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Abstract

The antibacterial activities of several types of chitosan were measured against Staphylococcus aureus
and evaluated for their application to antibacterial textile finishing. The % reduction of bacteria of the
chitosans prepared in our laboratory were between 72 and 87%. The two water-soluble chitosans with
molecular weights 1,000 and 3,000 did not show antibacterial activities. The deacetylation of chitosan was
appeared to increase antibacterial activity. The % reduction in bacterial density of the 86%-deacetylated
chitosan solution was 56% where that of the 76%-deacetylated chitosan solution was only 17% at 0.1%
chitosan concentration. Molecular weights of the chitosans seemed not to affect antibacterial activities of
chitosans. The antibacterial activity of the acid-soluble, 86%-deacetylated chitosan with 4 cps showed 98%
of the % reduction at the level of 0.2% chitosan. The % reduction of bacteria of this chitosan was higher
at the higher concentration of acetic acid in the chitosan-bacterial mixture. The antibacterial activity was
increased with the pH change over the range of 4.0 to 6.5. The 100% of the % reduction of bacteria was
achieved within 4 hour incubation of the chitosan-bacterial mixture. According to the data obtained from
the above experiments, the four chitosans among the six prepared in our laboratory were proved to be
valuable for antibacterial textile finishing.
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Table 1. Physicochemical properties of chitosan samples
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o gA7FFAR Af-Eokele] AF2Q) o]&o] ul
2SIt Muzzarelli, 1985). whebA] & AFo = 71 E
A& AEY g 7HEol $&31] AE 12 AFE
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d 7S gotdEsate £8 AAT A 657
AZOA TUE R 1FFHS) T EF 77N
ol 9] E3era 542 <Tuble 1>7 Zth

2) 2F

g A ARE M-S EE4T-T(Staphy-
lococcus aureus)@ & &= 438 AFA BAAT
(Strain: KCTC 1916)8 2opito} A}2-gith gy REe
2% 5°CE, %47] B2 Y53 (Forma Scientific Bio-
Freezer®)o A —20~—60°CE A 51AA] ALg-51%TH

Chitosan Solubility Molecular Weight Degree of
Types s (dalton) Deacetylation(%)
#1 1,380,000 92
#2 50 60,000 92
#3 Water-insoluble 8 8,000 92
#4 4 4,000 86
#5 - 230,000 76
#6 - 1,000 -
Water-soluble
#7 - 3,000 -
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& 2 (5 QEA7 03 FHoIM Staphylo-
coccus aureus®l| W& F44-S 313 <Table 3>0)
(B 4=1

#4 TN EA-F EFA FFE 1.8x10°22 2
ol ZALg o) 41x10%9] 1232 ARoz A
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Table 2 . Composition of bacterial culture media

(A) Broth Medium
Glysate peptone(BBL®) : 10 g

(B) Agar Medium

bottom agar: broth medium+1.5% agar(Junsei Chemical Co., LTD.)

Top agar : broth medium+agar (0.7~0.8%)

Beef extract powder(BBL®): 5 g
Deionized water: 1,000 ml pH: 6.8

pH 7.0-72
PH 7.0-7.2
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Table 3. Comparision of antibacterial avtivity between water-insoluble and water-soluble chitosan(Experimental condi-
tions were as follows:Initial bacterial density 1x10°%, Contact time 0, Incubation 37°C/48hrs. Conc. of acetic acid

was 0.5%. Conc of chitosan was 0.1% )

) ; ] % Reduction
Test solution Solubility ~ [ of bacteria
Mean SD
Broth medium -~ - -
Acetic acid - — 0
Water-insoluble 4cps 55.5%5.5
Chitosan 1,000 -30.549.5
‘Water-soluble
3,000 -16.04.0

Table 4. Effects of effects of deacetylation on antibacterial activity of chitosan against staphylococcus aureus

(Experimental conditions were the same as Table 3.)
of ' % Reduction
Test solution of bacteria
ST MeantSD
Broth Medium - - 5.840.1 -
Acetic Acid - - 4.1+1.1 0
86 #4 1.81£0.2 55.5%5.5
Chitosan
76 #5 3.240.3 17.4%+14.1
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g AAAdolzle F 2L F§| UEAL
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B3 7 24 A FF4E SHEAL o}
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<Fig. 1> 27 2AHEHS] AS- #57t
7.7x10° 1A T EAF FE7} 0.025% — 0.05% —

Table 5. Effects of molecular weights on chitosan antibacterial activity agamst Staphylococcus. aureus. (Experi-
mental conditions were as follows:Initial bacterial density 1.0x10°. Contact time:0. Incubation 37°C/48hrs.
Conc. of acetic acid : 0.5%. Conc.of chitosan : 0.1%. Relative molecular weights were expressed in terms of

viscosity(cps).
Chitosan Type Reduction of Bactetin
. N 3 Mean SD
Broth Medium - - 565415
Acetic Acid - - 55.014.0 0
#1 930 92 7,003 87.3+1.4
g:::::fs: # 8 92 7.3+44 86.149.0
#4 4 86 14,0442 7374127




90

Vol. 28 No. 6, 2004

Number of bacteria(x 10%)

Cocentration of #4 chitiosan{%)
Test solution

120

o]
QD

80 | . .
60 r .

40

Reduction of bacteria{%)

20

I
0.025

0.05 0.1 0.2

Concentration of #dchitosan{%)

Fig. 1. Effects of chitosan concentrations on the antibacterial activity of highly deacetylated chitosan against
Staphylococcus aureus. (Experimental conditions: Initial bacterial density 1.0x107, contact time 0,
Incubation 37°C/24hrs. Conc. of acetic acid 0.05%)
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Fig. 2. Effects of chitosan concentrations on the antibaterial activity of low deacetylated chitosans against
Staphylococcus aureus (Experimental conditions were as follows: linitial bacterial density 1.0x10°,
Incubation 37°C/24hrs, Contact time 0, Conc.of acetic acid 0.5%)
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Table 6. Effects of acetic acid concentration at different contact times on antibacterial activity of highly deacetylated
chitosan. (Experimental conditions:Initial bacterial density 2.0x10°, Contact time 0, incubation 37°C/24hrs.

Conc. of #4 chitosan 0.1%. H means number of colonies which are too many to count)

| Nomberof Bacteria(x10%) at Each Contact Time (hr)
s, P 0 4 o
Broth Medium 0 6.9 H H H
Acetic Acid 0.05 5.1 H 120.00 6300.00
0.05 5.1 H 1.00 0.00
Chitosan solution
0.1 5.1 H 4.64 2.00
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72 o —

E |00 0.2 o3 0.5 1.0 2.0

= Brath Actic acid Chitosan

medium

o pH4 12.5 3.7 0.83 0.54 0.43 0.47 017 0.08
@ pH5 12,2 5.8 0.09 0.49 0.03 0.14 6.13 0
B pHE.5 13.1 10 0.03 0.06 0,04 0.03 0,02 0.05

Concentration of #4 chitosan(%)

Test solution

Fig. 3. Effects of pH's on the antibacterial activity of highly deacetylated chitosan. (Experimental conditions were as
follow : Initial bacterial density 1.0x1 0°, Contact time: 0, Incubation; 37°C/ 24hours. Conc of acetic acid 0.5%
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T s Ao AR o5 AFE F vk 2 AF
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g9 pH7} EL24E FHIE gt -NHY ¥
&o] 238 7A3EZ pH F7ldl wiet 7| EAke]
FHAE A3t Zo=m 447 fEd T EAS
Aol A pH Z719] wet 2.3]8 FFAdol 71 &
AR Ade QoM AFT FFuFIUEH A
He AAE 4428 FE I Rolvh. 2y 2 4
oA HES pHY ¥HE 4.0-6.5 4 -NH9
pKa(>9) Bt} ml-$- vt} o] ¥ ele] ojH pHAME ~
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CH20H CH20H
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H
H /
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__._C R
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Fig. 4. The dissolved state of chitosan molecule in
aqueous acetic acid solution.
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Fig. 5. Effects of contact times on the antibacterial activity of highly deacetylated chitosan at various chitosan
concentration.(Experimental conditions were as follows :linitial bacterial density 1.0x10°%, Contact time
0, Incubation 37°C/24hrs. Conc. of acetic acid 0.05%. )
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Fig. 6. Effects of contact time on the antibaterial activity of low deacetylated chitosans against Staphylococcus
aureus (Experimental conditions were as follows : linitial bacterial density 1.0x10°, Conc. of #5chitosan

0.1%, Conc.of acetic acid 0.5%)
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Fig. 7. Effect of contact time on antibacterial activity of watersoluble chitosan against staphylococcus aureus
(Experimental conditions were as follows : Initial bacterial density 1.0x10% Incubation 37°C/48 hrs. Acetic
acid 0.5%. Chitosan 0.1%. H means number of colonies which are too many to count.)
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oE 48 AZRFPouz F EF FE4 JIEAN B o] B3 Y WY #F Tt EANT F US
T B4 7IEA g 3o A9 gl AL 2 BEE 7|EAY AFFLS AT FrEA F
2 3 £8L ¢ F AP 2 A 2A0ME 2.30x10°
' ~2.30x10%01 4 7o) ZEEH YT £ Fo| AP
5) eha Aol 0|X|E 7 s Yst A Uehd &N F5E9 i wE AFEY 5
g4 S 9% At AN NEAN-F E 7t AL 71BN wEe TA | ARl A&H
b ZF 27 FEEE A FEANM IFERE WA o] #EE 230x10%14 230x10°2.2 ZAEHUL
714 vl Z57 QI EAY AdES AsEHUSS o 5] Wsts v 53 HEAT 09A F)
g3 v} qit}. 7] HEE o5 W d¥E EA 32 0.1%%04= FFEC] 16%14 100%2
o} AZAZH WEE F 2 1BoAE TE oF 80%°) 4 Z718t 2, 5 0.5% 0= & 41%0)
At #49) TpA)dl ulX e FFE Gotry] Y3l 5 F A 100%2 < 50%, T 1.0%ME F 69%°1A
F9 FExoM 7NEAY TEE 01-1.0%Z, 85 100%E < 30% 5 714 27t Sl w2t 5
ANZHE 0~24N7071A) WSIA 7Y S ] S A8 7t AEE ta guEioy ZaEe] S @42
AYA AT A 2 73 Staphylococcus aureusE AFHJTH 2+ AE FeToA] 71EA SR ohE
37°CAA Blgsled A g7 ajg S HEL SFLR AFES BEA FEEIF BL 230x10%ME )
FAsle A FEEE AN HAFA IF EN BE 0129 W 16%E Az 7B
To BNE AT gde] #5328 EAsY £ 05%2 F=7F S7teha ¢F 40%% F716IN,
9 AN 5L Falo] EASAT EFE 2.30x10° F 1.0% LE=NA F 69%E 50%°1% T7HEAT 2
= Ag# e 10° 105 10% 10°, 10°9] 5% 7= A 74 =7t 7248 999 2.30x10°-2.30x10°
BN HE519 o I A3 <Table 7>3F 20 A E 71EAY FE7T 0.1%Y Wl ofvl 92~100%
A AIZF 0, 1B B 5 0.1~1.0%904 27] 3 9] WA ZFES YEIRTH
A #EE 230x10°Y o) ZFEL o} 16~69%2] ¥
98 degit a2y #F FE/ ga gad va E
2.30x10%2.30x10%] FE AT FHoA LFE
FAEH] 90-100%S et 7B g3y B dE 987t TR QA SA40] gled

Table 7. Effects of initial bacterial densities of chitosan-bacterial mixtures on antibacterial activity of highly deacety-
lated chitosan (Experimental conditions were as follows:lincubation 37°C/24hrs. Acetic acid 0.5%, ND : not

detected.)
T 1 initial bacterial density (<2.3)

, 10° 10°

0 : 0 0 0 0 0
0.1 100 99.8 920 97.6 156
0 05 100 100 975 9.4 406
1.0 100 100 98.5 99.2 68.8

0 0 0 0 0 0
A 0.1 91.7 100 99.3 98.4 84.8
05 100 100 98.0 99.2 94.9
10 100 100 96.0 99.2 99.0

0 0 0 0 0 0
0.1 28 26 0 ND ND
2 0.5 100 100 0 ND ND
1.0 100 100 0 ND ND
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