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ARTICLE INFO ABSTRACT

The household health equipment industry, particularly wet wipes, is

Article history growing rapidly, with a projected CAGR of 2.60%. Key concerns
Received June 11, 2025 include microbial contamination and high preservative concentrations
Revised July 20, 2025 that can cause skin irritation. This study aimed to optimize the
Accepted July 21, 2025 concentration and type of chlorphenesin solvent used as a preservative

to mitigate these issues. The study tested chlorphenesin at
concentrations of 0.20%, 0.25%, and 0.30% with two solvents,

Keywords propylene glycol and ethanol. Two experimental tests were conducted:
Accelerated stability test the challenge test, which focused on the ability of the preservative
Challenge test system to inhibit the growth of pathogenic microorganisms, such as
Chlorphenesin Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans,
Preservative and Aspergillus brasiliensis, over 28 days, on the other hand, the
Wet wipes accelerated stability test, focused to evaluates the preservative's ability

to maintain the physicochemical properties of the product, including
visual appearance, aroma, sensory attributes, and pH, over 6 months
under extreme conditions (40 °C; 75% RH). This study found that the
formulation with 0.30% chlorphenesin, using either propylene glycol or
ethanol as a solvent, showed the best reduction against pathogenic
microorganisms (S. aureus, P. aeruginosa, C. albicans, and A.
brasiliensis) on the second day of the challenge test. In the accelerated
stability test, the formulation with 0.30% chlorphenesin and propylene
glycol received the highest score (9.000) across all parameters (visual,
homogeneity, odor, and sensory applications). However, at the same
concentration, when ethanol was used as the solvent, the formulation
exhibited lower scores in odor and sensory applications. Therefore, the
recommended formulation for wet wipes is a formula containing 0.30%
chlorphenesin with propylene glycol as the solvent.

This is an open access article under the CC—BY-SA license.

1. Introduction

The utilization of wet wipes has exhibited a marked increase over the past decade, particularly in
the context of personal cleanliness and hygiene. These wipes find application in diverse domains,
including personal care, baby care, and household care, thus occupying a prominent position in the
consumer market [1]. Wet wipes have been the subject of continuous market expansion annually.
From 2011 to 2016, the annual growth rate of wet wipes worldwide increased by up to 5.10%. In the
American market, it is predicted that the average yearly growth rate of wet wipes from 2020 to 2030
will reach 2.60% [2], [3]. The use of wet wipes has been steadily increasing, particularly in personal
care, baby care, and household hygiene. One of the main challenges in the development of damp
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wipe products is dealing with microbial contamination caused by the cellulose content in non-woven
fabrics and the high water content in the wet wipe formulation [4], [5], [6]. Another issue with wet
wipe products is the use of preservatives, which can increase the risk of irritation, allergic reactions,
and sensitization in users. Therefore, there is a need for preservatives that are sufficiently safe for
use in wet wipe products [7], [8], [9].

This study aims to test and optimize the concentration and type of solvent used for chlorphenesin
in wet wipe formulations. A challenge test was conducted to assess chlorphenesin's ability to prevent
the growth of pathogenic microorganisms, while an accelerated stability test was performed to
evaluate the long-term stability of the product, including parameters such as pH, visual appearance,
odor, homogeneity, and sensory perception [10], [11], [12]. The novelty of this research lies in
testing chlorphenesin as an alternative preservative in wet wipes, which is expected to address
microbial contamination issues without causing irritation or adverse skin effects, while also
providing new insights into the stability of wet wipe formulations with this preservative. The results
of this study are expected to make a significant contribution to the development of safer and more
effective preservatives for wet wipe products, as well as open up opportunities for the broader
application of chlorphenesin in the personal care industry.

2.Research Methodology

2.1. Materials

The materials utilised in this study are categorised into two distinct groups: materials employed
in the formulation of products and materials used for testing purposes. The materials employed in
the formulation of the raw materials are as follows: purified water (99% purity from PT. Mulia
Artha Saudara), chamomile extract (99% purity from PT. Merpati Mahardika), propylene glycol
(99% purity from Coswealth SDN. BHD), chlorphenesin (99% purity from PCI Innovative
Chemicals SDN. BHD), PEG 40 hydrogenated castor oil (99% purity from Trimak Co. Ltd), ethanol
(96% purity from PT Karsavicta), fragrance fresh leaves (99% purity from Givaudan Co.), disodium
calcium EDTA (99% purity from PT. Lug Chemicals), and lactic acid (98% purity from Corbion
Co.), while the test materials used were nutrient tryptic soy agar (TSA), polysorbate 80, sabouraud
dextrose agar, peptone solution 0.1%, NaCl, Pseudomonas aeruginosa ATCC 9027, Staphylococcus
aureus ATCC 6538, Candida albicans ATCC 10231, and Aspergillus brasiliensis ATCC 16404. It
is noteworthy that all test materials are pro-analysis grade and provided by PT Saraswanti Indo
Genetech.

2.2. Wet Wipes Formulation

The wet wipe formulation consists of two types. Formula ‘A’ contains 20% propylene glycol as a
solvent with chlorphenesin at 0.20% to 0.30%. Formula ‘B’ uses 10% ethanol as a solvent with
chlorphenesin at 0.20% to 0.30%. The composition is shown in Table 1.

Table 1. Wet wipes liquid formulation

Percentage (%)

Raw Material

A-1 A-2 A-3 B-1 B-2 B-3

Purified water 78.83 78.78 78.73 88.83 88.78 88.73
Chamomile extract 0.25 0.25 0.25 0.25 0.25 0.25
Ethanol - - - 10.00 10.00 10.00

Propylene glycol 20.00 20.00 20.00 - - -

Chlorphenesin 0.20 0.25 0.30 0.20 0.25 0.30
PEG 40 hydrogenated castor oil 0.30 0.30 0.30 0.30 0.30 0.30
Fragrance 0.12 0.12 0.12 0.12 0.12 0.12
Disodium calcium EDTA 0.20 0.20 0.20 0.20 0.20 0.20
Lactic acid 0.10 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00 100.00

The liquid formulation of the wet wipes is prepared by combining chlorphenesin with propylene
glycol or ethanol as a solvent, in premix tank -01. Fragrance and PEG 40 hydrogenated castor oil are
then added to premix tank -02. In the mixer tank, water, chamomile extract, disodium calcium
EDTA, and lactic acid are thoroughly mixed. The chlorphenesin-preservative mixture is then
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transferred to the mixer tank and stirred until homogeneous. Finally, the premix from tank-02 is
added to the mixer tank and stirred until homogeneous.

2.3. Challenge Test

The challenge test in this study follows the method outlined in "Regulation of the Head of the
Food and Drug Supervisory Agency of the Republic of Indonesia No. HK. 03.1.23.08.1107331 of
2011" to assess the preservative effectiveness of the cosmetic product [13]. A total of 150 sheets of
wet wipes, containing 483 g of liquid formula, were homogenized using an STO-4 paddle blender.
Next, 100 g of liquid from the wipes was transferred into four sample bottles. Two bottles were
inoculated with bacterial suspensions of S. aureus and P. aeruginosa at concentrations of 10"5-10"6
cfu/mL, while the other two were inoculated with C. albicans and A. brasiliensis fungi at
concentrations of 10"4—10"6 cfu/mL. Then, 20 g of liquid from each bottle was transferred into new
bottles, and the samples were incubated at 22°C in the dark for observation on days 2, 7, 14, and 28.
The number of surviving microorganisms was determined by performing serial dilutions (10*-1 to
107-4), adding 1 mL of each dilution to a Petri dish with the appropriate medium (TSA for bacteria,
SDA for fungi). Bacterial plates were incubated at 35°C for 2 days, while fungal plates were
incubated at 25°C for 3 days. The challenge test was performed with two replicate trials for each
sample. Log reduction was calculated using the formula: [0Greduction = 09Ny — [0gN; | where N
is the bacterial count on day 0, and N is the count on days 2, 7, 14, and 28.

2.4. Procedures

Accelerated stability testing was performed on two aspects: the wet wipes formula liquid and the
complete wet wipe product (non-woven fabric + formula liquid). Testing was conducted at 40°C and
75% RH, with the parameters listed in Table 2.

Table 2. Accelerated stability test parameters on wet wipes

Parameters Method Applications
Visual testing Organoleptic test (SNI 01-2346-2006)  Liquid formula and wet wipes product
Odor testing Organoleptic test (SNI 01-2346-2006)  Liquid formula and wet wipes product
Homogeneity testing Organoleptic test (SNI 01-2346-2006) Liquid formula
Wet wipes usage sensations testing  Organoleptic test (SNI 01-2346-2006) Wet wipes product
pH Potentiometry (SNI-8526-2018) Liquid formula

2.5. Procedures

Six wet wipes were tested for organoleptic properties, including visual appearance, odor,
homogeneity, and skin sensation. A rating scale was used: a "perfect' sample showed no changes, a
'good' sample had slight modifications, and a 'not good' sample had significant changes. The test was
conducted by eight trained panelists following SNI 01-2346-2006, with eight replications per
sample. The results were analyzed statistically using the Kruskal-Wallis test. If no significant
differences were found, no further testing was needed; otherwise, the Mann—Whitney U test was
applied.

The pH of the wet wipes fluid is measured by calibrating the pH meter with buffer solutions at
pH 4.01, 6.86, and 10.00. After calibration, the electrode is rinsed with distilled water, dried with
tissue, and then immersed in the sample solution until the pH stabilizes before recording the result.

3. Results and Discussion

3.1. Evaluating the Efficacy of Preservatives in Wet Wipes Through Challenge Test

The challenge test assesses chlorphenesin's effectiveness as a preservative in inhibiting
microorganism growth over 28 days. A high log reduction indicates the preservative’s ability to
reduce microorganisms in wet wipes significantly. A preservative is effective if bacterial and yeast
populations decrease by at least 99% on day 2, 99.9% on day 7, and remain stable by day 28.

The challenge test on the gram-positive bacterium S. aureus (concentration range of 1.1 x 10° to
1.5 x 10° cfu/g) in Fig. 2a demonstrated that chlorphenesin at 0.20%, using either propylene glycol
or ethanol as solvents, reduced the bacterium by 2.60 (SD: 0.02 cfu/g) log reduction and 2.55 (SD:
0.04 cfu/g) log reduction on day 2, respectively. Both solvents achieved complete reduction,
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resulting in more than 6 log reduction from day 7 to day 28. At concentrations of 0.25% and 0.30%,
chlorphenesin with either solvent eliminated S. aureus by more than 6 log reduction by day 2, with
no bacterial growth observed until day 28. Gram-positive bacteria, such as S. aureus, have thinner
cell walls compared to gram-negative bacteria. At a concentration of 0.20% chlorphenesin, the
preservative system can reduce S. aureus by more than 6 log reduction on day 7 of the test.
Increasing the chlorphenesin concentration accelerates bacterial reduction. This occurs because
chlorphenesin releases chlorine ions in solution, which can destroy the cell wall of S. aureus. The
higher the chlorphenesin concentration, the more chlorine ions are present in the product, leading to
faster bacterial death [15], [16], [17].
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Fig. 1.Wet wipes liquid challenge test results. (a) reduction against S. aureus, (b) reduction against P.
aeruginosa, (c) decrease against C. albicans, and (d) reduction against 4. brasiliensis

As shown in Fig. 2b, the challenge test of wet wipe fluid against P. aeruginosa at a concentration
of 7.1 x 10° cfu/g demonstrated that chlorphenesin at 0.20% concentration, with either propylene
glycol or ethanol as solvents, reduced the bacterial count by 3.00 log reduction (SD: 0.06 cfu/g) and
3.03 (SD: 0.01 cfu/g) log reduction on day 2, respectively, with complete bacterial eradication by
days 7, 14, and 28. At 0.25%, chlorphenesin reduced the bacterial count by 3.45 log reduction (SD:
0.05) and more than 6 log reduction (SD: 0.06 cfu/g) on day 2, and eliminated microbial growth by
more than 6 log reduction on days 7, 14, and 28. At 0.30%, chlorphenesin, with either solvent,
eliminated more than 6 log reduction (SD: 0.03 cfu/g) by day 2, with no P. aeruginosa growth
detected until day 28. This research shows that chlorphenesin effectively inhibits microbial
contamination in wet wipe formulations at a minimum concentration of 0.20%, with propylene
glycol or ethanol as solvents. The ideal preservative concentration is 0.25% using ethanol as a
solvent, as it eliminates more than 6 log reduction of P. aeruginosa by day 2. This case shows that
the choice of solvent significantly impacts bacterial reduction in the short term, particularly on day 2
of the challenge test for samples with 0.25% chlorphenesin. This is due to ethanol's strong
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synergistic effect with this preservation system, as it disrupts microbial lipid membranes through
dehydration and protein denaturation [18].

Figure 2c illustrates the results of the challenge test on Candida albicans with a concentration
range of 8.5 x 10° to 9.5 x 10° cfu/g. Chlorphenesin at a 0.20% concentration, using propylene
glycol and ethanol as solvents, achieved a reduction of C. albicans by 2.62 log reduction (SD: 0.03
cfu/g) and 2.15 log reduction (SD: 0.07 cfu/g) on day 2, respectively. On day 7, chlorphenesin
(0.20%) dissolved in propylene glycol reduced C. albicans by 3.09 log reduction (SD: 0.01 cfu/g),
while chlorphenesin (0.20%) in ethanol resulted in a reduction of 3.26 log reduction (SD: 0.05
cfu/g). By days 14 and 28, chlorphenesin at 0.20%, with either propylene glycol or ethanol as a
solvent, achieved near-complete elimination of C. albicans (> 5 log reduction). At a 0.25%
concentration, chlorphenesin, using propylene glycol and ethanol as solvents, reduced C. albicans
by 3.21 log reduction (SD: 0.14 cfu/g) and 3.41 log reduction (SD: 0.05 cfu/g), respectively. This
concentration also resulted in a reduction of over 5 logs in the elimination of C. albicans on days 7,
14, and 28. Finally, chlorphenesin at a 0.30% concentration, regardless of solvent, eliminated C.
albicans by day 2 (> 5 log reduction), with no fungal growth observed until day 28. All tested
concentrations passed the challenge test, regardless of whether propylene glycol or ethanol was used
as the solvent. The optimal chlorphenesin concentration was 0.25% in both solvents, as it
demonstrated the same reduction rate as the 0.30% concentration. Therefore, the 0.25% formulation
is more cost-effective. Additionally, the type of solvent had no significant impact on C. albicans, as
no substantial difference in log reduction was observed between the two solvents. In a previous
study, an article stated that the minimum inhibitory concentration (MIC) of chlorphenesin against C.
albicans yeast is 0.20%. Therefore, when chlorphenesin concentrations exceed the MIC, it can
rapidly reduce C. albicans. However, when the chlorphenesin concentration is at the MIC, it can still
reduce the number of C. albicans, but the process takes a relatively longer time [19], [20].

The challenge test on 4. brasiliensis, conducted with concentrations ranging from 1.1 x 10° to 1.6
x 10° (Fig. 2.d), showed that chlorphenesin at 0.20% reduced the microorganism by 2.09 log
reduction (SD: 0.00 cfu/g) and 2.03 log reduction (SD: 0.05 cfu/g) on day 2 when using propylene
glycol and ethanol, respectively. On day 7, chlorphenesin in propylene glycol achieved 2.56 log
reduction (SD: 0.03 cfu/g), while ethanol resulted in 2.53 log reduction (SD: 0.07 cfu/g). Both
systems achieved more than 5 log reduction by day 14 and maintained it until day 28. At 0.25%,
chlorphenesin in propylene glycol reduced A. brasiliensis by 2.21 log reduction (SD: 0.02 cfu/g) on
day 2, 2.74 log reduction (SD: 0.15 cfu/g) on day 7, and more than 5 log reduction by day 14.
However, in ethanol, chlorphenesin showed 2.50 log reduction (SD: 0.06 cfu/g) on day 2, reaching
more than 5 log reduction by day 7. The most effective reduction was seen with 0.30%
chlorphenesin, which achieved more than 5 log reduction by day 2, regardless of the solvent used,
with no microbial growth detected until day 28. In this study, all tested formulations passed the
challenge test according to BPOM regulations. However, chlorphenesin at 0.20%, using either
propylene glycol or ethanol as the solvent, showed the slowest reduction of A. brasiliensis,
achieving more than 5 log reduction by day 14. The optimal concentration was 0.30%, which
achieved more than 5 log reduction by day 2, regardless of the solvent used. A significant difference
was observed at 0.25% chlorphenesin, where the formulation with propylene glycol reduced A.
brasiliensis by 2.74 logs on day 14, while the formulation with ethanol reduced it by more than 5
logs by day 7. Ethanol is known to have a synergistic effect with preservatives, aiding in the
breakdown of microbial cell walls and accelerating microorganism reduction [21].

This study found that all tested formulations effectively inhibited the growth of S. aureus, P.
aeruginosa, C. albicans, and A. brasiliensis. Chlorphenesin at 0.20%, using either propylene glycol
or cthanol as the solvent, showed a slow reduction profile. At this concentration, the wet tissue
formula reduced bacteria by more than 6 log reductions by day 7, while molds and yeasts were
decreased by over 5 logs by day 14. Chlorphenesin at 0.25% exhibited a moderate reduction profile.
For some microorganisms, such as S. aureus and P. aeruginosa, the reduction at 0.25% was similar
to that at 0.30%, achieving a >5 log reduction in bacteria by day 2. However, for molds and yeasts,
the reduction at 0.25% was slower by 5 days compared to 0.30%. Notably, at 0.25%, a synergistic
effect was observed between chlorphenesin and ethanol, particularly for P. aeruginosa and A.
brasiliensis. The reduction in gram-negative bacteria and molds was more than 1 log higher when
chlorphenesin was dissolved in ethanol compared to propylene glycol. The most optimal formula in
the challenge test was the 0.30% chlorphenesin formulation, whether using propylene glycol or
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ethanol. Both formulations showed the fastest reduction, achieving >5 log reductions for all
microorganisms by day 2 of the challenge test.

Chlorphenesin at a concentration of 0.30% was found to be more effective than commonly used
preservatives in wet wipe formulations, including a mixture of sodium benzoate (0.50%), potassium
sorbate (0.60%), and cetyl pyridinium chloride (0.05%) (preservative system 1), a mixture of
polyaminopropyl biguanide (0.50%) and caprylyl glycol (0.50%) (preservative system 2), and a
mixture of sodium benzoate (0.50%), potassium sorbate (0.60%), and phenoxyethanol (0.80%)
(preservative system 3). This was demonstrated by the reduction of P. aeruginosa, C. albicans, and
A. brasiliensis by preservative systems 1, 2, and 3. Preservative systems 1 and 3 reduced P.
aeruginosa by more than 6 log reductions by day 14, while preservative system 2 achieved over 6
log reductions by day 7. Systems 1 and 3 reduced C. albicans by more than 5 log reductions by day
28, whereas system 2 achieved a more than 5 log reduction by day 14. For molds, preservative
system 1 reduced mold growth by more than 5 log reductions by day 14. In comparison, systems 2
and 3 were unable to achieve more than 5 log reductions by day 28, indicating that some mold
remained viable until the 28th day of the challenge test. In contrast, chlorphenesin at 0.30% was able
to reduce all tested microorganisms by day 2 of the challenge test [22].

3.2. Accelerated Stability Test in Wet Wipes

Accelerated stability testing is a method used to evaluate the shelf life of cosmetic products by
simulating extreme storage conditions. It examines the effects of environmental factors, such as
temperature, light, and humidity, on the product’s formulation over time. This process involves
maintaining the product at 40°C and 75% relative humidity [12]. The study analyzes six parameters
in wet wipe fluid and products, including visual characteristics, homogeneity, odor, sensory
application, and pH. The data were analyzed using two statistical methods: multi-element variance
analysis with the Kruskal-Wallis test and two-group variance analysis with the Mann-Whitney U
test. Data are considered significantly different when the P value is < 0.05, and not significantly
different when the P value is > 0.05 in the Kruskal-Wallis test. If no significant differences are found
between two or more groups, the analysis ends after the Kruskal-Wallis test. However, if substantial
differences are observed, the Mann-Whitney U test is used to identify which groups differ. In the
Mann-Whitney U test, two groups are considered significantly different if the P value is < 0.05 and
not significantly different if the P value is > 0.05. Results are presented in Tables 3 and 4.

Table 3. Result of accelerated stability test on wet wipes fluids

Parameters

Formula

Visual

Homogeneity

Odor

pH

A1 (CPN 0.20% + PG 20%)

A2 (CPN 0.25% + PG 20%)

A3 (CPN 0.30% + PG 20%)
B1 (CPN 0.20% + EtOH 10%)
B2 (CPN 0.25% + EtOH 10%)
B3 (CPN 0.30% + EtOH 10%)

9.000 % 0.000
9.000 £ 0.000*
9.000 % 0.000°
9.000 £ 0.000
9.000 % 0.000
9.000 £ 0.000*

9.000 % 0.000
9.000 £ 0.000*
9.000 % 0.000°
9.000 % 0.000
9.000 % 0.000
9.000 £ 0.000*

8.850 = 0.160°
9.000 + 0.000°
9.000 + 0.000°
7.906 + 0.386°
8.251 £ 0.549<
8.655 + 0.301%

4.758 £ 0.007*
4.736 + 0.015°
4.416 + 0.047¢
4.675 + 0.015¢
4.561 £ 0.017¢
4.503 £ 0.008¢

Table 3 highlights four key parameters: visual characteristics, homogeneity, odor, and pH. Visual
changes, such as color shifts, can impact the quality of wet wipe products. Odor variations may
result from factors like solvent evaporation and microbiological contamination. Homogeneity is vital
for the efficacy of active ingredients, as it influences the effectiveness of individual components. pH
is critical for preserving the physical and chemical integrity of cosmetic formulations. A pH range of
3.50 to 7.50 is recommended, as an excessively acidic pH can lead to skin irritation or dryness [23],
[24].

According to Table 3, no signs of emulsion separation were observed in the wet wipe fluid, nor
were there any color changes or black spots on the non-woven fabric. This evaluation was conducted
by eight panelists over a 24-week (6-month) period, assessing six sample types stored at 40°C and
75% RH. The panelists’ assessments reflected these findings, with all eight panelists awarding a
perfect score of 9.000 out of 9.000 for all formulas. When analyzed using the Kruskal-Wallis
method, no significant differences were found among the tested formulations, confirming that all
were stable (P value = 1.00). This stability is attributed to the effect of solvents, such as propylene
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glycol or ethanol, which enhance chlorphenesin’s solubility in water. As a result, chlorphenesin,
which has low water solubility, remains stable without recrystallization during the accelerated
stability testing [25].

While the visual stability remained consistent over 24 weeks, several formulations were found to
have poor aroma stability. Using the Kruskal-Wallis method, significant differences were observed
(P value < 0.01), leading to further analysis with the Mann-Whitney U test. The results indicated no
significant differences between formulas A2 and A3 (P value = 1.00), A1 and B3 (P value = 0.161),
B1 and B2 (P value = 0.195), or B2 and B3 (P value = 0.083). Among these, formulas A2 and A3
demonstrated the best aroma stability, receiving perfect scores of 9 out of 9 from the panelists,
making them the most stable formulations. Other formulas, particularly those using ethanol as a
solvent, experienced the most significant aroma changes. This is because ethanol, being a polar
compound with high volatility, strongly influences the volatility of aromatic compounds in
fragrances. As a result, the fragrance does not last as long in products containing ethanol, as it
evaporates along with the ethanol [26].

As shown in Table 3, the pH of the product decreases as the concentration of chlorphenesin
increases. This is because a small portion of chlorphenesin converts into two compounds: protonated
phenol (C-C6H4-OH) and enol. Protonated phenol is acidic, while enol has a neutral pH. Therefore,
higher chlorphenesin concentrations lead to more protonated phenol in the wet wipe fluid, resulting
in a lower pH. The solvent type also significantly impacts pH. Chlorphenesin dissolved in ethanol
generally has a lower pH compared to when it is dissolved in propylene glycol. This is because
ethanol has a lower pKa value (15.9) compared to propylene glycol (16.47), making ethanol slightly
more acidic [27], [28]. Despite this, the pH range throughout the stability period remains within the
requirements set by SNI 8526: 2018, which specifies a pH range between 3.5 and 7.5 [23].

Table 4. Result of accelerated stability test on wet wipe product

Parameters

Formula

Visual

Odor

Sensory Application

A1 (CPN 0.20% + PG 20%)
A2 (CPN 0.25% + PG 20%)
A3 (CPN 0.30% + PG 20%)

B1 (CPN 0.20% + EtOH 10%)

B2 (CPN 0.25% + EtOH 10%)

B3 (CPN 0.30% + EtOH 10%)

9.000 % 0.000
9.000 £ 0.000*
9.000 % 0.000*
9.000 £ 0.000*
9.000 % 0.000
9.000 £+ 0.000*

8.942 £ 0.106*
9.000 £ 0.000*
9.000 £ 0.000*
7.646 + 0.231°
8.106 & 0.532%
8.540 + 0.301°

8.684 + 0.211*
8.885 £0.122°
9.000 % 0.000°
8.166 + 0.2444
8.310 £ 0.275¢
8.712 £ 0.295%

According to Table 4, the study examines the stability of wet wipes, focusing on three
parameters: visual, odor, and user experience. The results show no significant differences between
formulas A1 to B3, with a value of 9.000 (P value = 1.00) in visual parameters. Unstable wet wipes
typically show color changes, such as turning yellow, and the presence of black spots on the non-
woven fabric. However, the panelists did not observe any color changes or black spots over the 6-
month (24-week) period, indicating that the visual parameter remained stable.

According to Table 4, the aroma parameter of the wet wipe products showed significant
differences in the groups tested using the Kruskal-Wallis method, with a P value < 0.01. Formulas
Al, A2, and A3 demonstrated the best aroma stability, with scores of 8.942 for formula Al and
9.000 out of 9.000 for formulas A2 and A3. Further analysis using the Mann-Whitney U test showed
no significant differences between the groups, with a P value of 1.00 for the comparison between A2
and A3, and a P value of 0.442 for comparisons between Al and A2 or Al and A3. This indicates
that formulas A2 and A3 did not exhibit any detectable aroma changes, as identified by the panelists.
Although formula A1 showed some aroma changes, they were subtle enough to be still considered
stable. On the other hand, formulas using ethanol as a solvent showed noticeable aroma changes. B1
and B2 did not show significant differences (P value: 0.105), but they had the poorest aroma
stability, with complaints about the fragrance fading. This is similar to the behavior observed in the
wet wipe fluid, where the high volatility of ethanol accelerates the evaporation of the fragrance. As a
result, the fragrance does not last long, particularly when stored under extreme conditions (40°C and
75% RH), which speeds up the evaporation of both ethanol and the fragrance [26].
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Table 4 presents the results of the Kruskal-Wallis test, which revealed significant differences in
the sensory application parameter, with a P value < 0.001. The best results were seen in the wet wipe
product using formula A3 (chlorphenesin 0.30% with propylene glycol as the solvent), which earned
a perfect score of 9.000 out of 9.000. This indicates that panelists did not report any change in user
sensation over the 6 months. In contrast, formulas A2 and Al were associated with a sticky feeling,
as noted by the panelists. This effect is likely due to the use of propylene glycol, a humectant that
draws moisture from the environment into the skin. When stored at 40°C, some water evaporates,
increasing the concentration of propylene glycol in the wet wipe product. Upon application to the
skin, propylene glycol binds moisture from the air, forming a thick layer that creates the sticky
sensation [29]. At the 0.30% chlorphenesin concentration, however, this effect does not occur
because the addition of chlorphenesin lowers the water vapor pressure, slowing the rate of
evaporation, by the colligative properties of solutions [30]. The poorest stability in sensory
application was observed in formulas A2 and A3, where no significant differences were found using
the Mann-Whitney U test (P value: 0.279). Panelists noted that the wet wipe products felt drier and
that the packaging appeared swollen, which was attributed to the evaporation of ethanol in the
product [31].

Accelerated stability testing revealed that increasing the concentration of chlorphenesin enhanced
the stability of the product (visual, aroma, homogeneity, and sensory application) when the same
solvent was used. However, the impact of the solvent on stability differed from the challenge test
results. In the challenge test, ethanol provided better results than propylene glycol at a chlorphenesin
concentration of 0.25%. Yet, during accelerated stability testing, products with ethanol as the solvent
demonstrated significantly poorer stability in aroma and sensory application compared to those with
propylene glycol. These results align with previous studies that suggest ethanol can have a
synergistic effect with certain preservatives, though only for a short period. On the other hand,
propylene glycol ensures long-term stability of the product

4. Conclusion

This study found that the optimal formulation in the challenge test was the formula containing
chlorphenesin at 0.30%, with either propylene glycol or ethanol as the solvent (A3 and B3). These
formulations were able to reduce all tested microorganisms by more than 5 logs on day 2 of the
challenge test. In contrast, the formulation with the best long-term stability was the one using
chlorphenesin 0.30% with propylene glycol as the solvent. This formula earned a perfect score of
9.000 out of 9.000 (rated by eight trained panelists) in terms of visual characteristics, homogeneity,
aroma, and sensory application. Additionally, the pH of this formulation remained within the
acceptable range specified by SNI 8526:2018. Therefore, the most optimal and recommended
formulation for widespread use in wet wipes is the one with chlorphenesin at 0.30%, using
propylene glycol as the solvent. Ethanol, although better at reducing bacteria, is not recommended
due to its inferior long-term stability compared to propylene glycol.
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