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Abstract: The ethanol extract of purple roselle flowers (Hibiscus sabdariffa L.) is 
known to exhibit very strong antioxidant activity and contains flavonoids, 
anthocyanins, and tannins that contribute to free radical scavenging through 
hydrogen donation mechanisms. This study aimed to formulate an antioxidant 
essence based on purified purple roselle extract. The extract was obtained by 
maceration using 70% ethanol and purified through liquid–liquid extraction using 
an aqueous–ethyl acetate solvent system. The purified extract was formulated into 
essence preparations at concentrations of 1% (FI), 3% (FII), and 5% (FIII), with the 
base formula (FIV) as a negative control and quercetin (FV) as a positive control. 
Evaluations included organoleptic properties, homogeneity, viscosity, pH, and 
freeze–thaw stability, while antioxidant activity was assessed using the DPPH 
method. All formulations met the required physical quality standards, and Formulas 
I–IV remained stable during testing. Formula V exhibited a color change from yellow 
to reddish-brown, indicating the temperature sensitivity of quercetin. The IC₅₀ 
values of FI, FII, and FIII were 57.96 ppm (strong), 47.01 ppm (very strong), and 33.63 
ppm (very strong), respectively, while FV showed an IC₅₀ of 29.86 ppm. Formula III 
demonstrated the best performance with very strong antioxidant activity and good 
physical stability. 
 
Keywords: Anthocyanins; Antioxidant activity; DPPH method; Essence 
formulation; IC₅₀; Purified extract of purple roselle; Stability 

  
 

Introduction  
 

Ultraviolet radiation is part of the electromagnetic 
spectrum originating from sunlight and is classified into 
UV-A (320–400 nm), UV-B (290–320 nm), and UV-C 
(<290 nm). Exposure to UV-A and UV-B is known to 
induce oxidative stress through increased formation of 
reactive oxygen species (ROS), which contribute to skin 
damage such as erythema, hyperpigmentation, 
premature aging, and carcinogenesis (Asanah et al., 
2023; Dhar et al., 2021). Meanwhile, UV-C radiation does 
not have a direct impact on the skin as it is mostly 
absorbed by the ozone layer (Oktavia & Sutoyo, 2021). 

Free radicals are molecules with unpaired electrons 
that are highly reactive and capable of damaging cellular 
lipids, proteins, and DNA. Antioxidants play an 
essential role in neutralizing free radicals through 
electron or hydrogen donation mechanisms. However, 
the long-term use of synthetic antioxidants such as 
butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT) has been associated with 
potential toxic effects, including carcinogenicity and 
hepatotoxicity at high doses. Therefore, the exploration 
of natural antioxidants has become a safer and more 
sustainable approach (Abdelfattah et al., 2024; Fardani 
et al., 2023; Forman & Zhang, 2021; Sies & Jones, 2020). 
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Purple roselle (Hibiscus sabdariffa L.) is a natural 
source of antioxidants rich in flavonoids, particularly 
anthocyanins, as well as tannins, which act as free 
radical scavengers (Liu et al., 2021). The antioxidant 
activity of roselle has been reported to be very strong, 
with an IC₅₀ value of approximately 38.29 ppm based on 
the DPPH method, indicating its high potential as an 
active ingredient in topical formulations. Anthocyanins, 
as the major compounds, function through hydrogen 
donation and stabilization of free radicals via resonance 
of their aromatic structure (Shikov et al., 2022). 
However, these compounds exhibit relatively low 
stability when exposed to environmental factors such as 
temperature, pH, and light, which may reduce their 
effectiveness. 

In addition to active compounds, plant extracts also 
contain non-therapeutic components (ballast 
substances) such as carbohydrates, proteins, and pectin, 
which may affect the purity and biological activity of the 
extract (Lestari, 2022; Singh et al., 2023). Therefore, 
purification is an important strategy to enhance the 
concentration of bioactive compounds and optimize 
antioxidant activity (Aldila et al., 2024; Zou et al., 2025). 

In addition to the active compounds, the delivery 
system plays a crucial role in determining the 
effectiveness of topical formulations. Essence is a 
skincare preparation with low viscosity that enables 
faster and deeper penetration of active ingredients into 
the epidermal layer compared to more viscous 
formulations such as creams. This system is considered 
capable of enhancing the bioavailability of active 
compounds while improving user comfort. The use of 
humectants in the formulation also contributes to 
maintaining skin hydration and facilitating the 
penetration of active compounds without significant 
degradation (Dzulhija et al., 2024; Husna et al., 2022; 
Mulangsri & Zulfa, 2020). 

The novelty of this study lies in the integration of 
purified purple roselle extract with an essence-based 
delivery system characterized by low viscosity to 
enhance both stability and antioxidant activity. Previous 
studies have generally focused on crude extracts or 
conventional dosage forms without combining 
purification strategies with advanced delivery systems. 
Therefore, this research is important to provide a 
scientific basis for the development of more effective, 
stable, and safer natural-based cosmetic products. 

Based on the above considerations, this study aims 
to optimize the formulation and evaluate the antioxidant 
activity of essence preparations containing various 
concentrations of purified purple roselle (Hibiscus 
sabdariffa L.) extract, as well as to assess their physical 
quality, including organoleptic properties, 
homogeneity, viscosity, pH, and stability using the 
freeze–thaw method. 

Method  
 
Materials 

In this study, the materials used included purple 
roselle flowers, 70% ethanol, FeCl₃, DPPH (Sigma), 
quercetin (Sigma), and phytochemical screening 
reagents. 
 
Sample Preparation 

Purple roselle flowers (Hibiscus sabdariffa L.) were 
obtained and identified by the Functional 
Implementation Unit of the Traditional Health Center, 
Tawangmangu, RSUP dr. Sardjito. The dried roselle 
flower simplicia was then ground into powder and 
sieved using a 40-mesh sieve (Khalid et al., 2023). 
 
Preparation of Purple Roselle Flower Ethanol Extract 

A total of 1000 g of simplicia powder was macerated 
using 5000 mL of 70% ethanol (ratio 1:5 w/v) for 3 days 
with stirring every 24 hours, followed by filtration using 
flannel cloth. The residue was remacerated using the 
same solvent. All filtrates were combined and 
evaporated using a rotary evaporator at 40°C with a 
speed of 100 rpm until a thick extract was obtained. The 
extract was stored in a closed container lined with 
aluminum foil at 4°C (Fardani et al., 2023). The yield 
obtained represents the percentage of extract weight 
relative to the weight of the simplicia powder used. The 
extraction yield can be calculated using the following 
formula: 

Yeild(%) =
Extract weight (g)

Simplisia′s weight (g)
× 100% (1) 

The general requirement for raw material extract 
yield is >10% (Mulangsri & Zulfa, 2020). 
 
Preparation of Purified Purple Roselle Flower Extract 

A total of 200 g of ethanol extract was suspended in 
warm water until homogeneous, then allowed to cool to 
room temperature. The suspension was transferred into 
a separatory funnel, followed by the addition of ethyl 
acetate with a water:ethyl acetate ratio of 1:1. The 
mixture was gently shaken until two phases were 
formed. The ethyl acetate phase was separated, while the 
aqueous phase was re-extracted with ethyl acetate until 
the ethyl acetate phase became clear. All ethyl acetate 
fractions were collected and evaporated using a rotary 
evaporator at 50°C to obtain the purified extract (Lestari, 
2022). 
 
Phytochemical Screening 
Flavonoids 

A total of 40 mg of extract was added to 100 mL of 
hot water, heated for 5 minutes, and filtered. Then, 5 mL 
of filtrate was mixed with magnesium powder in a 
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sufficient amount (tip of a spatula) and 1 mL of 
concentrated HCl, followed by vigorous shaking. A 
positive result is indicated by the formation of red, 
yellow, or orange coloration (Mulangsri & Zulfa, 2020). 
 
Anthocyanins 

Heat the sample with 2 M HCl at 100°C for 2 

minutes and observe the color. If the red color of the 
sample remains unchanged (constant), this indicates the 
presence of anthocyanins (Mulangsri & Zulfa, 2020). 
 
Alkaloids 

Weigh 2.0 grams of the purified thick extract and 
add 5.0 mL of 2N HCl. Divide the mixture into two 
portions: to the first portion, add three drops of 
Dragendorff’s reagent; a positive result is indicated by 
the formation of an orange precipitate. To the second 
portion, add three drops of Mayer’s reagent; a positive 

result is shown by the formation of a yellow precipitate 
(Mulangsri & Zulfa, 2020). 
 
Tannins 

Weigh 40.0 mg of the purified extract and dissolve 
it in 4.0 mL of water. Take 2.0 mL of the solution and add 
two drops of 1% FeCl₃ reagent. A positive tannin result 

is indicated by a blue-black or greenish-black coloration 
(Mulangsri & Zulfa, 2020). 
 
Saponins 

Weigh 40.0 mg of the purified extract, add 10.0 mL 
of distilled water, heat until boiling for 10 minutes, and 
filter. Transfer the filtrate into a test tube, shake 
vigorously for 10 seconds, and add 2N HCl. A positive 
result is shown by foam formation between 1 and 10 cm 
in height that remains stable for 10 minutes (Mulangsri 
& Zulfa, 2020). 

 

Table 1. Formulation design for the preparation of purple roselle flower extract essence (Mulangsri & Zulfa, 2020)  
Ingredients F I F II F III F IV F V Function 

Quercetin - - - - 0.05 Active ingredient 

Purified purple roselle flower extract 1 3 5 - - Active ingredient 

PEG-40 hydrogenated castor oil 0.20 0.20 0.20 0.20 0.20 Surfactant 

Butylene glycol 5 5 5 5 5 Humectant 

Sodium polyacrylate 0.20 0.20 0.20 0.20 0.20 Thickening agent 

Methylparaben 0.30 0.30 0.30 0.30 0.30 Preservative 

Aquadest ad 100 100 100 100 100 Solvent 

 
Essence Formulation Design of Purple Roselle Flowers 
Preparation of Essence Formulation 

Dissolve sodium polyacrylate in a mortar with 
distilled water and add butylene glycol, then triturate 
until a homogeneous mixture is formed (mixture I). 
Dissolve methylparaben in a small amount of hot water 
(mixture II). Dissolve PEG-40 hydrogenated castor oil 
and the purified purple roselle extract in a small amount 
of distilled water (mixture III). Gradually add mixture II 
into mixture I and stir until a homogeneous mass is 
obtained, then add mixture III and continue stirring until 
homogeneous (Mulangsri & Zulfa, 2020). 
 
Physical Quality Evaluation 
Organoleptic Test 

This test is carried out through visual observation, 
assessing parameters such as appearance, texture, color, 
and odor of the essence formulation (Sari et al., 2024). 
 
Homogeneity Test 

Place a drop of the essence on an object glass and 
cover it with a cover slip. Observe visually. A good 
essence should show no visible lumps (Sari et al., 2024). 
 
Viscosity Test 

Place the sample into a container, insert the spindle 
into the sample, and turn on the viscometer. The 

viscosity value is obtained from the instrument display. 
A good viscosity range is 2.3–11.5 poise (Adinda et al., 
2023). 
 
pH Test 

Prepare the sample in a beaker glass and insert the 
pH meter into the sample. Wait until the pH reading 
becomes constant. The acceptable average pH range for 
facial cosmetic preparations is 4.5–6.5 (Sari et al., 2024). 
 
Stability Test of the Essence 

In this test, the freeze–thaw method was used, 
following the procedure in which the formulation was 
stored at 4°C for 24 hours and then heated to 40°C for 24 
hours (one cycle). The test was carried out for six cycles, 
followed by observations of changes in pH and viscosity 
(Sari et al., 2024). 
 
Antioxidant Activity Test 
Preparation of the DPPH Stock Solution 

Accurately weigh approximately 10.0 mg of DPPH 
and add ethanol p.a to a final volume of 100.0 mL to 
obtain a concentration of 100 ppm. Prepare a 40 ppm 
DPPH stock solution by pipetting 40.0 mL of the 100 
ppm solution into a 100.0 mL volumetric flask, then add 
ethanol p.a to the mark and shake until homogeneous 
(Ningrum et al., 2024). 
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Determination of Maximum Wavelength (λmax).  

2.0 mL of the 40 ppm DPPH solution and add 2.0 
mL of ethanol p.a into a test tube. Incubate the mixture 
in a closed tube covered with aluminum foil for 30 
minutes at room temperature in the dark. Measure the 
absorbance at the predetermined λmax (Ningrum et al., 
2024; Mulangsri & Zulfa, 2020). 

 
Measurement of DPPH Absorbance 

Prepare graded concentrations of 10, 20, 30, 40, and 
50 ppm for each essence formulation. Create a 1000 ppm 
stock solution by weighing 100.0 mg of the purified 
purple roselle essence and dissolving it in a 100.0 mL 
volumetric flask with ethanol p.a to the mark. Prepare a 
100 ppm intermediate solution by pipetting 10.0 mL of 
the 1000 ppm stock into a 100.0 mL volumetric flask and 
adding ethanol p.a to the mark. Serial solutions of 10, 20, 
30, 40, and 50 ppm are then prepared by pipetting 1, 2, 3, 
4, and 5 mL of the 100 ppm solution into separate 10 mL 
volumetric flasks, filling each with ethanol p.a to the 
mark, and shaking until homogeneous. Perform all 

preparations in triplicate (Ningrum et al., 2024; Parapat 
et al., 2025). 
 
Determination of IC50 

2.0 mL of each test solution and add 2.0 mL of 40 
ppm DPPH solution. Vortex for 30 seconds and incubate 
for 30 minutes in a closed tube wrapped with aluminum 

foil, at room temperature and in the dark. Measure 
absorbance at λmax against an ethanol blank. Calculate 
the percentage of radical scavenging activity, and repeat 
the test three times (Ningrum et al., 2024; Mulangsri & 
Zulfa, 2020). 
 
Analysis 

The IC₅₀ value represents the concentration of the 
essence formulation required to achieve 50% radical 
scavenging activity compared to the control, determined 
through the linear regression equation between 
concentration and percentage radical scavenging 
activity (Mulangsri & Zulfa, 2020). 

 

% Scavenging =
DPPH absorbance − Absorbance of the test sample

DPPH absorbance
 × 100% (2) 

 
Based on the percentage of radical scavenging at 

each concentration, a regression curve was constructed 
using the linear equation y = bx + a. The extract 
concentration (ppm) was plotted on the horizontal axis 
(x-axis), while the percentage of radical scavenging was 
plotted on the vertical axis (y-axis) (Mulangsri & Zulfa, 
2020). 
 
Data Analysis 

The data obtained from the physical quality 
evaluation, stability testing of the essence, and 
antioxidant activity assay were statistically analyzed 
using SPSS version 24. Normality was assessed using the 
Shapiro–Wilk test to determine whether the data were 
normally distributed. If the data met the normality 
assumption, further analysis was performed using 
ANOVA (Mulangsri & Zulfa, 2020).  
 

Result and Discussion 
 
Plant Determination 

Purple roselle flowers (Hibiscus sabdariffa L.) were 
obtained from the Roselle Flower Coffee & Tea 
Plantation, Borobudur, Krajan I, RT 2/RW 1, Kiyudan, 
Majaksingi, Borobudur District, Magelang Regency, 
Central Java 56553, Indonesia. The fresh purple roselle 
flowers that had been collected were then subjected to a 
determination process. Plant determination was carried 
out to confirm the taxonomic identity of the sample, 

ensuring that all extraction, formulation, and testing 
procedures were conducted using the correct plant 
material (Abdelfattah et al., 2024). The results of the 
plant identification confirmed that the sample used was 
indeed Hibiscus sabdariffa L., belonging to the Malvaceae 
family. This was verified by the issuance of the 
determination registration number 
TL.02.04/D.XI.6/12452.435/2025. 
 
Table 2. Extraction yield 
Weight of 
Simplisia (gram) 

Weight of Extract 
(gram) 

Extract Yield (%) 

2000 301.6 15.08 

 
The extract yield of 15.08% indicates an optimal 

result and meets the general standard of >10% (Dzulhija 
et al., 2024). The use of 70% ethanol as the extraction 
solvent for purple roselle flowers was based on its 
polarity, which enables effective dissolution of 
secondary metabolites, particularly polar compounds 
such as flavonoids and anthocyanins. Seventy percent 
ethanol is considered the most effective solvent because 
the balance between ethanol and water enhances the 
diffusion of active constituents from the plant matrix 
while maintaining the stability of thermolabile 
compounds. Previous studies have also reported that 
70% ethanol is superior in extracting total phenolics and 
anthocyanins compared to solvents of either higher or 
lower ethanol concentrations, thereby contributing to 
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stronger antioxidant activity (Adinda et al., 2023; 
Darmayanti et al., 2024; Husna et al., 2022; Marbun, et 
al., 2024). Thus, the use of 70% ethanol not only 
preserves anthocyanin stability during extraction but 
also maximizes the flavonoid content obtained, making 
it highly relevant to the objectives of this study. 
 
Extract Purification 

 
Table 3. Purification results of the Purple Roselle 
(Hibiscus sabdariffa L.) extract 
Weight of Extract 
(gram) 

Weight of Purified 
Extract (gram) 

% Yield of Purified 
Extract (%)  

40 7.16 17.9% 

 
Based on the results of the purification process, a 

high extract yield was obtained. This indicates that the 
purification using ethyl acetate through a liquid–liquid 
extraction method successfully enhanced the purity 
while preserving a significant number of bioactive 
compounds (Mulangsri & Zulfa, 2020). The effectiveness 
of ethyl acetate as a purification solvent is attributed to 
its intermediate polarity, which is ideal for extracting 
semi-polar compounds such as flavonoids. In contrast, 
highly non-polar or highly polar constituents remain in 
the previous extract or aqueous phase, allowing the 
ethyl acetate fraction to achieve a higher purity of active 
compounds. Another advantage of using ethyl acetate is 
its ease of evaporation during rotary evaporation due to 
its relatively low boiling point (approximately 77°C), 
which prevents degradation of thermolabile 
compounds. Its low density and viscosity also facilitate 
rapid phase separation with minimal risk of emulsion 
formation. Additionally, ethyl acetate is relatively safe, 
exhibits low toxicity, and is more environmentally 
friendly compared to halogenated solvents (Aldila et al., 
2024; Ananda et al., 2025; Shikov et al., 2022; Wulandari 
& Yuniarti, 2023) 
 
Phytochemical Screening 

 
Table 4. Phytochemical screening results of the purified 
Purple Roselle (Hibiscus sabdariffa L.) extract 
Screening Result Description 

Flavonoid Yellow-colored solution Positive 

Anthocyanin Reddish-brown solution Positive 

Alkaloid Dragendorff reagent: No 
precipitate, solution turns 

reddish-brown; Mayer reagent: 
No precipitate, solution turns 

yellow 

Negative 

Tannin Dark green solution Positive 

Saponin No foam formation Negative 

 
The phytochemical screening of the purified purple 

roselle (Hibiscus sabdariffa L.) extract showed the 

presence of flavonoids, anthocyanins, and tannins, 
while alkaloids and saponins were not detected. These 
results are consistent with previous studies reporting 
the predominance of polyphenolic secondary 
metabolites in purple roselle flowers (Ananda et al., 
2025; Fardani et al., 2023; Wulandari & Yuniarti, 2023). 
The reaction schemes for the phytochemical screening 
are presented as follows. 
 

 
 

Figure 1. Flavonoid screening reaction equation (HARIS) 
(Rasmi et al., 2023) 

 
Figure 1 illustrates the reduction process of 

flavonoid compounds present in the extract, in which 
the reaction with Mg²⁺ and concentrated HCl forms a 
yellow-colored [Mg(OAr)₆]⁴⁻ complex (Oktapiya et al., 
2022). 
 

 
 

Figure 2. Tannin screening reaction equation (Darmayanti et 
al., 2024) 

 
Figure 2 describes the reaction occurring during the 

tannin content test in the purified Hibiscus sabdariffa 
extract, in which the addition of FeCl₃ solution results in 
the formation of a colored complex dark green 
coloration, indicating the formation of a complex 
between tannins and Fe3+) (Oktavia & Sutoyo, 2021). 

https://www.zotero.org/google-docs/?pesIOF
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Figure 3. Essence formulation 

 

The negative results for alkaloid and saponin tests 
can be explained by the use of ethyl acetate as the 
solvent. Ethyl acetate is a medium-polarity solvent that 
selectively extracts polyphenolic compounds such as 
flavonoids, anthocyanins, and tannins, but is less 
effective in dissolving alkaloids and saponins, which 
tend to be more soluble in polar or specific semi-polar 
solvents (Mulangsri & Zulfa, 2020). Thus, the use of ethyl 

acetate in the fractionation process effectively enriches 
phenolic compounds as the primary bioactive 
constituents responsible for antioxidant activity, while 
reducing ballast compounds or non-essential secondary 
metabolites. This enhances the purity and 
pharmacological potential of the purified purple roselle 
extract (Sari, 2020). 
 
Essence Preparation Formulation 

Visual observations of the essence formulations 
showed differences in color appearance across all 
formulas. The negative control appeared white because 
it contained only the base ingredients without any active 
compound. The positive control exhibited a 
characteristic yellow color, corresponding to the 
description of pure quercetin, which is a yellow powder 
that dissolves in the formulation base. Meanwhile, 
Formulas FI–FIII containing purified purple roselle 
extract showed a brown coloration. The intensity of this 
color increased with higher concentrations of the 
purified extract, indicating that the greater the amount 
of extract incorporated into the formulation, the darker 
the resulting preparation. 

 
Evaluation of the Physical Properties of the Preparation  
Organoleptic Test 
 
Table 5. Organoleptic test results of the essence preparation 
Formula Shape Texture Colour Odour 

I (1%) Liquid Non-sticky Brown+ Odorless 
II (3%) Liquid Non-sticky Brown++ Odorless 
III (5%) Liquid Non-sticky Brown+++ Odorless 
IV Liquid Non-sticky White Odorless 
V Liquid Non-sticky Yellow Odorless 

Description: 
+, ++, +++ = Indicates the intensity of color depth 

 
Organoleptic testing is an evaluation method of a 

preparation based on human sensory perception, 
including observations of shape, texture, color, and 
aroma, which aims to assess product acceptability as 
well as the consistency of its visual quality (Khalid et al., 
2023; Suiyarti et al., 2025). Based on the results presented 
in Table 4, all essence formulations containing the 
purified purple roselle extract exhibited a liquid form 
with a non-sticky texture and odorless aroma, indicating 
that the addition of the purified extract did not affect the 
aroma of the essence preparation. A distinct difference 
was observed in the color parameter, in which 
formulations I–III showed a gradation of color intensity 
(+ to +++), corresponding to the increasing 
concentration of the purified extract. In contrast, 
formulation IV appeared white and formulation V 
exhibited a yellow color, reflecting differences in the 
composition of the ingredients used in the formulation 

and the bioactive content. Thus, the organoleptic 
evaluation demonstrates that the essence formulations 
containing purified purple roselle extract possess 
acceptable organoleptic characteristics. 
 
Homogeneity Test 

 
Table 6. Results of homogeneity test of the essence 
preparation 
Formula Result  

I (1%) Homogeneous 
II (3%) Homogeneous 
III (5%) Homogeneous 
IV (Negative Control) Homogeneous 
V (Positive Control) Homogeneous 

 
Homogeneity test is an important parameter in the 

quality evaluation of a preparation, aimed at ensuring 
that both active and auxiliary ingredients are uniformly 
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dispersed without the presence of lumps, sediment, or 
phase separation, thereby guaranteeing the quality, 
stability, and dose consistency of the product. Based on 
the results presented in Table 6, all essence formulations 
containing the purified roselle extract (I–V) exhibited 
homogeneous characteristics, indicating that the mixing 
process was conducted properly and produced a 
uniform dosage system. The homogeneous condition 
also reflects good compatibility between the purified 
extract or quercetin and the base ingredients, ensuring 
that the bioactive compounds are evenly dispersed 
throughout the essence preparation. 
 
Viscosity Test 

 
Table 7. Viscosity Test Result 
Formula Result (poise) ± SD 

I (1%) 5.87 ± 0.06 
II (3%) 5.36 ± 0.06 
III (5%) 5.42 ± 0.01 
IV (Negative Control) 6.37 ± 0.03 
V (Positive Control) 7.53 ± 0.01 

 
Viscosity test result reflects the ease of use and the 

comfort of product application on the skin (Asanah et al., 
2023). Based on Table 5, the purified purple roselle 
extract essence exhibited lower viscosity values 
compared with the negative and positive controls. The 
decrease observed in Formulas I–II is attributed to the 
interaction between the bioactive compounds of purple 
roselle (such as anthocyanins and polyphenols) and the 
solvent matrix or base ingredients, which subsequently 
influences the system’s thickness. Nevertheless, the 
resulting viscosity remained within the acceptable range 
for a well-formulated essence (2.3–11.5 poise), indicating 
a sufficiently fluid consistency that facilitates ease of use 
and skin penetration without any signs of phase 
separation (Singh et al., 2023). 
 
pH Test 

pH test is one of the critical parameters in the 
quality evaluation of topical formulations, as pH 
influences the stability of active ingredients, product 

safety, and user comfort on the skin. The normal pH of 
human skin generally ranges from 4.5 to 6.5; therefore, 
formulations with a pH close to this range are more 
acceptable and less likely to cause irritation 
(Rahmadhena et al., 2024). Based on Table 8, the essence 
formulations containing purified purple roselle extract 
exhibited pH values ranging from 4.5 to 4.7 (Formulas I–
III), while the negative control showed a pH of 5.0 and 
the positive control 5.7. The lower pH in the roselle-
containing formulas is presumed to be influenced by the 
presence of anthocyanins and natural organic acids in 
the purified extract, which contribute to acidity and 
consequently decrease the pH of the preparation. 
Nevertheless, all formulations remain within the 
physiological pH range of the skin, indicating that they 

are safe for use and unlikely to disrupt the skin’s 
protective barrier. Thus, the incorporation of roselle 
extract affects the reduction in pH, yet the final values 
remain compliant with the safety standards for topical 
formulations (Asanah et al., 2023). 
 
Table 8. pH test result 
Formula Result 

I (1%) 4.7 
II (3%) 4.5 
III (5%) 4.5 
IV (Negative Control) 5.0 
V (Positive Control) 5.7 

 
 
Physical Stability Test of Essence Preparation 

Based on the evaluation of physical properties, 
including organoleptic assessment, homogeneity, pH, 
and viscosity, all essence formulations containing 
purified purple roselle extract demonstrated 
characteristics that meet the required quality standards. 
Therefore, the analysis was continued with a stability 
test using the freeze–thaw method, which aims to assess 
the physical and chemical resilience of the formulation 
against extreme temperature variations and repeated 
cooling–heating cycles. This procedure ensures the 
consistency of quality, safety, and efficacy of the product 
during storage and distribution. 

 
Organoleptic Test 
 
Table 9. Results of organoleptic evaluation before and after cycling test 

Formula 
Before the Cycling Test After the Cycling Test 

Shape Texture Colour Odour Shape Texture Colour Odour 

I (1 %) Liquid Non-sticky Brown+ Odourless Liquid Non-sticky Brown+ Odourless 

II (3 %) Liquid Non-sticky Brown++ Odourless Liquid Non-sticky Brown++ Odourless 

III (5 %) Liquid Non-sticky Brown+++ Odourless Liquid Non-sticky Brown+++ Odourless 

IV Liquid Non-sticky White Odourless Liquid Non-sticky White Odourless 

V Liquid Non-sticky Yellow Odourless Liquid Non-sticky Reddish brown Odourless 
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Based on the organoleptic evaluation after the 
cycling test, all essence formulations remained in liquid 
form with a non sticky texture and were odorless, with 
the main difference observed in the color parameter, 
where Formula V as the positive control containing 
quercetin showed a color change from yellow to reddish 
brown, while Formulas I to IV remained stable. This 
change is related to the chemical nature of quercetin, 
which is highly sensitive to environmental conditions. 
As a flavonol with a conjugated system, quercetin easily 
undergoes oxidation of its phenolic groups when 
exposed repeatedly to extreme temperatures during the 
freeze thaw test, forming reactive o quinone compounds 
that can further undergo dimerization and 
polymerization, resulting in a darker color. In contrast, 

the roselle extract formulations showed better color 
stability due to the presence of a complex phytochemical 
matrix. The anthocyanin compounds, mainly 
delphinidin 3 sambubioside and cyanidin 3 
sambubioside, interact with other phenolic compounds 
through hydrogen bonding and π interactions, creating 
a copigmentation effect that stabilizes the flavylium 
cation structure and reduces the susceptibility of 

anthocyanins to oxidation. These interactions also limit 
oxygen exposure and slow down the oxidation process, 
leading to better physicochemical stability compared to 
pure quercetin, which does not have this type of natural 
molecular protection (Darmayanti et al., 2024; Michelutti 
et al., 2020; Ruff, 2021; Supriatno et al., 2024; Woodby et 
al., 2020; Zou et al., 2025). 

Homogeneity Test 

Based on the homogeneity test results presented in 
Table 8, all formulations (I–V) exhibited homogeneous 
characteristics both before and after the cycling test. This 
indicates that the active ingredients and excipients in the 
essence were evenly dispersed without the presence of 
clumps, sediment, or phase separation, thereby 

maintaining the physical quality of the preparation. The 
absence of changes in homogeneity following the 
cycling test also demonstrates that the formulations 
were able to maintain physical stability despite exposure 
to extreme temperature fluctuations, which typically 
have the potential to induce coalescence, particle 
aggregation, or phase separation in emulsion and 
dispersion systems (Dzulhija et al., 2024). Thus, all 
essence formulations containing purified purple roselle 
extract exhibited good homogeneity stability, ensuring 
that they remain safe to use and maintain consistent 
quality throughout storage. 
 
Table 10. Results of homogeneity evaluation before and 
after cycling test 
Formula Before the Cycling Test After the Cycling Test 

I Homogeneity  Homogeneity  

II Homogeneity  Homogeneity  

III Homogeneity  Homogeneity  

IV Homogeneity  Homogeneity  

V Homogeneity  Homogeneity  

 

 
Viscosity Test 
 
Table 11. Viscosity test results before and after cycling test 
Formula Before the Cycling Test (poise) After the Cycling Test (poise) Homogeneity Test Normality Test P Value 

I (1 %) 5.90 ± 0.06 4.40 ± 0.15 

sig. <0.05 sig. >0.05 0.001 

II (3 %) 5.40 ± 0.05 4.30 ± 0.03 

III (5 %) 5.40 ± 0.01 4.30 ± 0.01 

IV 6.40 ± 0.02 5.70 ± 0.08 

V  7.50 ± 0.01 5.90 ± 0.03 

 
Based on the viscosity test results before and after 

the cycling test, all formulations exhibited a decrease in 
viscosity, particularly Formulas I–III containing the 
purified purple roselle extract, whereas the control 
formulas (IV and V) remained relatively stable. This 
decrease is presumed to be associated with weakened 
intermolecular interactions and phase redistribution 
induced by repeated temperature cycling, however, it 
did not result in any physical quality failure of the 
preparation (Ningrum et al., 2024). The statistical 
analysis showed that the data were normally distributed 
(sig. > 0.05) but not homogeneous (sig. < 0.05), thus the 
evaluation was continued using the Welch ANOVA test. 
The Welch ANOVA results demonstrated a significant 

difference between the measurements taken before and 
after the cycling test (p < 0.05). Despite the decrease in 
viscosity observed across all formulas, the values 
remained within the acceptable range for essence 
formulations, namely 2.3–11.5 poise (Asanah et al., 
2023). Thus, all formulas, both before and after the 
cycling test, remained within the acceptable viscosity 
range. These results indicate that the essence 
formulations containing purified purple roselle extract 
at various concentrations continue to meet the required 
viscosity specifications and exhibit adequate physical 
stability despite exposure to extreme temperature 
conditions. 
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pH Test 

 
Table 12. pH test results before and after cycling test 
Formula Before the Cycling Test (poise) After the Cycling Test (poise) Homogeneity Test Normality Test P Value 

I (1 %) 4.70 ± 0.06  6.20 ± 0.06 

sig. < 0.05 sig. > 0.05 0.001 

II (3 %) 4.50 ± 0 5.70 ± 0.06 

III (5 %) 4.40 ± 0.06 5.50 ± 0 

IV 5 ± 0.06 5.20 ± 0 

V 5.60 ± 0.06 6 ± 0.06 

 
Based on the pH evaluation before and after the 

cycling test, all formulas exhibited only minor changes 
in pH values and remained within the physiological skin 
range (4.5–6.5), indicating that they are safe and 
appropriate for essence formulations. Formulas I–III, 
which contain purified purple roselle extract, showed a 
slight increase in pH after the treatment. This increase 
may be associated with partial degradation of phenolic 
components or shifts in ion distribution induced by 
repeated temperature cycling during the freeze–thaw 
process, which can influence the acid–base equilibrium 
within the system (Asanah et al., 2023; Nabilah & 
Mentari, 2023). Statistical analysis showed that the data 
were normally distributed (sig. > 0.05) but not 

homogeneous (sig. < 0.05), thus the Welch ANOVA was 
used as an alternative to conventional ANOVA. The 
Welch test indicated significant differences among the 
formulas before and after the cycling test (p < 0.05). 
However, based on the pH values of all formulas, the 
purified purple roselle essence preparations remained 
within the acceptable pH range for essence formulations 
and demonstrated good pH stability even after exposure 

to extreme temperature conditions. 
 
Antioxidant Activity of the Essence Formulations 

In the antioxidant activity assay of the essence 
preparations using the DPPH method, the maximum 
wavelength (λmax) was determined to be 516 nm, with 
the absorbance of the DPPH solution measured at 0.5333. 
The operating time applied in the measurement was 30 
minutes (Dzulhija et al., 2024). The next step involved 
preparing a series of concentrations of the essence 
formulations, each of which was added with DPPH 
solution at the same concentration and volume. The 
uniformity of the added DPPH volume ensured that 
differences in absorbance values were solely influenced 
by variations in the sample concentrations, rather than 
by differences in the amount of DPPH radicals available 
for reaction. This approach guarantees that the resulting 
data are valid and comparable across treatments 
(Wołosiak et al., 2021). After the incubation process (30 
minutes), the absorbance of each sample was measured 
at the maximum wavelength for all concentrations, 
allowing the calculation of the percentage of free-radical 

scavenging and the determination of the IC₅₀ value as 
an indicator of antioxidant potency (Cahyono et al., 
2020). 
 
Table 13. IC50 values of essence formulations I, II, III, IV, 
and V 
Formula IC₅₀ (ppm) 

I (1%) 57.96 

II (3%) 47.01 

III (5%) 33.63 

IV (Negative Control) - 

V (Positive Control) 29.86 

 
Based on the IC₅₀ results presented in Table 13, 

Formula I (1%) exhibited an IC₅₀ value of 57.96 ppm, 
which falls within the category of strong free-radical 
scavenging activity. Formula II (3%) exhibited an IC₅₀ 
value of 47.01 ppm, while Formula III (5%) showed an 
IC₅₀ value of 33.63 ppm; both are classified as having 
very strong free-radical scavenging activity. Formula IV, 
serving as the negative control, was not assessed for 
antioxidant activity because it contained only the base 
ingredients of the essence without any active 
compounds. Meanwhile, Formula V as the positive 
control demonstrated an IC₅₀ value of 29.86 ppm, which 
also falls within the very strong category. These results 
indicate that higher concentrations of purified purple 
roselle extract correspond to lower IC₅₀ values, thereby 
reflecting an increase in antioxidant activity ( Rasmi 
Shahidi & Zhong, 2015). 

Formulas I–III, which contain purified purple 
roselle extract, exhibited increasing antioxidant activity 
in line with the rising extract concentration, as reflected 
by the decreasing IC₅₀ values. Scientifically, this 
phenomenon can be explained by the presence of 
anthocyanins primarily delphinidin-3-sambubioside 
and cyanidin-3-sambubioside which belong to the 
flavonoid group. Anthocyanins possess chemical 
structures that effectively neutralize free radicals 
through several key features: the ortho-dihydroxy 
groups on the B ring enable efficient hydrogen donation, 
the conjugated double-bond system (including the 2,3-
double bond and the 4-oxo group on the C ring) 
facilitates electron delocalization, and the antioxidant 
activity is further enhanced by resonance stabilization 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 4, 889-901 
 

898 

following electron or hydrogen donation (Har & Ismail, 
2023; Inggrid et al., 2018; Lestari, 2022; Shafirany et al., 

2021). The explanation of the reaction can be observed in 
the following chemical reaction equation. 

 
 

Figure 4. Mechanism of free radical scavenging by anthocyanin compounds (Lestari, 2022)  

 

Conclusion  
 

The purified purple roselle extract demonstrated 
significant antioxidant potential, with activity 
consistently increasing in line with the rising extract 
concentration. Formula I (57.96 ppm) exhibited strong 
antioxidant activity, while Formulas II (47.01 ppm) and 
III (33.63 ppm) were classified as very strong based on 
the standard IC₅₀ classification (< 50 ppm). Formula III 
showed the highest antioxidant activity and fell within 
the same category as the quercetin control (29.86 ppm). 
In terms of physical stability, all formulations 
maintained acceptable parameters after the freeze thaw 
cycling test, including organoleptic properties, pH, 
viscosity, and homogeneity, although a color change 
was observed in the quercetin containing formulation 
due to its susceptibility to oxidative degradation. 
Overall, increasing the concentration of roselle extract 
not only enhanced antioxidant activity but also 
improved the physicochemical stability of the 
formulation, indicating its potential as a natural active 
ingredient in cosmetic applications. For future research, 
the development of nanoencapsulation systems is 
recommended as a strategy to enhance stability, protect 
bioactive compounds from oxidative degradation, and 
optimize bioavailability and targeted delivery. In 
addition, further exploration and optimization of more 
selective and efficient extraction methods are required to 
improve yield, purity, and the content of key active 
compounds, thereby supporting better consistency and 
performance of the formulation. 
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