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Studies on the Physical and Thermal Properties
of the Chitosan/Gelatin Blend

Byung-Ho Kim and Jang-Woo Park*

Department of Food and Biotechnology, and Food and Bio-industrial Research Center,
Hankyong National University

To mass-produce useful biopolymer films, chitosan/gelatin blend films were prepared by solution casting method.
Effects of mixing ratio, tensle strength (TS), elongation (E) at break, total color difference (AE), opacity, water
vapor permeability (WVP), oxygen permeability (OP), and thermal properties on chitosan/gelatin blend films
properties were investigated. TS, E, AE, opacity, WVP, and OP values were 58.24-22.01 M Pa, 13.11-24.67%, 1.86-

17.45, 0.3104-1.2161 nmO.D./um, 1.6875-1.7225 ng * m/m?

* s+ Pa, and 2.2380X107-2.2975X 107 mL * pm/m? - s

Pa, respectively. TS of blend films decreased, while E, AE, and opacity increased with increasing chitosan
content. WVP of blend films did not show any significant relationship with mixing ratio and thickness of blend
films. Miscibility of films was examined over entire composition range by thermogravimetric analyzer (TGA) and
dynamic mechanical analyzer (DMA). TGA results showed gelatin is more thermally stable than chitosan and
some interactions among functional groups of two biopolymers. Glass transtion temperature (T, of films as
determined by DMA decreased with increasing content of chitosan in the blend. Results of thermal analysis
indicate high miscibility among polymer components in the blend.
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Table 1. Mixing ratio of chitosan/gelatin film
Sample 3% (w/w) Chitosan solution 3% (w/w) Gelatin solution

No. concentration (%) concentration (%)
0 0 100
1 10 0
2 20 80
3 30 70
4 40 60
5 50 50
6 60 40
7 70 30
8 80 20
9 0 10
10 100 0
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Chitosan / Gelatin |

Adding plasticizer(glycerol)
Adding solvent systems
v (2% acetic acid / heated D.W.)

| Heating and stirring the film solutions up to 80 - 90T |

A4
’ Making the film solutions with mixing ratio |

Homogenizing at 6,000 rpm for 2 min.

\4
| Heating and stirring the film solutions up to 80 -90°C |

|

| Casting the film solutions |

Onto the Teflon glass plate(110 mL)

\4
| Drying the film solutions at 23C for 72 hr |

\
’ Conditioning the films at 25C, 50% RH for 48 hr |

|

Testing the films

Fig. 1. Flow chart for the preparation of chitosan/gelatin film.
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Table 2. Effect of mixing ratio on tensile strength and elongation
at break point of chitosan/gelatin film

Sample? Thickness  Tenslestrength?  Elongation

No. (um) (MPa) (%)
0 80.15+2.72 5824+120° 1311+2.20°
1 80.33+4.88 57.81+t320° 13.26+348°
2 71.35+0.88 55.656+050° 14.43+1.62°
3 75.18+4.30 51.09+353% 16.25+3.02°
4 75.73+1.72 4273+148 1690+ 1.96°
5 75.08+5.61 37.45+406° 17.93+4.90°
6 76.40+6.16 3294+1.03 1510+584°
7 92.53+5.02 3333+1.86° 2361+335°
8 92.58+6.57 28.38+180° 24.20+284°
9 86.10+9.68 2654272 19.04+7.37%°
10 9548+ 6.17 2201+194°  24.67+590°

DNotation of blends of chitosar/gelatin are following; 0(0/100), 1(10/
90), 2(20/80), 3(30/70), 4(40/60), 5(50/50), 6(60/40), 7(70/30), 8(80/
20), 9(90/10), 10(100/0).

IMean standard deviation (n=5).

*9Means with the different letter in same column are significantly
different (p<0.05) by Duncan's multiple range test.
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Table 3. Color spectrophotometer values of mixing ratio on Hunter values(L, a, and b), total color differences (AE), and yellow

index(Y1) of chitosan/gelatin film

Sample” No. Thickness (um) L2 a b AE Yl
0 77.25+0.71 95.27+£0.012 -0.34+£0.012 3.98+0.01 1.86+0.01 5.98+0.01
1 77.60+2.40 95.06+0.11° -0.76+0.03° 4.38+0.24 240+0.26 6.59+0.37
2 72.10+1.00 94,77+ 0.05° -0.88+£0.01° 5.36+0.05" 341+0.04" 8.08+0.07"
3 77.40+1.80 94.31+0.18¢ -1.03+0.05¢ 7.28+0.40° 5.36+0.449 11.03+0.63°
4 80.00+1.10 93.98+0.05° -1.224+0.02 9,03+0.10 7.13+0.11° 13.72+0.16
5 77.00+2.40 93.62+£0.05 -1.304+0.03" 10.53+0.45° 8.67+0.43° 16.07+0.68°
6 71.50+1.80 93.04+0.12° -1.21+0.03 12.01+0.44° 10.23+0.451 18.44+0.70°
7 72.80+4.90 92.44+0.12" -1.17£0.01° 13.31+0.31° 11.63+0.32° 20.57+0.50°
8 78.50+2.50 90.91+0.62 -0.91+£0.08° 17.75+1.71° 16.30+1.81° 27.91+2.89
9 68.50+2.50 91.09+0.13 -1.0040.02¢ 17.39+0.46° 15.91+0.48° 27.28+0.76°
10 99.75+4.68 89.31+0.01 -1.25+0.049 18.37+£0.23 17.45+0.212 29.38+0.36"

YNotation of blends of chitosan/gelatin are following; 0(0/100), 1(10/90), 2(20/80), 3(30/70), 4(40/60), 5(50/50), 6(60/40), 7(70/30), 8(80/20), 9(90/

10), 10(100/0).
IMean standard deviation (n=9).

#)Means with the different letter in same column are significantly different (p<0.05) by Duncan’s multiple range test.

Table 4. Effect of mixing ratio on opacity values of chitosan/
gdatin film

Sample” No. Thickness (um) Opacity? (nmO.D./um)

0 75.64+0.45 0.3104+0.018¢

1 73.60+3.78 0.3757+0.0189
2 69.40+2.19 0.3524+0.01131
3 7540+ 1.67 0.7539+0.0165"
4 76.20+1.92 0.7286+0.0188°
5 66.60+1.34 0.5069+0.0102°
6 66.60+2.88 0.9931 -+ 0.0430°
7 68.80+1.79 0.7967 £ 0.0207°
8 90.40+6.88 0.9938+0.0796°
9 76.80+2.39 1.2016+0.03722
10 87.70+3.12 1.2161+0.04207

YNotation of blends of chitosan/gelatin are following; 0(0/100), 1(10/
90), 2(20/80), 3(30/70), 4(40/60), 5(50/50), 6(60/40), 7(70/30), 8(80/
20), 9(90/10), 10(100/0).

IMean standard deviation (n=3).

*9IMeans with the different letter in same column are significantly
different (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Effect of mixing ratio on water vapor permeability of
chitosan/gelatin films (n=3).

O-O: Corrected water vapor permeability value (correction
method), @-@: Measured water vapor permesbility value (ASTM
method).

*Means with the different letter in same column are significantly
different (p<0.05) by Duncan’s multiple range test.
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Fig. 3. Effect of mixing ratio on the oxygen permeability of
chitosan/gelatin films (n=3).

*9Means with the different letter in same column are significantly
different (p<0.05) by Duncan’s multiple range test.
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Fig. 4. Effect of mixing ratio on the thermal gravity analysis of chitosan/gelatin filmswithout H,O and glycerol.
Notation of mixing of chitosan/gelatin are following; A(0/100), B(20/80), C(40/60), D(60/40), E(80/20), F(100/0). The measurement was

conducted at a 20°C/min heating rate under nitrogen flow.
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Fig. 5. Effect of mixing ratio on differential thermogravimetric analysis of chitosan/gelatin film without H,O and glyceral.
Notation of mixing of chitosan/gelatin are following; A(0/100), B(20/80), C(40/60), D(60/40), E(80/20), F(100/0). The measurement was

conducted at a 20°C/min heating rate under nitrogen flow.
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Fig. 6. Effect of mixing ratio on dynamic mechanical analyss of
chitosan/gelatin film without H,O and glyceral.

The measurement was conducted at a 2°C/min hesting rate under
nitrogen flow.
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