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Abstract: Hyperpigmentation affects people globally with negative psychological impacts. Piper
betle L. leaf (PBL) extract has many benefits including skin lightening which may reduce hyperpig-
mentation. The objective of this study was to develop an effective skin-lightening cream containing
PBL with ideal characteristics. A formulation of base cream and PBL cream was prepared and
characterized by centrifugation, particle size and zeta potential analysis, rheological profile studies
and physical properties’ observation. In vivo studies on 30 human subjects tested the effects of base
and PBL cream on skin-lightening, hydration, trans-epidermal water loss (TEWL) and elasticity
through weekly tests 4 weeks in duration. Base and PBL creams had a non-Newtonian property
with acceptable color, odor, texture, zeta potential, particle size and showed no phase separation.
The in vivo study indicated a significant reduction in melanin content and an improvement in skin
tone for PBL cream but not in base cream. TEWL and elasticity also showed significant reduction for
both formulations, indicating a healthier skin barrier and supple skin with consistent use, although
hydration fluctuated with no significant changes. The developed PBL cream showed significant
results in the reduction in melanin content and improving skin tone, which shows the formulation
can confer skin-lightening effect.

Keywords: hyperpigmentation; Piper betle leaves; topical formulation; natural product

1. Introduction

Hyperpigmentation is a skin disorder that causes the skin to darken in small patches
of certain area or it may cover a large area of the body. This skin disorder is caused by the
excessive production of melanin by melanocytes of the skin epidermis [1]. It can also be
caused by active melanocytes proliferating, thus increasing the number of melanocytes.
This overproduction can be caused by an overabundance of sun exposure, hormonal
changes in pregnancy, certain medications as well as endocrine diseases [1,2]. Solar lentig-
ines, melasma, freckles, post-inflammatory hyperpigmentation and any other dark mark
on the skin are examples of hyperpigmentation, as shown in Figure 1 [3]. Pigmentation on
the skin is becoming a major aesthetic concern to many people. A study on the impact of
pigmentary disorder on quality of life found that nearly half of the population studied felt
self-conscious, unattractive and that other people were focusing on their skin, thus they
put effort into hiding skin hyperpigmentation [4].
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Figure 1. Illustration of some common hyperpigmentation issues.

Some of the treatment modalities for hyperpigmentation include topical skin lighten-
ing agents, chemical peeling, laser therapies and also surgery [1]. Based on guidelines, the
use of topical skin-lightening agents acts as a first line therapy to tackle this matter [2]. The
most common skin lightening agents are chemical based such as hydroquinone, arbutin,
tretinoin and alpha hydroxyl-acids (kojic acid, gycolic acid and lactic acid). All of these
agents act by inhibiting the activity of the tyrosinase enzyme, which in succession leads to
the reduced production of melanin, hence the depigmenting or whitening effect [1]. How-
ever, these agents may cause adverse effects including skin irritation, contact dermatitis,
ochronosis, permanent depigmentation and increasing the skin’s UV sensitivity [2]. These
discoveries sparked interest in finding alternative skin-lightening agents from natural
sources such as plant extracts, with the belief that they are safer to use compared with
synthetic chemical agents [5].

The leaf of Piper betle L. has been reported to have many therapeutic benefits including
a skin-lightening effect [6]. Piper betle L. is a plant native to peninsular Malaysia from the
Piperaceae family which is easily obtained from local markets by the name “sireh” [7]. The
skin lightening effect is believed to be contributed by a compound named hydroxychavicol
(1-allyl-3,4-dihydroxybenzene). Researchers have found that its skin lightening effect is
conferred through its anti-tyrosinase activity in the melanin synthesis pathway [8]. The
pathway is depicted in Figure 2. In this study an oil in water cream containing Piper betle L.
extract was formulated. The formulation was characterized to ensure that its properties
are stable and suitable for consumer use. The efficacy of the fabricated formulation was
evaluated on human volunteers to probe its effects on the skin barrier and functions.
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2. Materials and Methods

The formulation consists of aqueous phase, oil phase and cold phase as detailed
in Table 1, Section 2.3. Aqueous phase composed of water, lecithin (Tianjin Hexiyuan
Technology Co Ltd., Tianjin, China), glycerin (IOI Acidchem Sdn Bhd, Perai, Pulau Pinang,
Malaysia), chitosan acetate which the chitosan is from Sigma-Aldrich (St. Louis, USA) and
the acetic acid from Merck (Darmstadt, Germany), disodium edetate (Xi’an lyphar Biotech
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Co., Ltd., Shaanxi, Xi’an, China) and the Piper betle L. leaf (PBL) extract. The PBL extract
was extracted through subcritical water extraction using an accelerated solvent extractor
(ASE) as specified in Section 2.1.

Table 1. Composition of Formulation.

Composition Function (%) w/w

Part A

Distilled water Water phase 64.40
Glycerin Humectant 5.00
Lecithin Emulsifier 5.00

Chitosan acetate Permeation enhancer 0.40
Piper betle L. extract Active ingredient 0.20

Disodium EDTA Chelating agent 0.20

Part B

Refined coconut oil Emollients 4.00
Olive oil Emollients 4.00
Squalane Emollients 3.00
Beeswax Emulsifier 4.00

Cocamidopropyl betaine Surfactant 5.00
Xanthan Gum Thickener 0.80

Part C

Euxyl® PE 9010 Preservative 0.40
Chamomile essential oil Fragrance 0.50

Ascorbic Acid Antioxidant 0.10
Tocopherol acetate Antioxidant 2.00

Pectin Emulsifier 1.00

Total 100%

The oil phase comprises of beeswax (Kahlwax, Trittau, Germany), xanthan gum
(Deosen Biochemical Ltd., Picataway, NJ, USA), refined coconut oil and olive oil from
Natures Natural India (New delhi, India), cocamidopropyl betaine (Haihang Industry Co.,
Ltd., Jinan, China) and squalane from Kono Chem Co., Ltd. (Xi’an, China). Finally, the
cold phase includes ascorbic acid from Xi’an lyphar Biotech Co., Ltd., tocopherol acetate
from Natures natural India, pectin from Kono Chem Co., Ltd. (Xi’an, China), Euxyl-PE
(IMCD Malaysia Sdn. Bhd, Petaling Jaya, Malaysia) and chamomile essential oil (Hunan
Nutramax Inc., Yongzhou, China).

The chemicals used for HPLC analysis were acetonitrile and glacial acetic acid (Merck,
Darmstadt, Germany). Deionized water was obtained from Nex Power 4000 Ultra-Reversed
Osmosis Water Purification System equipment (Human Corp., Songpa-gu, Korea). The
reference standard of hydroxychavicol with 99.9% purity was purchased from Chromadex
(Irvine, CA, USA). For in vivo studies, elasticity pads for the elasticity probe were obtained
from Naman Technology Sdn. Bhd (Petaling Jaya, Malaysia). For microbial study, tryptic
soy broth, tryptic soy agar, cetrimide agar, sabouraud 4% dextrose agar and mannitol salt
phenol-red agar were purchased from Merck (Darmstadt, Germany).

2.1. Piper betle L. Extraction

The leaves were freshly dried at 50 ◦C for 24 h then ground into powder. Subcritical
water extraction of PBL was performed by using Dionex™ ASE™ 350 Accelerated Solvent
Extractor (Dionex Corp., Sunnyvale, CA, USA) at a constant pressure of 1500 psi with
distilled water as extraction solvent. Obtained sample extract was kept at −80 ◦C and
freeze dried prior to the High-Performance Liquid Chromatography (HPLC) analysis.
Chromatographic separation was performed by using a LiChrospher® column (250 × 4.0
mm i.d.) with a 5 µm pore size (Merck, Darmstadt, Germany). Mobile phase consisted of 2%
acetic acid diluted in deionized water (v/v): acetonitrile (75:25, v/v) in an isocratic elution
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mode. The solvent flow rate was maintained at 1.0 mL/min at a column temperature of 30
◦C with samples being detected at 280 nm.

2.2. Antioxidant and Anti-Tyrosinase Assay

The antioxidant assay was performed in a 96-well plate in minimal light exposure.
All samples were dissolved in methanol at a concentration of 1.0 mg/mL. The assay was
performed by comparing pure hydroxychavicol, hydroxychavicol rich fraction and crude
PBL extract to ascorbic acid as a reference standard. Samples were later mixed with 100 µL
DPPH solution. The plate was incubated in the dark at room temperature for 30 min. The
absorbance of the solutions was then measured with a microplate reader (Tecan Infinite
M200 Nanoquant; Grodi, Austria) at 517 nm.

The anti-tyrosinase assay was performed using dopachrome method in minimal
light exposure with some modifications [9]. Preparation of tyrosinase mushroom enzyme
solution and L-DOPA solution were adapted from Sigma protocol (EC1.14.18.1). Samples
were dissolved in dimethyl sulphoxide (DMSO) at a concentration of 1.0 mg/mL. Kojic acid
was used as a reference standard for samples of pure hydroxychavicol, hydroxychavicol
rich fraction and crude extract. The assay was carried out using a 96-well plate and the
absorbance was measured using a microplate reader at 475 nm. Each well consisted of
40 µL of sample dissolved in DMSO, 80 µL of phosphate buffer (pH 6.8), 40 µL of tyrosinase
enzyme (1000 U/mL) and 40 µL of L-DOPA. The final volume in each well was 200 µL.

2.3. Oil-in-Water Cream Formulation

Cream development started by placing the ingredients as listed in Table 1 into two
different beakers comprising of aqueous and oil phase, which were both heated up to 75 ◦C
in a water bath for 20 min. Both mixtures were mixed thoroughly using a glass rod. The
water phase was then added to the oil phase and homogenized with a homogenizer at a
speed of 3500 rpm for 20 min. The cream formed was left to cool to room temperature
before adding the cold phase ingredients. The complete mixture was homogenized once
again for another 20 min.

2.4. Characterization
2.4.1. Physical Analysis

The organoleptic properties as well as the physical appearance of the formulated cream
were analyzed for acceptability to potential users. The properties include appearance, color,
odor and texture of the formulation [10].

2.4.2. Forced Centrifugation

We placed 10 g of the cream formulation in a centrifugal tube and centrifuged at
5000 rpm for 10 min at 25 ◦C. Centrifugation study was employed to study the resistance
of cream towards being centrifuged [11].

2.4.3. pH

pH of the formulation was measured using a calibrated pH meter (Metler Toledo,
Greifensee, Switzerland). The pH of the formulation was determined by diluting 1 g of the
formulation in 9 mL of distilled water to form a concentration of 10% (w/w).

2.4.4. Particle Size Analysis

Particle size was analyzed using a laser particle size analyzer (BT-9300 H, Dandong
Baite Instrument Co., Ltd., Dandong, China). Cream was diluted to approximately 1:1000
in the sample cell containing distilled water to prevent multiple scattering effect before
running the machine. We diluted 0.1 mL of the cream with 100 mL of distilled water.
Samples were run in triplicate at 25 ◦C to obtain an average result.
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2.4.5. Zeta Potential Determination

The zeta potential was measured using Zetasizer (ZEN 1600, Malvern, UK). Samples
were diluted with deionized water to 1:100 to avoid multiple scattering effects. We diluted
0.1 mL of cream with 10 mL of deionized water. The sample was then placed in the capillary
cell for measurement in triplicates. All measurements were carried out at temperature of
25 ◦C.

2.4.6. Rheological Analysis

The rheological parameter was measured using stress-controlled rheometer (HAAKE
MARS, Thermo Scientific, Bremen, Germany). A cone and plate with diameter of 35 mm
and a gap of 1 mm was used. Sample was loaded on to the lower plate of the rheometer
while the cone and plate equilibrate to 25 ◦C. A shear rate ramp with shear rates of 0.1 s−1–
100 s −1 was applied to the sample.

2.4.7. Microbial Limit Count

Sample was subcultured in laminar air flow chamber on Mannitol Salt Agar and on
Cetrimide Agar to determine presence of Staphylococcus aureus and Pseudomonas aeruginosa,
respectively. Total Aerobic Microbial Count (TAMC) and Total Yeast and Mold Count
(TYMC) was also done on Tryptic soy agar and Sabouraud dextrose agar, respectively. We
diluted 1 g of the sample was diluted to a 1 in 10 dilution using phosphate buffer solution
pH 7.2. We used 10 mL of the sample for inoculation on the tryptic soy broth and then
incubated at 30–35 ◦C for 18–24 h. The sample was then sub cultured on a mannitol salt agar
plate and incubated for 18–72 h at 30–35 ◦C. The same steps were repeated but subcultured
on cetrimide agar and incubated for 18–72 h at 30–35 ◦C. For the determination of Total
Aerobic Microbial Count (TAMC) and Total Yeast and Mold Count (TYMC) a dilution of
1:10 of the cream in phosphate buffer solution pH 7.2 was prepared. Pour-plate method
was conducted where 1 mL of the diluted sample was added in a Petri dish and 15–20 mL
of tryptic soy agar for TAMC was added. Plate was then incubated at 30–35 ◦C for 5 days
or less. Similar steps were repeated on Sabouraud dextrose agar for TYMC. The plate for
TYMC was then incubated at 20–25 ◦C for 5 days or less.

2.5. In Vivo Study

A skin condition assessment was performed using DermaLab® Combo at International
Islamic University Malaysia (IIUM), Kuantan, Pahang. The study was registered and
approved by National Medical Research Register (NMRR) and IIUM Research Ethics
Committee (IREC) with identification number 36,572 and IREC870, respectively. The
number of participants was 30 people who were divided into two groups of 13 and
17. Informed consent forms were given and collected from each participant. The study
conducted was a single-blinded study where the participants did not know whether they
received cream containing Piper betle L. extract or cream without the extract. The exclusion
criteria included having any skin disease such as eczema, psoriasis or severe acne, had any
skin disease in the past 3 months and was treated with medication, on any medications
that may affect skin’s response, damaged skin around test site, exposed to sun excessively,
using other product at test site and not willing to stop, and not able to comply to the daily
use of test cream. The inclusion criteria required participants with normal skin conditions.

A week before the baseline skin condition assessment was performed, participants
were asked to stop using any products other than basic shower creams or soap at the test
site. Baseline skin condition assessment was performed with DermaLab® Combo using
the melanin content, hydration, trans-epidermal water loss (TEWL) and elasticity probes.
Right after the baseline measurement, participants were given the cosmetic cream either
containing the PBL extract or the placebo to be applied twice daily at the volar area of the
left forearm. A bottle of cream was given to the participant for 4 weeks’ study duration.
Participants applied 5 mg/cm2 or 0.1 mL of cream to an area of 20 cm2.
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Using a 1 mL syringe, participants withdrew 0.1 mL to be applied on the designated
study site. To ensure that the cream was being applied at the same area each time, as well
as to make sure that the cream has applied to the tested area, a tool illustrated in Figure 3
was provided to the participants to aid the process. Using the tool, an exact area can be
positioned for cream application and skin testing. The participants performed a weekly
skin condition assessment for 4 weeks to evaluate the effects of the formulation. Analysis
was performed to find significant difference in the parameters measured (p < 0.05) before
and after application of the cream.
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2.5.1. Dermalab® Combo

The skin assessment was performed using DermaLab® Combo (Dermalab® Series
Skinlab Combo), manufactured by Cortex Technology which was validated to be a reliable
skin analysis equipment [12]. It consists of a main unit screen connected to several types
of probe. Assessment of the skin condition was performed on the volar aspect of the left
forearm specifically between the wrist and the elbow. The volar area of the forearm was
wiped first with an alcohol swab and left to dry before performing the assessment. The
assessment was performed by placing the probe on the studied area. This assessment took
an estimated 10 min for each participant.

2.5.2. Skin Color Probe

The skin color probe is used to measure the melanin content of the skin and skin
tone through illumination by high intensity white LEDs. The probe was calibrated before
being placed at three different areas to get the average reading. Based on the melanin
value, results were classified based on Dermalab® combo classification provided by Cortex
technology into type I to type VI which are Celtic, Caucasian white, Mixed, Mediterranean,
Asian and Black. Skin tone was measured using the same probe through Comisson
Internationale de I’Ecalairage (CIE) L* a* b* color code system where L* reflects the lightness
or darkness of the color, a* indicates the amount of red or green, which best shows erythema,
and b* indicates the amount of yellow or blue, which could measure pigmentation [13,14].
From this information the Individual Typology Angle (ITA◦), which represents the skin
type, was calculated through this equation

ITA◦ = [Arc tangent (L* − 50)/b*] × 180/3.14159 (1)

Based on the angle calculated, the skin was classified into groups based on Fitzpatrick
classification consisting of very light, light, intermediate, tan, brown, dark. The ITA is
inversely proportional with melanin index, such that the higher the melanin index, the
lower the ITA◦ [15].

2.5.3. Pin Hydration Probe

The hydration probe was used to measure the hydration or moisture of the skin
through the conducting properties of the upper layer of the skin when exposed to different
voltage or known as conductance measurement [14]. The probe was calibrated to ensure
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accuracy of reading, then the pin hydration probe was pressed onto the volar forearm at
four different places and the score was displayed on screen in the unit of µSiemens (µS).

2.5.4. TEWL Open Chamber Probe

The TEWL probe was used to measure water loss from the skin, which also reflects
the condition of the skin barrier through its water retaining ability. There are two sides of
the probe, namely the perforated foam (which faced up) and the open end (which is the
side that was pressed lightly or moderately against the skin). A TEWL probe protector
was placed at the open end to prevent cross-contamination and was replaced for each
participant. The measurement of TEWL is presented in gram per square meter per hour
(g/m2/h). Normal skin results range between 2–10 g/m2/h.

2.5.5. Elasticity Suction Probe

The elasticity probe was used to measure the skin retraction time by applying suction
on the skin surface through a vacuum chamber. A sticker pad is placed on the surface of
the probe then placed on the volar forearm. The sticker pad helps maintain contact with
the skin by sufficient suction, hence allowing reproducible results. The suction elevates the
skin surface to 1.5 mm, which then retracted to its normal state. The time it takes to retract
from being elevated depends on the skin’s elasticity or age group. The normal score for
aged 20 and above is 300–550. Aged 30 and above is 600–800 and more than 800 for above
60 years old.

2.6. Statistical Analysis

SPSS version 21 was used for data analysis. All data obtained are expressed in
mean ± SD or mean ± SEM. Repeated measures ANOVA was used to analyze the mean
and determine statistically significant difference shown by p value < 0.05.

3. Results
3.1. Piper betle L. Extraction

The optimum temperature for subcritical water extraction of hydroxychavicol is
100 ◦C, which gave the highest percentage of hydroxychavicol content of 8.33 ± 0.02%,
w/w (p < 0.05), while the optimum time is 60 min with the total extraction time of 180 min,
with percentage content of hydroxychavicol of 7.53 ± 0.03%, w/w. Over a 60 min extraction
time interval with the total run time of 180 min and 10 ◦C in temperature, the total extraction
yield obtained was 40.56% w/w with a total hydroxychavicol yield of 30.58 ± 0.12 mg/g
Piper betle leaves.

3.2. Antioxidant and Anti-Tyrosinase Activity

Antioxidant activity was strongest in hydroxychavicol rich fraction (3.70 ± 2.74
µg/mL) followed by pure hydroxychavicol (6.52 ± 1.93 µg/mL) and crude betle leaf
extract (6.71 ± 2.42 µg/mL) reflected by lower IC50 value. The hydroxychavicol-rich frac-
tion contained vital polyphenols that possesses antioxidant properties [16]. However, these
values are lower than the standard ascorbic acid. Anti-tyrosinase activity reflected by IC50
was best in hydroxychavicol-rich fraction (8.72 ± 1.05 µg/mL) followed by crude Piper betle
leaf extract (10.69 ± 1.76 µg/mL) and lastly pure hydroxychavicol (16.70 ± 4.53 µg/mL). A
study was conducted tyrosinase inhibition assay on essential oil, methanolic and aqueous
extracts of P. betle and they observed the strongest inhibition of tyrosinase belonged to
a fraction of P. betle leaf extract and was related to the content of hydroxychavicol and
eugenol in the samples [17]. There were no significant difference between each sample for
both antioxidant and antityrosinase activity.

3.3. Characterization

The cream prepared was assessed in terms of appearance. There was slight difference
in the color of the formulation where the base formulation was white in color while the
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PBL cream had a more yellowish hue. This difference in color is caused by the dark brown
color of the extract influencing the color of the end product. Texturewise, both formulations
appear smooth with a slight shine. As both formulations had chamomile essential oil, the
odor of both creams was pleasant. A centrifugation study performed to assess the stability
of the formulation, specifically the occurrence of phase separation, showed no instability
of the formulations. The pH of the PBL cream and the base cream were both acidic at
4.67 ± 0.20 and 4.80 ± 0.12, respectively. For the microbial limit study, no growth was
observed in TAMC, TYMC, Staphylococcous aureus and Pseudomonas aeruginosa tests.

Both formulations have small particle size in which for base cream 0.986 ± 0.00 5 µm
is considered ultrafine (0.1–1 µm) while PBL cream 1.086 ± 0.029 µm shows a fine particle
size (1–10 µm) [18]. The spans obtained were 1.423 ± 0.032 and 1.763 ± 0.081 for base
cream and PBL cream, respectively indicating that both formulations obtained a span
value of less than 2. The results show both formulations having low zeta potentials of
−58.03 ± 0.55 mV and −61.20 ± 1.25 mV for base and PBL cream, respectively. Both
formulations follow a non-Newtonian flow, portraying nonlinear relation between shear
stress and shear rate. Both formulations portray a pseudoplastic flow at which the increase
in shear stress will increase the shear rate and reduce viscosity [19]. From the graph in
Figure 4, a hysteresis loop with a blue line can be seen, which reflects thixotropy, while the
red lines show decreasing viscosity as a result of increasing shear rate. The base cream
and PBL cream obtained low apparent viscosity at shear rate of 100 s−1 with values of
1.043 ± 0.0005 Pa.s and 1.206 ± 0.0020 Pa.s.
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3.4. In Vivo Study

Melanin content for PBL cream showed an overall significant reduction (p = 0.000)
while base cream did not show significant reduction (p = 0.0596) across the 4 week study,
as shown in Figure 5. The PBL cream reduced the melanin content from ∑ = 37.14 at
week 0 to ∑ = 33.48 at week 4. A pairwise comparison shows that reduction in melanin
content by PBL cream in week 3 and 4 were both significant compared to week 1 (p = 0.034)
(p = 0.024) and week 2 (p = 0.008) (p = 0.006). The base cream, on the other hand, remained
stagnant with slight fluctuations of melanin content throughout the 4 weeks, starting with
∑ = 36.1 at baseline and ∑ = 36.02 at the final reading. Both melanin content for PBL cream
and base cream maintained within the Mixed type (III) and Mediterranean type (IV) with
melanin index 20–50 and 30–60, respectively. For skin tone, the PBL cream group showed a
significant reduction (p = 0.003) throughout the 4 week study duration (Figure 6). To be
more specific, the reduction in week 3 and week 4 were significant compared to week 2.
Week 0 showed a value −40.06, which is categorized as dark (<−30 ◦) and later reduced
to −31.8 in week 4, which is almost entering the brown skin classification [(−30◦)−10◦].
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The changes in skin tone for the base cream group were not significant. The values from
baseline to week 4 fluctuated between −36.38 to −39.59 yet remained within the dark skin
classification.
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The overall results for hydration over 4 weeks in Figure 7 showed no significant
results for PBL cream and base cream with values of p = 0.814 and p = 0.179, respectively.
Both formulations showed fluctuations from baseline to week 4. TEWL showed significant
results for PBL cream (p = 0.021) and base cream (p = 0.012) throughout the 4 week study,
as shown in Figure 8. The PBL cream showed a reduction from a baseline of ∑ = 7.71 to
∑ = 3.50 at the end of week 4, while the base cream also showed the same pattern where
the values reduced from a baseline of ∑ = 7.75 to ∑ = 3.62 in week 4. Both creams started
showing significant improvement from week 1. The results obtained for both formulations
were well within the normal range of 2–10 g/m2/h. Both PBL cream and base cream also
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showed significant results in terms of elasticity, with values p = 0.000 for both formulations.
The results are depicted in Figure 9. The skin elasticity improved as the retraction time
reduced from ∑ = 556.76 at baseline to ∑ = 448.76 at week 4 for the PBL cream. The
base cream, on the other hand, reduced from baseline ∑ = 554.77 to ∑ = 410.31 at week
4. Although there were fluctuations throughout the study period, the values were all
lower than the baseline value, indicating that the cream formulation did have a role in
improving the skin’s elasticity. The initial baseline values for both groups were a little
over the 30–50 years old age category, which ranges from 550 to 800 ms. The reduction
in the retraction time over the following weeks indicated the skin becoming more elastic,
remaining within the age range of 20–30-year-old ranging from 300 to 550 (similar to the
participants’ age range).
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4. Discussion
4.1. Characterization

Both formulations exhibited no creaming, foaming, coalescence or phase separation.
The presence of lecithin, pectin, xanthan gum and beeswax as emulsifying agents stabi-
lized the cream, preventing it from separating into its oil and aqueous components [20].
Both formulations have an acidic pH that is suitable to be applied on human skin with
potentially no irritation. Most formulations have a pH between 3 and 8 [21]. To return
the skin specifically the acid mantle to its normal condition of an average pH of 5.5, an
acidic formulation is preferred for topical application [22]. For the microbial limit study,
no growth was observed for all tests, most likely due to the presence of the preservative,
which is a combination of phenoxyethanol and ethylhexylglycerin [23]. The PBL cream also
has an advantage due to the antimicrobial action of the PBL extract [7]. Both formulations
have small particle size, which favors better viscosity and hence enhanced stability [24].
Both formulations obtained a span value of less than 2, indicating near monodispersed
formulation, which also enhances stability [25]. The values of the zeta potential for both
formulations are lower than −30 mV indicating that the formulations are stable as the
particles or droplets repel each other [26]. This reduces the chances of the particle coa-
lescing or flocculating and thus destabilizing. The flow behavior of the formulation was
characterized through rheology studies, which helped in ensuring the viscosity and flow
behavior was suitable for its purpose for skin application. The apparent viscosity of both
formulations reduces with increasing shear rates, which represents an ease of application
and spread for users. Ease of application has been associated with shear rates of up to
120 s−1 [27].

4.2. In Vivo Study

The relationship between melanin content and the individual typology angle (ITA)
is inversely related, where an increase in melanin will result in a decrease in the ITA.
The PBL cream showed a consistent decrease in melanin where in turn an increase in
ITA can be seen. This positive result seen in the PBL cream in comparison to base cream
may be contributed by a bioactive compound in Piper betle L., hydroxychavicol, which
has a skin lightening effect exerted by its anti-tyrosinase activity [5,8]. This compound
inhibits the tyrosinase enzyme, hence reducing the production of melanin and providing
a skin-lightening effect. The results also prove that, although there are other ingredients
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with skin lightening potential in the formulation, such as ascorbic acid, tocopherol acetate
and chitosan, their content is not significant enough to cause any skin lightening effect, as
shown by the base cream results.

The hydration results showed no specific increasing or decreasing pattern for both
formulations. To obtain consistency in hydration data is difficult as there are many external
factors other than cream application that may affect the skin’s hydration. One of the many
factors includes water intake, which can cause very dehydrated skin results when not
taken sufficiently [28]. Other than that, environmental factors, such as exposure to the sun,
may also lead to skin dehydration, as skin is one of the main routes for water loss through
sweating [29]. Other variables that can influence the skin’s hydration are the weather
on the day of the test (relative humidity) and skin exposure to water (shower, washing
hands) which may cause inconsistency in the hydration data collected [30]. These reasons
may influence the participant’s skin’s condition, hence explaining the fluctuating data
throughout the study period.

As TEWL reflects the condition of the skin barrier, it shows that the skin barriers of all
participants remained healthy and normal throughout study. Furthermore, the consistent
application of the cream, regardless of whether participants were using base cream or
PBL cream, showed the TEWL values reducing from the initial baseline. This indicates
improvement in the skin barrier, specifically the state and function of the stratum corneum
in preventing water loss from the skin [31]. The formulation consisted of lipids, humectants,
occlusive and emollients, which helped in improving the skin barrier. Emollients and
occlusive protect the barrier whilst locking in moisture, while humectants attract more
water to the stratum corneum. The occlusives and emollients found in this formulation
are olive oil, coconut oil, squalane and beeswax; and the humectants include glycerin
and lecithin. Although there were slight fluctuations, this is a given as there are many
environmental and individual factors that may affect the TEWL readings, such as air flow,
relative humidity, air temperature, sweating, hair and skin temperature [32].

Similar to TEWL, the improvement of skin’s elasticity was significant from the first
week after baseline assessment. The possible mechanism in the improvement of skin’s elas-
ticity is the antioxidant activity of PBL from its phenols and flavonoids, which contribute
to the free radical scavenging activity. Eugenol, a phytochemical in PBL, was found to have
highest antioxidant activity in comparison to P. fragile, P. umbellatum, P. aduncum, and P. pel-
lucidum extracts [33]. Hydroxychavicol and several other ingredients of the formulation,
such as ascorbic acid and tocopherol acetate, also have antioxidant activity [34,35]. These
compounds can scavenge for reactive oxygen species (ROS) and slow down the aging
process precipitated by the reduction in skin elasticity. The improvement in TEWL values,
which indicate improvement in skin barrier, may also play a role as it reflects healthy skin,
which includes having good elasticity [36].

5. Conclusions

In conclusion, a stable skin-lightening cream containing PBL was able to be formu-
lated. The characteristics of the cream, including its organoleptic properties, pH, particle
size, zeta potential, rheological profile and microbial limit were all desirable and suitable
for consumer use. The in vivo studies showed a reduction in melanin content and im-
provement of skin tone, proving the efficacy of the extract against the tyrosinase enzyme.
The formulation itself has been proven to give benefits beyond skin lightening, which
include improvement in skin barrier as reflected by significant improvement of TEWL
value. The antioxidant properties of the extract and ingredients of the formulation proved
to be beneficial as well through the improvement in the skin’s elasticity. The formulation
could potentially be a new alternative in the skin lightening arena.
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