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Abstract

Context: Skin aging is driven by factors such as prolonged sun exposure, pollution, poor sleep, and unhealthy lifestyle, which motivate the demand for
antioxidant-rich herbal creams.

Aims: To investigate the effects of various factors, optimize, and evaluate a skin cream formulated with Perilla frutescens and Aloe vera extracts for their
antioxidant activity.

Methods: Nineteen cream formulations were prepared using a D-optimal experimental design to optimize the cream composition. Three independent
variables were selected for evaluation: Perilla frutescens extract (X,) at concentrations of 4%, 6%, and 8%; cetyl alcohol (X,) at 1.5%, 2%, and 2.5%; and lanolin
(X3) at 1%, 1.5%, and 2%. These variables were chosen to maximize spreadability and antioxidant activity.

Results: The optimized formulation (7.5% P. frutescens extract, 1.5% cetyl alcohol, and 1% lanolin) met the quality criteria. The observed spreadability (54.84 +
0.91 cm?) and antioxidant activity (43.16 + 1.13%) showed no significant difference from the predicted values (p>0.05), as confirmed by a one-sample t-test.
The cream demonstrated strong antioxidant activity in the ABTS and FRAP assays, showing 85.70 + 0.45% radical inhibition (IC5, = 23.64 + 0.78 mg/mL) and a
Trolox equivalent antioxidant capacity of 19.62 + 0.35 umol Trolox/g, respectively.

Conclusions: A natural skincare cream containing P. frutescens and A. vera extracts, with good spreadability and antioxidant activity, was successfully
developed.
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Resumen

Contexto: El envejecimiento de la piel estd impulsado por factores como la exposicién prolongada al sol, la contaminacidn, la falta de suefio y un estilo de
vida poco saludable, que motivan la demanda de cremas herbales ricas en antioxidantes.

Objetivos: Investigar los efectos de varios factores, optimizar y evaluar una crema para la piel formulada con extractos de Perilla frutescens y Aloe vera por su
actividad antioxidante.

Métodos: Se prepararon diecinueve formulaciones de crema mediante un disefio experimental D-6ptimo para optimizar su composicién. Se seleccionaron
tres variables independientes para la evaluacién: extracto de Perilla frutescens (X,) en concentraciones del 4%, 6% y 8%; alcohol cetilico (X,) al 1,5%, 2% y
2,5%; y lanolina (X5) al 1%, 1,5% y 2%. Estas variables se seleccionaron para maximizar la untabilidad y la actividad antioxidante.

Resultados: La formulacién optimizada (7,5% de extracto de perilla, 1,5% de alcohol cetilico y 1% de lanolina) cumplié con los criterios de calidad. La
untabilidad (54,84 + 0,91 cm?) y la actividad antioxidante (43.16 + 1.13%) observadas no mostraron diferencias significativas con respecto a los valores
previstos (p>0,05), como lo confirmé una prueba t de una muestra. La crema demostré una fuerte actividad antioxidante en los ensayos ABTS y FRAP, con una
inhibicién de radicales del 85,70 + 0,45% (Clso = 23,64 + 0,78 mg/mL) y una capacidad antioxidante equivalente a Trolox de 19,62 + 0,35 pmol Trolox/g,
respectivamente.

Conclusiones: Se desarrollé con éxito una crema natural para el cuidado de la piel que contiene extractos de Perilla frutescens y Aloe vera, con buena
capacidad de extensidn y actividad antioxidante.

Palabras Clave: actividad antioxidante; Aloe vera; crema para la piel; Perilla frutescens; untabilidad.
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INTRODUCTION MATERIAL AND METHODS
Skin aging is one of the most visible and wide- Materials

spread manifestations of the aging process, drawing
increasing attention due to its impact on appearance
and quality of life. It is primarily driven by prolonged
exposure to ultraviolet radiation and pollutants.
Additionally, internal and lifestyle-related factors,
including poor sleep, unhealthy habits, and
inadequate skincare routines, also contribute
significantly to the aging process (Mungmai et al.,
2020). These extrinsic and intrinsic factors accelerate
skin deterioration, leading to visible signs such as
wrinkles, hyperpigmentation, and loss of elasticity
(Lee and Cho, 2021). As a result, many individuals
seek effective skincare solutions to mitigate these
effects.

Among the various approaches, antioxidant-based
skincare products have gained popularity for their
ability to combat oxidative stress and improve skin
health (Mohiuddin, 2019). Herbal skincare products
with antioxidant properties have gained popularity
due to consumer preference for natural ingredients
over synthetic chemicals. Common botanical extracts
such as Perilla frutescens, Aloe vera, and Curcuma longa
offer antioxidant protection while nourishing the skin
(Amer et al., 2022; Baik et al., 2021). These ingredients
provide dual benefits by shielding the skin from free
radical damage and promoting overall skin health
(Dunaway et al., 2018).

Perilla frutescens (L.) Britton (family Lamiaceae) con-
tains several bioactive compounds, including rosma-
rinic acid, flavonoids, omega-3 fatty acids, and vita-
min E, all of which are known to support skin health.
These constituents protect against free radical dam-
age, brighten the skin, and reduce inflammation (Anh
et al., 2024; Jiao et al., 2023; Meng et al., 2009). Similar-
ly, Aloe vera (L.) Burm.f. (family Asphodelaceae) con-
tains aloin, emodin, and vitamins A, C, and E, which
have potent antioxidant properties. These compounds
protect the skin from aging, improve elasticity, and
promote skin cell regeneration (He$ et al., 2019; Kapa-
rakou et al., 2021).

This study aims to investigate the effects of vari-
ous factors, optimize the formulation, and assess the
quality of a skin cream formulated with P. frutescens
and A. vera for their antioxidant activity. We hypothe-
size that the optimized formulation of these extracts
maximize spreadability and antioxidant activity. To
our knowledge, there are currently no published
studies reporting the development of a cream that
integrates both of these botanicals, indicating a signif-
icant opportunity for further research and product
innovation.
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P. frutescens leaves (moisture content of 12%) were
acquired from Le Hoang Medicinal (Ho Chi Minh
City, Vietnam), and A. vera leaves were purchased at
Coop Mart supermarket (Can Tho City, Vietnam). The
P. frutescens material was submitted to the Depart-
ment of Pharmacognosy for authentication and quali-
ty evaluation in accordance with the Vietnamese
Pharmacopoeia V (Ministry of Health, 2017).
Specifically, macroscopic and microscopic
identification, powder microscopy, moisture content
determination, and qualitative chemical analysis were
conducted to verify the identity and quality of the
plant material. Following this, the dried P. frutescens
leaves were ground through a 1.0mm sieve, then
stored in sealed nylon bags at 24-26°C at the
Department of Pharmacognosy, Faculty of Pharmacy,
Can Tho University of Medicine and Pharmacy (code
H102023).

Chemicals and  solvents:  1,1-diphenyl-2-
picrylhydrazyl (DPPH, 97% purity, batch number
E240965), 2,2'-azino bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS, 98% purity, batch number
M20L005), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ, 99%
purity, batch number BCCM4034), Trolox (98.6%
purity, batch number 648471), and ferric chloride
hexahydrate (FeCl; 6H,O, 97% purity, batch number
MKCW1451). Olive oil, cetyl alcohol, stearic acid,
lanolin, polyethylene glycol-40 (PEG-40), glycerin,
and niacinamide were obtained from Thanh Dat
Company (Vietnam).

Equipment: Kern electronic balance (Germany);
Memmert water bath (Germany); IKA magnetic stir-
rer (Germany); Consort pH meter (Belgium); Cen-
tribio centrifuge (China); Jasco UV-Vis spectropho-
tometer (Japan).

Process of extraction

P. frutescens extract was done by the heat-reflux
method. 100 g of P. frutescens leaves were refluxed
twice for 60 minutes each in 20% ethanol at 60 + 2°C,
with a plant-to-solvent ratio of 1:14. The combined
extracts were concentrated to a soft extract (Chemat et
al.,, 2020; Tuyen et al., 2024; Zhang et al., 2022).

Aloe vera extract: 100 g of A. vera was separated
from the leaf rind, diced, and soaked in a 1% saline
solution to remove residual yellow latex. It was then
blended with 500 mL of distilled water and filtered to
obtain the A. vera extract (Wu et al., 2022).
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Formulation of skin cream

Table 1 lists the ingredients for the emulsified skin
cream formulation, where Xi, Xz, and X3 represent P.
frutescens extract, cetyl alcohol, and lanolin, respec-
tively, as the independent variables in the formula-
tion.

Table 1. Formula for skin cream.

No. Ingredients Rate (% w/w)
1 Perilla frutescens extract Variable (X1)
2 Aloe vera extract 5

3 Olive oil 4

4 Cetyl alcohol Variable (X2)
5 Acid stearic 3

6 Lanolin Variable (X3)
7 PEG 40 1

8 Triethanolamine 0.5

9 Glycerin 3

10 Phenoxyethanol 0.2

11 Niacinamide 2

12 Sodium benzoate 0.2

13 Distilled water quantity sufficient 100

The water phase (solution 1) was prepared by
heating P. frutescens extract, A. vera extract, glycerin,
triethanolamine, PEG-40, niacinamide, phenoxy-
ethanol, sodium benzoate, and distilled water to 70°C.
The oil phase (solution 2) consisted of stearic acid,
lanolin, and cetyl alcohol, which were heated to melt,
then olive oil was added at 65°C. Solution 2 was then
slowly added to solution 1 while homogenizing at
950rpm for 5 min to form the final cream (Modi et al.,
2024; Tadic et al., 2021).

The parameters for the independent and depend-
ent variables were outlined in Table 2.

Effects of wvariables on spreadability (Y1): 0.5 g of
cream was placed at the center of a glass plate, and
another glass plate was placed on top. A weight of
250 g was applied fo the upper plate for 1 minute. The
resulting spread diameter of the cream was recorded.
Spreadability was calculated as S = nd?/4, where d is
the spread diameter (cm), and S is expressed in cm?.

Effects of variables on antioxidant activity (Y2): The
antioxidant activity of the skin cream was assessed
using a modified method based on Brand-Williams et
al. (1995) and da Silva Borges et al. (2019). A DPPH
stock solution was prepared by dissolving 24 mg of
DPPH in methanol in a 100 mL volumetric flask.
Then, 10 mL of this solution was transferred to a 50
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mL volumetric flask and diluted with methanol to
obtain the working DPPH solution. The test sample
was prepared by dissolving 1 g of the cream in 10 mL
of methanol. Subsequently, 1 mL of the test solution
was mixed with 3 mL of the DPPH working solution
and incubated in the dark for 30 minutes. The
absorbance was measured at 515 nm using a UV-Vis
spectrophotometer.  Antioxidant activity =~ was
expressed as the percentage of DPPH radical
inhibition (Brand-Williams et al., 1995, da Silva
Borges et al., 2019).

Optimizing the cream formulation

Nineteen experiments (F1-F19) were designed ac-
cording to the D-optimal model utilizing Design Ex-
pert software (version 6.0.6, Stat-Ease Inc.). Data anal-
ysis and formulation optimization were performed
using BCPharSoft, a software tool for optimization.

Determination of the antioxidant activity of cream

ABTS radical scavenging activity: The antioxidant
activity of the samples was determined using the
ABTS radical cation decolorization assay, as described
by Nenadis et al. (2004), with slight modifications.
ABTS" radical cation was prepared by mixing 7 mM
ABTS stock solution with 245 mM potassium
persulfate in distilled water. The mixture was
incubated in the dark at room temperature for 12-16
hours before use. For the assay, 50 pL of the sample
was mixed with 950 pL of the ABTS solution and
incubated at room temperature for 5 minutes. The
absorbance was subsequently measured at 734 nm
using a UV-Vis spectrophotometer. A blank was
prepared using 950 pL of distilled water instead of the
sample. Trolox (3.1-400 pM) was used as the standard
antioxidant.

Ferric reducing antioxidant power (FRAP): The
antioxidant activity of the samples was assessed using
the FRAP assay, following the method described by
Benzie and Strain with slight modifications. This
assay determines the ability of antioxidants in the
sample to reduce ferric ions (Fe®*) to ferrous ions
(Fe?*) at pH 3.6. The FRAP reagent was prepared by
mixing 300 mM acetate buffer (pH 3.6), 10 mM TPTZ
in 40 mM HCI, and 20 mM FeCl;.6H,O in a volume
ratio of 10:1:1 (v/v/v). For the assay, 150 pL of each
sample solution was mixed with 850 pL of the FRAP
reagent in a test tube. A blank solution was prepared
by replacing the sample with an equal volume of
acetate buffer. The mixtures were incubated at room
temperature for 10 minutes, and the absorbance was
then measured at 593 nm wusing a UV-Vis
spectrophotometer. Trolox (3.1-400 uM) was used as
the standard antioxidant (Benzie and Strain, 1996).
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Table 2. Variables in experimental design.

Optimization and evaluation of Perilla frutescens and Aloe vera cream

Independent variables Level 1l Level 2 Level 3
X1: Perilla frutescens extract (%) 4 6 8
X2: Cetyl alcohol (%) 1.5 2 2.5
Xs: Lanolin (%) 1 1.5 2
Dependent variables Constraints
Y1: spreadability (cm?) Maximum
Y2: antioxidant activity (%) Maximum
Evaluation of quality standards for skin cream RESULTS

Standards for the quality of the cream derived
from P. frutescens and A. vera were established follow-
ing the technical criteria from the Vietnamese Phar-
macopoeia V. These include parameters such as phys-
ical appearance, pH, homogeneity, spreadability, and
antioxidant activity (Ministry of Health, 2017).

Physical appearance: the cream had a uniform, off-
white color, smooth texture, and a notable herbal
scent of P. frutescens.

pH: The pH was measured using a calibrated pH
meter at 25°C after diluting 1 g of cream to a 10%
(w/v) concentration with distilled water. Electrical
conductivity was determined under the same condi-
tions. Each formulation was analyzed in triplicate,
and the average values were determined.

Homogeneity: four packaging units (each weigh-
ing 0.02-0.03 g) were spread on 4 glass slides. Each
slide was covered with a second glass slide and
pressed to form a spot approximately 2 cm in diame-
ter. The resulting spots were observed with the naked
eye (from a distance of 30 cm). In 3 out of 4 samples,
no visible particles were detected. If particles were
visible in the majority of samples, the test was repeat-
ed using eight units, allowing no more than two visi-
ble particles.

Spreadability and antioxidant activity, as de-
scribed in the previous section.

Statistical analysis

All analyses were done in triplicate, and results
were expressed as mean * standard deviation. The
statistical software SPSS 26 (SPSS, Inc., Chicago, IL,
USA) was employed to compare observed and pre-
dicted data. One-sample t-test analysis indicated no
significant difference between the expected and ob-
served data (p>0.05), confirming the consistency of
the ideal outcomes with the results predicted by the
BCPharSoft program.

https://jppres.com

Formulation of skin cream

The skin cream formulations were developed us-
ing Design Expert software, comprising 19 experi-
ments. Table 3 presents the independent variable
levels for each run (F1-F19) and the resulting spread-
ability (Y1) and antioxidant activity (Y2).

The data in Table 3 served as inputs for BCPhar-
Soft to examine cause-and-effect relationships and
optimize the formulation. The accuracy of the model
statistics obtained from the outputs of BCPharSoft
was presented in Table 4.

Table 4 demonstrated that both the R? training and
R? test values exceeded 0.9, indicating a high
reliability of the models. These models were suitable
for multivariate optimization.

To enhance understanding of the cause-and-effect
relationships  between the independent and
dependent variables, the three-dimensional (3D)
response surface plots of the fitted models were
presented. Each 3D diagram illustrated the influence
of two independent variables on the dependent
variable at a time while the third variable was kept
constant.

Effects of variables on spreadability (Y1) and
antioxidant activity (Y2)

Based on the optimization criteria presented in
Table 2, both spreadability (Y1) and antioxidant activi-
ty (Y2) were set as targets for maximization. The
trends observed in the response surface plots (Figs. 1
and 2) guided the selection of the optimal formulation
variables: X1 = 7.5% (P. frutescens extract), X2 = 1.5%
(cetyl alcohol), and X5 = 1% (lanolin).

Optimizing the skin cream

The skin cream formula of P. frutescens and A. vera
was optimized using BCPharSoft software, with vari-
ables X1, Xp, and X3 set at 7.50%, 1.50%, and 1.00%,
respectively. To validate the results, three replicated
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batches of the optimized formula were produced, as
shown in the experimental results presented in Table
5.

The statistical software SPSS 26.0 (SPSS, Inc.) was
utilized to compare the experimental and predicted
results. As shown in Table 5, the observed values for
spreadability (54.84 + 091 cm?) and antioxidant
activity (43.16 = 1.13%) closely matched the predicted
values (54.73 cm? and 43.14%, respectively), with p-
values of 0.89 and 0.95, respectively. The one-sample
t-test indicated that the predicted results and the
validated results were not significantly different
(p>0.05), confirming that the optimal formulation
matched the predictions made by the BCPharSoft
OPT software. Therefore, the optimized formulation

Optimization and evaluation of Perilla frutescens and Aloe vera cream

of the cream included 7.5% P. frutescens extract, 1.5%
cetyl alcohol, and 1% lanolin.

Determination of the antioxidant activity of P.
frutescens and A. vera cream

The antioxidant activity of the cream was assessed
using DPPH, ABTS, and FRAP assays, and the results
are summarized in Table 6.

Evaluation of quality standards for skin P.
frutescens and A. vera cream

The results of the P. frutescens skin cream evalua-
tion are presented in Table 7.

Table 3. The independent variables of 19 experiments (F1-F19) and their responses.

X1 (%) X (%) X3 (%) Y1 (cm?) Y2 (%)
Run P. frutescens lanolin spreadability antioxidant activity
extract cetyl alcohol
F1 4.00 2.00 2.00 40.70 21.61
F2 4.00 1.50 2.00 48.40 23.75
F3 6.00 2.00 1.00 53.40 25.26
F4 8.00 2.50 2.00 39.60 43.26
F5 6.00 2.00 1.50 41.80 35.52
F6 8.00 1.50 1.00 54.10 39.16
F7 6.00 1.50 1.50 50.70 36.16
F8 6.00 2.50 2.00 42.70 36.92
F9 6.00 2.50 1.00 50.20 40.78
F10 6.00 1.50 2.00 43.00 29.84
F11 8.00 2.00 1.50 51.50 38.62
F12 4.00 1.50 1.00 56.72 23.06
F13 4.00 2.50 1.50 49.00 24.12
F14 4.00 2.50 1.00 55.40 24.41
F15 4.00 2.00 1.00 47.80 21.17
F16 4.00 1.50 1.50 49.80 25.17
F17 8.00 2.00 2.00 51.50 37.83
F18 8.00 1.50 2.00 50.24 44.25
F19 8.00 2.50 1.50 50.24 44.66
Table 4. Model statistics from BCPharSoft outputs, including training and test coefficients of determination (R?).
Dependent variables R? test R? training
Y: (Spreadability) 0.97 0.97
Y2 (Antioxidant activity) 0.97 0.99
https://jppres.com J Pharm Pharmacogn Res (2025) 13(6): 1633
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Figure 1. 3D response surface plots for spreadability (Y1).

(A) Perilla frutescens extract (X1) and cetyl alcohol (X); (B) Perilla frutescens extract (X1) and lanolin (Xs); (C) cetyl alcohol (X2) and lanolin (Xs).

(A) XaX2Y- (B) X1XaY2 (C) X2XzY2

Figure 2. 3D response surface plots for antioxidant activity (Y2).

(A) Perilla frutescens extract (X1) and cetyl alcohol (X); (B) Perilla frutescens extract (X1) and lanolin (Xs); (C) cetyl alcohol (X2) and lanolin (Xs).

Table 5. Comparison of the predicted and observed responses for P. frutescens and A. vera cream.

Responses Y1 (cm?) spreadability Y2 (%) antioxidant activity
Predicted 54.73 43.14

Observed 54.84+0.91 43.16+1.13

P-values*® 0.89 0.95

*One Sample t-test. Data are expressed as mean + SD (n = 3).

Table 6. Antioxidant activity of the P. frutescens and A. vera cream was evaluated by DPPH, ABTS, and FRAP assays.

Assay % inhibition 1Cso Trolox equivalent antioxidant capacity
DPPH 43.16 £1.13% 39.29+1.05 pg/mL -

ABTS 85.70 + 0.45% 23.64+0.78 mg/mL -

FRAP -

- 19.62 £ 0.35 pmol Trolox/g

https://jppres.com
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Table 7. Final product specifications of the P. frutescens and A. vera.

Parameter Result

Physical appearance
pH 6.01+0.08
Homogeneity Complies
Spreadability 54,84 +0.91 cm?

Antioxidant activity

Uniform, off-white, smooth texture, and herbal scent of P. frutescens

43.16 + 1.13% (DPPH)

85.70 + 0.45% (ABTS)

19.62 +0.35 pmol Trolox/g (FRAP)

Data are expressed as mean + SD (n = 3).

DISCUSSION

The optimized P. frutescens and A. vera cream
demonstrated antioxidant activity while meeting
essential quality specifications. These findings are
consistent with previous studies reporting the
antioxidant and antimicrobial properties of Perilla
and Aloe extracts (Hes et al., 2019; Meng et al., 2009).
This supports the growing interest in natural
cosmetics. By utilizing natural antioxidants, the
formulation potentially reduces dependence on
synthetic compounds and their associated side effects
(Gulcin, 2020), aligning with the current shift toward
natural cosmeceutical products.

The combination of P. frutescens and A. vera
extracts in the cream aimed to harness the antioxidant
benefits of both ingredients, helping protect and
soothe the skin. As shown in Fig. 2A-B, higher
concentrations of P. frutescens extract increased
antioxidant activity. This enhanced activity may
contribute to skin repair and regeneration, consistent
with the known role of antioxidants in protecting
against oxidative stress (Munteanu and Apetrei,
2021).

Emulsifiers played a crucial role in the cream for-
mulation by combining the oil and water phases into
a homogeneous and stable mixture. Additionally,
emulsifiers influenced the texture of the cream,
providing a smooth feel when applied to the skin,
while also ensuring that active ingredients were even-
ly distributed, thereby enhancing the moisturizing
effect. In this study, cetyl alcohol was used as both an
emulsifier and an emollient. It helped improve the
skin's feel by reducing greasiness and preventing
dryness and cracking. Cetyl alcohol has been recog-
nized as safe for use in food and cosmetics by regula-
tory authorities. Its concentration was found to affect
product characteristics: as it increased, viscosity and
stability improved, but excessive amounts could lead
to instability and reduced product quality (Franco-Gil
et al., 2024; Sepulveda et al., 2003). Furthermore, cetyl
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alcohol increased viscosity while decreasing spreada-
bility, making the cream harder to apply evenly (Ali
et al.,, 2022; Sepulveda et al., 2003). Therefore, optimiz-
ing its concentration in the formulation was essential
to ensure a balance between stability and ease of ap-
plication. These findings were consistent with our
experimental results (Fig. 1A and C).

Lanolin served as a key moisturizer and emollient
in the cream formulation. Due to its structural
similarity to skin lipids, it supported moisture
retention and nutrient absorption. It also contributed
to a smooth, protective skin feel, aligning with its
sensory attributes reported in previous studies
(Danielle et al.,, 2023). As shown in Fig. 1C, low
lanolin concentration improved spreadability, and
Fig. 2C confirmed minimal impact on antioxidant
activity. Thus, incorporating lanolin at 1% was
optimal for balancing cost and product performance.

Fig. 1A-C indicates that higher concentrations of
P. frutescens extract combined with lower levels of
cetyl alcohol and lanolin optimized spreadability,
while Fig. 2A-C shows that antioxidant activity in-
creased with P. frutescens concentration, consistent
with the findings of Meng et al. (2009).

The use of software-assisted formulation design in
this study helped shorten experimental time and
reduce the number of required trials. It also enabled
modeling of the effects of independent variables,
thereby supporting the optimization of the cream
formulation. Similar optimization approaches have
been successfully applied in other pharmaceutical
contexts, such as the spray-drying process of herbal
extracts (Tuyen et al., 2024).

CONCLUSION

A natural skincare cream containing Perilla fru-
tescens and Aloe vera extracts, with good spreadability
and antioxidant activity, was successfully developed.
Future studies should evaluate accelerated, long-term
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stability and skin absorption to support wider appli-
cation.
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