 * B[2] 0.033677 * B[2]
0.253333 * B[3] 0.026667 * B[3] 0 * B[3] 0.20206 * B[3]
-0.11333 * B[4] -0.00667 * B[4] 0 * B[4] -0.03356 * B[4]
-0.26886 * ABJ[1]
0.029873 * AB[2]
0.179239 * AB[3]
-0.01953 * AB[4]
7 2_ 2_
Aléj Rz(ig.?& Aléj Rzg'g .85612 Aﬁj Rz(i(?.66§57 RE-0972 AdR™-0921

*A: Storage time and B: Packaging type
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Fig 4 Linear interaction curves of the effect of storage time and type of packaging on flavor, color, texture and total
score of the oil
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Table 4 Mathematical models and regression coefficients of the relationship between storage time and
type of packaging and oil color factors

L* a* PV(mEq O,/Kg oil)
Coefficient Factor Coefficient Factor Coefficient Factor
92.37344 0.032642 0.426338
-0.76629 *A 0.20063 *A 0.181193 *A
-0.83122 *B[1] 0.213395 *B[1] 0.215239 *B[1]
0.118884 *B[2] -0.03949 *B[2] -0.03996 *B[2]
0.377514 *B[3] -0.089 *B[3] -0.10386 *B[3]
-0.07311 *B[4] 0.015559 *B[4] 0.02693 * B[4]
-0.74727 * AB[1] 0.19627 * AB[1] 0.185086 * AB[1]
0.140275 * AB[2] -0.05617 * AB[2] -0.03171 * AB[2]
0.350543 * AB[3] -0.07886 * AB[3] -0.09289 * AB[3]
-0.07597 * AB[4] 0.01799 * AB[4] 0.027308 * AB[4]
0.394956 * AN2 -0.10621 * AN2 -0.08259 * AN2
R*=0.992 R*=0.991 R*=0.989
AdjR?>=0.975 AdjR*=0.970 AdjR?=0.962
*A: Storage time and B: Packaging type
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Fig 5 Linear curves of the interaction of the effect of storage time and the type of packaging on the color
characteristics of the oil
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Active packaging and increasing shelf life of virgin olive oil using
biodegradable film based on polyvinyl alcohol modified with silver
chloride nanoparticles and spirulina
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ABSTRACT

ARTICLE INFO

In this study, biodegradable film was prepared from polyvinyl alcohol. Silver
chloride nanoparticles and spirulina algae powder were used to modify the
physicochemical structure and create antioxidant activity in the film. The
surface morphology of the film was investigated. Polyvinyl alcohol film and
its composites were used for packaging virgin olive oil. D-optimal design was
used to investigate the effect of packaging type and storage time on the
chemical, color and sensory characteristics of the oil. Chemical characteristics
(acidity, peroxide value, refractive index and total phenol), sensory and color
characteristics were investigated. The response surface method was used to
investigate the effect of independent variables on the oil as well as the created
mathematical models. The obtained results showed that in polyvinyl alcohol
film modified with silver chloride particles and polyvinyl alcohol modified
with silver chloride and spirulina particles, the presence of these particles on
the surface of the film was completely evident. The results of the chemical,
sensory and color analysis of the oil showed that the chemical, sensory and
color quality of the oil decreased with the increase in the storage time of the
oil in all packages. Peroxide value as the most important indicator of the
quality of oils in normal packaging increased from 1 to 7 (mEq O2/Kg oil)
during 30 days of storage, while in oil packaged with polyvinyl alcohol
modified with silver chloride and spirulina algae, this increase was from 1 to 2
(mEq O2/Kg oil). In general, oils packaged with polyvinyl alcohol modified
with silver chloride and spirulina algae showed the least quality changes
compared to normal packaging, which indicates the ability of these films to
control the quality and increase the shelf life of virgin olive oil.
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