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Abstract  
 Natural phenolic antioxidants have gained increasing attention for their safety and effectiveness in cosmeceutical 
products. Among these, the flowers of Mimusops elengi (M. elengi), traditionally used in Thai medicine, are known for 
their rich content of phenolic and terpene compounds, which contribute to their therapeutic potential. This study 
investigates the antioxidant activity and skin safety of M. elengi flower hydroethanolic extract (MEFE) for cosmeceutical 
applications. The MEFE was prepared through maceration, and the total phenolic content was measured using the Folin-
Ciocalteu method. FT-IR and UV-VIS absorption spectroscopy were employed to confirm the presence of phenolic 
functional groups. Antioxidant activities were tested using DPPH, FRAP, ABTS, and NO assays to assess the MEFE’s 
radical scavenging efficiency. In addition, cytotoxicity assays on human skin cells, including keratinocytes (HaCaT), 
fibroblasts, and melanocytes (B16F1), were conducted to ensure safety. A body serum lotion containing the 2.00 % w/w 
MEFE was formulated and evaluated for stability. Results showed that the extract contained phenolics 77.02 ± 0.01 mg 
GAE/g and exhibited strong antioxidant activities with IC50 values of 33.16 ± 1.04, 4.16 ± 1.06, 132.84 ± 1.05, and 293.10 
± 1.03 µg/mL for DPPH, FRAP, ABTS, and NO assays, respectively. Cytotoxicity testing confirmed low toxicity, with 
IC50 values of 483.28 ± 31.56 µg/mL for keratinocytes, >1,000.00 µg/mL for fibroblasts, and 630.51 ± 17.59 µg/mL for 
melanocytes. The 2.00 % MEFE body serum lotion demonstrated good physical stability, suggesting that the MEFE is a 
promising ingredient for skincare products. Therefore, further studies are needed to identify the phytoconstituents in the 
MEFE, and explore the molecular mechanisms by which the MEFE inhibits skin aging from oxidative stress. Additionally, 
clinical trials are needed to evaluate its overall safety through a skin irritation test and to assess its efficacy in the 2.00 % 
MEFE body serum lotion. 

 
Keywords: Mimusops elengi, Phenolics, Free radical scavenging, Skin cells, Cytotoxicity, Cosmeceuticals, Stability test 
 
Introduction 

Endogenous reactive species, consisting of 
reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), are produced by the mitochondria of skin  

 
cells, while exogenous free radicals can be generated by 
external factors such as UV radiation, atmospheric 
pollution, and smoking. These reactive molecules can be 
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neutralized by an antioxidant defense system composed 
of detoxifying enzymes such as the 1st-line group 
superoxide dismutase (SOD), glutathione peroxidase 
(GPx), and catalase (CAT), as well as compounds like 
tocopherols, ascorbic acid, and glutathione (GSH). An 
overproduction of ROS/RNS disrupts the homeostatic 
balance, leading to oxidative stress in the skin [1]. In 
order to promote redox homeostasis of the skin, 
phytoconstituents, especially phenolic compounds, can 
quench ROS/RNS. These compounds are useful for 
regulating anti-aging and anti-melanogenesis processes, 
which involve the ROS/MAPK/AP-1 cascade. This 
cascade ultimately leads to the production of melanin 
pigment and the enzyme matrix metalloproteinases 
(MMPs) [2-4]. These enzymes destroy the extracellular 
matrix proteins, which causes a phenotype of skin aging. 

M. elengi dried flowers have been documented to 
be a rich source of natural phytoactive compounds, 
including phenolics such as gallic acid, chlorogenic 
acid, protocatechuic acid, and rutin, as well as 
triterpenoids like β-sitosterol [5-7]. These bioactive 
compounds have been found to decrease nitrative and 
oxidative stress levels, which are associated with their 
neuroprotective properties [5,6]. Additionally, M. elengi 
flowers exhibit various pharmacological properties, 
including wound healing, cognitive enhancement, and 
anti-tyrosinase activity [7-9]. 

Many studies have revealed the phytochemical 
profile and diverse pharmacological activities of M. 
elengi extract. However, this current study aimed to 
evaluate the antioxidant activities and cytotoxic 
concentration of the MEFE and develop a stable body 
serum lotion containing the MEFE. The total phenolic 
content of the MEFE was quantified using the Folin-
Ciocalteu method and the presence of phenolic 
compounds was further analyzed through FT-IR and 
UV-VIS absorption spectroscopy. Free radical 
scavenging abilities were evaluated using various in 
vitro assays, including DPPH, FRAP, ABTS, and NO 
assays. The cytotoxic effects of the extract on skin cells, 
including keratinocytes, fibroblasts, and melanocyte 
B16F1, were assessed. Additionally, the developed 
cosmeceutical body serum lotion product containing the 
2.00 % MEFE was tested under accelerated condition. 
The findings highlight the potential of the MEFE as a 
source of natural phenolic antioxidants and its possible 
applications in cosmeceutical products. 

Materials and methods 
 Preparation and extraction of plant material  

M. elengi flowers were obtained from 
Chaokrompoe herbal store in Bangkok, Thailand, in 
October 2020. This shop is registered under Thai FDA, 
department of public health. The flowers of this plant 
were identified by Assist. Prof. Dr. Pranee Nangngam, 
an expert in plant botany, Department of Biology, 
Faculty of Science, Naresuan University. A voucher 
specimen (PNU 6010) was deposited at the PNU 
herbarium, Department of Biology, Faculty of Science, 
Naresuan University, Thailand. The air-dried flowers 
were ground into a powder and then extracted using the 
maceration method with 95 % (v/v) ethanol at a ratio of 
1:10 for 72 h at room temperature. The extraction 
process was repeated for 3 cycles. The collected extract 
solution was then filtered to remove the marc. The 
extract solution was evaporated using a rotary 
evaporator under vacuum at 45 °C. The concentrated 
extract was lyophilized to eliminate any residual 
solvent, and the crude extract was kept in the freezer at 
−20 °C for further studies. 

 
Phytochemical screening 
Evaluation of total phenolic content  
The total phenolic content of the MEFE was 

determined using the Folin-Ciocalteu method according 
to a previous study [10]. A combined mixture of 
deionized water, the MEFE solution and Folin-
Ciocalteu reagent at ratio 130:10:10 was mixed. A 
neutralization step was then performed by adding 100 
μL of a 7 % (w/v) sodium carbonate solution to the 
mixture. The absorbance was measured at 734 nm using 
a microplate spectrophotometer (Sunrise; Tecan, 
Mannendorf, Switzerland) after incubating the reaction 
mixture in the darkness at room temperature for 30 min. 
Total phenolic content was quantified as milligram 
gallic acid equivalent per gram of extract (mg GAE/g 
dry weight) using a standard curve. 

 
Spectroscopic studies of the MEFE 
IR spectrum of the MEFE was studied using the 

PerkinElmer Frontier FT-IR Spectrometer with UATR 
(PerkinElmer, Canada). The MEFE was placed directly 
onto the surface of the UATR crystal then the spectrum 
was collected from 4,000 to 650 nm−1 with resolution of 
4 cm−1. 
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UV-Visible absorption study of the MEFE was 
conducted using the Shimadzu UV-1800 UV 
Spectrophotometer (Shimadzu, Japan). The MEFE was 
dissolved in ethanol and filtered through 0.45 µM nylon 
membrane. The absorption spectrum of the MEFE 
solution was scanned over a wavelength range of 200 - 
800 nm using ethanol as a blank.  

 
Evaluation of antioxidant activities 
DPPH radical scavenging assay 
The antioxidant potential of the MEFE was tested 

using the DPPH free radical-scavenging assay [10]. 
Various concentrations of the MEFE were dissolved in 
ethanol, and a 0.2 mM DPPH solution was prepared. 
Then, 75 μL of the MEFE solution was mixed with 150 
μL of the DPPH solution. The reaction was conducted 
in the dark for 30 min at room temperature. 
Subsequently, the absorbance of the mixture was 
measured at 517 nm using a microplate 
spectrophotometer. Ethanol was served as the blank and 
L-ascorbic acid was used as the positive control. The 
DPPH radical-scavenging activity was then calculated 
using the following equation: 

 
% free radical scavenging activity = [1 − (A/B)]×100    (1) 
 
where A is the absorbance of the DPPH solution mixed 
with the extract or L-ascorbic acid, and B is the 
absorbance of the DPPH solution mixed with ethanol 
(blank). 
 

ABTS radical cation decolorization assay (ABTS 
assay) 

The ability to scavenge ABTS radical cations 
(ABTS•+) of the MEFE was assessed following the 
method described by a previous study [10]. Firstly, 2.45 
mM potassium persulfate was mixed with 7 mM ABTS 
solution in the ratio of 1:1. This mixture was incubated 
in the dark at room temperature for 18 h to generate free 
radical ABTS•+. The ABTS•+ free radical solution was 
then diluted with ethanol to achieve an absorbance of 
0.70 ± 0.02 at 750 nm.  For the ABTS assay, 200 µL of 
ABTS•+ solution was mixed with 20 µL of the MEFE. 
The reaction mixture was kept in the dark at room 
temperature for 10 min, and the absorbance was 
measured at 734 nm using a microplate reader. L-
ascorbic acid was used as a positive control. The 

percentage of ABTS•+ decolorization activity was 
calculated as described for the DPPH assay. 

 
Ferric reducing antioxidant power assay (FRAP 

assay) 
The FRAP assay was performed in accordance 

with the standard method outlined by a previous study 
[10]. The FRAP solution was prepared in a 10:1:1 ratio, 
comprising 300 mM acetate buffer (pH 3.6), 10 mM 
2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) solution, and 20 
mM ferric chloride. Subsequently, 200 µL of the FRAP 
solution was mixed with 20 µL of the MEFE. The 
reaction mixture was incubated at 37 °C for 30 min and 
the absorbance was immediately measured at 570 nm. 
L-ascorbic acid was used as a positive control. The 
FRAP value was then calculated as described for the 
DPPH assay. 

 
Nitric Oxide (NO) radical scavenging assay 
The NO scavenging effects of the extract were 

determined using a method described in a previous study 
[10]. Briefly, 60 µL of the MEFE at the various 
concentration was combined with 60 µL of 10 mM 
sodium nitroprusside (SNP) in phosphate-buffered 
saline buffer. The mixture was left in the dark for 120 
min at room temperature. After incubation, 120 µL of 
Griess reagent was added and further incubated at room 
temperature for an additional 10 min. Then the 
absorbance was measured at 550 nm. L-ascorbic acid 
was used as a positive control. The percentage of NO 
radical scavenging activity was calculated as described 
for the DPPH assay. 

 
Evaluation of cytotoxicity to skin cells 
Cell culture 

 Keratinocytes (HaCaT) and melanocytes (B16F1) 
were maintained in DMEM-high glucose, while primary 
fibroblasts were maintained in DMEM-low glucose. 
Both media contained 10 % fetal bovine serum, 1 % pen-
strep and 0.4 % fungizone. The cells were incubated at 
37 °C in a humidified atmosphere with 5 % CO₂. When 
the cells reached approximately 80 % confluence, the 
medium was discarded, and the cells were rinsed with 
PBS. Cells were then trypsinized with 0.25 % 
Trypsin/EDTA, resuspended in fresh medium, and 
transferred to a 96-well plate. 
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Cell viability assay 
 Skin cells were seeded into 96-well plates at a 
density of 1×10⁴ cells/well. After a 24-h incubation, the 
medium was replaced with the MEFE at concentrations 
ranging from 10 - 1,000 µg/mL and incubated for 
another 24 h. The control group consisted of cells treated 
with 0.1 % DMSO. The cells were rinsed with PBS, and 
then 200 μL of MTS solution was added to each well. 
After incubation for 4 h, cell viability was assessed by 
measuring the absorbance at 493 nm using a UV/Vis 
microplate spectrophotometer. Each extract 
concentration was tested in triplicate, and results were 
reported as a percentage of the control values [11]. 
 

Formulation of body serum lotion 
The base formulation for the body serum lotion 

was prepared using a cool process. Ingredients including 
deionized water, sodium polyacrylate, jojoba oil, 
capric/caprylic triglyceride, butylene glycol, isopropyl 
myristate, isododecane, glyceryl 
citrate/lactate/linoleate/oleate, disodium EDTA, rice 
bran oil, propylene glycol, caprylhydroxamic acid, 1,2-
hexanediol, and tocopheryl acetate were combined and 
homogenized until a uniform lotion was achieved. The 
homogeneity of the lotion base was evaluated by 
centrifugation at 3,500 rpm for 30 min. The stable 
formulation was then mixed with the 2.00 % MEFE. The 
physicochemical properties of the body serum lotion 
containing the MEFE and the lotion base were 
characterized, including color, odor, homogeneity, 
texture, pH, and viscosity. The specified characteristics 
of the final formulation include a slightly brown, 
homogeneous appearance, a viscosity range of 3,000.00 
to 5,000.00 cP, and a pH between 5.00 - 6.00. 

 
Stability study 

 The stability of body serum lotion containing the 
2 % MEFE was conducted under accelerated condition 
using the heating/cooling cycling method (45 °C for 24 
h alternated with 4 °C for 24 h, 1 cycle) for 6 cycles. The 
physicochemical properties were evaluated [12]. 

 
Statistical analysis 

 Data values are presented as means ± SD. 
Statistical significance was determined by Student’s 
unpaired t-test, with p < 0.05 analyzed as significant. 
 

Results and discussion 
Extraction 
The powdered M. elengi flowers underwent 

hydro-ethanolic maceration, yielding a crude extract 
with a 15.59 % yield. The MEFE appeared as a viscous 
dark brown liquid with a characteristic herbal scent. 
Ethanol, used as the solvent, effectively extracts a wide 
range of plant metabolites, encompassing both polar and 
non-polar compounds. Additionally, it is recognized for 
its low toxicity and minimal environmental impact, 
making it a green extraction method ideal for cosmetic 
applications and supporting the trend towards eco-
friendly and natural ingredients. This approach reflects 
the principles of sustainable extraction, which prioritize 
safety and efficacy [13].  

 
Identification of the phenolic bioactive 

compounds and antioxidant activities  
Free radicals, including ROS and RNS, such as 

singlet oxygen (1O2), superoxide anion (•O2
−), hydroxyl 

radical (•HO), peroxyl radicals (ROO•), and nitric oxide 
(NO), are subsequently generated from the oxidation of 
the skin’s extracellular matrix (ECM), lipids, and 
proteins [14]. These free radicals can contribute to skin 
aging and hyperpigmentation by initiating oxidative 
stress pathways that alter cellular structures and 
functions [14,15]. Antioxidants are critical in 
counteracting this oxidative damage, and their 
effectiveness can be measured through multiple in vitro 
assays. The DPPH and ABTS assays evaluate 
antioxidant potency via a mixed mode involving both 
hydrogen atom and electron transfer mechanisms, while 
the FRAP assay measures the 1-electron reduction of the 
ferric iron (Fe3+) complex to the more stable ferrous iron 
(Fe2+) form in the presence of antioxidants to analyze the 
total antioxidant capacity of the plant extracts [16]. 
Additionally, NO can react with •O2

− to form the highly 
reactive peroxynitrite (ONOO−) molecule, which leads 
to harmful effects in the skin, such as DNA damage, 
lipid peroxidation, and protein nitration [17]. The Griess 
reagent can be used to detect and quantify the levels of 
nitric oxide, providing insights into potential oxidative 
stress and inflammatory conditions [18]. The total 
phenolic content and the antioxidant activities of the 
MEFE are shown in Table 1. This study demonstrated 
that the MEFE had a total phenolic content of 77.02 ± 
0.01 mg GAE/g of extract. Previous studies have 
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identified several phenolic compounds in the MEFE, 
including gallic acid, protocatechuic acid, chlorogenic 
acid, caffeic acid, rutin, luteolin 7-O-glucoside, and 
undatuside C. These compounds significantly contribute 
to its antioxidant and hyaluronidase inhibitory 
properties [6,19,20]. Furthermore, aromatic phenolic 
esters such as 2-phenyl ethyl acetate, methyl-E-
cinnamate, and methyl salicylate, recognized as safe 
flavoring agents and widely used in the fragrance 
industry, have also been reported in the flowers of this 
plant and may enhance its antioxidant capacity [21]. The 
spectroscopic studies of the MEFE, including FT-IR and 
UV-Visible spectroscopy, were performed to support 
the presence of phenolic compounds in the MEFE. The 
obtained FT-IR spectrum presented significant 

absorption bands at 3307.98 cm−1 corresponding to the 
stretching vibrations of hydroxyl (-OH) groups, 2927.61 
cm⁻¹ relating to the stretching vibration of carbon-
hydrogen (C-H) bonds, 1635.55 cm⁻¹ involving 
carbonyl group (C=O) stretching vibration and 
1036.044 cm⁻¹ presenting the ether (C-O) stretching 
vibration band (Figure 1). Besides, the UV-Visible 
absorption spectrum of the extract showed the intense 
absorption band with the highest absorption at 260 nm 
(λmax) which represented UV absorption due to a 
conjugated π electron system of aromatic rings (Figure 
2). Thus, the results of both spectroscopic studies along 
with antioxidant activities indicated the presence of 
phenolic compounds in the MEFE.

  

 

Figure 1 FT-IR spectrum of the MEFE.  
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Figure 2 UV-Visible absorption spectrum of the MEFE. 
 

The MEFE exhibited effective antioxidant activity 
across multiple assays, showing notable effectiveness in 
the ABTS assay (IC50 4.16 ± 1.06 µg/mL), along with 
measurable activity in the DPPH (IC50 33.16 ± 1.04 
µg/mL), FRAP (IC50 132.84 ± 1.05 µg/mL), and NO 
(IC50 293.10 ± 1.03 µg/mL) activities. These findings 
indicate that the MEFE has broad-spectrum antioxidant 
potential, demonstrating both proton-donating and 
electron-transfer mechanisms [22], which could 
effectively neutralize free radicals and reduce oxidative 
stress. Nevertheless, its antioxidant potency was lower 
than that of the standard compound L-ascorbic acid, 
known for its strong antioxidant properties. In this study, 
the MEFE exhibited notable antioxidant properties, 
suggesting it could be an alternative agent to 
phytopolyphenol-rich plants such as mulberry (Morus 
alba), cica (Centella asiatica), and rosemary 

(Rosmarinus officinalis) [23-25]. The antioxidant 
capacity of the MEFE supports its potential use for 
innovative skincare applications by neutralizing free 
radicals, which play a major role in skin aging and 
pigmentation signaling cascades. 

 In this study, compounds belonging to the 
phenolic group were identified. Future research should 
focus on the isolation and precise characterization of 
these compounds. LC-MS can be utilized for both the 
identification and quantification of phenolic compounds 
in the crude extract. Additionally, NMR spectroscopy 
could further confirm the molecular structures of these 
compounds. This integrative approach would enhance 
our understanding of the phytochemical composition 
and provide valuable insights into the bioactive 
properties of the identified compounds, facilitating more 
accurate evaluations of their potential applications.

 
Table 1 Total phenolic content (TPC) and antioxidant activities (DPPH, ABTS, FRAP, and NO assay) of the MEFE. 

Sample 
TPC 

(mg GAE/g extract) 
Antioxidant activities (IC50 ± SD; µg/mL) 

DPPH ABTS FRAP NO 

MEFE 77.02 ± 0.01 33.16 ± 1.04 4.16 ± 1.06 132.84 ± 1.05 293.10 ± 1.03 

L-ascorbic acid - 4.51 ± 0.13 0.86 ± 1.03 2.06 ± 1.56 0.04 ± 1.04 
Remark: The data values are reported as the mean ± SD. All experiments were performed in triplicate. L-ascorbic acid 
was employed as the positive control. 
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Cytotoxic effects of the MEFE on different skin 
cells 

To evaluate the safety of the MEFE for 
cosmeceutical applications, its cytotoxic effects were 
tested on 3 key skin cell types. Keratinocytes (HaCaT) 
and fibroblasts, both commonly used for studies in skin 
aging processes, while melanocytes (B16F1) used for 
melanogenesis mechanisms, were exposed to 
concentrations ranging from 10.00 to 1,000.00 μg/mL of 
the MEFE for 24 h to assess cytotoxic effects. The 
results indicated that the MEFE exhibited cytotoxic 
effects on various skin cell types at specific 
concentrations. The IC50 values of the MEFE were 
483.28 ± 31.56 µg/mL, >1,000.00 µg/mL, and 630.51 ± 
17.59 µg/mL for keratinocytes, fibroblasts, and 
melanocytes, respectively (Table 2). According to the 
ISO 10993-5 standard, cell viability above 70 % 
compared to non-treated cells is considered non-
cytotoxic [26]. Based on this criterion, the MEFE 
exhibited cytotoxicity towards keratinocytes, 
fibroblasts, and melanocytes at concentrations above 
100.00, 500.00, and 500.00 μg/mL, respectively, as the 
percentages of cell viability were below 70 %. The 
results for skin fibroblast cytotoxicity are consistent 
with previously published studies, demonstrating a 
similar trend. The 50 % ethanol extract of M. elengi at 
100 µg/mL exhibited cell viability of 73.23 ± 16.91 % 
[27]. In this study, the cell viability was 80.39 ± 6.85 %. 
This difference in cytotoxicity is not statistically 
significant. The methanol extract of M. elengi sepals 
demonstrated a dose-dependent effect, with 
approximately 60 % cell viability at 1,000 µg/mL [28]. 
The results are consistent with our data. In another 
study, the MEFE was incorporated into a semi-solid 
cream base at concentrations of 2.5, 5.0, and 20.0 %. 

Safety evaluations, following OECD guidelines No. 404 
(skin irritation test) and No. 420 (acute oral toxicity 
study), showed no dermal irritation and no significant 
toxic effects in animal tests. The skin irritation test on 
female healthy rabbits using a 20 % of the MEFE 
showed no signs of irritation after topical application, 
confirming its suitability for topical use [7].  

In future studies, the MEFE will be selected at the 
highest concentrations that do not affect cell viability to 
investigate its anti-aging and melanogenesis activities. 
The study will focus on the molecular mechanisms of 
the MEFE’s effects on skin cells, emphasizing its ability 
to mitigate oxidative stress, enhance ECM integrity, and 
regulate pigmentation. In keratinocytes, the MEFE’s 
modulation of ROS-driven MAPK signaling and 
transcription factors like AP-1 and NF-κB will be 
studied to clarify its role in suppressing MMPs [29]. In 
fibroblasts, the MEFE’s potential to boost ECM protein 
synthesis such as collagen, elastin, and hyaluronic acid 
through the TGF-β/Smad pathway and its interaction 
with MAPK will be explored to reveal its function in 
preventing ECM degradation [30]. In melanocytes, the 
effects of the MEFE on melanogenesis will be 
investigated by examining its role in the α-MSH/MC1R 
pathway, which activates the cAMP-PKA-CREB 
signaling cascade. This pathway regulates 
microphthalmia-associated transcription factor (MITF), 
a key transcription factor that controls the expression of 
melanogenic enzymes tyrosinase (TYR), tyrosinase-
related protein 1 (TRP-1), and tyrosinase-related protein 
2 (TRP-2) [31]. These studies will provide valuable 
insights into the MEFE’s potential as a multifunctional 
agent for diminishing oxidative damage, maintaining 
skin structure, and alleviating pigmentation problems.

 
Table 2 Skin cell viability after 24 h treatment with various concentrations of the MEFE. 

Concentration 
(µg/mL) 

% cell viability 

HaCaT Fibroblasts B16F1 

Untreated cell 99.31 ± 6.00 98.17 ± 4.20 116.78 ± 4.62 

0.1 % DMSO 100.00 ± 14.99 100.00 ± 7.65 100.00 ± 5.09 

10.00 104.45 ± 5.15 93.43 ± 8.15 125.09 ± 15.22 

25.00 90.23 ± 2.21 85.07 ± 4.94* 111.16 ± 6.13 

50.00 85.94 ± 1.07 82.81 ± 5.74* 113.11 ± 10.20 

100.00 70.41 ± 5.46* 80.39 ± 6.85* 115.26 ± 8.75 
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Concentration 
(µg/mL) 

% cell viability 

HaCaT Fibroblasts B16F1 

250.00 56.93 ± 8.13* 77.88 ± 5.07* 95.48 ± 5.39 

500.00 43.77 ± 6.03** 73.15 ± 5.98** 69.32 ± 3.36** 

1,000.00 12.71 ± 1.35*** 58.92 ± 2.17*** 5.29 ± 1.30*** 

IC50 (µg/mL) 483.28 ± 31.56 >1,000.00 630.51 ± 17.59 
Remark: Data values are expressed as the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001 compared to the 0.1 % DMSO 
group (control). 
 

Formulation and stability of the body serum 
lotion 
 Many studies have shown that the MEFE is 
compatible with both skin and gingival fibroblasts 
[32,33], making it suitable for use in cosmetic skincare, 
oral care products, and fragrance applications [34-37]. 
In oral care applications, extracts from the bark and 
leaves of M. elengi have demonstrated antioxidant 
properties and cytocompatibility with normal gingival 
fibroblasts [33]. A clinical study has shown that 
mouthwash containing aqueous extract of M. elengi bark 
acts as a plaque inhibitor and also exhibits anti-
inflammatory effects against gingivitis caused by 
bacterial infections [35]. Additionally, another clinical 
study found that an 8 % M. elengi leaf extract 
incorporated into chip film is effective as an adjunct to 
non-surgical periodontal therapy in chronic 
periodontitis, particularly in reducing probing depth 
[36]. In topical skincare products, encapsulating the 
MEFE in niosomes has been shown to reduce 
cytotoxicity to fibroblasts while enhancing the 
inhibition of MMP-2 [32], as well as providing 
antioxidant and anti-tyrosinase activities [9,38]. 
Moreover, the previous study also reported its 
antimicrobial properties and the development of a hand 
cream formulation [37]. Therefore, these findings 
support the potential of the MEFE as a safe and effective 
ingredient for use in skin anti-aging and whitening 
products. 
 The use of the 2.00 % w/w MEFE in a topical 
emulsion dosage form provides an optimal balance 
between safety and efficacy. At this concentration, the 
lotion delivers 40 µg of the MEFE/cm2 when applied 
topically at 2 mg/cm² dose, as recommended by OECD 
guidelines for topical products [39]. The phenolic 
compounds, such as gallic acid, are active components 
in the MEFE that act as powerful antioxidants [7,28], 

neutralizing free radicals on the skin’s surface [40-42]. 
Cytotoxicity assays have demonstrated that the MEFE 
has an IC50 of 483.28 µg/mL for keratinocytes and more 
than 1,000.00 µg/mL for fibroblasts, ensuring that the 
40 µg/cm2 applied is far below toxic thresholds, making 
it safe for use. This concentration effectively provides 
protection against oxidative stress, which plays a 
significant role in skin aging. The 2.00 % w/w MEFE 
formulation offers enhanced antioxidant benefits while 
posing a low risk of irritation or adverse reactions. 
Further clinical testing on volunteers is recommended to 
confirm the product’s safety and efficacy over long-term 
use. 
 The body serum lotion containing the 2.00 % 
MEFE was successfully formulated with a slightly 
brown color and a unique scent. The texture was smooth 
with no phase separation observed, and the formulation 
exhibited good homogeneity. The initial pH was 5.60 ± 
0.00, and the viscosity was 2,111.50 ± 3.50 cP, both of 
which are suitable for skin application. The stability 
study was conducted under accelerated conditions using 
6 heating/cooling cycles (45 °C for 24 h, alternating with 
4 °C for 24 h per cycle). The physicochemical properties 
of the body serum lotion after the stability test were 
compared with the initial measurements (Table 3). The 
results indicated that the lotion maintained its slightly 
brown color, unique odor, and smooth texture 
throughout the stability test. No phase separation was 
observed. The pH decreased slightly from 5.60 ± 0.00 to 
5.50 ± 0.00, and the viscosity showed a minor reduction 
from 2,111.50 ± 3.50 cP to 2,024.50 ± 2.10 cP. These 
minor changes in pH and viscosity remained within 
acceptable limits, confirming the stability of the 
formulation containing the 2.00 % MEFE.  
 A future study will conduct a clinical trial to 
evaluate the efficacy and safety of the 2.00 % MEFE 
body serum lotion. The study will employ a randomized, 
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double-blind, split-body, placebo-controlled design 
over a duration of 12 weeks [43,44]. First, a 4-h human 
patch test will be conducted to determine that the 2.00 
% MEFE body serum lotion does not induce skin 
irritation. Participants will subsequently use the product 
in accordance with the study protocol, and its efficacy 
will be assessed. Skin elasticity and firmness, indicative 
of elastin fiber strength and collagen integrity, will be 
assessed using a cutometer. The effectiveness of 
whitening and wrinkle reduction will be assessed using 

Antera 3D, which utilizes high-resolution imaging and 
3D modeling to investigate pigmentation distribution, 
wrinkle depth, and skin surface texture. Skin hydration 
levels and transepidermal water loss (TEWL) will be 
assessed to determine the lotion’s impact on moisture 
retention and skin barrier function with a corneometer 
and a Tewameter, respectively. These thorough 
assessments will offer a deeper understanding of the 
lotion’s potential to enhance the texture, firmness, 
hydration, and overall appearance.

 
Table 3 Physicochemical properties of body serum lotion with the 2.00 % MEFE. 

Parameters Initiation 6 Heating/Cooling cycles 

Color Slightly brown Slightly brown 

Odor Unique scent Unique scent 

Homogeneity Good Good 

Texture Smooth Smooth 

pH 5.60 ± 0.00 5.50 ± 0.00 

Viscosity (cP) 2,111.50 ± 3.50 2,024.50 ± 2.10 
 
Conclusions 

This study demonstrated that the MEFE, obtained 
through hydroethanolic maceration, contains bioactive 
phenolic compounds with significant antioxidant 
properties. The MEFE exhibited low cytotoxicity on 
skin cells, making it a promising candidate for 
cosmeceutical formulations targeting antioxidant, anti-
aging, and skin-whitening effects. Additionally, the 
stability of the body serum lotion under stress conditions 
supports the feasibility of incorporating the MEFE into 
skincare products. Future studies should focus on 
conducting in vivo evaluations to confirm the efficacy 
and safety of the MEFE on human skin. Investigations 
into the mechanism of action underlying its anti-aging 
and melanogenesis activities, as well as long-term 
stability studies under real-world conditions, are also 
recommended to ensure product effectiveness and 
market viability. 
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