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The symbiotic bacteria of the mangrove fruit, Xylocarpus sp., have the potential to act as antibacterial and antifungal
agents. The research objective is to determine the possibility of producing symbiotic bacteria for the cosmetic
bioindustry. Isolate Alcaligenes aquatilis (Isolate X1.63), Sinomicrobium oceani (Isolate X2.52), S. oceani (Isolate
X1.54), Pseudomonas khazarica (Isolate X1.64), S. oceani (Isolate X1.53), and Proteus mirabilis (Isolate X1.65)
bacteria were used as samples and tested against pathogenic bacteria and pathogenic fungi. Then, a cream was prepared
using symbiotic bacteria as the main ingredient with different concentrations for subsequent testing on mouse skin
over 14 days. Finally, it was analyzed using histological methods. Hair follicle growth ability was observed at various
concentrations of the cream. Specifically, the consortium bacterial cream shows superior efficacy compared to other
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mangrove. treatments. Testing bacterial extract as a cream formulation can be an alternative treatment for alopecia (baldness).
The research findings concluded that the symbiotic bacteria of Xylocarpus sp. mangrove fruit have the potential to
be used as a material for the cosmetic bioindustry. This is because, in addition to having antibacterial and antifungal
properties, they also demonstrate potential for use as a hair cream product for treating alopecia.
INTRODUCTION bacterial species Pseudoalteromonas [7] and Bacillus [8].

Using natural ingredients in cosmetic production
is becoming increasingly popular as many consumers prefer
organic and chemical-free products [1,2]. One natural ingredient
with potential antimicrobial and antifungal properties is the
symbiotic bacteria [3—5]. This bacteria is derived from the fruit
of a type of mangrove plant that grows in coastal areas and
contains active compounds that have the potential to function as
antimicrobials and antifungals. These active compounds fight
the growth of microorganisms that cause infections and damage
to the skin, such as bacteria and fungi [6].

There is limited information about potential symbiotic
bacteria from the sea; one example is symbiotic bacteria that
have antimicrobial and antifungal properties, such as the
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Pseudoalteromonas is a type of bacteria commonly found in
marine environments, especially on the surfaces of marine
organisms. The study results on pyocyanin show that biosynthesis
activity decreases the pathogenicity of Pseudomonas aeruginosa
bacteria. This indicates that pyocyanin is primarily responsible
for the initial colonization of P. aeruginosa [9,10].

Symbiotic bacteria of the genus Bacillus are known
to be found in several marine hosts, including mangroves, sea
cucumbers, mollusks, sediment, and fish. This indicates that
Bacillus has a natural affinity for the marine environment and
can be categorized as either pathogenic or non-pathogenic.
Several non-pathogenic species that have the potential to act as
antimicrobial multi-drug resistant (MDR) agents are Bacillus
subtilis, Bacillus firmus, and Bacillus oceanissediminis [5].
It means that this type of bacteria has the ability to develop
resistance to multiple types of antibiotics. MDR bacteria are
able to survive and grow even when exposed to several types of
antibiotics commonly used to treat bacterial infections. Treating
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infections caused by MDR bacteria becomes more difficult and
complex. Thus, the bacteria Bacillus is beneficial for health.

Bacillus 1s a genus of bacteria commonly found in
the marine environment that is capable of degrading organic
compounds present in seawater. Some Bacillus species can also
produce enzymes that are used in food fermentation processes
and the production of pharmaceuticals. Due to their adaptive
nature and potential to produce valuable compounds, Bacillus
bacteria from the sea have become interesting research subjects
in biotechnology. Bacillus sp. bacteria are also known as gram-
positive bacteria and have the potential to analyze antibacterial
activity. These bacteria have the potential to produce important
enzymes, some of which have been reported as producers of
alginate lyase [11]. Bacillus cereus can be found in seaweed
species, such as Eucheuma spinosum, Gracilaria gracilis, and
Glacilaria verrucosa [12], while Bacillus oceanisediminis can
be found in Holothuria atra [13].

The research results show that the bioactive compounds
in the mangrove fruit Xylocarpus sp. are similar to those in
its symbiotic bacteria [8]. Using natural ingredients, such as
symbiotic bacteria from Xylocarpus sp. fruit, can enhance the
safety and sustainability of cosmetic production. Using harmful
chemicals in cosmetics can negatively impact human health and
the environment. An increasing number of chemical compounds
are being added to the formulation of cosmetic products, such
as additives, fragrances, preservatives, stabilizers, surfactants,
dyes, and shine, to enhance their quality, properties, and shelf
life [14]. Harnessing the antimicrobial and antifungal potential
of the symbiotic bacteria in Xylocarpus sp. fruit can reduce the
presence of toxic chemicals and promote the use of safer and
more environmentally friendly natural ingredients. In addition,
using symbiotic bacteria from Xylocarpus sp. fruit in the cosmetic
bioindustry can add value to the products. Phytochemistry and
pharmacology of [15], apart from antioxidants, these natural
classes of chemicals have also demonstrated antimicrobial
activities against human, animal, and plant pathogens [16].
Consumers are increasingly appreciating cosmetic products
that contain natural and beneficial ingredients for their skin.
The impact of water exposure and temperature changes on skin
barrier function [17], as well as the effects of active ingredients in
cosmetics and the possible benefits of these bioactive compounds
in rejuvenation and health [2]. By harnessing the potential of
the antimicrobial and antifungal properties derived from the
symbiotic bacteria of Xylocarpus sp. fruits, research findings
can lead to the development of natural cosmetic products that
effectively maintain skin cleanliness and health. The antimicrobial
and antifungal compounds produced by these bacteria can inhibit
the growth of harmful microorganisms in cosmetic products.
This will reduce the risk of infections and irritations on the
skin caused by the use of cosmetic products. Based on this, the
present research aims to determine the potential of symbiotic
bacteria from Xylocarpus sp. fruit and a bacterial consortium as
ingredients for cosmetic creams for the skin.

MATERIALS AND METHODS

Bacterial purification

The purification of bacterial colonies, namely
Alcaligenes aquatilis (Isolate X1.63), Sinomicrobium oceani

(Isolate X2.52), S. oceani (Isolate X1.54), Pseudomonas
khazarica (Isolate X1.64), S. oceani (Isolate X1.53), and
Proteus mirabilis (Isolate X1.65), stored on Zobell 2216 E agar
medium was conducted. The purification was carried out using
the streak plate method until pure colonies were obtained [7].

Antibacterial and antifungal testing

Antibacterial and antifungal testing was conducted
using the pour-plate method. Six isolates were tested for
antibacterial activity using paper discs against the pathogenic
bacteria Micrococcus luteus, P. aeruginosa, and Staphylococcus
epidermidis. Antifungal testing was conducted on the pathogenic
fungi Malassezia furfur and Candida albicans.

Laboratory cream making

A bacteria culture was conducted using Marine Zobell
Broth. The cultured bacteria were then extracted using 96%
ethanol. The evaporation process was carried out using a rotary
evaporator to obtain a concentrated extract. Cream preparation
involved the use of the oil-in-water (O/W) emulsion method.
Stearic acid was placed in a porcelain dish and melted using a
water bath. Then, the aqueous phase and the selected bacterial
extract were added to a beaker and heated on a hot plate. The oil
phase was poured into the aqueous phase, which was contained
in a mortar. The mixture was homogenized using an aluminum
spatula until the desired cream was formed. The cream was
made with the following ingredients: bacteria extract (various),
stearic acid (14.2 g), triethanolamine (1 g), glycerol (10 g),
nipagin (0.12 g), and distilled water (100 ml).

Next, the organoleptic test [18], cream pH test [19],
cream adhesive test [18], cream spreading test, and cream
stability tests were conducted on the obtained cream [20].

In vivo test on male mice (Mus musculus)

In vivo tests were conducted on male mice (M.
musculus). Before the experiment, the mice were acclimatized
for 7 days to adjust to their new environment. Then, the test
animals were administered ketamine-xylazine (KX) medication
at a dosage of 0.02/20gr kgBW, which was injected to induce
anesthesia and ensure sterilization. After sterilization, a 1 cm
long and 1 mm deep parallel incision was made on the dorsal
skin. The purpose of performing the wound healing test on the
M. musculus (mouse) model is to study and understand the
cellular and molecular mechanisms involved in wound healing.
This model allows researchers to investigate different aspects
of wound healing, such as inflammation, tissue regeneration,
and scar formation. The result can identify various factors and
pathways that influence wound healing by inducing controlled
wounds in mice and subsequently analyzing the healing process.
This information can be valuable in developing new therapeutics
and interventions to enhance human wound healing. A total of
22 Balb/c mice were divided into 11 groups: positive control
(povidone-iodine), negative control (cream without additives),
PAT (0.5% extract of bacteria A), PA2 (5% extract of bacteria
A), PA3 (20% extract of bacteria A), PB1 (0.5% extract of
bacteria B), PB2 (5% extract of bacteria B), PB3 (20% extract
of bacteria B), PC1 (0.5% extract of bacteria C), PC2 (5%
extract of bacteria C), and PC3 (20% extract of bacteria C).
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The application and observation process was performed over
14 days [21]. The selected bacterial extract was derived from
two isolated samples, chosen for their excellent antifungal and
antibacterial properties against a range of test pathogens for
a consortium of bacterial isolates. The concentrations of each
extract used were 0.5%, 5%, and 20%.

Histology slide preparation

Next, the test animal was euthanized using ether and
cervical dislocation methods. Mus musculus was preserved
using 10% formalin. Excision was done on the skin tissue
extracted from the tested area. The collected epidermis sample
was prepared for histology according to the standard histology
procedure. The test animal’s epidermal tissue was observed
under a microscope at various magnifications.

RESULTS AND DISCUSSION

Antibacterial test

The antibacterial test of symbiotic bacteria showed
that S. oceani (Isolate X1.54) had the largest clear zone against
all three tested pathogens, measuring 1.946 + 0.187 mm after 72
hours of observation. This isolate also exhibited activity against
all tested pathogens, as shown in Table 1.

Antifungal testing

The results of antifungal testing showed that S. oceani
(Isolate X2.52) has the highest efficacy against the fungal
pathogen M. furfur. The bacterial isolate that produces the
largest clear zone against C. albicans is P. mirabilis (Isolate
X1.65), with a diameter of 2.85 + 1.060 mm after 24 hours of
observation, and 4.45 + 1.344 mm after 48 hours of observation,
as shown in Table 2.

Antagonistic test

Based on the antagonistic test conducted on each
isolate, no bacterial isolate was found to be dominant over
the others. This is evidenced by the absence of clear zones in
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the trial, indicating that all six isolates synergize to create a
bacterial consortium.

Selection of isolates for cream formulation

Based on their excellent antifungal and antibacterial
abilities against various test pathogens, the bacterial extracts
selected for this research were isolated X1.64 (P. khazarica),
X1.54 (S. oceani), and a consortium of bacterial isolates.

Organoleptic test

Based on the organoleptic test, the cream product
did not have a smell and had a semi-solid texture. The cream
color varied from white to cream with a higher concentration
of added bacteria extract. As stated in Table 3 and Figure 1, the
cream color became more concentrated in yellow.

Stability test

Stability testing was used to compare the test creams
before and after a cycle test. The results showed that PB2 cream
has a stable pH. The creams with the most stable spreadability
were PC1 and PC3, while the creams with the most stable
adhesiveness were PB3, as shown in Table 4.

The results of in vivo testing of cream on M. musculus
mice showed that the fastest wound healing formula was the
PC isolate sample, which had the highest concentration of
bacterial extract (20% bacterial extract C, bacterial consortium)
compared to the PA (bacterial extract A = X1.64, P. khazarica)
and PB (bacterial extract B = X1.54, S. oceani) isolates
(Table 5). On the first day of testing, the mouse’s skin appeared
wounded and bleeding (day 0). However, over time (day 7),
the condition of the mouse’s skin improved, and it became dry
by day 12, as depicted in Figure 2. However, in the PA and PB
isolate samples, it can be seen that the wounded mouse skin
had not completely dried by day 12. The results showed that
all of the in vivo tests were conducted on day 12, and the PC
cream had the lowest standard deviation compared to others.
This result showed that the test has closer similarities between
each repetition.

Table 1. Antibacterial test of Xylocarpus sp. symbiont bacteria isolates.

Pathogenetic bacterial (mm)

Isolate M. luteus P. aeruginosa S. epidermidis

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
A. aquatilis (Isolate 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0.782 +0.023
X1.63)
S. oceani (Isolate 0+0 0+0 0.99 £ 0.042 0+0 0+0 0+0 0+0 0+0 0.765 +0.049
X2.52)
S. oceani (Isolate 2.00 +0.06 1.95+0.35 1.946 + 0.187 0+0 0.62+0.014 0.73+0.042 0+0 0.72+0 0.72 +£0.085
X1.54)
P. khazarica (Isolate 0+0 0+0 0£0 0+0 0+0 1.025 £ 0.247 0+0 1.11+£0  1.171 £0.536
X1.64)
S. oceani (Isolate 0.80+0.03 0+0 0£0 0.80 +0.028 0+0 0+£0 0+0 0£0 0.999 +0.267
X1.53)
P. mirabilis (Isolate 0+0 0.765+0.078  0.687 +0.109 0+0 0+0 0.401 +0.567 0+0 0£0 0£0

X1.65)
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Table 2. Antifungal test of Xylocarpus sp. symbiont bacteria isolates.

Pathogentic fungi (mm)

Isolate M. furfur C. albicans
24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
A. aquatilis (Isolate X1.63) 0+£0 1.55+£1.343 0£0 0.68 £0.96 1.00 + 1.41 0£0
S. oceani (Isolate X2.52) 3.81+£0.27 3.75+0.35 3.60+0.56 0.59+0.01 0.50 +£0.707 0+0
S. oceani (Isolate X1.54) 0+0 0.50 £ 0.707 0+0 1.70 £ 0.56 2.15+£0.92 0+0
P. khazarica (Isolate X1.64) 1.32+1.87 1.70 £0.28 3.00 +0.56 2.05+2.33 2.80+3.96 4.15+£0.14
S. oceani (Isolate X1.53) 1.735+£0.23 2.17+£0.03 0£0 0.75+0.21 1.60 £2.262 4.15+2.61
P. mirabilis (Isolate X1.65) 0+0 0.70 £0.42 1.50 £0.707 2.85+1.06 445+1.34 2.05+0.07
Table 3. Organoleptic test on cream.
Smell Color Texture Homogenity
No. Cream code
Before After Before After Before After Before After
1. Negative No smell No smell Broken Broken Semi solid Semi solid Yes Yes
control (—) white white
2. PA1 No smell No smell White White Semi solid Semi solid Yes Yes
3. PA2 No smell No smell Pale yellow  Pale yellow  Semi solid Semi solid Yes Yes
4. PA3 No smell No smell Yellow- Yellow- Semi solid Semi solid Yes Yes
cream cream
S. PB1 No smell No smell White White Semi solid Semi solid Yes Yes
6. PB2 No smell No smell Pale yellow  Pale yellow  Semi solid Semi solid Yes Yes
7. PB3 No smell No smell Yellow- Yellow- Semi solid Semi solid Yes Yes
cream cream
8. PC1 No smell No smell White White Semi solid Semi solid Yes Yes
9. PC2 No smell No smell Pale yellow  Pale yellow  Semi solid Semi solid Yes Yes
10. PC3 No smell No smell Yellow- Yellow- Semi solid Semi solid Yes Yes
cream cream

Histology of the mouse epidermis

The histological analysis revealed that the structure of
the epidermis in the positive control group (K+) was not fully
formed, with only about 90% intact out of the total five layers of
the epidermis. In the negative control group (K—), the epidermis
structure developed well but appeared thin, and hair follicles
were present. Furthermore, in treatment PA3, the epidermis had
a complete layer compared to treatments PA1 and PA2, but the
hair follicles were structurally incomplete (Fig. 3).

Then, histological results of treatments PB1 and PB2
showed a thin overall epidermis layer [structurally similar to
K(—)], with hair follicles present. Treatment PB3 had a similar
epidermal layer to PB1, but it was slightly better, although not
significantly. Hair follicles were also present. Treatment PCl
indicated an intact epidermal structure with five layers: a thin
stratum corneum, a thin stratum lucidum, a normal stratum
granulosum, a normal stratum spinosum, and a thicker than
average stratum basal. Treatment PC3 showed better hair
follicles compared to PC1, with an intact epidermal structure
consisting of five layers. This included a thicker stratum
corneum, stratum lucidum, stratum granulosum, and stratum
basal compared to PC1, as well as a normal stratum spinosum.

Figure 1. Examples of cream samples (a) F7, (b) F8, and (c) F9.

The results of the histological analysis for each
treatment showed that all tested creams can promote hair
follicle growth (Fig. 3). Cream formula PC3 has the best ability
to restore the intact structure of the four layers of the stratum
corneum in the epidermis.

The development of each stratum in the epidermis
appears to be thicker than the epidermis treated with other
formulas. The testing cream containing S. oceani extract
(Isolate X1.54, cream code PB) and consortium extract (cream
code PC) shows a linear relationship, wherein the higher the
concentration of the extract added to the cream, the greater its
ability to regenerate the epidermal layers of the test animals and
promote hair follicle growth. This indicates that formulating a
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Table 4. Cream stability test.

PR pH Spreadability (cm) Adhesiveness (s)
Before After Before After Before After
Negative control (—) 6.4 8.3 5.2 8 21.7 19.57
PA1 5.2 7.06 7.1 5.8 6.54 2.24
PA2 4.95 6.2 4.8 3.8 1.25 4.41
PA3 5.07 5.74 4.0 3.8 1.06 2.42
PB1 43 7.63 6.3 6.0 2.53 3.93
PB2 5.78 5.8 3.8 35 3.11 2.64
PB3 5.0 5.7 32 3.4 1.1 1.13
PC1 4.46 7.3 5.5 5.4 1.43 4.77
PC2 4.0 6.3 4.1 43 2.07 4.08
PC3 4.32 5.73 35 34 1.6 1.96

cream by adding bacterial extracts can help the skin regenerate
and hair follicles grow (Fig. 4).

Each cream formulation can stimulate the growth
of different layers of the epidermis. The PA1 (Fig. 3a), PA2
(Fig. 3b), and PA3 (Fig. 3¢) cream formulation have a complete
epidermal layer, but the hair follicles are structurally incomplete.
The epidermal structure formed by the PB3 cream formulation
has a thin layer in each stratum (Fig. 3d). PC3 formulation
(Fig. 3e) is the most effective formulation, as indicated by the
increased thickness of the stratum corneum, stratum lucidum,
and stratum granulosum, as well as the stratum spinosum and
stratum basal (Fig. 3e.2) compared to the other formulations.
Hair follicles can be seen in Figure 3b.1 and 3c.1. K(—) cream
formulation forms a perfect epidermal structure, albeit thin (Fig.
3f). The overall epidermal structure formed by the K(+) cream
formulation in the test animal is not yet fully developed, with
approximately 90% of the total five epidermal layers (Fig. 3g).
On the 12th day, all wounds had healed. However, the most
complete healing was observed in the treatment with PC (20%
bacterial extract C, bacterial consortium). Moreover, on the
seventh day, the appearance of the mouse skin in each treatment
was different. This means that the wound healing results were
better with the PC treatment. In general, skin wounds will heal
on their own around day 14 [21]. Similarly, this research result
revealed that on day 12, which is close to day 14, the injured
mice’s skin was healed. The mice’s skin treated with PC showed
more complete healing and a smoother skin surface.

Previous research has identified six symbiotic
bacterial isolates from mangrove fruit, namely A. aquatilis
(Isolate X1.63), S. oceani (Isolate X2.52), S. oceani (Isolate
X1.54), P. khazarica (Isolate X1.64), S. oceani (Isolate X1.53),
and P. mirabilis (Isolate X1.65). All of these bacterial isolates
have the potential to form bacterial consortia. The research
results showed that all isolates can act as antibacterial agents
against the pathogenic bacteria M. luteus, P. aeruginosa, and
S. epidermidis. The bacterial isolates also have the potential to
act as antifungal agents against the pathogenic fungi M. furfur
and C. albicans, as shown in Tables 1 and 2. This means that all
bacterial isolates have the potential to act as antibacterial and
antifungal agents.

The research results showed that the extract of S.
oceani bacteria (Isolate X1.53) inhibits the growth of M. luteus
and P. aeruginosa within 24 hours (Table 1), but not within
48 or 72 hours. Similarly, in the antifungal test, the extracts
of all tested isolates inhibited the growth of M. furfur and C.
albicans after 48 hours. However, no inhibition zones were
observed after 72 hours (Table 2). Many factors contribute to
the condition. Some types of bacteria have specific periods
of activity in producing substances or compounds that inhibit
the growth of pathogenic bacteria. After these periods,
bacteria no longer produce these substances, so the inhibition
zone does not form. Another factor that can cause this is the
rapid reproduction of pathogenic bacteria. In such cases,
the compounds produced by inhibitory bacteria may not be
effective in restraining the growth of the pathogenic bacterial
population.

The research results used for the skin cream include
the isolate P. khazarica (Isolate X1.64), which is referred
to as cream PA; the isolate S. oceani (Isolate X1.54), which
is referred to as cream PB; and the bacterial consortium
isolated from these six bacterial species, which is referred
to as cream PC. These bacterial isolates are known to have
potential as antibacterial and antifungal agents. Furthermore,
the bacterial isolates contain a highly dominant compound
called 9-octadecenoic acid. This compound is present in two
bacterial isolates, P. khazarica and S. oceani, as well as in
the bacterial consortium isolate (Table 3 and Fig. 2). The
results of creating a bacterial extract cream showed that the
cream had optimal pH, spreadability, and adhesion for the
test.

The compound 9-octadecenoic acid, also known as
oleic acid, is found in herbal hair oil that is widely available
in Indonesia. The main ingredients of this oil are olive oil,
candlenut oil, and castor oil. It is assumed that this compound
offers several benefits for the skin, such as moisturizing,
preventing dehydration, healing dry and scaly skin, reducing
inflammation, and promoting hair growth, as stated on the
product’s commercial brands. Oleic acid compounds are
beneficial for hair and have been used in commercial products
in Indonesia, such as candlenut oil. Candlenut oil helps
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Figure 4. Histology of the growth of epidermal layers (A) PC1, (B) PC2, and
(C) PC3.

Research results show that the oleic acid found in
the symbiotic bacteria of Xylocarpus sp., a mangrove fruit,
has the potential to promote hair growth on the skin. This
discovery can be utilized in the cosmetic industry to create
hair growth products (Table 5 and Fig. 2). Such compounds
are highly sought after by bald individuals. The similarity in
compound composition between the symbiotic bacteria and
their host makes this research particularly promising for the
future. The findings strongly support conservation efforts
because it is possible to obtain the desired compounds from
the symbiotic bacteria without causing harm to the mangrove
plants.

The wound shown did not get smaller with time
during treatment (Table 5). The wound sizes on day 11 were
larger than those on day 10 when treated with PB3, PC1, PC2,
and the negative control. The variation in wound sizes in the
negative control was abnormal. The results showed that the
wound size for K(—) on day 4 was 0.465 mm. On day 5, the
size increased to 0.613 mm; on day 6, it was 0.165 mm; and
on day 7, it was 0.473 mm (Table 5). The results were not as
expected after treating the injured mice with bacterial cream or
the control treatment. The environment surrounding the wound
can also affect the healing process. Cleanliness, moisture, and
exposure to irritating substances or infections can slow down
the recovery process and hinder the reduction of damage.

Furthermore, the study’s results showed that PC cream
applied to injured skin appeared to promote faster healing than
other creams. On the other hand, there was an increase in the
number of hair follicles on the skin. PC cream is a cream that
contains a consortium of bacteria consisting of six isolates. The
results of the study showed that these six bacteria, each with their
respective contents, are as follows: S. oceani bacteria containing
hexadecanoic acid, methyl ester compound (CAS) (27.52%);
S. pectinilyticum containing 9-octadecenoic acid (Z)-, 35.61%
methyl ester (CAS); A. aquatilis containing 9-octadecenoic
acid, methyl ester, (E)- (CAS) 44.02%; P. khazaric containing
octadecenoic acid, methyl ester, (E)- (35.64% area); P. mirabilis
containing 9-octadecenoic acid, methyl ester, (E)- 33.28%; and
S. oceani containing the highest content of 9-octadecenoic
acid, methyl ester, (E)- (46.58%). In addition, all bacteria have
the potential to be antibacterial and antifungal agents [8]. The
consortium of bacterial isolates contains dominant compounds
such as 9-octadecenoic acid, oleic acid, hexadecanoic acid, and
palmitic acid.

Hexadecanoic acid, also known as palmitic acid, is
one of the essential components in forming the skin barrier. The

skin barrier protects the skin from environmental influences
such as bacteria, germs, pollution, and moisture. Hexadecanoic
acid forms a protective layer on the skin surface, which helps
to maintain skin moisture and prevent water loss. In addition,
palmitic acid also has anti-inflammatory and antimicrobial
properties [23,24]. Therefore, this compound is used in various
skincare products, such as moisturizers, creams, and acne
treatments.

The research results on the symbiotic bacteria
Xylocarpus sp. found in mangrove fruit, which is known
for its potential as an antibacterial and antifungal agent, as
well as its ability to promote hair growth on bald skin, show
promising potential for the cosmetic bioindustry. The desired
cosmetic products can hydrate the skin, prevent dehydration,
heal dry skin, have anti-inflammatory properties, and function
as anti-aging agents and free radical fighters [25,26]. Hydrating
cosmetic products help maintain skin moisture, keeping the
skin soft, smooth, and hydrated. Preventing skin dehydration
helps protect the skin from losing moisture due to low humidity,
sunlight, and other environmental exposures.

Moreover, it has the potential to heal dry and scaly
skin, indicating its intensive moisturizing properties that can aid
in improving issues related to dry and scaly skin [27,28]. It can
also soften and smooth the skin, as well as reduce inflammation
or irritation that may occur. In addition, it has anti-inflammatory
properties, which means it can help reduce any inflammation in
the skin, including acne and eczema [29,30].

On the other hand, products that have the potential
to act as anti-aging agents, meaning compounds that can help
reduce skin aging, such as fine lines, wrinkles, and loss of
elasticity, can be associated with oleic acid. Oleic acid is the
most abundant type of monounsaturated fatty acid in food and
belongs to the group of beneficial fatty acids. Oleic acid can
stimulate the production of collagen and elastin in the skin,
which is necessary to maintain its elasticity and strength [31].
Furthermore, products that can combat free radicals are sought-
after in the cosmetics industry. The mangrove fruit, Xylocarpus
sp., contains antioxidants [32]. Antioxidant compounds possess
strong antioxidant properties that aid in combating skin damage
caused by free radicals [33]. This helps maintain healthy skin
and inhibit premature aging. The bacterial consortium of the
Xylocarpus sp. mangrove fruit is suspected to have the potential
to fight free radicals due to the presence of similar bioactive
compounds.

CONCLUSION

All creams that were tested can promote hair follicle
growth. The cream with the consortium bacteria extract formula
can stimulate hair follicle growth in test animals. Furthermore,
the tested cream with S. oceani extract (Isolate X1.54, PB
cream code) and consortium extract (PC cream code) have
linear abilities. This means that the higher the concentration of
extract added to the cream, the greater its ability to regenerate
the epidermal layer of the test animal and stimulate hair follicle
growth. The tested cream with P. khazarica extract (Isolate
X1.64, PA cream code) does not have the same linear ability as
PB and PC creams. This study suggests that the concentration
of P. khazarica bacteria extract has the maximum potential to
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enhance skin regeneration and stimulate hair follicle growth.
Based on the obtained results, the cream formulation can
promote the formation of hair follicles on the skin. This is
achieved through a combination of bacteria extracts, which
aid in regeneration and growth. Testing a cream formulation
containing bacteria extract can be an alternative treatment for
alopecia (baldness).
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