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A Study on the Antibacterial and Antifungal Properties
of Zeolite/Zinc-polypeptide Coated Polypropylene Film

Hakrae Lee, Euisuk Ko, Woncheol Shim, Jongseo Kim, and Jaineung Kim*

Department of Packaging, Yonsei University, Wonju, 220-710, Korea

Abstract This study is for the application of functional antibacterial packaging to fresh food. Zeolite/Zinc-polypeptide
was coated on PP film at concentrations of 5%, 10%, and 15%, degree of dispersion was verified through FESEM and
FT-IR analysis. In addition, the antibacterial and antifungal properties of the films were analyzed according to the control
group and the concentration of coating materials. As a result, the degree of dispersion of coating material was irregular
but wide, depending on the concentration of Zeolite/Zinc-polypeptide on the surface of PP film. The antibacterial effect
against E. coli was over 99.9%, and the growth of R. oryzae was inhibited about 70%. Therefore, it was confirmed that
Zeolite/Zinc-polypeptide had antibacterial and antifungal properties against E. coli and R. oryzae even after coated on PP
film. In conclusion, Zeolite/Zinc-polypeptide coating film is expected to be effective in preventing corruption and improv-
ing the shelf life of fresh food as a functional packaging material. In order to be applied to various fresh foods in the
future, storage experiments are additionally required with temperature and humidity conditions according to fresh foods.
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Table 2. Microbial culture medium

Table 1. Compositions of coating material Medium Constitution Microorganism
Sample Composition (%(w/w)) NB* DW™ 1L+NB* 8¢ E. coli ATCC 8739
type PU(Binder)| Water Zeolite Zn-Pep PCA® DW™ 1L+PCA* 235¢ E. coli ATCC 8739
PP-0% 10 90 0 0 PDB’ | DW™ 1L+PDB’ 24g |R onzae KACC 45816
_50
PP-5% 10 82 3 5 PDA’ DW™ 1L+PDA’ 39g |R oryzae KACC 45816
PP-109 1 1
0% 0 7 3 0 *: Nutrient broth, **: Distilled water
PP-15% 10 72 3 15 a: Plate count agar, f: Potato dextrose broth, y: Potato dextrose agar
PU Binder &
High voltage Zeolite/Zinc-polypeptide
~
40um CPP \\
Electrode
Dry lamination Gravure coating
(40~50°C, 48hr surface hardening)
Dry
/ 1\ (24hr)
O = O O
Film Roll

Corona discharge

20pm OPP

Fig. 1. Development process of PP packaging material coated with Zeolite/Zinc-polypeptide.
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Table 3. Evaluation of antimicrobial activites of Zinc-poly-
peptide against E. coli ATCC 8739

Zn-Pep Zn-Pep Zn-Pep
Control 5% 10% 15%
E. coli .
ATCC A
8739
Clear 00.00 15.75 19.46 2241
zone Sk sk s
+£00.00 | +0.62 +126 +133
(mm)

* p<0.05 ** p<0.01 *** p<0.001
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Fig. 2. Images of R. oryzae KACC 45816 growth on PDA
medium treated with Zeolite/Zinc-polypeptide.
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Fig. 3. FESEM images of Zeolite/Zinc-polypeptide.

71 EqtEsAIRE §A JERAL o (Fig. 4(B~D)),
Zinc-polypeptide®] F=71 715l wel I8 JAte] %4
o] B3] AZHATHFig. 4E-G)). 53] 15% Zinc-poly-
peptide’t ZHE PP 52 ZHYRPE 744 HolUAtt
(Fig. 4(G)).

22 98N 1Y 2N

38k 24 BALS Fig. 4G)e] 232 vigto g thxst
# 15% Zinc-polypeptide’t ZBE PP 58 W] 4
skt 4 A= Fig. 59 2om, 7 939 dvlolE=
Table 59 A|AISFATE PP 52 &2 (0)9 F4H) Y&
2 FAEY gen, 29202840 cm 'l A CH,, CH;,
1500~1400 cm™'4] CH,, 1373 em™& CH; 5<¢ A%<
ol = AATHFig. 5P, Zeolite®] 3} M,
[(ALOX(SIOy) |2 LA AU=Hl, 1100435 cm™' ol A
Al-O-Al, AL-O, 1094 cm™ oA Si-O-Si, 946~800 cm™' ]

Table 4. Antifungal index to inhibit R. oryzae KACC 45816 growth according to the different Zinc-polypeptide concentrations

Control Zn-Pep 5%

Zn-Pep 10% Zn-Pep 15%

Antiguntal index (%) 00.00 = 00.00

5453 + 1.4

61.84+0.60"" 70.60 + 1.65™*

* p<0.05 ** p<0.01 *** p<0.001
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Sample X 50 X 500
(A)
Control _
(B) (E)
Zn-Pep 5%

© Q)

Zn-Pep 10%

(D)

Zn-Pep 15%

Fig. 4. FESEM images of PP film coated Zeolite/Zinc-poly-
peptide (x50, x500): (A) Control x50, (B) Zn-Pep 5% x50, (C)
Zn-Pep 10% x50, (D) Zn-Pep 15% x50, (E) Zn-Pep 5% %500,
(F) Zn-Pep 10% %500, (G) Zn-Pep 15% x500.

% Transmittance

T T
2000 1000
Wave numbers (cm")

T
3000

Fig. 5. FT-IR spectra at PP film coated 15% Zeolite/Zinc-poly-
peptide.
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Table 5. FT-IR spectra peak table

Group Chemical groups Wave numbers (cm™')
CH2, CH3 (stretch) 2920-2840
CH2 (bending) 1500-1400
PP film -
CH3 (bending) 1380-1350
(CH2)n 750-700
Al-O-Al, Al-O 1100-435
Zeolite | Si-O-Si 1094
Si-O, Si-OH 946-800
Zn-0 436
NH 3400-3250
C=0 1820-1680
Zn-Pep
C-N (stretch) 1250-1020
R(C=0O)R 1730-1710
-OH (stretch) 3550-3200
NH 3400-3250
PU C-H (stretch) 2900-2800
binder | C-0-C 1100-1000
C-O, C-N (stretch) 1250-1020
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Table 6. Qualitative Analysis of Antibacterial Activity of Kraft
paper and PP film coated Zeolite/Zinc-polypeptide

Log o . Antimicrobial
(CFU/mLy | ® Reduction | ivity (%)
PP-0% 7.61 £0.05 - -
PP-5% 3.58 £0.03 99.98 3.82
PP-10% | 3.49+0.02 99.99 3.90
PP-15% | 3.23+0.04 99.99 4.16
Time (hr 24 48 72
PP 0%
PP 5%
PP 10%
e = -
PP 15%

Fig. 6. R. oryzae KACC 45816 growth on PP film coated Zeo-
lite/Zinc polypeptide.
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