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5. Differential scanning calorimetry
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1. Permeability water vapor
2. Ultimate Tensile Strenght
3. Elongation to Break

4. Young modulus
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Table 1 Zeta potential of edible gelatin films with different ratios of nanochitin and oil

Sample Film Zeta potential (mV)
Gelatin mixture containing 20% oil -5.8+0.23°"
Gelatin emulsion containing 80 tween and 20% oil -6.9+0.21°
Gelatin emulsion containing 0.2gr/gr N-chitin and 20% oil -13.540.11*
Gelatin emulsion containing 0.5gr/gr N-chitin and 20% oil -13.940.19*
Gelatin emulsion containing 1 gr/gr N-chitin and 20% oil -11.84+0.25™
Gelatin emulsion containing 2 gr/gr N-chitin and 20% oil -9.5+0.32¢
Gelatin mixture containing 30% oil -4.9+0.17"
Gelatin emulsion containing twine 80 and 30% oil -5.240.35°"
Gelatin emulsion containing 0.2gr/gr N-chitin and 30% oil -10.5+0.15%
Gelatin emulsion containing 0.5 gr/gr N-chtin and 30% oil -12.0+£0.28"
Gelatin emulsion containing 1 gr/gr N-chitin and 30% oil -11.54+0.12°¢
Gelatin emulsion containing 2 gr/gr N-chitin and 30% oil -8.9+0.14¢

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 2 Thickness of edible gelatin films with different ratios of nanochitin and oil

Sample Film Thickness(Mm)

Gelatin film containing 20% oil 0.12°

Twin 80 gelatin film containing 20% oil 0.12°
Gelatin film 0.2gr/gr Nanochitin containing 20% oil 0.10°
Gelatin film 0.5gr/gr Nanochitin containing 20% oil 0.11°
Gelatin film 1 gr/gr Nanochitin containing 20% oil 0.10°
Gelatin film 2 gr/gr Nanochitin containing 20% oil 0.12°
Gelatin film containing 30% oil 0.12°

Twin 80 gelatin film containing 30% oil 0.10°
Gelatin film 0.2gr/gr Nanochitin containing 30% oil 0.09°
Gelatin film 0.5gr/gr Nanochitin containing 30% oil 0.11°
Gelatin film 1 gr/gr Nanochitin containing 30% oil 0.09°
Gelatin film 2 gr/gr Nanochitin containing 30% oil 0.10°

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 3 Moisture and Solubility of edible gelatin films with different ratios of nanochitin and oil

Sample Film Moisture(%) Solubility (%)
Gelatin film containing 20% oil 22.46+3.6™ 30.43+1.21™
Twin 80 gelatin film containing 20% oil 22.39+0.7® 31.20+1.04°
Gelatin film 0.2gr/gr Nanochitin containing 20% oil 20.55+2.4™ 25.47+1.51%
Gelatin film 0.5gr/gr Nanochitin containing 20% oil 20.08+0.4™ 23.62+3.19%¢
Gelatin film 1 gr/gr Nanochitin containing 20% oil 16.52+5.3" 23.20+3.44%
Gelatin film 2 gr/gr Nanochitin containing 20% oil 13.27+4.3° 19.28+0.81F
Gelatin film containing 30% oil 24.65+2.6" 26.52+2.04%
Twin 80 gelatin film containing 30% oil 22.69+6.2° 27.2742.97

Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

19.5240.58%
19.46+0.63%
20.37+1.91%
21.32+1.15%

21.25+2.02°F
20.2740.61°F
18.75+1.90"
17.83+1.03f

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 4 WVP of edible gelatin films with different ratios of nanochitin and oil

Sample Film

Water vapor permeability(gmmm~pa’’day” *10™)

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil

Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil

Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil

Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil

Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

5.60+0.03°
5.41+0.10°
4.76+0.14°
4.3840.11°%
4.3240.02°¢
4.27+0.06%
4.45+0.14°
4.16+0.14¢
3.87+0.11°
3.81+0.02°
3.40+0.29"
3.09+0.018

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 5 contact angle of edible gelatin films with different ratios of nanochitin and oil

Sample Film

contact angle W)

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

82.48+0.77"
76.38+0.73"
84.55+0.11°
87.93+0.21¢
90.66+0.78¢
92.60+0.40°
85.03+0.14°
80.53+0.71¢
90.62+0.66°
90.92+0.54°
93.51+0.29%
94.31+0.43*

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 5 Mechanical properties of edible gelatin films with different ratios of nanochitin and oil

Sample Film

(MPa) UTS

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

4203.33+64.29
5307.67+44.65°
5701.00+56.93°
5954.334+55.82°
5245.33+41.01¢
5058.67+13.05"
4884.33+12.50%"
4906.67+672
5168.33+17.55°
5910.67427.22°
4831.33+11.06"
4372.0049.16'

EB(%) (MPa) EM
10.30+0.81° 7867.21+£76.199
32.46+1.76 8341.41+21.46¢
33.13+1.80%° 9361.68+81.12°
35.3042.40° 11878.66+37.42°
45.8342.38¢ 9617.41£63.25°
75.10+2.52° 9136.214+83.29°
26.294+1.39" 6326.85+53.11F
30.49+0.89' 6747.34+20.51"
28.4742.21% 7289.27+33.27°
34.83+2.45° 10254.06+£13.29°
52.5242.41°¢ 9141.96+30.82°
82.30+1.41% 9051.02425.62¢

*Values with similar superscripts have no significant difference(p > 0.05).
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Sample Film

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

Tm (C) AH,, (J/g)
61.57+1.7° 18.31+0.7™
65.45+0.8% 19.65+1.5"
72.2242.1° 98.77+1.3¢
79.96+1.3° 149.27+0.3°
67.42+1.6° 119.16+1.5°
64.65+0.7% 101.56+1.2°
57.29+1.9° 10.26+1.6'
58.31+1.28 15.94+0.4'
67.5342.2¢ 79.55+0.9°
73.70+£1.2° 90.71+1.3¢
64.53+0.7% 67.25+1.7
62.56+0.5° 52.42+0.6°

Table 3 Thermal properties of edible gelatin films with different ratios of nanochitin and oil

*Values with similar superscripts have no significant difference(p > 0.05)
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This study aimed to produce and investigate an emulsion film of gelatin by
emulsion pickering method containing chitin nanoparticles. Different
concentrations of nanochitin (0.2, 0.5, 1, and 2 g/g dry gelatin) and two
different concentrations of corn oil (20% and 30% based on dry matter
weight) were used to prepare the gelatin emulsion film by the emulsion
pickering method. Then the properties of the films were investigated by
examining the zeta potential, thickness, moisture and solubility, water vapor
permeability (WVP), surface hydrophobicity, mechanical and thermal
properties. The results showed that the gelatin emulsion containing 0.5 g/g of
chitin nanoparticles was more stable than other samples. Nanochitin-stabilized
emulsion films reduced moisture, solubility, and water vapor permeability
compared to control films and tween-containing films, and nanochitin-
containing films improved mechanical properties. In addition, the addition of
nanochitin up to 0.5 g/g to the gelatin emulsion film improved the thermal
properties because it led to increase in melting temperature and enthalpy. The
addition of nanochitin also increased the hydrophobic properties of the film.
30% oil concentration had a better effect on film properties than 20% oil.
Therefore, the use of nanochitin as a stabilizing emulsion for pickering in
gelatin films with a concentration of 30% corn oil can lead to the formation of
biodegradable polymers with more acceptable properties for food packaging.
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