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Abstract

BACKGROUND: Butterfly Pea or Asian pigeonwing (Clitoria ternatea L.) has been widely used by people. This flower
species contains flavonoid and phenolic with antioxidant activities. Further, the antioxidant in flowers can be processed into
nanoemulgel facial makeup. The emulgel is expected to provide better drug delivery, thus maximizing the anti-aging effects.

AIM: The aim of this study was to identify the effect of the gel basis variation in the preparation and characterization
of the nanoemulgel of Asian pigeonwing extract using the particle size analysis or PSA method.

METHODS: In this experimental laboratory research, the independent variable comprised the variants of gelling
agent bases, namely, carbopol 940, hydroxy prophyl methyl cellulose, and sodium carboxy methyl cellulose.
Research tools involved magnetic stirrer, atomizer, spectrophotometer ultraviolet-visible, and particle size analyzer.
The dependent variable consisted of the particle size, polydispersity index, and physical stability of nanoemulgel
preparations. Instruments of the research encompassed three formula of emulgel, namely, F1 (using carbopol
940 0.2% base), F2 (using HPMC 0.2% base), and F3 (using Na CMC 0.2% base). All data were analyzed using the
one-way ANOVA and Kruskal-Wallis test. The research was conducted from January to May 2021 at the Laboratory
of Pharmacy Technology, Gorontalo Polytechnic of Health, the Natural Medicine Laboratory of the National Food and
Drug Control Agency, and Ull Laboratory Yogyakarta.

RESULTS: The present work revealed that the F3 formula with Na CMC base is the best and most stable formula
with the particle size measuring at 14.7 nm and polydispersity index (PDI) at 0.271.

NonCommercial 4.0 International License (CC BY-NC 4.0)

CONCLUSION: The gel base variation of the preparation produces different physical quality of Asian
pigeonwing nanoemulgel with the best characteristics in the formula based on Na CMC.

Introduction

Clitoria ternatea L. or Asian pigeonwing is a
flower species with useful properties, such as antioxidant
activities that capture free radical molecules caused
by UV radiation. However, the antioxidant activities of
the flower are rarely used in cosmetic industries. This
notion underpins the rationale of the present work,
that is, to explore the use of Asian pigeonwing as an
antiaging product with its antioxidant agents, such as
phenolic and flavonoid [1], [2], [3], [4], [5], [6].

The antioxidant activities in Asian pigeonwing
can be processed into emulgel as an alternative
preparation that provides better drug delivery systems.
Emulgel is an emulsion made by mixing gelling agents
into oil-in-water or water-in-oil emulsion; it has faster
drug release systems than ointment and cream [7], [8].
Drug release systems on the skin are determined by
the size of the particle, considering the skin membrane
barrier. One of the factors that determine drug
penetration into the skin is particle size. It is believed
that size plays an important role in skin penetration [9].

The smaller the particle, the easier the drug penetrates
the barrier and the better the effect of the drug, allowing
better penetration to the skin by nanoemulgel [10].

Nanoemulgel is one of the topical preparations
that have multiple release control systems, namely,
hydrogel and nanoemulsion. Nanoemulsions are more
stable than emulsions because nanoemulsions have
a smaller droplet size of 20-500 nm and compared
to conventional emulsions with a droplet size of 0.1—
100 um [11]. This preparation penetrates rapidly and
produces active compounds faster due to its nano-
size. Further, gelling agents can enhance the stability
of nanoemulsion better by reducing the surface and
interfacial tensions. It is of important paramount to
ensure that the nanoemulgel carrier has met the particle
size. Thus, characterization, that is, the measurement of
particle and polydispersity index (PDI), was performed
using a device called the particle size analyzer, or
henceforth particle size analysis (PSA) [12].

The present work aims to prepare Asian
pigeonwing nanoemulgel using variation gelling agent
and identify the effect of them on the physical quality of
the nanoemulgel.
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Methods

Tools

Research tools involved magnetic stirrer, pH
meter, ultrasonic cleaner, atomizer, spectrophotometer
UV-Vis, and PSA.

Materials

Research materials involved Asian pigeonwings
(C. ternatea L.) retrieved from Gorontalo city, carbopol
940, Na-CMC, VCO, Propylene glycol, Tween 80, DMDM
hydantoin, butylated Hydroxytoluene, Aquadestilata,
TEA, HCI, and magnesium powder.

Preparation of Asian pigeonwing extract
infusion

As many as 100 mL of aquadest was added
into 10 g of Asian pigeonwing simplicia, the formula was
stirred until homogenous. The mix was boiled at 90°C
for 15 min, stirred occasionally. Infused mix was filtered
using filter paper and then squeezed.

Phytochemical screening of Asian
pigeonwing flavonoid test

A total of 10 g of the sample was added into
100 mL of boiling water at 90°C; the mix was then boiled
for 5 min before filtering. The filirate was weighed at
5 mL, and then 0.05 mg of Mg powder and 1 mL of
concentrated HCI were added, shaking it vigorously.
Positive results were shown by the mixed color that
changed to red, yellow, or orange [13].

Preparation of Asian pigeonwing flower
powder extract

As many as, 2 L of the liquid extract of Asian
pigeonwing was produced. A nozzle placed on the
upper part was prepared to pass the liquid extract;
the liquid was then sprayed with water. Furthermore,
the liquid decomposed into powder granules. These
granules were inserted into a drying chamber where
hot air flows [14]. A total of 2 L of the liquid extract of
Asian pigeonwing produced 250 g of the flower powder
extract.

Preparation of Asian pigeonwing extract
nanoemulgel

The formulation of Asian pigeonwing extract
nanoemulgel comprised three different formulae using
different gelling agents. Provided in the following Table 1
is the percentage of the materials in each formula.

Table 1: Asian pigeonwing extract nanoemulgel formula

Materials F1 (%) F2 (%) F3 (%)

Water phase
Butterfly pea extract 1 1 1
Propylene glycol 25 25 25
Tween 80 35 35 35
Dimethyloldimethyl hydantoin 0.5 0.5 0.5

Oil phase
Virgin Coconut Oil 2 2 2
Butyl Hydroxy Toluene 0.1 0.1 0.1

Gel base
Carbopol 940 and triethanol amine
Hydroxyprophyl methylcellulose
Na carnboxymethylcellulose
Aquadest

0.2and 0.8
- 0.2 -
0.2

36.2 ml

35.4 ml 36.2ml

Tween 80 and propylene glycol were mixed
using a magnetic stirrer for 10 min ata speed of 500 rpm.
Following the process was adding VCO and BHT; the
mix was homogenized for 10 min. DMDM hydantoin and
the flower extract, diluted using the aquadest for 10 min
until homogenous, were then added. The nanoemulsion
preparation was placed in an ultrasonic cleaner bath;
the nanoemulsion was processed for 10 min to reduce
the particle size.

The gel base was made by dispersing 0.2%
carbopol 940 (F1), 0.2% HPMC (F2), and 0.2% Na
CMC (F3) in aquadest in a separate medium until
diluted. Na CMC was heated at 70° C until the gel mass
was formed. TEA solution was added while stirring.
The carbopol and TEA mix were homogenized using a
magnetic stirrer at 350 rpm for 10 min at 70° C until the
gel base was formed. The HPMC gel base was left in
place for 24 h. Further, the gel base was added bit by
bit into nanoemulsion and then mixed using a magnetic
stirrer at 500 rpm for 10 min until nanoemulgel was
formed.

Results

Water contain of the simplisia and
rendement results of Asian pigeonwing extract

Table 2 displays the calculation result of the
water content of Asian pigeonwing simplisia.

Table 2: Water Content of simplisia and rendement results of
Asian Pigeonwing extract

Tests Initial weight Recent weight Yields (%)

Water content 664 272 40.96

Rendement 272 250 91.91
Flavonoid screening

Phytochemical screening was performed to
identify the content of secondary metabolite of the
flower sample using a specific reactant. The flavonoid
test results of the flower powder extract that extract of
the flower positive contain flavonoid. Sample 5 ml +Mg
0.0g mg +concentrated HCI 1 ml (shaken vigorously)
yield a red one.
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Physical stability
Transmittance percentage

The observation of the physical stability of
nanoemulsion preparation was performed using a
transmittance percentage test to examine the purity of
the sample, as seen in Table 3.

Table 3: Transmittance percentage test results

Base Replication Replication Replication Average
1(%) 2 (%) 3 (%) (%)
Nanoemulsion 99.96 99.90 99.85 99.90 + 0.0449

pH and organoleptic test

The pH and organoleptic test results of the
nanoemulgel of Asian pigeonwing extract are seen in
Table 4.

Table 4: pH and organoleptic test results

Formula  pH Color Odor Consistency Homogenity

F1 8.1+£0.0816 Clear Yellow VCO-Like Thick soft Homogenous

F2 6.3+0.0816 Clear Yellow VCO-Like Thick soft Homogenous

F3 6.1+8.8818 Clear Yellow VCO-Like Thick soft Homogenous
Dispersibility test

Provided in Table 5 is the dispersity test results
of the nanoemulgel of Asian pigeonwing extract.

Table 5: Dispersity test results

Formula Weight (g) Average (cm)
F1 0 4.4
50 g 52
100 g 5.2
Average (cm) 5
F2 0 45
50 g 5
100 g 5
Average (cm) 4.8
F3 0 4
50 g 47
100 g 5.1
Average (cm) 4.6
Stability test
The results of the Asian pigeonwing

nanoemulgel stability test showed that both F1, F2, and
F3 are table.

Particle size test

Table 6 shows the results of the particle size
test of the F3 formula (Na CMC gel base).

Discussion

Water content is the parameter that is used to
determine water residue after drying processes. The
level of water content in the simplisia meets the quality

Table 6: Particle size test results

Formula Particle Size (nm)

Replication 1 Replication 2 Replication 3

Average (nm)

F3 14.6 14.8 14.9 14.7 £ 0.1247

requirement, that is, <10. Higher water content (>10%)
triggers the growth of microbes that are detrimental to
the simplisia stability and thus affecting the storage
resistance [15]. Table 2 displays the calculation result
of the water content of Asian pigeonwing simplisia that
meets the standard; the water content was 4%.

Rendement refers to the comparison between
the dry weight of the sample with the weight of the
material. The results of the rendement of Asian
pigeonwing flower powder extract seen in Table 2 are
classified standard. According to Farmakope Herbal
Indonesia, an Indonesian reference book of pharmacy,
the optimum rendement value of the extract should be
less than 10% [16]. The condition is determined by the
solvent type. Polar compounds will dissolve in polar
solvents, vice versa. Aquadest was the solvent used
in the extraction process since phenolic and flavonoids
contained in Asian pigeonwing are water-soluble [17].

Red-colored solutions were formed as the
results of phytochemical screening of the flavonoid
test of the Asian pigeonwing. These results resonate
with research by positive results were shown by [13]
and [18], where the positive results are seen in the color
of the mix that changed to red, yellow, or orange [13].

The transmittance percentage test results using
the UV-Visible spectrophotometer at a wavelength of
650 nm reveal that the transmittance value was 99.90%.
Such a high transmittance percentage indicates
that the droplet size is getting smaller. If light passes
through that emulsion system, the beams of light will
be forwarded, and thus, the solution appears clear [19].
If the percentage of the transmittance of the sample
is close to 100%, the sample has purity similar to the
transmittance of aquadest at 100%. This indicates that
the comparison of oil in the composition is smaller than
the surfactant composition, and the co-surfactant has
better purity [18], [20], [21].

The pH test on nanoemulgel preparation aims
to identify and ensure that the pH is suitable for skin
pH. The topical preparation should have a pH ranging
from 4.5 to 6.5 to prevent skin irritation [22]. As seen
in Table 4, F2 and F3 are the formulae of nanoemulgel
preparation that fit with skin pH. F1 formula is excluded
from the list due to the addition of triethanolamine
(TEA) in the formulation process; the addition of TEA
was to neutralize the acid trait of carbopol 940 to result
in a clear solution; thus, the gel becomes transparent
(Rowe, 2009). A high amount of TEA will bind more
carboxylic groups, thus neutralizing the carboxylic
groups and increasing the consistency of the gel. In
addition, the turbidity of the gel is lowered [23].

The pH calculation using the ANOVA test
reveals a significant result (0.000 < 0.05), confirming
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significant differences between pH values, and thus,
the analysis proceeded to the post hoc test. According
to the post hoc test, there is a significant difference
between F1 and F2 and F1 and F3. However, there is
no significant difference between F2 and F3.

The observation of the organoleptic test of
the nanoemulgel of Asian pigeonwing extract does not
indicate any changes while storing at room temperature;
the color of each formula remains clear yellow. Similarly,
the observation of the odor of the nanoemulgel of Asian
pigeonwing extract does not indicate any changes while
storing at room temperature. The preparation has a
VCO-like odor as the VCO was used in the formulation
process. Differences in consistency were also identified
as each formula used a different gel base. The higher the
concentration of the gelling agent, the more increased
the consistency of the preparation. The soft consistency
of the gel enables the gel to distribute evenly; also,
the skin absorbs the gel quickly [24]. A homogeneity
test was carried out to determine whether or not the
mixing was evenly performed during the making of the
preparation formula. It is also intended to identify the
evenness of the nanoemulgel texture when applied
to the skin. The observation reveals that the formulae
have better homogeneity signified with all materials that
are mixed evenly [25].

Good preparation is preferable if it can be
dispersed evenly on the skin. Good dispersibility
ranges between 5 and 7 cm [26]. Based on the results
of the dispersibility test in the nanoemulgel of Asian
pigeonwing extract, the replication was performed
3 times with different weights, that is, 0, 50 g, and 100 g.
Table 5 reveals that the average results of F1 have met
the requirement of good dispersibility. However, F2
and F3 did not meet good dispersibility requirements.
The difference of gel bases can affect the decline in
the dispersibility value. The higher the dispersibility
index, the easier the medicine diffuses into the skin.
Such a condition is because the wide dispersibility area
provides a large membrane surface area that enables
the medicine to diffuse into the skin, thus leading to a
higher amount of substance penetrates and maximum
efficacy [27].

The normality test reveals that the significance
value is 0.00 < 0.05, indicating that the data are not
normally distributed. Following the normality test was
the Kruskal-Wallis test since the data were not normally
distributed (0.556 > 0.05). This can be concluded
that there are no significant differences between the
dispersibility value.

The stability test of the nanoemulgel of
Asian pigeonwings extract was performed using the
freeze-thaw method for three cycles. This method was
carried out by observing the physical stability of the
preparation while storing it at extreme temperature for
three cycles. One cycle lasts 48 h: 24 h at temperature
4° C and 24 h at 40° C [25]. The physical stability test
of the nanoemulgel of Asian pigeonwing extract was

central to determining nanoemulgel stability during the
test. This was performed by examining the instability
of emulsion, that is, creaming, sedimentation,
flocculation, and coalescence [28]. According to
stability test result, there is no emulsion instability in
all formulae (F1, F2, and F3).

The selection of component and formula
concentration used in making nanoemulgel must
be considered. The oil phase in the nanoemulgel
can affect the size of the globule and the stability of
the nanoemulgel. Tiny globule causes a decline
in the gravity force and Brownian motion prevents
sedimentation or creaming. Furthermore, the globule
prevents flocculation as a big surface area of the
emulsion system can stimulate faster penetration of the
active ingredients and provide esthetic value due to the
transparent characteristic of nanoemulgel [20].

The particle size test was performed for the
formula of the nanoemulgel of the Asian pigeonwing
that had passed the evaluation phase with good stability
of the preparation. As based on the transmittance
percentage test, pH test, organoleptic test, stability test,
and dispersibility test, the F3 formula has a transmittance
percentage of 100%; moreover, the formula is clearer
compared to F1 and F2. It is also stable at 4°C and
40°C and is suitable for the pH level of the skin.

The result of PSA revealed that the particle size
is 14.7 nm. Considering this, F3 fits the characteristic of
an acceptable nanoemulgel, where the nanoparticle size
ranges from 10 to 200 nm [29]. The PDI value of F3 is
measured at 0.271 (see Appendix6). This value refers to
the distribution of the particle size. If the PDl value is close
to 0, the dispersity of the particle size is homogenous.
If the PDI value is greater than 0.5, the heterogeneity is
considered high. Samples with a PDI value greater than
0.7 have a very wide size distribution. This signifies that
the size of the nanoemulgel of Asian pigeonwing has a
homogenous particle size dispersion. PDI measures the
homogeneous of nanoparticles, the smaller the pdi the
more homogeneous nanoparticles. Nanoparticles with
pdi smaller than 0.4 is considered acceptable for drug
deliver. This is because differences among particle sizes
are impactful on particle characterization [30].

Conclusion

The study confirms that the variation of gel
bases in the preparation process of nanoemulgel
contributes to the physical quality of the nanoemulgel
of Asian pigeonwing extract. F3 formula with Na CMC
0.2% has clearer gel compared to F1 formula (carbopol
940) and F2 (HPMC); the preparation is deemed stable
and suitable for skin pH. In addition, the formulation
aspect also influences the characterization of the best
formula, that is, F3 using the PSA method; the formula’s
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particle size was 14.7 nm, and the PDI value was
measured at 0.271.

Acknowledgment

We would like to extend our sincere gratitude

to Gorontalo Polytechnic of Health of Ministry of
Health, and all parties who have contributed to the
accomplishment of this research. This article was
presented at the 2021 Annual Scientific Conference of
the Indonesian Pharmacist Association.

References

10.

1.

12.

Angriani L. The potential of extract butterfly pea flower (Clitoria
ternatea L.) as a local natural dye for various food industry.
Canrea J. 2019;2:19-25.

Chief El, Megawati A, Board E, Palupi DA, Hastuti ED,
Pujiastuti E, et al. Determination of total phenolic content of
telang flower (Clitoria ternatea L.) ethanol extract using UV VIS
spectrophotometry. Cendekia J Pharm. 2018;2:15.

Chakraborthy G, Kushwaha A, Kumar V, Gupta S, Kumar A.
Phytochemical and pharmacological aspects of Clitoria ternatea
— A review. J Appl Pharm Sci Res. 2018;1:3-9. https://doi.
org/10.31069/japsr.v1i2.13061.

Ani H, Chaerunisa AY, Anas S. Antioxidant for skin. Farmaka.
2013;4:1-15.

Lakshan SA, Jayanath NY, Abeysekera WP, Abeysekera WK.
A commercial potential blue pea (Clitoria ternatea L.) flower
extract incorporated beverage having functional properties.
Evid Based Complement Altern Med. 2019;2019. https://doi.
org/10.1155 / 2019/2916914.

PMid:31236123

Marpaung AM. Overview of the benefits of telang flower (Clitoria
ternatea L.) for human health. J Funct Food Nutraceutical.
2020;1:1-23. https://doi.org/10.33555/jffn.v1i2.30.

Daud NS, Suryanti E. Formulasi Emulgel Antijerawat Minyak Nilam
(Patchouli oil) Menggunakan Tween 80 dan Span 80 sebagai
Pengemulsi dan HPMC sebagai Basis Gel. J Mandala Pharmacon
Indones. 2017;3:90-5. https://doi.org/10.35311/jmpi.v3i02.3.

Nurdianti L. Evaluation of anti acne emulgel tea tree (Melaleuca
alternifolia) oil using Hpmc as gelling agent. J Pharmacopolium.
2018;1:23-31. https://doi.org/10.36465/jop.v1i1.392.

Schneider M, Stracke F, Hansen S, Schaefer UF. Nanoparticles
and their interactions with the dermal barrier Marc: Review.
Dermatoendocrinol. 2009;1:197-206.

Value SJ, Pratap SB, Brajesh K, Jain SK, Kausar S.
Development and characterization of a nanoemulsion gel
formulation for transdermal delivery of carvedilol. Int J Drug Dev
Res. 2012;4:151-61.

Arianto A, Lie DY, Sumaiyah S, Bangun H. Preparation and
evaluation of nanoemulgels containing combination of grape
seed oil and anisotriazine as sunscreen. Open Access Maced J
Med Sci. 2020;8:994-9.

Paliwal S, Kaur G. Formulation and characterization of topical

nano emulgel of terbinafine. Univers J Pharm Res. 2019;3:28-
34. https://doi.org/10.22270/ujpr.v3i6.223.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cahyaningsih E, Yuda P, Santoso P. Phytochemical screening
and antioxidant activity test of telang flower (Clitoria ternatea
L.) ethanol extract using UV-VIS spectrophotometric method.
Jurnal limiah Medicamento. 2019;5:51-7.

Hamzah MS, Alimuddin S. Effect of nozzle diameter on powder
yield from aluminum waste through water atomization method.
Jurnal Mekanikal. 2018;9:823-9.

Utami YP, Umar AH, Syahruni R, Kadullah |. Standardization
of simplicia and leilem leaf ethanol extract (Clerodendrum
minahassae Teisjm. and Binn.). J Pharm Med Sci. 2017;2:32-9.

Departemen Kesehatan RI. Indonesian Medical Materials. IV.
Jakarta:Depkes RI; 2008.

Susanty S, Bachmid F. Comparison of maceration and reflux
extraction methods on phenolic content of corn cob extract
(Zea mays L.). J Konversi. 2016;5:87. https://doi.org/10.24853/
konversi.5.2.87-92.

Purwaniati, Arif AR, Yuliantini1 A. Analysis of total anthocyanin
levels in preparations of telang flower (Clitoria ternatea)
using differential pH method using visible spectrophotometry.
J Farmagazine. 2020;7:18-23.

Huda N, Wahyuningsih |. Characterization of self-
nanoemulsifying drug delivery system (SNEDDS) red fruit oil
(Pandanus conoideus Lam.). J Farm Dan limu Kefarmasian
Indones. 2016;3:49-57.

Kusumawardani G P, Optimization and Characterization of
Karika Leaf Extract Nanoemulsion (Lenne K. Konch) as a Skin
Antiaging Candidate. Naskah Publ;2019.1-20

Stephanie. Effect of Phase Variation of Virgin Coconut Oil
and Medium Chain Triglycerides Oil on Physycal Stability of
Pomegranate seed Oil nanoemulsion with Combination of
Surfactant Tween 80 and Cosurfactant PEG 400. Naskah
Publ;2015:1-30.

Vighi AV, Manggau MA, Sartini S, Wahyudin E, Rahman L,
Yulianti R, et al. Development of propolis (Apis trigona)-loaded
nanoemulgel for improved skin penetration of caffeic acid: The
effect of variation of oleic acid concentration. Open Access
Maced J Med Sci. 2021;9:1264-78. https://doi.org/10.3889/
oamjms.2021.6672.

Septiawan D. Comparison of variation in amount of
triethanolamine on physical stability and chemical properties
of rosella flower extract antiseptic gel (Hibiscus sabdariffa L.).
Tugas Akhir. 2012;32:1-40.

Sayuti NA. Formulation and physical stability test of Chinese
Ketepeng leaf extractgel (Cassia alatalL.). J Kefarmasian Indones.
2015;5:74-82. https://doi.org/10.22435/jki.v5i2.4401.74-82.

Rahman A. Preparation of nanoemulgel preparations secang
wood extract (Caesalpinia sappan L.) and physical stability test.
Skripsi. 2018;6: 1-20.

Ardana M, Aeyni V, Ibrahim A. HPMC (hydroxy propyl methyl
cellulose) gel base formulation and optimization with various
concentrations. J Trop Pharm Chem. 2015;3:101-8.

Forestryana D, Fahmi M,Putri A.Effect of Type and Concentration
of Gelling Agent on antiseptic gel Formula Characteristics
Ethanol Extract 70% Ambon Banana Peel.J.limi Kefarmasian.
2020;1:45-51.

McClements DJ. Food Emulsions Principles,Practices, and
Techniques. Amherst: CRC Series in Contemporary Food
Science Fergus M. Clydesdale, Series Editor University of
Massachusetts; 2016.

Amna SR. Formulation and evaluation of nanoemul gel
(Cymbopogon nardus L.) essential oil gel, which has the
potential as an anti-acne. Skripsi. 2020;2507:1-9.

Mannuela N. Preparation and Evaluation of Chitosan
Azithromycin Nanoparticles and Antibacterial Activity Test
against Propionibacterium acnes Bacteria. Universitas
Tanjungpura Pontianak: Naskah Publ.; 2016. p. 1-12.

Open Access Maced J Med Sci. 2022 Apr 14; 10(A):585-589.

589





