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The adsorption of the antimicrobial agents and their heat-resistance were investigated for the packaging film

manufacture, wherein,

the antimicrobial agents were adsorbed on a ceramic component.

The naturally sourced

antimicrobial agents were produced by methylotropic actinomycetes strains MO-16 and MO-17, extracted with

ethylacetate. Antimicrobial action was stable to 121°C and 1 atm. for 30 min,,
Gram(+) and the Gram(-) bacteria. Antimicrobial agents, adsorbed on ceramic Ce-1,

showing wide-ranging activity to the
retained activity to the Gram(+)

and the Gram(-) species at 105C and 230°C heat treatment, and methanol extracted antimicrobial agents from Ce-1

treated at 230°C for 30min.,

retained activity to Gram(+) bacteria. In the presence of oxygen during the heat treatment

process, antimicrobial agents adsorbed on ceramic Ce-1 showed antimicrobial activity to Gram(+) and the Gram(-) bacteria.
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Table 1. Residual activity of the antimicrobial agents by. heat treatment
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MO-16 MO-17
Strain
None Heat None Heat
Inhibitory zone(&, mn)
E. coli K-12 16 15.5 14 14
B. subrilis PCI 219 13 125 12 12

Culture broth was treated at 1217C, 1 atm. for 30 min by autoclave.
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Table 2. Antimicrobial spectra of antibiotics produced by MO-16 and MO-17

Samples Culture broth (20 L)
Strains MO-16 MO-17
Gram(+) bacteria Inhibitory zone(<, mm)
Bacillus subtilis PCI 219 13 10.5
Bacillus megaterium 16 13
Bacilus thermoglucosidus 19 15.5
Bacillus licheniformis IFO 12197 18 15
Mycobacterium phlei KCTC 1932 15 12.5
Staphylococcus aureus KCTC 1927 15 12
Streptococcus equii 16 12
Streptococcus zooepidermicus 16 14.5
Gram(-) bacteria
Enterobacter aerogenes 16 15.5
FEscherichia coli K-12 16 13
Escherichia coli KCTC 1923 16 14
Pseudomonas aeruginosa KCTC 1930 i6 13.5
Pseudomonas fluorescens KCTC 1645 16 12.5
Salmonella typhi KCTC 2424 - 11.5
Salmonella typhimurium 13 135
Serratia marcescens 18.5 16
Proteus vulgaris 12 135
Yeast
Candida albicans KCTC 1940 - -
Saccharomyces cerevisiae - -
Fungi
Aspergillus fumigatus TFO 5840 - -
Table 3. Residual activity of the ceramic powder adsorbed antimicrobial agents after heat treatment
Adsorbent Heat treatment MO-16 MO-17
E. coli B. subtilis E. coli B. subtilis
None +++ +4++ +++ +++
Ce-1 105C +4++ +++ +++ +++
230C ++ ++ ++ ++
None +++ e+ +++ +++
Ce-2 105TC +++ +++ +++ +++

230°C -

Plate assay with Bacillus subtilis PCI 219 and Escherichia coli K-12 IFO 03301 was used to monitor of antimicrobial activity
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Figure 1. Antimicrobial activity of the ceramic powder adsorbed antimicrobial agents after heat treatment in Table 3
A, B: Test strain (A; E. coli, B; B. subtilis) 1, 2, 3: Heat treatment temperature (1; R.T, 2; 105 C, 3; 230 C)
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Table 4. Antimicrobial spectrum of the ceramic adsorbed antimicrobial agent after heat treatment

Adsorbent Ce-1 Ce-2
Strains 105C 230C 105°C 230°C
MO-16
Gram(+) bacteria
Bacillus licheniformis e+ ++ +Ht -
Bacillus thermoglucosidus A ++ ++ -
Staphylococcus aureus + + + -
Streptococcus equii +t - + -
Streptococcus zooepidermicus * + + N
++ -
Gram(-) bacteria
Pseudomonas aeruginosa : * N
Pseudomonas fluorescens o + N )
Serratia marscens at N
MO-17
Gram(+) bacteria e "
Bacillus licheniformis . i+ et )
Bacillus thermoglucosidus + + - _
Staphylococcus aureus 4+ _ 4 +
Streptococcus equii ++ + ++ R
Streptococcus zooepidermicus
Gram(-) bacteria ++ + ++ -
Pseudomonas aeruginosa - ++ -
Pseudomonas fluorescens + ++ +
Serratia marscens
Table 5. Residual activity of the ceramic adsorbed antimicrobial agent by heat treatment time
Sample MO-16 MO-17
2307C treatment (min.) E. coli B. subtilis E. coli B. subtilis
5 +4++ ++ +++ ++
10 ++ ++ ++ ++
20 ++ ++ ++ ++
30 + + + ++
Antimicrobial activity was detected as described in Table 3
Table 6. Antimicrobial activity of the re-extrated antimicrobial agent and ceramic after heat treatment
Samples MO-16 : : MO-17 .
Strains 5 min 30 min 5 min 30 min
Extract Ce-1 Extract Ce-1 Extract Ce-1 Extract Ce-1
E. coli + 12 + 8 + 12 + 12
B. subtilis 13 10 12 11 10 11 13 11
ZFA)A 230TAA 58 2 3083 EA2jF ¥, methanolZA4 Algbel w 84 (Table 5)7 Wind ¢ Aty 2AA7}F 2
598 PIYBAL Celozie AR sxdm, & YN FFABAY Foav 98 22 gaEn
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230CoA SE H 308 EAd o3 2F Gram()AITl 7hssittn AlE =k
e gaade A d8=HAoY, Gam(+H)AlT 3t 3
TFEAL 230T, 302 HAlolx AH3t methanold] <J3) Uy =20 ZHE
2259ty o5 Adelr Aegd FHA FFHEEL> g9 Azt v AF oA 150T, 1~383 A
2% olde] EAgy FHEM Gram(+)Agel EFH7L 3 gate] AzEcE AE 7RIstA, MO-160] Aikste It
T BEe 493 dol st AlRHT BT EAE A BA FEEE A Cel 2 Ce2l F3MZ vF A
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Table 7. Effect of oxygen on heat stability of antimicrobial compound
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Heat treatment

Used ceramic None 1 min 3 min
-0 + O -0 + 0
E. coli K-12
Ce-1 13 12 12 10 12
Ce-2 15 12 15 - 11
B. subrilis PCI 219
Ce-1 i3 13 13 13 13
Ce-2 15 13 14 - 11
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