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ABSTRACT 

The macerate of Euphorbia tirucalli L. contains alkaloids, flavonoids, saponins, steroids, terpe-

noids, and tannins with antibacterial potential for acne management. This study formulated a 

nanoemulsion of E. tirucalli extract via the high-energy method, which was incorporated into 

cream formulations with varying stearic acid concentrations (F1;7.5%, F2;9%, F3;12%, 

F4;14.5%) and physical quality evaluation was carried out. The physical quality test of the 

cream preparations found that concentrations of stearic acid significantly affected the organo-

leptic properties (color and skin feels after application), spreadability 4.86-6.55 cm, water wash-

ability 8.5-19.1 mL, and viscosity 15557-31433 cPs. Meanwhile, homogeneity, phase separa-

tion, and pH of the preparation were not found the significantly different. An increase in stearic 

acid was directly proportional to washability and viscosity, but inversely proportional to spread-

ability. The formulations met the physical criteria for an acceptable cream preparation, except 

for pH, which was excessively alkaline. F2 and F3 establishing them as the most suitable for-

mulations for further development. The antibacterial test against Propionibacterium acnes us-

ing the well diffusion agar assay, resulted; positive control (Mediklin; clindamycin 0.01%) in 

strong activity, 5% extract was in the weak activity, 10% and 20% extract was in moderate 

activity, 30% extract showed strong activity which is comparable to the positive control, and 

20% nanoemulsion had no activity. The Spearman’s Rho test confirmed a strong correlation 

between extract concentration and antibacterial potency (r = 0.927). 

 

Keywords: Antibacterial, Euphorbia tirucalli L., Nanoemulsion, Propionibacterium acnes,  

Stearic acid 

 

ABSTRAK  

Maserat Euphorbia tirucalli L. mengandung alkaloid, flavonoid, saponin, steroid, terpenoid, dan 

tanin dengan potensi antibakteri untuk manajemen jerawat. Penelitian ini memformulasikan 

nanoemulsi ekstrak E. tirucalli melalui metode energi tinggi, yang dimasukkan ke dalam formu-

lasi krim dengan berbagai konsentrasi asam stearat (F1; 7,5%, F2; 9%, F3; 12%, F4; 14,5%) 

dan evaluasi kualitas fisik dilakukan. Uji kualitas fisik sediaan krim menemukan bahwa kon-

sentrasi asam stearat secara signifikan mempengaruhi sifat organoleptik (warna dan rasa kulit 

setelah aplikasi), daya sebar 4,86-6,55 cm, daya cuci air 8,5-19,1 mL, dan viskositas 15557-

31433 cPs. Sementara itu, homogenitas, pemisahan fase, dan pH sediaan tidak ditemukan 

berbeda secara signifikan. Peningkatan asam stearat berbanding lurus dengan daya cuci dan 

viskositas, tetapi berbanding terbalik dengan daya sebar. Formulasi tersebut memenuhi kriteria 

fisik untuk sediaan krim yang dapat diterima, kecuali untuk pH, yang terlalu basa. F2 dan F3 

menjadikannya sebagai formulasi yang paling sesuai untuk pengembangan lebih lanjut. Uji 

antibakteri terhadap Propionibacterium acnes menggunakan uji agar difusi sumur, 
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menghasilkan; kontrol positif (Mediklin; klindamisin 0,01%) dalam aktivitas kuat, ekstrak 5% 

dalam aktivitas lemah, ekstrak 10% dan 20% dalam aktivitas sedang, ekstrak 30% menunjuk-

kan aktivitas kuat yang sebanding dengan kontrol positif, dan nanoemulsi 20% tidak memiliki 

aktivitas. Uji Spearman's Rho mengonfirmasi korelasi kuat antara konsentrasi ekstrak dan po-

tensi antibakteri (r = 0,927). 

 

Kata kunci: Antibakteri, Euphorbia tirucalli L., Nanoemulsi, Propionibacterium acnes, Asam 

stearat 

 

INTRODUCTION 

 

Acne is a chronic inflammatory disor-

der of the pilosebaceous unit that often 

leads to scarring, irritation, and psychologi-
cal distress (Vasam et al. 2023). It results 

from excessive sebum secretion, follicular 

obstruction, and bacterial proliferation, trig-

gering inflammation. Environmental factors, 

particularly pollution, exacerbate acne se-
verity. A retrospective study of 59,530 der-

matology patients in Beijing revealed a 

strong association between exposure to traf-

fic- and industry-related pollutants and acne 
prevalence. Similarly, a La Roche-Posay 

study in Beijing found that elevated PM₂.₅, 
PM₁₀, and NO₂ levels increased sebum pro-

duction and lesion formation (Krutmann et 

al. 2017). 
Indonesia, one of the world’s most bi-

odiverse countries, hosts approximately 

31,750 plant species, of which 15,000 pos-

sess medicinal potential, yet only about 

7,000 are pharmaceutically utilized (Kinho et 
al. 2011; Retnowati and Susan 2019). E. tir-

ucalli (pencil cactus or milk bush), widely 

distributed in tropical regions (Abd Wahab et 

al. 2024), contains such as alkaloids, sapo-

nins, terpenoids, and tannins. Its methanolic 
extract exhibits antibacterial and anti-inflam-

matory properties, showing inhibition zones 

of 7–22 mm against Gram-positive and 7–

13 mm against Gram-negative bacteria 

(Afifah et al. 2023). Furthermore, a 10% E. 
tirucalli cream demonstrated wound-healing 

activity in rats, supporting its potential as a 

natural topical anti-acne agent (Fox et al. 

2016). 

Nanoemulsions (20–500 nm) offer 
high stability, superior dermal penetration, 

and enhanced bioavailability, making them 

effective drug delivery systems (Singh and 

Kumar 2015; Geetanjali et al. 2021). 

Creams serve as ideal topical vehicles due 

to their favorable texture, comfort, and 

washability (Kumalasari et al. 2020). Stearic 

acid, a key emulsifier, is crucial in maintain-

ing cream consistency and stability (Rowe et 

al. 2009). Therefore, this study aimed to de-
velop and evaluate a nanoemulsion-based 

E. tirucalli cream with varying stearic acid 

concentrations to optimize its physicochem-

ical characteristics and antibacterial efficacy 

against P. acnes.  
 

MATERIALS AND METHODS 

 

This experimental laboratory study, 
conducted from at the Pharmacy Labora-

tory, Institute of Science and Health Tech-

nology, dr. Soepraoen Hospital Malang, 

evaluated the antibacterial activity of E. tiru-

calli extract against P. acnes. The conven-
tional extract and nanoemulsion compared 

to assess their potential as alternative anti-

acne therapies addressing bacterial re-

sistance. The study further examined the ef-

fect of varying stearic acid concentrations 
(7.5%, 9%, 12%, and 14.5%) on the physical 

properties and stability of the nanoemulsion 

cream. Antibacterial assays were performed 

using extract concentrations of 5%, 10%, 

20%, and 30%. Evaluated parameters in-
cluded pH, spreadability, viscosity, washa-

bility, and inhibition zone diameter. All tests 

conducted in triplicate to ensure reproduci-

bility. The findings elucidate the relationship 

between formulation composition, physical 
stability, and antibacterial efficacy, support-

ing the development of E. tirucalli based 

nanoemulsion creams for pharmaceutical 

application. 

The equipment used in this study con-
sist of ultra turrax, brookfield viscometers, 

pH meter, laminar air flow, centrifugator, pe-

tri dish, autoclave, desiccator, burette set, 

incubator, vortexmixer, and UV-Vis spectro-

photometry.  
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The materials needed in this study are 

E. tirucalli plants tirucalli from Malang, East 

Java, Indonesia and authenticated at Mate-

ria Medica Batu City, 70% ethanol, isolates 

of gram-positive bacteria P.acnes, magne-
sium powder, dragendorf reagent, HCl, 

H2SO4, FeCl3, chloroform, physiological 

NaCl, castor oil, tween 80, aloe mucilago, 

hydroxypropyl methylcellulose (HPMC), par-

affin liquidum, stearic acid, lanolin, triethan-
olamine (TEA), methylparaben, propylpara-

ben, Mediklin gel 1%, NA (Nutrient Agar), 

and aquadest.  

 

Preparation of plant extract with macera-
tion method  

400 g of dried E. tirucalli powder mac-

erated in 2,000 mL of 70% ethanol for 24 

hours at room temperature with intermittent 

stirring. The macerate filtered and concen-
trated using a rotary evaporator at 60°C to 

obtain a viscous ethanolic extract. 

 

Phytochemical screening  
Alkaloids were identified by reacting 

the diluted extract (1 mL HCl and 3 mL dis-

tilled water) with 2 drops Dragendorff’s rea-

gent, producing an orange-red precipitate 

(Masniawati et al. 2021; Qomaliyah et al. 
2023). Flavonoids were confirmed by adding 

magnesium powder and 10 drops concen-

trated HCl to the extract, yielding an orange-

red coloration (Qomaliyah et al. 2023; Iskan-

dar et al. 2024). Steroids and triterpenoids 

were detected by treating the diluted extract 

with anhydrous acetic acid and concen-

trated H₂SO₄ (2:1 drop), producing a purple 
to blue-green color. Although structurally re-

lated, triterpenoids and steroids are differen-

tiated by distinct colorimetric reactions (Nola 

et al. 2021). The purple or red then turns 

blue green indicating the presence of them 
both. The water layer of distilled extract with 

chloroform (1:1) were added 0.1 ml HCl and 

several grains of magnesium metal, result-

ing in a pink-red color. Tannins were con-

firmed by adding reacted the distilled extract 
to 2-3 drops of FeCl3. The positive results 

are indicated by blackish green or blackish 

blue color (Laoli 2018). 

  

Nanoemulsion preparation of E. tirucalli 
extract  

The primary mixture consisted of 20% 

concentration of E. tirucalli extract (Table 1) 

dissolved in castor oil and homogenized us-
ing an ultra turrax for 30 minutes at 13000 

rpm. Then it homogenized again for 5 

minutes with 3% tween 80. HPMC 0.2% 

which has been developed in 17% of aloe 

vera mucilago was gradually added to the 
mixture to be ultra turraxed again at the 

same speed for 25 minutes. 

 

 

Table 1. Nanoemulsion formulation (Geetanjali et al. 2021) 

 

Composition  Formulation  Function  

E. tirucalli extract 20%  Active ingredient  

Aloe mucilage  17%  Surfactant  

Tween 80  3%  Surfactant  

Hydroxypropyl methylcellulose (HPMC)  0,2%  Hydrophilic polymer  

Castor oil  Ad 100 g  Solvent  

 

Characterization of nanoemulsion from 
E. tirucalli extract 

Clarity was determined using a UV–

Vis spectrophotometer by dissolving 1 mL of 

nanoemulsion in 100 mL of distilled water 

and measuring transmittance at 650 nm, 
with distilled water as the blank (Zulfa et al. 

2019). Higher transmittance values indi-

cated greater clarity, suggesting droplet 

sizes within the nanometer range (Lestario 

et al. 2024). The pH of the formulation was 

measured using a calibrated digital pH  
meter. 

  

Preparation cream from nanoemulsion of 

E. tirucalli extract  

The oil phase components (liquid par-
affin, stearic acid, and lanolin) and the aque-

ous phase (nipagin, nipasol, TEA, and dis-

tilled water) were separately heated to 60–

70°C until fully melted, indicated by reduced 

viscosity and intensified color (Setiorini et al.  
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2014). The hot aqueous phase was then 

combined with the hot oil phase and stirred 

rapidly in a warm mortar until a uniform 

cream base formed upon cooling. The  

E. tirucalli nanoemulsion was gradually in-

corporated into the base with gentle stirring 

until homogeneous (Table 2). 

 
Table 2. Anti-acne cream preparation formula from nanoemulsion of E. tirucalli extract (Setiorini et al. 

2014)  

 

Composition F1 F2 F3 F4 Function 

Nanoemulsion of E. tirucalli extract 5% 5% 5% 5% Active ingredient 

Paraffin liquidum 25% 25% 25% 25% Base 

Stearic acid 7,5% 9% 12% 14,5% Oil phase emusifier 

Lanolin 3% 3% 3% 3% Emolient 

Triethanolamine (TEA) 1,5% 1,5% 1,5% 1,5% Water phase emulsifier 

Methylparaben 0,1% 0,1% 0,1% 0,1% Preservative 

Propylparaben 0,05% 0,05% 0,05% 0,05% Preservative 

Aquadest Ad 

100% 

Ad 

100% 

Ad 

100% 

Ad 

100% 

Solvent 

 

Physical quality evaluation test  
Organoleptic test  

Tests the shape, color, odor, and taste 

when the cream applied on the skin (Sar-

yanti et al. 2019). 

 
Homogeneity test  

A thin layer of cream is placed be-

tween two glass slides and pressed, ob-

serve the surface, whether it is evenly dis-

tributed and smooth, were not lumpy are 
positives sign (Saryanti et al. 2019). 

 

pH test  

One gram of cream was diluted in 10 

mL of aquadest, and the pH was measured 
using a calibrated digital pH meter (Iskandar 

et al. 2024). 

 

Spreadability test  
0.5 g sample of cream was placed on 

a glass plate, covered with another plate 

and left for 1 minute to obtain several diam-

eters of the spread formed by adding 50, 

100, and 150 g loads then recorded the av-
erage (Saryanti et al. 2019). 

 

Phase separation test  

Five g of cream placed in a centrifuge 

tube and spun at 3000 rpm for 30 minutes. 
 

Water washability test  

One gram of cream applied to the 

back of the hand and running water through 

a burette over it. 

Viscosity test  
The cream were put at 25 mL beaker 

glass is tested with rotor 6th mounted at 

Brookfield viscometer with speed setting at 

30 rpm.  

 
Antibacterial test using the agar well dif-

fusion assay  

Nutrient agar (Oxoid) was prepared by 

dissolving 14 g of medium in 500 mL of dis-

tilled water, heated to boiling, and sterilized 
at 121°C for 15 minutes. The sterile medium 

was poured into petri dishes (20 mL as the 

base layer and 15 mL as the top layer) and 

into test tubes for slant cultures (10 mL) 

(Setiorini et al. 2014). Pure P. acnes colo-
nies were inoculated onto slant media and 

incubated anaerobically in a desiccator at 

37°C for 48 h (Septiyana et al. 2022). 

Test samples consisted of E. tirucalli 
extract (5%, 10%, 20%, and 30%), its 

nanoemulsion formulation (20%), and Medi-

klin 0.01% as the positive control. The bac-

terial suspension was prepared by transfer-

ring colonies into 6 mL of 0.9% physiological 
NaCl, followed by vortexing for 30s. Turbid-

ity was adjusted to match the McFarland 0.5 

standard (absorbance 0.08–0.13) using a 

UV–Vis spectrophotometer (McFarland 

1907). 
Seven wells (5 mm diameter) were 

made in each nutrient agar plate. After inoc-

ulation with 8 µL of P. acnes, 40 µL of each 

test sample or control was introduced into 
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the respective wells. Plates incubated an-

aerobically at 32°C for 24 h, and inhibition 

zones were measured to evaluate antibac-

terial activity. 

 
Statistical data analysis  

Qualitative data encompassed the an-

tibacterial activity of both conventional and 

nanoemulsion forms of E. tirucalli extract, as 

well as the physicochemical evaluations of 
the cream formulations (pH, spreadability, 

viscosity, and washability), presented in tab-

ular form for clarity. Quantitative analyses 

were performed using (SPSS) version 25 to 

evaluate the influence of stearic acid con-
centration and the antibacterial activity 

against P. acnes. Data normality assessed 

using the Shapiro–Wilk test. For normally 

distributed data (Sig. > 0.05), homogeneity 

of variance was confirmed prior to One-Way 
ANOVA and Pearson correlation analyses. 

Non-normally distributed data were ana-

lyzed using the Kruskal–Wallis test and 

Spearman’s rho correlation, following the in-
terpretation criteria (Nurhalijah et al. 2024). 

 

RESULTS AND DISCUSSION 

 

Preparation of plant extract with macera-
tion method 

The concentrated extract yield in this 

study was 8.60%, lower than that reported 

by Adawiyah et al. (2024) (18.10%), despite 

all using 70% ethanol. The reduced yield 
was attributed to the shorter maceration pe-

riod (1:5 days), which limited diffusion effi-

ciency. The maceration was selected for its 

simplicity, low cost, and ability to preserve 

heat-sensitive metabolites by avoiding ther-
mal degradation. The obtained extract dis-

played a caramel-like, brownish-black ap-

pearance and mild sweet odor, differing 

from the dark green viscous extract. The 

higher water bath temperature during sol-

vent evaporation, leading to partial degrada-

tion and moisture loss (Sukma et al. 2017; 

Yuliantari et al. 2017). 

 
Phytochemical screening  

The phytochemical screening con-

firmed six major secondary metabolite clas-

ses (Table 3) exhibited antibacterial activity. 

Flavonoids disrupt bacterial membranes 
and denature proteins, impairing respiration 

(Arifin et al. 2025). Alkaloids inhibit pepti-

doglycan synthesis, weakening cell walls, 

while steroids increase membrane permea-

bility, leading to lysis (Sadiah et al. 2022). 
Triterpenoids destabilize porin proteins, 

saponins promote cytoplasmic leakage, and 

tannins form enzyme–protein complexes 

that reduce membrane permeability (Rini et 

al. 2017; Arifin et al. 2025). This differs from 
Adawiyah et al. (2024), who identified only 

flavonoids, saponins, and tannins despite 

using 70% of ethanol. Beyond maceration 

duration, such variation reflect the geo-
graphical differences, as earlier samples 

were collected in Surabaya, while the pre-

sent study used specimens from Malang 

Regency. Environmental factors such as soil 

composition, fertilizer use, temperature, and 
humidity are known to influence secondary 

metabolite biosynthesis. The results indicat-

ing that the shorter extraction did not dimin-

ish phytochemical diversity and more com-

plex than that (Adawiyah et al. 2024). Simi-
larly, prolonged maceration increased yield 

but reduced flavonoid content due to oxida-

tive degradation of thermolabile com-

pounds. 

Collectively, these findings indicate a 
multifactorial antibacterial mechanism, sug-

gesting that E. tirucalli extract possesses 

broad-spectrum activity through combined 

membrane and metabolic disruption.

 
Table 3. Phytochemical content of E. tirucalli extract  

 

  Phytochemical tests    

Alkaloids Flavonoids Steroids Terpenoids Saponins Tannins 

++ +++ ++   + ++ +++ 

Indicator:  

+ =  The presence was detected, but in a small amount.  

++  =  The presence was detected in a sufficient amount.  

 +++  =  The presence was detected in a large amount.  
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Preparation and characterization of 

nanoemulsion from E. tirucalli extract 

The nanoemulsion formulation by 

Geetanjali et al. (2021) required modification 

due to phase separation between oil and 
aqueous phases. Stability was improved by 

increasing tween 80 concentration and in-

corporating HPMC as a hydrophilic poly-

meric thickener. Ultrasonic-assisted extrac-

tion (UAE) was applied as an efficient tech-
nique to enhance mass transfer and reduce 

extraction time, as cavitation disrupts cell 

walls, increases permeability, and promotes 

compound release. This method improves 

polyphenol yield by 6–35% compared with 

maceration (Febriyanto et al. 2021). During 
transmittance testing, prolonged sonication 

produced a lighter extract and clearer solu-

tion (Figure 1), confirming nanoemulsion for-

mation with 90–100% transmittance, com-

parable to distilled water (Widyastuti and 
Saryanti 2023).

 

 

 

 
 

 

 

 

 
Figure 1. Preparation for transmittance testing 

 

Physical evaluation tests of cream from 

nanoemulsion of E. tirucalli extract with 
the statistic analyst 

Organoleptic evaluation of formula-

tions F1–F4 showed distinct differences in 

texture, color, and spreadability correspond-

ing to increasing stearic acid concentrations 
(Table 4). In the E. tirucalli nanoemulsion 

cream, higher stearic acid levels gradually 

lightened the characteristic brown color to 
yellowish tones and produced a sweet, fatty 

caramel-like odor. The active nanoemulsion 

was reformulated by reducing extract con-

centration from 15% to 5%, as excessive oil 

content caused physical instability and 
phase separation.

 

Table 4. Physical quality evaluation test of cream preparation results 

  

  Physical Quality Evaluation   

Preparation cream pH Speadability (cm) Water washability (mL) Viscosity (cPs) 

F1 7,98 + 0,031  6,55 + 0,21 8,5 + 1,5 15556,667 + 310,86  

F2 8,25 + 0,28  6,18 + 0,39 11 + 2 23366,667 + 1366,47  

F3 8,41 + 0,02  5,57 + 0,26 13,7 + 2,51 27353,333 + 365,56  

F4 8,38 + 0,012  4,86 + 0,23 19,1 + 2,15 31433,333 + 208,17  

 *F1 = 7.5% stearic acid concentration, F2 = 9% stearic acid concentration,  

 F3 = 12% stearic acid concentration, F4 = 14.5% stearic acid concentration.  

 

Homogeneity testing confirmed all for-
mulations had smooth, uniform textures 

without coarse particles or agglomerates. 

Such irregularities, though minor, may im-

pair active compound distribution and re-

duce formulation efficacy (Swastini et al. 
2015). Macroscopic analysis further re-

vealed that higher stearic acid concentra-

tions yielded more widely dispersed oil glob-

ules across the slide surface. 

pH analysis showed that all formula-
tions exhibited slightly alkaline values,  

posing minor risks of dryness and desqua-
mation. The nanoemulsion alone had a pH 

of 6.72, and its low concentration (5% in 50 

g) minimally influenced the overall pH. The 

Kruskal–Wallis test indicated no significant 

difference among formulations, suggesting 
stearic acid variation had limited impact. 

Similar findings were reported by Saepudin 

et al. (2024) in kesum leaf anti-acne creams 

(p = 1.00 > 0.05). Although higher stearic 

acid levels slightly increased pH, the effect 
was moderated by TEA (pH 10.5). Previous 
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studies using 17% stearic acid and 2% TEA 

achieved pH 6, while this study (7.5–14.5% 

stearic acid, 1.5% TEA) yielded an average 

pH ≈ 8, still acceptable for topical use (Sar-

yanti et al. 2019). 
Spreadability tests showed that higher 

applied weight increased spread diameter, 

whereas higher stearic acid levels reduced 

spreadability and produced stiffer textures. 

Statistical analysis confirmed significant dif-

ferences (Table 5), indicating an inverse 

correlation between stearic acid content and 

spreadability. These results align with previ-
ous research, who observed increased vis-

cosity and reduced spreadability in papaya 

leaf cream with higher stearic acid levels. 

 

Table 5. Statistical analysis  

 

  Statistic Tests    

Analysis data pH Speadability 

(cm) 

Water washibility 

(mL) 

Viscosity 

(cPs) 

Antibacterial 

activity (cm) 

Differences  Sig. 0,147 >  

0,05  

Sig. 0,000 <  

0,05  

Sig. 0,001 <  

0,05  

Sig. 0,016 <  

0,05  

Sig. 0,012 <  

0,05  

Correlation  Sig. 0,147 >  

0,05  

n = 0,462  

Sig. 0,000 <  

0,05  

 n = -0,934  

Sig. 0,000 <  

0,05  

n = 0,9  

Sig. 0,000 <  

0,05 

n = 0.972  

Sig. 0,000 <  

0,05  

n = 0.972  

 
Centrifugation-based phase separa-

tion tests revealed that F1 showed the high-

est oil separation, followed by F3 (≈50% 

less), while F4 and F2 exhibited only slight 

turbidity and minimal foaming. This con-
trasts with reports suggesting that triethano-

lamine–stearic acid emulsions typically form 

stable o/w systems (Saryanti et al. 2019). 

The instability may result from CO₂ incorpo-

ration during preparation, which weakens 
emulsifying capacity by disrupting polar 

headgroup interactions and hydrogen bond-

ing (Xu et al. 2015). 

Washability tests indicated that higher 
stearic acid concentrations required more 

water for removal, reflecting increased oil 

content. Statistical analysis confirmed a sig-

nificant positive correlation between stearic 

acid level and water volume used. Thus, 
higher concentrations reduced washability, 

consistent with (Husni et al. 2019), who 

found that w/o creams require more water 

for rinsing than o/w types. Reduced washa-

bility likely stems from higher interfacial ten-
sion, as nonpolar stearic acid resists inter-

action with polar water, necessitating 

greater rinsing effort. 

Viscosity measurements showed a di-

rect proportional relationship with stearic 
acid concentration, with F4 exhibiting the 

highest value. Statistical analysis confirmed 

significant differences, consistent with 

(Thomas et al. 2024), who reported that in-

creased solid content in seaweed-based 

creams elevated viscosity proportionally to 

total formulation volume. 

Variations in stearic acid concentra-

tion markedly influenced the physical char-

acteristics and stability of the E. tirucalli 
nanoemulsion cream. Higher stearic acid 

levels increased viscosity and firmness but 

decreased spreadability and washability, 

potentially reducing user comfort. All formu-

lations exhibited acceptable pH values and 
uniform appearances, indicating good emul-

sification and stability. Excessive stearic 

acid produced rigid, less washable textures, 

whereas lower concentrations reduced 
structural stability. The formulation with a 

moderate stearic acid level showed the most 

balanced viscosity, spreadability, and con-

sistency, making it optimal for topical appli-

cation. These findings underscore the im-
portance of optimizing emulsifier concentra-

tion to achieve desirable rheological behav-

ior, user acceptability, and formulation sta-

bility in nanoemulsion-based creams. 

 
Antibacterial test using the agar well dif-

fusion assay with the statistical analysis 

The antibacterial assay showed that 

Mediklin® (Clindamycin 0.01%) produced a 

strong inhibition zone, while the 5% extract 
exhibited weak activity and the 10–20% ex-

tracts demonstrated moderate effects (Ta-

ble 6). The 30% extract showed the strong-

est inhibition, comparable to the reference 

drug. The Kruskal–Wallis test indicated  
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significant differences among treatments (p 

< 0.05), and Spearman’s Rho (r = 0.927) re-

vealed a strong positive correlation between 

concentration and antibacterial activity. 

Clindamycin acts by binding to the 50S ribo-
somal subunit at the peptidyl transferase 

center and nascent peptide exit tunnel, 

blocking peptide bond formation (Armillei et 

al. 2024). The antibacterial effect of E. tiru-

calli is attributed to synergistic interactions 

of flavonoids, alkaloids, steroids, triterpe-

noids, saponins, and tannins acting on mul-
tiple bacterial targets.

 

Table 6. Antibacterial activity against P. acnes 

 

Antibacterial Activity Against P. acnes (mm) 

Extract 

5% 

Extract 

10% 

Extract 

20% 

Extract 

30% 
Aquadest 

Mediklin 

0,01% 

Nanoemulsion 

20% 

2,13 + 0,56 6,52 + 0,69 9,67 + 0,37 14,72 + 5,02 0 13,7 + 3,49 0 

*Data are means of three replicates (n = 3) 

 

In contrast, the nanoemulsion showed 

no inhibition zone, similar to the negative 
control. Although the Kruskal–Wallis test 

showed significance, the correlation (r = –

0.111; p < 0.05) was weak. Reduced activity 

likely resulted from castor oil’s low antibac-

terial potential, thermal degradation of bio-
actives during homogenization (>50°C), lack 

of co-surfactant, and excess tween 80 

(20%) limiting compound availability. The 

lipophilic oil phase may also hinder diffusion 

through the agar medium. Further optimiza-
tion of carrier system, temperature control, 

and active fraction enrichment is recom-

mended to enhance antibacterial efficacy.  

 
CONCLUSION 

 

Variations in stearic acid concentra-

tion in the anti-acne cream formulated from 

the 70% ethanolic nanoemulsion of E. tiru-
calli extract showed distinct effects; organo-

leptic revealed differences in color and com-

fort, while homogeneity and pH showed no 

significant variation. However, increasing 

stearic acid markedly enhanced viscosity 
while reducing spreadability and washabil-

ity. Formulations F2 and F3 demonstrated 

the most favorable balance for further devel-

opment. 

The 70% ethanolic extract of E. tiru-
calli exhibited concentration-dependent an-

tibacterial activity against P. acnes, with the 

30% extract showing inhibition comparable 

to Mediklin® (clindamycin 0.01%).  

Spearman’s Rho analysis indicated a strong 
positive correlation between extract concen-

tration and antibacterial potency, confirming 

that higher phytochemical content enhances 

antimicrobial efficacy. 
Further optimization of surfactant and 

co-surfactant ratios, coupled with low-en-

ergy emulsification and cold extraction 

methods, is recommended to preserve for-

mulation stability and bioactivity. Despite 
limitations in laboratory access and experi-

mental replication, this study provides a 

foundational basis for subsequent formula-

tion optimization and pharmacological eval-

uation.  
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