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Abstract: Natural rubber (NR) latex foam has been used in various products such as pillows, mattresses, and carpet under-
lays, to name a few. Its cellular structure may lead to the easy growth of micro-organisms. This may bring harmful bacteria
to the users. Therefore, this work aimed to develop antibacterial NR latex foam and offered the basic formulation for preparing
it. An antibacterial NR latex foam was prepared in the presence of Triclosan. The use of Triclosan affects antibacterial
activities, where the clear zones of S. aureus and E. coli increased with the Triclosan content. A shorter contact time was
achieved to kill the bacteria. The use of Triclosan at only 2 phr is sufficient to gain 100% killing efficiency in 8 h of con-
tact time. This study offered resourceful information in fabricating an antibacterial NR latex foam incorporating Triclosan.
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Introduction

Natural rubber (NR) latex is an interesting biopolymer derived
from the Hevea brasiliensis tree, commonly known as the rubber
tree. In today’s modern world, this naturally sourced material
is widely used to manufacture various products that enhance
convenience and comfort in daily life."* NR latex foam is one
of the NR latex applications that can be converted into various
products such as pillows, mattresses, and carpets.* These prod-
ucts are mostly in contact with the users while using them.
This has brought consumers to increase their health conscious-
ness of the hygienic conditions.>® Therefore, the demand for
NR latex foam with antimicrobial properties has been steadily
rising as consumers become increasingly aware of bacteria
and their potential health risks. This trend has been particu-
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larly pronounced since the COVID-19 pandemic, prompting
manufacturers to address consumer needs by introducing
antimicrobial solutions across a wide range of applications.

The porous NR latex foam is one of the materials that is easier
for bacteria to grow compared to non-porous materials, which
is a significant reason why porous materials become a source
of microbes after some period of use. Microbial contamination
in the environment can impact human health, especially when
they are pathogenic. So, preparing NR latex foam with anti-
bacterial properties is an interesting area of research. Generally,
there is a way to control bacterial contamination on surfaces of
materials using chemical disinfectants from the groups of alco-
hols, glutaraldehyde, chlorine-containing compounds, and phe-
nols.”® These chemicals are commonly used for direct cleaning
rather than being incorporated into polymers. The possible route
is to find non-toxic chemicals to inhibit microorganisms and
incorporating them into polymer materials.

Various antibacterial agents have been used in NR and other
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polymers, including silver (Ag) nanoparticles, " chitosan,
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essential oils," and to name a few. Each has notable strengths
and drawbacks. Ag nanoparticles exhibit strong antimicrobial
activity but suffer from high cost, cytotoxicity concerns, and
agglomeration issues that hinder uniform performance. Chi-
tosan is biodegradable and biocompatible; however, its hydro-
philicity reduces compatibility with NR and limits its long-term
effectiveness. Essential oils are sustainable and broadly anti-
microbial, but their volatility, thermal instability, and odor restrict
practical use in NR processing. The primary considerations for
using biocides in materials are high compatibility, long-term
stability, and tolerance under processing conditions.

Triclosan is one among several choices. Triclosan is a single-
hydroxyl group trichlorinated diphenyl ether antifungicides."*'¢
Comparing the overall aspects, triclosan offers a unique balance
of advantages: it is chemically stable, broadly effective against
bacteria, easily dispersed within the NR matrix, cost-efficient
compared to metallic agents, and retains its activity under pro-
cessing conditions without compromising rubber properties.
These attributes make triclosan a particularly attractive anti-
bacterial agent for NR requiring durable and reliable protection.
Triclosan is a widely used antimicrobial agent. Prapruddivongs
and Sombatsompop'’ found that the use of Triclosan in poly-
lactic acid (PLA) resulted in an antimicrobial activity against
E. coli, with inhibition rates of up to 83.4%. Zhang et al."
modified the surface of polyvinyl chloride (PVC) with plasma
treatment before coating it with Triclosan. This method also
enhanced the antibacterial effectiveness of the PVC. Similarly,
Asadinezhad ef al."’ used Triclosan in PVC and chemically modi-
fied the polymer surface. The resulting product showed sig-
nificant antibacterial efficacy.

Therefore, this study also outlines a potential formulation
strategy to minimize the effect of Triclosan on the physical
properties of NR latex foam. The findings will serve as a foun-
dation for further development of antibacterial foam. Overall,
this work represents a promising step toward the fabrication of
antibacterial NR latex foam incorporating triclosan.

Experimental

Materials. High Ammonia (HA) centrifuged latex was sup-
plied by Yala Latex Industry Co., Ltd., based in Yala, Thailand.
Triclosan was obtained from Chemipan Corporation Co., Ltd.,
Bangkok, Thailand. Additional ingredients including 50% Wing-
stay L, 50% zinc 2-mercaptobenzothiazole (ZMBT), 50% zinc
diethyl dithiocarbamate (ZDEC), and 20% potassium oleate,
15% diphenylguanidine (DPG), 50% sulphur, and 50% sodium

Table 1. Formulation for Making NR Latex Foam

Ingredients Amount (phr)
60% HA latex 100
20% Potassium Oleate 2.0
50% ZDEC 1.0
50% ZMBT 1.0
50% Sulfur 2.5
50% Wingstay L 1.0
50% Triclosan 0-10
15% DPG 1.2
50% ZnO 2.0
20% SSF 1.2

silicofluoride (SSF), were sourced from Siamnavakam Co., Ltd.,
located in Samut Prakan, Thailand.

Preparation of Antibacterial NR Latex Foam. Table 1 shows
the compounding formulation for making antibacterial NR latex
foam. The content of each ingredient is represented in the unit
of part per hundred rubber or phr. All the ingredients mixed with
centrifuged HA latex are prepared in dispersion and emulsion
forms. The foam processing is referred to as the Dunlop process,
where the SSF was used as the primary gelling agent. First, HA
was added to the cake beater and stirred for 3 min to evaporate
it. Next, 20% potassium oleate, 50% ZDEC, 50% ZMBT, 50%
Wingstay L, and 50% sulfur were slowly added. The speed was
then increased until reaching the required volume, which was
approximately 5 min. Afterward, the 50% triclosan was added
depending on their respective amounts. The mixing time depended
on the amount of Triclosan, ranging from 2—4 min. Next, the
50% DPG and 50% ZnO, and 20% SSF were subsequently
added, and the mixture was beaten for an additional 1 min. After
that, the ungelled foam was promptly transferred into an alu-
minium mould and left to gel for less than 2 min at room tem-
perature. The gelled foam was steam-cured for 45 min at
100 C. Finally, the foam was taken out of the mould and given
a thorough water wash to get rid of any remaining soap and
unreacted materials. The cleaned NR latex foam was then dried
for 24 h at 60 C in a hot air oven.

Measurement of Physical Properties. The density of the
foam was determined based on weight per unit volume. The foam
samples were cut into a cubic shape with dimensions of 3.0 x
3.0 x 3.0 cm’, weighed, and their volume calculated accordingly.

The cellular structure of the samples was screened using a
light microscope at 40x magnification. The image was then
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captured and imported to the ImageJ software to measure the
cell size.

The compressive strength of the NR latex foam was mea-
sured following ASTM D575. The test was conducted by com-
pressing a specimen with dimensions of 10.0 x 10.0 x 2.5 cm’
using a universal testing machine (Tinius Olsen, H10KS) until
the thickness was reduced by 25%. The result was reported in
terms of the compressive stress (force per unit area) at 25%
deformation.

The compression set was measured according to ASTM D395.
A specimen with dimensions of 5.0 x 5.0 x 2.5 cm® was com-
pressed to 50% of its original thickness at 100 C. After 70 h,
the load was removed, and the sample thickness was measured
after allowing it to recover for 30 min. The compression set was
then calculated using the standard formula as follows;

(to—11)

Compression set (%) = [ i)
0 ’s

} 100 1)
where f, is the original thickness, ¢, is the recovered thickness,
and ¢ is the thickness of the spacer.

The raw outputs from compression set and compressive strength
were statistically analyzed with the SigmaPlot program (SPSS
Inc., IL, USA). Differences among groups were examined by using
a one-way analysis of variance followed by a Tukey compari-
sons test. Differences were considered to be statistically sig-
nificant at p-values less than 0.05.

Antibacterial Study. Both qualitative and quantitative anti-
bacterial activities were tested in this study. All antibacterial assays
were performed in triplicate to ensure reproducibility and reli-
ability of the results. For the first method, the samples were
placed at separate positions on Mueller-Hinton Agar (MHA)
plates under hygienic conditions. A second thin layer of MHA
(10 mL) was applied on the sample. A 15 mL of MHA was also
added to the sterilized Petri dishes for the bottom layer. The
optical density (OD) at 600 nm was used to measure the bac-
terial concentration, where an OD of 0.3 indicated a bacterial
concentration of 1x10° CFU/mL. Then, 100 pL of solutions
containing Staphylococcus aureus (S. aureus) and Escherichia
coli (E. coli) were evenly distributed on the MHA plate sur-
face. The inoculated plates were incubated at 37 C for 24 h to
observe the zone of inhibition.

To conduct quantitative analysis, the test culture was first
grown on nutritional agar (NA) medium and then incubated for
18 to 24 h at 37 C. Each colony was then transferred to Muel-
ler-Hinton Broth (MHB) and incubated at 37+0.5 ‘C for 3 h.
The bacterial suspension's turbidity was adjusted to meet the
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0.5 McFarland requirement. Then, 9 mL of MHB medium
containing the test samples was mixed with 100 pL of the pro-
duced bacterial suspension. The suspension was incubated for
0,2,4,6,8,and 24 hat 37+ 0.5 C. Upon incubation, the sam-
ples were plated onto NA medium, serially diluted ten times
with 0.85% normal saline, and incubated for an entire night at
37+0.5 C. Counting colony-forming units (CFU/mL) allowed
us to determine the quantity of surviving bacteria. Parallel con-
trol experiments were carried out, and the outcomes were com-
pared. The percent reduction of bacterial count was based on
the following equation.

Bacterial count = (A _B) %100 )

where A is the average bacterial count after a certain contact
time, and B is the average bacterial count before the test. The
negative value indicates the reduction of bacteria.

Results and Discussion

Physical Appearance and Morphology. Figure 1 presents
the physical appearance of NR foams containing triclosan as
an antibacterial agent. The physical appearance shows a notice-
able collapse of the sponge structure corresponding to the tri-
closan content. The foam structure becomes less refined, likely
due to the addition of triclosan, a solid-phase compound, into

Control 10 mm B phr 10 mm
5 T E—
2 phr 10mm 8 phr 10 mm

4 phr 10mm 10 phr 10 mm

Figure 1. Physical appearance of the NR latex foam samples pre-
pared at various Triclosan content.
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Figure 2. Optical images at 40x magnification NR latex foam sam-
ples prepared at various Triclosan content.

Table 2. Cell Size Measured From Optical Images of the NR Latex
Foam Samples Prepared at Various Triclosan Content

Triclosan content (phr) Cell size (um)

0 133.56 + 20.68
2 138.42 + 09.74
4 135.88 £ 11.70
6 126.60 £+ 19.76
8 123.06 + 33.70

10 119.01 + 14.10

Remark: All pairwise comparisons show p > 0.05.

the latex. This may have disrupted the cell walls, making them
more prone to breakage and resulting in structural collapse after
vulcanization. Figure 2 shows microscopic images at 400x
magnification that further reveal a reduction in cell size as the
triclosan content increases. This is attributed to foam breakage
and collapse, as previously mentioned. The cell sizes of NR latex
foams were also measured and reported in Table 2.
Antibacterial Performance. Table 3 shows the effect of tri-
closan content on the inhibition zone against S. aureus and
E. coli bacteria in NR. The photographs during the test and the
inhibition zone are shown in Figure 3. The experiment found
that the inhibition zone increased with the concentration of tri-
closan, indicating the antibacterial effect of triclosan, which

Table 3. Inhibition Zone Measured After Antibacterial Test
Against E. coli and S. aureus of the NR Latex Foam Samples
Prepared at Various Triclosan Content

Triclosan content Inhibition zone (mm)

(phr) E. coli S. aureus
Chloramphenicol (C30) 19.47 + 0.06 19.67 + 0.01
Control 795+ 0.25 0
2 17.46 + 0.42 17.02 + 0.54
4 27.45 £ 0.21 23.65 £ 2.19
6 23.85 + 1.46 23.74 £ 0.20
8 2555+ 1.26 25.78 £ 1.38
10 23.32 £ 0.40 27.50 + 1.02

Ophr 2phr 4phr 6 phr

S. aureus

5000

Ophr. 2phr 4phr 6phr 8phr 10 phr

Figure 3. Photos captured after antibacterial test against E. coli and
S. aureus of the NR latex foam samples prepared at various triclosan
content.

8 phr 10 phr

can inhibit both bacterial strains. There is extensive research on
the use of the antibacterial agent triclosan due to its high anti-
bacterial efficacy. Triclosan is incorporated into various chemi-
cal products such as toothpaste, mouthwash, toilet cleaners, etc. In
addition, triclosan has been used in various polymers to study
its antibacterial effectiveness. For example, Silapasorn et al.?’
studied the use of triclosan in different plastics and found that
it provided improved antibacterial properties with increasing
triclosan concentration. Prapruddivongs et al.?' studied the use
of triclosan as an antibacterial agent for polylactic acid and found
it to be equally effective. However, the mechanism of antibac-
terial action of triclosan in polymer materials has not yet been
reported in research. On the other hand, in the medical field, the
antibacterial mechanism of triclosan has been widely reported.

In terms of the release mechanism, triclosan is physically
blended into latex foam. It means triclosan is present within
the latex matrix as a free additive, not covalently immobilized.
Latex foams are porous structures with large surface areas, which
can facilitate the migration of small molecules. This provides
an initial antimicrobial surface layer. Petersen' further reported

Polym. Korea, Vol. 50, No. 1, 2026
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that triclosan, when added to polymers, exhibits extremely low
release into aqueous solutions due to its non-polar nature and
the compatibilization within the polymer matrix. This results in
a more uniform stability of triclosan in the solid state, allowing
it to function effectively as an antimicrobial additive while mini-
mizing solubility.

Bhargara and Leonard® reported the antibacterial mechanism
of triclosan, stating that when triclosan penetrates the bacterial
cell wall, it inhibits protein synthesis in the bacteria. McMurry
et al” reported that triclosan directly disrupts the fatty acid
synthesis process in bacteria, which is a key component of
phospholipids within the cell membrane structure and plays an
important role in various metabolic processes within cells and
tissues. This inhibition of fatty acid synthesis was confirmed

12* The chemical structure of triclosan can react

by Larson et a
directly with Enoyl-acyl, an important enzyme in fatty acid
synthesis that serves as an energy source for bacteria, leading
to difficulty in fatty acid synthesis. As a result, the bacterial
inhibition zone increases with the concentration of triclosan.
The bacterial survival count is consistent with the bacterial
inhibition zone test (see Figures 4 and 5). The experiment found
that no bacteria were detected surviving after 8 h onwards for
the NR latex foam containing 2 phr triclosan. However, when
considering the effects of contact times, it was found that after
4 h of contact time, no surviving bacteria could be detected in
the NR latex foams containing 8—10 phr triclosan. This is con-

12

u0 u2 u4 6 8 24

-
o

-]

Viable Cell Counts [log(CFU/mI)]

C30 Control 2 4 6 8 10
Triclosan content (phr)

Figure 4. Viable cell counts against E. coli of Chloramphenicol and
the NR latex foam samples prepared at various triclosan content.
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Figure 5. Viable cell counts against S. aureus of Chloramphenicol
and the NR latex foam samples prepared at various triclosan con-
tent.

sistent with the previous experimental results, where both bac-
terial strains showed similar trends. Based on the quantitative
results, two key insights can be drawn from this experiment,
depending on the design criteria. Using triclosan at 8 phr is
recommended due to its faster killing efficiency. However, a
minimum concentration of 2 phr is also effective, achieving
100% bacterial reduction with at least 8 h of contact time.

Tables 4 and 5 show the calculation of the percent reduction
of E. coli and S. aureus against Chloramphenicol and the NR
latex foam samples prepared at various Triclosan contents. The
positive (+) symbol shows an increase in bacterial count. It
was found that increasing the content of triclosan resulted in a
lower percent survival of bacteria. It can be observed that tri-
closan inhibited the growth of the Gram-positive S. aureus more
effectively than the Gram-negative E. coli. E. coli was 100%
reduced at a triclosan content of 8 phr after 6 h of contact time,
while S. aureus was 100% reduced at only 4 h of contact time
when a similar content of triclosan was used. This demonstrates
the antibacterial ability of triclosan, particularly against the
Gram-positive S. aureus, through the antibacterial mechanism
mentioned earlier.

Physical Properties. Table 6 shows the effect of triclosan
content on the foam density, compression set, and compressive
stress at 25% deformation. It was found that increasing the tri-
closan content slightly increased the foam density. This is because
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Table 4. Percent Reduction of E. coli Against Chloramphenicol and the NR Latex Foam Samples Prepared at Various Triclosan

Content

Triclosan content

Percent reduction (%)

(phr) 0h 2h 4h 6h 8h 24 h
Chloramphenical (C30) 0.00 17.80 33.17 54.05 85.44 100.00
Control 0.00 +14.08 +32.04 +53.56 +74.92 +34.95

2 0.00 30.10 63.43 66.99 100.00 100.00

4 0.00 33.33 68.12 87.38 100.00 100.00

6 0.00 29.77 71.52 90.29 100.00 100.00

8 0.00 65.21 86.25 100.00 100.00 100.00

10 0.00 67.31 9223 100.00 100.00 100.00

Remark: + symbol shows an increase in bacterial count.

Table 5. Percent Reduction of S. aureus Against Chloramphenicol and the NR Latex Foam Samples Prepared at Various Triclosan

Content

Triclosan content

Percent reduction (%)

(phr) 0h 2h 4h 6h 8h 24 h
Chloramphenical (C30) 0.00 17.96 32.36 56.15 81.39 100.00
Control 0.00 +15.86 +31.39 +51.46 +73.62 +37.70

2 0.00 33.82 61.00 66.83 100.00 100.00

4 0.00 4757 63.92 76.05 100.00 100.00

6 0.00 64.40 71.36 100.00 100.00 100.00

8 0.32 64.72 100.00 100.00 100.00 100.00

10 29.29 70.06 100.00 100.00 100.00 100.00

Remark: + symbol shows an increase in bacterial count.

Table 6. Physical Characteristics of the NR Latex Foam Samples Prepared at Various Triclosan Content

Triclosan content (phr) Density (g/cm®)

Compression set (%)

Compressive stress at 25% deformation (kPa)

0 0.15 = 0.00 14.75 £ 0.61 9.85+0.18
2 0.15 + 0.00 13.82 + 0.28 10.65 + 0.18
4 0.15 = 0.00 14.42 £ 0.49 10.67 + 0.14
6 0.15 = 0.00 14.47 + 0.53 10.78 + 0.28
8 0.16 = 0.00 15.18 £ 0.57 10.70 + 0.17
10 0.17 £ 0.01 15.46 + 0.55 10.80 + 0.13

the addition of solid material into the NR latex foam increases
the weight of the resulting foam, while the volume of the foam
remains the same. The density of NR latex foam with triclosan
content ranging from 2—10 phr was between 0.15-0.17 g/cm?.

The effect of triclosan content on the compression set was
also studied. The compression set defines the foam's ability to
recover after being compressed for a certain period. It was
found to increase with the addition of triclosan. This is because
triclosan acts as a filler, so increasing the triclosan content reduces

the foam’s elasticity. This is consistent with the compressive
stress at 25% deformation, which also showed a slight increase,
indicating an increased ability of the foam to withstand force
due to the addition of triclosan, a solid phase, into the NR latex
foam. The experimental results are consistent with the report of
Prapruddivongs ef al.,”> who discussed the addition of triclosan
at concentrations of 0—15 wt% in PLA. The experiment found
that triclosan had a slight effect on improving the modulus of
the polymer composites.

Polym. Korea, Vol. 50, No. 1, 2026
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Table 7. Comparison of Statistical Outputs Among Rubber Formulations

Comparison for Rubber

Compression set

Compressive strength

Formulations

p-Value p<0.05 p-Value p<0.05
Control vs. 2 phr 0.034 Yes <0.001 Yes
Control vs. 4 phr 0.682 No <0.001 Yes
Control vs. 6 phr 0.694 No <0.001 Yes
Control vs. 8 phr 0.158 No <0.001 Yes
Control vs. 10 phr 0.005 Yes <0.001 Yes
Table 7 presents the raw outputs from the statistical analysis. References

The results indicate a statistically significant difference in com-
pression set between the control and NR foams containing 2
and 10 phr of triclosan, while the additions of 4, 6, and 8 phr
did not differ significantly from the control. In contrast, for
compressive strength, all treated groups (2, 4, 6, 8, and 10 phr)
showed significantly higher values compared to the control.
Although triclosan affected both properties, these variations
are unlikely to fully reflect the performance of finished foamed
products such as pillows and mattresses.

Conclusions

The idea of this study was to prepare the antibacterial NR
latex foam. The antibacterial agent used in this work was Tri-
closan. The bacteria used in the test were divided into Gram-
positive bacteria, Staphylococcus aureus (S. aureus), and Gram-
negative bacteria, Escherichia coli (E. coli). Increasing the tri-
closan content resulted in smaller cell sizes of the foam but had
little effect on the foam density, compression set, and compressive
strength. The maximum inhibition zone for E. coli and S. aureus
was 27.45 mm and 27.50 mm, respectively. Based on the quan-
titative results, two key insights can be drawn from this exper-
iment, depending on the design criteria. The experiment revealed
that triclosan at 8 phr provides rapid bactericidal action, while
a lower concentration of 2 phr is sufficient to achieve 100%
bacterial reduction after 8 h of contact. This lower concentra-
tion is strongly recommended to ensure sufficient antibacterial
performance while minimizing additive content.
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