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Abstract 

 
Background: The use of nanoparticles in Indonesia has been developing and is now being applied 

across sectors, including agriculture, health, and industry. Nanoparticles derived from Cymbopogon 

nardus can be used as nanopesticides because they contain several compounds that suppress 

pathogen growth and reduce pest populations. Chitosan is an additional compound used in the 

fabrication of these nanoparticles. Methods: This research used materials and tools, including a PSA 

(Particle Size Analyzer), a SEM (Scanning Electron Microscope), Cymbopogon nardus, and chitosan. 

The research stages included extraction of Cymbopogon nardus, nanoparticle fabrication, PSA 

analysis, zeta potential measurement, and SEM observation. Results: The PSA test revealed that the 

Cymbopogon nardus nanoparticles had an average size of 907.2 nm. The zeta potential of the 

nanoparticles was –40.62 mV, indicating good electrostatic stability. SEM images showed that the 

nanoparticles had an irregular shape. Conclusions: The Cymbopogon nardus nanoparticles produced 

in this study, as characterized by PSA, zeta potential, and SEM analyses, demonstrated the expected 

characteristics of nanoparticles. 
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Introduction 

The use of nanoparticles in Indonesia has grown and is now being applied across 

sectors such as agriculture, healthcare, and industry. This technology was specifically 

developed to produce nano-sized dosage forms, ranging from 10 nm to 1000 nm (Aloys et 

al., 2016). Nanoparticles can penetrate intercellular spaces and cell walls more efficiently 

than larger particles. Nanoparticles can enhance chemical reactions, thereby reducing the 

amount of catalytic material needed. Products made with nanoparticles are higher quality, 

more durable, and more environmentally friendly. In Indonesia, several studies have 

explored ionic gelation methods to produce nanoparticles from plant extracts, with 

promising results. One example is the production of nanoparticles from Vernonia 

amygdalina leaf extract, which successfully produced particles with an average size of 

approximately 111.3 nm. These findings indicate that the ionic gelation method can be used 

effectively to produce plant extract-based nanoparticles with relatively small, uniform 

particle sizes (Ansari & Jahan, 2021).  

Anoparticle synthesis technology using polymer-based systems is generally carried out 

using two main approaches: polymerization of synthetic monomers and polymer dispersion 

methods. In the polymerization process of synthetic monomers, a water-insoluble monomer 

is dispersed into a water dispersion phase, which is then induced and controlled by a 

chemical initiator, pH variations, and stabilizers. The manufacture of nanoparticles using 

polymers has a precipitation principle. This process involves forming an emulsion of an 
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organic phase dissolved in a polymer with an aqueous phase; for particle formation, the 

organic phase must then be removed. Several types of polymer dispersion methods 

include solvent evaporation, emulsification, ionic gelation, and spray drying (Abdassah, 

2017). This study specifically uses the ionic gelation technique, known for its simple 

process, use of non-organic solvents, and ease of use. This technique provides an efficient 

alternative for nanoparticle production, especially when considering sustainability and 

environmental safety. 

The production of nanoparticles from citronella certainly requires other compounds 

to reduce it in its oxidized state. Therefore, the compound used is chitosan. Chitosan is a 

biopolymer carrier compound that can be used for sustainable pesticide release due to its 

good biocompatibility, biodegradability, and bioactivity. Chitosan is an abundant natural 

cationic biopolymer obtained from the partial deacetylation of chitin (Shukla et al., 2013). 

This biopolymer consists of a linear β-(1→4) glycosidic bond formed from 2-acetamido-d-

glucose and 2-amino-d-glucose units. The amine functional group in chitosan has a pKb 

value of around 6.5, which increases its solubility in neutral and acidic environments 

(Mohammed et al., 2017). In addition, the amine group contributes to the 

physicochemical properties of biopolymers, enabling the development of chitosan-based 

materials via synthetic methods such as gelation (Van Bavel et al., 2023). Liang et al. 

(2018), conducted a study on temperature-responsive chitosan-coated silica 

nanoparticles in avermectin insecticides. The results showed that higher avermectin 

release was obtained at higher temperatures, with 18.85% at 25℃ and 34.21% at 50℃. 

Citronella nanoparticles will be tested for particle size (PSA), Zeta Potential, and 

SEM (Scanning Electron Microscope) images. A Particle Size Analyzer is a device used to 

determine particle size using a technique called PSA. The primary methods used in the 

most common Particle Size Analyzer (PSA) are Laser Diffraction (LD) and Dynamic Light 

Scattering (DLS). The Laser Diffraction (LD) and Dynamic Light Scattering (DLS) testing 

processes use a wet method for sample preparation and dispersion to prevent particle 

agglomeration and achieve a homogeneous dispersion (Asif et al., 2022). The PSA test 

results are distributed, so the measurement results can be assumed to describe the 

overall condition of the sample (Ansari & Jahan, 2021). PSA is also used to determine the 

particle-size distribution in a sample. Particles can be in the form of powders, 

suspensions, emulsions, or aerosols (Ameen et al., 2023). The size and shape of the 

powder affect its flow and agglomeration properties. Larger, spherical particles typically 

flow more easily (Nzilu et al., 2023). Smaller particles dissolve more readily, increasing 

the suspension's viscosity. Smaller droplet size and higher surface charge increase the 

stability of suspensions and emulsions (Ahmadi et al., 2021).  

Zeta potential reflects the surface electrical charge between particles in a colloidal 

system, which directly affects the aggregation tendency and dispersion stability of 

nanoparticles (Veena et al., 2024). SEM is an electron microscope tool that can image the 

surface morphology of a substance using an electron beam (Mariappan et al., 2014). In 

addition, a scanning electron microscope (SEM) is used to analyze the surface structure of 

particles. This tool operates by illuminating the sample surface with a high-energy 

electron beam to produce a high-resolution image (Abdellatif et al., 2022). Because the 

electron beam can only interact with conductive surfaces, non-conductive samples must 

first be coated with a conductive material (Karuppannan et al., 2021). The reflected 

electrons, or generated secondary electrons, are received by the SEM detector, which 

then interprets the reflection location based on the highest intensity (Sharma et al., 

2021). This information helps describe the morphology, grain size, and surface texture of 

particles (Younas et al., 2021). The detector in the SEM detects the reflected electrons and 

determines the beam location (Bahjat et al., 2021).  

The main ingredients used for nanoparticles vary depending on the product being 

produced. This study used nanoparticles from citronella (Cymbopogon nardus) extract, 

which can be used as a nanopesticide. Nanopesticides are pesticides that utilize nano-

sized particles (Kadir et al., 2025). The application of nanoparticles in agriculture can 
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increase crop production, reduce mineral loss, reduce pest or disease populations, and 

reduce the use of chemical fertilizers (Awan et al., 2021). Citronella is known for its 

distinctive aroma and contains essential oils with main components such as Citronellal, 

Geraniol, and Citronellol. These compounds have biological activities, such as antifungal 

and antibacterial, and belong to the monoterpene terpenoid group, which is effective in 

inhibiting the growth of pathogenic microorganisms (Nurmansyah, 2010). The volatile 

compounds in citronella are widely used in bactericidal, virucidal, insecticidal, and 

antiparasitic applications (Bayala et al., 2020).  

The effectiveness of using citronella as a nanopesticide has also been demonstrated 

through a nano-emulsion formulation with clove oil. A study by Noveriza et al. (2017) 

showed that this combination was effective as a virucide against patchouli mosaic virus. 

Tests showed that a 1% dose of the citronella formula provided up to 74.87% inhibition 

of mosaic virus infection in Chenopodium amaranticolor test plants. Field testing results 

in West Java showed formula efficiency ranging from 6.38% to 20.63%, while in Banten it 

ranged from 12.12% to 48.55%. In addition to controlling disease, nanopesticides also 

function to improve plant nutrition, remediate soil, and reduce abiotic stress (Shangguan 

et al., 2024). Therefore, processing citronella into nanoparticles is an innovative approach 

for developing more effective and environmentally friendly botanical pesticides. This 

research focused on the synthesis process and characterization of citronella 

nanoparticles to support their use as active ingredients in nanopesticides. 

Methods 

Tools and Materials 

The tools used in this study were a SEM-EDX (JEOL JSM-6510LA) and a PSA 

(Type/Brand) machine. The materials used in this study were 250 g of citronella, 96% 

ethanol, distilled water, carboxymethyl chitosan, AlCl3, and acetic acid. 

Citronella Extract Preparation 

The citronella samples were of productive age; the roots and leaves were then 

removed and cleaned with clean water. The required 250 grams of citronella for 

nanoparticle production yielded 78 g of dry citronella powder. The dry citronella powder 

was dissolved in 600 ml of 96% ethanol. The solution was microwaved for 7 minutes, 

filtered using filter paper, and then evaporated to remove the solvent until the extract was 

thick. The resulting extract weighed 26.246 g. 

Citronella Nanoparticle Preparation 

The initial step in producing citronella nanoparticles was to add 1 liter of distilled 

water to a beaker. Two grams of carboxymethyl chitosan were added bit by bit into a 

beaker while stirring with a magnetic stirrer. Next, 2 g of citronella extract was added bit 

by bit until fully dissolved, followed by 20 mL of 0.1% AlCl3 and 10 mL of acetic acid. The 

beaker was then covered with plastic wrap, ultrasonicated for 5 minutes, stirred with a 

homogenizer for 1 minute, and evaporated for 45 minutes to a thick consistency. The 

resulting thick extract was dried using a cabinet dryer (brand/type), and the dried sample 

was ground. 

PSA (Particle Size Analyzer) Test 

The PSA tool is used to measure particle sizes in the nanoscale to microscale range. 

The advantage of using PSA lies in its ability to measure particles without damaging the 

sample's physical structure and to produce data with a high degree of accuracy. The 

results from this test enable further analysis of the particle size distribution. This 
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distribution is expressed in three main approaches: the number of particles, the intensity 

of scattered light, and the volume of particles detected during the measurement process. 

Zeta Potential 

Particle dispersion stability is assessed by measuring the zeta potential. When the 

zeta potential value is less than -30 mV or more than +30 mV, it can be concluded that the 

resulting nanoparticle system tends to be more stable. This is closely related to the 

repulsive forces between particles. Conversely, if the zeta potential value is in the range 

close to zero, the repulsive forces between particles are weakened, which ultimately 

increases the potential for particle aggregation within the dispersion system. 

SEM (Scanning Electron Microscope) Photo 

SEM is an electron microscope-based observation tool that works by focusing an 

electron beam onto the surface of an object. SEM can produce high-resolution, high-

contrast 3D images. SEM images can reveal information such as surface characteristics, 

object texture, shape, particle size, and particle arrangement within the object. 

Result 

Nanoparticle characterization is a crucial step to ensure the resulting dosage system 

has the physicochemical properties required for the formulation. Key parameters 

commonly analyzed include particle size, zeta potential, and surface morphology, as 

assessed by scanning electron microscopy (SEM). Particle size, in the nanometer range, 

significantly determines nanoparticles' ability to increase surface area, improve 

dispersion stability, and facilitate penetration into target tissues. Meanwhile, zeta 

potential is an indicator of the electrostatic stability of the nanoparticles in their 

dispersion medium. A high zeta potential (either positively or negatively charged) 

indicates sufficient repulsive forces between particles, thus reducing the tendency for 

aggregation during storage. 

SEM analysis provides a visual depiction of particle shape, uniformity, and surface 

smoothness. A spherical, relatively homogeneous morphology indicates that the 

ionotropic gelation process is effective, producing neither cavities nor large aggregates. 

These three parameters—size, zeta potential, and morphology—can determine whether 

the resulting nanoparticles are stable, conform to the ionic gelation formation mechanism, 

and meet the criteria for further application. Table 1 presents a summary of the 

characterization results of citronella nanoparticles obtained from this study. 

Table 1. Test Results of Lemongrass Nanoparticles 

Parameter Value Unit Interpretation 

Nanoparticle size 

(PSA test) 
907,2 nm 

Still in the nanoparticle range (10–

1000 nm). 

Zeta potential -40,62 mV 
Very high values in absolute terms 

indicate electrostatic stability. 

Morphology (SEM) Irregular - 

Non-spherical shape; may indicate 

aggregation or non-homogeneous 

ionic gelation process. . 

 
Nanoparticles are produced from citronella plants using the ionic gelation method. 

This technique involves cross-linking interactions between polyelectrolytes and doubly 

charged ions as their charge partners. The main principle in the formation of chitosan 

nanoparticles using this method is the electrostatic interaction between the positively 

charged amine groups in chitosan and the negatively charged groups of polyanions such 

as tripolyphosphate. This interaction results in ionic complexation, which triggers 

precipitation and forms spherical particles. 

https://doi.org/10.22236/jbes/18769
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Chitosan itself is a natural polymer widely used as a coating material due to its non-

toxic, environmentally friendly, biodegradable, and antimicrobial properties (Sutanto et 

al., 2022). This compound consists of N-acetyl-glucosamine and glucosamine units 

derived from the deacetylation of chitin (Pellis et al., 2022). Chitin's highly crystalline 

structure is due to strong hydrogen bonds, and its linear structure is composed of (1,4)-β-

N-acetylglucosaminyl units with two hydroxyl groups and one acetamide group. The 

presence of amine (NH2) and hydroxyl (OH) groups makes chitosan hydrophilic (Pertiwi 

et al., 2023). This property underlies chitosan's potential to increase the solubility of 

active ingredients in nutraceutical products, especially in polar solvents. 

PSA is a tool used to measure the size of nanoparticles in a sample. According to Sari 

et al. (2017), the wet method is generally preferred for PSA testing because it offers 

higher accuracy than the dry method, especially for very small particles that are prone to 

agglomeration. This technique involves dispersing particles in a liquid medium, thereby 

preventing particle clumping. In Figure 1, the X-axis (horizontal) shows the nanoparticle 

size in nanometers (nm), while the Y-axis (vertical) shows the signal intensity produced 

by the nanoparticles. Nanoparticle characterization using PSA testing showed that the 

citronella nanoparticle sample had a size of 907.2 nm. This size fits within the 

nanoparticle size range of 10–1000 nm.  

 
Figure 1. Size graph of citronella nanoparticles through zeta potential test. 

Another important parameter analyzed is the zeta potential, which determines the 

surface charge of particles and the stability of nanoparticle dispersions in liquid media. 

Zeta potential is measured using a zeta sizer and provides information about the 

electrical conditions on the nanoparticle surface. Zeta potential generally depends on the 

nature of the nanoparticles and the dispersion medium (Pochapski et al., 2021). Figure 1 

on the X-axis (horizontal) shows the zeta potential of the particles in millivolts (mV), 

while the Y-axis (vertical) shows the total counts in kilocounts per second (kcps). Figure 

1 shows that the zeta potential of citronella nanoparticles is -40.62 mV. According to 

Mousa et al. (2021), anoparticles with zeta potential values less than -30 mV and greater 

than +30 mV are considered more stable. Therefore, these citronella nanoparticles are 

stable. Under these conditions, nanoparticles tend to remain stable and do not aggregate. 

Stability in nanopesticides can increase their effectiveness without altering their physical 

form, such as color or odor. 

Nanoparticle morphology analysis using Scanning Electron Microscopy (SEM) 

provides essential information about the size and shape of the resulting nanoparticles 

(Suryani et al., 2025). SEM is a method that can observe particle surfaces at a micro level 

through the principle of electron diffraction directed at minimal angles 

(Lakshmnarayanan et al., 2021). The use of an SEM microscope is constructive for 

observing particle shapes that cannot be seen with a conventional light microscope, as 

well as for providing information on particle composition, mechanical deformation, and 

grain boundaries (Alzubaidi et al., 2023). Morphological observations of citronella 

nanoparticles in this study used Scanning Electron Microscopy because SEM provides 
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direct visualization of particle shape, surface structure, and particle aggregation, thereby 

ensuring homogeneous nanoparticle formation. The morphological results of the 

citronella nanoparticles in Figure 2 indicate that the citronella nanoparticles have an 

irregular morphology. Observations were conducted with standard parameters, including 

a high voltage of 10 kV and a working distance (WD) of 10 mm, which also support EDX 

signal acquisition for X-ray elemental analysis. SEM photo observations showed that the 

citronella nanoparticles were irregularly shaped.  

 

   

   

Figure 2. Morphology of Citronella Nanoparticles Using SEM Photos with Various 

Magnifications a) 500x; b) 1500x; c) 3000x; d) 5000x. 

 

Optimal nanoparticle production is characterized by petite particle sizes with 

irregular structures. This nanoscale characteristic results in a larger surface area, which 

enhances the particles' reactivity. High reactivity increases the likelihood of interactions 

or chemical reactions with other substances, significantly increasing the effectiveness of 

the nanoparticles. Figure 2 (a) shows the morphology of citronella nanoparticles using 

SEM images at 500x magnification and a particle size of 50 µm. Figure 2 (b) shows the 

morphology of citronella nanoparticles using SEM images at 1500x magnification and a 

particle size of 10 µm. Figure 2 (c) shows the morphology of citronella nanoparticles 

using SEM images at 3000x magnification and a particle size of 5 µm. Figure 2 (d) shows 

the morphology of citronella nanoparticles using SEM images at 5000x magnification and 

a particle size of 5 µm. 

The morphological characterization of citronella nanoparticles in this study 

indicates irregularly shaped particles. This non-uniform morphology is likely due to 

variations in the ionic gelation process, including the polymer-to-crosslinker ratio, 

chitosan solution viscosity, and stirring conditions during synthesis. These results align 

with research (Mulwandari & Sirajuddin, 2022) that reported citronella nanoparticles to 

have a spherical but irregular shape with varying sizes. This similarity suggests that 

morphological irregularity is a common characteristic of nanoparticles produced by 

chitosan-based ionic gelation, especially in natural materials with high matrix complexity. 

This morphological variation has important implications for nanoparticle 

applications, particularly regarding penetration, distribution, and interaction with the 

a b 

c d 
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target. Irregular morphology can affect the effective surface area of the particles and the 

release rate of active ingredients when used in agricultural formulations. Therefore, 

although the ionic gelation method offers the advantages of simplicity, safety, and the use 

of environmentally friendly materials, further optimization is needed to produce 

nanoparticles with more uniform shapes and consistent sizes, thereby maximizing their 

physical and functional characteristics. 

Conclusions 

Citronella nanoparticles were successfully prepared using a chitosan-based ionic 

gelation method, with a particle size of 907.2 nm and a zeta potential of –40.62 mV, 

indicating good electrostatic stability. Despite their irregular particle morphology, these 

nanoparticles still have potential as a nanodrug system for agricultural applications, 

including nanopesticides, because their size enables more efficient penetration and 

interaction than conventional particles. The chitosan-based ionic gelation method has 

proven to be simple, safe, and environmentally friendly, thus having the potential for 

broad application development in the future. The citronella nanoparticles in this study 

are still relatively large and have irregular morphology, so further formulation 

optimization is needed to improve their uniformity. 
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