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Fig 1: Influence of Nanoclay and salvia officinalis
essential oil on thickness of films
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X1=A: Essential oil
X2=B: Nano clay
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Fig 3: Influence of Nanoclay and salvia officinalis
essential oil on Solibility of films
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Fig 2: Influence of Nanoclay and salvia officinalis
essential oil on Moisture of films
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Fig 4: Influence of Nanoclay and salvia officinalis
essential oil on WVP of films
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Fig 5: Influence of Nanoclay and salvia officinalis
essential oil on Antioxidant property of films
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Table 1: Colorimetric data (L*, a*, b*, WI, C*, Y1, AE) analysis of biodegradable films

Sample L* a* b* C Wi Yl AE
NoEo 59.63 -1.419¢  13.017 15.351! 65.403° 4.006' 61.473°
NoEzso 78.107° -1.651"  14.604" 16.413" 64.364° 9.722" 63.516°
NoEsoo 78.964 -1.995' 14.8909 16.9739 64.994 10.4819 63.842"
NosEo 77.171° -4.375¢  26.410° 27527 59.166" 31.682° 80.517¢
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No.sEsoo 76.618" -4.831F  26.981¢ 27.907¢ 57.755 34.207¢ 80.794f
N:iEo 80.2079 -5/116°  23.019° 28.146° 54.1109 44.155° 83.251¢
N1Ezs0 81.318" -5.326"  24.163" 28.296" 54.376" 46.362° 84.559"
N1Esoo 81.956' -5.710°  24.876% 28.571% 53.101 48.172° 84.847'

Different letters in each column indicate the significance of the differences (P<0.0001)
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Table 2: Data analysis of mechanical properties of
biodegradable films

Sample Tensile Gradient Strain to
Strength (kg.s) Break (%)
(MPa)
NoEo 5.037¢ 0.209¢ 22.325%
NoEsoo 6.137°¢ 0.265° 20.417°
No.sE2s0 8.452? 0.295° 12.639°
N1Eo 8.6372 0.3082 8.527¢

Different letters in each column indicate the significance of
the differences (P<0.0001)
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Fig 8: Scanning electron microscopy image of Biodegradable films ((a) Soy Protein Isolate without Nano-clay and salvia officinalis
essential oil, (b) Soy Protein Isolate containing 0.5% Nano-clay and 250 ppm salvia officinalis essential oil, (c) Soy Protein Isolate
containing 1% Nano-clay and 500 ppm salvia officinalis essential oil)
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In this research, production films based on soy protein were produced
with two variables of nanoclay at three levels (0, 0.5 and 1%) and Salvia
officinalis Essential oil at three different levels (0, 250 and 500 ppm) and
the effect of this Two variables were investigated on the functional,
mechanical and structural characteristics of the produced biodegradable
films. The results showed that by adding different percentages of
nanoclay on the soy protein film substrate, the moisture content,
solubility, permeability to water vapor and transparency of the samples
decreased significantly compared to the control sample. This decrease in
indicators was more evident with increasing concentration of Salvia
officinalis Essential oil. Among the production samples, the film
containing 1% nanoclay and 500 ppm of Salvia officinalis Essential oil
had a water vapor permeability of 32.02x10! g/m.s.pa. Also, the
addition of nanoclay and Salvia officinalis essential oil caused a
significant increase in the antioxidant content of the samples, and the
sample containing 1% nanoclay and 500 ppm of Salvia officinalis
essential oil had the highest antioxidant content with 32.88%. Examining
the results of spectroscopy and microstructure of the obtained films also
shows the proper interaction between nanoparticle and essential oil with
soy protein substrate and creating strong and new bonds. The obtained
results showed that the addition of nanoclay and Salvia officinalis
essential oil can have positive effects on the physical and structural
properties of soy protein isolate film.
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