
Volume 5, Nomor 1, April 2023                                                                                             p-ISSN 2656-5285 

Binawan Student Journal (BSJ)                                                                                              e-ISSN 2715-1824 

Comprehensive Characterization of Nano Particles Derived from Soursop Leaf Extract 28 

KARAKTERISASI KOMPREHENSIF NANO PARTIKEL EKSTRAK 

DAUN SIRSAK 

 

Indah Zahara1, Effionora Anwar2, Dian Ratih Laksmitawati3, Deni Rahmat4 

1Doctoral Study Program, Faculty of Pharmacy, Pancasila University 
234 Faculty of Pharmacy, Pancasila University 

 

Korespondensi : effionor@yahoo.com 

 

 

Abstrak 

Nanoteknologi telah merevolusi berbagai bidang, termasuk kedokteran, dengan 

memberikan peluang baru untuk penelitian dan aplikasi. Penelitian ini berfokus 

pada karakterisasi nanopartikel yang berasal dari ekstrak daun sirsak. 

Nanopartikel disintesis menggunakan polimer kitosan dan ekstrak daun sirsak, 

dan sifat-sifatnya dianalisis. Hasil penelitian menunjukkan rentang ukuran 

partikel yang luas, dengan ukuran rata-rata 210,9 nm dan modus 161,4 nm. 

Nanopartikel menunjukkan potensial zeta negatif sebesar -31,5 mV, yang 

menunjukkan stabilitasnya dalam larutan. Efisiensi penyerapan ditemukan 

sebesar 87,90%, dan kapasitas muatan obat mencapai 37,92%. Mikroskop 

elektron pemindaian mengonfirmasi morfologi nanopartikel yang berbentuk 

bulat. Temuan ini menyoroti potensi nanopartikel dari ekstrak daun sirsak untuk 

pengiriman obat dan menekankan pentingnya karakterisasi komprehensif untuk 

aplikasi di masa depan. 

 

Kata kunci: Nanopartikel, Ekstrak, Sirsak, Karakterisasi 

 

 

COMPREHENSIVE CHARACTERIZATION OF NANO PARTICLES 

DERIVED FROM SOURSOP LEAF EXTRACT 

 

Abstract 

Nanotechnology has revolutionized various fields, including medicine, by 

offering new opportunities for research and application. This study focuses on 

the characterization of nanoparticles derived from soursop leaf extract. 

Nanoparticles were synthesized using chitosan polymer and soursop leaf 

extract, and their properties were analyzed. The results showed a wide range of 

particle sizes, with an average size of 210.9 nm and a mode of 161.4 nm. The 

nanoparticles exhibited a negative zeta potential of -31.5 mV, indicating their 

stability in solution. The absorption efficiency was 87.90%, and the drug 

loading capacity reached 37.92%. Scanning electron microscopy confirmed the 

spherical morphology of the nanoparticles. These findings highlight the 

potential of soursop leaf extract nanoparticles for drug delivery and emphasize 

the importance of their comprehensive characterization for future applications. 
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INTRODUCTION 

Over the past few decades, nanotechnology 

research has rapidly developed, which has 

presented novel prospects for its applications 

in diverse fields, including medicine. The 

characterization of nanoparticles has 

garnered the interest of researchers. 

Nanoparticles are defined as submicron-sized 

particles, exhibiting distinct physicochemical 

properties and behavior compared to their 

larger counterparts. These entities possess 

distinctive characteristics, such as a 

significant level of responsiveness, an 

extensive surface area, and the capability to 

traverse natural obstructions, such as cellular 

membranes (Anselmo & Mitragotri, 2016; 

Biswas & Wu, 2005; De et al., 2008; 

Mohanraj & Chen, 2006). 

 

Plant extracts have been identified as an 

essential source for the production of 

nanoparticles through synthesis. The 

utilization of plants in traditional medicine 

has been attributed to their capacity to 

furnish bioactive compounds. The botanical 

specimen garnered significant interest in the 

foliage of the Annona muricata plant, 

commonly known as soursop leaves.  

 

The leaves of the soursop plant are known to 

contain a range of bioactive compounds, such 

as alkaloids, flavonoids, phenolics, and 

triterpenoids (Coria-Téllez et al., 2018; 

Gajalakshmi et al., 2012; Gavamukulya et 

al., 2014; Hasmila et al., 2019; Vijayameena 

et al., 2013; Zubaidi et al., 2023). These 

compounds have been found to exhibit a 

variety of beneficial properties, including 

antioxidant (Florence et al., 2014; Muthu & 

Durairaj, 2015; Nawwar et al., 2012), 

antibacterial (Haro et al., 2014; Silva et al., 

2021; Viera et al., 2010), anticancer (Abdul 

Wahab et al., 2018; Agu et al., 2018; Prasad 

et al., 2019; Rady et al., 2018), and antitumor 

activities (González-Pedroza et al., 2021; 

Hamizah et al., 2012; Mansour et al., 2018; 

Merlín-Lucas et al., 2021; Roduan et al., 

2019). 

 

In several recent investigations, scholars have 

achieved the production of nanoparticles 

utilizing extract derived from soursop leaves. 

Nanoparticles exhibit significant promise in 

diverse medical domains, such as cancer 

management (Gavamukulya et al., 2019, 

2021; Jabir et al., 2021) or pharmaceutical 

transportation (Santos et al., 2023; Vernet-

Crua et al., 2023). Before their widespread 

application, a comprehensive understanding 

of the characteristics of nanoparticles is 

imperative. Characterizing nanoparticles 

derived from soursop leaf extract entails a 

range of analytical techniques employed to 

delineate the physical and chemical attributes 

of these particles (Burleson et al., 2004; 

Domingos et al., 2009; Hall et al., 2007; A. 

Kumar & Dixit, 2017; Powers et al., 2007; 

Titus et al., 2019). This research focused on 

the characterization of nanoparticles 

produced from soursop leaf extract. 

 

MATERIALS and METHODS 

Materials 

In this study, the materials used included 

chitosan, glacial acetic acid, soursop leaf 

extract, distilled water, ethanol, DMSO 

(Dimethyl sulfoxide), uranyl acetate dye, and 

carbon-coated copper grid. 

 

Nanoparticle Preparation 
Soursop leaf extract nanoparticles were 

prepared using chitosan polymer (Desmiaty 

et al., 2016) One gram of chitosan was 

dissolved in 100 mL of 1% glacial acetic acid 

solution using a magnetic stirrer to produce a 

chitosan solution with a concentration of 1%. 

A total of 500 mg of soursop leaf extract was 

dissolved in 135 mL of distilled water, 10 

mL of ethanol, and 15 mL of 1% DMSO, 

then the solution was filtered. Furthermore, 

80 mL of 1% chitosan solution was added to 

the soursop leaf extract solution so that the 

concentration in the solution became 0.3%. 

The stirring process was carried out using a 

magnetic stirrer at 400 rpm to form 

nanoparticles. The formation of nanoparticles 

is characterized by homogeneous turbidity. 

The solution was stirred using a magnetic 

stirrer for 30 minutes to form a stable 

solution of soursop leaf extract nanoparticles. 

Furthermore, the stability of the soursop leaf 

extract nanoparticle solution was observed 

for 5 days, including observations of changes 

in color, turbidity, and precipitate. 

 

Characterization of Nanoparticles 

a. Examination of particle size, particle 

distribution and polydispersity index 
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The Particle Size Analyzer was employed in 

this study to determine the particle size and 

distribution, along with the polydispersity 

index. The experimental data were collected 

at a temperature of 25 degrees Celsius. The 

samples underwent dilution with distilled 

water prior to analysis. Subsequently, the 

specimen is inserted into the cuvette, which 

is then positioned within the apparatus's 

holder. Subsequently, the NIBS (Non-

Invasive Back-Scatter) technique was 

employed to determine the diameter (Behera 

et al., 2012; Chiriac et al., 2009; Kaszuba & 

Connah, 2006; Kathad & Gajera, 2014; 

Zimmerman et al., 2014). 

b. potential zeta analysis 

The investigation used a zeta potential 

analyzer to measure the zeta potential value 

at a temperature of 25ºC. Prior to analysis, 

the samples underwent dilution with distilled 

water. Subsequently, the specimen is 

introduced into the cuvette, which is inserted 

into the apparatus's receptacle. Subsequently, 

the user selects the option from the menu of 

the zeta potential analyzer to measure the 

zeta potential value in millivolt units 

(Dissanayake et al., 2021; Lunardi et al., 

2021; Marín et al., 2017; Wu et al., 2005; 

Zhang et al., 2008). 

 

c. Absorption efficiency and DLC 

analysis 

To begin the experiment, 3 mL of 

nanoparticles extracted from soursop leaves 

(NEDS) should be transferred into a 

centrifugation tube. Next, the NEDS should 

be dissolved in 30 mL of distilled water and 

subjected to centrifugation at a rate of 10,000 

revolutions per minute for a duration of 30 

minutes. Following the completion of the 

centrifugation procedure, the supernatant was 

extracted and subjected to analysis of its 

absorbance utilizing a UV-vis 

spectrophotometer with a wavelength of 

422.5 nanometers (Amoli-Diva et al., 2016; 

Chiang et al., 2011; Marciano et al., 2008; 

Nagaonkar et al., 2015; Peckus et al., 2017). 

d. Examination of particle morphology 

A scanning electron microscope was utilized 

to analyze particle morphology. Several 1-3 

drops of the sample solution are placed on a 

carbon-coated copper grid. Then, uranyl 

acetate dye was added and left for 30 minutes 

at room temperature. This process is carried 

out using a voltage of 120 KVA. The sample 

to be analyzed is prepared with the minimum 

possible thickness so that electrons can 

penetrate it, and the results of this electron 

penetration are then processed into an image 

(Evans et al., 2011; Hailstone et al., 2009; J. 

Liu, 2005; Mühlfeld et al., 2007; Schaffer et 

al., 2009). 

 

RESULT 

 

Particle size, particle size distribution, and 

polydispersity index 

The NanoPartica SZ-100V2 Series was 

utilized to conduct particle size analysis on 

nanoparticles derived from soursop leaf 

extract. The results indicate that the average 

particle size was 210.9 nm, with a standard 

deviation of 134.4 nm. Additionally, the 

mode of the particle was found to be 161.4 

nm, as illustrated in Figure 1. The findings 

suggest notable fluctuations in the particle 

size distribution of nanoparticles derived 

from soursop leaf extract, with a considerable 

span of particle sizes. 

 

 

Figure 1. particle size analysis 

 

The particle size distribution analysis reveals 

that the average particle value indicates 

larger particles at 210.9 nm. In contrast, the 

mode at 161.4 nm suggests particle clusters 

exhibiting a higher frequency at that 

particular size. 

 

The polydispersity index is a quantitative 

measure employed to describe the 

distribution of particle sizes within a given 

sample. The Polydispersity Index (PDI) is a 

unitless quantity that ranges from 0 to 1. A 

Polydispersity Index (PDI) value near zero 

denotes a homogeneous distribution of 

particles, whereas a PDI value in proximity 

to one denotes a heterogeneous distribution 

of particles. The soursop leaf extract 

nanoparticles exhibited a polydispersity 

index value of 0.381, which suggests a non-

uniform particle size distribution.  
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Although the value is close to homogeneity, 

it suggests the existence of particle size 

variation within the sample. The 

polydispersity index value of 0.381 suggests 

that the particle size distribution of the 

sample is heterogeneous to a certain extent 

but not wholly non-uniform when viewed 

through a scientific lens. While there could 

be inevitable fluctuations in the size of 

particles, the general composition remains 

relatively uniform. This interpretation 

demonstrates the likelihood of multiple 

particles with diverse dimensions within a 

specified sample. 

Zeta potential 

The NanoPartica SZ-100V2 Series was 

utilized to obtain measurements, which 

revealed that the mean zeta potential value of 

nanoparticles derived from soursop leaf 

extract was -31.5 mV. The findings presented 

in Figure 2 were obtained through the 

utilization of the equipment.  

 

 

Figure 2. Potential Zeta Measurement 

 

Upon conducting calculations, it was 

determined that the electrophoretic mobility 

of nanoparticles generated from soursop leaf 

extract was -0.000248 cm2/Vs. 

Absorption Efficiency 

The efficacy of nanoparticle entrapment can 

be evaluated by determining the ratio of 

particles adsorbed by the adsorption system 

or medium. According to the analysis, the 

nanoparticles exhibit an entrapment 

efficiency of 87.90%. The data suggests that 

a significant % of the total number of 

nanoparticles, precisely 87.90%, are 

efficiently adsorbed by the adsorption device 

or material employed. The efficacy of 

nanoparticle adsorption in this study may be 

influenced by various factors, such as the 

physical and chemical characteristics of the 

nanoparticles, their size, the nature of the 

adsorption medium, and other experimental 

parameters (Dhakar et al., 2010, 2012; Lv et 

al., 2018; Song et al., 2008; Were et al., 

2003). 

Drug Loading Capacity 

The drug loading capacity pertains to the 

quantity of drug that can be accommodated 

within the delivery system, specifically in the 

nanoparticles of soursop leaf extract. The 

drug loading capacity was determined to be 

37.92%. The nanoparticle system derived 

from soursop leaf extract exhibits a 

remarkable capacity for drug delivery. The 

findings indicate that nanoparticles 

synthesized from soursop leaf extract possess 

the potential to serve as a dependable vehicle 

for drug delivery. 

Particle morphology  

Figure 3 depicts the spherical shape and 

morphological characteristics of the 

nanoparticles derived from soursop leaf 

extract, as determined through scanning 

electron microscopy (SEM). The spherical 

morphology suggests that the particles 

possess a spherical architecture with a 

relatively consistent diameter. 

 

Figure 3. SEM nano particles of soursop 

leaf extract 

 

Whilst spherical particles are frequently 

observed through SEM analysis, the findings 

of this study exhibit the wide range of 

particle shapes that can be observed. The 

observed particle diversity can be attributed 
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to the methodology employed, which yields 

nanoparticles exhibiting a range of spherical 

morphologies. 

 

 

DISCUSSION 

Since the inception of nanoparticles, their 

multifaceted impacts, particularly in 

healthcare, have been widely recognized 

(Dilnawaz & Acharya, 2023; Haleem et al., 

2023; R. Liu et al., 2023; Verma et al., 2023). 

Consequently, numerous advancements have 

been made to enhance the stability and 

efficacy of nanoparticles. The impact of basic 

sciences, particularly physics, and chemistry, 

on the advancement of nanoparticles has 

been significant (Apsokardu & Johnston, 

2018; He & Alexandridis, 2015; G. V. P. 

Kumar et al., 2007; Qi & Wang, 2004; 

Sizochenko et al., 2014; Sylvestre et al., 

2004; Yli-Juuti et al., 2013). Several 

pharmaceutical companies are competing to 

develop this technology, with numerous 

pharmaceutical scientists dedicated to 

producing nanoparticles possessing a range 

of desirable attributes (Ahmadi Shadmehri et 

al., 2019; Rodríguez-Luis et al., 2016; Singh 

et al., 2021; Sridhar & Ramakrishna, 2013). 

 

Diverse techniques employed for the 

synthesis of nanoparticles yield varying sizes 

of the resultant nanoparticles. The size of 

nanoparticles is influenced by the type of 

extract utilized during their production. 

Several research studies have demonstrated 

that a uniform technique, such as the 

production of silver nanoparticles, can yield 

particles of varying sizes. Diverse plant parts 

of a single plant species have been observed 

to yield varying sizes (Elavazhagan & 

Arunachalam, 2011; Jain et al., 2009; P. P. 

N. V. Kumar et al., 2014; Kumarasamyraja & 

Jeganathan, 2013; Nakkala et al., 2014; Sun 

et al., 2014; Vijayaraghavan et al., 2012).  

 

Based on the results of making nanoparticles 

using soursop leaf extract, it is known that 

the nanoparticle size is 161.4 nm. The same 

method might produce different sizes if using 

different types of extracts. However, further 

research is needed to prove this. 

 

The average zeta potential value of the 

soursop leaf extract nanoparticles obtained (-

31.5 mV) indicates that the surface of the 

nanoparticles has a negative charge. This 

could be due to the functional groups and 

chemical bonds in the soursop leaf extract, 

which give the particles a negative charge. A 

negative zeta potential indicates electrostatic 

repulsion between the particles in the 

solution, preventing agglomeration or 

agglomeration of the particles (Ferrari et al., 

2010; Huo et al., 2019; Jiang et al., 2009; 

Schultz et al., 2008; Sis & Birinci, 2009). 

 

Nanoparticles derived from soursop leaf 

extract that exhibit a negative zeta potential 

have a greater propensity for stability in 

solution. Additionally, the electrophoretic 

mobility of nanoparticles derived from 

soursop leaf extract (-0.000248 cm2/Vs) 

represents the velocity of particle movement 

under the influence of an electric field. 

Particles exhibiting negative electrophoretic 

mobility are observed to move in a direction 

that is opposite to the direction of the electric 

field that has been applied. The observation 

above is by the negative charge on the 

surface of nanoparticles derived from 

soursop leaf extract. A greater 

electrophoretic mobility indicates an 

increased velocity of particle movement 

when subjected to an externally applied 

electric field (Ito et al., 2004; Streich et al., 

2015). 

 

The production of soursop leaf extract 

nanoparticles results in the formation of 

spherical-shaped particles, which offer 

numerous benefits. It is widely 

acknowledged that spherical nanoparticles 

exhibit the highest surface area-to-volume 

ratio compared to other particle geometries. 

Using a spherical morphology confers 

favourable mechanical robustness to 

nanoparticles when suspended in a medium. 

Particles with a spherical shape exhibit 

improved inter-particle rubbing, mitigating 

the likelihood of undesired agglomeration or 

settling. This process enhances the dispersion 

and stability of particles, thereby enabling 

their homogeneous distribution in the liquid 

medium (Calderón-Jiménez et al., 2022; 

Chitra & Annadurai, 2013; Jindal, 2017; 

Radoń et al., 2018; Sundrarajan et al., 2017). 

 

This suggests that the production of 

nanoparticles from soursop leaf extract holds 

promise as a viable alternative for 
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nanoparticle design, with potential 

implications for the advancement of medical 

science. 

 

CONCLUSIONS and SUGGESTION 

Conclusion  

Soursop leaf extract nanoparticles in this 

study have a broad size distribution, with an 

average size of 210.9 nm and a negative zeta 

potential of -31.5 mV, indicating stability in 

the solution. The absorption efficiency of the 

nanoparticles reached 87.90%, and the drug 

loading capacity reached 37.92%. 

Morphological analysis showed that the 

nanoparticles were spherical. These findings 

highlight the potential use of soursop leaf 

extract nanoparticles as reliable vehicles for 

drug delivery. 

 

Suggestion  

Future research can carry out more in-depth 

analyses such as stability analysis, 

biocompatibility testing, and potential 

toxicity of nanoparticles from soursop leaf 

extract. 
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