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ABSTRACT

Objective: The study aimed to optimize the formulation of an anti-aging cream incorporating carrot extract (Daucus carota L.) and assess its
physicochemical stability and preliminary anti-aging effects. The antioxidant properties of carrot extract are recognized but considered mild, and
the study sought to explore its potential benefits in topical cosmetic formulations.

Methods: The cream formulations were prepared with varying concentrations of Stearic Acid (8-12%) and Triethanolamine (TEA) (0.5-1%),
utilizing the Box-Behnken Design (BBD) methodology for optimization. The formulations were analyzed for physicochemical properties such as pH,
adhesion, and spreadability. Optimization was carried out using Design Expert software (Version 13). Clinical testing on two volunteers was
conducted over a four-week period to assess the effects on skin hydration, pore reduction, spot reduction, and wrinkle reduction.

Results: The optimized formulation contained 10.04% Stearic Acid and 0.63% TEA, showing favorable physicochemical properties (pH 5.53+0.25,
adhesion 7.13+0.12 min, spreadability 5.06+0.14 cm). The formulation remained stable without phase separation. Clinical results demonstrated
improvements in skin hydration (76.74%), pore reduction (63.15%), spot reduction (62.22%), and wrinkle reduction (63.63%). However, these
effects were not statistically significant when compared to the cream base (p>0.05).

Conclusion: The optimized carrot extract cream showed good physicochemical stability and safety for topical use. Despite promising results in
terms of skin benefits, the relatively mild antioxidant activity of carrot extract and the lack of statistically significant clinical effects suggest that
further controlled trials, including placebo groups, are needed to confirm the cream’s efficacy.
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INTRODUCTION Cream formulations are widely favored for topical applications due
to their light texture, ease of application, moisturizing properties,
and good spreadability. Oil-in-water (0O/W) creams are typically
stabilized through the combination of stearic acid and
triethanolamine, which react to form triethanolamine stearate, an
emulsifier that ensures the stability of the formulation. Optimizing
the formulation is essential to achieve effective and stable products
by carefully selecting and combining ingredients. Traditional trial-
and-error methods are often inefficient; thus, experimental design

Premature skin aging is a prevalent condition marked by the early
onset of wrinkles, dryness, enlarged pores, and pigmentation changes.
These manifestations are primarily driven by oxidative stress resulting
from excessive free radical activity, which damages skin cells and
accelerates the aging process. Additionally, external factors such as
ultraviolet radiation, pollution, smoking, and inadequate nutrition
further exacerbate the development of premature aging [1].

Free radicals are unstable molecules that possess unpaired t.echniqt.les, such as the.Design. of Experiments (DOE)_ using IS(.)ftware
electrons, making them highly reactive toward biological structures hk‘? PeSIgr_l Expert, are increasingly preferred for their precision and
such as DNA, proteins, and lipids. To counteract this, the body efficiency in formulation development [7].

requires antioxidants compounds that neutralize free radicals by
donating electrons, thereby preventing oxidative damage. As a
result, antioxidants are widely utilized in topical formulations aimed
at preventing premature skin aging [2].

This study aims to optimize the concentrations of stearic acid and
triethanolamine in a cream formulation containing Daucus carota L.
extract, to develop a safe, stable, and effective anti-aging topical
preparation by evaluating pH, adhesion, spreadability, and skin

Daucus carota L. (carrot) is abundant in bioactive compounds such condition parameters such as moisture, pore size, spots, and
as beta-carotene, flavonoids, phenolics, alkaloids, and vitamins A, B, wrinkles using a skin analyzer [8].

and. C, all of which exhibit antihoxidar.lt and antibacteri:i\l properti.es. MATERIALS AND METHODS

While carrot extract has been investigated as a potential anti-aging

agent and is reported to be safe for topical application without Study preparation

causing irritation, its antioxidant activity, as indicated by ICs, values,
is relatively weak (IC50>300 pg/ml). This suggests that carrot
extract alone may not offer robust radical scavenging effects [3, 4].
However, carrot was chosen for this study due to its potential non-
antioxidant mechanisms, including the stimulation of collagen

The research was carried out at the Pharmaceutics Laboratory,
Chemistry Laboratory of Sekolah Tinggi Ilmu Farmasi (STIFAR)
Riau, and the Cosmetology Laboratory of North Sumatera University
(USU), Indonesia.

synthesis, enhancement of skin elasticity, and modulation of Materials
pigmentation. Additionally, when combined with moisturizing
excipients such as glycerin and propylene glycol, synergistic effects The materials utilized in this research included carrot extract

on skin hydration and rejuvenation are anticipated [5, 6]. (Daucus carotal.) with specimen number 250233198B obtained
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from PT. Lansida Group, Yogyakarta, stearic acid (Catalog number,
Matangi®, Indonesia), triethanolamine (Otsu®, Indonesia), cetyl
alcohol (Lux chemicals®, Indonesia), propylene glycol (Merck®,
Indonesia), glycerin (Lux chemicals®, Indonesia), benzoic acid
(CSPC®, China), sodium metabisulfite (Otsu®, Indonesia), and
distilled water (aquadest), methanol, DPPH (2,2-diphenyl-1-
picrylhydrazyl), vitamin C (ascorbic acid), concentrated
hydrochloric acid (HCI), concentrated sulfuric acid (H.S0,4), 2N HCI,
10% NaOH (sodium hydroxide)(Merck®, Indonesia), 1% FeCl;
(ferric chloride), Mayer’s reagent (Lux chemicals®, Indonesia),
Wagner’s reagent (Emsure®, Indonesia), Dragendorff's reagent,
acetic anhydride (Lux chemicals®, Indonesia), magnesium powder
(Emsure®, Indonesia), chloroform, Liebermann-Burchard reagent
(Emsure®, Indonesia).

Phytochemical screening of carrot (Daucus carota L.) extract

0.5 g of concentrated extract was dissolved in 5 ml of ethanol. Then,
5 ml each of distilled water and chloroform (1:1) are added. The
mixture was shaken vigorously and left to settle until two layers
form. The aqueous layer (top layer) was used for testing flavonoids,
phenolics, and saponins. The chloroform layer (bottom layer) was
used for testing terpenoids and steroids. The procedure for testing
alkaloids was separate. Phytochemical screening includes testing for
alkaloids, flavonoids, saponins, tannins, and terpenoids [9, 10].

Alkaloids

For alkaloid testing, a few grams of extract are added to 10 ml of
chloroform, then another 10 ml of 0.05 M chloroform-ammonia
solution is added, stirred and filtered, then 1 ml of 2 N sulfuric acid
is added to a test tube, the test tube is shaken for 2 min, left to form
two layers, and then separated. The acidic layer (top) is taken and 1-
2 drops of Mayer's reagent are added; a positive result is indicated
by the formation of a white precipitate [11].

Flavonoids

The Shinoda test was performed to qualitatively identify the
presence of flavonoids in the sample. A small amount of extract was
placed in a test tube, to which a few drops of distilled water and
concentrated hydrochloric acid were carefully added. Subsequently,
approximately 0.2 mg of metallic magnesium was introduced into
the mixture, and the solution was gently mixed. The reaction was
allowed to proceed at room temperature, and the appearance of an
orange, pink, or red coloration within three minutes was considered
a positive indication of flavonoid compounds [11, 12].

Saponin

A few drops of water are added to a test tube, then shaken
vigorously until foam forms that persists for 5 min, indicating a
positive result for saponin compounds [12].

Phenolic

A few drops of the water layer on the drop plate are added with 1-2
drops of 1% FeCl; solution. A positive result is indicated by the
formation of a blue-green to black color [12].

Terpenoids and steroids

The chloroform layer is filtered through a dropper containing cotton
and activated carbon at the tip. The filtrate is then pipetted 2-3 drops
and allowed to dry on the drop plate. After drying, Liebermann-
Burchard reagent (2 drops of anhydrous acetic acid and 1 drop of
concentrated sulfuric acid) is added. If a red color forms, it indicates
the presence of terpenoid compounds, and if a green or blue color
forms, it indicates the presence of steroid compounds [13].

Antioxidant activity test
Preparation of DPPH reagent

10 mg of DPPH is dissolved in 10 ml of methanol solution, shaken
until homogeneous, and stored in a dark bottle to obtain a solution
with a concentration of 100 pg/ml. It is diluted to 40 pg/ml by
pipetting 400 pg/ml and adding methanol to 10 ml in a measuring
flask [14].
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Preparation of sample solution

10 mg of extract and dissolve in 10 ml of methanol to obtain a stock
solution with a concentration of 1000 pg/ml. The test was
conducted in 6 concentration series: 1000; 500; 250; 125; 62.5;
31.25 pg/ml. The test was repeated 3 times [15].

Preparation of vitamin C standard solution

Vitamin C was weighed at 10 mg and dissolved in 10 ml of methanol
to obtain a stock solution with a concentration of 1000 pg/ml. A
dilution with a concentration of 100 pg/ml was then prepared by
pipetting 1 ml of the stock solution into a 10 ml volumetric flask and
adding methanol to the mark. The testing was conducted with six
concentration series: 100, 50, 25, 12.5, 6.25, and 3.125 pg/ml. Each
concentration test was repeated three times. The dilutions were
performed on a 96-well microplate [16].

Antioxidant activity using the DPPH method

A total of 100 pl** of sample solution with a concentration of 1000
pg/ml was added to the wells in row A. A total of 50 ul** of methanol
was pipetted into wells B-H. Then, 50 pl** of the extract solution in
row A was pipetted using a micro multichannel pipette and added to
row B, the solution in row B was pipetted 50 ul** and added to row
C, and so on until row F. Next, 50 ul** of the solution in row F was
pipetted and discarded, resulting in test solutions with
concentrations of 1000 pg/ml (row A), 500 pg/ml (row B), 250
pg/ml (row C), 125 pg/ml (row D), 62.5 pg/ml (row E), and 31.25
pg/ml (row F). Rows A-G were added with 80 pg of DPPH solution
at 40 pg/ml. Row H contained only methanol as a blank. The test
solutions were incubated for 30 min at room temperature and in the
dark by covering the 96-well microplate with aluminum foil. After
30 min, the absorbance of the test solutions was measured at a
wavelength of 517 nm using a microplate reader. The antioxidant
activity is determined using the DPPH method. The extract and
Vitamin C (standard) are prepared in serial dilutions and incubated
with DPPH solution in methanol. Absorbance is read at 517 nm
using a microplate reader, and ICs, values are calculated [16, 17].

Optimized design of carrot extract cream formulation

An optimization study was performed using a box-behnken
statistical design with 2 independent factors and 17 experimental
runs, generated through Design Expert version 13 software. The
formulation variables were adapted from previous studies, involving
the concentration of stearic acid and triethanolamine (TEA), which
act as key components in emulsion and cream base formation. The
dependent variables (responses) evaluated were pH, viscosity,
spreadability, and adhesion of the carrot extract cream formulation
[18,19].

Response testing

Several stages in the evaluation test of cream preparations used as
dependent or response variables are as follows.

pH test

pH measurement using a pH meter calibrated with pH buffer
solutions of 4, 7, and 10. The electrode was rinsed with distilled
water and dried with tissue paper. The measurement was
performed by dipping the electrode into 1 g of cream preparation
diluted with 10 ml of distilled water. Allow the needle to move to a
constant position. The number displayed by the pH meter
represents the pH value of the sample. The pH measurement results
are expected to align with skin pH, which ranges from 4.5 to 6.5. pH
measurements were replicated three times [20].

Adhesion test

The adhesion test was performed by placing 0.5 g of cream onto a
microscope glass slide, which was then covered with another slide. A
1 kg load was applied on top of the slides for 3 min. Adhesion was
measured as the time required for the two slides to separate. A
preparation is considered to have acceptable adhesion if the
separation time exceeds 4 sec. The test was repeated three times for
consistency [21].

515



B. Iskandar et al.

Oil Phase
Water Phase ™ 4 <

o

Heated on a hotplate.

Optimization by DE

EESE@N

\,/iL

Characterization and Stability Studies

Int ] App Pharm, Vol 18, Issue 1, 2026, 514-525

Mix oil phase, water phase, and
M1 in mortar - M2 mixture

add emulsifying agent and ‘

preservative mix (M1)

add extract solution, stir to
uniform cream

- o

final formulation,
stored in container

Fig. 1: Design study of carrot extract cream formulation

Spreadability test

Spreadability was assessed by placing 0.5 g of cream on a scaled
glass plate, covering it with another glass plate of the same size, and
applying a 150 g weight for 1-2 min. The spread diameter was
measured after equilibrium, with an acceptable range of 5-7 cm.
Each test was conducted in triplicate [21, 22].

Validation of the optimum model of carrot (Daucus carota L.)
extract cream

The parameters for producing carrot extract cream were optimized
using Design Expert software by setting selection criteria for the
optimal concentrations of stearic acid and triethanolamine (TEA).
The output responses evaluated were pH, adhesion, and
spreadability. Desirability is a function value that indicates the
software’s ability to meet the desired outcome based on the
optimization criteria set for the final product. A desirability value
close to 0.9/1.0 indicates a high probability of achieving the targeted
product characteristics, while a value of 1.0 signifies that the
optimization goal has been fully met [23].

Evaluation of optimum cream preparation

Several stages in the evaluation test of gel preparations are as
follows:

Organoleptic test

The cream’s formulation color, odor, and consistency were observed
weekly during four weeks of storage at room temperature.

Homogeneity test

The preparation was observed subjectively by applying 0.1 g of
cream on a glass slide and observing the arrangement of particles
formed or the inhomogeneity of dispersed particles in the cream
visible on the glass slide. The homogeneity test can be replicated 3
times. The examination was carried out every week for 4 w of
storage at room temperature [22, 24].

pH test

The pH was measured using a calibrated digital pH meter with
buffer solutions of 4, 7, and 10. One g of cream was diluted in 10 ml
of distilled water, and the electrode was immersed until a constant
reading was obtained. The expected pH range was 4.5-6.5, in
accordance with normal skin pH. Measurements were performed in
triplicates [24, 25].

Viscosity test

Viscosity was determined using a Brookfield viscometer with
spindle No. 4 at 30 rpm. The expected viscosity range was 2,000-

50,000 cps. Measurements were conducted in triplicate during week
1 and week 4 of storage.

Adhesion test

The adhesion test was performed by placing 0.5 g of cream onto a
microscope glass slide, which was then covered with another slide. A
1 kg load was applied on top of the slides for 3 min. Adhesion was
measured as the time required for the two slides to separate. A
preparation is considered to have acceptable adhesion if the
separation time exceeds 4 sec. The test was repeated three times for
consistency [26].

Spreadability test

Spreadability was assessed by placing 0.5 g of cream on a scaled
glass plate, covering it with another glass plate of the same size, and
applying a 150 g weight for 1-2 min. The spread diameter was
measured after equilibrium, with an acceptable range of 5-7 cm.
Each test was conducted in triplicate [27].

SKin irritation test

The skin irritation and anti-aging test was approved by the ethics
committee under approval number 507/KEP-UNIVRAB/III/2025
from the College of Medicine, Abdurrab University, Indonesia.
Volunteers who are to test the new cosmetic product will undergo a
closed patch test, where the cream is applied to the inner upper arm,
covered with gauze, and sealed with waterproof plaster. After 24 h
of application, the skin will be examined for any signs of irritation,
such as redness or spots [23, 28].

Freeze and thaw stability test

Freeze and Thaw is performed by weighing 5 g of cream
preparation, placing it in a vial, and storing it in a refrigerator at 4 °C
for 48 h, followed by storing the preparation at 45 °C for 48 h (1
cycle). The test is performed for 6 cycles. In each cycle, the presence
or absence of phase separation is observed [28].

Cream type test

Cream type test was conducted by placing a small amount of cream
on a glass slide and adding one drop of methylene blue. If the
methylene blue disperses evenly, the cream is of type O/W; if blue
particles form on the glass slide, the cream is of type W/0. The
examination was conducted weekly over a 4-week storage period at
room temperature [29].

Anti-aging effectiveness testing

The skin irritation and anti-aging test was approved by the ethics
committee under approval number 507/KEP-UNIVRAB/III/2025
from the College of Medicine, Abdurrab University, Indonesia. The
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effectiveness of the anti-aging treatment was evaluated through a
trial involving four volunteers. Prior to participation, the volunteers
provided informed consent by completing a consent form. Inclusion
criteria for the volunteers were the absence of other topical
treatments, normal skin type, engagement in similar daily activities,
and an age range of 25-30 years. The initial skin condition was
assessed on the back of the palm of each volunteer, measuring
parameters such as moisture content, pore size, spot count, and
wrinkle depth using a Skin Analyzer. Following baseline
measurements, the cream was applied evenly to both the right and
left hands, twice daily (morning and evening) for a duration of 4 w.
Skin condition changes were documented at week 0 (baseline), week
1, week 2, week 3, and week 4 using the Skin Analyzer [30].

Data analysis

The experimental data were analyzed using Design Expert version
13 software with Response Surface Methodology (RSM) to
determine the optimum formulation based on pH, spreadability, and
adhesion responses. Results were presented in tables and graphs to
evaluate the effects of stearic acid and triethanolamine (TEA)
concentrations on the properties of carrot extract cream (Daucus
carota L.). The optimized formulation was subsequently compared
with the base cream for anti-aging activity and evaluated statistically
using analysis of variance (ANOVA) [31].

RESULTS AND DISCUSSION
Phytochemical screening of carrot extract

The results of the phytochemical screening are presented in table 1.
The screening of carrot extract revealed the presence of alkaloids,
flavonoids, phenolics, and terpenoids, while steroids and saponins.

Antioxidant activity test of carrot extract

The table presents the ICso values for both Vitamin C and carrot
extract (table 2), illustrating a significant difference in their
antioxidant activities. Vitamin C demonstrates very strong
antioxidant activity, with an ICs, value of 5.29 pug/ml, indicating its
high potency in scavenging free radicals. This low ICs, value
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suggests that Vitamin C is highly effective at lower concentrations in
neutralizing oxidative stress. On the other hand, carrot extract
exhibited relatively weak antioxidant activity, with an ICs, value of
356.72 pg/ml. This higher ICs, value indicates that carrot extract
requires a much higher concentration to achieve similar radical
scavenging effects compared to Vitamin C. While carrot extract still
possesses antioxidant properties, its efficacy in this regard is
considerably lower, suggesting that it may offer additional benefits
through other mechanisms, such as promoting collagen synthesis
and enhancing skin elasticity [32, 33].

Although antioxidant activity is often closely associated with anti-
aging effects, the weak ICso values of carrot extract highlight that its
primary anti-aging effects may not be solely due to antioxidant
activity. Carrot extract contains carotenoids, particularly beta-
carotene, which have been shown to have pro-collagen effects and
may help promote collagen synthesis. Collagen is a critical protein
responsible for maintaining skin structure and elasticity, and its
synthesis tends to decrease with age, contributing to signs of aging
such as wrinkles and sagging. Carotenoids in carrot extract may help
counteract this process by stimulating collagen production, thereby
potentially improving skin firmness and reducing the appearance of
fine lines [33, 34].

Moreover, the synergy between carrot extract's moisturizing
properties and its other bioactive compounds may further enhance
its anti-aging effects. When combined with hydrating excipients such
as glycerin and propylene glycol, carrot extract can improve skin
hydration, a crucial factor in maintaining youthful skin. Proper
hydration helps maintain the skin’s barrier function, reduces the
appearance of wrinkles, and enhances the overall texture and
smoothness of the skin. Thus, while the antioxidant activity of carrot
extract may not be as potent as that of Vitamin C, its ability to
support collagen synthesis and improve skin hydration could
contribute significantly to its anti-aging effects. Further research
focusing on these non-antioxidant mechanisms, particularly in
combination with moisturizing agents, is necessary to fully
understand the potential of carrot extract in topical anti-aging
formulations [35].

Table 1: Phytochemical screening of ethanol extract of carrot (Daucus carota L

S. No. Secondary metabolite compounds Reagents Result
1. Alkaloids Dragendorff +
2. Flavonoids Mg powder+HCI ) +
3. Tannins FeCls +
4. Saponins Aquadest+HCl 1% -
5. Steroids Libermann-Burchard -
6. triterpenoids Libermann-Burchard +

Notes: (+): Positive, (-): Negative

Table 2: The IC5, values for both vitamin C and carrot extract

Sample IC50 value (+SD)

Vitamin C 5.29 pg/ml+0.12

Carrot Extract

356.72 pg/ml+0.32

Note: the results were presented as mean +SD (n=3)

Optimization of carrot extract cream formulation

Formula optimization was performed by entering the variable data
to be optimized into Design Expert software version 13. The
variables in this study were the concentrations of stearic acid (10-
20%) and TEA (0.5-1%). The data for each variable is entered into
Design Expert software version 13, which generates 17 formulas
with varying variable concentrations. These formulas are then
evaluated for their response, namely pH, adhesion, and
spreadability. The formula predictions by Design Expert 13 software
are shown in table 3.

Response testing

The verification stage aims to validate the predicted response values
from the optimization results generated by the Design Expert
program. The actual response values obtained from the verification
process are compared to the predicted responses generated by the
Design Expert software [23]. The verification results of the optimum
cream formula containing carrot extract (Daucus carota L.) showed a
% error of 8.30% for pH, 4.27% for adhesion, and 6.97% for
spreadability. These results indicate that there is no significant
difference, as the error values are all less than 10%.
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Table 3: Experimental design and response results using box-behnken method

Run Factor 1 Factor 2 Response 1 Response 2 Response 3
A: Stearid acid B: TEA pH1.1.1 adhesion test spreadability test
1 20 1 5.85 10.33 4.2
2 15 1 5.02 8.44 5.1
3 20 0.75 5.18 10.25 4.3
4 15 0.50 4.53 8.22 5.2
5 20 0.75 5.18 10.25 4.3
6 15 0.50 4.53 8.22 5.2
7 10 0,75 5.03 7.55 5.3
8 15 0.75 5.71 8.32 5.5
9 15 0.75 5.71 8.32 5.5
10 10 0.50 4.83 7.33 5.4
11 15 1 5.02 8.44 5.1
12 10 1 5.43 7.58 5.7
13 15 0.75 5.71 8.32 5.5
14 20 0.50 5.03 10.17 4.3
15 10 0.75 5.03 7.55 5.3
16 15 0.75 5.71 8.32 5.5
17 15 0.75 5.71 8.32 5.5
Note: Experimental runs (n=17) were generated by box-behnken design using Design Expert version 13.
Table 4: Optimum formula verification results
Preparation evaluation Prediction design expert 13 Mean *SD observation % error
pH 5.08 5.53+0.25 8.30%
Adhesion Test 7.44 7.13+£0.12 4.27%
Spreadability test 5.42 5.06+0.11 6.97%

Note: the results were presented as mean +SD (n=3)

Contour plot analysis showed that increasing stearic acid tends to
decrease pH and spreadability, whereas triethanolamine increases
pH and stabilizes the formulation. In the pH contour plot, a color
gradient from blue to red represents increasing pH as the
concentrations of stearic acid and triethanolamine change. Blue
areas indicate lower pH values, while red areas indicate higher pH
values. The predicted optimal pH value was 5.451, marked on the
graph, demonstrating the effect of the synergistic interaction
between both components.

In the spreadability contour plot, the gradient from blue to red
indicates that spreadability improves as the concentration of stearic
acid decreases. The predicted spreadability value of 6.747 cm is found
in the light blue region, suggesting that lower concentrations of stearic
acid contribute to better spreadability. Conversely, the adhesion
strength contour plot displays a blue-to-red gradient, signifying an
increase in adhesion strength as the concentration of stearic acid rises.
The predicted adhesion strength value of 1.746 sec is located within
the green-colored area, indicating that higher concentrations of stearic
acid lead to stronger adhesion. These contour plots provide valuable

Factor Coding: Actual

Uji pH

UjipH !
@ oo /@/

x1=
x2-g

8: Tea

A: Asam stearat

insights into the relationship between stearic acid concentration and
the key properties of spreadability and adhesion strength in the cream
formulation [7, 28].

The interaction between factors, namely the concentrations of
stearic acid and triethanolamine on pH and spreadability, can be
analyzed using Design Expert software version 13. The interaction
plot indicates that increasing the concentration of stearic acid tends
to reduce the pH, both at low (black line) and high (red line)
concentrations of triethanolamine. From these findings, it is evident
that stearic acid contributes to pH reduction, while triethanolamine
plays arole in increasing the pH of the formulation [36, 37].

The interaction between the two components significantly
influences pH stability. An increase in stearic acid without being
balanced by triethanolamine causes a notable decrease in pH.
Conversely, at higher concentrations of triethanolamine, the pH-
lowering effect of stearic acid can be mitigated, resulting in a more
stable pH formulation within the acceptable range for topical use
[38,39].

Interaction

B: Tea

Uji pH

A: Asam stearat

Fig. 2: Contour plot result and interaction curve of stearic acid and TEA against pH
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Fig. 4: Contour plot results and interaction curve of steraic acid and TEA on spreadability

The interaction also shows that increasing stearic acid concentration
tends to reduce spreadability, both at low and high concentrations of
triethanolamine. This is in line with the properties of stearic acid as
an emulsifying and thickening agent, which increases the viscosity of
the formulation and limits its spread across the skin surface. In
addition, the interaction between stearic acid and TEA demonstrates
that an increase in stearic acid concentration also tends to increase
the adhesion strength, regardless of whether triethanolamine is
present in low or high concentrations [40, 41].

Evaluation of optimum cream preparation

Organoleptic test

The results of organoleptic testing on the shape, color, and odor of
the optimal formulation are shown in (table 5). Based on
observations conducted over 4 w, it was found that the cream
formulation did not undergo changes and remained stable during 4
w of storage.

Table 5: Organoleptic evaluation of optimum cream formula

Formula Test Week
1 2 3 4
Optimum cream formula  Texture Semi-solid Semi-solid Semi-solid Semi-solid
Color Browns Browns Browns Browns
Odor with a distinctive with a distinctive with a distinctive with a distinctive
carrot extract smell. carrot extract smell. carrot extract smell. carrot extract smell.

Note: Organoleptic properties remained stable during 4 w of storage at room temperature.

Table 6: Homogeneity evaluation of optimum cream formula

Formulation Homogeneity observation
Week 1 Week 2 Week 3 Week 4
+ + + +
Optimum cream formula + + + +
+ + + +

Note: “+” indicates homogeneous preparation without clumped particles or coarse granules
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Homogeneity test

The homogeneity test of the cream preparation showed that no
particles were found in the optimal cream formula of carrot extract
(table 6). A homogeneous preparation is characterized by the
absence of clumped particles or coarse granules in the preparation.

Cream type test

The cream type test of the optimum carrot extract cream formula
during 4 w of storage showed that all cream formulations were of
the oil-in-water (0/W) type.

pH test

The desired pH level in the serum formulation falls within the skin's
natural pH range of 4.5-6.5 [25]. The pH should not be too acidic, as it
may cause skin irritation, nor should it be too alkaline, as it can lead to
dry, sensitive skin that is prone to infection. The pH was measured
weekly over a 4-week storage period using a pH meter [42].
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The pH values of the cream remained within the acceptable range
for skin (4.5-6.5), although a slight decrease in pH was observed
over the course of 4 w of storage. This minor change suggests that
the formulation maintained its skin compatibility, despite the slight
variation in pH over time [43].

Adhesion test

The evaluation of the adhesion strength of the carrot extract cream
during 4 w of storage at room temperature showed.

The cream adhesion test was conducted to determine the ability of
the cream to adhere to the site of application. The adhesion of the
formulation is related to the duration of contact between the
preparation and the skin, as well as the comfort of use. A stable
formulation ensures effective contact time with the skin to achieve
the intended therapeutic effect. The adhesion test results showed a
decrease from week 2 to week 4.

Table 7: Cream type test of optimum cream formula

Formula Cream type test
Week 1 Week 2 Week 3 Week 4
Optimum cream formula o/W o/W o/W o/wW
o/wW o/wW o/wW o/wW
o/wW o/wW o/wW o/wW

Note: The optimum cream was consistently classified as an oil-in-water (0/W) type.

Table 8: pH test evaluation of optimum cream formula

Optimum cream pH value
formula Week 1 Week 2 Week 3 Week 4
5.53 5.18 5.10 5.04
5.52 5.33 5.15 5.09
5.57 5.38 5.15 5.14
Mean (+SD) 5.54+0.02 5.29+0.01 5.13+0.02 5.09+0.05

Note: the results were presented as mean +SD (n=3)

Table 9: Adhesion test results of optimum cream formula

Optimum cream Adhesion test (Second)

formula Week 1 Week 2 Week 3 Week 4
7.11 7.08 7.07 7.06
7.17 7.15 7.17 7.05
7.29 7.25 7.22 7.22
mean (+SD) 7.19+0.09 7.16+0.08 7.15+0.07 7.11+0.05

Note: the results were presented as mean +SD (n=3)

Table 10: Spreadability test results of optimum cream formula

Optimum cream Spreadability test (cm)
formula Week 1 Week 2 Week 3 Week 4
5.7 5.1 5.4 7.1
5.5 5.3 5.3 6.2
5.3 5.4 5.3 5.6
mean (+SD) 5.5+0.20 5.2+0.15 5.3+0.05 6.3+0.75

Note: the results were presented as mean +SD (n=3)

The spreadability test was conducted to determine the ability of the
formulation to spread on the skin surface when applied. Good
spreadability facilitates ease of application on the skin surface. In
addition, better spreadability allows the active ingredient to be
distributed more evenly across the skin, thereby enhancing the
effectiveness of the active substance.

Viscosity test

The viscosity test seeks to ascertain the cream formulation's
thickness. A cream that is just the right thickness is considered nice.

A Brookfield spindle 4 viscometer was used to perform the viscosity
test at 30 rpm.

The viscosity test of the carrot extract cream was conducted to
determine the resistance generated by the cream. An ideal
viscosity value ranges from 2,000 to 50,000 cPs. In this study, the
viscosity of the sample was measured using a Brookfield
viscometer with spindle number 4 at a speed of 30 rpm. A
decrease in viscosity values from the first to the fourth
measurement may indicate thixotropic behavior, which is a

520



B. Iskandar et al.

reduction in viscosity due to continuous shear stress [30]. In
addition, this variation may also be caused by differences in
ambient temperature during measurement, as viscosity is highly
influenced by temperature [44].

SKkin irritation test

Skin irritation testing of carrot extract serum was conducted on
three panelists for the optimal formula using the closed patch test
method. Positive irritation reactions were indicated by redness,
itching, or swelling on the inner arm skin that was treated. After
observing both formulas, no allergic reactions were observed in
the panelists, as there were no signs of redness, itching, or a
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burning sensation on the panelists, indicating that the formulation
used is safe.

Stability test using the freeze and thaw method

The freeze and thaw stability test aims to determine whether phase
separation occurs in the cream formulation under extreme
temperature conditions. After each cycle, observations were made to
assess whether any phase separation occurred, along with
evaluations of organoleptic properties and pH. The organoleptic
examination showed that from cycle 1 to cycle 6, the formulation
remained stable with no phase separation. The physical appearance,
form, odor, and color remained unchanged, and the formulation
maintained a homogeneous composition [23].

Table 11: Viscosity test of optimum cream formula

Optimum cream Viscosity test (cPs)

formula Week 1 Week 2 Week 3 Week 4
16.800 10.200 10.980 9.140
14.980 12.120 10.120 9.280
12.880 10.440 11.420 10.200
Mean (+SD) 14.887+1.96 10.920+1.04 10.840+0.66 9.54+0.57
Note: the results were presented as mean +SD (n=3)
Table 12: Skin irritation test
Formula Volunteers
1 2 3
Base - - -

Formula Cream Optimum

No irritation reactions (redness, itching, or swelling) were observed in any volunteer.

Table 13: Freeze-thaw stability test of optimum cream formula

Formula Test Cycles
1 2 3 4 5 6
Optimum Texture Semi-solid Semi-solid Semi-solid Semi-solid Semi-solid Semi-solid
cream Color Browns Browns Browns Browns Browns Browns
formula Odor with a distinctive with a distinctive with a distinctive with a distinctive with a distinctive with a distinctive
carrot extract smell carrot extract carrot extract carrot extract carrot extract carrot extract smell
smell smell smell smell
No phase separation or organoleptic changes observed during 6 freeze-thaw cycles.
Table 14: pH stability test of optimum cream formula
Optimum pH value
cream formula  Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle6
5.32 5.08 4.99 5,10 5.13 5.16
5.37 5.08 5,10 5.08 5.17 5.18
5.41 5.10 5.04 5.03 5.18 5.23
mean (+SD) 5.37+0.04 5.08+0.01 5.01+0.03 5.05+0.3 5.16+0.26 5.19+0.36

Note: the results were presented as mean +SD (n=3), Note: pH fluctuations were observed, but values remained within the acceptable skin range

(4.5-6.5).

The pH measurement of the carrot extract cream during the Freeze
and Thaw test over 6 cycles showed fluctuations, with an increase
and a decrease observed in cycle 3. This may have occurred due to
the influence of temperature. However, the results still met the pH
standard range of 4.5-6.5 [45].

Anti-aging effectiveness testing

The anti-aging activity test of the carrot extract cream showed that all
formulations demonstrated improvements in moisture content, pore
size, spots, and wrinkles. The results indicated that the optimum
formula had higher anti-aging activity compared to the base
formulation, as the base did not contain any active ingredients [46].

Based on the measurement results, both the cream base and the
optimum formula were able to increase skin moisture from the
initial condition. The moisture content of the base cream in the
first week was 25.92%, and the base was 27.02%. After using the
cream for 30 d, the results in the fourth week showed that the
cream base reached 76.74%, while the Optimum Cream
Formulareached 60.86%. The optimum formula demonstrated a
better ability to maintain skin hydration. Skin moisture is
influenced by external factors such as temperature, environmental
humidity, and lifestyle. Therefore, a cream with an active
formulation is necessary to maintain skin hydration sustainably
[28, 47].
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Table 15: Moisture measurement results

Formula Volunteers Moisture

Increase in moisture (%)

Initial conditions _ Length of use

1 3 4
Cream Base 1 12 15 23 28 57.17
2 15 22 39 41 63.41
Mean+SD 13.5+2.12 18.5+4.94 24+9.89 31+11.31 34.5+49.19 60.86
Optimum 1 12 15 22 40 70
Cream 2 8 12 23 46 83
Formula Mean+SD 10+2.82 13.5+2.12 17+2.82 25.5+0.7 43+4.24 76.74

Note: the results were presented as mean+SD (n=3)

Table 16: Percentage increase in moisture each week

Formula Week 0 (%) Week 1 (%) Week 2 (%) Week 3 (%) Week 4 (%)
Cream Base 0 27.02 43.75 56.45 60.86
Optimum Cream Formula 0 25.92 41.17 55.55 76.74

For the moisture parameter, the ANOVA results showed a
significance value of 0.550. This indicates that the increase in skin
moisture in users of the optimum formula was not significantly
different from that of the cream base. Although the descriptive
results showed a higher average moisture level in the optimum
formula, the difference was not large enough to be statistically
significant. The hydrating effect is usually associated with the
presence of humectants and emollients in the formulation;
however, to demonstrate a significant difference, a longer duration
of use or a higher concentration of active ingredients may be
required [28].

The results of the pore (Pore) parameter measurements showed
that both the cream base and the optimum formula were able to
gradually reduce facial pore size over a 4 w period. The average pore
size in the optimum cream formula group decreased from 16 to 6.5,
with a recovery percentage of 59.37%, while the cream base showed
a reduction from 19 to 7, with a higher recovery percentage of
63.15%. This reduction in pore size indicates an improvement in
skin structure, such as increased elasticity and cleaner pores free
from accumulated dirt and sebum. Enlarged pores are generally
caused by sun exposure, excessive oil production, and decreased
collagen levels, which lead to the widening of pore walls [48].

Table 17: Pore measurement results

Formula Volunteers Pore Increase in pore (%)
Initial conditions _ Length of use
1 2 3 4

Cream Base 1 8 7 6 4 4 50

2 24 21 18 17 9 62.5

Mean+SD 16+2.82 14+2.82 12+2.82 10.5+2.82 6.5+2.82 59.37
Optimum 1 13 9 9 8 5 61.53
Cream 2 25 21 17 13 9 64
Formula Mean+SD 19+2.82 15+2.82 13+2.82 10.5+2.82 7+2.82 63.15
Note: the results were presented as mean +SD (n=3)

Table 18: Percentage pore size reduction every week

Formula Week 0 (%) Week 1 (%) Week 2 (%) Week 3 (%) Week 4 (%)
Cream Base 0 12.5 25 34.37 59.37
Optimum Cream Formula 0 21.05 31.57 44.72 63.15

For the pore parameter, the significance value of 0.726 indicates that
there was no statistically significant difference between the two
formulas. However, based on descriptive observations, the optimal
formula appeared to result in better improvement in the appearance
of facial pores. Pore minimization typically involves mechanisms
such as regulating sebum production, enhancing skin elasticity, and
facilitating the removal of dead skin cells that can clog pores. Despite
the general trend observed, the response to the formula can vary
significantly among individuals due to factors such as skin type,
lifestyle, and environmental exposure. As a result, the differences
between the groups were not statistically strong enough to draw
definitive conclusions, highlighting the need for further studies with
larger sample sizes to better understand the effects of the
formulation on pore appearance [18, 27].

The spot (Spot) measurement results showed that both the cream
base and the optimum formula were able to gradually reduce the

number of facial spots over a 4-week period. The average number of
spots in the optimum cream formula group decreased from 22 to
8.5, with a recovery percentage of 61.36%, while the cream base
decreased from 22.5 to 8.5, with a slightly higher recovery
percentage of 62.22%. This indicates that the optimum formula
works in a stable and progressive manner in reducing facial spots.
The effectiveness of this formula is likely due to the presence of
active ingredients that help inhibit melanin production, accelerate
cell regeneration, and enhance skin metabolism. The reduction in
facial spots may also be influenced by UV protection and antioxidant
activity, which reduce inflammation and hyperpigmentation. The
use of the optimum formula shows potential as an effective skin
brightening agent, although the results are gradual and require
continuous use for optimal outcomes [20, 35].

The facial spot parameter also showed similar results, with a
significance value of 0.868. This means that although the optimum
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formula showed a slightly higher spot recovery percentage, the
result was not statistically significant compared to the cream base.
The reduction of facial spots is closely related to the activity of active
ingredients in inhibiting melanin production, enhancing cell
regeneration, and protecting the skin from UV exposure.

The wrinkle measurement results showed that both the cream base
and the optimum formula were able to gradually reduce the number
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of facial wrinkles over a 4 w period. The average number of wrinkles
in the optimum cream formula group decreased from 25 to 11, with
arecovery percentage of 56%, while the cream base decreased from
16.5 to 6, with a higher recovery percentage of 63.63%. This
effectiveness is most likely due to the presence of active ingredients
such as antioxidants, peptides, or retinoids, which can stimulate
collagen synthesis, improve skin elasticity, and accelerate skin cell
regeneration [49].

Table 19: Spot measurement results

Formula Volunteers Spot Increase in spot (%)
Initial conditions _ Length of use
1 2 3 4

Creambase 1 14 11 10 6 3 78,57

2 30 20 19 18 14 53.33

Mean+SD 22+11.31 15.5+6.36 14.5+6.37 12+8.48 8.5+7.77 61.36
Optimum 1 30 27 24 22 15 62,5
cream 2 23 16 14 13 11 50
formula Mean+SD 26.5+4.94 21.5+7.78 19+7.07 17.5+6.36 13+2.82 62.22

Note: the results were presented as mean +SD (n=3)

Table 20: Weekly spot decrease percentage

Formula Week 0 (%) Week 1 (%) Week 2 (%) Week 3 (%) Week 4 (%)
Cream Base 0 29.54 34.09 45.45 61.36
Optimum Cream Formula 0 20.00 37.77 46.66 62.22

Table 21: Wrinkle measurement results

Formula Volunteers Wrinkle

Increase in wrinkle (%)

Initial conditions _ Length of use

1 2 3 4
Cream 1 29 25 21 19 12 58.62
base 2 21 18 16 14 10 52.38
Mean+SD 25+5.65 21.5+4.94 18.5+3.53 16.5+3.54 11+1.41 56.00
Optimum 1 21 20 17 8 7 66.66
cream 2 12 9 8 7 5 58.33
formula Mean+SD 16.5+6.36 14.5+7.77 12.5+6.36 7.5+0.70 6+1.41 63.63

Note: the results were presented as mean +SD (n=3)

Table 22: Weekly wrinkle decrease percentage

Formula Week 0 (%) Week 1 (%) Week 2 (%) Week 3 (%) Week 4 (%)
Cream Base 0 14 26 34 56
Optimum Cream Formula 0 12.12 24.24 54.54 63.63

There was no statistically significant difference between the cream
base and the optimum cream formula according to the wrinkle
parameter's significance value of 0.868. Descriptive analysis, however,
showed that the ideal formula showed a greater average decrease in
wrinkles. Because this process includes collagen stimulation, dermal
structure restoration, and protection against free radical-induced
protein degradation, it is crucial to highlight that improvements in
facial wrinkles usually take longer to produce noticeable results. As a
result, prolonged usage of the improved formulation may intensify the
observed trend in wrinkle reduction [24, 32, 49].

CONCLUSION

Based on Box-Behnken design optimization using Design Expert
software, the optimum carrot (Daucus carota L.) extract cream
contained 10.043% stearic acid and 0.633% triethanolamine (TEA).
The formulation exhibited an average pH of 5.53+0.25, adhesion
time of 7.13+0.12 s, and spread ability of 5.06+0.11 cm, meeting
standard criteria for topical creams. While improvements in skin
parameters were observed, statistical analysis showed no significant
differences compared to the cream base (p>0.7), suggesting limited

contribution from the carrot extract. Antioxidant activity was weak
(ICso = 356.72 pg/ml). Overall, the cream demonstrated good
stability and acceptable topical properties, though further clinical
studies are required to confirm any anti-aging effects.
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