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Abstract: Hydrophilic gelatin films are of weak controlled release behavior for antimicrobials, especially at high humidity. In order to
solve this problem, novel gelatin films with controlled release of lysozyme were fabricated via the crosslink by a naturally biochemical
crosslinker (genipin). Tensile property, water vapor permeability (WV/P), swelling and thermal properties of composite antimicrobial films were
evaluated, and their surface morphologies were visualized by AFM. The possible structure-function relationship of the films was discussed. Upon
increasing genipin concentrations, mechanical resistance and stiffness of the films were enhanced, and the tensile strength (TS) gradually increased
from 9.72 to 18:80 MPa. Both water stability and thermal stability were improved by genipin crosslinking, and the swelling decreased from
1316% (control) to ~ 200%. Surface roughness of the films depended on the genipin concentrations used, the surface of composite films were
smooth.at concentrations of 0~1.0%,.with low Rq and Ra. In contrast, irregular projections were clearly visualized on the surface of the films
crosslinked by 2.0% genipin. Inbrief, mild genipin crosslink facilitated to form ordered three-dimensional network structure in film matrix while
agglomerate structure was observed in the case of high genipin concentrations (2.0%). Furthermore, the presence of genipin, especially at high
concentrations may weaken the interaction between gelatin molecules, impairing the water vapor barrier capability of the films.
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Fig.1 Typical stress-strain curves of genipin crosslinked-gelatin

films
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Table 1 EM, TS, and EAB of crosslinked gelatin films as a
function of genipin concentrations.

GE/G /% TS/MPa EB/% EM/MPa
0 9.7241.44° 75.7941.99°  94.21+0.85°
0.25 13.9540.87°  71.63#13.35° 110.20+12.96
0.5 15.0040.96°  62.24:418.94°  115.6849.56"
10 19114750  67.54+10.28° 149.92:#1549°
20 19.41:4.75% 69.0249.34*  117.31:10.99°

7Z: GE/G K& genipin SMARMEL; &9 % FF _LAF
FH (ac) £ TEF2FE(<0.05).

2.2 Genipin 2Bk 9 S AR By 808 2 RO %

A R
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Table 2 Lighttransmittance and opacity of gelatin films crosslinked by genipin

GE/G /%* 280 nm 400 nm 500 nm 600 nm Film opacity
0 31.934.03° 95.7240.67° 98.1441.36° 97.8040.79° 0.1040.002°
0.25 3.0140.28° 62.950.88" 72.454.34° 65.58+1.24° 1.82:40.13¢
05 0.2640.11° 49.1442 62° 63.4443.04° 50.5944.28° 2.5340.22°
1.0 1E-0842E-24° 36.68+1.95¢ 55.3241.94¢ 39.6142.38¢ 3.2140.38°
2.0 1E-0842E-24° 14.474.91° 28.5042.94° 10.0142.93° 6.9940.81°
LDPE® 27.65 39.98 4553 49.81 4.26

i%: LDPE, low-density polyethylene ™ 4-7| R L4758 (a~e) &7 £F 23 (p<0.05).
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Table 3 Water vapor permeability (WVP) of gelatin films

crosslinked by genipin

GE/G /%  Film thickness/um  WVP>10"%[g/(s m Pa)]
0 84.04.2° 4.0929.20
0.25 76.94 6° 3.7840.16°
0.5 77.942 2% 3.8240.10°
1.0 80.024.0° 3.9740.17™
2.0 78.242.4° 4.5640.30°

7: GE/G K& genipin SR Z1b; &5 F RF| _LAF
F4 (a~c) AFE£F2F(p<0.05).
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Fig.2 DSC profiles of gelatin films crosslinked by genipin.
3 4 genipin ZEXARBRIRATRIAU AR
Table 4 Thermal properties of gelatin films crosslinked by

genipin
GelG/% T4C AH/(WIg)
0 62.440.6° 15.740 5%
0.25 63.340.4° 13.440.7°
05 64.340.5° 12.940.4°
1.0 65.340.3¢ 11.0#.5°
2.0 68.340.5° 7.040.4°

7E; GE/G K& genipin SMARME; &9 % FF AT
FH (ae) A TEF2E(p<0.05).
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Fig. 3 Swelling of gelatin films crosslinked by genipin
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Fig.4 3D AFM images of genipin-crosslinked gelatin films
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Table 5 Roughness parameters of genipin-crosslinked gelatin films
deriving from AFM images

Film type. - Genipin concentrations Rq Ra
A Control 4194025 2.7040.06
B 0.5 2.7040.25 1.9440.33
C 1.0 3.8241.94 2.45#.05
D 20 8.5043.81 5.12#1.81
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