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Table 1 Gelatinization temperature of
modified starches

Starch Gelatinisation Temp (°C)
Waxy Corn 62172
Waxy maize 63-72
Wheat 52-63
Tapioca 59-170
Potato 56 — 66
High amylose maize 110-120
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Fig 1 Images of different films; A (modified
starch), B (modified starch/albumin), C (modified
starch/albumin/magnesium oxide nanoparticles)
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1. Scanning electron microscopy
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Table 2 List of experiments based on
D-Optimal design

F1 F2 F3
Run AS: tif(?l(li I(Z ;d B:Albumin (g) C: (%;gO

1 1 1 0
2 0 2 2.5
3 1 1 5
4 0 2 0
5 0 2 5
6 2 0 5
7 1.5 0.5 1.25
8 0 2 0
9 2 5
10 2 0 0
11 0.5 1.5 3.75
12 2 0 0
13 1 1 2.5
14 0 2 5
15 1 1
16 2 0 2.5
17 1.5 0.5 3.75
18 0.5 1.5 1.25
19 2 0 1.25
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Table 3. Color characteristics of modified starch/albumin-based nanocomposite films containing
different amounts of magnesium oxide nanoparticles

White Jaundice
Run L* 2% b dif fei(:é);(E A ndicatori index (C*)
WD D

S-A 90.7 -2.5 11.6 8.90 84.92 18.27 11.86
A-Mgo 2.5% 91.4 -3.6 10.2 7.86 86.18 15.94 10.81
S-A-Mgo 5% 78.1 -9.2 38.2 38.12 55.01 69.87 39.29
A 81.9 -6.3 60 57.96 37.01 104.65 60.32
A-Mgo 5% 90.2 2.4 5.6 2.98 88.46 8.86 6.09
S-Mgo 5% 92.2 -3.5 12.6 10.28 84.77 19.52 13.07
S-A-Mgo 1.25% 94 -7.2 23.6 21.97 74.60 35.86 24.67
A 94 -6.8 11.6 11.10 85.27 17.62 13.44
S-Mgo 5% 91.2 2.8 5.1 2.98 89.45 7.98 5.81

S 89.9 -1.4 2.8 1.04 89.42 4.44 3.13
S-A-Mgo 3.75% 90.8 -2.8 15.3 12.61 81.92 24.07 15.55
S 90.6 -1.9 2.2 1.04 90.16 3.46 2.90
S-A-Mgo 2.5% 91.9 -3.9 11.3 9.08 85.56 17.56 11.95
A-Mgo 5% 91.9 -0.5 0.4 3.25 91.87 0.62 0.64
S-A-Mgo 5% 89.9 -6.8 12.6 11.18 82.47 20.02 14.31
S-Mgo 2.5% 90.7 -1.2 1.9 1.22 90.43 2.99 2.24
S-A-Mgo 3.75% 89.3 -4.6 28.3 25.70 69.39 45.27 28.67
S-A-Mgo 1.25% 80.9 -6 60 58.08 36.74 105.95 60.29
S-Mgo 1.25% 86.9 -0.7 0.9 3.61 86.85 1.47 1.14
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Fig 2 Interaction effects of starch (A), albumin (B) and MgO (C) concentration on color properties of films
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Fig 3 Interaction effects of modified starch (A), albumin (B) and Mgo (C) nanoparticles on film transparency
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Table 4 Glass transition temperature and melting temperature of modified starch-based
nanocomposite films/albumin containing magnesium oxide nanoparticles

Film T, (O) T. (C) AH, (J/g) T (C) AH,, (J/g)
S 59.7 1223 27.01 148.2 20.5
A 60 121 24.35 149.3 24.4
S-A 61.4 119.2 26.4 151.5 31.5
S-MgO 5% 62.6 116 323 152.3 35
A-MgO 5% 62.4 115.6 34.1 153 35.3
S-A-MgO 5% 62.9 113.3 34.3 154.8 36.1

Tg: glass transition temperature; Tc: crystallization temperature; AHc: enthalpy of crystallization; Tm: melting
temperature; AHm: enthalpy of melting
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In this study, 19 samples of biodegradable films using modified starch (0-2 g),
albumin (2-0 g), nanoparticles of magnesium oxide (0-5%), were prepared and
physicochemical properties including colorimetric, transparency, mechanical,
calorimetry and morphological properties were investigated. Addition of
magnesium nanoparticles to modified starch-based nanocomposite films and
albumin decreased the transparency and increased the opacity of the films and
increased the a, b and YI index, indicating an increase in yellow color in films
containing high concentrations of MgO nanoparticles and an increase in AE film.
The addition of MgO nanoparticles to them also improved the strength and
mechanical properties of the films (tensile strength and strain to breaking point).
Films containing magnesium oxide nanoparticles showed an increase in glass
transition temperature, a melting temperature and a decrease in crystallization
temperature; which confirms the positive effect of MgO nanoparticles on
increasing the thermal stability of nanobiocomposite films. SEM images of the
produced films showed a heterogeneous level in films containing magnesium
oxide nanoparticles compared to films without nanoparticles.
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