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Synopsis

Chitin, chitosan and quaternary chitosan films were prepared, and the physical properties and the
antibacterial activities of chitosan and quaternary chitosan films were evaluated.

The tensile strength of chitin films was 30~40% lower than that of chitosan films, but the
crystallinity of chitin film was much higher than that of chitosan films. The crystallinity and
orientation of crystallites were hardly affected by the four kinds of solvent chosen to cast chitosan
films, but a detailed analysis revealed that the cast film prepared with acetic acid provided slightly
lower crystallinity than others.

The antibacterial activities of quaternary chitosan films against Staphylococcus aureus NBRC 12732
and Escherichia coli NBRC 3972 were stronger than those of chitosan films.

The antibacterial activities of neutralized chitosan films may be slightly inferior to those of un-
neutralized chitosan films. The improvement in the antibacterial activity of chitosan films against E.
coli was slightly inferior to that against S. aureus. This phenomenon was particularly observed on the
neutralized chitosan films.

Though the antibacterial activity of chitosan was slightly inferior to that of the organic antibacterial
compounds, we emphasize that chitosan would be a useful and suitable material with regard to its

effect on the environmental ecosystem.

Keywords: chitosan and quaternary chitosan films, physical property of chitosan, antibacterial efficacy,
Film Adhering Method (JIS Z 2801 **), Staphylococcus aureus NBRC 12732, Escherichia coli NBRC
3972.
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Fig. 1. Structural formula of typical natural
antimicrobial agents.
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Table 1. Typical natural antimicrobial agents and antibacterial mechanisms.

Amino grucoside

Antimicrobial Typical processed Finishing Processing Antibacterial mechanism
agents products method
Amino glucosidal treated with . .
Seiketsujiman | After-finishing | 2% padding was adhered to the| L..¢ action of the cell ribosome

Fukusuke Co., Ltd.

method

surface of fibers and heat-treated
at 130°C for 90s

subunit for 30s can hamper the
biosyntheses of the protein.

Chitogreen

Chitopoly

New Tafel Par clean
Mitsubishi rayon

Fuji Bo Holdings Inc.

Fuji Bo Holdings Inc.

Pre-finishing
method

Pre-finishing
method

Pre-finishing
method

Mixing the viscose rayon with the
chitosan derivate corpuscle.

Mixing chitosan into polynosic
fibers

Adding chitosan corpuscle to
matrix and mixing during the
manufacturing of acrylic fiber

Chitosan was linkage with liquid
collagen by peptide bond to form
chitosan-collagen derivate and
fixed to the cellulose fibers.

Chitosan and collagen derivate
obtained from natural protein
were bonded polyester by graft
polymerization

The amino groups of the
chitosan molecule adsorb
the bacillus and are bonded
with the negative ion of the
cell wall, thus hampering the
biosyntheses of the cell wall
and restraining the material
transportation between the
inside and outside of cell wall

Chitosan
Chito Silky After-finishing
Daiwabo Inc. method
Biotoron After-finishing
Komatsu Seiren Co., method
Ltd.
Riken Resin After-finishing
RMC-HOL method
Mikiriken Kogiyou
Inc.
Hinokitiol
Hinokichi After-finishing

Toho Tenax Inc.

method

Treating fibers with the spraying
method and the soaking method
by using 0.5-3% of hinokitiol
microcapsule combined with
Riken Sol A-605 (binder)

Wrapping the hinokitiol by the
microcapsule of silica, and added-
on it to the fibers by the resin
binder.

Principal ingredients are
sesquiterpenes and phenol.
The former is a smell element,
and the latter is antibacterial
Which can destroy the cell
and react with the protein and
denature.
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Fig. 2. Reaction of chitosan and glycidyl
trimethylammonium chloride(GTMAC)®.
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Table 2. Preparation of chitosan films used for the antibacterial activity test.

Sample Solvent Neutralization ?Elﬁii?ﬁg Species of chitosan Deacetyla;c lon
code status X degree (%)
chitosan
Control | (poit et ene fim)| 7 4 4 4
1 Formic acid + N Kimika Co., Ltd., K-03 85.0
2 Acetic acid + N Kimika Co., Ltd., K-03 85.0
2A Acetic acid + Y Koyo Chemical Co., Ltd., SK-03 86.9
2B Acetic acid + Y Kimika Co., Ltd., K-03 85.0
2C Acetic acid + Y Koyo Chemical Co., Ltd., FM-80 94.2
3 Propionic acid + N Kimika Co., Ltd., K-03 85.0
4 Butyric acid + N Kimika Co., Ltd., K-03 85.0
1 Formic acid — N Kimika Co., Ltd., K-03 85.0
2 Acetic acid — N Kimika Co., Ltd., K-03 85.0
2A Acetic acid — Y Koyo Chemical Co., Ltd., SK-03 86.9
2B Acetic acid — Y Kimika Co., Ltd., K-03 85.0
2C Acetic acid — Y Koyo Chemical Co., Ltd., FM-80 94.2
3 Propionic acid = N Kimika Co., Ltd., K-03 85.0
4 Butyric acid — N Kimika Co., Ltd., K-03 85.0

=+ : Neutralized, —: Non neutralized. N: No, Y: Yes.
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Table 3. Characterization of chitin and chitosan films prepared.

Films Solvents

Moisture content Density Tensile strength Young’s modulus

PH of solution (%) (g/em’) GPa GPa

Chitin — 1.8 18.7 1.400 0.10 1.87
Formic acid 3.8 9.5 1.422 0.14 2.68

Acetic acid 4.0 16.2 1.420 0.16 2.39

Chitosan Propionic acid 4.4 12.8 1.424 0.16 2.53
Butyric acid 4.3 8.9 1.423 0.14 2.61

Reference data: Moisture content (Standard state; 20°C , 65% RH)
Natural fibers: Cotton 7%, Wool 16%, Silk 11%, Flax 7~10%,
Synthetic fibers: Polyester 0.4~0.5%, Acrylic 1.2~2%, Polyethylene 0%.
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Fig. 3. Dropping method of bacterial suspension
to test piece and cover of film.
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(a)

Fig. 4. WAXD patterns (end view) for (a) Chitin film (b)
Chitosan film prepared with acetic acid.

() (b) (© (d)

Fig. 5. WAXD patterns (though view) forChitosan
films (A = 2) heat treated at 120°C for 2 h after
being prepared with different solvents.

(a) formic acid, (b) acetic acid, (c) propionic
acid, (d) butyric acid.
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Fig. 6. Temperature dependence of the storage and loss moduli of chitosan films
with the indicated draw ratios. The films were heat-treated at 120°C for 2 h.
Solvent were (a) formic acid, (b) acetic acid, (c) propionic acid, (d) butyric acid.
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Yo7/ Eoan FERBESHRER LV
VI — LiKBAROIERY,

R, THULEHEAAZ AL E EFRITRL
T NZWRUEZEETAF T T VLAY
TS. aureus & E. colilc 39 AHiEEEZ TR
FUE 0 LB S -HTE MR BT - FUEZNR JIS Z
2801 ) @R [T ¢V L& TN,

FAEXTEF MY > T 4 )V LICS. aureus & E.

PEES

coli ZHERBL . 24 WS L IO E RS R U Tz,
5X bemICEMWI L, ARILZF MY 2T 2V L
cHflahoie BB F YV T7 200N
R, SBRES. aureus DB HE1HY2.36 X 10°
cfu/ml& 725 XHICHELL/H00=2 )T
> b Broth o % & &l % (% /R 0.4ml Z #E & L. 35
+1°C. R.H. (relative humidity #8 xt iE ) 90%
PAE DM T CARBBTE L, |INT7 1V
L (RUIZFL YT 1)V ICHERELE%ICE
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Table 4. Cell counts after 24 h incubation
for chitosan films inoculated with
Staphylococcus aureus NBRC 12732 or
Escherichia coli NBRC 3972,

S. aureus E. coli
Sample code  Neutralization

Cell counts  Cell counts
(cfu/plate)  (cfu/plate)
1A + 7.80 10" 2.87 X 10°
2A + < 10* 1.83 X 10°
3A + 1.00 x 10! 5.60 X 10°
4A + 1.22x10° 550 x 10"
1B - < 10% 1.50 x 10"

2B <10% <10*

3B = <10* < 10*

4B = <10* < 10*
gﬁ;ﬁfﬁ:ﬁe%m 223X 10°  2.69 X 10°

Initial cell counts of S. aureus on untreated film
was 2.36 X 10° cfu/plate.

Initial cell counts of E. coli on untreated film was
2.85 % 10° cfu/plate.

+: Neutralization, —: Non—neutralization.

*:N. D. ; Not detected (Detection limit: < 10)

(3]

IN

~nN

-

Log (bacterial numbers / plate)
w

a b 12 3 4
Sample code

Fig. 7. Bacterial numbers after 24 h incubation

for chitosan films inoculated with the test
organisms.
A: S. aureus, B: E. coli. a: Bacterial numbers
untreated film just after inoculated, b:
Bacterial numbers untreated film after 18
h incubation. l: Neutralization films, [:
Non-neutralization films. Chitosan films
were treated with formic acid (Sample
code 1), acetic acid (Sample code 2),
propionic acid (Sample code 3), butyric
acid (Sample code 4).
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HoTe, TNZ2A4RMEIEEU AW 2.40 <
10°cfu/plat & 72 D BEEE IR EHE L ah >
7o (KTA) . T ORI, keSO 5
BR i « BUEZNEJIS L 19027 2% o B il i ik
BEEiOJERE1/20 =2 MU T b Broth (FHFEK
HOMBHENEEREL, BHLE®) LIdE
TR0 AREERE OB AR R T R E Y 1/6500 = o
FUZY b Broth TH - e T Db BEMERE RS
MR X THRAE S S D FU M BB 5 1 - AR
SFJIIS L 1902° %) & Lh#E UC g (1/25 5
EWNEV) Aics, MBRREDHEAT 5 2 DKE
DDNRBLTVENSL TH B, fit> TARMBRIE
. T z—2775 23k GFICHRL
U VEREEAR) LERRIC, B L EBRE D
BETERVR GBAANBELTLARVR®) T
PIEESEZFHL TV, BRI, Bz fiE
5 LEEDENDNET B, T DIDRHERE
. EROBGMERSELIEELRD, ABREO
WENEFENS, LAL, Lim, S, H.6*% &
Yr—2r 75 A3 LREKIC, 0.3mmol D7 #
D) VEEREE AR (ASTM E2149-01, American
Society for Testing and Materials ) ZRHW\T
PIEEEZEFHMOI L TV b, DX I ICARHAEE
KES (ERE) CMEEHZD, BRIET 12V L
DHE DRI, ARIISHE (TREMEHTE I T8
~HUEPERRBR T IE - FURERIER JIS Z 2801 %)) T
PIEEEZFMT A LS5 ICHEETNTVWS, F
oo HHEZZHIT 258 51 T%<.0D (optical
density, X ZIRE) FHMEHILH (Halo) OELR
IR EIC KB EMIETHIEESEZFML TV 25 H
HERZNTT L LAKETI, EEETER
Boedlhid 2 TREHESTE b L8 G- HUE et BT
7 - PUESIER JIS Z 2801 ) 1T & » THIHEIFEME
72 5 U 7z

FRECF b7 ¢V LI U T RO R ERE
AR L. A4BFEEE L EBAOERESZ. B
LT T A DR AL 7 AV N T7.40 X 10
cfu/plat, EEEBVAIE T A )V T <10 cfu/plat, 7
0 YA EETARE T AV LT 100 < 10 ' efu/plat,
B B YA 7 A )V 1N hY9.85 X 10 ° cfu/plat D # il %
RUL B L7 AV L E B U THEEREEN

1
Ratio of Increase and decrease of bacterial numbers

2 3 gamp-lecodl 2 3 4

Fig. 8. Antibacterial activity test of chitosan films
against S. aureus or E. coli using Film-adhering
method. A:S. aureus, B: E. coli. :Neutralized
films, [ ]: Non-neutralized films.
Chitosan films were treated with formic
acid (Sample code 1), acetic acid (Sample
code 2), propionic acid (Sample code 3),
butyric acid (Sample code 4), respectively.
1): Log (C/D), C: Bacterial numbers after
24 h incubation for untreated film
inoculated with test bacteria, D: Bacterial
numbers after 24 h incubation for chitosan
films inoculated with test bacteria.

GH:OH _— CH:OH
—_—
OH 0- o~ ~KOoH 0~
NH, TR NH3$CH;C00"
b + BB

Fig. 9. Reaction of chitosan and organic acid ¥.

1,000~ 1/1 /5 L7 (RAEKTA), TDOHA
OHEEEMEIE, KRTESORZHAVWTERT
% e, KBAIRT & HIC1.80~<538DEEIC
Tl

I3 PRI MY Y T AV LOEREIE. W
THORET A VLT H <10 cfu/plat O fE 7% 75
U VIABA U, TOBEOHEIEEMEIZ.
HUSERAESOREZAVWTHETS2 L, K
BAIT/RT & 512 <5.35 DEMEIC IR - Tz

fmpfiF b7 ANVLED S, HRILZF B
YU TANLEHNEIOK FHEETH -T2, T
NIRRT & S IC U b Lz Ry i
HRTILEE, KPRV ORIEIC K - TEERSS L TF
B UTeF MYV ENSERDEETL L, B b
> GEgET X /8D IcA kL. FIEEEEMET
LieE2E5NB"Y,

Tsurugai et al. ** BIOMIIS ™ (&,
TF MY U2 YR U TF G L b Y o B3t
EERZRT EMEL TS, LML, EOHD
PURGIEAL S o i, OKEg(E T BV D LOKIETR
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EHLUTHMICEE S LEEET X/ HZ2 B R
U, JIREEMET 9 B RAIC & %,

FA4ERTBITRT X HICS. aureus DIFH &
BRIC. b X bemic#EMr L. FAILEF TV T 1
JWINEERRIF Y T 2 VA BT, RABREE.
coli DIERBH N 2.85 X 10°cfu/plat & 155 & 5
WL 721/500= = U T > | Broth® f& ¥
BiR04 mZHEEL, 35+1°C, R.H. 90 %L E
DEMFTCURMBEL, FBINT.7 2 VLIS
B L7z Y U 72 2R R 80 2.85 X 10 ° cfu
/plate Tdb > 1z T 7% 24 Wp ] B # 1% O 4 H
132.91 X 10° cfu/plat LR O FALHEHE L 5 - Tz
FAREIC T MY VT 4 VLIS L TEEORERE
L, URMEELZEAOEERE. b
17 AV IS THEBETAE T A )V LN h12.87 X 10° cfu
/plat, BEEEVAIE T o« )b s HY1.83 X 10 ° cfu/plat.
T AT A ) IshY5.55 X 10 ® efu/plat,
BEERYAIE 7 A )V I HY5.50 X 10 * cfu/plat D &
AU, BINT 7 AVLERNTEBEREN LI~/
100§ L7 (B4 KTB). CDEHEOHIRGE
PEIE. EBRAESOXZAVWTERT L, K
8BIZ/RT &K 51T 1.00~ 1.46 DEEIC 72 > Tz

I3 ERRIE MY Y T AV LOEFEES, B
FEVAME 7 A )V L HY1.50 X 10 cfu/plat, Z DD
BT ANV INEWTNE <W0DfEZRL, 1/175
W LTz, TOHAOYIEEEMEZ, EERTES
DRZEAVWTHEHT %L, K8BIC/RT X 4.65
~ <546 DBUEICE > 720 LEDKSITE. colil
9B E MY T AV LOFEEED N EIE, S,
aureuslCX 9 B X0 BIKV, T OMEEIK. B
LIeF b U T A VA THEEZICHN ., ThidF
MY OFIEEED. S, aureus DHEIFT I/
BRI 2 X B Wb o RGNS, F b
YT 0V L SEHGERE U e BERE I & OB
OPEEREMbD S, LML, E. coli DIFE A
BEOMRUMARFTERWVWEEZONS, TS5 L
Fetiand. I LEAIRR T FHIEN RS > TH A
RICERH BN,

WHEMF YT 0V Ld, BEREERA

J

HEEN

mlZHBET 5 L, BRE Tt VBRIEHRT «
WL U. s & BERSTSIRE T ¢ )V LN — 75
fig Ute, T OBEREFR—ZMFET (50 £ 2mm D
ESE CHEEEK04ml) TpHERMET 3T &
. BRENIERICDR VDR SENSH/IRT
EhahoTz, LU, REFREBEEZSD. FHER
ICBNT, EFHKOmIFICF M7 2 )V 3g
A, 2AWEMARE UM THRANZIARD
pHIZ. WEEETAUG 7 « )V L. BEBRVAIR 7 « IV L,
TOEd VRIS T « VLB X UBBEIAR T 1« IV
L, ZNENLL 5.7, 6.0BKXUBITH -z
FrY T4 VLOTEENEROpHIE, 7«
WIMEREEOpH (R3S kb e El. %
DEEE/NEV, TOT Lid, BEEAROERE
RIS 7B U 7280 DY 7 o b L D JEAS S eI
KB BT 2 ENEEEESS L TERE LT
TR, FRIF VDT VEYTLAF DA
A AL LT DHEEIEICES L L 5
s,

RICHURALF BV 2T 0 )V LOMEI KT % 51
EEMEZ RS EX10IR U,

PR LTz ¢ )V L EERRIC, 5 X bem
CEITL 72T 4V I (FRIT 4 )V I 38R ¢
WL ERiT, HBES. aureus DHEMFEH I 4.75
X 10" cfu/ml & 755 X S ICAHHEE L 721/600 = = b
Table 5. Bacterial numbers after 24 h incubation

on quaternary ammonium chitosan

films inoculated with Staphylococcus
aureus NBRC 12732 or Escherichia coli

NBRC 3972.

S. aureus E. coli
Sample code ~ Neutralize Bacterial Bacterial
status numbers numbers
(cfu/plate)  (cfu/plate)
2A + < 10* 2.94 X 10°
2B + < 10* 1.55 x 10*
2C + 2.86 X 10°  1.02 X 10°
2A - < 10* 8.43 X 10°

2B — <10 <10*
2C — 2.33x10°  1.95x 10’
gﬁ;thayﬁzfeffﬁ:) 560X 10°  5.68 % 10°

Initial bacterial numbers of S. aureus on
untreated film (control) was 4.75 X 10° cfu/plate.
Initial bacterial numbers of E. coli on untreated
film (control) was 4.80 X 10°cfu/plate.

=+ : Neutralize, —: Un—neutralize.

*: N. D. ; Not detected (Detection limit: < 10)
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Log (bacterial numbers / plate)

a b 2A 2B 2C a b 2A 2B 2C

Sample code

Fig. 10. Bacterial numbers after 24 h incubation
for quaternary ammonium chitosan
films inoculated with the test organisms.
A: S. aureus, B: E. coli. a: Bacterial
numbers for untreated film just after
being inoculated, b: Bacterial numbers
for untreated film after 18 h incubation.
M: Neutralized films,

[: Non-neutralized films.

U I > b Broth o 4 18 S 8 R 7K 0.4ml % 48 L,
35+ 1°C, MARHERE 90% LA E DS T T 24 BRI LS
EBE U, T T 4 )V LICHERBE L ZERICEIR L
7 A HEE 4.75 X 10° cfu/plate TH > Tz T
24 BRI U 72 B O A HHE 5.60 X 10° cfu/plate
EEo T, ARRICHERALF: M T2 7 1 )V LITHL
THHEORRF ZHEFEL, UFHBELZES
DEFEIE, T A VL TIEAE2A L 2BAY <
10 cfu/plate, FRAEI2CHY2.86 X 10 ° cfu/plate D
%R U. SENT 7 A VL L R THEEREED 1
/1,000~ 1/1 HiA Uleo T OBEAOHIEEME
. RI10AIKRT XS ICRBRGESODXERHNT
HHIT % L 234~ <575 DEUEICE - Tz,

—75. R RIUAR L R Y T AV L DL
iz, #E2A £ 2BAY<10 cfu/plate, itEI2CH
2.33 X 10% cfu/plate DEEZ R L. AL T A )V
L HEARTHEMEE N 1/1,000~1/1 5k L, &
DG OFEEIEMIE, RI0AICRT X 5 IR

FHESOREAWTEHT % £ 243~ <575D%
fEIC I > 720 PORRAb UzakfHd. Pk b oz /ih
HIEL, AL TE UL TELRBOEEERET-,

ROELMI0BIZ/RY K HICS. aureus DHF G &
FARIC. 5 X bemICH MW L. FFIPURILF T >
TAWLKEEFRRF YT o)V LN T, BB
i E. coli O ¥ 78 5 #UHY4.80 X 10° cfu/plate & 7
2 ESICTELI1/500= 2 ULk Broth®
BB RNIR0Aml Z R L, 352 1°C, MR
FBE90%LL DM T T4 REMIEE Uz, #|inT
T 4 )V TR L FzE RIS B U 7 A R R 4.80
X 10° cfu/plate TH - fro T N7& 2UBFRIHEZE L
T 1% D E B 5.68 X 10° cfu/plate & 75 > 7z, [6]
BEICERAE S R Y > 7 0 L LSw U TEE DR
BRI 2 ERRICIERE L, 4B E LB OEHE
Bud. ORI AV L TIREEE 24753 2.94 X 10 efu/
plate, FHE2BAHY1.55 X 10°%cfu/plate. HHE2CH
1.02 X 104 cfu/plate DFfEZ R L, ML T 1V
LE s U CEBEEA /10 ~1/100 54 U Tz,
CDEAOHIFEEEEZ, EBRTESOXZAN
THHT 2 EX10BIZRT & 51C1.29~1.80 DEL
iz -7z,

I3 B\ MY Y T OV LOERERE, R
FL2A5Y8.43 X 10 ° cfu/plate, FRA} 2B A< 10 cfu/
plate. K 2CHV1.95 X 10 % cfu/plate DELE % 7%
L. BN 7 AV L& AN THME A 1/100 ~1/
LHIA UTee COBAOHIEEMNMEIE., KT
E8DREZRAVWTHEEHT % EKIBICRT K5I
1.75 ~<5.75 DEMAIC 7 > Tz E. coli DIFEIEH
19 % & PUFAE L TWiRWEE & ER /IR 2R

Table 6. Antibacterial activity test of chitosan films against Staphylococcus aureus NBRC 12732 or
Escherichia coli NBRC 3972 using Film Adhering Method.

Neutralized films

Non-neutralized films

S. aureus E. coli S. aureus E. coli
Sample no. Ratio of increase Ratio of increase Ratio of increase Ratio of increase
and decrease of and decrease of and decrease of and decrease of
bacterial numbers®  bacterial numbers®  bacterial numbers®  bacterial numbers®
2¢ 5.38 1.04 5.38 5.46
2k 5.75 1.80 5.75 5.75

“ Chitosan film, *: Quaternary ammonium chitosan film.
“ Log (C/D), C: Bacterial numbers after 24 h incubation for untreated film (polyethylene film)
inoculated with test bacteria, D: Bacterial numbers after 24 h incubation for chitosan film

inoculated with test bacteria.
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Fig. 11. Antibacterial activity test of quaternary
ammonium chitosan films against S.
aureus or E. coli using Film-adhering
method.

A: S. aureus, B: E. coli. B:Neutralized
films, [ ]: Non-neutralized films.

L7z,

m—FEMED SER bF Y T VL
F YT 4V LOMEIC T 2T M L L
TekERz2R6 LH1LITRUTz,

S. aureus DIFHEFHMLTE LA TEHE
JIMFERICHE . SN EOFIBEEEMEOm EA
Lol LU, E coli DFIETE .
UBICRYT KD ICHEPFT 4 )V LTS, aureus
EREROEmZ R LTz, LML, FRIT7 4 VLD
PUBEIE MG F MY 2 O HAbIC & > TR A
L7fEM LU (£6)o THIBIUMIEF M
HRIERIC & > TERABEN L. SEEREEIC BT
%7 X/ HOFEBEN R OLRICA L Lk
hokkbeEzLNSY,

FERBVS TR L 72+ MY U T o VLG, R
5LWHIEEEEZ R Uz, TOMBLIET 2V
LiE, @WaEkE (16.2%, EICHY) IcLBb
59, Y TREGIERELMD 3EDREIEK T
LT T IVLEAZETH T, T, TD
FFR 7 M e R DR M VK TR SO W i i 72 sph B
EITBBATHERT 58 IR BT DK
HWCERTZE T 0V E—%E) OFRICRIDE
EZbNB, FLUTH M VOPIEENE I, 5H
FUEAIO X S WCHhETHEL, AR THL,
UDBARBEIC G > TIRE LR A, ABICEDR
U, IBBRRICELWHIERE S X%, &k, C
5 LR R ET 2F MY VT 0 VL DESREE
PEICBIL T, SIS E XM THMICHMET S,

PEES

F YT ANVLOEIBIMTZITV, 2DT «
WV LD SR B K OGO M FICBIL T
BatL. DUTO#ERZE .

Fl-osR D mE L, AEDRERTREN G-
7zo

frEla iR (E) OfEld. 7 1V LR DKSH
RESHEEBL, TV LTKIDEENS L0C
HETEBICET L, BUKDDEFREICE>T
EF LU, LU, REBEHEO/REN S, AL
ZHi LT B VRO T ¢ U IS L, B ek R
(E) &> Teo MHERHIHEIRD S miREIC
M TRIEERL & LEX BrElEtER (B D&
IR ZHEmMNED 5Nz,

F YT ANV LOFFEE®RE, THT VL
Eoofze LTwiay EHRAD 71V LDS
MEELEEENDE L BTV, TN,
R 2 V&, 70 )V LEKREOF MY ULE
HULEWD, AT 2V Lk, 74V L0OpH
EAFMELTEF P VDT VEZT LAF YD
HEMERAMIENICEE Lz e #REN 5,

FFT T AINVLOHFEENE, Escherichia
coli D 73 M Staphylococcus aureus & O & (K -
Teo TOMEMEFRMTAINVLTHEETD T2,

PORALF B> T ¢ U OB R S % HiBEiE
HiX. S. aureus DIFHITIITH ELLDIah - Tz,
LU, E. coliDFEOPIFEEEX, HRIL 215
B IR LT 510 E Uiz,

A GG, P16 T E~ TR 17T ER 20 5E
Bifhe (REFTZEB, BEE T 16300234) TR
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TSIV LEZ O] BRI X DT L R
EZD—ERT. FEH M Biocontrol Science (2006)
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—HEERL LD TH 5,
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