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Optimization of Experimental Conditions for the Chitosan Antibacterial
Activity Test against Staphylococcus aureus
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< Abstract>

Experimental conditions for evaluating chitosan antibacterial activities were established. The chitosan
antibacterial activities were measured against the Staphylococcus aureus and evaluated for their application to
antibacterial textile finishing. The strain of Staphylococcus aureus used in this experiments was KCTC 1916.
The chitosan antibacterial activities were estimated from the bacterial densities or %reduction of bacteria in
chitosan solutions and bacterial culture mixtures after incubation under specific conditions.

Six parameters as follows were evaluated to optimize the experimental conditions for measuring
antibacterial activities. The different combinations of mixtures according to the different ratios of chitosan
solutions to the bacterial cultures showed different antibacterial activities. However, the chitosan antibacterial
activities could be evaluated by comparing the data obtained from the same combinations of mixtures. The
solvent influence on the chitosan solution antibacterial activities could be eliminated using control solution
containing the same concentration of acetic acid. The initial pH of the chitosan -bacterial mixtures also
affected the chitosan antibacterial activity; at a higher pH, higher activity in terms of %reduction of bacteria
was observed. In case of the bacterial solution without either the acetic acid or chitosan, the initial pH of the
solution did not significantly affect bacterial growth. The % reduction of bacteria increased when contact times
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of bacteria with chitosan in the chitosan -bacterial mixture were expended upto 24 hours. However, the
chitosan antibacterial activities could be successfully evaluated at contact time O where the chitosan-bacterial
mixture was plated immediately after mixing and incubated to measure the bacterial number to 24 hours.
Evaluating %reduction of bacteria in the test mixtures after incubation were not changed when the inoculated
bacterial concentrations were 2.3 x 10%/ml to 2.3x 10%/ml. The optimal range of incubation time of the
petri-dish after plating the chitosan-bacterial mixture was 24 to 72 hours depending on the antibacterial

activities of the test solutions.
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<Table 1> Physicochemical properties of chitosan samples
Chitosan types Solubility Viscosity(cps) Molecular weight(dalton) | Degree of deacetylation(%)
#1 Water-insoluble 4 - 86
#2 Water-soluble - 3,000 -
IL A 3 <Table 2> Bacterial strain
Bacterial species Strain
1. AlIE &A1
Staphylococcus aureus KCTC 1916
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(1) Chitosan solution (2) Bacterial culture
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m =l W mix
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(3) Chitosan-bacteria mixture

* pipette out and dilute

* put into test tube(1ml)

pour agar medium into the test tube =3

‘ plate on petri dish

—

* incubation(37° C/24-72hr.)

count colonies

'

(4) Calculate bacterial numbers in 1ml

'

(5)Estimation of antibactrial activity

<Fig. 1> Procedure for antibacterial activity test of chitosan ( o water w broth medium Yrchitosan bacteria w acetic acid )
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<Table 3> Characteristics of chitosan solution 3 g JEA-F TN FZ3Au) R (top
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<Table 4> Composition of bacterial culture media

(A) Broth medium : peptone (10g), beef extract(5g),
NaCl(5g), deionized water(1,000 ml)
(B) Agar medium
bottom agar : broth medium + 1.5%agar
top agar : broth medium + 0.7~0.8% agar
(COpH: ¢F7.0~7.2
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<Table 5> Types of chitosan solution- bacterial culture mixtures (Chitosan #1 was dissolved in 0.5% acetic acid).

T s
Component of mixture(ml)

A B C

Chitosan #1 solution 0.1 0.5 0.9

Bacterial culture 09 0.5 0.1

28 (% reduction of bacteria) = A—fx 100
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z Broth medium-bacteria Acetic acid-bacteria Chitosan-bacteria
mixture mixture mixture
o A 79 6.9 32
B 8.9 73 26
] C 6 2.1 1.1

Test solution-bacteria mixture

<Fig. 2> Effects of the composition of chitosan-bacterial solution mixture on the growth of Stephylococcus aureus (Experimental
onditions were as follows: Initial bacterial density 1x106, Contact time 0, Incubation 37° C/24 hrs. Conc. of acetic acid
0.5%. Final conc. of chitosan#1 0.1% , pH 4)
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Chitosan-bacteria
mixture
0.05%/pH5.1
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<Fig. 3> Effects of acetic acid concentrations of chitosan-bacterial mixtures on the growth of Staphylococcus
aureus(Experimental conditions were as follows : Initial bacterial density 2 x 10°, Chitosan -bacterial mixture type A,
Contact time 0, Incubation 37° C/24 hours. Conc.of acetic acid 0.05% or 0.1% . Final conc.of chitosan #1 0.1% )
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<Fig. 4> Effects of solvents used for dissolving chltosan on the growth of Staphylococcus aureus(Experimental conditions were
as follows: Initial bacterial density 1.0 x 107, Test solution-bacteria mixture type A. Contact time 0, Incubation 37°C/24
hrs. Conc. of acetic acid 0.05%. Conc of chltosan #20.1%)
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<Fig. 5> Effects of the initial pH’s of chitosan-bacterial mixtures on the growth of Staphylococcus aureus(Experimental
conditions were as follows : Initial bacterial density 1.0 10°, Chitosan-bacterial mixture type C, Contact time 0,
Incubation 37° C/24 hours.Conc. of acetic acid was 0.5%. Conc.of chitosan#1 0.1%)
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<Table 6> Effects of chitosan-bacterial contact tlmes on the growth of Staphylococcus aureus(Experimental conditions were as
follows: Initial bacterial density 2.0 x 108, Chitosan -bacterial mixture type A, Incubation 37°C/24 hrs. Conc. of acetic
acid 0.05%. Conc. of chitosan #1: 0.1%. H means number of colonies which are too many to count)

: Number of bacteria ( X 10%)
Test solution-bacteria mixture pH Contact time (hrs)
0 4 % | 48
Broth medium-bacteria mixture 6.9 H H H H
Acetic acid-bacteria mixture 5.1 H 120.0 6,300.0 H
Chitosan-bacteria mixture - 5.1 H 1.0 0.0 H
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<Fig. 6> Effects of initial bacterial densities of chitosan-bacterial mixtures on the growth of Staphylococeus aureus(Experimental
conditions were as follows :Chitosan-bacterial mixture type B. Cantact time 0, Incubation 37°C/24 hours, Conc. of

acetic acid, 0.5%. Cone. of chitosan #1was 0.1% )
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<Fig. 7> Effects of initial bacterial densities of chitosan-bacterial mixtures on the % reduction of Staphylococcus
aureus.(Experimental conditions were the same as Fig. 8.)
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<Table 7> Changes in the number of colonies appearing on the agar plates during incubation after plating of chitosan-bacterial
mixtures (Experimental conditions were as follows :Initial bacterial density 1.0 x 10*, Chitosan-bacterial mixture type A,
Contact time 0, Incubation 37° C /24 hours. Cong. of acetic acid : 0.5%. Conc. of chitosan#1 : 0.1%, H means number
of colonies which are too many to count. M means the number of colonies which are not so many as ‘H’, but still

uncountable).
Incubation Ti .
Test solution-bacteria mixture Chitosan concentration(%) ubation Time (hs.)
24 48 72 96
Broth meium 0 H H H H
Acetic acid 0 0 M M H
. . 0.1 0 M M H
Chitosan solution
1.0 0 0 0 H
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