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Abstract

The fast development of different
industries has a negative impact on public
health and the environment. Where the
admiration for healthy skin has encouraged
the cosmeceutical industry to develop quickly,
the use of synthetic and harmful substances
in many skin care products causes skin
reactions like irritations, redness, and itching.
As a result, the necessity for 100% natural
formulation for skin health motivated the
researchers to recognize it. This research
aimed to formulate mangosteen anti-acnhe
face serums using 100% natural excipients
(green  product) and evaluate their
physicochemical properties. A combination of
magnetic  stirring and  homogenization
techniques was used for the serum
formulation at room temperature. The stability
of the formulation was satisfactory based on
redispersion and pH (4.71) stability results.
The serum provided good coverage with
around 52% occlusive properties. The product
was able to show an impressive antioxidant
effect with an ICs of 0.19mg/mL. lts
antibacterial properties were observed against
Staphylococcus aureus and Staphylococcus
epidermidis where the Staphylococcus aureus
was inhibited with a zone of inhibition of 18.03
mm. In the next stages, in-vivo studies of the
product will help to move forward with
commercialization.

Keywords: Face serum, Mangosteen, Anti-
acne, Antioxidant, Antibacterial.

Introduction

In recent decades, the cosmeceutical
industries have experienced major shift
through the evaluation of science. Nowadays,
scientists are more focused on developing
natural-based products than synthetic ones (1).
The causes of this shift in formulations include
a wide range of accessible natural
components, their exceptional pharmacological
benefits, and a number of reporting incidents
on adverse effects of artificial ingredients on
health, the environment, and the economy (2).
Such include side effects on the skin or hair,
allergic responses, microplastic contamination,
and exorbitant product prices because of
costly production methods (3). In the majority
of cases, the existing cosmeceutical
formulations have one or more artificial
ingredients like polyethylene glycol, retinol,
alcohols, sulfites, and many more (4).
These can cause skin burning, itching,
and photosensitivity. Some researchers are
also directing their research on the long-term
use of synthetic cosmeceuticals and
chronic immunological disorders (5).
The presence of microplastics in those
cosmeceutical products in the form of
microbeads contaminates the water while
washing these off. In addition to polluting
the environment, these microplastics can get
into the human body through different routes
and cause carcinogenicity (6). Returning to
natural products is the only way to resolve
these catastrophic events.
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Cosmeceutical serums are the finest
option for delivering active ingredients. It is a
highly concentrated water or oil-based product.
Serums contain active ingredients ten times
more than conventional creams and lotions.
Furthermore, the serum offers delivery of micro
molecules of the formulation's constituents. As
a result, it ensures product distribution in the
deeper skin layers is faster and more effective
(7). The serum provides the skin with a firmer,
smoother texture, makes pores seem smaller,
and boosts moisture levels. Because of the
benefits of serums, it is an ideal tool for treating
acne (8, 9).

Acne or acne vulgaris is one of the
most prevalent dermatological conditions. The
etymology behind acne is still unclear. But
some of the well-known factors involved are
bacterial infection by Staphylococcus aureus
(S. aureus), inflammation, lack of moisture,
and diet (10). Garcinia mangostana, often
known as mangosteen in Southeast Asia, is a
nutritious and delightful fruit. Mangosteen
pericarps have traditionally been used to treat
gonorrhea, bladder infections, diabetes,
diarrhea, and skin rashes. According to the
literature, the other parts of the fruit are full of
oxygenated materials. Such as xanthone-like
compounds (alpha, beta, and gamma
mangostins), isomangostin, garcinone, and
garcimangosone. The phytochemicals show
antioxidant and antibacterial properties (11,
12). These activities are needed in anti-acne
treatments. The antioxidants will prevent free
radical formation, which helps reduce
inflammation and promote skin rejuvenation
by scar healing. The antibacterial properties
are needed for protection against acne-
causing bacteria (13,14). This study aims to
formulate a face serum using only natural
ingredients and utilizing the benefits of
mangosteen peel extract for anti-acne
properties that are safe for public health and
the environment.

Material and Methods
Materials

Mangosteen peel extract powder was
from Chemtron Biotechnology Sdn. Bhd. The

organic aloe vera gel, vitamin C, hyaluronic
acid, hydrolyzed collagen, allantoin, orange oil,
xanthan gum tea tree oil, and glycerin
were purchased from IKO Natural Beauty,
Sdn. Bhd. While purchasing the materials,
special attention was given, making sure
they were in 100% natural form. The 2,2-
Diphenyl-1-picrylhydrazyl were supplied by
CHEMSOLN.

Instrumentations

A magnetic stirrer (Fisher Scientific)
and homogenizer (YHANA Specification,
model HMX-20DN) were used for formulations.
A centrifuge, pH meter, and “Thermo Nicolet
NEXUS” spectrometer were utilized for the
characterization  of the  product. uv
spectrophotometer (Secomam UviLine9400),
incubator, and stability chamber were used for
assessing the in-vitro properties.

Formulation of serum

The face serum was prepared in three
stages. The first stage included mixing
hyaluronic acid, hydrolyzed collagen, vitamin
C, and aloe vera in a certain percentage, and
in purified water. The second stage included
adding all the essential oils. The third stage
included the formulation of the base of the face
serum. Here, xanthan gum and glycerin were
added to purified water. Each stage was

prepared using a magnetic stirrer in the
speed range of 700-1100 rpm. The
temperature used in each stage was

dependent on the ingredients in it. The
mangosteen extract was added at 0.1%
concentration to the base along with the other
ingredients. A homogenizer was used at the
end of the process to ensure that the mixture
was homogenous in texture.

Organoleptic characteristic

The color of the formulation was observed
visually under appropriate light. The texture of
the product was confirmed by touch. The smell
of the serum was also observed.

Redispersion

The formulation was subjected to
centrifugation at 3000 rpm for 5 min to check if
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phase separation appears and the presence
of any particulate matter. After centrifugation,

visual observation was done under
appropriate light.
pH

A calibrated pH meter was used to
measure the pH of the face serum. 1 mL of
the face serum was diluted in 10 mL of
purified water for the test. It was essential to
ensure the pH is appropriate for topical use
(15)

Spreadability

As the face serum samples easily
flow, the spreadability test would be
significant for characterization. 0.1g of
the sample was placed in the center of a
10 cm x 10cm cleaned transparent flat
surface. 100g and 200g loads were placed
and kept for 2 min. The diameters of the
spread samples were measured. A good
spreadability of the face serum was needed to
give a nice coverage on minimal product
usage (16).

Fourier-transform
(FTIR) study

FTIR spectra of the mangosteen
extract and face serum formulation were
obtained by “Thermo Nicolet NEXUS”
spectrometer. The test was done at 20 scans
with a resolution of 4cm™. At a scanning
range of 650 to 4000 cm™', the FTIR spectrum
of each sample was observed and recorded.

infrared spectroscopy

This test was done to observe any
compatibility issues between active
ingredients and excipients (17, 18).

2,2-Diphenyl-1-picrylhydrazyl (DPPH)

radical scavenging assay

DPPH radical scavenging
conducted to observe the antioxidant
characteristics of the face serum (19).
Different concentrations of the mangosteen
peel extract and face serum test samples
were prepared using suitable solvents. 100 pL
of various concentrations of test samples
were plated out in triplicate in a 96-well
microtiter plate. Consequently, 100 pL of

assay was

0.1fmM DPPH solution was added to the
test samples, whereas 100 pL of methanol
was added to the test samples as the control.
The plate was shaken for 2 min followed
by incubation for 30 min in the dark and
protected from light with aluminum foil. At 520
nm, the proportion of decolorization was
measured by a UV spectrometer (20, 21).
Ascorbic acid was the positive control. The
applied equation-

Inhibition (%) = (Abs control - Abs sample)
Abs control

X100

Here, Abs control is the absorbance of
DPPH radical without test samples; Abs
sample is the absorbance of DPPH radical +
test samples.

Anti-bacterial activity test

The agar disc diffusion method was
used to evaluate the antibacterial efficacy of
the serum against S. aureus ATCC 25923 and
S. epidermidis ATCC 12228. The bacteria
were cultured overnight in a broth solution. The
discs of the samples were prepared by
injecting 200 pL of the samples on the discs
followed by air-drying for some time. Then,
cotton swaps were used to spread the bacteria
sample on a petri dish with Mueller—Hinton
agar media. After placing the discs over the
inoculated agar media, petri dishes were kept
in the incubator overnight. The results were
recorded the next day. Tetracycline was used
as the positive control (22).

In-vitro occlusive test

This test was done to observe the
ability of the face serum to lock the internal
moisture inside the skin. An empty beaker was
taken and weighed. It was filled with a
particular amount of purified water and
weighed again. The opening of the beaker was
covered with Whatman filter paper, and a
specific amount of the sample formulation was
spread on the filter paper. After some time, the
beaker was weighed again to determine the
water loss in percentage. The overall setup
was placed in the stability chamber (40 °C, RH
75%) (23).
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Figure: 1: Mangosteen face serum, before
homogenization (A) after homogenization (B)

¥

Figure: 2: Redispersion test 1 month (A) 6
months

Result and Discussion
Organoleptic

The organoleptic properties were
consistent throughout the observation period of
six months. The color of the face serum was
yellow due to the incorporation of the
mangosteen extract. The smell of the serum
sample was of tea tree oil, for being high among
the essential oils. The texture before and after
the homogenizer was different, as shown in
(Figure 1). The latter provided a smoother
texture and homogenized formulation.

Redispersion

The redispersion test of the serum also
showed satisfactory results with no extra layer
of disposition of materials after centrifugation, as
exhibited in (Figure 2). The homogeneity did not
change even after 6 months.

pH

The following Table 1 shows the pH
results of the mangosteen face serum on 1st
day, one month, and six months at room
temperature. Based on the results in Table 1,
all the pH values were in the range of normal
pH range applicable for topical use.

Table 1: pH study over six months of
mangosteen face serum

Duration of storage pH values + SD

Initial 4,71+ 0.016
1% month 4.62+ 0.038
6 months 4.49+ 0.031

Spreadability

The face serum showed a spreadability
of 27.62 + 0.27 cm? during a 100g load and
34.21 +0.19 cm? during a 200g load.

Fourier-transform infrared spectroscopy
(FTIR) study

The compatibility between active
ingredients and excipients was checked

through this test (Figure: 3). The infrared
spectrum of mangosteen extract showed some
significant peaks in the range of 3243 cm™ to
1079 cm™. These peaks represent the
functional groups of phytochemicals present in
the extract. For instance, peak 3243 cm”
indicates -OH group and -COOH, 2973 cm’
and 2910 cm’' represent alkyl group b1y
-CH stretching, C=0 stretching at 1650 cm™,
methyl group and carboxylic group in
aromatic compounds can be indicated by the
range of 1455cm™ to 1372cm”. The C-O
functional group can be involved in the peak
of 1278 cm™ to 1043 cm™ range. As shown
in Figure 3, the face serum formulation
also showed such significant peaks (3282 cm™,
2939 cm’, 1644 cm”, and 1022 cm™)
referring to the chemical integrity of the
mangosteen extract phytochemicals that were
intact in the formulation. There was no major
shift in the spectrum between the active
ingredient and the formulation. The FTIR
spectrum of blank face serum does not show
significant peaks from the mangosteen peel
extract powder.

Here, A= Amount of purified water taken in the
beaker and B= Loss of water
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Figure: 3: FTIR spectrum comparison between mangosteen extract powder (green), blank (red),
and face serum (purple)
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Figure: 4: Comparison of DPPH-free radical inhibition

2,2-Diphenyl-1-picrylhydrazyl
radical scavenging assay

(DPPH)  was lower than the ICs, of the active ingredient.

The results are shown in the following (Table 2).

The serum sample exhibited significant

antioxidant activity against DPPH. As shown in Antibacterial test

Figure 4, the DPPH scavenging capacity for
face serum was higher than the mangosteen
powder. The blank without the API also showed
some inhibitory effect which indicates the main
antioxidant property is from the APl and the
overall formulation shows a synergistic
antioxidant effect. The ICsy of the formulation

The antibacterial study of the face
serum samples showed activity against
S. aureus but not S. epidermidis (Figure 5).
According to our study, the face serum
sample was able to show a zone of inhibition at
18.03 = 0.24 mm for S. aureus exhibited in
(Table 3).
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Figure: 5: Antibacterial activity against S. aureus A) mangosteen peel powder B) face serum,
antibacterial activity against S. epidermidis C) face serum D) mangosteen peel powder.

Table: 2: ICsy value represents the
antioxidant activity of the samples against
DPPH free radical.

Sample ICs0
Mangosteen peel 0.075 mg/mL
extract powder

Face serum 0.019 mg/mL
Blank 0.198 mg/mL

Table: 3: Zone of inhibition against S.
aureus

Sample name Inhibition Zone
(mm) £ Standard
deviation

Tetracycline 25.2+0.11

Mangosteen peel extract 23+0.14

Face serum 18.03 £ 0.24

In-vitro occlusive test

In terms of occlusive functions, the
mangosteen face serum prevented moisture
loss by around 52%.

Discussion

The natural mangosteen face serum is
developed with specific ingredients that
contribute to the efficacy of the face serum.
The use of a homogenizer not only provided a

smoother texture but also (Figure 1) helped in
reducing the size of the mangosteen powder so
that it could be incorporated more effectively in
the formulation. This production process was
suitable for formulating an overall natural
mangosteen face serum. The mangosteen peel
extract contains valuable phenolic compounds
like xanthone, isomangostin, garcinone, and
garcimangosone. These contribute to the
antioxidant functions that were also seen in this
study. The better efficacy in this regard is due to
the presence of vitamin C, aloe vera gel,
hyaluronic acid, hydrolyzed collagen, and
essential oils. These components are well
known for their free radical scavenging
properties (24, 25). All these provide a
synergistic antioxidant effect. The face serum
showed significant inhibitory action against S.
aureus, consistent with other studies on
mangosteen peel extract. In those studies, the
peel extract is found to be rich in alpha
mangostin (26, 11). The FTIR study also
indicates the presence of this phenolic
compound as these showed strong peaks for -
OH, C-0O, and C=0 in Figure: 5. The presence of
the -COOH group is also indicated in the study,
which  could be phenolic acids like
protocatechuic acid and caffeic acid (27).

The pH of a topical formulation is very
crucial. A range of 4-6 pH values is considered
appropriate for application on the skin.
Otherwise, it might cause itchiness, burning
sensation, and even severe rashes. The use of
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synthetic products like alpha hydroxy acids
and beta hydroxy acids can alter the skin's pH
and cause side effects as mentioned above.
(28) According to the literature, a skin pH of 4-
5 can prevent skin infection by many
pathogens. This study focuses on using the
natural ingredients appropriately to keep the
formulation pH range under 5 (29). Hence,
this new product can help maintain the skin’s
protective barrier against infectious microbes.
The spreadability results are satisfactory in
terms of topical formulation indicating the new
face serum will give proper coverage during
application and promote ease of application.
Preventing moisture loss is another unique
property of cosmeceuticals. A significant
amount of moisture is needed for a healthy
skin barrier which is important for acne
treatment. On the other hand, excessive
moisture trapped in the skin can cause
moisture-associated skin damage (MASD)
(30). The mangosteen face serum can
prevent 52% moisture loss and provide a
healthy balance of water in the skin.
Therefore, this face serum formulation can be
an effective alternative to the existing anti-
acne treatments through its antioxidant
properties and anti-bacterial protection
against acne-causing bacteria.

Conclusion

Mangosteen is a miraculous fruit with
therapeutic properties that can also be
applied in the cosmeceutical industry.
Developing a formulation that uses natural
excipients is the most secure approach for the
consumer to utilize the anti-acne benefits of
the natural ingredient. The smooth texture
and pleasant smell of the essential oils will
provide serenity. Developed natural face
serum works well for acne treatment owing to
its antioxidant and antibacterial qualities.
These products are made by avoiding
expensive ingredients and  machines.
Therefore, after commercialization, this will be
affordable to everyone in need. In addition to
in-vivo testing, these compounds can be
further tweaked and enhanced for greater
efficacy and stability.
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