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Abstract:  Red  dragon  fruit  (Hylocereus  polyrhizus)  is  known  for  its  strong
antioxidant properties and potential anti-aging effects. To enhance its benefits and
improve usability, this fruit extract was formulated into a gel preparation. This
study  aimed  to  determine  the  optimal  proportions  of  Carbopol  940  and
triethanolamine (TEA) to obtain a gel with desirable physical characteristics. The
flesh of  red dragon fruit  was juiced and concentrated to  produce an 8% extract.
Three formulations were prepared with varying ratios of Carbopol 940 to TEA:
0.5%:0.3% (F1), 1.2%:0.7% (F2), and 2%:1.2% (F3). The gels were evaluated for
physical  properties,  antioxidant  activity,  and  antibacterial  activity.  The  most
promising  formula  was  subjected  to  stability  testing  for  three  cycles  under
different  temperature  conditions:  cold  (3°C),  room  temperature  (27°C),  and
climatic chamber (40°C, 75% RH). Results showed that formula F2 exhibited a
characteristic  red  color,  clear  appearance,  distinctive  oleum  rosae  aroma,
moderately thick and homogeneous consistency, viscosity of 3112.47 ± 177.90
cps, spreading diameter of 5.20 ± 0.20 cm, adhesion time of 18.45 ± 0.89 s, and
pH of 5.33 ± 0.02. No significant changes were observed after the stability testing
(p > 0.05), indicating that the formulation remained stable under all temperature
conditions.  F2  also  showed  higher  antioxidant  activity  than  F1  and  better
antibacterial properties than F3. Its stability and bioactivity support its potential as
a promising natural cosmeceutical formulation.

Introduction
Red dragon fruit (Hylocereus polyrhizus) is widely recognized
for  its  potent  antioxidant  activity,  attributed  to  its  rich
composition of bioactive compounds. Among these, phenolic
compounds,  flavonoids,  ascorbic  acid  (vitamin  C),  and
betacyanin  are  the  major  contributors  to  its  antioxidant
effects  (1-3).  Phenolics  and  flavonoids  act  by  neutralizing
free radicals and reducing oxidative cellular damage, thereby
playing a crucial role in protecting the body against chronic
diseases  and  delaying  the  aging  process.  Ascorbic  acid
enhances  this  protective  effect  as  a  water-soluble
antioxidant that regenerates other antioxidants and supports
collagen synthesis, which is vital for skin health. Betacyanin,
a natural red-violet pigment abundant in red dragon fruit,
exhibits  particularly  strong  antioxidant  capacity  (3,  4).
Moreover, phenolic compounds, flavonoids, and ascorbic acid
demonstrate notable antibacterial activity.

Given these bioactivities, red dragon fruit extract (RDFE)
holds  significant  potential  for  applications  in  the  cosmetic
and  beauty  industry.  Its  antioxidant-rich  profile  can  protect
skin cells from environmental stress, reduce visible signs of
aging  such  as  wrinkles  and  fine  lines,  and  promote  a
healthier, more radiant complexion. Additionally, the natural
pigmentation  from betacyanin  may  serve  as  a  safe  and

beneficial  colorant  in  topical  formulations.  Therefore,  RDFE
represents a valuable ingredient for developing innovative,
plant-based  skincare  products  that  meet  the  growing
consumer  demand  for  natural  and  effective  cosmeceutical
solutions.

Red dragon fruit possesses versatile properties that allow
its incorporation into a wide range of beauty formulations.
Among these,  gel-based  products  stand  out  due  to  their
pleasant texture and user-friendly characteristics (5).  Gels
are highly favored in cosmetics because they are lightweight,
easily absorbed, and can be removed without leaving sticky
or  oily  residues.  These  qualities  make  them  particularly
suitable for individuals with oily or combination skin types
seeking effective yet comfortable skincare solutions (6).

The  preparation  of  gel  cosmetics  typically  involves  a
gelling agent that provides a semi-solid, jelly-like consistency
(7). Common gelling agents, such as Carbopol or xanthan
gum,  help  stabilize  the  formulation  and  ensure  uniform
distribution  of  active  ingredients  like  RDFE.  An  alkalizing
agent,  such  as  triethanolamine  (TEA),  is  often  added  to
neutralize  the  gelling  agent,  promote  gel  formation,  and
adjust  the  pH  for  skin  compatibility  (8).  Together,  these
components  produce  a  stable,  aesthetically  pleasing  gel
capable  of  effectively  delivering  the  antioxidant  and  anti-
aging  benefits  of  red  dragon  fruit  extract.
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Carbopol is acidic, with a pH range of 2.5–4.0, while TEA
is alkaline, with a pH around 10.5. When used individually,
Carbopol  940  cannot  form  a  gel  and  may  cause  skin
irritation,  whereas  TEA  alone  may  lead  to  skin  dryness.
Therefore, combining Carbopol 940 with TEA is essential to
neutralize acidity, adjust the pH to a safe level, and yield a
stable gel suitable for topical use (9). Optimal concentrations
of Carbopol 940 (0.81%) and TEA (0.58%) were previously
reported in ethanol extracts of Tithonia diversifolia  leaves
(10).  Building  on  this,  our  study  formulated  various
combinations  of  Carbopol  940  and  TEA  to  develop  an
effective RDFE gel with minimal adverse effects.

The physical properties of the gels were evaluated using
organoleptic  parameters,  viscosity,  spreading  diameter,
adhesion time, and pH, along with physical stability testing.
These assessments aimed to identify the optimal formulation
with  desirable  texture,  consistency,  and  stability  during
storage.

Experimental Section
Materials
The red dragon fruits used in this study were obtained from
the Wonoroto Dragon Fruit  Tourism Garden,  Sanden Sub-
district,  Bantul  Regency,  Daerah  Istimewa  Yogyakarta
Province,  Indonesia.  To  ensure  accurate  botanical
identification,  the  plant  specimens  were  examined  and
verified at the Biology Laboratory, Faculty of Applied Science
and  Technology  (Fakultas  Sains  dan  Teknologi  Terapan),
Universitas Ahmad Dahlan, Yogyakarta.

In  addition  to  the  red  dragon  fruit  extract,  several
materials were employed in the gel formulation, including
Carbopol 940 as the gelling agent, triethanolamine (TEA) as
the  alkalizing  agent,  glycerin  as  a  humectant,  methyl
paraben as a preservative,  purified water  (aquadest)  as  the
solvent,  and  oleum  rosae  (rose  oil)  as  the  fragrance.
Carbopol  940,  TEA,  glycerin,  and  methyl  paraben  were
purchased  in  pharmaceutical  grade  from  PT  Bratachem
(Indonesia).  All  components  were  carefully  selected  to
produce  a  stable,  effective,  and  aesthetically  pleasing  gel
formulation  suitable  for  topical  application.

Red Dragon Fruit Extract (RDFE) Preparation
A total of 1.260 kg of fresh red dragon fruit was weighed and
thoroughly washed under running water to remove surface
impurities. The fruit was then cut into four equal sections,
manually  peeled  to  separate  the  skin,  and  the  flesh  was
collected.  The  collected  flesh  was  weighed  and  processed
using a juicer (Philips HR 1811/71) to obtain the juice. The
juice was transferred into a porcelain dish and concentrated
on a water bath (infusion pan) maintained at 70–80 °C for
approximately  five  h  until  a  viscous  consistency  was
achieved.  The  resulting  concentrated  product  was
designated as the extract. The extract was stored in a glass
beaker  covered  with  aluminum  foil  and  kept  under
refrigeration until further use.

Gel Formulation
Carbopol 940 was dispersed in 50 g of distilled water and
allowed to hydrate for 24 h. Methyl paraben was dissolved in
glycerin and stirred until homogeneous (Mixture I). Mixture I
was then combined with the pre-dispersed Carbopol 940 to
form Mixture II. Triethanolamine (TEA) was added to Mixture
II and stirred until uniform (Mixture III). Subsequently, 8 g of
red dragon fruit  extract,  oleum rosae,  and the remaining

Table 1. Composition of red dragon fruit extract gel
formulations.

Material
Composition (%w/w) Function of

MaterialF1 F2 F3

Red dragon fruit
extract 8 8 8 Active ingredient

Carbopol 940 0.5 1.2 2.0 Gelling agent

TEA 0.3 0.7 1.2 Alkalizing agent

Glycerin 14 14 14 Humectant

Methyl Paraben 0.1 0.1 0.1 Preservative

Oleum rossae q.s q.s q.s Fragrance

Aquadest ad 100 100 100 Solvent
Note: F1, F2, and F3 represent gel formulations with Carbopol
940 and TEA percentage ratios of 0.5:0.3, 1.2:0.7, and 2.0:1.2,
respectively.

distilled water were incorporated into Mixture III and stirred
until  homogeneous.  The  pH  of  the  final  mixture  was  then
measured.  The  composition  of  the  gel  formulations  is
presented in Table 1. The prepared gels were transferred
into  gel  pots  lined  with  aluminum  foil  and  stored  in  a
refrigerator for preservation.

Organoleptic Test
The resulting RDFE gel was observed for its odor, color, and
consistency (11).

Homogeneity Test
A total of 0.5 g of the RDFE gel was placed on a glass slide
and covered with  another  slide.  The gel  preparation was
considered  homogeneous  if  no  coarse  particles  were
observed  under  visual  inspection  (12).  Visual  observation
was also performed by applying the gel onto a glass plate to
assess color uniformity (11).

Spread Diameter Test
A total of 0.5 g of RDFE gel was placed at the center of a
round glass plate lined with graph paper, and another glass
plate was placed on top for 1 min. Sequential loads of 50 g,
100 g, 150 g, 200 g, and 250 g were then applied, each for 1
min (13). The diameters of the spread were measured from
four directions, and the average diameter was calculated.
According to reference (14), a gel preparation is considered
to have good spreadability if the average spreading diameter
ranges between 5 and 7 cm.

Viscosity Test
The viscosity of the gel was measured using a Rheosys Micro
VR  viscometer  (Rheosys  Merlin  VR  with  Rheosys  Micra
software) equipped with a 30 mm parallel plate spindle and a
1.0 mm gap. Approximately 50 mg of the sample was placed
on the plate and compressed to maintain a 1 mm spacing.
According to reference (15), a gel is considered to have an
acceptable viscosity if it falls within the range of 2000–4000
cps. The measurement parameters were set as detailed in
Table 2.

Adhesion Time Test
Approximately 50 mg of RDFE gel was placed on a glass slide
and evenly spread using a plastic spatula. Another slide was
placed on top of it, followed by the application of a 1 kg load
for 5 min. Afterward, an 80 g load was released, and the time
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Table 2. Parameter of Rheosys Micro viscosimeter.

Parameter Value

Start speed 7 rpm

End speed 50 rpm

Steps 8

Direction Up

Delay time 20 second

Integration 20 second

Log/Lin Linear

Setting °C 25°C

Z shear 10

required  for  the  two  slides  to  separate  was  recorded.
According to reference (16), a gel is considered to have good
adhesion if the separation time exceeds 4 s.

pH Test
The semi-solid pH meter (Ohaus) was calibrated before use
for measuring the pH of the gel. The pH meter was then
dipped into the RDFE gel that had been made and the pH
value  was  recorded  on  the  pH  meter.  In  semi-solid
preparations, the pH is adjusted to the pH of the skin so that
the safe range for application on the skin is between 4.5 and
6.5 (17).

Antioxidant Test
The  free  radical  scavenging  activity  of  different  RDFE  gel
formulations  was  evaluated  using  the  1,1-diphenyl-2-
picrylhydrazyl  (DPPH)  assay  (Merck,  Germany).  Various
concentrations of the gel (100, 150, 200, 250, and 300 ppm)
were prepared in 95% methanol (Merck, Germany), and 50
μL of each solution was transferred into a 10 mL test tube.
Subsequently,  4  mL  of  0.1  mM  DPPH  solution  in  95%
methanol  was added,  and the mixture was vortexed and
incubated in the dark at room temperature for 30 min. The
absorbance was then measured at 515 nm. The procedure
was  performed  according  to  reference  (18)  with  slight
modifications.  Ascorbic  acid,  prepared  using  the  same
method, served as the positive control. The DPPH scavenging
activity was calculated using the equation described  by
Nurliyana R. et al. (19).

Antibacterial Activity
Bacterial Culture and Activation
Preparation  of  Mueller  Hinton  Agar  (MHA)  Solid
Medium (Oxoid, Indonesia): The MHA solid medium was
prepared by dissolving 38 g of MHA powder in 1 L of distilled
water  in  an  Erlenmeyer  flask.  The  mixture  was  heated  and
stirred continuously with a glass rod on a hot plate until all
solid particles were completely dissolved. The flask was then
sealed with high-temperature sealing film and sterilized in an
autoclave at 121 °C for 15 min. While still hot, the medium
was poured evenly into 90 mm glass Petri dishes and allowed
to cool and solidify at room temperature to form MHA plates.

Preparation of Nutrient Agar (NA) Medium (Oxoid,
Indonesia): The NA medium was prepared by dissolving 2 g
of agar powder in 100 mL of distilled water in a dry conical
flask. The mixture was heated and stirred on a hot plate until
completely  dissolved.  The  flask  was  sealed  with  high-
temperature  sealing  film  and  sterilized  in  an  autoclave  at
121 °C for  15 min.  Subsequently,  3  mL of  the  sterilized

medium was transferred into test tubes,  positioned at an
angle of 30–45 °C, and allowed to solidify. The slanted agar
tubes were then stored in a refrigerator until use.

Preparation of Mc. Farland Standard
A standard turbidity solution was prepared by mixing 9.95
mL of 1% sulfuric acid solution (Merck, Germany) with 0.05
mL of 1.175% barium chloride solution (Merck, Germany) in a
test tube, followed by thorough mixing until homogeneous.
When the turbidity of the test bacterial suspension matched
that of the standard solution, the bacterial concentration was
considered equivalent to 1×10⁸ CFU/mL (20).

Preparation of Staphylococcus aureus
Cryopreserved  Staphylococcus  aureus  (Balai  Laboratorium
Kesehatan, Daerah Istimewa Yogyakarta) was inoculated into
0.9% NaCl solution (Merck, Germany). The turbidity of the
bacterial  suspension  was  then adjusted  to  0.5  McFarland
standard,  corresponding  to  a  concentration  of  1×10⁸
CFU/mL.  Subsequently,  serial  dilution  was  performed  by
transferring 0.1 mL of the bacterial suspension into a sterile
tube  containing  9.9  mL  of  0.9%  NaCl  solution  (Merck,
Germany) and mixing thoroughly. This procedure yielded a
bacterial  suspension  with  a  final  concentration  of  1×10⁶
CFU/mL  (21).

Evaluation of Antibacterial Effect 
The  antibacterial  activity  of  the  gel  formulations  was
evaluated  using  the  agar  well  diffusion  method.  A  0.1  mL
aliquot of the prepared bacterial suspension was inoculated
onto Mueller–Hinton Agar (MHA) plates and evenly spread
using a sterile spreader, then allowed to dry. Six wells were
made in each plate using the tip of a sterile pipette. The test
samples were carefully placed into the wells,  followed by
incubation at 37 °C for 24 h. The Petri dishes were kept on a
flat  surface  to  ensure  uniform  diffusion  of  the  samples.
Clindamycin (Dexa Medica, Indonesia) was used as a positive
control, while the gel base served as a negative control. After
incubation, the zones of inhibition formed around the wells
were observed and measured in millimeters using a Vernier
caliper.

Stability Test
The best gel formulation, selected based on organoleptic and
physical evaluation results, was subjected to a stability test
over three cycles. Each cycle consisted of storage under the
following conditions: 2–8 °C for 24 h (refrigeration), 15–30 °C
for 24 h (room temperature), and 40 °C with 75% relative
humidity  for  24  h  in  a  climatic  chamber  (Memmert,
Germany) (22, 23). At the end of each cycle, the gel was
evaluated  for  its  physical  characteristics,  including
organoleptic  properties,  homogeneity,  viscosity,  spreading
diameter, adhesion time, and pH.

Total Phenolic Content (TPC)
The best  gel  formulation  was  subjected to  total  phenolic
content (TPC) analysis. The TPC was determined using the
Folin–Ciocalteu reagent method as described by (24) with
slight modifications. Briefly, 1 mg of red dragon fruit extract
(RDFE) was dissolved in 1 mL of methanol–water (80:20 v/v).
Then, 100 μL of the diluted extract was mixed with 7.9 mL of
distilled water and vortexed for 10–20 s. Subsequently, 500
μL of Folin–Ciocalteu reagent was added, followed by 1.5 mL
of  20% sodium carbonate  solution,  and  the  mixture  was
vortexed for 20–30 s. The reaction mixture was incubated at
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room temperature for 2 h, after which the absorbance was
measured at 765 nm using a UV–visible spectrophotometer
(Shimadzu  UV-1800,  Japan).  Gallic  acid  was  used  as  a
standard, and TPC values were expressed as milligrams of
gallic acid equivalents per gram (mg GAE/g).

Data Analysis
Data from organoleptic evaluation, viscosity, homogeneity,
spread  diameter,  adhesion  time,  and  pH  of  the  three
formulations (prior to stability testing) were analyzed using
SPSS  version  26.0  at  a  95%  confidence  level.  Statistical
analysis  included  the  Shapiro–Wilk  test  for  normality,
Levene’s test for homogeneity of variance, followed by one-
way ANOVA and LSD post hoc tests. For the best formulation,
physical characteristic data collected before and after the
stability test were analyzed using the Shapiro–Wilk test for
normality  and  a  paired  t-test  to  assess  significant
differences.

Results and Discussion
Red Dragon Fruit Extraction 
In this study, the extraction was performed using a juicer,
which directly separates the juice (filtrate) from the pomace,
including the fiber and seeds. This method produces pure red
dragon fruit juice without the need for any solvents. Ramli et
al. (24) also used dragon fruit preparations in the form of
juice to determine their effect on cardiovascular and hepatic
changes  in  rats  with  metabolic  syndrome.  The  weighed
filtrate was then concentrated by heating it on a stove using
a large porcelain cup placed over a water-filled infusion pot.
The  thickening  process  works  by  evaporating  the  water
content from the juice, thereby reducing moisture to extend
the shelf life and inhibit microbial growth. The stove serves
as a heat source to accelerate the thickening, which takes
approximately five h.  Using an infusion pot filled with water
ensures that the juice is heated indirectly, preventing direct
contact with the flame and avoiding the formation of a crust
on the surface.

The  thickening  process  of  red  dragon  fruit  extract
requires  elevated  temperatures  (70–80  °C)  to  achieve  a
viscous consistency. According to Kemit et al. (25), heating
above 80 °C can degrade flavonoid compounds, resulting in
a  decreased  total  flavonoid  content.  Conversely,  heating
below 70 °C prolongs the thickening process, which may also
reduce  flavonoid  concentration  and  diminish  the  extract’s
therapeutic effects. Gao et al. (26) reported that the stability
of  dietary  flavonoids  varies  under  different  thermal
conditions,  as  flavonoid  content  is  highly  sensitive  to
temperature.  Therefore,  maintaining  an  optimal  heating
range  is  essential  to  preserve  flavonoid  integrity  and
maximize  the  biological  activity  of  the  extract.

The thickened RDFE was then calculated as the yield
value and obtained a weight of 12.07%. Extract yield is the
percent ratio between the weight of the thick extract (extract
weight)  and  the  weight  of  the  sample  preparation  used
(gross weight). Manik (27) obtained yield of red dragon fruit
flesh  extract  ranges  from  14.5%,  using  the  maceration
method with 96% ethanol as solvent. Ethanol is volatile, so it
evaporates easily.  In addition,  this solvent has semi-polar
characteristics so that it can attract flavonoid compounds in
red dragon fruit, which are semi-polar as well. In this study,
we did not use any solvent. Truong (28) added hydrolytic
enzymes to  red dragon fruit  juice.  This  can increase the
extraction yield and reduce the reducing sugar content in red

dragon fruit juice.

Formula of Red Dragon Fruit Extract Gel
The potential of RDFE to be formulated into a gel is linked to
its non-sticky and moisturizing properties. The extract can be
uniformly  distributed  within  the  gel,  which  aids  in  the
effective release of its active compounds from the gel base.
The gel type used was hydrogel, as the semi-polar nature of
the red dragon fruit extract supports the release of active
ingredients  from  the  formulation.  The  gel  formulation
includes RDFE as the active ingredient, Carbopol 940 as the
gelling agent, and various excipients such as an alkalizing
agent,  humectant,  preservative,  solvent,  and  fragrance.
Specifically, TEA was used as the alkalizing agent, glycerin as
the humectant, methyl paraben as the preservative, distilled
water as the solvent, and oleum rossae as the fragrance. In
this  study,  different  formulations  of  the  red  dragon  fruit
extract gel were prepared by varying the concentrations of
TEA and Carbopol 940.

In gel formulation, one of the most important ingredients
to use is a gelling agent. A good gelling agent is inert, non-
toxic, and does not react adversely with other components
(29). The gelling agent used in this research is Carbopol 940.
Carbopol 940 belongs to the gelling agent class of synthetic
polymers. Suryaningtyas (30) proved that Carbopol 940 is
non-toxic  and  irritating  and  has  no  effect  on  the  biological
activity of the drug. The basis for selecting the gelling agent
is that Carbopol 940 has a clear appearance, does not have a
yellowish color, has good dispersion, has a cooling effect on
the skin, and is easily washed off with water.

The alkalizing agent used in this study is TEA. TEA was
chosen because it can neutralize the acidity of Carbopol 940
and can make the gel clear (31). The alkalizing agent in the
gel  formula  is  used  when  the  gelling  agent  requires  a
neutralization  reaction.  Suppose  Carbopol  is  dispersed  in
water  and  an  alkalizing  agent  is  added.  In  that  case,  a
neutralization process  occurs  which results  in  a  repulsive
force on the COO-Carbopol  940 group which results  in  a
more  rigid  structure  and  an  increase  in  viscosity.  The
ionization process occurs when Carbopol 940 is dispersed in
water and added with an alkalizing agent.

In  this  study,  glycerin  was  used  as  the  humectant.
Humectants play a crucial role in gel formulations because
they attract and retain water, helping to minimize water loss
from the skin and maintain its hydration (32). Glycerin was
selected due to its superior water-absorbing capacity, which
is attributed to its numerous hydroxyl groups that enhance
its ability to bind and hold moisture on the skin (33). Since
gels contain a high percentage of water, preservatives are
necessary to inhibit microbial growth that could compromise
the  effectiveness  of  the  active  ingredients  and  pose  safety
risks (34). Methyl paraben was employed as the preservative
in this formulation

Organoleptic Characteristics
The F1, F2, and F3 gel formulations all exhibited the same
clear purplish-red color, characteristic of red dragon fruit, as
shown in Figure 1 and Table 3. This red hue is attributed to
betacyanin, a pigment found in red dragon fruit. Betacyanin
belongs to the betalain pigment family, which includes two
types: betacyanin, responsible for the purplish-red color, and
betaxanthin,  which  imparts  a  yellow  color  (31-32).
Betacyanin pigments are pH-sensitive, appearing red/violet
in acidic conditions and changing to brown or yellow-green in
alkaline solutions, while their stability is highest between a
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Figure 1. Red dragon fruit extract gel. F1, F2, and F3 represent gel
formulations with Carbopol 940 and TEA percentage ratios of 0.5:0.3,

1.2:0.7, and 2.0:1.2, respectively

Table 3. The organoleptic characteristics of red dragon fruit
extract gel.

Properties F1 F2 F3

Color
Clear red-
purple typical
red dragon fruit

Clear red-
purple typical
red dragon fruit

Clear red-
purple typical
red dragon
fruit

Odor
The distinctive
aroma of oleum
rossae

The distinctive
aroma of oleum
rossae

The distinctive
aroma of
oleum rossae

Consistency Less thick Thick enough Thick
Note: F1, F2, and F3 represent gel formulations with Carbopol
940 and TEA percentage ratios of 0.5:0.3, 1.2:0.7, and 2.0:1.2,
respectively.

pH of approximately 4.0 and 6.0. Degradation accelerates
significantly  with  increasing  pH,  especially  above  pH  8
(36-37). The uniform color across the three formulas is due
to the identical 8% w/w concentration of the extract in each.
The gel comprises a dispersed phase, consisting of polymers,
and a dispersing phase, made up of water or other solvents.
Gel systems may appear either clear or cloudy; in this case,
all  three  formulations  produced  clear  gels,  indicating
complete dispersion of the components. Regarding color, all
three formulas meet the desired criteria,  as the gel color
accurately reflects that of the natural red dragon fruit.

All  three  formulas  have a  distinctive  aroma of  oleum
rossae as an added fragrance. The stability of this aroma can
be maintained by maintaining the moisture content in the
extract and storing it in the refrigerator. If there is a foul
smell, it indicates the presence of spoilage of a preparation.
A bad smell can be caused if the extract is not stored in the
refrigerator or still contains a lot of water. According to Mafe
et al. (39)   improper storage, such as not refrigerating the
gel  or  allowing  it  to  have  a  high  water  content,  can
accelerate  the  growth  of  microorganisms.  This  leads  to
chemical changes in the preparation, creating undesirable

odors, along with changes in textures and appearance.
The  three  formulas  have  different  consistency;  the

consistency of F3 > F2 > F1. This was caused by variations in
the concentration of Carbopol 940 & TEA. The higher the
concentration of  Carbopol  940 & TEA,  the higher the gel
consistency. Safitri et. al. (40) and Sultan et al. (41) obtained
the highest level of Carbopol 940, resulting in the highest
 viscosity of emulgel. On the other hand Nurman et al. (42)
stated  that  TEA  did  not  affect  the  viscosity  of  the  gel
preparations

Gel Homogeneity 
The  homogeneity  test  was  designed  to  observe  the
homogeneity of the preparation marked by the absence of
coarse grains on the slide. The homogeneity test aims to
observe whether the base and extract are evenly dispersed.
If  the  base  and  extract  are  not  evenly  dispersed,  the
therapeutic  effect  obtained  is  not  the  same every  time  you
use it.

Based  on  the  finding,  all  RDFE  gel  formulas  were
homogenous, and no coarse grains were observed on the
slide.  The  gel  is  declared  homogeneous  if  there  are  no
coarse grains on the slide (12, 43). Good homogeneity in
preparation tends to be easier and more comfortable to use
and is evenly distributed when applied to the skin. Based on
the data above, it can be concluded that the three RDFE gel
formulas  have  met  the  requirements  for  good  gel
homogeneity (44)

Gel Viscosity 
Gel  viscosity  is  a  crucial  factor  as  it  influences  consumer
preference.  It  refers  to  the  gel’s  resistance  to  flow.  The
viscosity impacts the release of active ingredients from the
gel,  which  in  turn  affects  the  gel’s  overall  effectiveness.  An
ideal gel viscosity strikes a balance, being neither too thin
nor too thick. If the gel is too fluid, it will adhere poorly to the
skin,  resulting  in  suboptimal  release  of  the  active
compounds. Conversely, if the gel is excessively thick, the
diffusion  of  active  substances  from  the  gel  base  becomes
more difficult due to a reduced diffusion coefficient (29).

Based on Figure 2A, the order of viscosity at a speed of
25.4 rpm from the highest to the lowest was F3 > F2 > F1.
This indicates that the higher the concentrations of Carbopol
940 and TEA, the higher the viscosity and the consistency of
the gel. This is in line with Rahmatullah et al. (45), which
states  that  gel  viscosity  is  influenced  by  the  gelling  agent
and  alkalizing  agent  used.  Septiawan  (46)  stated  that
Carbopol 940 has a positive effect on the viscosity response
and TEA hurts the viscosity response, meaning that with the
addition of Carbopol 940 concentration, the viscosity of the
preparation will  be  greater,  but  with  the addition of  TEA
resulted in a decrease in the viscosity of the preparation. The
study also stated that the combination of Carbopol 940 and
TEA  can  affect  the  viscosity  of  the  preparation  (46).  The
increase in viscosity is  due to the repulsion between the
groups,  which has an impact  on stretching the hydrogen
bonds in the carboxyl group (47).

The gel preparation is expected to be easy to apply on
the skin, which is indicated by a viscosity value that is not
too low nor too high. Based on Danimayostu (15), a good gel
viscosity is in the range of 2000-4000 cps. F1 does not meet
the requirements of a good gel viscosity because it is less
than 2000 cps. This happens because the concentration of
Carbopol 940 is low, so the resulting viscosity is also low due
to the smaller amount of polymer (48). The viscosities of the
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Figure 2. Physical properties of red dragon fruit (Hylocereus polyrhizus) extract gel: (A) viscosity, (B) spread diameter, and (C) adhesion time. The
percentage ratios of Carbopol 940 to triethanolamine (TEA) in the formulations were 0.5:0.3 (Formula 1), 1.2:0.7 (Formula 2), and 2.0:1.2 (Formula 3).

F2 and F3 have met the requirements of a good gel viscosity.
Analysis of viscosity data using SPSS version 26.0 with a 95%
confidence level. The LSD test showed significant differences
between F1, F2, and F3. Variations in the concentration of
Carbopol 940 and TEA significantly affect the gel viscosity.

Spread Diameter 
The spread diameter test was carried out to determine the
ability of the gel to spread when applied to the skin. This test
is important to do because it relates to the distribution of
active ingredients. If the gel can spread more widely on the
surface of the skin, the distribution of the active ingredients
will be better. Pratama and Zulkarnain (49) reported that the
larger the diameter of the spread, the wider the gel contact
with the skin surface so that the active substance could be
distributed well. The results of the diameter test of the red
dragon fruit extract gel distribution are shown in Figure 2B.

Based on Figure 2B, only the spread diameter values
from formulas 1 and 2 have met the requirements for a good
gel spreading diameter, which is in the range of 5-7 cm (50).
In application, formulas 1 and 2 will be easier to apply on the
skin without the need for great pressure. The order of the
scatter diameter values from the largest to the smallest is F1
> F2 > F3. The greater the concentration of Carbopol 940,
the smaller the diameter of the distribution. This is due to
the high concentration of Carbopol 940, resulting in more gel
network  structures  being  formed  and  an  impact  on  the
decrease in the ability of the gel to spread. Rahayu et al. (51)
reported that the higher the viscosity, the lower the diameter
of the spread. The statement is proven in the results of this
study that F1 has the lowest viscosity. Statistical analysis
shows that variations in the concentration of Carbopol 940
and TEA significantly affect the spread diameter of the gel.

Adhesion Time
The adhesion time tested to determine the ability of gel to
stick to the skin. This is related to the length of time the gel
contacts the skin. The longer the gel contact time on the
skin, the greater the absorption of the active substance so
that  the  desired  therapeutic  effect  can  be  achieved.  The
results of the sticking time of the red dragon fruit extract gel
are shown in Figure 2C.

Based  on  Figure  2C,  the  order  of  attachment  time
values ​​from the highest is F3 > F2 > F1. This indicates that
the higher the concentration of Carbopol 940 and TEA, the
higher the results of the adhesive time test. On the other
hand, the lower the concentration of Carbopol 940 and TEA,
the lower the results of the adhesive time test. Rahayu et al.
(51) reported Carbopol 940 gave a positive response to the
value of adhesion time with a coefficient value of 0.315. TEA
gave a positive response to the value of sticking time, but

the coefficient value was not as big as Carbopol  940, which
was 0.244. Mixing between Carbopol  940 and TEA in the
preparation showed a positive coefficient of 0.035. The value
of the adhesive time test has a relationship with viscosity
where the greater the viscosity of the gel, the longer the
sticking time and the smaller the diameter of the spread. The
greater the viscosity, the longer the ability of the preparation
to adhere. All three formulas have met the requirements of a
good gel adhesion time because it is more than 4 s (16).
RDFE gel has a good adhesion time, so the absorbed active
substance is greater.

Analysis of adhesion time data using SPSS version 26.0
with  95%  confidence  level.  The  results  of  the  LSD  test
showed  that  there  was  a  significant  difference  between  F1,
2, and 3. Based on statistical analysis, it could be concluded
that variations in the concentration of Carbopol 940 and TEA
significantly  affected  the  results  of  the  RDFE  gel  sticking
time.

pH 
In this study, the pH test used a semi-solid preparation pH
meter. The pH test is carried out to determine the degree of
acidity of the preparations that have been made. In addition,
this test is needed to ensure that the preparations that have
been  made  are  safe  to  use  so  that  they  do  not  cause
irritation to the skin. Normal skin is in the pH range of 4.5-6.5
so the requirements for a good gel pH are the same as the
normal pH of the skin.

Carbopol 940 contains 56-68% carboxylic acid and is an
acidic polymer with a pH of 2.5-4 in a 0.2% w/v solution in
water,  while  TEA  as  an  alkalizing  agent  has  alkaline
characteristics with a pH of 10.5. Based on the orientation
results, the greater the concentration of Carbopol 940, the
more acidic the resulting pH will be, so more TEA is needed
to form a pH that is close to normal. A neutralization process
was carried out by adding an alkaline material to form a gel
mass with a gelling agent in the form of Carbopol 940 to
form a gel mass so that it reached a normal pH. Suppose the
gel preparation is made with the gelling agent Carbopol 940
without the TEA alkalizing agent. In that case, the gel will not

Table 4. Acidity of red dragon fruit extract gel.

Formula pH

F1 5.45 ± 0.02

F2 5.44 ± 0.01

F3 5.43 ± 0.02
Note: F1, F2, and F3 represent gel formulations with Carbopol
940 and TEA percentage ratios of 0.5:0.3, 1.2:0.7, and 2.0:1.2,
respectively.
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form and the resulting pH tends to be acidic so that it will
irritate the skin and give a stinging sensation. While the gel
is prepared with a TEA alkalizing agent without the gelling
agent  Carbopol  940,  the  gel  will  not  be  formed and the
resulting pH tends to be alkaline so that it will make the skin
scaly and itchy (52). The results of the pH test of the red
dragon fruit extract gel are shown in Table 4.

Based on Table 4, the pH of the three formulas does not
show  any  difference  because  the  RDFE  gel  formula  uses
variations in the concentration of Carbopol 940 and TEA, with
the same ratio of 1.7:1, resulting in a pH that is not different.
The  pH  produced  from  the  three  formulas  has  met  the
requirements of  a good gel  pH,  which is  in the range of
4.5-6.5 (14, 17).

Red-fleshed  dragon  fruit  has  an  original  pH  of
approximately 5. Betacyanins are pH-sensitive pigments that
are  most  stable  and exhibit  their  characteristic  red-violet
color between pH 3 and 7, with optimal stability often found
in the slightly acidic range of pH 5-6. At alkaline pH levels
(above 8), betacyanins are unstable, rapidly degrade, and
turn brown or light yellow, while extreme acidity below pH 3
can also cause degradation (53-55)

Antioxidant Activity
Antioxidant activity tests were carried out on F1, F2, F3, and
ascorbic acid (control). This test was used to determine the
potential  of  red dragon fruit  gel  in scavenging DPPH free
radicals using the IC50 value. The higher of IC50 value, the
lower of antioxidant activity (56). The results showed that F3
had the highest antioxidant activity (22.8 ± 0.47), followed
by F2 and F1, respectively (Table 5). The antioxidant activity
of  F3 has a significant  difference from F1 and F2 but  is  still
below that of ascorbic acid as a positive control (p < 0.05).
These results are lower than the antioxidant activity of red
dragon aqueous extract. Nur et al.  (57) reported that the
antioxidant activity  (DPPH IC50  ) of aqueous extract of H.
polyrhizus was 22.8 ± 0.47.

F3 with 2 % concentrations of Carbopol 940 and 1.2%
concentration  of  TEA has  the  highest  antioxidant  activity
against  DPPH.  The  highest  Carbopol  940  and  TEA
concentration  the  highest  antioxidant  activity  of  the  gel,
indicating that increased gelling agent and alkalizing agent
concentration enhances antioxidant potential. Oliveira et al.
(58)  found  that  Carbopol  940  in  hydrogels  containing
coumestrol-loaded  nanoemulsions  exhibited  antioxidant
potential.  Asari (59)  and Fiume (60) stated that TEA is an
emulsifier  and  pH adjuster  commonly  used  in  skin  gels  and
lotions  to  create  stable  formulations.  Its  role  in  an
antioxidant gel is to help combine and stabilize the other
ingredients,  like  plant  extracts  that  provide  the  actual

Table 5. Antioxidant activity of the red dragon fruit extract
gel.

Formula DPPH IC50 (ppm)

F1 36.76 ± 1.04d

F2 29.65 ± 0.91c

F3 22.8 ± 0.47b

Ascorbic acid (control) 4.48 ± 0.37a

Note: F1, F2, and F3 represent gel formulations with Carbopol
940 and TEA percentage ratios of 0.5:0.3, 1.2:0.7, and 2.0:1.2,
respectively. Values are mean ± standard deviation (n = 3).
Values within treatments in a column with different superscript
lowercase letters (a, b, c, d) differ significantly (p < 0.05).

antioxidant  activity,  and  to  ensure  the  final  product's
stability  and  performance.

Antibacterial Properties
The antibacterial properties of red dragon fruit extract gel
were tested using Staphylococcus aureus bacteria. The test
results showed that F1 produced the largest inhibition zone,
followed  by  F2  and  F3  (Table  6).  There  were  significant
differences  in  the  inhibition  zones  between  the  treatment
groups,  including compared to the positive control  group,
Clindamycin.  Clindamycin  produced  the  largest  inhibition
zone (21.65  ± 0.387).  Compared to  the  gel  of  ethanolic
extract of red dragon fruit peel and pulp (61) the inhibition
zones of the RDFE gel are larger.

The optimal concentration of Carbopol 940 is found by
balancing its effect on the gel's physical properties with the
desired release and penetration of the antibacterial agent.
Aziza (62) found that a Carbopol 940 concentration of 0.5%
was optimal for a specific gel formulation. The concentration
of  Carbopol  940  in  a  gel  does  not  directly  increase
antibacterial activity, but it plays a crucial role in the gel's
physical  properties,  which  in  turn  affect  the  bioavailability
and  release  of  the  antibacterial  agent.  Generally,  higher
Carbopol  940  concentrations  lead  to  increased  viscosity,
which  can  improve  the  gel's  adhesion,  stability,  and  the
release rate of the active substance, ultimately enhancing its
antibacterial effect (9).

TEA is used to neutralize acidic components in a gel, such
as  carbomers,  raising  the  overall  pH.  This  is  crucial  for
stabilizing the gel and creating the desired consistency. By
optimizing the gel's physical properties, such as viscosity,
TEA  helps  ensure  the  even  distribution  of  antibacterial
agents throughout the product, making it more consistently
effective.  Giovana  (63)  found  that  antibacterial  activity  is
primarily determined by the concentration and type of the
active antibacterial agent in the gel. TEA's role is to create a
stable and effective delivery system for these agents. 

The Most Optimal Formula
The best formula for RDFE gel was determined by selecting a
formula  that  meets  the  criteria  for  each  parameter,
evaluates the gel's physical characteristics, and possesses
great  antioxidant  activity  and  antibacterial  properties.
Evaluation  of  the  physical  characteristics  of  the  gel  was
carried  out  by  observing  the  organoleptic,  homogeneity,
viscosity,  dispersion diameter,  sticking time,  and pH.  The
results of the evaluation of the physical Characteristics of the
RDFE gel before the stability test are summarized in Table
6.

Based on the results of the evaluation of the physical
characteristics of the three formulas in Table 6, F1 met the
requirements for the physical characteristics of the gel in the
form  of  organoleptic  (color,  odor,  and  consistency),  pH,
homogeneity,  dispersion  diameter,  and  adhesion  time.
Nevertheless, F1 did not meet the physical requirements in
the form of viscosity because it is less than the normal range
of gel viscosity, which is 2000-4000 cps (64). This can be
caused by the concentration of Carbopol 940, which is too
small so that the viscosity is not as high as F2 and F3. F3
fulfilled  the  requirements  for  the  physical  characteristics  of
the  gel  in  the  form  of  organoleptic  (odor,  color,  and
consistency), viscosity, homogeneity, adhesive time, and pH.
F3 does not meet the physical requirements of the gel in the
form  of  a  spread  diameter.  This  can  be  caused  by  the
concentration of Carbopol 940, which is too large, so that the
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Table 6. Antibacterial properties of the red dragon fruit
extract gel.

Formula Inhibition zone (mm)

F1 19.05 ± 0.420c

F2 17.57 ± 0.330b

F3 15.27 ± 0.250a

Clindamycin (control) 21.65 ± 0.387d

Note: F1, F2, and F3 represent gel formulations with Carbopol
940 and TEA percentage ratios of 0.5:0.3, 1.2:0.7, and 2.0:1.2,
respectively. Values are mean ± standard deviation (n = 3).
Values within treatments in a column with different superscript
lowercase letters (a, b, c, d) differ significantly (p < 0.05).

gel  produced is  too thick,  and the viscosity  is  large and
inversely proportional to the results of the spread diameter
test.

Based  on  the  antioxidant  activities  and  antibacterial
properties test, F2 has antioxidant activity and antibacterial
properties that are between those of F1 and F3. F3 has the
highest  antioxidant  activity,  followed  by  F2  and  F1.  For
antibacterial properties, F1 has the highest inhibition zone,
followed by F2 and F3. Based on these results, it  can be
concluded that F2 has better potential for antioxidant activity
and antibacterial properties compared to F3 and F1.  

F2  fulfilled  all  the  requirements  for  the  physical
characteristics of the gel in the form of organoleptic (color,
aroma, and consistency), pH, homogeneity, spread diameter,
adhesion time, and viscosity. F2 also has better antioxidant
activity and antibacterial properties than F1 and F3. It can be
concluded that the best formula for RDFE gel  is  F2,  with
variations in Carbopol 940 and TEA concentrations of 1.2%
and 0.7%, respectively. The best formula, as determined, is
followed by a stability test to assess the gel's stability in
storage under specific temperature conditions.

Total Phenolic Content (TPC) of F2
Phenolic compounds are one of the important antioxidants in
plants.   They  maintain  a  balance  between  oxidants  and
antioxidants in the body. In this research, we got the TPC of
RDFE gel was 7,581 ± 0.141.This result was lower compared
to  the  TPC  of  RDFE  (65).  Senturk  et  al.  (62)  found  no
correlation between the antioxidant activity and the amount
of  polyphenols  in  emulgel.  It  can  be  difficult  to  identify  the
exact  components  in  the  extracts  that  contribute  to  the
antioxidant  action  because  of  their  complex  composition.
This  is  further  complicated  by  the  possibility  that  the
compounds in  the extract  may interact  in  ways that  are
synergistic, additive, or neutralizing.

Physical Stability 
The  best  formula  (F2)  was  tested  for  stability,  which
consisted  of  storage  at  a  temperature  of  2-8  ˚C  in  the
refrigerator (24 h), then stored at 15-30 °C indoors (24 h),
and stored  at  40  °C  in  a  climatic  chamber  with  relative
humidity of 75% (24 h). The stability test was carried out for
9 days (3 cycles), where each cycle took 72 h, so that in 3
cycles took 216 h. This stability test is categorized as an
accelerated stability  test.  Normally  the long-term stability
test is carried out for 1 year. The results of the evaluation of
the physical characteristics of the RDFE gel before and after
the stability test are summarized in Table 7.

The  organoleptic  results  (Table 7)  indicated  that  the
best formula after the stability test met the requirements in

terms of color because it matched the distinctive color of the
red dragon fruit. RDFE contains betalain pigments, providing
colors  ranging from yellow to  violet  to  structures  that  in
other plants are colored by anthocyanins.  The stability of
betalain derivatives can be affected by several factors, such
as  temperature  and  pH.  The  color  of  betalains  is  stable
around pH 3.5–7.0, and is most stable at pH 5.5–5.7. Their
color can change from blue to violet and yellow-brown with
increasing pH. These changes can also be gradually altered
by heat treatment (67). In this stability test, there are no
color changes in the gel, indicating a promising pigment for
skin application

Based on the results of the homogeneity test in Table 7,
the  best  formula  after  the  stability  test,  the  absence  of
coarse grains on the glass, met the requirements of good gel
homogeneity. Gel preparations are declared homogeneous if
there are no coarse grains on the slide (12). Preparations
that have good homogeneity tend to be easier and more
comfortable to use and are evenly distributed when applied
to the skin.

The viscosity test in Table 7 showed that the viscosity of
the RDFE gel decreased after the stability test. The decrease
in viscosity can be caused by high temperatures, which can
lead to polymer degradation.  The degradation causes the
cross-link bonds to break the gel structure. This condition
causes the particles to be at a large distance so that the
forces between the particles are reduced. The greater the
distance between the particles, the lower the viscosity (68).
The viscosity produced from the two samples has met the
requirements  in  the  range  of  2,000-4,000  cps  (15).  The
viscosity level is intended to minimize the water content in
the gel preparation so that it is applied to the skin to reduce
the growth of microorganisms. The Shapiro-Wilk normality
test showed that the data were normally distributed on the
best  RDFE gel  formula  before  (p  = 0.857)  and after  the
stability test (p = 0.409). Paired T-test results showed no
significant difference between the viscosity of the best RDFE
gel formula before and after the stability test (p = 0.203).
The results of this statistical analysis indicate that the RDFE
gel has a stable viscosity during the storage process.

The spread diameter test in Table 8 indicated the best
formula for the RDFE gel after the stability test decreased
due  to  the  influence  of  storage  temperature.  If  there  is  a
change  in  temperature  during  storage,  there  will  be  a
change  in  viscosity,  which  can  change  the  value  of  the
diameter of the spread (69). The lower the viscosity of the
gel, the larger the diameter of the spread. The scattering
diameter of the two samples still met the requirements for a
good gel spreading diameter, which was in the range of 5-7
cm (50).The  Shapiro-Wilk  normality  test  showed that  the
data were normally distributed on the best RDFE gel formula
before (p = 1.000) and after the stability test (p = 1.000).
Paired T-test value of the diameter of the spread gel showed
no significant difference between the results of the diameter
of the spread gel before and after the stability test (p =
0.102).  The  results  of  the  statistical  analysis  can  be
concluded  that  the  RDFE  gel  has  a  stable  dispersion
diameter in the storage process.

Based on the adhesion time test  (Table 7),  the best
formula for the RDFE gel after the stability test decreased
due to the influence of storage temperature. This is the same
as  the  results  of  the  spread  diameter  test,  where
temperature  affects  the  viscosity  of  the  gel.  The  lower  the
viscosity of the gel, the larger the diameter of the spread,
but the faster the adhesion time. However, the results of the
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Table 7. Physical characteristics of the RDFE gel (before the stability test).

Physical characteristics F1 F2 F3

Color Clear purplish red typical red
dragon fruit

Clear purplish red typical red
dragon fruit

Clear purplish red typical red
dragon fruit

Odor The distinctive aroma of oleum
rossae

The distinctive aroma of oleum
rossae

The distinctive aroma of oleum
rossae

Consistency + ++ +++

pH 5.45 ± 0.02 5.44 ± 0.01 5.43 ± 0.02

Homogeneity Homogeneous Homogeneous Homogeneous

Scatter diameter (cm) 6.40 ± 0.10 5.20 ± 0.20 4.67 ± 0.15

Adhesion time (second) 6.13 ± 0.25 18.45 ± 0.89 35.62 ± 1.11

Viscosity 25,4 rpm (cps) 1341.49 ±22.60 3112.47 ±177.90 3756.30 ±386.08
Note: F1, F2, and F3 represent gel formulations with Carbopol 940 and TEA percentage ratios of 0.5:0.3, 1.2:0.7, and 2.0:1.2,
respectively. (+) = less think, (++) = thick enough, and (+++) = thick.

Table 8. Physical characteristics of the best RDFE gel formula 2 (F2) before and after the stability test.

Physical characteristics
Stability test results

Information
Before After

Color Clear purplish red typical red dragon
fruit

Clear purplish red typical red dragon
fruit -

Odor The distinctive aroma of oleum rossae The distinctive aroma of oleum rossae -

Consistency Viscous Viscous -

Viscosity
25,4 rpm (cps) 3112.47 ± 178 2756,63 ± 170.25 Not significantly different

Homogeneity Homogeneous Homogeneous -

Scatter diameter (cm) 5.2 ± 0.20 5.7 ± 0.10 Not significantly different

Adhesion time
(second) 18.45 ± 0.89 16.51 ± 0.53 Not significantly different

pH 5.44 ± 0.01 5.42 ± 0.01 Not significantly different

adhesive time test produced from the two samples met the
requirements for a good gel adhesion time of > 4 s (16). The
Shapiro-Wilk  normality  test  showed  that  the  data  were
normally distributed before (p = 0.246) and after (p= 0.979)
the stability test. The paired T-test value of the RDFE gel
attachment  time  showed  no  significant  difference  between
the results of the RDFE gel attachment time before and after
the  stability  test  (p  =  0.074).  The  results  of  statistical
analysis can be concluded that the RDFE gel has a stable
adhesion time in the storage process.

The pH test (Table 8) showed the best formula for RDFE
gel after the stability test decreased due to the influence of
temperature,  light,  and  storage  time.  However,  the  pH
produced from the two samples met the requirements, which
was  in  the  pH  range  of  4.5-6.5  (50).  The  Shapiro-Wilk
normality  test  showed  that  the  data  were  normally
distributed on the best RDFE gel formula before (p = 1.000)
and after (p = 1.000) stability test. Paired T-test values of
RDFE  gel  pH  showed  no  significant  difference  between  the
results of RDFE gel pH before and after the stability test (p =
0.184).  The  results  of  the  statistical  analysis  can  be
concluded that  the RDFE gel  has a stable pH during the
storage process.

The  stability  test  is  crucial  for  confirming  the  quality,
safety, and effectiveness of an RDFE gel throughout its shelf
life by assessing its physical characteristics under various

s t o r a g e  c o n d i t i o n s ,  e s p e c i a l l y  e x t r e m e
temperatures.  Manufacturers  must  conduct  these  tests
before commercial production to ensure key parameters like
organoleptic  properties  (odor,  color,  consistency),
homogeneity, viscosity, spread diameter, adhesive time, and
pH  do  not  change  significantly  over  time.  This  process  is  a
mandatory step for regulatory approval before the product
can be marketed (70).

This study has several limitations, including its primary
focus on the physical characteristics and stability of the red
dragon  fruit  extract  gel  without  assessing  its  biological
efficacy,  such  as  antioxidant  or  anti-aging  effects,  on  skin
models  or  through  clinical  trials.  Additionally,  only  three
specific  ratios  of  Carbopol  940  and  TEA  were  tested,
potentially  overlooking  other  optimal  formulations.  The
stability testing was limited to three cycles under controlled
temperature and humidity conditions, without evaluation of
long-term shelf life or real-world storage scenarios.

Conclusion
Red dragon fruit extract can be successfully formulated into
a gel using 1.2% Carbopol 940 and 0.7% TEA, resulting in a
product  with  desirable  physical  characteristics,  good
homogeneity,  stable  pH,  and  favorable  viscosity,
spreadability, and adhesion. The optimized formulation (F2)
demonstrated the best combination of physical properties,
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antioxidant  activity,  and  antibacterial  effects.  Stability
testing  confirmed  that  the  gel  maintains  its  quality  under
various storage conditions. These results indicate that red
dragon fruit extract gel is a promising natural cosmeceutical
product suitable for topical application.
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