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ABSTRACT

The demand for antibacterial fabric has been recently increasing in the medical textiles. The fibers
used in textile products, especially those made from natural fibers with a large surface area and
good moisture-retention capacity, provide a favorable condition for microbial growth. They are
present almost everywhere and multiply rapidly, depending on moisture, nutrients, and the en-
vironment in which they live. The growth of microorganisms on textile products has caused a
series of undesirable effects, not only on the product but also on the user of the products. Cot-
ton fabric is easy to wrinkle. When exposed to a humid environment, it is susceptible to damage
caused by microorganisms. Therefore, antibacterial treatment for Cotton fabric 100% is a impor-
tant requirement in the textiles and garments depending on the intended use and is a prerequisite
for fabric products in the medical field. Many antibacterial agents for textiles are already known
such as organo-metallics, phenols, quaternary ammonium salts. Triclosan is a popular antibacterial
chemical. Triclosan is present everywhere in life from consumer products such as toothpaste, soap,
detergents, toys, household appliances to cosmetics. Especially Triclosan is an antibacterial agent
used quite a lot in the textile industry. Triclosan with chlorinated phenol, a synthetic chemical, is
common and potential antibacterial agent. In this study, The technical parameters were investi-
gated include Triclosan concentration, dipping time, drying temperature, citric acid concentration
to evaluate the effects of treated parameters on the antimicrobial efficiencies of the 100% cotton
fabrics. The results show that cotton fabrics after finishing treatment with Triclosan and applying
citric acid (CA) as important bonding chemical have good antibacterial ability and also have im-
proved durable antibacterial properties after 5 launderings. The antibacterial properties of treated
cotton fabrics was evaluated based on ASTM E2149-01 standard, the experiment was done with

E.Coli ATCC 25922 and S. Aureus ATCC 6538.
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INTRODUCTION

Recently, with the Covid-19 epidemic stage, the de-
mand for antibacterial textiles has been increasing in
the medical field. The large surface and the retaining
moisture of textile structures are the cause of microor-
ganisms’ growth, which have also been having unde-
sirable effects on the textile itself and the users. There-
fore, antibacterial finished textile is a crucial matter
to medical and hygienic applications. Finishing an-
tibacterial needs to ensure the following requirements
for the best quality final product: Choose an appro-
priate antibacterial method that is easy to apply and
does not cause adverse effects on fabrics; When fin-
ishing antibacterial, it is necessary to pay attention to
the properties of the fabric such as elasticity, thermal
impact and mechanical impact on the product; They
do not create harmful substances that affect users and
the environment; chemical concentrations within safe
ranges,; low cost and efficiency, comply with require-
ments, regulations, laws on hygiene and safety during

operation 2.

Triclosan to be an antibacterial and antifungal agent.
Triclosan is present everywhere in life from consumer
products such as toothpaste, soap, detergents, toys,
household appliances to cosmetics. Especially Tri-
closan is an antibacterial agent used quite a lot in the
textile industry. Antimicrobial activity of Triclosan
will attack both cell membranes and cytoplasm. How-
ever, when commercialized, Triclosan is used at low
concentrations within the allowable range, antibacte-
rial activity will take place by inhibiting the fatty acid
production of bacteria®*. Finishing antibacterial on
fabrics has the main purposes: Protect product users
to minimize exposure to pathogenic microorganisms
and Protects products from damage in durability and
color caused by microorganisms, in addition to min-
imizing unpleasant odors from mold >°.

Therefore, Purpose of this study is to develop an an-
tibacterial textile finished with Triclosan on cotton
fabric with medium cotton fabric weight and fine-

Cite this article : Hue T T K, Huong B M. Application of triclosan in antibacterial finishing on 100%
cotton fabric. Sci. Tech. Dev. J. - Engineering and Technology; 4(4):1277-1283.

1277



Science & Technology Development Journal - Engineering and Technology, 4(4):1277-1283

ness. Triclosan is a synthetic chemical and it is finish-
ing treated on the cotton fabric by chemical finishing
method using dip-pad-dry process’*. This method is
simple and easy to perform.The antibacterial finish in
this method is achieved by soaking the fabric in a sol-
vent solution containing the antibacterial agent for a
suitable time, which is then pressed through the pad-
der. Finally the fabric is then dried at a specific tem-
perature and time 0.

The technological parameters include Triclosan con-
centration, dipping time, drying temperature, etc....
Besides, cotton fabrics were treated with Triclosan
and then treated with citric acid (CA) as important
chemical to improve durable antimicrobial ability af-
ter 5 launderings. The antimicrobial ability of finished
fabrics was evalutated based on ASTM 2149-01 stan-
dard, the experiment was done with E. Coli ATCC
25922 and S. Aureus ATCC 6538. Totally, achieved
data showed an antimicrobial ability conferred by the
treatment.

MATERIALS AND METHODS

Materials

Triclosan(5-Chloro-2(2,4 dichlorophenoxy)phenol,
>90% purity), ethanol (99,5%), citric acid (99,5%)
were taken from Xilong Chemical company in China.
The particular 100% cotton fabrics, woven farbics,
specific weight 181g/m?2, warp yarn count 141 threads
cm™ !, weft yarn count 58 threads cm L, cotton fab-
ric were pretreated to remove impurities (provided by
Viet Thang Company) were used. Sizes were cut with
12cm x 12 cm.

There are two bacterial used in the experiment.

They are E. coli and S. aureus. These bacterial were
taken from Center for Biotechnology in Ho Chi Minh
City, Viet Nam.

Coating process

Triclosan (3 g/1, 5g/1, 10 g/1, 20g/1) was applied to cot-
ton fabrics separately using liquor ratio 1:10 and pH 5-
7 by a dipping-padding-drying procedure. The fabric
was dipped in triclosan solution and kept for 15 min,
then padded with the padding at a suitable force of 2.2
bar to make the evenly surface of triclosan on each of
the material substrates. Finally the fabrics were heated
at 80°C in 5 minutes in a drying machine.

To study the effect of dipping time, drying tempera-
ture, acid citric on the finishing process, three time
was chosen: 15 mins, 30 mins, 45 mins; dry temper-
ature (60°C, 80°C, 100°C); citric acid (1%, 2% owf,
concentration on weight fabric).
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Chemical composition analysis

The treated fabric was determined by FTIR method,
Bruker machine, Germany.

Antimicrobial testing

Determination of antimicrobial ability on finished
cotton before washing and after five washing cycles
on two bacteria E.coli and S.aureus based on ASTM
E2149-01.
mined the antibacterial effect in standard conditions
(37 £ 1°C, 24 h). Antibacterial treated fabric samples
were shaken in jar for each type with the required dilu-
tion containing different two bacteria. The microbial

The reduced amount of bacteria deter-

content of the solution was assessed after shaking. The
antibacterial ability of the fabric sample was evaluated
through the ability to kill bacteria. The rate of reduc-
tion of bacteria (%) after 60 minutes was determined
by counting the number of bacterial CFU on the petri
dish.

The fastness of antimicrobial ability to
laundering

The laundering process was performed based on
AATCC Method 124-1996. The setting condition for
washing was exactly 40°C.

RESULTS AND DISCUSSION

Evaluate the antimicrobial activity of the
material after finishing with different tri-
closan concentration

Ability against bacteria of the materials after finish-
ing with different triclosan (3 g/l, 5 g/1, 10g/1, 20 g/1)
was performed by popular process based on ASTM
E2149-01, using two particular bacteria E.coli and S.
aureus.

The results of the above different triclosan concentra-
tion investigation proved that the best antimicrobial
activity to E.coli and S.aureus on finished fabric was
100%, respectively. The obtained data from Table 1
and Table 2 proved that the possibility to resist S. au-
reus and E. coli on Cotton fabric is very good, with an-
tibacterial capacity of 100% with triclosan 5 g/1,10g/1
and 20 g/l. At triclosan 3 g/l, the antibacterial capac-
ity was 90.76% for gram positive and 91.3 % for gram
negative bacteria. From the above results, to save ma-
terials, triclosan 5 g/l is the most suitable for finishing
antimicrobial possibility on both bacteria.

Investigate the effect of dipping time and
drying temperature to antimicrobial possi-
bility after finishing

The achieved data from Figure 1 proved that, after
dipping time is 30 mins, the antimicrobial possibility
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Table 1: Investigation of triclosan concentration on antimicrobial activity of S. aureus of finished fabric

(bacteria concentration 10* CFU/ml)

Recipe name
locating on fabric x10*

Blank 119
Triclosan 3g/1 11
Triclosan 5 g/l 0
Triclosan 10 g/1 0
Triclosan 20g/1 0

The amount of bacteria remaining S. aureus (CFU/ml) after

Bacterial reduction %

90.76
100
100

100

Table 2: Investigation of triclosan concentration on antimicrobial activity of E coli of finished fabric (bacteria

concentration 10* CFU/ml)

Recipe name
cating on fabric x10*

Blank 92
Triclosan 3g/1 8
Triclosan 5 g/l 0
Triclosan 10 g/1 0
Triclosan 20g/1 0

The amount of bacteria remaining E.coli (CFU/ml) after lo-

Bacterial reduction %

100
100

100

of S. aureus is much increased. Particularly, the an-
timicrobial possibility more increased from 88.24 % to
100%. This suggests that, when the best dipping time
to S.aureus is 30 mins. If the dipping time is too long
or too fast, it is not suitable. However, the dipping
time is not much affected to gram negative bacteria
when time is raising from 15 min to 45 mins. Clearly,
finished samples were not much affected from ambi-

ent conditions.

45 I 100

’ 84.03

30 I 00

} 100

Dipping time (mins)

100

oy
w
5

70 80 90 100

Antibacterial Ability (%)

W E coli S.aureus

Figure 1: Investigation of dipping time on antimi-
crobial possibility of S. aureus and E.Coli after finish-

ing

Antimicrobial results from Figure 5 and Figure 6 show
that the investigated temperature strong impact the
antimicrobial properties of cotton fabric after apply-
ing with triclosan solution. At a temperature of 80°C,
the cotton fabric gives further improved antimicrobial
possibility at 60 °C and 100°C. The most special prop-
erty at 60°C is only 94.12 % to gram positive bacte-
ria and 98.63 % for gram negative bacteria. While the
sample was at 80°C, the bactericidal ability was 100%
for both bacteria. These results are also evident in the
images of antibacterial petri dishes. Images on Fig-
ure 5 and Figure 6 shows testing for antimicrobial S.

aureus after investigating at 60°C, 80°C and 100°C.

The possibility of gram negative bacteria resistance in
the treated fabric at investigated temperature to 60°C
was more great than in the treated fabric to S. aureus
at 60°C. From above data of possibility of bacteria re-
sistance to the drying condition of both bacteria, the
investigated conditions much impacted the antimi-
crobial possibility on the materials finishing with tri-
closan solution. if the temperature is raising, possibil-
ity of bacteria resistance is decreasing. Fabrics were
treated with temperature of 80°C give the best an-
tibacterial ability.
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Figure 2: Effect of citric acid concentration on an-

timicrobial possibility of E.coli and S. aureus of ma-
terials after 5 washing cycles
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Figure 3: FT-IR image of original cotton fabric (a),
finished with triclosan (b).

Examine the effect of washing process and
acid citric concentration to antimicrobial
possibility after finishing

The materials after finishing with triclosan solution
(non citric acid and have citric acid 1%, 2%) are
washed five cycles, tested for antibacterial ability. The
obtained data were raised in Figure 2.

Figure 3 proved that the laundering procedure de-
creased antimicrobial possibility of E. coli and S. au-
reus. Particularly, antimicrobial possibility much re-
duced after laundering fabric from 100 % to 31.93 %
to S. Aureus. E. Coli fastness also reduces to fiishing
product after applying laundering procedure. Resis-
tance to S. Aureus had a stronger decrease than that
of E. Coli, specifically, when not washed, all samples
reached 100% on both types of bacteria, but after only
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Figure 4: FT-IR image of original cotton fabric (a),
treated with triclosan (b), treated triclosan and citric
acid 1% (c).

B The amount of bacteria
Recipe name remaining S. avreus Bacterial
(CFU/ml) after locating reduction
on fabric x10% %
Blank 119 0
60°C 7 94.12
80°C 0 100
100°C 5 9832

Figure 5: Effect of drying temperature on antibmi-
crobial activity of S.aureus of finished fabric (bacteria
concentration 10* CFU/ml)

5 times of washing, the ability to microbial resistance
in S. Aureus was less than 50%, in E.coli, the resistance
was more evident by maintaining the figure above
80%.In addition, when considering each fabric sam-
ple treated with 1%, 2% acid and no acid separately,
the difference in antibacterial ability can be clearly
seen. Specifically, in samples treated with 1% acid, the
antibacterial ability of the fabric reached the highest
efficiency, even reaching 96.25% for E. Coli bacteria,
with acid concentration of 2%, that resistance ability
decreased. However, it was still 3.75% higher than
the untreated sample. This can lead to the hypoth-
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The amount of
bacteria
remaining E. coli

Recipe (CFU/ml) after | Bacteral
AEE locating on fabnic | reduction

x10% Yo
Blank 93 0
60°C 1 98.63
80°C 0 100
100°C 0 100

Figure 6: Effect of drying temperature on antimiro-
bial activity of E. coli of finished fabric (bacteria
concentration10* CFU/ml)

esis that acid citric at the suitable concentration can
increase the durability of Triclosan on Cotton fabric
after washing 5 times. After the finishing treatment,
there is a certain amount of triclosan that is bonded
to the fabric, and there is also a amount of triclosan
that only mechanically sticks to the surface of the fab-
ric, the amount of Trilosan will disappear quickly af-
ter the first few washes. Therefore, the antibacterial
ability of the fabric decreases. When adding acid at a
concentration of 1% during the pressing process, the
acid creates cross-linking with the fabric to increase
the ability to keep triclosan on the fabric longer, so
the antibacterial ability increases significantly after 5
times. However, when used at high concentrations,
it can affect the fiber structure, thereby not achieving
the best results.

Therefore, basing on above analysis, the antibacterial
ability decreases a lot after washing, but we can accept
it with the recommended level for users when put into
using in textiles industry.

Evaluate bonding level of triclosan to fin-
ishing fabric

Figure 3 shows that the results were at the peak 1512.4
em 1, 1529.27 ecm ™1, 1549.52 cm ™! in the lower (b)

line spectrum, corresponding to the oscillation, they
are the presence of C-C stretches in the aromatic ring.
Therefore, the only the spectrum of the sample treated
with Triclosan has this fluctuation, but the spectrum
of the untreated cotton fabric sample does not, and
this proves that Triclosan has been attached to the
Cotton fabric after the finishing treatment.

At the positions where wave oscillations demonstrate
the presence of C-O (1052.46 cm~ 1), ~OH (3336.248
cm™ 1) bonds, the transmittance of the antimicro-
bial treated sample was much lower than that of the
original sample. The absorbance of the antibacterial
treated sample is higher than that of the control sam-
ple because the reaction increases the hydrogen bond-
ing of Triclosan with cellulose in the fabric and in-
creases the concentration of -OH 3336.248 cm ™! on
the fabric after treatment. This explains the high an-
tibacterial ability on Cotton fabric after being treated
with Triclosan.

Observing the spectrum of the sample treated with
acid citric 1% in Figure 4(c), we see that there is an os-
cillation in the range from 1664.749 cm ™! - 1720.192
cm™~!, corresponding to this fluctuation is the pres-
ence of C=0 (shown for presence of acids). Although
the oscillation band of the wave is quite narrow, it still
shows the presence of C=0 bond in acid citric Which
has made interaction reaction with cotton fabric and
triclosan.

CONCLUSION

The investigation results of research has raised the
treatment method in order to obtain antimicrobial on
cellulose fabric with dipping-padding-drying process:
dipped 30 min with triclosan solution 5 g/ by ethanol,
padding at 2.2 bar, drying at 80°C in 5 mins. The
optimal technological process has been developed to
create an effective antibacterial fabric, with the micro-
bial resistance for both bacteria of 100%, respectively.
After investigation, the antimicrobial fastness after 5
washes, we realized that the microbial resistance was
still quite high for E.coli bacteria at 82.5% and 31.93%
for S.aureus bacteria. It was found that the appropri-
ate concentration of citric acid was 1% added in the
process of finishing the sample, to increase the an-
tibacterial ability after washing 5 times. The improved
obtained results for the sample is the percentage of
E.coli and S.aureus bacteria at 96.25% and 50.42%, re-
spectively, after 5 washes. Antimicrobial finish with
Triclosan agent is a heat stable compound, this is an
advantage for Triclosan to expand research in many
fields and apply to many different materials for an-
tibacterial purposes.
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Nghién ciiu ting dung triclosan trong hoan tat khang khuan trén
vai cotton 100%

Trinh Thi Kim Hué", Bui Mai Huong

[EIREi,
%‘\\\f—ﬁ‘q TOM TAT
”ﬂ'iﬁ“ Nhu cau vé vai khang khudn gan day da tang lén trong nganh dét may y té. Cac loai sgi dugc sur

dung trong c4c san pham dét, dic biét 1a cac loai sai lam tr sgi tu nhién co dién tich bé mat Ién va
kha ndng git 8m tét, tao méi trudng thuan Igi cho vi sinh vat phét trién. Ching c6 mat & hau hét
moi nai va sinh s6i nhanh chéng, tly thudc vao dd am, chat dinh dudng va méi trudng ma ching
s6ng. Su phéat trién cda vi sinh vat trén sdn phdm dét may da gay ra hang loat tac hai khéng mong
mudn, khéng chi d6i véi sdn phdm ma con anh hudng dén ngudi st dung san pham. Vai cotton
dé nhan. Khi tiép xtc véi méi trudng dm udt dé bi vi sinh vat gay hai. Vi vay, xt ly khang khuan
cho vai Cotton 100% la yéu cau quan trong trong nganh dét may tuy theo muc dich st dung va
la diéu kién tién quyét d6i vai cac san pham vai trong linh vuc y t&. Nhiéu tac nhan khang khuan
cho hang dét may da dugc biét dén nhu hop chat hiiu co, phenol, mudi amoni bac bén. Triclosan
la mot chat khang khudn va khang ndm. Triclosan cé mat & khdp moi nai trong cudc séng tir cac
s&n pham tiéu dung nhu kem danh rang, xa phong, chét tdy ria, d6 choi, d6 gia dung cho dén
my pham. Triclosan la chét khang khuan dugc st dung kha nhiéu trong nganh dét may. Triclosan
la hgp chat phenol clo héa, mét hda chat tdng hop, la chdt khang khudn phd bién va tiém nang.
Trong nghién ctu nay, Cac thong sé ky thuat dugc khao sat bao gom néng doé Triclosan, thai gian
ngam, nhiét dé sdy, ndng do axit citric d€ danh gia anh hudng clia diéu kién xi ly dén hiéu qué
khang khudn ctia vai cotton. Két qua cho thay vai cotton sau khi x{ ly xong bang Triclosan va sur
dung axit citric (CA) lam chét lién két ngang cé hoat tinh khang khuén t6t va cling cai thién tinh
khang khudn bén sau 5 1an gigt. Hoat tinh khang khuén cuia vai coton dugc thir nghiém theo tiéu
chudn ASTM E2149-01, thir nghiém dugc thuc hién vdi vi khudn Escherichia Coli ATCC 25922 va
Staphylococus Aureus ATCC 6538.

Tur khoa: Khang khudn, hoan tat, cotton, vai, triclosan
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