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1. Fourier Transform infrared spectroscopy
2. Scanning Electron Microscope
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Table 1 Thickness of nanocomposite films
based on sesame meal protein extracted by
alkaline and saline solutions

Thickness (mm) Films

Glycerol ZnO

NaOH NaCl (%) (%)
150434 14242 288 40 0
15142504 145+1.888 45 0
1574204 151+1.5™ 50 0
165£1°4 1454088 40 1
168+3°4 151+0.5™® 45 1
1634284 153+0.5 50 1
180+1.5%4 151+0.65™® 40 3
18142244 161+£2.3°B 45 3
178+148 181+2.4%4 50 3
206+0.5°4 178+3¢"8 40 5
210+1.6°4 175+0.2¢8 45 5
220434 184+1*B 50 5

Large letters are used to compare the average in each
row and small letters are used to compare the average
in each column (P<0.05).
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Table 2 Moisture content and solubility of nanocomposite films based on sesame meal protein extracted
alkaline and saline solutions.

Solubility (%) Moisture (%) Films
NaCl NaOH NaCl NaOH
91.07+2**  82.75+12°®  3881x0.5* 37.42+12°*  ZnO 0%- Glycerol 40%
92.6+1.2°%  8344+1.5°"  4536+12°%  41.62+08*®  ZnO 0%- Glycerol 45%
90.11+0.5**  87.65+1°®  44.28+1.6"* 43.55+1.5°*  ZnO 0%- Glycerol 50%
83.11+1.8°%  75.65+1.3'%  38.93+03%  3126+2%®  ZnO 1%- Glycerol 40%
86.5+2.5°*  7391+0.75%®  41.8+0.5°*  3538+1.5°®  ZnO 1%- Glycerol 45%
85.1+2%4  78.8+0.9°%  47.86+2"4 3492+1°®  ZnO 1%- Glycerol 50%
7425£1.2°%  60.75+288 3211144 2743305 ZnO 3%- Glycerol 40%
78.6+£19%  6825+1.8°%  34.1+12°%  3026+1.2%" B ZnO 3%- Glycerol 45%
83.5+0.5°*  67.62+0.5°%  30.42+1%A 32.06+1®  ZnO 3%- Glycerol 50%
68.9+0.8 " 5838+1.6"% 29.67x1.1** 25.83+08"%  ZnO 5%- Glycerol 40%
7424134 55.69+1'®  3374+1.5°%  29.6+0.5®  ZnO 5%- Glycerol 45%
70.11x0.7"4 6441218 34114 28.87+1%8  ZnO 5%- Glycerol 50%

Large letters are used to compare the average in each row and small letters are used to compare the average in each
column (P<0.05).
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Table 3 The amount of opacity of the
nanocomposite films based on the sesame meal
protein obtained by alkaline and saline solutions.

Opacity (%) Films
NaOH NaCl Gl(yo;)e)“’l %;g
2.58+0.1"4 1.9240.058 40 0
2.62+0.05 1.88+0.118 45 0
2.86+0.06%*  2.14+0.06*"® 50 0
2.78+0.1°4 2.07+0.08%"B 40 1
2.7540.03°4 1.98+0.01°"® 45 1
2.94+0.05%8  221+0.06°8 50 1
2.98+0.01%*  2.5440.01°8 40 3
2.96+0.05%4 2.5+0.05°8 45 3
3.05+0.15°4 2.5540.1°8 50 3
3.19+0.1°4 2.6+0.02°8 40 5
3.47+0.05°A 2.78+0.03%B 45 5
3.41+0.06** 2.74+0.04%8 50 5

Large letters are used to compare the average in each
row and small letters are used to compare the average

in each column (P<0.05).
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Fig 1 FTIR curve for films based on sesame meal protein extracted by method A: alkaline solution, and b: saline

solution.
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Fig 2 SEM Images of nanocomposite films based on

sesame meal protein extracted by alkaline method. a:

ZnO 0%- GL 40%-From left to right magnify 40000

X, 80000X, b: ZnO 1%- GL 40%-From left to right
magnify 40000 X, 80000X, c: ZnO 3%- GL 40%-

From left to right magnify 40000 X, 80000X, d: ZnO
5%- GL 40%-From left to right magnify 40000 X,

80000X.
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In recent years, biopolymers have been considered as a good replacement for plastic materials from
petroleum derivatives in the field of packaging. Therefore, the purpose of this study was to investigate the
production of a biodegradable edible film of sesame meal proteins by two different protein extraction
methods including alkali and salt extraction. In these films, glycerol was used as a plasticizer in three
concentrations of 40%, 45%, and 50% and zinc oxide nanoparticles were used in three concentrations of
1%, 3% and 5%. According to the results, it was shown that the thickness of films made from protein by
alkaline and salt methods increased with increasing nanoparticle concentration and increasing glycerol
concentration; however, the thickness of the protein film was higher by alkaline method than the salt
method. The moisture and solubility content increased with increasing glycerol concentration, and also in
the constant concentration of glycerol, the addition of nanoparticles decrease moisture content and film
solubility content. However, the effect of glycerol and nanoparticles on the salt-based protein film was
less than the alkaline method. Also, the moisture and solubility content in the salt method was higher. The
results of the comparison of the means showed that in both types of protein films, the addition of the
nanoparticle and also the increase of glycerol concentration significantly increased the opacity of the
films. According to the results, the amount of opacity and, therefore, the photoconductive property of
protein films by the alkali method was significantly higher than that of saline protein films. Fourier-
transform infrared spectroscopy (FT-IR), introducing new connections between polymer and zinc oxide
nanoparticles in alkaline and saline methods. In the study of the film structure it was shown that the
control protein film had a smooth surface, indicating the uniformity of the structure of these composite
films, with an increase in the percentage of heterogeneous and rough tissue nanoparticles observed at the
film surface, which could lead to aggregation and due to their high concentration the non-uniform
distribution of nanoparticles in the polymer bed.
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