Journal of the Korean Society of Dyers and Finishers
Vol. 10, No. 3, pp.50~56(1998. 6)

CHroesm s (B8 1))

Agdigty o) Ftat
(19989 59 262 )

Antimicrobial Finish of Nonwoven Fabric by Treatment with Chitosan
Younsook Shin and Kyunghye Min

Dept. of Clothing & Textiles, Chonnam National University, Kwangju, 500-757, Korea
(Received May 26, 1998)

Abstract— Nonwoven fabric was treated with chitosan solution to impart antimicrobial activities by pad-
dry method. Antimicrobial activity was measured by Shake Flask Method. Two chitosans of different
molecular weight(Mw) with similar degree of deacetylation(DDA) were used : ca. 1,800(chitosan oligo-
mer ; DDA 84%) and 180,000(DDA 86%). Chitosan oligomer displayed high antimicrobial activity against
P vulgaris at 0.01%, S. aureus and E. coli at 0.05% treatment concentration, showing above 90% of reduction
rate. Chitosan of Mw 180,000 was effective against S. aureus, E. coli and P. vulgaris at 0.05% treatment
concentration, showing almost 100% reduction rate. While chitosan of Mw 180,000 showed reduction rate
above 75% against K. pneumoniae and P. aeruginosa at 0.5% treatment concentration, chitosan oligomer
was not effective against them. Fabrics become stiffer and less air permeable as treatment concentration
increases. Liquid strike-through time of the sample treated with 0.5% chitosan oligomer solution(3.0 sec)

was comparable with a hydrophilic finished sample commercially available(2.6 sec).

1. Introduction

Nonwoven fabric is a rapidly growing segment
of textile industry. The applications of nonwoven
fabrics range from disposable hygienic products
through sophiscated medical fabrics along with in-
dustrial uses. The fabrics selected for this study
is polypropylene nonwoven for use as coverstock

of hygienic products. Coverstock is topsheet of dia-
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per and sanitary products and its side is contacted
directly .with skin. Skin troubles such as diaper
rash become a frequent problem with baby wearing
disposable diaper. Currently, there is increasing
necessity for antimicrobial finishing due to consu-
mer’s great interest in health care.

It is well known that chitosan inhibits the growth
of many bacteria including Gram-negative and

Gram-positive ones' ™. Recently, chitosan oligomers
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with low degree of polymerization have received
much attention because of higher antimicrobial ac-
tivity and water solubility comparing with chitosan
of high molecular weight”. Chitosan itself is known
to induce little skin reaction over a wide range
of biomedical investigation. This is an important
advantage especially for the application onto next-
to-skin fabrics.

In the present study, we investigated the appli-
cability of chitosans including chitosan oligomer
to impart antimicrobial properties to polypropylene
nonwoven fabric for use as coverstock. The effect
of molecular weight on the antimicrobial activity
against various strains of bacteria(Staphylococcus
aureus, Escherichia coli, Proteus vulgaris, Klebsiella
pneumoniae, and Pseudomonas aeruginosa) was
studied using a chitosan oligomer and a chitosan
of high molecular weight. Additionally, performa-
nce properties of treated nonwoven fabrics inclu-
ding strength, stiffness, air permeability and liquid

strike-through time were measured.
2. Experimental

2.1 Materials

100% polypropylene nonwoven fabric(thermal
bonded, 26g/m, 0.13mm thickness) was used. Two
chitosans of different molecular weight with simi-
lar degree of deacetylation(DDA) were used : ca.
1,800(Se-Hwa Co.) and 180,000(Protan Inc.).

2.2 Determination of molecular weight

The molecular weight of chitosan oligomer was
determined by gel permeation chromatograph(JA-
SCO, LCSS-905, Jasco. Co., Japan) with Shodex
OHpak SB-801, SB-802, SB-803 columns using 0.1
M NaCl in 0.2% acetic acid as a mobile phase at
a flow rate of 1m¢/min. Standard compounds used
were pullulan(Mw ;5 853,000, 95,400, 23,700, 5,800)
and chitosan oligosaccharides(Mw ; 322, 483, 706,
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876).

2.3 Estimation of DDA

Colloid titration technique” was used to esti-
mate DDA. Colloid solution was made by dissolving
1g of chitosan in 100m¢ of deionized water and
100m¢ of 0.4M acetate buffer(18m¢ of 0.4M acetic
acid/82m¢ of 04M sodium acetate). 1g of colloid
solution mixed with 30m¢ of deionized water was
titrated with 1/400N potassium polyviny! sulfate
solution after adding 2~3 drops of toluidine blue

indicator, and then DDA was calculated.

2.4 Treatment of nonwoven fabrics

Chitosan oligomer(Mw 1,800) was dissolved in
distilled water and the other chitosan(Mw 180,
000) in 2% acetic acid solution. Fabric samples
were padded with chitosan solution of 0.01~ 1.0%
(w/v) to give 100% wet pick-up. The padded sam-
ples were dried at 100C for 3min. The samples
treated with chitosan of Mw 180,000 were rinsed
in distilled water.

2.5 Evaluation of antimicrobial activity

Antimicrobial activity of the treated fabrics was
evaluated by Shake Flask Method® in terms of
bacteria reduction rate. Five strains of bacteria
were used ; Staphylococcus aureus(ATCC 6538),
Escherichia coli(ATCC 8473), Proteus wvulgaris
(ATCC 881), Klebsiella prneumoniae(ATCC 4352),
and Pseudomonas aeruginosa(ATCC 13388).

2.6 Evaluation of performance properties

Performance properties of the treated samples
were evaluated using published standard procedu-
res including breaking strength in machine direc-
tion, IST(INDA standard test) 1104 : stiffness,
IST 90.1 7 air permeability, IST 70.1 5 liquid strike-
through time using simulated urine, ERT 150.2-93
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recommended by EDANA(European disposable

and nonwoven association). Simulated urine was

100 -0
discharged at a rate of 25mf/3.5sec through the
funnel fitted with magnetic valve.
. 80 —O— S aureus
—&— E. coli
. . —0— P. vulgaris
3. Results and Discussion 9 —g— K peumoniae
. \g 60 2 —CO— P. aeruginosa
[+
3.1 Molecular weight and DDA §
°
=
The molecular weight of chitosan oligomer is E 40 - [ Y
distributed in the range of 1,400~2,300 and the %— V— - v
weight average molecular weight is 1,814. Its DDA 20
was 84%. The polydispersity index of chitosan of
Mw 180,000 was 243 and its DDA was 86%. 0 | i L L i
0.0 2 4 .6 .8 1.0
3.2 Antimicrobial activity of treated fab- Chitosan conc. (%)
rics Fig. 1 Antimicroial activity of the samples
Five strains of bacteria are selected in this study treated with chitosan oligomer.

because they are distributed commonly in our en-

vironment and cause cross infections. All of them 100
except S. aureuws, which is Gram-positive, are
Gram-negative. K. pneumoniae causes lung fever. 80
P. vulgaris and P. aeruginosa decompose urea and
. . °\°
cause skin problems such as diaper rash. S. aureus % 6 O— S, qureus
and E. coli cause infection and diarrhea, respecti- g —A— Ecoli
g —{~ P. vulgaris
vely. g —<~ K pneumoniae
. .. . .. 3 —O— P. aeruginosa
Figs. 1~2 show antimicrobial activity of the sa- E 40
mples treated with chitosan oligomer and chitosan
of Mw 180,000, respectively. The samples treated 20
with chitosan oligomer display antimicrobial acti-
vity above 90% of reduction rate against P. vulgaris 0 | . L |
at 0.01% treatment concentration, S. aureus and 0.0 2 4 6 .8 1.0
E. coli at 0.05% treatment concentration. The sam- . Chitosan conc. (%)

ples treated with chitosan of Mw 180,000 display

Fig. 2 Antimicroial activity of the samples
high antimicrobial activity against S. aureus, E. coli

treated with chitosan of Mw 180,0000
and P. vulgaris at 0.05% treatment concentration,

showing almost 100% reduction rate. san oligomer is not significantly effective against

Comparing antimicrobial activity, chitosan oligo- K. pneumoniae and P. aeruginosa below 1.0% treat-
mer is more effective against E. coli and P. vulgaris
than chitosan of Mw 180,000. They show similar

effectiveness against S. aureus. Surprisingly, chito-

ment concentration, showing 30~40% of reduction
rate. Whereas, chitosan of Mw 180,000 gives above

75% of reduction rate against K preumoniae and
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P. aeruginosa at 0.5% treatment concentration. The
result indicates that the molecular weight of chito-
san affects strains of bacteria being effected as
well as effectiveness of inhibiting the growth of
bacteria, because there is no significant difference
in DDA between chitosan oligomer and chitosan
of Mw 180,000. Seo et al. also reported that mini-
mum inhibitory concentration of chitosan(Mw 3X
10°, DDA 80%) was different depending on the
strains of bacteria and some bacteria were not ef-
fected significantly’. Uchida et al. studied the ef-
fect of molecular weight of chitosan oligomer on
the antimicrobial activity and found that chitosan
oligomer consisted of 4~7 unit inhibited the gro-
wth of E. coli, while oligomer mainly consisted of
3~4 unit did not retard the growth of E. coli”.
On the other hand, Tokura et al. reported that
although chitosan oligomer of Mw 9,300 was the
growth inhibitor of E. coli chitosan oligomer of
Mw 2,200 was not growth inhibitor but growth
accelerator”. Until now, the effect of molecular
weight on the antimicrobial activity of chitosan is
not clearly defined yet. Considering that DDA of
chitosan is an important factor affecting antimicro-
bial activity, it is not reasonable to compare the
results of these studies because DDA of chitosan
oligomer being used by them was various.

In the case of K. prneumoniae and P. aeruginosa,
their mechanism of growth inhibition by chitosan
seems to be different from other three bacteria
because chitosan of Mw 180,000 is effective against
them but chitosan oligomer is not. In other study®,
we treated cotton fabrics with a series of chitosans
with different molecular weight and similar DDA
and obtained the similar results. There are two
proposed mechanisms of antimicrobial activity by
chitosan. In one mechanism, the polycationic na-
ture of chitosan interferes bacterial metabolism
by stacking at the cell surface”. The other mecha-
nism is the binding of chitosan with DNA to inhibit
mRNA synthesis®. In this mechanism, chitosan

Eo] JuYETE 53

must be hydrolyzed to the molecular weight less
than 5,000 which is easy to permeated into cell®.
From the result, it is speculated that the growth
of K. pneumoniae and P. aeruginosa is more effecti-
vely inhibited by the chitosan molecule of large
size than that of small one by stacking on the cell
wall. Further studies are required on the mecha-
nism of antimicrobial action of chitosan including

chitosan oligomer.

3.3 SEM analysis

Fig. 3 shows SEM pictures of the treated samp-
les. More surface deposition is observed in the
samples treated with chitosan of higher concentra-
tion and higher molecular weight, as expected.
While small scattered surface deposition is obser-
ved in the samples treated with chitosan oligomer,
extensive surface deposition is observed in 0.1%/Mw
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Fig. 3 SEM picture of the t:~ - { samples.
a; 0.05%/Mw 1,800 b, ‘.i%/Mw 1,800
c; 0.05%/Mw 180,000
d; 0.1%/Mw 180,000

180,000 treated sample. This change in surface
morphology of fabrics due to devnnsition affects air
permeability and liquid strike-through time as well
as stiffness and strength of the treited samples.

3.4 Performance properties of treated fab-

rics

Table 1 shows performance properties of treated
fabrics. Stiffness of treated samples increases with
the increase of molecular weight of chitosan and
treatment concentration. Chitosan of Mw 180,000
gives more surface deposition than «hitosan oligo-
mer as shown in Fig 3, and thus makes fabrics
stiffer. Breaking strength in the machine direction,
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corresponding to the warp direction of woven fab-
rics, decreases up to 18%. Breaking strength in
the machine direction is important in manufactu-
ring hygienic products by continuous process.
Usually, 3.5~4.0kg/5cm is necessary for conti-
nuous process. Although strength in the machine
direction decreases slightly, strength of the treated

" samples is enough for use as a coverstock.

Fig. 4 shows the effect of chitosan concentration
on air permeability of the treated samples. Air per-
meability of the treated samples decreases with
the increase in treatment concentration. Especially,
the samples treated with chitosan of Mw 180,000
show sharp decrease in air permeability, resulting
from blocking pores by extensive surface deposi-
tion. Decrease in air permeability might be affected
adversely to the comfort of hygienic products.
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Fig. 4 Effect of chitosan conccntration on air
permeability of the treated samples.

Fig. 5 shows liquid strike-through time of the
treated samples. Liquid strike-through time is the
time taken for a known volume of liquid(simulated
urine) applied to the surface of a test piece of
nonwoven coverstock, which is in contact with an

underlving standard absorbent pad, to pass
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Table 1. Physical properties of the treated fa-
brics

Sample Treatment Stiffness Breaking strength®

(Mw) conc.(%)  {cm) (kg)®
Control - 2.55 5.38
1,800 0.01 2.63 5.20
0.05 2.75 4.39

0.50 2.87 4.68

1.00 298 453

180,000 0.01 2.65 5.10
0.05 2.70 4,92

0.50 3.82 4.73

1.00 3.95 4.76

a ; machine direction b kg/5cm
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Fig. 5 Effect of chitosan concentration on li-
quid strike-through time of the treated

samples.

through the nonwoven. Liquid strike-through time
of the treated samples decreases with the increase
of treatment concentration up to 0.5% and reaches
to equilibrium thereafter. Hydrophilicity of the
treated samples increases as treatment concentra-

tion increases because chitosan has hydroxyl and

amine groups providing reactive sites with water.
The samples treated with chitosan of Mw 180,000
show higher liquid strike-through time than the
samples treated with chitosan oligomer. Chitosan
of high molecular weight deposited extensively on
the surface of fabric and blocked the porous struc-
ture of fabric, resulting in the decrease of wicking
property and consequently liquid strike-through
time increases. Liquid strike-through time of the
sample treated with 0.5% of chitosan oligomer,
showing 100% reduction rate against S. aureus,
E. coli and P. vulgaris is 3.0sec. This is comparable
with 2.6sec of a hydrophilic finished sample com-
mercially available. Usually, less than 3.0 sec of
liquid strike-through time is required for covers-
tock.

4. Conclusions

PP nonwoven fabric was treated with chitosan
solution of different molecular weight with similar
DDA to impart antimicrobial property for covers-
tock of diaper and hygienic products.

The samples treated with chitosan oligomer dis-
play high antimicrobial activity against P. vulgaris
at 0.01% treatment concentration, S. aureus and
E. coli at 0.05%, showing above 90% of reduction
rate. The samples treated with chitosan of Mw
180,000 show high antimicrobial activity against
S. aureus, E. coli and P. vulgaris at 0.05% treatment
concentration, showing almost 100% reduction
rate. While chitosan of Mw 180,000 is effective
against K. pneumoniae and P. aeruginosa showing
reduction rate above 75% at 0.5% treatment conce-
ntration, chitosan oligomer is not effective against
them.

Nonwoven fabrics become stiffer as treatment
concentration increases and chitosan of high mole-
cular weight produces stiffer fabric. Breaking stre-
ngth in the machine direction decreases slightly,
but it is enough for use as coverstock. Air permea-
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bility decreases as treatment concentration increa-
ses. Liquid strike-through time increases to 0.1%
of treatment concentration and reaches to equilib-
rium thereafter. Liquid strike-through time of the
samples treated with 0.5% of chitosan oligomer
shown 100% reduction rate against S. aureus, E.
colt and P. vulgaris is 3.0.sec, which is comparable
with 2.6sec of a hydrophilic finished sample com-
mercially available.

From the results, it is concluded that chitosan
oligomer is applicable to impart antimicrobial pro-
perties for polypropylene nonwoven coverstock of
diaper. And optimum molecular weight of chitosan
should be selected according to the end use of
textile products.
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