


AR

20054F

off
S

o
ac]

2h

1z
P
-

25H




Abstract e ettt e e et iee e e eaae e e et e et e et aoa e aan e e nn et an an e anaeancraeaanes

4

A

i+
=l

Mo

Ak 2

0.0000000999

i
=i

Mo

el
T
o

-

W

7((—)]

=
-

#H 4AHE 5 = (MBC)

)
=

F 22 A 3l 5 = (MIC)

2.2.

_é

0

A

10

10

=y
.60

14

o};g AL

pH 2 &4

725}

A F el o

5

701—

A=

o) &

2.

14

16

TO

o
Q
T

2.2.

17

0

o
1=

_ﬂwo

Z(MIC) ¥

A=
o

& HELA] HaA

Z AP E 5 T (MBC) weoerrererremren



42

FOlE A Zo] A FI

o 9%

44

5
2
A

i

&AL



Antibacterial Activities of the Food-Materials
Enriched Trace Elements against

Food-Borne Microorganisms

Bo-Mi Kim

Department of Food Science and Technology,
Graduate school of

Pukyong National University

Abstract

Antibacterial activities of trace elements in combination with dextrin or gelatin
was measured using by paper disc assay, minimum inhibitory concentration
(MIC), minimum bacteriocidal concentration (MBC) and serial dilution methods
against 6 species of food-borne microorganisms such as Escherichia coli, Vibrio
parahaemolyticus, Staphylococcus aureus, Bacillus cereus, Bacillus subtilis and
Pseudomonas fluorescens. In paper disc methods, Zn(COOH), in combination
with dextrin or gelatin showed antibacterial activity against E. coli (12mm), V.
parahaemolyticus (12mm), S. aureus (14 mm) and P. fluorescens (20 mm). GeQ,
in combination with dextrin or gelatin showed antibacterial activity against B.
cereus (19mm), B. subtilis (18 mm) and P. fluorescens (19 mm).

MIC of Zn(COOH): in combination with dextrin or gelatin was appeared to 1.0
mg/mé on E. coli, V. parahaemolyticus, B. cereus and B. subtilis, and 0.5 mg/m!

on S. aureus and P. fluorescens. MBC of Zn(COOH); in combination with



dextrin or gelatin was appeared to 1.0mg/mé on E coli, V. parahaemolyticus, S.
aureus, B. cereus and B. subtilis, and 05 mg/ml on P. fluorescens. MIC of GeO:
in combination with dextrin or gelatin was appeared to >1.0mg/mé on E. coli and
V. parahaemolyticus, 1 .0mg/m¢ on S. aureus, B. cereus and B. subtilis, and 0.5
mg/mé on P. fluorescens. MBC of GeO: in combination with dextrin or gelatin
was appeared to >1.0mg/ml on E. coli, V. parahaemolyticus and S. aureus, 1.0 mg
/mé on B. cereus and B. subtilis, and 0.5 mg/m¢ on P. fluorescens.

In broth medium, the growths of the strains such as FE coli, V.
parahaemolyticus, S. aureus, B. cereus, B. subtilis and P. fluorescens could be
inhibited at 0.5 mg/m¢ of Zn(COOH): in combination with dextrin or gelatin. The
growths of the strains such as S. aureus, B. cereus, B. subtilis and P.
fluorescens could be inhibited at 0.5 mg/mé of GeO: in combination with dextrin
or gelatin.

Fish paste coated as 1% Zn(COOH): in combination with 3% gelatin was
optimal condition. Its antibacterial activity was stable at the range from 10C to

35C during the storage period of 15days.
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1. Al °F 2 wf =]

B Ao ALE3F A2 zine acetate (Junsei Chemical Co., LTD, Japan),
germanium (IV) oxide (Aldrich Chemical Co.,, LTD, USA), dextrin (Junsei
Chemical Co., LTD, Japan), gelatin (Duksan Pharmaceutical Co., LTD, Korea)°]
ATk T, B AFdM FATTY vl 3 vy AL sted Mueller Hinton

broth (MHB, DifcoAl) @ Mueller Hinton agar (MHA, DifcoAl)E A& 3¢}

2. FAAF

B Ao AMES FATFTEE Gram AT Staphylococcus aureus ATCC
25923, Bacillus subtilis ATCC 6633 % Bacillus cereus ATCC 11778%F, 18] il
Gram <4< Escherichia coli KCTC 1682, Vibrio parahaemolyticus KCTC

2471 2 Pseudomonas fluorescens KCTC 17672 Althul si ] ALE-31A o}

oK

Al F2 MHB 10meell S aureus, B. subtilis, B. cereus, E. coli, V.

Bt

parahaemolyticusS & 3sto] 355CoNA 18~24A17F wiFdt o, P fluorescens

T 25Tl A 18~24A1F ufetstoict.

A E= Adod 3 ojZFda 33 A2 AS HaES vy Yo,
w2 MHBel| wjdst A7 5 wdds MHA F 3o ol 100w HFste] oLt
A =23 1% dextrin ¥ gelatin®l zinc acetate £ H#E 1% H7Ist A& zinc
acetate 7FEAE 1% dextrin ¥ gelatind] germanium £9%8 05% H7Fsh A2
germanium ZF3AZ ALE3tH Y. Zzhe] AstA] 80 E BT paper disc(@ 10 mm)
o F4AlF vy #FE T3 HFd &d F S aureus, B subtilis, B.

cereus, E. coli, V. parahaemolyticus®l 745 355Col| A 18A1ZF v tstdd om, P



fluorescensy= 25T A 18217 Wik F Ao AR (& FAsHA T

4. A2AS 5 =MIC) B H2AHE 5 =(MBC)F4

A 3 AFAAY AFE Mol A FHAAS)E = (minimum inhibitory
concentration, MIC) % & 4 A} 5 % (minimum bacteriocidal concentration, MBC)
g dolr 7] ¢3e], MHBO zinc acetate 7F&A ¢} germanium 3 AE Yo g

sl A@stdt d 10meE MHBE 1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640 =%

g2 sle] BT E tubeol 3ml ¥ BF3H Z+ #8 05McFarland® 239 30 4%
He & AFE Ao U vl HAAMNsE 2 HALANEEEE FHEY
o}

5 33784 A
MHB®] zinc acetate 7349t germanium Z3FAE Aoz o Aot

A 10mE of 75 1/10,’ 1720, 1/40, 1/80= & A 3le] HF = tubeol] 3ml ¥ ¥

F3ed zF & 05 McFarland® 25} 30 ¥ & § Z4 59 3 w2 %
ol Al uieFStH Al 660nmell A 72AF B FHEE SASIY o, 33 HEAHE S
Tate]l 4 ZAAE Haste] HeEhACh
6. 15 AEF2 =Pl 43 AdSF W

1% zinc acetate?} gelatin® E§3 f£do] AF |FF o5& 7o ZEET
25Tl A 1083 Ax:AA, A 25 9@ At g2 g ¥ss g259d 4

BUE olgBke] 3ISS5ToAA 18T WFste] 258 SHAL
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olFda A gy 9 pHe 93 & AR o uwf BE ngdse
FEE 1%2 Z2AHSAR oY, ZnClst GeO:¥l A+ EF T AF] = ¢o}
05% |Hoz TEo] ALY pH =& A A AHadde arvlg dHEUS

d E. coliel thdted ZnCly, Zn(COOH); % FeCl¥ 11~13mm HE9 A& A%

& ey, pH62R2 =4 F FeChe It 27 77U 04
& UEhWA sk webd mE A glojA mlEFdie] A REH2 pH60S R

Z A5k} AR
E coli 52 AF55 M 6 @5 st gelatin, dextrin, B7FA g 2 o] o

=3k collagen F o AFaA 24F vFdAE BEE o, FAEELS

I

=
A% ANE Table 1~49 Heplidch zF A F2A 0 ZnCl, Zn(COOH):E # 73
A 678 F E coli, V. parahaemolyticus, S. aureus®) W3dte] 11~14mme Al
HAsH o GeO)E H7MS B= B subtilis, B. cereus©l] t™a}A
T 18~20mm AEel S HIFL Gt H&AMF] P fluorescensel o
dted = ZnCly, Zn(COOH): % GeO: & #H7te Z1& 18~23mme] A5 A3 &8-S e
WA o vh, MgCl, CaCle, MnCly, FeCl: 3 Se0:9] ¢+ A2 2E FATFA o

slo] wFEAde helulA ekt
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Table 1. Antibacterial activity of trace elementis in combination

gelatin against food-borne microorganisms

with 126

Trace elements

Clear zone on plate (mm)

(96) E. coli’

V. para S. aureus B. cereus B. subtilis

P. fluore

0.5% ZnCls 11.0%
0.5% GeO> -
19 Zn(COOH),  12.0
196 MgCl; -
19 CaCls -
19 MnClz -
19 FeCly -
1% SeO. -

11.0

12.0

1356

14.0

3)

18.0

19.0

13.0
20.0
23.0

Y E. coli, Escherichia coli; V. para, Vibrio parahaemolyticus

, S, aureus, Staphylococcus aureus

B. cereus, Bacillus cereus / B. subtilis, Bacillus subtilis ; P. fluore, Pseudomonas fluorescens.

2 paper disc(@), 10 mn.

3y
-, No clear zone.

Table 2. Antibacterial activity of trace elements in combination with 196

dextrin against food-borne microorganisms

Trace elements

Clear zone on plate (mm)

(%) E coli V. para S. aureus B. cereus B. subtilis P. fluore
0.5% ZnCly 11.07 11.0 155 -3 - 17.0
0.5% GeOq - - 20.0 175 19.0

196 Zn(COOH): 12.0 12.0 155 - - 19.0

1% MgCly

126 CaClp -
1% MnCl2 -
196 FeCl: -
196 SeOq -

.23

Strain names and simbols were the same as in Table 1.

_.11_



Table 3. Antibacterial activity of trace elements in combination with 196

collagen(starfish) against food-borne microorganisms

Trace elements Clear zone on plate (mm)

(%) E coli” V. para S. aureus B. cereus B. subtilis P. fluore

0.5% ZnCl, 11.0 11.0 14.0 -4 - 19.0
0.5% GeO: - - - 18.0 18.0 19.0

1% Zn(COOH):  12.0 12.0 14.0 - - 18.0
1% MgCl, - - - - - -
1% CaCls - - - - - -
19 MnCl - - - - - -
1% FeCl, - - - - - -
1% SeO, - - - - -

1.2).3) - . .
P23 Strain names and simbols were the same as in Table 1.

Table 4. Antibacterial activity of trace elements in combination with 196

collagen(fish) against food-borne microorganisms

Trace elements Clear zone on plate (mm)

(26) E coli¥ V. para S aureus B. cereus B. subtilis P. fluore

0.5% ZnCl» 11.0 11.0 135 -2 - 18.0
0.5% GeO: - - - 18.0 19.0 20.0
1% Zn(COOH),  12.0 12.0 14.0 - - 23.0
1% MgCl - - - - - -
1% CaCly - - - - - -
1% MnClz - - - - - -
126 FeCl - - - - - -

19 SeOq - - - - - -

213 - . . . -
P23 Srrain names and simbols were the same as in Table 1.
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de YERA Pl e ZnCh, GeO: ¥ Zn(COOH)-2 z}z} %3t 3}

[o)

of AFnRe] HW7ERE AL AR AMEsld 6F 7o AFE Ao dated A% A
gjgke] =71 E vlwe FAE Table 59 YeEl Ao

GeO:9t ZnChE® Z{3 A3} Ge0:9 Zn{COOH):Z =%3% AHE collagen,
dextrin ¥ gelatinol] zZ}zZ} H7bele] A& 3ol a7 2 vlwd Ay, 2 SAF
E. coli 3 V. parahaemolyticus®] W3tdE 11~14 mme A& A&, 18 1
P. fluorescens®oll tidtode= A& FAsle] o HIeUe wet vls=3 3o
4718 HEHAR, 28 FAATA S aqureuse] tistdE 13~19mmE v #d s 7
Z+S Hrrstdl S wWrRY g9 A7|7F S5mm F7 etETh v, B osubtilis 2 B

cereusell thatd= EFHIT F& BAov, 3} WRo Fo] g e AVE =

o
2
rir
ox
)
32
o

Table 5. Antibacterial activity of mixtures with zinc and germanium in

combination with gelatin or dextrin against food-borne

microorganisms
Trace Clear zone on plate (mm)
6161’(1‘(1;1’)11;8“ E coli V. para® S. aureus B. cereus B. subtilis P. fluore”
5

1% GZC 145" 135 19.0 -5 - 23.0
1% GZC + C 11.0 11.0 16.0 - - 16.0
1% GZC + D 11.0 11.0 16.0 - - 16.0
1% GZC + G 11.0 11.0 13.5 - - 16.0

196 GZA 11.0 11.0 16.0 - - 20.0
1% GZA + C 115 12.0 17.0 - - 19.0
1% GZA + D 11.5 12.0 15.0 - - 155
1% GZA + G 115 115 155 - - 17.0

Y GZC, GeOy . ZnCly GZA, GeO: . Zn(COOH). C, collagen (fish); D, dextrin; G, gelatin.

2) . .

V. para, Vibrio parahaemolyticus.
3]
P. fluore, Pseudomonas fluorescens.

? paper disc(@), 10 mm.

5)
-, No clear zone.
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2. 71394 A3t AEFALAL pH 2 o obAA

2.1. pH <HAA

vlEela ZFsk AEaAe) pHell tidh tAAS Lolryl 98t Zn(COOH), 2
GeO2E dextrin % gelatinel] Z}2} 713k &H8 pH 45~9008 ZAso AEs
AlTtoll thste] disc assayH 08 T EAH L Z-HFAHE 6~7).

ZnChLE 33 dextrin ¥ gelatin 52 AF 2= pH 65 o8t M= E coli,
P. fluorescens, V. parahaemolyticus 2 S. aureusol ™ated 12~26mmel ¥S A
sigs Gt pH 65 ol delMdes 984 Ado] HHOM S qureusE
Aelstn o doll datds FE YL Jel R g

Dextrin 3 gelatin®l Zn(COOH);& #7}3 zinc acetate ZaAlol] thd E colio
A AalgS v AAE Table 69 HEFHAT pH 6.0 o)stol A= 11~12
mme] & At on, el 477 A@EtE pH 65 ool ME ZnChet n}
W72 FF 8-S vEhd A 2t wrab A o}de AEs AE sl Al
ol theks] tAGtE g A Fe] AEREANL FTRAZ AL 4 90S Aoz
A= AT £, Zn(COOH):LE H7Hd HEaA2 A9 FAHAF zme g A

&3l7] e F4H3 pH 6.00] 714 A9d pHE Sdso], 33 9= Ay

Dextrin '3% gelatmoﬂ GGOQ—E‘ %7]’8‘}‘ ge]‘n]anjum 7o}§}}ﬂ% DH%E _;)L_xéél_ ]:]__%

-

Bacillus sp.©] tiste] 848 v|ste] Table 79 YeEING S GeO, 2 73} 5
MNEEANE B subtilis, B. cereusol tale] 2% A8 As3HS Vel on, pH
65%8 A5 Hage] Xt Frisldh wel A=2utEs 23 AELAs g
2 ddel v QHSEE B AE T Bacillust AF 242 olxaty] 9

BRZEALL mEAz 888 oz 2edd mi GeO,

i
i
N
L
o
4>
ol

o) B

N

e

o
>

Fo 2P A2 ALE3Y) 98l pH 650 7HE A
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et
P
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< 2 Fehs o
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A¥olE= pH 652 ZA43to] Ao Abgatadn).
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Table 6. Effect of pH treatment on antibacterial activity of Zn(COOH); in

combination with dextrin and gelatin against food-borne microorganisms

Zn(COOH); + DY Clear zone (mm) Zn(COOH), + G  Clear zone (mm)

pH E. coli’ pH E. coli

Control(6.09) 115" Control(5.47) 12.0
4.5 12.0 45 12.0
5.0 12.0 0.0 12.0
5.5 12.0 55 12.0
6.0 12.0 6.0 12.0
6.5 - 6.5 -
7.0 - 7.0 -
75 - 75 -
8.0 - 8.0 -
8.5 - 8.5 -
9.0 - 9.0 -

Y D, dextrin. 2 G, gelatin. 3 E. coli, Escherichia coli. 9 paper disc(2), 10 mm. ® _  No clear zone.

Table 7. Effect of pH treatment on antibacterial activity of GeO; 1in

combination with dextrin and gelatin.

GeO, + DV Clear zone (mm) GeOs + G” Clear zone (mm)
pH B. cereus B. subtilis pH B. cereus B. subtilis

Control(2.44) 1.17 2.0 Control(3.68) 15 1.7
45 1.6 2.0 45 16 1.8
5.0 1.7 19 5.0 1.6 1.8
55 15 1.8 55 15 18
6.0 16 2.0 6.0 15 1.8
6.5 2.0 2.0 6.5 16 2.0
7.0 1.7 2.0 7.0 1.7 2.0
75 19 2.0 75 17 20
8.0 16 1.8 8.0 1.8 2.0
8.5 1.8 2.0 8.5 1.8 1.8
9.0 1.8 2.0 9.0 1.7 2.0

Y D, dextrin. 2 G, gelatin. P paper disc(@), 10 mm.

‘_15_



22. v Fda 3 AFLAY d4ARA

ojak s 7bs AE A dokAdES dotr vl 25t dextrin E gelatin®
Zn(COOH )29t GeO:Z H7Fg Z& 60°ColA 303, 100CANA 10+, 20+, 303t
28T 121 Tl 15830 EXad & AFS Adel e A5 Hads 4T
A3 Z Table 8% Table 9ol Zzb YeRRATH A F =5 Mdol iyt A& A s
g s gt
gl v FAds A3 AFaAe B vlg dAFEE HFE coatingH =2 ofd o]
U AzZnty 59 vl davt AstE AFLAAE HEAER] FE2YH AFolY @

E2E AFoE AL 715 Aoz B A

A AP FeA 15~20mm Hed e, Ao wE &

£

Table 8. Effect of heat treatment on antibacterial activity of Zn(COOH);
in combination with dextrin and gelatin

Clear zone on plate (mm)

Heating Zn(COQOH), + D" Zn(COOH), + G”
FE. coli S. aureus E. coli S. aureus
Control 15.0" 20.0 15.0 20.0
60T, 30min 14.0 20.0 15.0 20.0
100C, 10min 15.0 20.0 15.0 20.0
100°C, 20min 15.0 18.0 15.0 20.0
100C, 30min 15.0 20.0 15.0 20.0
121°C, 15min 15.0 20.0 14.0 20.0
Y D, dextrin. 2 G, gelatin. » paper disc(&), 10 mm.

Table 9. Effect of heat treatment on antibacterial activity of GeO: in

combination with dextrin and gelatin

Clear zone on plate (mm)

Heating GeOp + DV GeQy + G
B. subtilis P. fluore B. subtilis P. fluore

Control 20.0” 16.0 20.0 17.0
60T, 30min 20.0 17.0 20.0 17.0
100°C, 10min 19.0 17.0 20.0 17.0
100°C, 20min 20.0 16.0 19.0 16.0
100°C, 30min 19.0 17.0 20.0 16.0
121°C, 15min 19.0 16.0 19.0 17.0

Y D, dextrin. ? G, gelatin. Y paper disc(@), 10 mn.



3. SFAENA FIHE AFTH AFod A IAFE
ol&F W FF Ao mEyE Rzt A= 4T 5, E  coli, V.

parahaemolyticus, S. aureus, Salmonella typhi, Enterococcus faecalisol| gt v =2

|

da Azt HIoAY

g

2498 wamstel, Table 10 2 11e] ebuich
Zn{(COOH):HE 7} 2 EF A= V. parahaemolyticusoll  t3sle] 18 mm=z 7} 7} 3%
BAraAdes JYetdew E coli, S aureus, Sal typhidll t3led 13~15mme} Al
SAaS deliAet 3, GeO:H 7Y A EFEA AT V. parahaemolyticus®| ™3]
9k 17~20mme] ASA S YElHAC. wA, B E A Ee Ent faecalisell W3
e FEEAAS VPR ko

Table 10. Antibacterial activity on the strains isolated from fish and
seawater in fish farm

Trace elements Clear zone on plate (mm)
(9%) E. coli V. paral) S. aureus Sal typhi Ent faecalis
1% Zn(COOH)2+D” 14% 18 15 13 =
1% Zn(COOH)2+G” 14 18 15 13 -
0.5% GeO: + D - 16 - -
0.5% GeOz + G - 16 - - -

Y E coli, Escherichia coli; V. para, Vibrio parahaemolyticus ;| S. aureus, Staphylococcus aureus ;
Sal typhi, Salmonella typhi ;. Ent. faecalis, Enterococcus faecalis.

5

2 D, dextrin. » G, gelatin. 4 paper disc(&), 10 mm. -, No clear zone.

Table 11. Antibacterial activity on the strains isolated from oyster and

seawater in oyster farm

Trace elements Clear zone on plate (mm)
(%) E. coli V. paran S. aureus Sal typhi Ent. faecalis
1% Zn(COOH);*D” 13" 20 15 13 -7
19 Zn(COOH)z+G” 13 20 15 13
05% GeO2 + D - 17 - - -
05% GeO2 + G - 17 - - -

Y E coli, Escherichia coli; V. para, Vibrio parahaemolyticus | S. aureus, Staphylococcus aureus |
Sal. typhi, Salmonella typhi ; Ent. faecalis, Enterococcus faecalis.

51

2 D, dextrin. » G, gelatin. o paper disc(@), 10 mm. -, No clear zone.
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4. AF 5 Al i HLaAs5=MIC) R HA4AE 5 = (MBC)

Dextrin 2 gelatin®] Zn(COOH);& % 7}3% zinc acetate Z3HAE AT 5 AT 6
Foll gl HaAHF=MIC) H HAaAEE=MBC)E Table 12, 13, 14 % 15¢]
LHER AT

old 73} AZEaAE 2y AT E coliol

3ol 0.25 mg/mé F7EA) ol =

=
s zAstgon, 05me/m A FAsE 9o B84 2E T oA A9t

Lheb sk o 1.0mg/mé H7Fetd & Wl BE APl T8 F4o] ¥ Holx
ol HaxAdAFe MICE 1.0mg/mlolAct A To] THeA B2 AFdaHE M=

& Ao HIFsA T FAES wEIT A HaAEEES] MBCE 10mg/m e =
velch V. parahaemolyticusol A% E coli9} vlZ=3t S LERW o,
P. fluorescensol ™3 MIC9 MBCE 55 05mg/mi= WeRRtTh

o FATA S aureusol WEFAE 1.0 mg/miet 0.5 mg/mb HIHstAE A9 wol
ZF28hA] g3, 0.25mg/me HEAl ol Aehe A AekA e A7 vERR
o}, walA S gureusol] Wd MICy 05mg/mée]dl i, MBCE 10 mg/méo]lct. B
cereus 2 B. subtilisol W3t = E coliol ¥lsc3r g ERdie] MIC2 MBC
BEE 1 0mg/mieldctt. 33, oldn EEE A EA4ANQ dextrin ¥ gelatine] w&
gaddyd AAole gle Aoz vepwth

o|Abe] ZA#} oldA 73} AE A A= P fluorescens®t S aureusel] et dTEA

o] 7}A & Ao w VElw, E coli, V. parahaemolyticus, B. cereus, B. subtilis
]
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Table 12. Inhibitory effect of Zn(COOH): in combination with dextrin

against food—borne microorganisms

Concentration (mg/m{)

Bacteria
1.0 0.5 0.25 0.13 0.06 0.03 0.02
Escherichia coli - + + + + + +
Vibrio parahaemolyticus - * + + + + +
Staphylococcus aureus - - * + + + +
Bacillus cereus - + + + + + +
Bacillus subtilis ~ + + + + + +
Pseudomonas fluorescens - - + + + + +

* Every experiment was repeated by three times.
* Symbols @ +, all growth; *, growth of 1~2 times, -, no growth.

Table 13. Minimum inhibitory concentration (MIC) and minimum
bacteriocidal concentration (MBC) of Zn(COOH): in combination with

dextrin against food-borne microorganisms

Concentration (mg/mé)

Bacteria

MIC MBC
Escherichia coli 1.0 1.0
Vibrio parahaemolyticus 1.0 1.0
Staphylococcus aureus 05 1.0
Bacillus cereus 1.0 1.0
Bacillus subtilis 1.0 1.0
Pseudomonas fluorescens 05 05




Table 14. Inhibitory effect of Zn(COOH); in combination with gelatin

against food-borne microorganisms

Concentration (mg/mé)

Bacteria
1.0 0.5 0.25 0.13 0.06 0.03 0.02
Escherichia coli - * - + + + +
Vibrio parahaemolyticus - + + + + + +
Staphylococcus aureus - - + + + + +
Bacillus cereus - + + + + + +
Bacillus subtilis - + + + + + +
Pseudomonas fluorescens - - + + + + +

* Every experiment was repeated by three times.
* Symbols : +, all growth; *, growth of 1~2 times; -, no growth.

Table 15. Minimum inhibitory concentration (MIC) and minimum
bacteriocidal concentration (MBC) of Zn(COOH); in combination with

gelatin against food-borne microorganisms

Concentration (mg/mé)

Bacteria

MIC MBC
Escherichia coli 1.0 1.0
Vibrio parahaemolyticus 1.0 1.0
Staphylococcus aureus 05 1.0
Bacillus cereus 1.0 1.0
Bacillus subtilis 1.0 1.0
Pseudomonas fluorescens 05 0.5
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Dextrinoll GeO:E 3 7HTable 16 % 17)%F Z$ 9 gelatin(Table 18 = 19) <)
GeO:E H7Me 499 Z3E dorign. 18 S4TFL E coli®] 35 1.0 mg/ml
Hotetdle i 05mg/mb H7EeE AeRue oA=HZE sdoy Fol FAsH e
B2, MICS MBC =5 10mg/m¢ o)de g velyrow V. parahaemolyticus®l 73

A3g YdelWdct P fluorescens®] 74¢E= 10mg/mést 0.5

mg/mé F7beAE A9 wol FASHA ton], 0.25me/mé H7HAl ol zpeke A

5 E coli®y B]£3
T2 AR e FEA A9 vElstew, MICSF MBC EF 05mg/meE vhefyt

g aYHIAHTd S aureus® 9= germanium Z3IAE 1.0me/m H7HE A

G 3tol FASHA %A, 05mg/ml HIHAl dol ziebE Aok Atekx] ke 2
7 A7 vdEhwew, 025mg/ml HIZPANREE Tol FAsH7) AFstdnh S
aureus®] HAAAwE=<Q MICE 10mg/me= Jelwn HAAEEST MBCE

1.0mg/miol o2 yelytct B cereus® A5, 1.0mg/me H71st98 ARG ol

ol¥

AokA] ek, 0.5mg/me A7FAl weol Aete Aeet AeA &E 27 A A 97 o
Etut e v}, 025 mg/mt F7HAIFEE ol 287 Al&stdtt B osubtilis2] MIC S
MBC E5 10mg/mie 2 JJelwtth B subtilis® 29SS AHEA, 1 mg/mé H sk
AF ol AEkA gkow, 05mg/mé HIbe ASHRE e dol FAE7 AlEE A
o} B. subtilis®] MIC®+ MBCE 2% 1.0mg/m2 s eyl

ol el A3 GeOx& Asbet HEFX

2 Aog yetyi, -0 2% B cereus, B subtilis7F ¥|E3 A YERIY

A= P. fluorescensoll sk A4 st 7

i

o E coli$t V. parahaemolyticus®l 3% 713 F& A 232 yegdid.



Table 16. Inhibitory effect of GeQ: in combination with dextrin against

food-borne microorganisms

Concentration (mg/me)

Bacteria
1.0 05 0.25 0.13 0.06 0.03 0.02
Escherichia coli + + + + + + +
Vibrio parahaemolyticus + + + + + + +
Staphylococcus aureus - + + + + + n
Bacillus cereus - + + + + + +
Bacillus subtilis - + + + + + +
Pseudomonas fluorescens - - + + + + +

* Every experiment was repeated by three times.
* Symbols @ +, all growth; +, growth of 1~2 times; -, no growth.

Table 17. Minimum inhibitory concentration (MIC) and minimum
bacteriocidal concentration (MBC) of GeQ: in combination

with dextrin against food-borne microorganisms

Concentration (mg/mé)

Bacteria

MIC MBC
Escherichia coli > 1.0 > 1.0
Vibrio parahaemolyticus > 1.0 > 1.0
Staphvlococcus aureus 1.0 > 1.0
Bacillus cereus 1.0 1.0
Bacillus subtilis 1.0 1.0
Pseudomonas fluorescens 0.5 0.5
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Table 18. Inhibitory effect of GeO: in combination with gelatin against

food—borne microorganisms

Concentration (mg/mé)

Bacteria
v 1.0 0.5 0.25 0.13 0.06 0.03 0.02
Escherichia coli + + + + + + +
Vibrio parahaemolyticus + + + + + + +
Staphylococcus aureus - + + + + + +
Bacillus cereus - + + + + + +
Bacillus subtilis - + + + + + +
Pseudomonas fluorescens - - + + + + +

* Every experiment was repeated by three times.
* Symbols © +, all growth; #*, growth of 1~2 times; -, no growth.

Table 19. Minimum inhibitory concentration (MIC) and minimum
bacteriocidal concentration (MBC) of GeQO:; in combination

with dextrin against food-borne microorganisms

Concentration (mg/mf)

Bacteria

MIC MBC
Escherichia coli > 1.0 > 1.0
Vibrio parahaemolyticus > 1.0 > 10
Staphylococcus aureus 1.0 > 1.0
Bacillus cereus 1.0 1.0
Bacillus subtilis 1.0 1.0
Pseudomonas fluorescens 0.5 0.5
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5. A5 H Alde S vx= 9

oAt Al2vtgg 2 AFaA NEH Ao 4 nxE G5 udo)
B7] #ste] A 88 F=ER Hubste] A g FYE wWsE AHEgic
Dextrin®} gelatinell Zn(COOH):E #7}% 7Z-¢(Fig D9 dextrin®} gelatinell GeOs
= ¥7HFig 2) ad& W, B colidl g F3x WS AHw gk dextrindt
gelatinel Zn(COOH).E H7t 24 5 mg/mt FHFHY wh 24275 & Z4 o] A 3
doluH] eskar 2442E o] Fell O.D go) =8 F7std oy, tizFo vlate] o
= OD. ¢t& YetlHdoh 25 me/mt &9 Z$ 12412 & OD. gtel FA3 =7}
stelom, 12412k 24A12b& 2 2ol & “EPNA] 2T 244170 B dextrinol
Zn(COOH):E H7He 2% OD. &€ FAHJ Y Gelatinel Zn(COOH);E 3 7} &
A5 A OD. e diEtet visd A4S deudoh 1.25mg/me $ake] A
F 24N = OD. grel W& Tl vlated @Al uElRG o, 72A1ZhAE b e
OD. && YEeEtHAL

dextrin¥} gelatinell GeO:& 7% 4% control® ©vB]<=3 ZHaks el ow,
EAIZEIE 12A12E Aolell OD. #kel F243] F7hatdm o) F 722 74% OD e
3l F7bste AEE JdEud(Fig 2). o) A3 E colidl Wsted Zn(COOH)

(=]

l,l

ol dextrin® gelating #7}3 49 Sumg/me TFFY w), 7

AN

ZFalo] 7ba wro] oA 5
Rez g2 Zn(COOH):9 25 E. coliol 3 &Fz8o] d= Aoz Algslojxc
dextrin¥} gelatind] GeO»& H7}8 3¢ FFAEL YUz 2oz GeO,ol

B5 E colidl e ddxgo] gle AR Algdojx

_24._



0.D. at 660nm

0 12 24 36 48 60 72
Time (hr)

Gelatin

0.D. at 660nm
o
[0)]

0.4
0.2
0.0
0 12 24 36 48 60 72
Time (hr)

Fig. 1. Growth inhibition effect of Zn(COOH): in combination with dextrin
and gelatin against E. coli KCTC 1682.

W, control; O, 0.5 mg/mt; @, 0.25 mg/ml; (J, 0.13 mg/me.

_25_



0.D at 660nm
(@]
[@))

0 3 6 12 24 72
Time (hr)

0.D. at 660nm

0 12 24 36 48 60 72
Time (hr)
Fig. 2. Growth inhibition effect of GeO: in combination with dextrin and

gelatin against E. coli KCTC 1682.

B, control; O, 05 mg/m¢; @, 0.25 mg/ml; [J, 0.13 mg/ml.
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V. parahaemolyticusell Wste] dextrin®} gelatin®l Zn(COOH),& A 7}3 7 &
(Fig 3)¢} dextrini} gelatinell GeO:& 73 2 (Fig 49 232 2¥ B9 dextrin
3 gelatin®In(COOH).& 7}3 4 -$-(Fig 3) 0.5 mg/mé H7FA] 24417 Eob @ =4
ol AH dojuA] @I, 244 ol Fol OD gol =7 Z7FatG o, controldl
vlgte] w2 OD. #& YEMAY. 0.25mg/me H7hel 7S 12417k OD. gtol &
A3 FrFstom, 12A03 24Xk 2 Aol 2 YEhNR] @tth. 24413 o] B
OD. @2 tAl S7t8t7] Al&bste] 72412704 58] Z7rsle A% S Uil
o} dextrinell Zn(COOH):E 0.13 mg/mé E7FAl 72A12b7k2] O.D. ghol &3 Z7}b3)
dEe et eny gelatine] Zn(COOH);E 0.13 mg/mé I 7FAl 124 747} =
OD. gkol 43 F7Fstvhrb 124125 E 24412 Alolell= OD. #el Wizt A
o5 247 2F ol FHE OD. &2 WAl F7hs7] Al&ete] 722128 = control ¥ )
%3 OD. @< YeEpRAL

Dextrin®} gelatinoll GeO»& 3 7}3t 7 -$(Fig 4) control®} H]3=3 73S el

fr

Ao, 6AFRE 24A 742 OD. ghol F23] F748l9 3 24417 o] FHE] 724

DAAE OD. #@eol fFAHEE 4¢SS Yetddoh o) AT V. parahaemolyticus ol

thebel dextrini gelatin®]l Zn(COOH):E #7138 4% 05mg/mé F7HA & F2 o]

7 @eol dAEIR e =2 Zn(COOH):S A4S V. parahaemolyticuso| W3+ & =k

Eol e A2 ALEHART dextrin® gelatin®l] GeO»S H7pst 735

< UEty A R 2 GeOr:2l B V. parahaemolyticusol] Wigh oA a2 gl
=2

AP o] T
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0.D. at 660nm

0.D. at 660nm

Fig. 3.
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0 12 24 36 48 60 72
Time (hr)

Growth inhibition effect of Zn(COOH); in combination with dextrin

and gelatin against V. parahaemolyticus KCTC 2471.

M, control; O, 0.5 mg/ml; @, 0.25mg/m¢; [, 0.13 mg/me.
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Fig. 4. Growth inhibition effect of GeO: in combination with dextrin and
gelatin against V. parahaemolyticus KCTC 2471.

B, control; O, 05mg/mé; @, 0.25 mg/mé; [, 0.13 mg/me.
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Staphylococcus aureus©ll t]sle] dextrin®} gelatinell Zn(COOH),& #H7}8 2 <
(Fig 5)¢ dextrin® gelatin®l GeO,2 #7188 A $(Fig 6)2 AMZ Aojug
dextrini} gelatin® Zn(COOHLE 05 mg/m¢ H7FA(Fig 5) 72A177b=2] o =Alo] =
3 dojuA Fdth Dextrinel Zn(COOH)E 0.25mg/mé H7HAl 124174 7b2] # =
7}
Rov, T HEME dH-s $e 0D #e JeEdAdnt  Gelatinol

Ao Aol dojuA Wm 12413 o) FHE 2AEX OD. e 2FY

ol

Ol
52

Zn(COOH):E #H7IE 2% 24X 07b4 & F 20 13 dojuba] &tirt 24412 o)
FRE 727vA OD. gte]l T ey, @Al controloll HlEIAME We OD. e
WGERH AT 013 mg/me H7EA 124120742 OD. gheo]l W3rt glglon] 124743
OD. o] F&3] F7t3t7] A&l om 724120742 OD. @ol Z7ad oy =
Toll ¥lsiAE @& OD. g8 YEhudoh

Dextrin® gelatin®] GeO:2 1 mg/ml, 0.5mg/me 2 0.25mg/ml 7+ 2 $(Fig 6)
5 1242742 OD.o] ®Wsls gle eg rol @ F2o] dojuyxn fgrton,
12A12F o] ¥ 28 Frel wel 1.0mg/me Fae) S 72 e OD. ge vEu

| Z7s7)s st

0

MM F7kete A%E vrEhA R, 025me/me FA] OD. %
4 controld] BIEA e OD. @& JebHsdth ol 23 S aureusol o)l
dextrin®} gelatin®l] Zn(COOH)»E 05 mg/m¢ H7}st RS 244 7+7b%x O.D.¢] H 37}
sllenz gaaes ettt en, 025 ng/mst 0.13 mg/me = 7FAlol £ control ol
3 e OD. &% Yeden2 S qureusel ths] &7 2L JeEl = 2o
2 AlEHoi T Dextrin gelatinoll GeO:2 1.0 mg/mé H7bar A%, 124 7471 %)
0D.9] ®s7 gldeoeng FFEe JetHLe®, 05mg/me 025 mg/ml M 7HA|
A% o) w3l R OD. 2 JeiNSEE S aweuse] e 4T 482
YEtH e Ao 2 Als 5ozt
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0.D. at 660nm
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Time (hr)

O.D. at 660nm

0 12 24 36 48 60 72
Time (hr)

Fig. 5. Growth inhibition effect of Zn(COOH); in combination with dextrin

and gelatin against S. aureus.

B, control; O, 0.5 mg/ml; @, 0.25 mg/mé; [, 0.13 mg/ml.
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0.D. at 660nm
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Time (hr)

O.D. at 660nm

0.0 ' :
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Fig. 6. Growth inhibition effect of GeO: in combination with dextrin and

gelatin against S. aureus.

M, control;, O, 05 mg/ml; @, 0.25 mg/mé; [, 0.13 mg/ml.

_32__



Bacillus cereus®] W3to] dextrin®l gelatindl Zn(COOH)»E #7}e 2 $(Fig 7)
ot GeOr& H7HE 7 9(Fig 8)9) A%E AR dextrin® gelatin®] Zn(COOH).
= 05mg/mt B7FEE A $-(Fig 7), 247170702 o F2lo] s dojubx) ¢kgton] 24
AIZE ol % T2A1 A OD. ghel g FUhe7lE st ot tlETel ula & g
5= 0D @& YeERHAT 025 mg/me H7HAlel = 641207b2) OD. ghel walr) 7
o RO 6A1F o] 4B 12A1274A) OD. e F438 Fvletdon, 24412 o
FHH T2AZ7bA OD. e & Wsglol fAHE 4%e JeEhHAT 0.13 ng/me
HI7Alel = G2 6A7EA = OD. @9 W37l 712 glthrh 6AIZF o] £HE] 124]
742 OD. g2 d43] Frtstiony, 2447 o] %
Fakglo]l FAIEE AEe GERNATE 025 mg/ml H7HA] BolE 2o OD. #e u
Ehliloy, diz7d vlsl & OD. g2 JeliAdth dzTeo A 6A7RE
12A]3F Apol g} 24A7bell &) 72A13F Atolo] OD. ghel 7k AA Z7lsle Aeg 1}
ER i Lo

Dextrin®} gelatin®ll GeOz& 0.5mg/ml, 0.25me/mé, 0.13 mg/ml F 52 H7s A

FH 72A1237t2) OD. e &

(Fig 8) 12412k7k2] O.D.9] Wsgle gle Aoz Rol 7 F24o] dojufx] ¢rgrony
12A13F o) F 78 Fol wet 05mey/m A 7HE ¥ OD. g2 Yehie 244
A 8] Frbeke AES dEbUThIL 24420 o) 3R E 724170422 OD. @
of wgtglol FAEAL, 013 mg/me FA 1241 ] FRE OD. gto]l &7ta71= &

ev giEzTel v w2 OD. g JEWdth dETe 0D gel F43]
ZFrbshe 641203 12413 Alolsh 24412b9 7247k Abelel H7ES OD.= 239
TAHE A%E dElAG. o] d B cereusol uldte] dextrind  gelatin®l
Zn(COOHLE 05me/m A7Hs 2% 24420702 OD.°) Walrl giglonz a@a
&5 UEUA e 1242 ol Fol % tjxFel Hla) W 0D @S Yeudomz
B. cereusell whal & &g YehdE AeZ Alg FojWu Dextrin? gelatin
Al GeOz& 0.5 mg/m¢, 0.25mg/me, 0.13 mg/m¢ HF7F3H A S 12417472 O.D.o] W37}
glleos FFa8g el o,

b
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Fig. 7. Growth inhibition effect of Zn(COOH): in combination with dextrin
and gelatin against Bacillus cereus.

M, control; O, 05mg/mé; @, 0.25mg/mé; [1, 0.13 mg/mb.
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Fig. 8. Growth inhibition effect of GeO: in combination with dextrin and

gelatin against Bacillus cereus.

B, contro;, O, 05 mg/mé; @, 0.25 mg/mé; [, 0.13 mg/mb.

_35_



Bacillus subtiliso| t3to] dextrin®}t gelatinel] Zn(COOH),Z 7} & A$(Fig 9
& GeOx& 7K A9(Figl))el 238 49 wd dextrind} gelatind] Zn(COOH).
T 05meg/m M7 B9 (Fig 9), 2471342 & F4 o] As dojuhx| @gron 24
ARE ol F T2A1274A OD. Fel =F FehvlE s o, hETol uls) @A 5
2 0D @S YEtiAT 025 me/me H7FA] 6A12H7hR1 = O.D. Zko) wWslrl A <
MH7E 6213 o] R E 24X 0742 OD. 3 E74EA 0w, 244178 o] ZEE] 724]
G7AA OD. g 2 Wstglel fA1=e 23S Yehuldoh 013 mg/ml deke] 2o
Al 62174 = OD. #hol W37k Aol gltirl 6417 o) FRE OD. e Z7}3)
7V Akl 722177 A) BEE Fbetgon,  dlzTe A 6ARE] 2447
742 O.D.e 5243 F7189.e0, 2447 olFo v REs Zriat= A
i ela

dextrin® gelatin®] GeO»& 0.5 mg/mé, 0.25mg/ml, 0.13 mg/ml = 7}k 74 $-(Fig 10)
T 1222742 OD.9 ®ige gle Aoz Bol @ ZAo] dojubx ekgron]
124128 o] 358 Fxel wed 05mg/me o] A9 7 v e 0D .3+ uEhu o
24X PR 722074 = OD. w2 FFES Z7iste A2 el 013 mg/mé
AA 1241 o] FHE OD. ol F7HslrlE s ou iz o) vlsia e OD.
g UEhHAT iz OD. & 643 o3 RE 24NN FAS Zrted
ow, 2443t o]l F = MA S Fobsle A eIt o] AN B subtilisol o
3tod dextrin®t gelatin®] Zn(COOH):Z 05mg/mé 713 25, 7241 7v7k2) O.D. <2
Ml A2A ez g FuAegs ez, 013 mg/m F Lul % controldl
Hl 3] 22 OD.&8 Welierng B subtiliso)] tis] s 28-S UEhE Ao
2 A8 Hoj At Dextrind gelatinol] GeO:& 0.5 mg/me, 0.25 mg/mé, 0.13 mg/mb 3 7}
g Af, 122127h2 OD.e] WEr) gidleng FF248S Jeguygloen 1247
ol Fol %= controlel uvl&) @& OD. 3% JelHUS=Z B subtilisoll s &
A8 vetde Aoz AR sojzln
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Fig. 9. Growth inhibition effect of Zn(COOH): in combination with dextrin
and gelatin against Bacillus subtilis.

M, control; O, 0.5mg/m¢; @, 0.25 mg/mé; [, 0.13 mg/me.
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Fig. 10. Growth inhibition effect of GeO: in combination with dextrin and

gelatin against Bacillus subtilis.

M, control; O, 0.5mg/mé; @, 0.25 mg/mé; [1, 0.13 mg/ml.
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Pseudomonas fluorescensoll ™3t dextrin®} gelatin®ll Zn(COOH),Z #H7}a =
S (FiglD b GeO»2 HE7He 2 9(Figl2)e] 232 29 8Y dextrinat gelatin ol
Zn(COOH)& H7He A 9-(Fig. 11) 025 mg/ml &Y W, 6A3t74=] 7 Z2o] =l
& dojuA] Egton 6413 o} FRE 7223712 OD. gtol 27 Zstslr)= 5
o, HE e ds) @2 OD. &% JeEtlUTh 013 me/mé o] A 3A7k7}
A= OD. gte] ®WaErt Aol gluirl 3A17F o) FRE 72A1Zk7bA] FEE Zv)abr-
dEdE WA 006 meg/me A 0.13mg/mé BoheE =L OD. @2 Yegud oy u)
dFor Frtstdh dizTd vlaide 2% e OD. @ Yeuyd

>
o

Dextrin®} gelatinoll GeO:& 05mg/ml H7Fe A$(Fig 12), 641742 O.D.o] =

e fle Aes Rreb @ Fo] dojuhA @gton, 6AI17F o] FRE] 72417 7}
= FE] Srtebe A4S e AT 025 mg/met 013 mg/me H LAl 3417 o) &

8 OD. gtol F7F8h71E st oy tzFo) v)si e OD. e vehuaicl
ol A3} P. fluorescensell wsle] dextrin®} gelatinol Zn(COOH)E 0.5 mg/md = 7}
T A%, P fluorescensell tha 7+ 2 @i A4S UElhgE Ao Alg Folzl
o} dextrin?} gelatinoll GeO»% 05mg/mé HB7}s A9 o) 712 2 FFa.89 1}
Bl e 006me/m¢ HE thzFo] v e OD. &g Yeuyoma p

fluorescensell W3] & 282 YelleE Aoz Alg slo) Ao}
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0.D. at 660nm
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Time (hr)

0.D. at 660nm

0 12 24 36 48 60 72
Time (hr)
Fig. 11. Growth inhibition effect of Zn(COOH): in combination with

dextrin and gelatin against Pseudomonas fluorescens.

M, control; O, 05 mg/mé; @, 0.25 mg/ml; ], 0.13 mg/ml.
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0.D. at 660nm

0 12 24 36 48 60 72
Time (hr)

Fig. 12. Growth inhibition effect of GeO: in combination with dextrin and

gelatin against Pseudomonas fluorescens.

M, control; O, 05 mg/mé; @, 0.25 mg/ml; [J, 0.13 mg/mL.
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b7} gelatine® EE Flol o2 AFTL Ao HEYI F AFLE D A
el WE TS WshE Abmwgic)

HA, 1% Zn(COOH):o gelatin 528 1%, 3%, 5%%2 dalsle A7bsia S u
o3 EoE Bolny) A 2 FEW Ag fA02 TG B 25

| C
I AFsaq BdEs Agks FA45AHTable 20). obdol gelatin ¥=& 3%

N

¢

ol HE A AR Mg HERFA ¥3] ¢ 2 log cycle 723}
YEtHN 2w, 5% gelating H7bg A #F Ao A AAM =AU e 3%

gelatin& H7bsh 2 Q2] & Aols deluiA dgtemz Fgz o842 A

Table 20. Viable cell count storage of fish paste coated as Zn(COOH); in

combination with gelatin

Viable cell count (CFU)
196 Zn(COOH)-

Storage (days)

Control 1% gelatin 3% gelatin 5% gelatin
0 0 0 0 0
1 47 x 10° 50 = 10 3.3 x 10 1.7 x 10°
2 48 x 107 29 x 10° 9.6% 10° 1.7x 10°
3 16 x 10° 80 x 107 1.7 x 10° 15 x 10°
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196 Zn(COOH). %}t 3% gelating &3 &Ao o2& 2 x)ste] 28
S AEAEE ol A3 Table 210 YelY ol
AFEE 10CAM zTe 2712910° CFUZIA 394 % Hes=d whsto

%
P
tjo
o

AR e AT B 7dGEZ HAVINS 4YAHAE o] ABANL = Qe A

l

% WU 25Tk 35T 9 A% 1% Zn(COOH):9t 3% gelatin®] &8
o® IABH R A dxFol viste] FF2o] A4 HYow, o=

FAEAM A7)E F FHL o= AT oA ¥+ YL AoT AlmE ol

o
rlo
Ho

L
*

Table 21. Storage at different temperature of fish paste coated as

Zn(COOH): in combination with gelatin

Incubation 10T 25T 35C
time (days)  control ZAY control ZA control ZA
0 0 0 0 0 0 0
1 1.7 x 10" 3.3 x 10" 3.9 x 10' 2.1 x 10? 3.3 x 10° 88 x 10
2 4.6 x 10" 4.2 x 10° 45 x 107 88 x 10° 1.1 x 10* 4.2 x 107
3 6.8 < 10° 4.5 x 10° 55 x 10° 1.9 x 10° -2 -
7 59 x 10" 4.3 x 10° - - - -
10 - 3.8 x 10° - - - -
15 - 4.5 x 107 - - - -

P ZA, 1% Zn(COOH); . 3% gelatin

2)

-, spoiling
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TEol AR dejoltt. webd A Eo IHAZ ALH T U= gelating o] &5

o otdel Z3te IPAE DEo2A A5 vjuB oldde] HH TS ZATn

L. Dextrin, gelatin % collageng 2}7te] v so] Hrlsled 62 F ) AES A7
of whstel pH 6°lM9e B8 AsjBe =:r)s wwd A E coli, V.
parahaemolyticus, S. aureus®] 749 ZnCl, Zn(COOH):o ™dted 11~14mme] A8
5 ATe AR, B subtilis, B. cereus® 7% GeO.ol tlajA vt 18~920
mm Fx=e|l s ML HAHEAY. P fluorescens= ZnCle, Zn(COOH). GeO:-

of thato] 18~23mme] A8 WA st

2 GeOz2t ZnChE EH3I A GeO:®) Zn(COOH).E E3st A& collagen,
dextrin ¥ gelatinel z}z} #H7lele] A{ge] V|2 vusige u

parahaemolyticus, P. fluorescens2] 7% E3sl7] A3 w58 @) m7)2 e
HAT, S aureus®l 79 13~19 mm=Z vl BEoz Hrlsige o B} 2

o] =77} 5mm F7FaH o)
3. pHell tigh &4 B7Ae ¢hAAdS o2 A3 Zn(COOH),o dextrin, gelatin

S H7E A, E coliel W3Ete pH 6.00]8tol A= 11~12mme] A aisL A4 5
5

ool L AAdstA wdth A, Ge0,o) A$ pHE A5 A
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siehs ulwstd S W, B subtilis, B. cereusel thatel nE 2w B2l ol| A A ) 3

= WERRIon, 58] pH 6558 A% Hsfde] 277 Zobata

4. Zn(COOH):2k GeOyell dextrin, gelatin® zH7} H7isle] gL HEss] 9
sk 60T A 3083 100TNA 105, 208 2 3087 1e]al 121 CollA 1583
AT s ATE Adel W A5 AP 289 A9 4SS g Fo] s
AEAsfgde 15-20mmEA L, FFFYLS S AL Jeruyoh 2 Ay
) A 7hE =7 bl Ao FFBA S BEFPomE Ao vmH oy

T Aoz A=)

5. ofF % HF FAFoRRE Red AFE AF 5FF e SFBHE )
wek A3, E coli, S aureus, Sal typhio)l Wdled Zn(COOH)» ZF3F Al ZE 2=
13~15mme]  ASAMES  deWAden V. parahgemolyticusel o3kl
Zn(COOH):%t GeO: %3 NEFaAE 17-20mme] A8 Hs]@e eyl oo

Entero. faecalis®l W3ty 25 AF 84S Jelhx ergpot

Y
il

o

PlEE S A AFrAY AFE AT us

AT RS} HaoAE s
A A3, Zn(COOH):zol  dextrin®  gelatin® H7}stg < o, E  coli, V

)

parahaemolyticus, B. cereus 3 B. subtilis®] MICE 10mg/ml, 218)3 S aureus
¢t P. fluorescens®] MICE 05mg/mt2 “WEbtth E coli, V. parahaemolyticus, S.
aureus, B. cereus 3 B. subtilis®] MBC+¥ 1.0 mg/mt, P. fluorescens2] MBC= 0.5
mg/mE HERRY. GeO:ol dextrin®  gelating  H7ISIGS wW, E  coli V.
parahaemolyticus®] MICE >1.0mg/ml, S. aureus, B. cereus. B. subtilis® MIC =
1.0mg/me, 13 P. fluorescens® MICE 05mg/m¢ = Ebsich et & coli, V.
parahaemolyticus R S. aureus®] MBCE >10mg/ml, B. cereus$t B. subtilis ¢}

MBC+= 1.0mg/mé P. fluorescens®l MBCE 0.5 mg/mé 2 L}EFwFT),
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7omEESE As AFaAe] NEE AT Z4Ad njxiz gdas dHE 4o
dextrin®} gelatin®ll Zn(COOH):Z 05 mg/m¢ B}, E coli, V. parahaemolyticus,
S. aureus, B. cereus, B. subtilis, P. fluorescenso] tat 7+3sh = =4 oA a9
HEPI 2™, dextrin®}  gelatin®l  GeOz& 05 mg/ml = 7VAL S, aureus, B.
cereus, B. subtilis % P. fluorescens®ll tjslo] 24§ & Z4 oA aa= Jehyol

o}

8 ot Az AFaA 2ol 4% AlH o)% AT M zHIT Jolur 9 s
oA ol gelatineS EFY &do] A% AEL Uxsld Y T HYPLr U

AlRbell whE Ao Wals 4ME A oldol gelatin T EE 3% d7bsle A o)

£

THAAY R YA o8& skl AH xAOAUG E, 1% Zn(COOH)a2}
3% gelating EH & §olo] )& YAste] TP AL AFew 10CAHN gz

TE Z7IRAA° CFUZA 3945 Hajtd ubale] A|g folo] x| ak o]Zeo

~J

AHEZ =

-t

&71%k

tlo

494 E o dgAZ F e Aoz Ausdn)
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