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ABSTRACT

Stingless bee propolis (Homotrigona apicalis) is known to contain various bioactive compounds,
including flavonoids, alkaloids, and terpenoids, which exhibit potential antibacterial properties. This
study aimed to evaluate whether the methanolic extract of H. apicalis propolis could be formulated
into a physically and chemically stable emulgel dosage form, and to assess its antibacterial activity
against Cutibacterium acnes and Staphylococcus epidermidis, the primary causative agents of acne
vulgaris. The research was conducted as an experimental laboratory study. The methanolic extract of
H. apicalis propolis was obtained using the maceration extraction method. Antibacterial activity was
determined using standardized methods. The results demonstrated that the emulgel formulations,
namely FO and F1, exhibited good physical and chemical stability. Among them, the formulation
containing 10% methanolic extract showed the most significant inhibitory effect, producing inhibition
zones of 10.00 mm against C. aches and 10.17 mm against S. epidermidis. These findings indicate that
the 10% concentration of H. apicalis propolis emulgel fulfills the physical and chemical stability
requirements and demonstrates strong antibacterial activity. Therefore, H. apicalis propolis emulgel
has the potential to be developed as an effective topical anti-acne preparation.

Keywords: Evaluation, Topical formulation, Anti-acne, Formulation stability, Stingless bee propolis

oz

ignesiz ari propolisi (Homotrigona apicalis), flavonoidler, alkaloidler ve terpenoidler gibi gesitli
biyoaktif bilesikler igcermesiyle bilinir ve bu bilesikler potansiyel antibakteriyel 6zellikler
gostermektedir. Bu ¢alisma, H. apicalis propolisinin metanolik ekstresinin fiziksel ve kimyasal olarak
kararlh bir emiiljel dozaj formuna donustiriliip doniistiiriilemeyecegini ve akne vulgarisin baslica
etkenleri olan Cutibacterium acnes ve Staphylococcus epidermidis’e karsi antibakteriyel aktivitesini
degerlendirmeyi amaglamistir. Arastirma deneysel bir laboratuvar galigmasi olarak yurutiulmustir. H.
apicalis propolisinin metanolik ekstresi maserasyon yontemiyle elde edilmistir. Antibakteriyel aktivite
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standart yontemlerle belirlenmistir. Sonuglar, FO ve F1 olarak adlandirilan emiiljel formiilasyonlarinin
iyi fiziksel ve kimyasal stabilite sergiledigini géstermistir. Bunlar arasinda, %10 metanolik ekstre i¢geren
formiilasyon en yiiksek inhibisyon etkisini gostermistir; C. acnes’e karsi 10,00 mm ve S. epidermidis’e
karsi 10,17 mm’lik inhibisyon zonlari olugturmustur. Bu bulgular, H. apicalis propolis emiiljelinin %10
konsantrasyonunun fiziksel ve kimyasal stabilite gereksinimlerini kargiladigini ve gu¢li antibakteriyel
aktivite gosterdigini ortaya koymaktadir. Sonug olarak, H. apicalis propolis emiiljeli etkili bir topikal

anti-akne preparati olarak gelistiriimeye uygundur.

Anahtar Kelimeler: Degerlendirme, Topikal formiilasyon, Anti-akne, Formiilasyon stabilitesi, ignesiz

ari propolisi

GENISLETILMiS OZET

Amag: Bu calismanin amaci, ignesiz ari propolisi
(H. apicalis) metanol ekstraktinin fiziksel ve
kimyasal olarak stabil bir emuljel dozaj formuna
donustarallp dénudstirilemeyecegini
degerlendirmek, bu  formuilasyonlarin  akne
vulgarisin baglica etkenleri olan Cutibacterium
acnes ve Staphylococcus epidermidis’e karsi
antibakteriyel aktivitelerini belirlemek ve hangi
konsantrasyonlarin bakteri gelisimini inhibe etmede
en etkili oldugunu saptamaktir.

Gere¢ ve Yontem: Bu calismada kullanilan
materyaller H. apicalis propolisi, metanol, karbopol,
triethanolamin, sivi parafin, stearik asit, Span 80,
Tween 80, nipagin, nipasol, akuadest ve kontrol jel
preparati  olup, antibakteriyel aktivite igin
Cutibacterium acnes ve Staphylococcus
epidermidis  kultdrleri  kullanilmigtir.  Propolis
Ornekleri Dogu  Kalimantan’dan  toplanarak
temizlenmis ve 3 x 24 saat maserasyon ydntemiyle
metanolde ekstrakte edilmistir; elde edilen makerat
suzllmus, rotary evaporatér ve su banyosunda
yogunlastiriimistir.  Metanol ekstrakti alkaloid,
flavonoid, tanen, fenol, saponin ve kinon varhgi
acisindan fitokimyasal olarak taranmistir. Elde
edilen ekstrakt dort farkli konsantrasyonda emuljel
formilasyonuna (FO: %0, F1: %2,5, F2: %5, F3:
%10, K+: K+: Acne Spot Treatment Gel ) eklenmig
ve organoleptik  &zellikler, pH, viskozite,
yayllabilirlik, yapisma ve homojenlik agisindan
degerlendirilmistir.  Antibakteriyel aktivite agar
difizyon yontemiyle test edilerek inhibisyon zon
caplari 6l¢liimis, Acne Spot Treatment Gel pozitif
kontrol, DMSO (%1) negatif kontrol olarak
kullanilmis ve sonuclar ANOVA ile istatistiksel
olarak analiz edilmistir (p<0,05).

Bulgular ve tartisma: Fitokimyasal tarama
sonuglarl, H. apicalis propolisinin  metanol
ekstraktinda alkaloid, flavonoid, tanen, fenol,
saponin ve kinonlarin bulundugunu géstermistir; bu

U.Ar D. — U Bee J. 2025, 25 (2): 263-278

bilesikler antibakteriyel aktivitede rol oynayan
onemli ikincil metabolitlerdir. Hazirlanan dért farkl
emuljel formilasyonu (FO-F3) fiziksel ve kimyasal
kalite agisindan degerlendirilmisg, tim
formilasyonlarin  homojen, yar kati kivamda
oldugu, pH degerlerinin 4,5-6,5 arasinda kaldig,
viskozite (2000—4000 mPa-s), yayilabilirlik (5—7 cm)
ve yapisma surelerinin farmakopoe standartlarina
uygun oldugu belirlenmistir. En ylksek propolis
konsantrasyonunu (%10) igeren F3 formilasyonu
depolama sonrasi kismi renk degisimi géstermesine
ragmen genel stabilite kriterlerini kargilamistir.
Antibakteriyel aktivite testleri, ekstrakt icermeyen
kontrol (FO) formulasyonunun inhibisyon
gOstermedigini, F1 (%2,5) ve F2 (%5) formdllerinin
C. acnes ve S. epidermidis Uzerinde orta dizeyde
inhibisyon sagladigini, F3 (%10) formulasyonunun
ise en yuksek inhibisyon zon caplarina sahip
oldugunu (sirasiyla 10,177 mm ve 10,0 mm) ortaya
koymustur. Pozitif kontrol klindamisin %0,1’in daha
genis inhibisyon zonu (22,27 mm) olusturdugu
g6zlenmis, bu da propolisin antibakteriyel etkisinin
sentetik antibiyotiklere kiyasla daha dusuk fakat
klinik olarak anlamli olabilece@ini gdstermektedir.
Bu sonuglar, flavonoid ve alkaloid gibi fenolik
bilesiklerin serbest radikalleri nétralize etme ve
bakteri hicre duvarini bozma mekanizmalari ile
aciklanabilir.  Ayrica emuljel formiilasyonunun
fiziksel stabilitesi, topikal uygulama igin uygun bir
tasiyici sistem oldugunu desteklemektedir. Genel
olarak, H. apicalis propolisi metanol ekstraktinin
emuljel formilasyonlari akneye neden olan
bakterilere karsi doza badimli bir antibakteriyel
aktivite sergilemis ve dogal bir anti-akne ajani olarak
gelistirilme potansiyeli gostermistir.

Sonug: Bu calisma, ignesiz ar propolisi (H. apicalis)
metanol ekstraktinin stabil bir emuljel
formilasyonuna basariyla entegre edilebilecegini ve
akne vulgarisin etkenleri olan Cutibacterium acnes ve
Staphylococcus epidermidis’e karsi doza bagli
antibakteriyel aktivite sergiledigini ortaya koymustur.
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%10 propolis iceren emuljel formllasyonu (F3), en
yuksek inhibisyon zon ¢aplarini géstermis ve fiziksel-
kimyasal acidan kabul edilebilir stabilite 6zellikleri
sunmustur. Elde edilen bulgular, H. apicalis propolis
ekstraktinin dogal bir anti-akne topikal preparati
olarak gelistiriime potansiyeline sahip oldugunu
gostermektedir.

INTRODUCTION

Cutibacterium acnes and Staphylococcus
epidermidis are among the major commensal
bacteria residing on human skin. However, under
certain conditions, these microorganisms may
behave as opportunistic pathogens (Chessa et al.,
2015). S. epidermidis is widely distributed across
various skin sites, whereas C. acnes predominantly
inhabits pilosebaceous units. The microbial interplay
between these species, mediated by molecules
involved in intercellular competition or
communication, plays an important role in
maintaining the delicate balance of the skin
ecosystem. Once this balance is disturbed
(dysbiosis), skin health may be impaired, potentially
initiating or exacerbating disorders such as acne
vulgaris (Christensen et al. 2016). Cutibacterium
acnes, related significantly to the initial stage of
acne, causes increasing lipogenesis originating in
sebaceous glands. It induces inflammation and
pustules on the skin (Blaskovich et al., 2019, Neves
et al. 2015). Meanwhile, S. epidermidis could act as
an opportunistic pathogen when it enters the
bloodstream (Tabri 2019). Skin clinic acne treatment
normally uses antibiotics that could overcome
inflammation and kill bacteria, such as tetracycline,
erythromycin, doxycycline, and clindamycin (Dogan
et al. 2017, Nakatsuji et al. 2009). However, these
drugs’ side effects include irritation, allergic
reactions, and, in the case of long-term
consumption, resistance, systemic toxicities such as
hepatotoxicity and nephrotoxicity, photosensitivity,
gastrointestinal irritation, esophagitis, and the risk of
Clostridium difficile—associated pseudomembranous
colitis (Dikicier and Sevimli, 2019, Tan et al. 2018).
Antibiotic resistance is defined as the acquired ability
of microorganisms to survive or proliferate despite
exposure to antibiotic concentrations that would
normally inhibit or kill susceptible strains. Therefore,
higher concentrations are needed to inhibit the
growth of resistant bacteria compared to susceptible
strains.

A significant factor that contributes to increasing

resistance is the inappropriate or irrational use of
antibiotics (Walshet et al. 2016). Antibiotics such as
erythromycin and clindamycin are commonly used in
the treatment of bacterial acne (Powale et al. 2022).
However, the efficacy of this treatment decreases
when resistance develops in Cutibacterium acnes,
and antibiotics may also disrupt the balance of the
skin microbiota by killing beneficial microbes (O’Neill
et al. 2020, Waranuch et al. 2019). Thus, continued
use of antibiotics could cause resistance (Liu et al.
2019, Mera et al. 2019, Zahrah et al. 2019).

The adverse effects of antibiotics have prompted
researchers to discover and develop novel
antimicrobial agents from natural products. For
example, phytochemical compounds extracted from
medicinal plants have shown effective antibacterial
activity against multi-drug-resistant pathogens, and
these compounds could potentially be exploited as
antibacterial drugs (Abdallah et al., 2009, Sadeek
and Abdallah. 2019). In line with this, alternative
approaches using natural ingredients are being
explored to treat infections (Utami et al. 2021). The
natural ingredient mostly found as an antibacterial is
propolis from the stingless bee H. apicalis.

H. apicalis is a species of stingless, honey-producing
bee belonging to the family Meliponidae (Francoy et
al. 2019). Naturally, these insects build nests in tree
holes, wall cracks, and bamboo cavities, a source of
food for bees in the form of pollen, nectar, and resin.
Bees are considered herbivorous insects (Achyani
and Wicandra 2019). In addition to honey,
Homotrigona hives produce royal jelly, bee pollen,
and propolis, all of which have recognized health
benefits for humans (Syafrizal et al. 2016). These
natural bee products have been reported to possess
antibacterial, antifungal, anticancer, anti-
inflammatory, and anti-asthmatic  properties
(Campos et al., 2015, Lopes et al. 2019).

Propolis is a natural substance produced by bees
consisting of a mixture of bee saliva and plant
exudates that they collect (Mardiah 2017). Empirical
evidence suggests that propolis is a relatively safe
natural product with a wide range of biological
activities (Lutpiatina 2015). Its commonly reported
applications include use as a medicinal agent or
dietary supplement, mouthwash, anti-inflammatory
compound, adjuvant in disease therapy, and in
accelerating wound healing. The chemical content of
propolis has some chemical compounds and differs
depending on the environment around the bee farm
(Rosyidi et al. 2018). Therefore, differences in
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compounds of propolis found in Indonesia. The
condition that is often found in the chemical content
of propolis consists of amino acids, terpenoids, and
polyphenols (phenolic acids, esters, and flavonoids)
(Pujirahayu et al. 2014). Flavonoids are among the
most important bioactive constituents of propolis,
exhibiting antioxidant, anticancer, anti-inflammatory,
anti-allergic, antiviral, and antibacterial activities
(Grumezescu and Holban 2018, Hermalinda et al.
2019, Rismawati and Ismiyati 2017).

Topical formulations are available in semi-solid and
liquid forms and are applied to the skin or mucous
membranes for either local or systemic effects. In
most cases, those are medicated, and the non-
medicated ones are often used as skin protection
and moisturizers. The skin provides an effective site
for drug delivery, but it also acts as a strong
mechanical barrier—mainly through the stratum
corneum—Iimiting the penetration of many drug
substances. Emulgels (mixture of pharmaceutical
emulsion and gel) as an example of topical
formulations, has excellent cutaneous penetration
and offer advantages of better stability, controlled
release, incorporation of hydrophobic drugs and
better loading capacity, in addition to the general
advantages of topical formulations such as ease of
administration, low cost and fewer toxic effects (Yan
et al. 2017). The basic components of emulgels are
active ingredient (s), solvents (polar and non-polar),
emulsifiers, gelling agents, permeation enhancers,
and preservatives. They are prepared in three basic
steps: formulation of emulsion (oil-in-water or water-
in-oil), formulation of gel base, and incorporation of
emulsion into gel base with continuous stirring
(Utami et al. 2021).

Emulgels, as emulsions whose outer phase is gelled
completed by appropriate gelling agents, represent
dual controlled-release systems due to the existence
of the gel's network as a structure that provides
emulsion stabilization alongside additional control in
drug release (Zahrah et al. 2019). Since emulgels
have characteristics of both emulsions and gels,
they are well accepted by patients (Liu et al. 2019,
Mera et al. 2019). Emulgels typically contain, in
addition to active ingredients, emulgels typically
contain; polar and non-polar solvents, preservatives,
emulsifiers, gelling agents, and permeation
enhancers, which interact with the skin to increase
the rate of absorption of the drug from the site of
application (Yadav et al. 2017). A major advantage
of emulgels is their ability to incorporate hydrophobic
active substances into the oil phase. These
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hydrophobic compounds, which are otherwise
difficult to load into gel matrices, are dispersed within
oil globules of an oil-in-water (O/W) emulsion and
subsequently incorporated into the gel base
(Gaikwad et al. 2024, Milutinov et al. 2023).

Based on previous research, an emulgel formulation
was developed from the methanol extract of H.
apicalis propolis and evaluated for its antibacterial
activity against C. acnes and S. epidermidis, which
are known to contribute to acne.

MATERIALS AND METHODS
Equipment and Materials

The equipment used in this study included Pyrex
glassware, blender, vortex mixer, hotplate (Ceran®),
petri dishes, spirit lamps, autoclaves, incubators,
magnetic stirrer, 5-50 yL micropipettes, analytical
balance, caliper, water bath, laminar airflow cabinet
(LAF), maserator, rotary evaporator,
spectrophotometer, knife, and cutting board.

The materials employed were methanol, H. apicalis
propolis (Figure 1), filter paper, sterile cotton,
distiled water, Mueller-Hinton Agar (MHA), Acne
Spot, DMSO, NaCl 0.9%, carbopol, triethanolamine
(TEA), stearic acid, paraffin, Nipagin, Nipasol, Span
80, and Tween 80.

9

Figure 1. Propolis of H. apicalis in Trigona Farm
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Works Procedure
Preparation of Simplicia

Propolis was collected from Tani Harapan Loa
Janan, Kutai Kartanegara, East Kalimantan, and
subsequently wet-sorted to separate propolis from
the nest and other impurities.

Extraction Procedure

would be more scientific if the sample weight/density
or target concentration were specified.

Phytochemical Screening (Kustiawan et al. 2022,
Supomo et al. 2019).

The phytochemical test is one of the screening
methods to detect secondary metabolite compounds
contained in a plant. In this study, phytochemical
tests were carried out on alkaloids, tannins,

The amount of methanol used, temperature, and saponins, flavonoids, phenols, and quinones

rotation speed (rotary evaporator) are not specified. compounds.

The phrase “Evaporated over a water bath until a

thick extract is obtained” is somewhat vague; it

The Formula Plan

Table 1. Plan of Formula Emulgel

. Concentration %

Material Usage Fo F1 F2 F3 K+
Ex_ctre!ct Propolis Homotrigona Active ) 25 5 10 >
apicalis 5
Carbopol Gelling agent 0,5 0,5 0,5 0,5 o
TEA (Triethanolamine) Humektan 1 1 1 1 g’
Parafin liquid Emolient 15 15 15 15 %
Span Emulgator 1,4 1,4 1,4 1,4 3
Tween Emulgator 3,6 3,6 3,6 3,6 %
Stearate Acid Emulgator 5 5 5 5 o]
Nipasol Preservatives 0,2 0,2 0,2 0,2 E)
Nipagin Preservatives 0,4 0,4 0,4 0,4 o}
Aquadest Solvent Ad 100 Ad 100 Ad 100 Ad 100

*FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing 2.5%
active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance, K+: Acne Spot Treatment Gel.

The gel base was formulated by dispersing Carbopol
into distilled water preheated to 80-90°C under
continuous stirring using a magnetic stirrer.
Triethanolamine was gradually added until a clear,
homogeneous gel was obtained, and the pH was
adjusted to the desired level. Subsequently, paraffin
was incorporated into the gel base to form mixture 1.
The oil phase was prepared by melting stearic acid
and liquid paraffin at 70°C with continuous stirring
until a uniform solution was achieved. This oil phase,
comprising stearic acid, liquid paraffin, and nipasol,
was slowly incorporated into the Carbopol gel base
with gentle stirring to minimize air entrapment. To
stabilize the oil-in-water (O/W) emulsion, surfactants
Tween 80 and Span 80 were added at a weight ratio
of 3:1 (Tween: Span) and mixed carefully until a
homogeneous emulsion was formed. The emulsion
was then gradually combined with the gel base and
stirred thoroughly to produce a uniform emulgel.

Finally, preservatives (nipagin) and active
ingredients (propolis) were incorporated and mixed
gently to ensure even distribution throughout the
formulation. In this system, the oil phase acts as the
dispersed internal phase, while the aqueous gel
base serves as the continuous external phase,
resulting in a stable O/W emulgel. (Djuwarno et al.
2021).

Evaluation of
Gawade, 2020)

The evaluation of emulgel formulations includes:
organoleptic, pH test, viscosity test, spreadability
test, adhesion test, and gel emulsion type.

Emulgels (Suryawanshi and

Physical examination

The optimized emulgel formulations were visually
inspected for their color, homogeneity, and
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consistency to ensure uniform appearance and
texture.

Determination of pH

The pH of emulgel formulations was determined
using by digital pH meter. One gram of gel was
dispersed in 100 ml of distilled water. The
measurement of the pH of each formulation was
carried out in triplicate.

Viscosity measurement

Brookfield Synchroelectric viscometer model RVT
attached with spindle D was used for the
determination of viscosity. Emulgels were filled in a
jar, and the spindle was lowered perpendicularly,
taking care that the spindle did not touch the bottom
of the jar. The spindle was rotated in the gel at
increasing shear rates of 0.5, 1, 2.5, and 5rpm. At
each speed, the corresponding dial reading was
noted. The reverse reading was also noted, and the
average was taken for these two readings. The
viscosity of the emulgel is calculated by multiplying
the average dial reading by the appropriate factor
given in the Brookfield viscometer catalogs.

Spreadability study

A modified apparatus consisting of two glass slides
with the emulgel formulation placed between them,
with the lower slide fixed to a wooden plate and the
upper one connected to a balance through a hook,
was used to determine spreadability.

Adhesive study

Accurately weighed 1g of emulgel was placed
between these two slides containing hairless fresh
rat skin pieces, extra weight from the left pan was
removed to sandwich the two pieces of glass, and
some pressure was applied to remove the presence
of air. The balance was kept in the position for 5 min.
Weight was added slowly at 200mg/min to the left-

RESULT

hand pan until the two glass slides got detached from
each other. The weight required to detach the
emulgel from the glass surface gives a measure of
adhesive strength by using a formula.

Emulgel Type Test

The type of emulsion in the emulgel was determined
using the methylene blue staining method. A small
amount of emulgel was placed on a glass slide, and
a drop of methylene blue solution was added and
gently stirred. If the dye dissolved uniformly upon
stirring, the emulgel was identified as an oil-in-water
(O/W) type; if the dye remained undissolved, it was
classified as a water-in-oil (W/O) type.

Antibacterial Activity Test (Lutpiatina, 2015)

A total of 5 mL of molten Mueller-Hinton Agar (MHA)
was poured into a sterile Petri dish and allowed to
solidify. After solidification, five wells were made
using a sterile cork borer. Separately, 0.1 mL of the
bacterial suspension was added to 15 mL of MHA
maintained at approximately 40°C, and the mixture
was poured over the base layer in the Petri dish to
form a uniform inoculated layer. Once the medium
had solidified, the borer was removed, and emulgel
formulations (FO, F1, F2, F3) and the positive control
were carefully introduced into each well. The plates
were then incubated at 37°C for 24 hours. After
incubation, the inhibition zones were observed and
measured.

Data analysis

The antibacterial activity was evaluated by
measuring the diameter of the inhibition zones
formed around each well. The inhibition zones were
measured in millimeters using a vernier caliper, and
the results for each formulation were compared with
the positive control. The results of measuring the
diameter of the inhibition zone were then analyzed
statistically by implementing two-way analysis of
variance (ANOVA).

Phytochemical Screening Test Result of Propolis H. apicalis

Table 2. Phytochemical Screening Test Result

Fitokimia Test Test Results Description

Alkaloid Mayer White Precipitate (+)
Bouchardat Brown Precipitate (+)
Dragendorf Yellow )

Saponin HCI 2N Foam 2 cm (+)

Flavonoid Concentrated HCI + Mg powder + Amyl Alcohol  Yellow on Amyl Alcohol coating  (+)

Tannin FeCls Blackish Green (+)

Phenol FeCl; 5% Dark green (+)

Quinones NaOH 1 N Brownish red (+)

*(-) = Negative result, and (+) = Positive result

U.Ar D. — U Bee J. 2025, 25 (2): 263-278
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Phytochemical screening of the methanol extract of tannins, saponins, flavonoids, phenols, and
H. apicalis revealed the presence of alkaloids, guinones.

Table 3. Results of organoleptic observations

Organoleptic observations

Formula Before cycling After cycling

Form Color Smell Form Color Smell
FO Semi solid White milk Special smell Semi solid White milk Special smell
F1 Semi solid klat palet Special smell Semi solid Light cream Special smell
F2 Semi solid Light brown Special smell Semi solid Cream (2 phases are formed) Special smell
F3 Semi solid Chocolate Special smell Semi solid Old cream (2 phases are formed) Special smell

*FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing 2.5%
active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance

Organoleptic testing aims to identify and evaluate before and after cycling have a semi-solid
the dosage form with respect to the naked eye in consistency, meaning that FO, F1, F2, and F3 remain
terms of shape, color, and odor. FO, F1, F2, and F3 stable during storage.

Table 4. Result of pH Test

Use pH . -
Formula Before cycling After cycling Requirement Significant
FO 5,18 6,37
F1 5,34 6,45
F2 5,54 5,58 4565 p>0,05
F3 5,96 5,54

*F0: Antibacterial emulgel preparation without active substances, F1: Emulgel formulation containing 2.5% of the active
ingredient, F2: Emulgel formulation containing 5% of the active ingredient, F3: Emulgel formulation containing 10% of the
active ingredient. Differences were considered statistically significant at p < 0.05 and not significant at p > 0.05. The pH
test was conducted using a pH meter. The pH before and after cycling of FO, F1, F2, and F3, was still within the
physiological standard of skin pH of 4.5-6.5.

Table 5. The Result of the Homogeneity Test

Homogeneity Test

Formula Before cycling After cycling Requirement
FO Homogeneous Homogeneous Homogeneous
F1 Homogeneous Homogeneous Homogeneous
F2 Homogeneous Homogeneous Homogeneous
F3 Homogeneous Homogeneous Homogeneous

*FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing 2.5%
active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance.

All formulations (FO-F3), both before and after the cycling test, exhibited homogeneity.
Table 6. The Result of Spreadability

Spreadability test (cm)

Formula Before cycling After cycling Requirement Significant
Fo 57 5,3

F1 5 55

Fo 55 6 5-7 cm p>0,05

F3 6 5,5

*FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing 2.5%
active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance. P<0.05: Significant, and p>0.05: Not significant.

The results of the spreadability test for all still met the acceptable spreadability range for
formulations (FO, F1, F2, and F3) indicated that they emulgels, which is defined as 5-7 cm.
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Table 7. Test Result of Adhesion

Adhesion test (seconds)

Formula Before After Requirement Significant
cycling cycling
FO 1 2
F1 17,43 18,19 More than 1
F2 18,02 1 second p>0,05
F3 16,07 1

EW~

*FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing 2.5%
active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance. P<0.05: Significant, and p>0.05: Not significant.

The results of the adhesion test for all formulations acceptable adhesion standard for emulgels, which is
(FO, F1, F2, and F3) indicated that they still met the defined as greater than 1 second.

Table 8. The Result of the Viscosity Test

Formula Viscosity test (mPa’s) Requirement Sig
Before cycling After cycling
FO 2 2
F1 2 2
F2 2 1 2000-4000 p>0,05
F3 2 1

n
*FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing 2.5%
active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance. P<0.05: Significant, and p>0.05: Not significan

The viscosity test was conducted using a Brookfield viscosity values after storage due to the effect of the
Viscometer; all four formulations showed changes in polymer on temperature changes.

Table 9. The Result of the Determining Emulsion Type Test

Emulsion type determination test

Formula Before cycling After cycling
FO Oo/wW Oo/wW
F1 O/W Oo/wW
F2 O/W Oo/wW
F3 o/wW o/wW

*If a homogeneous emulsion is obtained, it means that the type of emulsion produced is O/W, and if the opposite is
obtained, the type of emulsion produced is O/W. FO: Antibacterial emulgel preparation without active substances, F1:
Antibacterial emulgel preparation containing 2.5% active substance, F2: Antibacterial emulgel preparation containing 5%
active substance, F3: Antibacterial emulgel preparation containing 10% active substance.

The emulsion type of the emulgel was determined results indicated that all formulations were of the oil-
using the methylene blue staining method. The in-water (O/W) type.
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Average Inhibition Zone Diameter (mm) group by Treatment
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Figure 2. Activity test results for propolis emulgel preparations H. apicalis

*Weak resistance: < 5 mm, Moderate resistance: 5-10 mm, Strong resistance: 10-20 mm, Very strong resistance: = 20
mm. FO: Antibacterial emulgel preparation without active substances, F1: Antibacterial emulgel preparation containing
2.5% active substance, F2: Antibacterial emulgel preparation containing 5% active substance, F3: Antibacterial emulgel
preparation containing 10% active substance, K+: Acne Spot Treatment Gel, p<0.05: Significant, p>0.05: Not significant.

The antibacterial activity of the emulgel formulations
containing methanol extract of stingless bee propolis
(H. apicalis) was evaluated against Staphylococcus
epidermidis and Cutibacterium acnes. All
formulations exhibited inhibitory effects, with
formulation K+ showing the highest activity,
producing average inhibition zone diameters of
10.17 mm and 10.00 mm for S. epidermidis and C.
acnes, respectively.

DISCUSSION

Phytochemical screening, Results of Physical
Quality Evaluation of Emulgel Preparations from
propolis methanol extract H. apicalis.

Phytochemical screening was performed to identify
compounds found in the methanol extract of propolis
(H. apicalis) that may exhibit antibacterial activity.
The phytochemical screening consisted of two
qualitative tests: the alkaloid test and the terpenoid
test. The results of the phytochemical screening are
presented in Table 4. The alkaloid test yielded
positive results (+), which were identified through the
formation of an orange precipitate in the fraction
treated with Dragendorff reagent and a brownish-red

precipitate added with Wagner reagent. The
formation of an orange precipitate occurs because
the alkaloid will interact with the tetraiodobismutate
(1) ion. The formation of a brownish-red precipitate
in the Wagner reagent is due to the formation of
coordinate covalent bonds between K* ions with
alkaloids to form a potassium-alkaloid complex,
which precipitates. In the Mayer’s reagent test, no
white precipitate was observed, possibly due to
insufficient extraction of the acidic phase, which
normally allows the formation of a white precipitate.
Normally, alkaloids react with tetraiodomercurate(ll)
ions to form a white complex precipitate; however, in
this study, no precipitate formed, likely due to limited
acid-phase extraction. In the terpenoid test, a
positive result (+) was obtained, indicated by the
appearance of a brownish ring and a reddish-yellow
color. The addition of glacial acetic acid facilitates
the cleavage of bonds between steroid and
terpenoid groups, while concentrated H,SO,
promotes the hydrolysis of glycosidic linkages within
the compound. If sugar bonds are released, a ring
will form (Puspa et al., 2017). Groups of compounds
that are suspected of being potential antioxidants in
the methanol extract of propolis include flavonoids.
Alkaloid, saponin. Tannin, phenol, and quinones.
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Flavonoids contain hydroxyl groups capable of
donating hydrogen atoms to free radicals; therefore,
they exhibit strong antioxidant potential. Flavonoids
are reducing agents that could inhibit many oxidation
reactions. Beyond their antioxidant activity,
flavonoids exhibit notable antibacterial properties
through multiple mechanisms. These include
disrupting bacterial cell wall and membrane integrity,
increasing permeability, causing leakage of
cytoplasmic constituents, and inhibiting key bacterial
enzymes involved in nucleic acid synthesis and
energy metabolism (Verma et al. 2021, Zhang et al.
2023). Furthermore, flavonoids such as quercetin,
catechin, and apigenin can form complexes with
bacterial cell wall proteins, interfering with
peptidoglycan synthesis and damaging membrane
potential (Zhao et al. 2022). Moreover, flavonoids
have the ability as antioxidants since they can
transfer an electron to free radical compounds as
well as quinones, so flavonoid compounds have the
potential as antibacterial (Abdallah et al. 2020).

Organoleptic Test

The purpose of organoleptic testing is to identify the
dosage form by evaluating visually from shape,
color, and odor. FO, F1, F2, and F3 before and after
cycling have a semi-solid shape, meaning that FO,
F1, F2, and F3 do not change consistency during
storage. In terms of color, FO appeared milky white
both before and after cycling, indicating good color
stability during storage. F1 showed a pale brown
color before and after cycling, suggesting that it was
also stable during storage. F2 is light cream colored
before turned dark cream and exhibited phase
separation after cycling likely due to the influence of
temperature stress, F3 is cream colored before
cycling and changes color to dark cream and two
phases are formed also attributed to the influence of
temperature stress during storage, The color
variations among FO-F3 were influenced by the
addition of H. apicalis stingless bee propolis
methanol extract as the active ingredient, where
increasing concentrations resulted in more intense
coloration. Regarding odor, formulations FO, F1, F2,
and F3 exhibited no noticeable change before and
after cycling, indicating stable organoleptic
properties during storage. These findings are
consistent with previous reports that demonstrated
the stability of topical and emulgel formulations
under accelerated or cycling conditions. Gels
containing Chromolaena odorata extract, for
instance, exhibited no significant changes in color or
odor after 30 days at 40 £+ 2 °C and 75+ 5 % RH
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(Rahman et al. 2021). Similarly, lycopene-based
topical emulgels remained stable in odor and
homogeneity, showing only minor color shifts at high
temperatures (Kumar et al.,, 2018). A study on
cassava leaf extract emulgel also confirmed that
alternating storage at 4 °C and 40 °C maintained its
organoleptic properties, suggesting resilience of the
emulgel matrix during temperature cycling (Rahman
et al. 2022).

These observations reinforce that the formulated
propolis emulgel (especially FO and F1)
demonstrated good physical and organoleptic
stability, whereas formulations with higher propolis
concentrations (F2 and F3) were more sensitive to
thermal stress. Therefore, the cycling test effectively
differentiates the thermal resilience of emulgel
systems and supports optimization of propolis
concentration for achieving optimal stability.

pH Test

Changes in the pH of the preparation, whether
increasing or decreasing, indicate that the
formulation is less stable. pH variation is influenced
by storage temperature, which affects degradation
and ionization processes that alter the balance
between acidic and basic components. Generally,
higher temperatures accelerate these reactions,
while lower temperatures stabilize the formulation.
On the other hand, it is also caused by light from
outside because photo-oxidation reactions, namely
transferring energy from light waves to reactive ones
through the ability to increase energy as a precaution
against accelerating oxidation reactions. The
compounds contained in the active substance also
influence the pH, as shown as indicated by the slight
increase before cycling, which tends to increase due
to the methanol extract of stingless bee propolis. The
methanol extract of H. apicalis contains alkaloids
with basic properties (Alfaris et al., 2022). The pH
before and after cycling from FO, F1, F2, and F3
remained within the physiological range of skin pH,
namely 4.5-6.5. If the preparation is lower than the
skin's physiological pH, the preparation may cause
skin irritation skin and if the preparation is higher
than the skin's physiological pH, the preparation can
lead to dryness or disruption.

Homogeneity Test

The homogeneity test aims to determine whether the
emulgel preparations are uniformly mixed.
Homogeneity can be influenced by the
manufacturing process, particularly the stirring rate
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and temperature during mixing, which are critical
when combining ingredients with different solubility
levels. The results obtained from the homogeneity
test, namely FO, F1, F2, and F3, before and after the
cycling test, were homogeneous because there were
no lumps or phase separation found in the four
formulas identified as FO, F1, F2, and F3 as stable
from the homogeneity factor.

These findings are in line with previous studies
reporting that a well-controlled emulsification
process ensures smooth texture and phase stability
in emulgel systems. Khan et al. (2022) demonstrated
that emulgels co-loaded with naproxen and eugenol
exhibited excellent homogeneity and no phase
separation under accelerated stability conditions,
confirming that appropriate emulsifier concentration
and mixing speed contribute significantly to product
uniformity. Similarly, Wagh et al. (2025) observed
that polyherbal emulgels maintained homogeneity
and physical integrity throughout storage, with no
evidence of coagulation or phase separation.
Moreover, Malavi et al. (2022) emphasized that
maintaining optimal mixing parameters—especially
during the oil-water integration phase—is critical for
obtaining a consistent and visually uniform emulgel
formulation.

Therefore, the stable homogeneity observed in FO—
F3 formulations reflects proper control of formulation
parameters, indicating a successful emulsification
and mixing process that ensures uniform distribution
of the propolis methanolic extract from H. apicalis
within the gel base.

Spreadability Results

The spreadability of FO and F1 decreased after the
cycling test due to an increase in viscosity. Higher
viscosity increases resistance to flow, thereby
reducing the spreadability of the emulgel. In
contrast, in F2 and F3, increased because the
viscosity of F2 and F3 decreases, and as the
viscosity decreases, the resistance of the liquid to
flow decreases, resulting in the spreadability of the
emulgel increasing (Zam Zam et al., 2022).
However, FO, F1, F2, and F3 variations were
observed and decreased, but the spreadability of FO,
F1, F2, and F3 was still in the acceptable standard
range, emulgel spreadability, namely 5-7 cm.

Adhesion Test

The aim of the test adhesion testing is to identify the
ability of the preparation to adhere to the skin within
a certain period of time. A longer adhesion time

indicates better performance, as it allows more time
for the active ingredients to be absorbed through the
skin. The adhesion test results are presented in
Table 7. Adhesion time increased for FO and F1 due
to their reduced spreadability after cycling, whereas
F2 and F3 showed decreased adhesion as their
spreadability increased. Even so, FO, F1, F2, and F3
variations, but the adhesion strength of FO, F1, F2,
and F3 was still within the standard for good emulgel
adhesion, namely, more than 1 second.
Adhesiveness is related to the spreadability of the
emulgel, and the greater the spreadability of the
emulgel, the faster the emulgel will stick, and the
smaller the spreadability of the emulgel, the longer it
will take for the preparation to stick (Zeniusa et al.,
2019).

Viscosity Test

At higher temperatures, polymer chains tend to
uncoil or become less entangled, resulting in lower
viscosity (Mursyid, 2017). Conversely, at lower
temperatures, polymer chains contract and form
tighter networks, leading to increased viscosity after
the cycling test. In addition, propylene glycol, used
as a humectant, also affects viscosity by retaining or
absorbing water from the environment to maintain
formulation stability. However, in F2 and F3, higher
concentrations of water reduced the ability of
propylene glycol to retain moisture, leading to lower
viscosity and a more fluid consistency. Although
viscosity values changed, FO and F1 still comply with
the standard viscosity value for a good emulgel,
namely 2000-4000 mPa - s, and F2 and F3 after
cycling no longer meet the requirements for a good
emulgel.

Emulsion Type Test

The purpose of the emulsion-type test is to
determine the type of emulsion formed using the
dilution method. The results indicated that all
formulations (FO, F1, F2, and F3) were oil-in-water
(O/W) type emulsions. In this system, the oil phase
functions as the internal phase, while the water
phase serves as the external phase, leading to the
formation of an O/W emulsion (Djuwarno et al.,
2021).

Antibacterial Activity Test

This research's antibacterial testing implemented
the well diffusion method using the working principle
of diffusing the antibacterial compound into a solid
medium and where the test microorganism is
inoculated. According to Pobiega et al., (2019), the

Uludag Aricilik Dergisi — Uludag Bee Journal 2025, 25 (2): 263-278 273



ARASTIRMA MAKALESIi / RESEARCH ARTICLE

well diffusion method provides more reliable results
than the disc diffusion method. This occurs because
the osmotic effect occurs during the swelling
process. In the well diffusion method, the
concentration of the extract is higher than in the disc
method, leading to a more homogeneous distribution
and stronger inhibition of bacterial growth. However,
the well diffusion method is more labor-intensive
than the disc method because it requires specialized
tools to create wells in the agar. Additionally, there is
a higher risk of agar cracking around the wells, which
may interfere with the diffusion and absorption of the
antibacterial compound (Rahmadeni et al., 2019).

Antibacterial activity testing was evaluated using
varying concentrations, namely F1 (2.5%), F2 (5%),
and F3 (10%). Results of testing the antibacterial
activity of the stingless bee propolis methanol extract
emulgel formula (H. apicalis) are shown in Figure 2.
The results showed that against Staphylococcus
epidermidis, F3 exhibited the highest antibacterial
activity with an average inhibition zone diameter of
10.17 mm, followed by F2 (9.67 mm) and F1 (9.34
mm). Similarly, for Cutibacterium acnes, the
inhibition zone increased with higher concentrations,
reaching 10 mm in F3. Although the difference
between F1 and F2 was minimal, F3 showed a larger
inhibition zone, indicating that higher concentrations
of propolis extract resulted in stronger antibacterial
activity due to increased levels of active compounds.
These variations can be attributed to due to several
factors, including the speed of diffusion for each
formula is different, the nature of the agar medium
used, the number of organisms inoculated, the
speed of bacterial growth, the concentration used,
and the conditions during incubation.

The results of this study align with previous research
showing that stingless bee propolis possesses
broad-spectrum antibacterial properties, particularly
against Gram-positive bacteria. Al-Ani et al. (2021)
and Sulaiman et al. (2023) reported that propolis
derived from Heterotrigona itama and Tetragonula
laeviceps exhibited strong inhibitory effects against
S. aureus and C. acnes due to high flavonoid and
phenolic compound content. Similarly, Dantas Silva
et al. (2022) demonstrated that methanolic extracts
of propolis exhibited concentration-dependent
antibacterial effects, emphasizing the critical role of
bioactive compound solubility and formulation matrix
in enhancing diffusion through the agar medium.
Moreover, studies by Nair et al. (2024) confirmed
that the combination of propolis extracts in topical
delivery systems such as gels or emulgels enhances
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antimicrobial efficacy through improved skin
penetration and sustained release of active
compounds.

These results contrast with those of Zeniusa (2019),
who reported that even low concentrations of extract
exhibited effective antibacterial activity. FO, an
emulgel formulation without active substances,
showed no antibacterial activity against
Cutibacterium acnes or Staphylococcus epidermidis.
The positive control, Acnhe Spot Treatment Gel,
exhibited strong antibacterial activity with an
average inhibition zone of 12.14 mm against C.
acnes bacteria and 10.54 mm against S.
epidermides bacteria. Categories F1, F2, and F3, as
well as the positive control, were classified as having
strong antibacterial activity, with a range of 10-20
mm. ANOVA analysis indicated that the differences
in activity among the formulations are considered
significant (p < 0.05). The Homotrigona apicalis
propolis emulgel exhibits strong potential as a
natural topical antibacterial agent for acne treatment.
Its non-greasy texture, ease of application, and
enhanced skin absorption make it suitable for long-
term dermatological use. However, comprehensive
safety assessments are required, as certain phenolic
components may cause allergic reactions. Future
studies should include in vitro cytotoxicity, irritation,
and dermal toxicity tests to ensure safety and
biocompatibility.  Optimization of formulation
parameters, in vivo efficacy evaluation, and clinical
validation are also recommended. Molecular
investigations to elucidate antibacterial and anti-
inflammatory mechanisms will further support its
therapeutic potential. This study highlights H.
apicalis propolis as a promising, sustainable natural
ingredient for topical pharmaceutical development.

Conclusion

The 10% propolis (H. apicalis) emulgel formulation
met all physical and chemical testing requirements
and exhibited strong antibacterial activity against C.
acnes and S. epidermidis, supporting its potential
development as an anti-acne emulgel.
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