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Abstract

In this study, new composite materials from cellulose, chitosan, modified chitosan, and
immobilized silver ions have been developed to obtain an active packaging. In the first step,
modified chitosan was prepared by graft- copolymerization with 2- acrylamido- 2- methyl
propanesulfonic acid monomer (AMPs) as a chelating agent. The sulfonate group was used in
chelation with silver ion for reducing the leakage silver ions from the packaging. Scanning electron
microscope (SEM) and X-ray diffraction (XRD) pattern confirmed the presence of silver ions in the
cellulose composite. The effects of different concentrations (0.015-0.6 wt%) of silver ions on
antimicrobial activity have been investigated. It was observed that the chelation of silver ions
resulting in the content of 0.015 wt% showed a good potential for antimicrobial activity against
both Gram-positive and Gram-negative bacteria. Furthermore, the chelation with sulfonate groups
resulted in about 0.07-0.3 % of silver ions being released from the composite to aqueous solution
in the pH range 4-12. In summary, the obtained packaging exhibited very low release of the toxic
metal ions. The materials also exhibited good antimicrobial and mechanical properties. Therefore,

this composite material displays the potential use as active packaging in food applications.
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Figure 1 IR spectra of (a) chitosan and (b) modified chitosan
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Figure 2 IR spectra of (a) cellulose and (b) modified cellulose composite
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Figure 3 SEM micrographs of (a) cellulose and (b) modified cellulose composite-Ag” complex at

300x and BSE-SEM micrograph of modified cellulose composite-Ag” complex at (c) 1000x
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Table 1 Contact angle of packaging prepared from cellulose and modified cellulose composite-Ag”

complex
Times of water absorption (sec.)
Samples
0 0.5 20 40
CA 106.7° CA 47.5°
Cellulose - -
CA 116.2° CA 114.8° CA 110.7° CA 108.8°
Cellulose/chitosan/
modified chitosan-Ag .

700

b

600
500
400
300
200

Water absorption (%)

100

—@— Cellulose

Cellulose/ chitosan/modified chitesan-Ag’

T

6

T T T

8 10 12 14

Time (day)

Figure 4 Water absorption of packaging prepared from cellulose and modified cellulose composite-

Ag" complex
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v
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Table 2 Antimicrobial disc diffusion test of modified cellulose composite-Ag” complex at various

Ag" concentrations

Zone of inhibition (mm) against the bacteria
Samples
B. cereus S. aureus E. coli S. Typhimurium
Cellulose-
chitosan-modified
chitosan (C)
C-Ag"
(0.015 %)
10.19+0.75
C-Ag"
(0.025 %)
13.06+2.38 12.90+0.68 14.28+0.96 13.39+0.58
C-Ag+
(0.3 %)
13.41+0.57 12.26+0.66 14.14+0.69 13.81+1.11
(0.6 %)
14.94+0.52 14.18+0.44 13.42+0.78 14.23+0.81

Table 3 Ag" release data of modified cellulose composite-Ag" complex with 0.025 % Ag" after

immersed in aqueous solution at pH 2-12 after 14 days

Release of silver (ng/cm?)
Samples
pH 2 pH4 | pH7 pH 10 pH 12
Cellulose/chitosan/modified chitosan-Ag” 743.6 | 28.6 11.6 7.0 32.6

769



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 5 May 2020

Table 4 Antimicrobial disc diffusion test of modified cellulose composite-Ag” complex with 0.025 %

Ag" after immersed in aqueous solution at pH 2-12 after 14 days

Zone of inhibition (mm) against the bacteria
R Bacillus cereus | Staphylococcus aureus | Escherichia coli | Salmonella Typhimurium
2 12.56+0.51 9.69+1.14 10.69+0.79 11.13+1.09
4 13.06+1.23 11.00+1.41 12.38+0.88 12.56+1.55
7 13.44+0.96 10.13+1.47 13.69+1.91 11.38+1.45
10 12.93+0.57 11.94+1.12 13.06+1.06 12.50+1.26
12 14.19+1.27 12.82+0.75 13.13+0.81 12.36+0.60

naaoulszdnsninlun1sfugatn
YpuraglaanounedndnulsreNmdngndn1sy
wrluansavarensma-tua pH 2-12 1Wunan 14 Tu
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Figure 5 XRD pattern of modified cellulose
composite-Ag” complex with 0.3 %

Ag"
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Table 5 Tensile properties of cellulose and modified cellulose composite-Ag" complex

Tensile strength | Maximum elongation at
Samples
(MPa) started break (%)
Cellulose 0.76+0.18 1.03+0.07
Modified cellulose composite-Ag” complex’ 3.36+0.48 1.99+0.52
Modified cellulose composite-Ag™ complex” 9.02+2.48 3.86+0.56
Food commercial packaging 8.63+2.24 2.26+0.36

® packaging prepared from cellulose : chitosan : modified chitosan-Ag” = 80: 10: 10; 0 packaging

prepared from cellulose : chitosan : modified chitosan-Ag” = 60:30: 10
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