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A Study on the Antibacterial Activity of Chitosan on the MRSA by
the Shake Flask Method and Medified Shake Flask Method

Jeong Im Choi and Dong Won Jeon
Dept. of Clothing and Textile, Ewha Womans University, Seoul, Korea

Abstract : Water-insoluble chitosan with molecular weight of 2,000,000, 500,000, 80,000, and 40,000 and more than 90%
of degree of deacetylation were prepared to test antibacterial activity of chitosan against a pathogenic bacteria, methicillin
resistant Stephylococcus aurews (MRSA). As experimental method, the Shake Flask Method (SFM) and Modified Shake
Flask Method (MSFM) were applicated. The anti-microbial activity of chitosan/acetic acid aqueous solution is consistent
irrespective of Mw of chitosan, MIC value of SFM measurement was 0.2 ppm, and MIC value of modified SFM mea-
surement was 25 ppm. But MIC value of chitosan/acetic acid solution and chitosan treated cotton filter paper was equally
5 ppm. The antibacterial activities of chitosan were different in different test measurements employed. The antibacterial
activities of chitosan/acetic acid solution and chitosan treated cotton filter paper were also different. Therefore, it needs
to be pointed out that the test measurements of anti-microbial activity have some problems.
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2.1, 7|E0e] H=

MRSAS] &t 2744 A8 7| EANS EA(Chionoecetes
opilio) 7A& oA FE=HAUCh & HC §902 A
gl MEd R AAT Og OA NaOH 58902 719
st Thld AE-g AAsE JIRE At J1EE oA 2
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F|EAHZA 82 F5E MRSA td Tube Dilution
Technique(TDT: A1E# 4] 2%t ouldg o2 RE] a4
AR =MIC)7H 0.05%U & #l3td7] &) 0.025%,
0.05%, 0.075%, 0.1%% 2384}

Cotton filter paper2] 71EAb24F 4~89432] : Cotton filter
paper(X}E 110 mmp= vlo]3Z D|#E o831 0.05~ 0.5%

Table 1, Preparation condition of low molecular weight chitosan by
NaBO;.

Molecular ~ Amount Concentration Reaction  Reaction
weight of  of used of NaBO; * time  temperature
chitosan chitosan (g)  4H,0 (g/) (hr) “C)
150,000 20 9.4 2 35
80,000 20 94 3 50
40,000 20 32 6 50

Table 2. Characteristics of water insoluble chitosan with controlled
molecular weight.

Chitosan - Molecular Degree -of
type Solubility weight deacetylation (%)
A 2,000,000 98.9
B 500,000 97.1
c | water 150,000 90.4
D insoluble 80,000 892
E 40,000 87.3

FTEY B FBAE wet pick-upEo] 100%7} HEE
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THE MRSA ATCC 335928 AM-3ISL Ala9] wiok uj
A2 Difco #F<2! Bacto Nutrient Broth(NB), Nutrient Agar
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MRSAE B4 E714d4|7] W&(E. Dengrmont and M.
Membre, 1995) ©71H#-E NAARABIA]S] olalle] 37°C, 24
AZE i F 5°C eldlell WA SN AREINE, 6
HE F719] A7|RELS ARSFRNA Wi FAE 30%
A& Hol -20°C ojdlollM wakalit,
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NB S#FujAl] o]48led 37°C shaking incubatoroll4] 20 hr
FRF Wik, A o] uided 1loopE AME-$ NB wiA 10
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A7 FE7 A AEERelE 344 AEEY Halo
Test Method(AATCC Test Method 90, KS K 0693), Parallel
Streak Test Method(AATCC Test Method 147, KS K 0890)
ot %A AEHe Bioassay Test(AATCC Test Method 100,
KS K 0693), 7§% AATCC Test Method 100, Shake Flask
Method, 7H% Shake Flask Method, ¥4 2% (IS L 1902)
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©] MRSA®] thd MIC7} 0.2 ppm(ERARE-949] FEE 0.002%,
& 20ppmell FFEHY SFMOIM A E-L 7ekAE MICE
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Table §. MIC Value of chitosan/acetic acid solution by antimicrobial
activity test method of two types.

Molecular weight Shake Flask  Modified Shake
of chitosan Method Flask Method
2,000,000

500,000 0.002%* 0.25%
150,000 (0.2ppm)** (25ppm)
80,000 -<ppm ppm,
40,000

* % represent concentration of chitosan/acetic acid solution for MRSA
** () represent MIC of chitosan/acetic acid solution

Table 3. Antibacterial activity of chitosan/acetic acid solution by SFM.

Mean colony number

Decrease number of

Test condition Test solution (CFU/ml) bacteria colony (%) Remarks
inoculum size 1~2x10° '
4
“woin armar SR vt
chitosan solution 0.002% 150,000 0.03x10° % docrease number -of
80,000 0.09x10° 99 bacteria colony
40,000 0.26x10* 99

Table 4. Antibacterial activity of chitosan/acetic acid solution by modified SFM.

Test condition Test Solution

Mean colony number

Decrease number of Remarks

(CFU/mb) bacteria colony (%)
inoculum size 3~4x10*

2,000,000 0 0.5% concentration of

500,000 0 . on. -
chitosan solution 0.25% chitosan solution

150,000 0 100% 99%decrease number
80,000 0 of bacteria colony
40,000 0
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g gt dgE nAe ALR d&He] fed ole 7R
¥o| H9el| T8, F3E 7| EARe] deje} 71EAL ApAe} &
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o] & o el diAe] AAHT UeE EAs. o
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o] WHEA] Y A= v YA U EY FU§
FIEAHZRA 899 FRoME gtH el Alel7t HEHA u
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Al BEo] FIEALC R AM2F cotton filter paper®] MIC7}
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AL 7B E 7HE "Ele] Sl A SFM7E
HEEE B 47T BAVL e YR BEHoE 3
2 e Rer Algg

® 7] Eese AMEA F1EA A9 MICE SFM$H
W& SFMAA Zizh 0.2 ppmt 25 ppm @ BA] 437 28R/ 4
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o F H} e SFMETH= 0% SFMell] MICPT Eolborrt
itk 2% 2EA17]5 Aok 28y Table 65 Table 70141
HRol 7|EQe] il E¥E Fee DA Al
MIC7} Fd&HA] vehta Qlol =8l3ez ols)sr] ofjith

A0 Z 71 cotton filter paper?] FFAHNAM SFM
7t HEEE A Mg W gdo] A FFHA &
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Table 6. Antibacterial activity of the cotton filter treated with chitosan/acetic acid solution by SFM.

Mean colony

Decrease number of

Test Method Test condition Test solution number (CFU/ml) bagteria colony (%) Remarks
inoculum size 2~3x10*
2,000,000 330 98 0.05~0.1% concentration
coating on 500,000 180 of chitosan/acetic acid
Sh::: thP(‘)I:i‘Sk the cotton 0.05% solution : 99% Decrease
filter paper 150,000 120 09 number of bacteria
80,000 103 colony
40,000 70
Table 7. Antibacterial activity of the cotton filter treated with chitosan/acetic acid solution by modified SFM.
L. . Mean colony Decrease number of
Test Method Test condition Test solution number (CFU/ml)  bacteria colony (%) Remarks
inoculum size 0.5~1x10*
2,000,000 0 0.1~0.25% concentra-
Modified Shake  coating on 500,000 1 tion of chltf)san/acetlc
Flask Method  the filter or 0.05% acid solution :99%
€ © Hiter pap 150,000 3 99.9 Decrease number of
80,000 0 bacteria colony
40,000 14
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£ 005% BA M2 YA el e ALz Hel 7t
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FIRANEAY S8e g PeF 7T Wl MRSA Tl )
¥ MICEH-3 MIC): Table 891% wet pick upS 100%2
TR 7N EAHERA 58909 F cotton filter paperE # 23}
& W MRSA?| F4& AAATE 7IEAHZAL 4899 F
232 EEE AXSATt

Table 825E] MRSAS] F4& AAANE F e HE7HF
o AMElE 7IEAE 80 ALEEE TAR sl
MRSA?] 5418 A2 7F57 shs He{RHol 18}, ¥als|o]
Ue 7B AHe] HAFEE A4k 7PsE,

Table 8ol St @bl ulel MRSA A{ARA|7L L8
Bl FIEANRAY 8] AheErt WIlET g B 4
Fil=

4 SFMelME 7184 ARRe] MRSAS tidt MIC7} 0.2

Table 8. MIC of MRSA on the chitosan/acetic acid solution and the
filters treated with chitosan/acetic acid solution.

Chitosan type Shake Flask Modified Shake
(molecular weight) Method Flask Method
2,000,000
300000 0.05% (5 ppm)* 0.05% (5 ppm)
130,000 (cotton filter) (cotton filter)
80,000 "
40,000

* () value is MIC of chitosan/acetic acid solution

Table 9. Strength and weakness of the SFM.

ppmol AT WHA cotton filter paper® 7)EAWEMN Fgdog
7V AE FIEANEA 899 T2} 0.05% oL
2 fA=elowt ggee] ddsm Ut} A EAC R sHEE
e R F&Ee] e 7Bt 4] AktoBRE] FatEo
e F1EMe] MRSAY didle] daHE AHY = Ue
MICE] E=&°] thE2] ALte2RE 7Fes)zc),

SFMe] 7% wet pick upel 100%°)28 0.75g2) 79
o FAEE 71BN 89 F& 0.75me) T 0.05% B
E2] 7|EAEA 88 075ml Wol 850 Y FEA
o] FAF 0758 HEel| 185 RaEe 7 EAte] %=
YAFTHE 0.75%(0.05/100)=7.5x5x107° go.2 Atgic},

2% sFMel| 93 71EM JHegEe] e e 7
Fejo] Hahel 7.5x5x107° go] 7)EAYe] HEFY 75ml 4ol
FAeg N2 A FEE 7.5%5x107° g/75 ml=5x107°
g/mi=5 ppm©. 2 Aikgr},

SFM7} H88 o} 71 B4t "9 MICPT 0.2 ppmel S ¥
A 71BN 7 dEY] SAkE e B9 FgEo] AdEol
MRSA] tist MIC7} 259 AF58le] 5ppmo g Uehty
Ak,

FIEA A &ad FFoNME 15mle) HEFY ol
0.75 miell SG3he 7| EabERA S8o] Hrlso] g3 &
gHE2 gdo] F o) gloy 7EAe] w3} B3ty 7}
T M HEIER 7| Edle] TAJEE T2E| o] Ex)
ez et FRET Ae FIEA AR BisA g
go] Hlglehs £33 vl$ B JAog wolEszin

-t SFM7E 183 Aol disle BeEe 34

Strength
can be performed within short time.

@ As antibacterial effects testing time of fiber(shaking time of inoculated bacterial solution and test fabrics is an hour, test

@ As it is not required of dilution after testing due to no multiplication of bacteria after shaking incubation, testing method

is very simple.

Weakness
arithmic growth phase in life cycle.

@ 1t cannot be clearly confident if bacteria included in the inoculated bacterial solution are those that correspond to the log-

@ Number of bacteria included in the inoculated bacterial solution is defined as 1.5~3 x10® unit/mL. But, it cannot be correctly
measured and number of early bacteria can be different by inspectors, so possibility that difference in antibacterial per-

formance may occur is high.

@ Under the shaking testing condition that fiber and inoculated bacterial solution are contacted, the inoculated bacterial solu-
tion has no nutrition. Therefore, this condition is too different from wearing conditions and bacteria cannot grow due to

extreme lack of nutrition.

@ Inoculation and culture time of fiber and inoculated bacterial solution is an hour. It is unsuitable. An hour of contact and
culture time never considers induction phase that bacteria can adapt to new environment and is significantly different from

the wearing time,

® 25%5°C is unsuitable for inoculation and culture temperature of test fabrics and inoculated bacterial solution. Considering
body temperature is 37°C, 25+5°C is not suitable for the actual wearing environment and low temperature of 25 +5°C is
not recognized to be suitable temperature for multiplication of skin flora.

® Inoculation and culture are performed under completely soaked condition of test fabrics within the inoculated bacterial
solution. Antibacterial test of antibacterial processing textile in water is significantly different from the actual wearing

condition.

@ Antibacterial effect is recognized when reduction of bacteria is over 26%. But, it is recognized that reduction of bacteria
should be greatly higher than 26% for validity of antibacterial effects.
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Table 10, Strength and weakness of modified SFM.

Strength
compared to shake flask method.

@D 1t is suitable for growth conditions of bacteria as nutritious sources are sufficient in the inoculated bacterial solution

@ The problem, which the inoculated bacterial solution and test fabrics cannot be contacted evenly, resulted from
AATCC Test Method 100, is settled because it is tested in water.

Weakness
in the shake flask method remain as it is.

Except that some of item (@ and @ among weaknesses proposed in the shake flask method, most weaknesses proposed
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