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Abstract— Mangrove leaf is one of the plants that grow in the waters of the island of Java that has potential 

as a medical plant. There have been many people living around the cultivation of mangrove leaves who have 

used mangrove leaves as a medicine that is to treat pain. One type of mangrove species that has potential as 

a medicinal plant is the Acanthus illicifolius mangrove. However, the use of mangrove leaves for treatment 

has not yet found as an easy and practical dosage form. People only use it by pounding it and affixing it to 

the sick part. This study aims to determine the optimum concentration of Na CMC as gelling agent in the 

nanoemulsion gel formulation. This study used three formulations of nanoemulsion gel preparations namely 

Na CMC 3%, Na CMC 4%, and Na CMC 5%. The results of this study are seen from the organoleptic test 

that nanoemulsion gel using 3% Na CMC produced a too runny preparation and 5% Na CMC preparations 

that were produced were too thick so that resulting preparation could not be tested for the physical properties 

of the preparations. The formulation that uses 4% Na CMC produce is a good formulation product of 

nanoemulsion gel so that it’s proceeded to the stages of testing the physical properties of the nanoemulsion 

gel. 
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1. INTRODUCTION 

Mangrove is one of the plants that grow in Indonesia which is not widely used by the community. One of type 

of mangrove plants that are still not used optimally is Acanthus Illicifolius [1]. Mangrove is one of the plants 

that grow in Indonesia which is not widely used by the community. One of type of mangrove plants that are 

still not used optimally is Acanthus Illicifolius [2]. Acanthus Illicifolius grows in the territorial waters of Java 

and is cultivated by the community. One of the places that cultivate several types of mangroves, namely 

Demang Gedi Mangrove Forest, in Purworejo Regency in that place was the only place that cultivated 

Mangroves type of Acanthus Illicifolius [3]. Several types of mangroves such as Acanthus Illicifolius, 

Avicennia Marina, and Exocaria Agallocha can be used as analgesic activity [4]. Mangroves are widely used 

by residents as skin remedies, one of which is as a drug for boils, wounds, ringworm, and itching [5]. Even 

today people who live near to the mangrove forest use mangrove plants to use chronic diseases, for example 

in the Demang Gedi Mangrove Forest near Purworejo people often use Acanthus illicifolius leaves to treat 

cancer but for doses and the dosage forms, there is still no further research. 

 

Nearly the majority of the world’s health experts think to believe that people must pay dearly for health. From 

day after day, new dreaded diseases appeared. The emergence of antibiotic-resistant microorganisms is one 

of the severe problems in the health system in the world and infectious diseases are the second most serious 
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cause of death in the world [6]. Therefore, new drugs must be found, to combat such diseases and it is very 

important to find new compounds that have antimicrobial properties. One of them is by utilizing mangrove 

forests that grow around Indonesia [1]. One of the ingredients in the plant, which can reduce or eliminate pain, 

namely flavonoids. Flavonoids are substances or chemical substances contained in plants that can  inhibit the 

action of the cyclooxygenase enzyme. One of the plants that contain flavonoids is mangrove leaves (Acanthus 

Illicifolius) or better known as Acanthus Illicifolius plants. Mangrove plants in Indonesia are the most in the 

world, both in terms of area quantity (+ 42,550 km2) and number of species (+ 45 species), but the use of 

mangrove plants in Indonesia is not optimal, especially as a medicinal plant so that exploration of bioactive 

components from mangrove plants needs to be done. Acanthus Illicifolius is one of the mangrove species. 

Acanthus Illicifolius is naturally found in wetland areas in the river and classified as emergent aquatic plants. 

Acanthus Illicifolius has the potential as a source of bioactive components. Acanthus Illicifolius contains 

metabolites, with the chemical composition of alkaloids, flavonoids, fatty acids, steroids, lignans, and phenol 

components, terpenoids [7]. 

 

Nanoemulsion gel is a semisolid preparation consists of a suspension made of small inorganic particles or 

molecules large organic is penetrated by a fluid. Nanoemulsion gel preparations were chosen because they are 

easy to dry out, forming a film layer easy to wash and gives a cold feeling on the skin. Nanoemulsion gel 

formulations were carried out by trial error with modification of the concentration of the ingredients gelling 

agent, so we get the optimal nanoemulsion gel formula mangrove leaf extract. Addition nanoemulsion mass 

forming agent is done to get the characteristics of the preparation according to specifications/parameters 

expected criteria. Use type and the concentration of additives and ingredients different gelling agent will affect 

the physical stability of preparation so that the test physical stability against the optimum formula needs to be 

done against the nanoemulsion gel of mangrove leaf. The physical stability test is carried out to guarantee the 

preparation has properties that are the same after the preparation is made and still is meet the parameters of 

the criteria for storage. Physical instability from nanoemulsion gel preparations are characterized by their 

presence color paleness or appearance of color, odor, alteration, or separation arises phase [8].  

 

2. METHOD 

This research is an experimental study using Na CMC comparison as a gelling agent. This research was 

conducted in the Pharmacy Laboratory of the Faculty of Health Sciences Universitas Muhammadiyah 

Magelang and the Nano Laboratory in the Integrated Laboratory of the Faculty of Mathematics and Natural 

Sciences, Islamic University of Indonesia, Yogyakarta. 

 

2.1 Materials 

Leaf of Acanthus Illicifolius from Demang Gedi Mangrove forest in Purworejo, Na CMC, olive oil, ethanol, 

aqua dest, methylparaben, propylparaben, sorbitol, TEA and tween 80.  

 

2.2 Extractions 

The extraction method used is maceration. Fresh mangrove leave is washed then dried in the oven for 7 days, 

then pollinated by grinding dried mangrove leaves. The next step was soaking 500 grams of mangrove leaf 

powder into 2 L of 96% ethanol then maceration for 3x24 hours. After the maceration process is then 

evaporated with a rotary evaporator.  

 

3. RESULTS AND DISCUSSION 

 

3.1.  Nanoparticle size test 
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Nano gel is a gel preparation with a size of 1-100 nm. Nano preparations have the advantage of being easily 

absorbed in the skin and absorb faster than the usual gel dosage form [9]. Nano gel formulation begins by 

making of nanoemulsions by adding extracts to several emulsion ingredients. The oil phase is carried out by 

mixing mangrove leaf extract with olive oil then adding it with sorbitol. The water phase is carried out by 

dissolving methylparaben and propylparaben into the hot aqua dest and waiting until it dissolved, then cooled 

and after cold then added tween 80. Making nanoemulsion is done by adding the oil phase with a little water 

phase with a little then stirring and homogenized using a magnetic steerer at a speed of 200-300 rpm for 2x24 

hours, then measured particle size preparations. 

 

 
Figure 1. The result of particle size test of nanoemulsion gel 

 

The particle size test was carried out at the Nano preparation Laboratory of the the Nano Laboratory in the 

Integrated Laboratory of the Faculty of Mathematics and Natural Sciences, Islamic University of Indonesia, 

Yogyakarta, and the size of the mangrove leaf extract emulsion nano was 22.1 nm. Other studies mention that 

the biosynthesis of silver nanoparticles of avicenna marina mangrove plant has a particle size of 60-95 nm 

which is optimal for overcoming diseases caused by mosquitoes [10]. Some problems in the preparation of 

nanoparticles are the rapid aggregation and uneven particle size, so that the stability of the dispersion system 

becomes difficult to control. Problems can be understood with to characterize thoroughly the nanoparticles, 

apart from particle size, it is necessary to know the particle morphology and zeta potential value [11]. 

 

3.2.  Zeta potential test 

Zeta potential analysis is a technique for determining the surface charge of nanoparticles in the form of a 

solution or colloid. Nanoparticles have a surface charge that attracts ions with opposite charges to the surface 

of the nanoparticles and form a thin layer. Two layers of ions move with nanoparticles scattered throughout 

the solution [12].  

 

 
Figure 2. The result of zeta potential test of nanoemulsion gel 
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The zeta potential test results showed a value of -12.2 mV. Particle morphology is important because the shape 

of the particles that are less spherical will facilitate contact between the particles to lead to aggregation. Zeta 

potential of particle will give a picture of repulsion force between particles and cause greater zeta potential, 

the dispersion system will be more stable [11], [13]. The electrical potential at the boundary of the two layers 

is called zeta particle potential and has typical values between +100 mV to -100 mV. The amount of zeta 

potential indicates the level of colloidal stability [12]. Nanoparticles with zeta potential values greater than 

+30 mV or less than -30 mV have a high degree of stability [14]. 

 

3.3 Formulation of nanoemulsion gel 

Nanoemulsions gel preparation is done by taking nanoemulsions of mangrove leaf extract as much as 5 grams 

then added with a gelling agent. Nanoemulsion gel dosage formulation test was carried out by making 3 

nanoemulsion gel dosage formulations with different Na CMC as gelling agents. The formula I is using 3% 

Na CMC, formula II uses 4% Na CMC, and formula III uses 5% Na CMC. Making nanoemulsion gel  is done 

by adding nanoemulsion extract with Na CMC then added with hot aqua dest and stirred until homogeneous, 

then dropped with TEA [15]. 

 

Table 1. Ingredients used in making gels 

Ingredients Formula I 
(gram) 

Formula II 
(gram) 

Formula III 
(gram) 

Extract  5 5 5 

Na CMC 3% 4% 5% 
TEA 2 2 2 

Aquadest  Ad 10 Ad 10 Ad 10 

 

The most effective results among the three nanoemulsion gel formulas are shown in formula II with Na CMC 

weighing 4%. The formula I which uses 3% Na CMC shows the results of nanoemulsion gel that are too liquid 

so that it cannot be tested further, while formula III that uses 5% Na CMC shows nanoemulsion gel results 

that are too thick which also cannot be tested further nanoemulsion gel. Na CMC is very influential on the 

physical properties of the gel, Na CMC that causes too much gel is too thick and Na CMC which amount is 

too little will produce a gel that is too runny. The use of HPMC in nanoemulsion extracts of mangrove leaf 

gels is also unstable, therefore based on the physical properties of the gelling agent component used in this 

study is Na CMC 4% [16]. 

 

3.4 Organoleptic nanoemulsion gel of mangrove leaf extract 

The physical properties test of nanoemulsion gel preparations is carried out to see the physical properties of 
the test that we produce. Test the physical properties of nanoemulsion gel preparations, namely organoleptic 

test, spread power test, stickiness test, and the protective test. The organoleptic test of nanoemulsion gel 

mangrove leaf extract was tested by visible observation and produced.  
 

 

  

Formula I Formula II Formula III 

Figure 3. The organoleptic nanoemulsion gel of mangrove leaf extract  
 

The result of the organoleptic test of the nanoemulsion gel of mangrove leaf extract the color is blackish-
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brown, the taste is bitter, and the odor is typical of mangroves leaf. The formula I has an old brown color by 

having a distinctive smell and a bitter taste as well as having a liquid form of a nanoemulsion gel. The formula 

II has a brown color with distinctive smell and bitter taste as well as having the optimal form of nanoemulsion 

gel. While the formula III color is brown with a distinctive smell and bitter taste and has a form of 

nanoemulsion gel is so thick. Based on organoleptis test it can be concluded that the formula II has optimal 

viscosity consistency as a nanoemulsion gel dosage compares to formula I and formula III. 

 

3.5 Test of physical stability nanoemulsion gel of mangrove leaf extract 

Table 2. The result of the physical properties of nanoemulsion gel mangrove leaf extract formulation 

Criteria parameter Formula I Formula II Formula III 

Homogeneity  Homogen Homogen Homogen 

Viscosity Liquid Viscous Agglomerate 

pH (4.5-6.5) 6 6 6 
Protection  No Yes Yes 

Diameter of dispersion test (5-7 cm) 9,7 6,3 0,9 

 

CMC Na concentrations as suspending agents range from 3-5%. In ordinary conditions, propylene glycol 

stable in a well-closed container and when mixed with glycerin, water, or alcohol. Clinical data have shown 

skin irritation reaction on the use of propylene glycol below 10% and dermatitis under 2% [17]. Propylene 

glycol concentration as a humectant in topical preparations equivalent to 155. Storability propylene glycol 

increases with methylparaben addition. Based on the study literature compiled 3 formulas with different 

concentrations of Na CMC then evaluation is carried out in the form of a test homogeneity, pH, and protection 

test [18]. Formula these are seen in Table 1. Nanoemulsion gel was made by dissolving the leaf extract 

mangroves in part aqua dest then heated at 50ᴼC. CMC-Na is heated with the remainder aqua dest on a 

magnetic stirrer with stirring speed 400 rpm and temperature 70ᴼC plus methylparaben until dissolved. 

Propylene glycol and glycerin are mixed then added to the mixture CMC-Na and methylparaben later added 

extract that has been thawed, stirred [19].  

 

The optimum formula of Mangrove leaf extract gel was tested for stability by paying attention to color, shape, 

smell, taste, homogeneity, pH, spreadability and protector test. The homogeneity test is done with how to 

apply the three parts there are top, middle, and bottom of the nanoemulsion gel on transparent glass [18]. 

Homogeneity is indicated by no presence of coarse grain on the preparation. pH test is done to see the level 

of acidity nanoemulsion gel preparations non-irritating to the skin. pH preparations that meet the skin pH 

criteria that are, at intervals of 4,5-6,5. The scatter power test is carried out to guarantee the equal distribution 

of the nanoemulsion gel when applied to the skin. The next test is the test of the dispersion power of 

preparations. The spread test on the gel was carried out in order to find out the ability of the gel to be applied 

to the skin. The spread test is carried out by weighing 1 gram of the preparation and then placed on a round 

glass scale then covered with a round glass without scale and given a load of up to 1 minute. Power spread 

good gel between 5-7 cm [20]. 

 

The nanoemulsion gel of mangrove leaf extract has a dispersion diameter of 6,3 cm (see Table 2). From the 

result of the analysis it can be seen that there is a difference before and after storage there is an increased in 

the diameter of the spread of nanoemulsion gel mangrove leaf extract. This is caused by the concentration of 

the base gel and the extracts of herbal plantys used can affect the consistency of the resulting nano emulsion 

gel of mangrove leaf extract [21]. 
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4. CONCLUSION 

The formulation that uses 4% Na CMC produce is a good formulation product of nanoemulsion gel therefore 

that it’s proceeded to the stages of testing the physical properties of the nanoemulsion gel. 
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