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ABSTRACT 

Objective: This study aimed to optimize the nanoemulgel formulation for balsam leaves (Impatients balsamina L.) extract and determine its 
antibacterial activity.  

Methods: Balsam leaves were extracted using the maceration method using ethanol. The nanoemulsion of balsam leaves ethanol extract was 
prepared with various oil, surfactants, and co-surfactant concentrations. Characterization was conducted on the nanoemulsion formed, including 
transmittance, droplet size, polydispersity index, and zeta potential. The chosen nanoemulsion formula was then transformed into a gel preparation 
using various gelling agent concentrations, i.e., Carbopol 940 and chitosan, and optimized using the Design-Expert v13 software with the simplex 
lattice design method.  

Results: The study discovered the optimum nanoemulgel formula with a desirability value of 0.859. The ratio of Carbopol 940 with chitosan was 
1.38% and 0.12%w/w, respectively, with an antibacterial activity inhibition zone against S. epidermidis of 22±2 mm in diameter. 

Conclusion: The observed responses closely matched the predicted values provided by the optimization method. The optimized nanoemulgel 
formulation has the potential to develop as an antibacterial dosage form. 
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INTRODUCTION  

The antibacterial activity of balsam leaf extract (Impatiens balsamina 
L.) is demonstrated against Staphylococcus aureus, Propionibacterium 
acnes, and Staphylococcus epidermidis bacterias [1, 2]. In addition, this 
balsam plant showed antifungal activities against dermatophyte fungi 
and candida albicans [3]. Naphthoquinone, kaempferol, and quercetin 
are the primary antibacterial compounds found in the balsam leaf. 
Phenolics and flavonoids are two additional compounds that can 
potentially possess antibacterial properties [4, 5]. 

There are some drawbacks associated with applying nanoemulsions 
to the skin, including poor dispersion and retention. However, 
nanoemulsion preparations have the benefit of increasing the 
concentration of drugs that pass through the skin and into the 
bloodstream [6]. Gel preparations have the disadvantage of being 
unable to accommodate hydrophobic molecules; however, gel 
preparations can increase dispersion and the amount of water the 
skin retains. Therefore, using a nanoemulsion in conjunction with a 
gel will make up for the deficiencies of each of these different 
preparations. When nanoemulsion and gel are combined, the 
resulting substance is referred to as nanoemulgel [7, 8]. In this 
investigation, the nanoemulgel preparation was chosen because it 
has the potential to significantly boost the antibacterial action of 
balsam leaf extract, which has low solubility in water. 

A nanoemulgel is a combination of nanoemulsions that have been 
integrated into a gel matrix. This combination will affect the skin's 
ability to absorb substances. Nanoemulgel has the potential to improve 
patient compliance due to its non-greasy, non-irritating, and better 
drug-release properties than ointments and creams. These properties 
make nanoemulgel superior to ointments and creams. The 
homogeneous dosage form and the hydrogel matrix's consistency also 
contribute to the growing interest in nanoemulgel [9]. 

When it comes to the formulation of nanoemulgel preparations, the 
gelling agent component emerges as a critical determinant that has 

the potential to influence the nanoemulgel's resulting physical 
properties [10, 11]. Carbopol is a hygroscopic material that does not 
degrade. Carbopol dispersion can keep its viscosity during storage 
for an extended period when kept at room temperature. As a gelling 
agent, the concentration of Carbopol can range anywhere from 0.5 to 
2%. Because a gel can be formed with only a relatively low 
concentration of Carbopol, this substance makes for an excellent 
gelling agent. Carbopol has a high viscosity in a small concentration, 
which will be beneficial when combined with chitosan, which has a 
slight viscosity so that it can produce a gel with suitable viscosity, good 
flow properties, and an attractive appearance, which makes its use 
easier and attracts patients to use it [12]. Carbopol's high viscosity in a 
small concentration will be beneficial when combined with chitosan. 
We investigated the formulation of nanoemulgel preparations 
containing balsam leaves extract (Impatiens balsamina l.) and its 
antibacterial activity against S. epidermidis as part of this study. 

MATERIALS AND METHODS 

Materials 

Materials used in this research were Balsam leaves (Impatiens 
balsamina, L.) collected from Sukoharjo, Indonesia (-
7.547678914660727, 110.73054624485195). The plant was 
determined at UPT Laboratorium-Setia Budi University using plant 
determination key books from Steenis and ensured to be Impatients 
balsamina L (No. 115/DET/UPT-LAB/18.01.2021). Citronella oil was 
purchased from CV Lansida, Yogyakarta, Indonesia. Ethanol, 
propylene glycol, Span 80, Tween 80, methylparaben, Carbopol 940 
(Brataco, Indonesia), triethanolamine (TEA), Muller-Hinton Agar 
(MHA), chitosan, ampicillin, NaCl, NaOH, DMSO were purchased 
from Merck. S. epidermidis ATCC 12228 bacterial suspension was a 
collection of the Faculty of Pharmacy, UMS. 

Extraction of balsam leaves 

The balsam leaves are allowed to dry and then crushed into a fine 
powder. Maceration was performed on 500 grams of dried samples 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  AApppplliieedd  PPhhaarrmmaacceeuuttiiccss  

ISSN- 0975-7058                                  Vol 15, Issue 3, 2023 

https://creativecommons.org/licenses/by/4.0/�
https://innovareacademics.in/journals/index.php/ijap�


E. R. Wikantyasning et al. 
Int J App Pharm, Vol 15, Issue 3, 2023, 67-70 

68 

with a ratio of 1:10 using ethanol 96%. The maceration process 
lasted five days, and stirring occurred once every twenty-four hours. 
The maceration results were then concentrated using a rotary 
evaporator at a temperature of 40 °C. The process continued to the 
evaporation stage above the water bath for six days to obtain a 
concentrated extract. 

Antibacterial assay of balsam leaf extract  

The well method was used for the antibacterial assay. Mueller-Hilton 
Agar was used as the medium, 100% DMSO was used as the negative 
control, and ampicillin concentrations of 1% and 3% were used as the 
positive controls. Samples were made from two concentrations of 
balsam leaf extract, 1 and 3%, by weighing 100 mg and 300 mg of the 
viscous extract and dissolving them in 10 ml of DMSO. The next step was 
to make streak plates of S. epidermidis by smearing one loop on the 
MHA's surface, then incubating for one day at 37 ᵒC. Suspension of S. 
epidermidis bacterial culture was prepared by adding one ose of the S. 
epidermidis streak plate with NaCl until it matched the transparency of 
the 0.5 Mc Farland standard (108 CFU/ml). 200 µl of staphylococcus 
epidermidis bacterial culture suspension was taken, then poured while 
flattening it over the mueller hinton agar medium, waiting 10 min. After 
that, wells were made by punching holes in mueller hinton agar media 
with a diameter of 6 mm. Negative control, positive control, and samples 
were put into the wells as much as 50 µl, then incubated for 24 h at 37 ᵒC, 
and the test was repeated three times [13]. 

Solubility test of balsam extract 

Ten (10) mg of balsam extract was dissolved in various solvents 
such as citronella oil, ethanol 96%, Span 80, Tween 80, propylene 
glycol, and water. This process continued until the extract was 
dissolved, at which point a clear solution was produced. 

Pseudo-ternary phase diagram design 

Pseudo-ternary phase diagram design was utilized to develop fifteen 
(15) different formulas for nanoemulsions [14]. Every one of the 
formulas called for the use of particular carrier components, a 
combination of surfactants and co-surfactants, distilled water, and an oil 
phase. The clarity and consistency of each formula were carefully 
observed (settled for a day to see if there was a separation). The 
spectrophotometer (Genesys 10S UV-Vis) was set to a wavelength of 650 
nm, and the transmittance was determined using that setting. Pseudo-
ternary diagrams of formula designs and optimum formulas can be 
visualized with the triplot software [15]. The droplet size was measured 
using a Particle Size Analyzer PSA SZ-100 (Horiba Scientific).  

Formulation and characterization of nanoemulgel 

The nanoemulgel formula was made by varying the ratio of gelling 
agents Carbopol 940 and chitosan with a total concentration of 1.5% 
(table 1.). The chitosan was dissolved in 5 ml of 1% glacial acid 
solution. Carbopol 940 was weighed and crushed in an expanded 
mortar with warm water. Chitosan solution was added and crushed 
in a mortar containing Carbopol 940. Methylparaben was dissolved 
in 3 ml of 96% ethanol, and then TEA was added. Nanoemulgel was 
formed by adding 90 ml of balsam leaves extract nanoemulsion in 
the gel and stirring until homogeneous. 

pH determination 

The pH of the nanoemulgel was measured using a pH meter (Ohaus 
ST3100) and replicated three times. 

Viscosity measurement 

The viscosity of the nanoemulgel was measured with a viscometer 
(Rion VT06 RION CO., LTD) and replicated three times. 

 

Table 1: The design of the nanoemulgel formulation for balsam leaves extract. 

Ingredients Formulation 
I II III IV V 

Carbopol 940 1.5 1.375 1.25 1.125 1 
Chitosan 0 0.125 0.25 0.375 0.5 
Water 2 2 2 2 2 
Stearic acid 1% 5 5 5 5 5 
Ethanol 96% 3 3 3 3 3 
TEA 0.65 0.65 0.65 0.65 0.65 
Methyl Paraben 0.02 0.02 0.02 0.02 0.02 
Nanoemulsion  90 90 90 90 90 
 

Adhesion test 

Two hundred and fifty (250) mg nanoemulgel was placed on top of a 
glass object attached to another glass object. One (1) kg is placed on 
it in 5 min. The object glass is mounted on the test instrument, and 
the load weighing 80 grams is removed. The time until the object-
glass was released was recorded as adhesion ability. This test was 
replicated three times. 

Spreadability test 

Five hundred (500) grams of nanoemulgel were placed in the middle 
of the first petri dish that had been given a millimeter block. The 
second petri dish is placed on top of the first petri dish, which is the 
initial load within 1 minute, then the load is added to 50 grams every 
1 minute until the load is 300 grams. The gel's diameter spread was 
measured on four sides and replicated three times. 

Antibacterial test of nanoemulgel balsam leaves extract 

The well diffusion method was used to test the antibacterial activity 
of the sample against S. epidermidis. Mueller-hilton agar (MHA) was 
used as the medium. The positive control was ampicillin 0.9%, and 
the negative control was nanoemulgel without extract. The sample 
used in this test weighed 300 mg. 

Data analysis 

The two-way analysis of variance (ANOVA) was used with Design-Expert 
v13 software to examine the impact of each factor at different levels on 

the response (Stat-Ease, Inc., USA). The response surface plots were 
created using the Design-Expert v13 software to graphically determine 
the effect of each factor on the response (Stat-Ease, Inc., USA). 

RESULTS AND DISCUSSION 

Extract of balsam leaf 

The maceration method yielded a balsam leaf extract of 18.41%, 
slightly lower than the extraction conducted by the previous study, 
which obtained a yield of 20.3% [16]. The maceration technique 
using ethanol was chosen because of the simplicity, and ethanol 
could dissolve almost all compounds in the balsam leaf; both polar 
and non-polar compounds, had a low boiling point, safe and non-
toxic. Based on this, it is expected that ethanol's maceration process 
can extract more secondary metabolite from balsam leaves [2]. 

Antibacterial activity of balsam leaf extract 

Antibacterial activity test against Staphylococcus epidermidis was 
carried out on crude balsam leaves extract (fig. 1.). Antibacterial 
activity test against crude balsam leaves extract at concentrations of 
1%, and 3% gave the value of inhibition zones against Staphylococcus 
epidermidis of 24±1 mm and 26.67±3 mm. Statistical analysis showed 
significant differences between 1% and 3% of balsam leaf extracts 
compared to control but lower than ampicillin 1% and 3% (p<0.05). 
This result was similar to the previous study [2]. The ethanolic extract 
of balsam leaf has been proven to contain naphthoquinones and 
flavonoids responsible for antimicrobial activity [4, 17]. 



E. R. Wikantyasning et al. 
Int J App Pharm, Vol 15, Issue 3, 2023, 67-70 

69 

 

Fig. 1: Preliminary test results antibacterial activity of balsam leaf extract against Staphylococcus epidermidis ATCC 12228. Each bar 
represents the mean±SD of three replication. *Denote the significance levels compared with control (DMSO) group (p<0.05) 

 

Solubility of balsam leaf extract 

A solubility test is critical to know and determine the appropriate 
solubility extracts to facilitate the application for subsequent use. An 
extract solubility test was carried out on all solvents used in the formula 
(fig. 2). The results obtained Tween 80, propylene glycol and citronella 

oil can dissolve a large amount of samples. Thus, Tween 80 and 
propylene glycol were selected as surfactants and co-surfactants; and 
citronella oil was used as the oil phase of the nanoemulsion. Tween 80 
and propylene glycol were commonly used in a nanoemulsion 
preparation, while citronella oil was an essential oil used in 
nanoemulsion and has some activities, including antibacterial [10, 18]. 

  

 

Fig. 2: Solubility of ethanol extract of balsam leaf in several solvents (Each bar or point represents the mean±SD of three replication) 

 

 

Fig. 3: A pseudo-ternary diagram of nanoemulsion containing water, Tween 80, propylene glycol, and citronella oil. The green area of the 
phase plot displays the nanoemulsion area 
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Construction of nanoemulsion pseudo-ternary phase diagram 

Tween 80, propylene glycol, and citronella oil were mixed in 15 
formulas with various concentrations and visualized with a pseudo-
ternary diagram to determine whether the formula design was 
included in the formation region of a clear and stable nanoemulsion 
(fig. 3.). The shaded area of the phase plot displays the 
nanoemulsion area, and the unshaded area displays the emulsion 
area. One formula from the nanoemulsion area was selected (table 
2.), which had a % transmittance of 90.2±0.96, a droplet size of 
60.9±17.598 nm, and a polydispersity index of 0.463±0.079. 

 

Table 2: Composition of nanoemulsion selected 

Materials Composition 
Balsam leaves extract  1 gram 
Citronella oil 2 ml 
Tween 80 27.5 ml 
Polyethylene glycol 27.5 ml 
Water ad 100 ml 

 

The criteria for a good nanoemulsion include having a transmittance 
value ranging from 90% to 100%. This is because, in that value 
range, the nanoemulsion appears to have a clear and transparent 

visual appearance. The small droplet size is responsible for the high 
percent transmittance value. Because its HLB value is 13.3, the 
emulsion produced is of the oil-in-water (w/w) type. The critical 
micelle concentration (CMC) value, which helps determine the 
critical limit of the concentration at which micelles can form, is an 
indicator of essential properties in manufacturing nanoemulsions. 
The surface tension will decrease as the concentration of the 
surfactant increases, and it will continue to do so until it reaches a 
constant interfacial tension. The CMC value represents the sweet 
spot for the amount of surfactant that should be used [19]. 

Optimization of balsam leaf nanoemulgel formulation 

Before testing the nanoemulgel's physical properties, the 
nanoemulgel formula was put through an organoleptic evaluation, 
which involved analyzing its outward appearance, including its 
smell, color, and consistency. Formula one has the thickest 
consistency because it is the only one of the five that contains 
Carbopol 940, without any combination with chitosan. The four 
different formulations all smell and look the same; specifically, they 
all have the aroma of citronella oil, are uniformly yellow, and have a 
consistent appearance.  

The physical characteristics of the nanoemulgel formulated are 
displayed in table 3. The response of viscosity, pH, spreadability and 
adhesiveness of the nanoemulgel was analyzed using Design-Expert 
software (fig. 4), and the equation of the responses can be seen in table 4. 

 

Table 3: Physical characteristics of balsam leaves extract nanoemulgel 

Formula pH Adhesiveness (s) Viscosity (dPas) Spreadability (cm) 
F1 5.19±0.02 12.25±0.26 506.67±20.82 3.97±0.06 
F2 5.30±0.03 11.23±0.12 413.33±15.28 5.07±0.21 
F3 5.39±0.03 8.96±0.19 296.67±20.82 5.63±0.06 
F4 5.47±0.03 5.12±0.27 280.00±17.32 6.03±0.06 
F5 5.49±0.04 5.49±0.04 243.33±11.55 6.40±0.10 

*Data was represented as mean±SD (n=3) 
 

 

Fig. 4: Graph of response surface of pH (A), viscosity (B), spreadability (C), adhesiveness (D) of the nanoemulgel using simplex lattice design 
 

Table 4: Equation of response balsam leaves extract 
nanoemulgel using simplex lattice design 

Responses Equations 
pH Y= 0.74A+0.71B+0.014AB 
Adhesiveness (s) Y= 4.10A+12.61B+1.01AB 

Viscosity (dPas) Y= 2.39A+2.71B-0.199AB 
Spreadability (cm) Y = 0.80A+0.60B+0.203AB 

The gel preparation was put through the pH test to guarantee it was 
safe. Table 3, which displays the pH response values of the five 
formulas, is suitable for use on the skin because it has a pH that falls 
within the range of 4.5-6.5. This indicates that it will not cause the 
user's skin irritation when applied [20]. The equation that can be 
found in table 4 shows that the chitosan component has a more 
significant influence on the pH value response, which might be 
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caused by the pH of Carbopol being lower than that of chitosan. 
chitosan has a pH ranging from 3.0 to 3.5, whereas Carbopol 940 is 
between 2.5 and 2.8. According to fig. 3, a higher pH response value 
can be achieved by increasing the levels of chitosan while 
simultaneously decreasing the levels of Carbopol 940. 

Testing for viscosity was carried out so that the viscosity of the 
nanoemulgel preparation could be determined. If the viscosity of the 
gel is too high, the active ingredient will not be distributed 
throughout the gel. Suitable gel viscosity is between 50 and 1000 
dPas. Table 6 presents the findings of the viscosity tests conducted 
on the five different nanoemulgel formulations. The equation in 
table 4 demonstrates that Carbopol 940 significantly impacts the 
viscosity response more than chitosan [21]. The viscosity response 
value is shown to be reduced in fig. 4b when an increased amount of 
chitosan is present alongside a decreased amount of Carbopol 940. 
Because Carbopol 940 has a high viscosity even in small amounts, 
the viscosity value will increase as the amount of Carbopol 940 in 
the solution decreases. The p<0.05 was calculated to be 0.0231. This 
indicates that Carbopol 940 and chitosan concentration affects the 
viscosity response value. 

The ability of the gel to quickly spread and apply itself to the skin's 
surface is evaluated using a spreadability test. When applied, gel 
formulations with a spreadability range of 5-7 centimeters have 
effective dispersion and a dosage consistency that is comfortable to 
use. There is a direct correlation between the viscosity and the 
degree of dispersion. Table 3 presents the findings obtained from 
the distribution of five different formulas. It can be seen from the 
equation in table 4 that chitosan has a more significant impact on the 
response of the preparation's dispersive power value than Carbopol 
940 does—according to fig. 4c, increasing the amount of chitosan 
while simultaneously decreasing the amount of Carbopol 940 results 
in increased dispersion. The opposite result stated that Carbopol 
934 1% produced the highest spreadability of nanoemulgel, 
compared with xanthan gum and NaCMC 2% [20]. 

It was determined by testing the adhesiveness of nanoemulgel 
whether or not it had the ability to adhere to the skin. Nanoemulgel 
preparations can clog skin pores if they remain adhered to the skin 
for an extended time and have a powerful effect on the skin. On the 
other hand, the therapeutic effect will be nullified if the nanoemulgel 
preparations, after a short period, become only loosely attached 
[22]. It is recommended that topical preparations have an adhesion 
time longer than one second. Table 4's equation illustrates that 
Carbopol has a more significant influence on the response of the 
adhesion value. This is demonstrated by the fact that the equation 
contains an equal sign. Fig. 4d demonstrates that a shorter length of 
adhesion can be achieved by lowering the amount of Carbopol 940 
while simultaneously raising the amount of chitosan. According to 
the calculation results using the simplex lattice design, the p-value of 
0.05 is 0.0461, indicating that the concentration of Carbopol 940 and 
chitosan affects the adhesiveness response value. 

For the purpose of optimizing the nanoemulgel formulation, a 
desirability-based numerical optimization method was used [23]. 
The investigation employed the Simplex Lattice Design (SLD) 
produced a desirability value of 0.859 (fig. 5.). Carbopol 940 at a 
concentration of 1.38% w/w and chitosan at a concentration of 
0.12% w/w were determined to be the optimal gelling agent 
concentrations. There were no significant differences (p>0.05) 
between the predicted and the observed values of responses (pH, 
viscosity, spreadability, and adhesiveness). 

Antibacterial activity of nanoemulgel 

An antibacterial test of nanoemulgel preparations was conducted 
against Staphylococcus epidermidis, and the optimal formula was 
used (fig. 6.). Compared to the crude extract, there were no 
significant differences in the activity of the nanoemulgel against S. 
epidermidis. Although the gel base may inhibit the diffusion of the 
active substance, the antibacterial activity might be increased by the 
content of the citronella oil in the nanoemulgel preparation. The 
citronella oil contained citronellal, geraniol, and citronellol, which 
was proven to be an antibacterial agent against Gram-positive or 
negative bacteria [24]. 

 

Fig.5: Desirability graph for the optimization of balsam leaf 
extract nanoemulgel formulation 

 

 

Fig. 6: Antibacterial activity of nanoemulgel leaves extract of 
balsam water (Impatiens balsamina l.) against S. epidermidis (Each 
bar or point represents the mean±SD of three replication. *Denote 

the significance levels compared with control group (p<0.05) 

 

CONCLUSION 

According to the findings, chitosan and Carbopol 940 have the 
potential to affect the nanoemulgel preparation of balsam leaves 
extract (Impatiens balsamina L.), particularly the pH, viscosity, 
spreadability, and adhesion of the substance. When there is a lower 
concentration of Carbopol 940, the pH response is more robust, the 
viscosity is higher, the length of adhesion is shorter, and the 
spreadability is better. The results of the simplex lattice design 
(SLD) formula showed that the optimal amounts of Carbopol 940 
and chitosan were 1.38%w/w and 0.12%w/w, respectively. The 
optimized nanoemulgel formulation has the potential to develop as 
an antibacterial dosage form. 
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