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Commercial products like Clorox have been used widely to remove stains. However, concerns
have arisen regarding their environmental impact and toxicity. Therefore, oxalic acid, a
bleaching agent from Averrhoa bilimbi fruit and leaf extract was used as an alternative to remove
stains. This study determined the concentration of oxalic acid in Averrhoa bilimbi fruits and
leaves using HPLC-UV spectroscopy. This study also aimed to formulate A. bilimbi fruit and
leaf extracts as bleaching stain removers. Additionally, the extracts’ effectiveness as stain
removers was evaluated through a visibility test and compared to a commercialized stain
remover. The concentrations of oxalic acid in fruit and leaf are 294.20+47.35 and 239.81+60.50
ppm, respectively. The results show that the preferred formulations are F3 (50% A. bilimbi fruit
extract) and L3 (50% A. bilimbi leaf extract). Hence, a 50% solution of fruit or leaf extract can
remove various types of stains, like pencil lead, tomato sauce, eye makeup, and tea, in 10
minutes. The pH test also shows that the pH of these formulations is lower than a commercialized
stain remover at 10.90 for F3 and 10.91 for L3, while the pH for the commercialized stain
remover is 11.86. Hence, it is proven that both fruit and leaf extracts of A. bilimbi can be used as

an alternative stain remover.
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Averrhoa bilimbi, also known as belimbing buluh, is a
fruit with antibacterial, astringent, antiscorbutic, and
anti-inflammatory properties [1-3]. It is popular in
Asian countries like Malaysia, Indonesia, and Thailand.
It is also widely used in cooking around Malaysia’s
east coast states of Pahang, Kelantan, and Terengganu
to produce ‘sambal hitam’. Damayanti et al. (2021)
reported the presence of saponins, tannins, steroids,
flavonoids, and alkaloids in the ethanol extract of A.
bilimbi leaves [4]. Other than that, the fruit juice has
high levels of oxalic acid and therefore, may be used
to remove iron-rust stains from clothes and to impart
shine to brassware [5]. Aldesimo et al. (2017) reported
that oxalic acid in pineapple peel extract with the
addition of sodium chloride (salt) is effective against
mud (protein stain), rust (stain requires special treatment
methods), and deodorant (stain requires special treatment
methods) [6]. Meanwhile, Hitalia et al. (2012) reported
that oxalic acid in A. bilimbi fruits is effective in
removing soy sauce (tannin stain) on the fabrics [7].

Oxalic acid is known as a weak acid. According
to Manzak and Inal (2014), oxalic acid is used in
industry as a bleaching agent, a radiator cleaner, in
radiography, and as a rust remover [8]. Besides, it is
approved as a disinfectant to inhibit bacteria and germs
and as an inert component in pesticide composition.
Additionally, it can address the environmental concern
associated with sodium hypochlorite, which degrades
rapidly in both anaerobic and aerobic conditions. At
room temperature, oxalic acid does not volatilize or
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concentrate in aquatic organisms, and it degrades
rapidly in surface waters and soil surfaces. It breaks
down into carbon dioxide and water [9]. Oxalic acid
is the compound with highest acidity found in the
Oxalidaceae family. According to Chiang (2020), the
ripe fruit of A. bilimbi contains about 8.45 to 10.8
mg/g of oxalic acid while its green fruit contains about
10.5 to 14.7 mg/g of oxalic acid [10]. Meanwhile, the
ripe and green fruits of A. carambola contain 9.6 mg/g
and 5.0 mg/g of oxalic acid, respectively [11, 12].
Previous studies only evaluated the concentration of
oxalic acid in A. bilimbi and A. carambola fruits but
not their leaves.

A stain is a mark or spot that may occasionally
be seen on the surface of any substance or element. It
is classified into four types: enzymatic, oxidizable,
greasy, and particle. Bleaching agents are chemicals
that can be used to remove stains. Through oxidation
reactions, the dirt color will fade. Some of the solvents
that can be used to remove stains include oxidizing
agents (hydrogen peroxide), reducing solvents (sodium
hydrosulfite, sodium hypochlorite, and sodium chloride),
lacquer solvents, inert solvents, and detergents. All
these are examples of oxidators that can be used to
remove stains [13]. Thus, these oxidators are usually
used to produce commercialized stain removers.
According to Seiphetlheng (2015), sodium hypochlorite
— derived from a mixture of sodium hydroxide and
chlorine gas — is the active ingredient in commercialized
stain removers [14]. However, the use of sodium
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hypochlorite has created environmental concerns, in
addition to handling and storage safety issues [15].
Therefore, this study aims to determine the concentration
of oxalic acid in A. bilimbi fruit and leaf extracts by
using HPLC-UV spectroscopy. This study also aims
to formulate a bleaching stain remover from A. bilimbi
fruit and leaf extracts and their effectiveness in
removing stains will be compared with commercial
stain removers.

EXPERIMENTAL
Chemicals and Materials
Chemicals

Several chemicals used in this study such as methanol,
standard oxalic acid, and sodium hypochlorite were
purchased from Sigma-Aldrich. All the chemicals
were obtained from the laboratory of UiTM Perlis
Branch, Arau Campus while the standard oxalic acid
was purchased from Dulab.

Materials

The samples of Averrhoa bilimbi L. (belimbing buluh)
fruits and leaves were purchased from Ecopro Training
Centre (ETC), Kg Nesam, Perlis. The plant specimen
was submitted to the Herbarium Universiti Kebangsaan
Malaysia for identification. The voucher number
assigned to the species is 1D109/2024.

Methodology
1. Preparation of Fruit and Leaf Extracts

The fresh leaves and fruits of Averrhoa bilimbi were
cleaned with tap water. Then, they were dried at 65 °C
in an oven until a constant mass was gained. After that,
they were ground to a fine powder and 40 g of this
powder was weighed into a 500 mL Erlenmeyer flask.
Later, 400 mL of methanol was added into the flask to
submerge the sample, which was then macerated for 3
days. After 3 days, the mixture was filtrated, weighed,
and dried at 45 °C by a rotary evaporator. The dry
crude extract was stored in an air-tight container and
kept in a refrigerator for further analysis [16]. The
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extracts solution of 1000 ppm was prepared by
dissolving 10 pg of extract with distilled water in a
10 mL volumetric flask, as shown in the subsequent
equation:

10 ug of sample/standard

1000 =
ppm 10 mL of solvent

2. Preparation of Standard Solution

The standard solution of 1000 ppm was prepared by
dissolving 10 pg of oxalic acid with distilled water in
a 10 mL volumetric flask. Then, distilled water was
added until it reached the calibration mark. The
solution was then subjected to dilution into a series of
standard solutions of 500, 400, 300, 200, and 100
pg/mL [17-19].

3. High Liquid Performance Chromato-
graphy-Ultraviolet (HPLC-UV) Analysis

The quantification of oxalic acid in the extracts
was carried out on Perkin Elmer series 200 HPLC
consisting of a pump, autosampler, UV/Vis detector,
column oven, and solvent tray. Averrhoa bilimbi
extracts (1000 ppm) were evaluated using a C18
column in this study. The instruments’ flow rate was
set at 1.0 mL/min using acetonitrile: water (70:30) as
the mobile phase component. Approximately 10 uL of
the sample was then injected using a syringe. The
wavelength had been set at 210 nm. Next, the retention
period was determined by injecting 10 pL of standard
oxalic acid [18, 19]. The standard calibration curve was
plotted using area (V.s) vs. concentration (ppm). The
concentration of oxalic acid in fruit and leaf extracts
was calculated using this calibration curve [19].

4. Formulation of Bleaching Stain Remover

Clorox was used as the standard to be compared with
other formulations. The stain remover was formulated
using different concentrations of A. bilimbi fruit and
leaf extracts i.e. 100% (v/v) (F1/L1), 75% (v/v)
(F2/L2), 50% (v/v) (F3/L3), and 25% (v/v) (F4/L4).
The fruit or leaf extract concentration was 1000 ppm
[11]. Table 1 shows the formulation of stain remover.

Table 1. Formulation of stain remover.

Formulation Sodium hypochlorite (mL) Averrhoa bilimbi fruits or
leaves (mL)

F1/L1 (100% v/v) 0 50.00

F2/L2 (75% viv) 12.50 37.50

F3/L3 (50% viv) 25.00 25.00

F4/L4 (25% VIv) 37.50 12.50

Standard (Clorox) 0 0

Control 50.00 0
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5. Stain Remover Analysis
pH Test

The pH value of the formulation was determined using
a pH meter. The instrument was calibrated first with a
standard neutral pH buffer solution (pH 7.01) and an
acid buffer solution (pH 4.01) until the pH value was
displayed. The electrode was then rinsed with distilled
water and dried with a tissue [20].

Staining

A sheet of cotton fabric was purchased from a nearby
store in Arau, Perlis. The fabric was cut into 8 x 9 cm
pieces. Then, 2 mL of stains i.e. mud, eye makeup,
pencil lead, tomato sauce, and tea were spread on the
fabric pieces, and these stained fabric pieces were set
aside for at least 10 hours. After 10 hours, the fabric
pieces were treated with different types of stain
remover formulations for 10 min at 200 rpm using a
magnetic stirrer before being rinsed with water [6].

Stain Visibility

For stain visibility, five individuals evaluated and
determined the stains on the fabric pieces based on
AATCC Test Method 130 — the standard for stain-
release replica. The effectiveness of the formulations
was compared by the visibility of stains on the fabric
as evaluated by the five individuals. The ratings were
recorded as in Table 2 and Figure 1 [21]. Table 2
shows the stain release rating, while Figure 1 shows
the stain release replica.
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Statistical Analysis

All data were plotted and calculated using MS Excel
(Microsoft Excel 2021). The determination of oxalic acid
concentration was performed in triplicate, and results
were expressed as mean * standard deviation. The
significance of the difference between the two samples
was tested using a one-way ANOVA test. P-values <
0.05 were considered significant for the study [22].

RESULTS AND DISCUSSION
Maceration Analysis

In this study, the maceration extraction technique
was used as it is a cost-effective and straightforward
method. However, it is time-consuming and takes
several days to complete [23]. The process involves
immersing the sample in a solvent, such as methanol,
ethanol, ethyl acetate, or distilled water for a few days
[24]. In this study, methanol was used as the solvent
due to its high yield percentage [25].

The extraction yield of the crude extract is a
crucial parameter to assess the effectiveness of the
extraction process. The amount of a desired compound
retrieved from plant material can be referred to as the
extraction yield of a crude extract. It is a significant
consideration when evaluating the quality of a crude
extract since it can alter the potency and efficacy
of the final product. Obtaining a higher extraction
yield can simplify the process of standardizing an
extract's concentration. This is particularly valuable
for conducting clinical trials or other studies.

Table 2. Stain release rating [21].

Rating Description
1 Residual stain equivalent to Replica 1
2 Residual stain equivalent to Replica 2
3 Residual stain equivalent to Replica 3
4 Residual stain equivalent to Replica 4
5 No residue stain

Stain Release Replica

AATC

Test Method 1)

Figure 1. Stain release replica [21].
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The percentage yield of extract %(w/w) =

Additionally, a larger extraction yield could facilitate
the production of extracts with greater consistency,
which is crucial for commercial applications [26]. The
percentage yield of A. bilimbi fruit and leaf extracts
was calculated using the equation shown below [27].

The percentage yields for fruit and leaf extracts
were 36.93 and 14.90% (w/w), respectively. The fruits
have a higher percentage yield due to their function
as reproductive organs of plants. Besides, they are
usually harvested when they are ripe. Hence, they are
at their most nutritious and flavorful due to their high-
water content [28, 29].

HPLC-UV Analysis

HPLC analysis was conducted to determine the
concentration of oxalic acid in fruit and leaf extracts
of Averrhoa bilimbi. Reverse-phase chromatography
with a C18 column was used in the HPLC analysis
because oxalic acid is a polar compound. Acetonitrile
and water were used as the mobile phase composition
to achieve optimal separation. According to the previous
study by Sharma and Devi (2018), methanol and water
were used as the mobile phase of HPLC analysis for
oxalic acid [18]. However, methanol is not preferable
as it causes high column back pressure and may lead
to column failure [30]. Besides, acetonitrile exhibits
lower UV absorbance than methanol [31]. Hence, it is
compatible with oxalic acid as the optimal detection
wavelength is 210 nm [17].

The peak area or peak height obtained from
the chromatograms can be correlated with the
corresponding concentrations to construct a calibration
curve. This curve can then be used to determine the
concentration of oxalic acid in the Averrhoa bilimbi
extract. The calibration curve of oxalic acid standard
exhibits a linear relationship between the concentration
and area of oxalic acid. The determination coefficient
R2is 0.9637 indicating that good data fit the regression
line, proving the accuracy of the calibration. The linear
equation of this calibration is y = 173.36x + 56091.
The concentration of oxalic acid in A. bilimbi fruit and
leaf extracts was calculated using response factor (Rf)
as shown below:

area of standard

Rf =

concentration of standard

1
concentration of sample = R_f X area of sample

The Rf value obtained is 297.705. The
concentration of A. bilimbi fruit and leaf extracts was
calculated and tabulated in Table 3. The concentration
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mass of crude extract
X 100%

mass of sample

of oxalic acid for both samples was not significant
since P-value > 0.05. From the calculation, the
concentration of oxalic acid obtained from the
A.bilimbi fruits was higher than those from leaves at
294.20+47.35 ppm and 239.81+60.50 ppm, respectively.
Hence, the result is consistent with Lcia et al. (2001)
and Sa et al. (2019) which reported that the oxalic acid
in ripe fruits is 8.57 ppm while the leaf has 5.45 ppm
oxalic acid [5, 32]. However, it is vital to remember
that oxalic acid concentrations might change depending
on a variety of factors such as genetics, soil, location,
season, and maturity stage [5]. These factors can affect
the overall concentration of oxalic acid in Averrhoa
bilimbi fruits and leaves.

Stain Remover Analysis
pH Test

The pH test is important while formulating a bleaching
solution to determine how basic or acidic a solution is.
An acidic solution will provide a pH of less than 7
while a basic solution will provide a pH of more than
7. According to the data presented in Table 4.2, the pH
of sodium hypochlorite is 12.6. This is in line with a
study by Christensen et al. (2008), which stated that
sodium hypochlorite from the manufacturer typically
has a pH of 12 [33]. In this study, the pH of Averrhoa
bilimbi fruits observed is 4.38, while the pH for leaf
extract is 6.34. This is supported by Orwa et al. (2009),
which reported that the pH of A. bilimbi fruits is 4.47
[34]. The pH for all formulations with sodium
hypochlorite (F2, F3, F4, L2, L3, and L4) ranges from
10.63 to 11.05. There is no significant difference
in the pH reading for all the formulations that had
been combined with sodium hypochlorite. We can
see that pH increases with the increased concentration
of sodium hypochlorite. This increase is because
when an alkali is added to an acidic solution, the
alkali's hydroxide ions (OH-) combine with the
acid's H* ions to generate water. This reaction lowers
the concentration of H* ions in the solution, raising
the pH [35].

The pH value of the solution must be compatible
with the skin's pH, which ranges between 4.5 and
6.5 [36]. This is because human skin shields the
body from external stimuli, including chemical
disturbances. However, only pure extracts of fruits
and leaves, which are F1 and L1, are suitable for use
directly on the skin because their pH levels are 4.38
and 6.34, respectively. In contrast, other formulations
in this study do not match the skin's pH range because
their pH is between 10 and 11. Hence, it is advisable
to take extra care while handling these formulations
by wearing a glove. Table 4 shows the pH values of
the formulated stain remover.
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Table 3. Concentration of oxalic acid in Averrhoa bilimbi fruit and leaf extracts.

Sample Mean area (UV.s) Concentration of oxalic acid
(ppm)

Averrhoa bilimbi fruits 87582.55 294.20+47.35**

Averrhoa bilimbi leaves 71392.58 239.81+60.50**

Note: Values of concentration of oxalic acid are means of triplicate measurements, mean + SD, and expressed in ppm.
The P-value was determined using a one-way ANOVA test.

**Not significant (p > 0.05)

Table 4. pH value of formulated stain remover.

Formulation

pH Value

Standard (Clorox)

Control (Sodium hypochlorite)

Fruit extract 100% (F1)
Fruit extract 75% (F2)
Fruit extract 50% (F3)
Fruit extract 25% (F4)
Leaf extract 100% (L1)
Leaf extract 75% (L2)
Leaf extract 50% (L3)
Leaf extract 25% (L4)

11.86
12.06
4.38

10.63
10.90
11.04
6.34

10.66
10.91
11.05

Stain Visibility

The stain visibility test was carried out by five
volunteers. Table 5 shows the average stain visibility
rating as rated by these volunteers. The visibility test
was carried out under consistent and natural lighting
conditions to avoid color perception differences. All
five volunteers also viewed the stains from the same
distance and angle to maintain consistency in perception.
Based on the data compiled in Tables 5, 6 and 7, the
preferable formulations for removing fabric stains
are F3 and L3. Despite no significant pH difference
between the formulations, F3 and L3 formulations
managed to remove four out of five stains within 10
minutes (tomato sauce, pencil lead, eye makeup and
tea stains) compared to other formulations. This is
because a specific ratio of surfactant in F3 and L3

could be more efficient at breaking down an
emulsifying stain even with the small difference in
pH. F3 and L3 formulations contain a combination
of sodium hypochlorite and extract with ratios of 1:1.
Hence, the results are in line with Bimbao et al. (2017)
who reported a 50% concentration of Averrhoa
carambola as being most effective to remove stains
[11]. Table 5 also shows that F3 and L3 formulations
are better than the commercialized stain remover
which could only remove two kinds of stains, tomato
sauce and tea, within 10 minutes. These results are
supported by Aldesimo et al. (2017) and Hitalia et al.
(2021) who mentioned that oxalic acid managed to
remove pencil lead and tea stains [6, 7]. Hence, the
formulations containing 50% oxalic acid (F3 and
L3) can be an alternative stain remover due to their
effectiveness.

Table 5. Average stain visibility rating of formulations after 10 min stirring at 200 rpm using a
magnetic stirrer by five volunteers.

Stain Formulation

Std Ctrl F1 F2 F3 F4 L1 L2 L3 L4
Mud 3 3 3 3 3 3 3 3 3 3
Tomato sauce 5 5 5 5 5 5 4 5 5 5
Pencil lead 4 4 3 4 5 4 3 4 5 4
Eye makeup 4 4 3 5 5 4 3 5 5 4
Tea 5 5 4 5 5 5 4 5 5 5

Note: (Std) Standard, (Ctrl) Control, (F1) 100% Fruit Extract, (F2) 75% Fruit Formulation, (F3) 50% Fruit Formulation, (F4)
25% Fruit Formulation, (L1) 100% Leaf Extract 100%, (L2) 75% Leaf Formulation, (L3) 50% Leaf Formulation, (L4) 25% Leaf
Formulation, (1) Residual equivalent to Replica 1, (2) Residual equivalent to Replica 2, (3) Residual equivalent to Replica 3, (4)

Residual equivalent to Replica 4, (5) No stain residue.
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Table 6. Stain visibility using F3 after 10 min stirring at 200 rpm using a magnetic stirrer.

Type of stain After 10 min

Mud

Before ,

Tomato sauce

Pencil lead

Eye makeup

Tea
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Table 7. Stain visibility using L3 after 10 min stirring at 200 rpm using a magnetic stirrer.

Type of stain Before

Mud

Tomato sauce

Pencil lead

Eye makeup

Tea

After 10 min

In F3 and L3 formulations, 50% sodium
hypochlorite was used as it plays a dominant role
due to its strong oxidative properties while a pure
extraction sample could not efficiently remove a
variety of stains. Besides, NaOCI is highly reactive
and works quickly, which can make it a dominant
agent in processes requiring rapid and thorough
bleaching. In addition to being a bleaching agent,
oxalic acid is a chelating agent, which means it may

Fe,03.H,0 + 6H,C,04 = 2FeC,04.3H,0 + 6H,0

OCI'+ H20 + 2" — CI'+ 20H"

attach to metal ions and prevent them from interacting
with other molecules [37]. The equation below shows
the chemical reaction of oxalic acid in removing rust
stain (1) [38] and sodium hypochlorite in removing
stains through oxidation (2) [13].

M
)
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Oxalic acid is good for removing stains that are
caused by metallic ions such those in tomato sauce
[39], eye makeup, and tea [40]. According to Aldesimo
et al. (2017), oxalic acid in pineapple peel manages to
remove mud [6]; however, this result is in contrast
with this study. In this study, mud could not be
removed by all the formulations. While mud does
contain metallic ions as part of its mineral content,
the presence and concentration of these ions can vary
widely depending on the source of the mud. The
effectiveness of cleaning formulations on mud stains
may not be solely dependent on the presence of
metallic ions but also on the overall composition of
the mud and the nature of the stain [41].

CONCLUSION

In conclusion, Averrhoa bilimbi fruits and leaves were
successfully extracted by maceration with a percentage
yield of 36.93 and 14.90% (w/w), respectively. HPLC
analysis showed that the fruits contain higher oxalic
acid concentrations than the leaves at 294.20+47.35
and 239.81+60.50 ppm, respectively. Stain remover
analysis was successfully conducted, and the results
show that the preferable formulations are F3 and L3,
which contain a ratio of 1:1 fruit or leaf extract
and sodium hypochlorite due to both formulations
managing to remove four out of five stains. The stains
removed were tomato sauce, pencil lead, eye makeup,
and tea. pH test showed that the pH of commercialized
stain remover is higher than the pH for F3 and L3.
Hence, the formulations with the addition of oxalic
acid can be used as an alternative to remove stains, but
extra caution is needed due to the high pH of both
formulations.
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