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Abstract  

The study provided an overview of soursop (Annona muricata L.) in Indone-

sia, covering taxonomy, phytochemicals, antimicrobial tests, college stu-

dent perspectives, and internet trends. Taxonomy details were sourced 

from literature, and herbarium specimens were deposited in the herbaria. 

Phytochemical compounds were identified using a UV-Vis spectrophotome-

ter, while antimicrobial activity was assessed through disc diffusion. Stu-

dent perspectives were collected via questionnaires, and internet trends 

were tracked with Google Trends. Data on taxonomy, student perspectives, 

and internet trends were analyzed descriptively, while experimental data 

underwent Kruskal-Wallis testing. Soursop, originally from tropical America, 

was likely introduced to Indonesia before 1884 and is now widespread. 

Soursop leaf extract exhibited phenol (2554.22 mg/100g), flavonoid  

(5263.43 mg/100g), and tannin (1469.77 mg/100g) presence. The study 

demonstrated its potent antimicrobial properties at concentrations of 25%, 

40%, 55%, and 70%, with a 6 mm growth inhibition zone. College students 

at Health Polytechnic of Denpasar identified 42 treatable diseases with 

soursop, with fidelity levels (FL) ranging from 2.7% to 48.65%. The highest 

FL was observed for gout. Leaf and fruit parts of soursop are commonly 

used in traditional medicine. The trend of internet searches regarding the 

utilization of soursop (January 2011–September 2023) peaked in January 

2012 and then declined until 2023, with the majority of searches occurring in 

central-western Indonesia.   
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Introduction  

The soursop (Annona muricata L., locally known as sirsak in Indonesia) 

thrives in the diverse landscape of Indonesia. This tropical fruit tree, belong-

ing to the family Annonaceae, has garnered significant attention for its re-

markable attributes. Soursop is a well-known plant deeply rooted in tradi-

tional medicine (1), owing to its rich composition of active substances re-

nowned for their antibacterial properties (2). Surprisingly, information per-

taining to the taxonomy of soursop in Indonesia has been overlooked, leav-

ing a gap in our understanding. The lack of comprehensive taxonomy infor-

mation for widely planted plants arises from a historical emphasis on docu-
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menting and categorizing wild species. Moreover, there is 

a shortage of taxonomists with specialized expertise in 

cultivated plants, resulting in a dearth of research in this 

area. A detailed study of its taxonomy can provide accu-

rate identification and classification information, and con-

tribute to the broader understanding and conservation of 

Indonesia’s rich plant biodiversity and the ecosystems it 

supports. 

 Even though there is a dearth of taxonomy data, as 

previously noted, soursop is a widely recognized plant 

with a strong presence in traditional medicine (1). This is 

attributed to its abundant array of active compounds, 

which are well-known for their antibacterial attributes (2), 

for example, against Staphylococcus aureus (3). Staphylo-

coccus aureus, a gram-positive pathogenic bacterium, nat-

urally inhabits the skin, mouth, and upper respiratory tract 

as part of the body’s normal flora (4, 5). This particular 

bacterium has the ability to induce various health condi-

tions, such as pneumonia, meningitis, endocarditis, and 

skin infections (6–8), posing a significant threat to individ-

uals affected by its pathogenic nature. Fortunately, the 

infectious potential of S. aureus is limited to individuals 

with compromised immune systems (9), offering some 

respite for those with robust defense mechanisms. Nota-

bly, this bacterium does not possess the ability to attack 

and invade healthy tissues (10), ensuring the preservation 

of well-being in individuals with unimpaired immunity. 

However, S. aureus reportedly exhibits a robust resistance 

to a wide array of antibiotics (11), showcasing its ability to 

withstand the effects of multiple antimicrobial treatments. 

 As the resistance of S. aureus to a multitude of anti-

biotics continues to escalate, the efficacy of chemical-

based treatments, especially antibiotics, in combating 

infectious diseases caused by this bacterium becomes in-

creasingly limited. Utilizing medicinal plants as an alterna-

tive, such as soursop plants, can play a crucial role in pre-

vention. Soursop leaf reportedly contains chemical com-

pounds, such as anticancer, antiulcer, antidiabetic, anti-

protozoal, antidiarrhea, antiviral, antihypertensive, and 

antibacterial properties (2). The presence of flavonoids, 

saponins, and tannins in soursop leaves (12, 13) is consid-

ered responsible for their antibacterial properties. The 

alkaloid group found in soursop consists of compounds 

such as liriodine, which exhibits anti-tumor, antibacterial, 

and antifungal properties (14). Additionally, the methanol 

extract of the soursop leaf showed an inhibition zone of 

12.1 mm against S. aureus (3). Unfortunately, the concen-

tration of the extract utilized in their research was not 

clearly stated. 

 In addition to taxonomic studies and empirical re-

search on the phytochemical and active antibacterial com-

pounds in soursop, understanding the perspective of the 

public on the traditional medicinal use of soursop is also 

important. Public understanding, especially among col-

lege students, of the potential of soursop leaves in alterna-

tive medicine may vary. College students, especially at 

health campuses, however, are a crucial part of the future 

healthcare system. They are the prospective healthcare 

professionals who will provide healthcare services to the 

community. Therefore, their understanding of traditional 

treatments, such as using soursop extract, and their atti-

tudes towards it can influence how this alternative treat-

ment is integrated into future healthcare practices. On the 

other hand, understanding the trend of online searches 

related to the use of soursop in the health sector is equally 

significant. Studying the trend of soursop utilization in 

health on the internet provides crucial insights into the 

level of interest and demand for soursop in the context of 

health use. This information can be used to guide strategic 

decisions in the health sector, including the development 

of products or therapies involving soursop, planning 

health campaigns, understanding consumer preferences 

and needs, and monitoring changes in the pattern of sour-

sop use for health purposes. Based on the aspects men-

tioned above, research was conducted to provide a com-

prehensive overview of soursop in Indonesia. This research 

encompassed taxonomy information, analysis of phyto-

chemical compounds, testing antimicrobial properties, 

presenting college student perspectives, and understand-

ing internet trends regarding soursop in Indonesia.   

 

Materials and Methods 

Study period and area             

The study was conducted from March 2019 to October 

2019. Soursop leaves were harvested in Batubulan, Gian-

yar Regency, Bali, Indonesia. The quantitative phytochemi-

cal test of active antimicrobial substances from soursop 

was conducted at the Integrated Analytical Laboratory, 

University of Udayana, Indonesia, while the qualitative 

phytochemical test was conducted at the Laboratory of 

Department of Health Analysis, Health Polytechnic of 

Denpasar, Indonesia. The antimicrobial activity test was 

conducted at the Laboratory of Microbiology, University of 

Udayana, Indonesia. Taxonomy information was obtained 

by checking the herbarium specimen at the Herbarium 

Bogoriense (BO), National Research and Innovation Agen-

cy (BRIN) of Indonesia. The distribution of semi-structured 

questionnaires was carried out among students at the 

Health Polytechnic of Denpasar, Indonesia. 

Taxonomy of soursop               

Taxonomy information on soursop in Indonesia was ob-

tained by studying literature (19, 21), as well as examining 

specimens from the Herbarium Bogoriense (BO) and living 

plant collection. Additionally, high-resolution images of 

specimens collected from Indonesia were also examined 

on several online database portals. Spatial data was ex-

tracted and collected from the Global Biodiversity Infor-

mation Facility (GBIF) database available at http://

www.gbif.org, as well as through literature study. 

Phytochemical of soursop leaf extract           

Soursop leaves (2.5 kg) were ground and extracted using 
the maceration method. The moisture-dried powder was 
determined by calculating the weight difference before 
and after oven drying (50°C, 12 hours). The extract was 
evaporated and concentrated by heating it at 40°C. The 
pure extract was diluted with 96% ethanol to obtain 25%, 

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

40%, 55%, and 70% concentrations. A stock solution of 1 
mg/mL was prepared by dissolving 0.01 g of the purified 
extract in 10 mL of distilled water for the quantitative de-
termination of phenolics, flavonoids, and tannins. Total 
phenols were quantified using a modified Folin-Ciocalteu 
reagent method (15). A 0.4 mL aliquot of the dissolved ex-
tract was mixed with 0.4 mL of Folin-Ciocalteu reagent and 
4.2 mL of 10% Na2CO3. The mixture was incubated for        
90 minutes and then measured using a UV-Vis spectropho-
tometer at 760 nm. Flavonoids were determined using a 
modified method of (16). A 1 mL aliquot of the dissolved 
extract was added to 4 mL of distilled water, 0.3 mL of 10% 
AlCl3, and 0.3 mL of 10% NaNO2. The mixture was incubat-
ed for 30 minutes and measured using a UV-Vis spectro-
photometer at 435 nm. Tannins were determined using a 
modified method of (16). A 0.5 mL aliquot of the dissolved 
extract was mixed with 0.5 mL of Folin-Denis reagent and 
8.5 mL of 10% Na2CO3. The mixture was incubated for        
60 minutes and then measured using a UV-Vis spectropho-
tometer at 725 nm. 

Antimicrobial activity test of soursop leaf extract           

This true experimental research used a post-test-only con-
trol group design with two randomly selected groups: a 
treatment group and a control group. The treatment 
groups had four extract concentrations (25%, 40%, 55%, 
and 70%), with 96% ethanol as the negative control and 
Ciprofloxacin as the positive control, each with four repli-
cates. Colonies of S. aureus were suspended in a tube con-
taining 5 mL of 0.85% physiological NaCl solution. The sus-
pension was compared to a 0.5% McFarland standard. 
Sterile cotton swabs were immersed in the bacterial sus-
pension and streaked on the Petri dishes with Mueller-
Hinton media. The diffusion test was performed using a 
modified disc method (17). Discs were soaked in various 
extract concentrations, with 0.5% carboxy methyl cellu-

lose for the negative control and 5 μg/mL Ciprofloxacin for 

the positive control. The discs were placed on Mueller-
Hinton media 15 mm apart and incubated at 37°C for 
24 hours in an inverted position. 

College student perspectives of soursop benefits           

The college student perspective was explored through 
questionnaire surveys. The respondents consisted of col-
lege students from the Health Polytechnic of Denpasar, 
Indonesia. The distribution of the questionnaire sheets 
was carried out randomly among college students. 

Internet search trends regarding soursop benefits          

The study used Google Trends (https://trends.google.com) 
to gather data from January 2011 to September 2023. This 
timeframe was chosen because Google Trends’ algorithm 
has been refined since January 2011, providing an over-
view of its users’ geographic area. Data was collected from 
the Indonesian region, covering all search categories relat-
ed to various Indonesian keywords: “khasiat buah sirsak”, 
“khasiat daun sirsak”, “manfaat buah sirsak”, and 
“manfaat daun sirsak” (daun = leaf, buah = fruit, sirsak = 
soursop). We used two synonymous keywords, “khasiat” 
and “manfaat”, both meaning “benefits” and “advantages”. 
This information was extracted and saved in a CSV file. 

Data analysis            

Taxonomy information was analyzed descriptively. Her-

barium abbreviations followed the New York Botanical 

Garden’s Index Herbariorum (https://sweetgum.nybg.org/

science/ih). Soursop’s spatial distribution in Indonesia was 

mapped using SimpleMappr (https://www.simplemappr.net). 

Phytochemical data were analyzed descriptively. Antimi-

crobial activity data were analyzed using the Kolmogorov-

Smirnov test and then the Kruskal-Wallis test to compare 

soursop leaf extract’s antimicrobial activity at different 

concentrations. Results were compared with the NCCLS 

table to identify the most effective concentration. The 

Least Significant Difference (LSD) test determined the vari-

ation in the inhibition zone between soursop leaf extract 

concentrations. College students’ interview data was ana-

lyzed descriptively. Fidelity level (FL) was evaluated using 

Eqn. 1 (18). Internet search trend data was descriptively 

analyzed using Excel and presented in graphs and maps. 
 

FL (%) = (Np/N)×100 
..............(Eqn. 1) 

 
Np = the number of respondents reporting the utilization 
of a medicinal plant for a specific disease, and N = the total 
number of respondents mentioning the same plant for 
each disease (18).  

 

Results   

Taxonomy account of soursop          

Annona muricata L., Sp. Pl. 1: 536. 1753.Type: Sloane, Voy. 
Jamaica 2: 166, t. 225. 1725. Lectotype designated by Kha-
toon S. 1985. Annonaceae. In: Nasir E, Ali SI (eds). Flora of 
Pakistan 167. Karachi: Department of Botany, University of 
Karachi (Fig. 1). 

Synonym        

Annona bonplandiana Kunth in F.W.H.von Humboldt, 
A.J.A.Bonpland & C.S.Kunth, Nov. Gen. Sp. 5: 58. 1821.  
Annona cearaensis Barb.Rodr. in Pl. Jard. Rio de Janeiro   6: 
3. 1898. Annona muricata var. borinquensis Morales in Fl. 
Arbor. Cuba: 60. 1887. Annona muricata f. mirabilis R.E.Fr. 
in Ark. Bot. 21A(9): 11. 1927. 

Description         

Trees about 3‒8 m high, evergreen. Stems cylindrical, bark 
rugose with numerous whitish lenticels, young branches 
hairy. Leaf blade ovate-elliptic to obovate-oblong,     
6‒18 × 2.5‒7 cm, chartaceous to coriaceous, adaxially 
green and shiny, abaxially greenish and glabrous, apex 
acute to obtuse, base broadly cuneate to rounded, mar-
gins entire and slightly revolute, petioles 0.5‒1 cm long 
and slightly swollen and glabrous. The inflorescence is 
axillary, 1- or 2(-3)-flowered. Flowers 3‒4 cm in diameter,   
3‒5 cm long. Peduncle 2‒5 mm long, pedicel 0.5‒2.5 cm 
and pubescent to glabrous. Sepals are ovate-elliptic to 
triangular, 3.5‒5 mm long, green. Outer petals are broadly 
triangular or cordate, 2.5‒5 × 2.5‒4 cm, thick, apex acute 
to obtuse, green, later yellowish, inside basally without a 
red spot; inner petals ovate-elliptic, 3‒4 × 2‒3.5 cm, 
slightly thin than outer  
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Fig 1. Lectotype of Annona muricata based on Sloane, Voy. Jamaica 2: 166, t. 225. 1725 (BM, code BM000594140). (Source: https://data.nhm.ac.uk/media/
b943af33-7bda-4573-a5df-9630e9ea1758).  
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petals, imbricate, base clawed, apex obtuse, green, later 

yellowish. Stamens 4‒4.5 mm; filaments fleshy; connec-

tives apically dilated. Style short, stigma truncate. Fruit 

green to dark green, fleshy, edible, aromatic, oval, and 

often oblique or curved, 10‒30 × 7‒15 cm, covered with 

spine-like projections, base impressed, apex rounded; 

pulp white and tart. Seeds brownish yellow to dark brown, 

smooth, numerous, reniform, c. 2 × 1 cm. Fig. 2. 

 

Habitat and ecology       

This species is cultivated around settlements in gardens, 

villages, cities, and mixed Dipterocarp lowland forests at 

an altitude of 4‒1568 m. 

 

Distribution         

This species can be found elsewhere in Indonesia, particu-

larly in Sumatra, Java, Bali, Lombok, Sumbawa, Sumba, 

Flores, Timor, Kalimantan, Sulawesi, Maluku, and Papua 

(Fig. 3). 

Uses       

The fruit’s flesh comprises a white pulp that is both edible 

and used in the production of fruit juice drinks and flavor-

ings. Additionally, the fruit can be transformed into dodol, 

a sweet treat created by boiling the soursop pulp with wa-

ter and sugar until it caramelizes and solidifies. Soursop 

leaves are commonly consumed as herbal medicine and 

are typically boiled to produce tea. Recently, the leaf  

extract of soursop has been used as a traditional scrub. 

Fig. 2. Annona muricata: A. habit; B. stem; C. leaves; D. side view of flower; E. front view of flower; F. detail of stamens and stigmas; G. post-anthesis stage of 
flower; H. fruit. (Photos: I Putu Gede P. Damayanto).  

Fig. 3. Distribution of Annona muricata in Indonesia. (Source: data research).  
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Local names       

Sirsak (Indonesia), durian balando (West Sumatra), buah 

nona (West Sumatra), durian belanda (North Sumatra), 

nangka walanda (West Java), nangka bolanda (Central 

Java), sirsat (Central Java), silik (Bali), srikaye (Lombok), 

garoso jawa (Sumbawa), kalangga (Sumba), ro’o lukuta 

(Sumba), hau maninu (Flores), nangka belanda hutan 

(Flores), sarikaja (South Sulawesi), and nangka blanda 

(Maluku). 

Conservation status           

Based on the International Union for Conservation of Na-

ture (IUCN) Red List (https://www.iucnredlist.org/

species/143323191/143323193), soursop is categorized as 

‘least concern’ (LC). The LC category indicates that a spe-

cies is evaluated as having a low risk of extinction in the 

wild. 

Specimens examined          

Indonesia: South Sumatra, Banyu Asin Regency, Banyuasin 

II, Sungsang IV, SH Dalimunthe et al. SHD87 (BO); West 

Sumatra, Kelumbuk No. 5, Kecamatan Kuranci, about 7 km 

east from Padang City, 4‒10 m asl, Mardiah 1 (ANDA); West 

Sumatra, Kab. Pesisir Selatan, Kec. Empat Jurai, Tambang 

Village, 35‒180 m asl, Anjas et al. 13 (ANDA); West Sumatra, 

Kab. Pesisir Selatan, Kec. Empat Jurai, Tambang Village,  

35‒180 m asl, Agung et al. 14 (ANDA); West Sumatra, Kab. 

Pesisir Selatan, Kec. Empat Jurai, Tambang Village,        

35‒180 m asl, Rahman et al. 15 (ANDA); West Sumatra, Si-

pisang Kayu Tanam Village, 150-250 m asl, Vivi et al. 08 

(ANDA); Kalimantan, Kalimantan Timur, Wanariset re-

search area, 50 m asl, Ambri & Arifin W322 (L); Java, DA 

Powell & HK Chey 721 (L); Java, West Java, Bogor Botanical 

Garden, WA van Heel XX.D. 83 (L); Java, West Java, Bogor 

Botanical Garden, Djoemadi ND XX.D. 72 a (L); Java, West 

Java, Boeahbatoeh [Buahbatu], 700 m asl, SM Popta 

640/139 (L); Java, Soerabaja [Surabaya], JD Dorgelo 1921 

(L); West Java, Bogor, Cibinong, ex Research Center for 

Biotechnology-BRIN, IPGPD Damayanto 1830 (BO); Malu-

ku, North Halmahera, Limau Galela District, S Yushita 2489 

(L); Maluku,  Ambon, B Robinson 1782 (L, US); Flores, JAJ 

Verheijen 2273 (L); Timor, Ren Lakaan, 1568 m asl, PE 

Schmutz 2284 (L); Sumba, Southwest Sumba, Gollu Sapi 

Village, 501.7 m asl, Chors C/GS/09/0908/H-5 (BO). 

Phytochemical of soursop leaf extract          

Approximately 2.5 kg of soursop leaf was dried and ground 

into powder, resulting in 275 grams of crude powder. The 

moisture content of the dried soursop leaf powder was 

found to be 13.16%. The results of the quantitative test of 

the soursop leaf extract revealed the presence of three 

compounds: alkaloid, saponin, and phenol. Meanwhile, 

the test results for quinone compounds showed a negative 

value. The quantitative test of the soursop leaf extract 

showed the presence of phenol content of 2554.22 mg 

GAE/100g, flavonoid content of 5263.43 mg/100g, and tan-

nin content of 1469.77 mg TAE/100g. 

Antimicrobial activity of soursop leaf extract         

The average diameter of the inhibition zone at various con-

centrations of soursop leaf extract against the growth of   

S. aureus was consistently measured at 6 mm (Table 1, 

Fig. 4). When comparing these measurement results with 

the diameter of the inhibition zone of Ciprofloxacin antibi-

otics in the NCCLS table; they fall within the resistant cate-

gory (≤ 21 mm). The positive control, represented by the 

antibiotic disk containing Ciprofloxacin, consistently ex-

hibited inhibition zones across all replications. There were 

no significant differences in the diameter values of the in-

hibition zones, which were around 25.75 mm. The negative 

control, which was 96% ethanol, did not produce any inhi-

bition zone. 

 The results of the Kolmogorov-Smirnov test yielded 

a p-value of 0.000 (<0.05), indicating that the data was not 

normally distributed. This was followed by the Kruskal-

Wallis test, which also obtained a significant value (0.000), 

smaller than the predetermined α value (0.05). Significant 

differences were observed in the zone of inhibition of         

S. aureus growth between the soursop leaf extract concen-

tration group and the control group. The differences in 

inhibitory activity among the various concentrations were 

further analyzed using the LSD test, which revealed a           

p-value of 0.000 (p<α), indicating a significant difference 

between the extract concentration group and the control 

group. 

Repeti-
tion 

Inhibition zone at concentrations Standard 
deviation 

Category 
of NCCLS 25 % 40 % 55 % 70 % 

1 6 6 6 6 0.0 Resistant 

2 6 6 6 6 0.0 Resistant 

3 6 6 6 6 0.0 Resistant 

4 6 6 6 6 0.0 Resistant 

5 6 6 6 6 0.0 Resistant 

6 6 6 6 6 0.0 Resistant 

7 6 6 6 6 0.0 Resistant 

8 6 6 6 6 0.0 Resistant 

9 6 6 6 6 0.0 Resistant 

10 6 6 6 6 0.0 Resistant 

11 6 6 6 6 0.0 Resistant 

12 6 6 6 6 0.0 Resistant 

Average 6 6 6 6 0.0 Resistant 

Table 1. Zone of inhibition of soursop leaf extracts at various concentrations 
on the growth of S. aureus and category of National Committee for Clinical 
Laboratory Standards (NCCLS).  

Fig. 4. Zone of inhibition (disk of the center part) of soursop leaf extracts on 
the growth of S. aureus. (Photo: I Nyoman Jirna).  
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College students’ perspective on soursop benefits         

A total of 46 college students at the Health Polytechnic of 
Denpasar were interviewed, with the majority being fe-
male (43 individuals) and only 3 males (Fig. 5A). Most re-
spondents (31 individuals) were 19 years old, while others 
were 18 and 20 years old (Fig. 5B). College students of 
Health Polytechnic of Denpasar believed that there were 

42 types of diseases that could be traditionally treatable 
using soursop, with fidelity level (FL) values varying. The 
highest FL was observed for gout (48.65%), followed by 
cancer (43.24%), hypertension (43.24%), and diabetes 
(40.54%), while several diseases had the lowest fidelity 
levels, including anemia, arthritis, asthma, blood cancer, 
bowel cancer, breast cancer, cervical cancer, colon cancer, 
cough, diarrhea, diverticulitis, fever, heart cancer, hemor-
rhoids, herpes, influenza, liver diseases, lung cancer, oral 
cancer, ovarian cancer, prostate cancer, skin cancer, and 
sore throat (2.7% respectively) (Fig. 6). The parts of the 

soursop plant commonly used in traditional medicine are 
the leaves (80.77%), fruits (17.31%), and all parts (1.92%). 

Internet search trends on soursop benefits           

A total of 155 sets of data were obtained in Google Trends 

for the keywords “khasiat buah sirsak” (benefits of soursop 

fruit), “khasiat daun sirsak” (benefits of soursop leaves), 

“manfaat buah sirsak” (advantages of soursop fruit), and 

“manfaat daun sirsak” (advantages of soursop leaves) 

from January 2011 to September 2023. The highest aver-

age search inquiry on the internet was related to “manfaat 

daun sirsak” and the lowest was “khasiat buah sirsak” (Fig. 

7). The trend of information searches regarding the utiliza-

tion of soursop experienced an initial increase towards its 

peak in January 2012, and it gradually declined until 2023 

(Fig. 8). Internet search activity using the keyword 

“manfaat daun sirsak” occurred in almost all regions of 

Indonesia (Fig. 9A), while searches using other keywords 

were mostly conducted in the central to the western areas 

of Indonesia (Fig. 9B-D).  

Fig. 5. Profile of respondents of college students at the Health Polytechnic of Denpasar: (A). gender ratio, (B). age status. (Source: data research).  

A B 

Fig. 6. Types of diseases reported to be traditionally treatable using soursop with their fidelity level. (Source: data research).  
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Discussion 

Taxonomy account of soursop           

Soursop, or A. muricata, belongs to the family An-

nonaceae. This species was first described in Species 

Plantarum 1: 536 (1753) by Carl Linnaeus. The lectotype 

was designated in Flora of Pakistan 167 (1985) by Surayya 

Khatoon with the annotation ‘habitat in America calidiore, 

Sloane, Hist. Jam. 2: t. 225. 1725’. The lectotype is an illus-

tration (code BM000594140) that is deposited in the Natu-

ral History Museum, London (BM) (Fig. 1). This lectotype 

was drawn by Everard Kickius and relates to the plant col-

lected by Sloane [Sloane Mss.]. 

 The soursop is a native of tropical America and the 

West Indies [subregion of North America, surrounded by 

the North Atlantic Ocean and the Caribbean Sea]. It is an 

introduced species to Africa, Asia, and Australia. In Indone-

sia, this species is probably introduced during the Dutch 

colonial period. The evidence of this presumption can be 

observed through the plant’s local name, ‘durian bel-

anda’ (Sumatra), which translates to ‘Dutch durian’ in Eng-

lish or ‘nangka walanda’ (West Java) or ‘nangka bo-

landa’ (Central Java), which translates to ‘Dutch jackfruit’ 

in English. These names refer to the fruit’s spines, which 

resemble those of the durian fruit (Durio zibethinus L., Mal-

vaceae) or jackfruit (Artocarpus heterophyllus Lam., Mora-

ceae). The introduction of soursop to Indonesia is thought 

to have taken a long time because various local names are 

already available in several regions in Indonesia. Even the 

Indonesian name itself, ‘sirsak’, is derived from Dutch 

‘zuurzak’. 

Fig. 7. Average internet searches in Indonesia using various keywords related to soursop from January 2011 to September 2023. The numbers represent search 
interest based on the highest point. A value of 100 indicates the keyword is at the peak of popularity, 50 signify half of that popularity, and a value of 0 indicates 
insufficient data availability. (Source: https://trends.google.com/trends).  

Date 

Fig. 8. Internet searches trends in Indonesia using various keywords related to soursop from January 2011 to September 2023. The numbers represent search 
interest based on the highest point. A value of 100 indicates the keyword is at the peak of popularity, 50 signify half of that popularity and a value of 0 indicates 
insufficient data availability. (Source: https://trends.google.com/trends).  
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 The oldest known collection of soursop herbarium 

specimen from Indonesia is the specimen G. von Scheele 
s.n., collected from Lassem, Java [presumably Lasem,  
Central Java] in 1884 (https://www.gbif.org/occur-

rence/351705441). This specimen is stored at the Museum of 
Evolution, Uppsala University. Unfortunately, no online 
image of the specimen is available. Another specimen from 

Java (without specifying the exact location) is the collec-
tion by C. A. Backer s.n., collected in 1904 (https://
www.gbif.org/occurrence/2517344610). In Sumatra (without 

specifying the specific location), the oldest known collec-
tion is the specimen R. M. P. Atmodjo 386, collected in 1904 
(https://www.gbif.org/occur-rence/2514046067). The spec-

imen C. B. Robinson 1782 was collected from Ambon in 
1913 (https://www.gbif.org/occurrence/2514046851). Mean-
while, the oldest specimen from Flores was collected by    

J. A. J. Verheijen 2273 in 1965 (https://www.gbif.org/
occurrence/2514045189). Based on these records, we be-
lieve that soursop was introduced to Indonesia, particular-

ly in Java, probably before 1884, and then to other areas in 
Indonesia. Soursop was among the initial fruit trees to be 
introduced to the Old World following Columbus’ discov-

ery of America (19). The Spanish brought it to the Philip-
pines soon after, and it can now be found flourishing in 
numerous tropical nations. 

 In most cases, plants were introduced during the 
colonial period in Indonesia through the involvement of 

botanical gardens. Similar to the case of the invasive alien 
bamboo, Chimonobambusa quadrangularis (Franceschi) 
Makino (Poaceae) that was brought from Japan to the Ci-

bodas Botanical Garden, West Java, around 1920 then  
escaped extensively in the nearby Mt. Gede-Pangrango 

National Park, establishing itself as an invasive alien plant 

species (20). This species was also introduced to Sumatra, 
specifically in Sibolangit Tourist Park and Mt. Sibayak (20). 
It is possible that the same introduction method occurred 

with the soursop species, but it didn’t become an invasive 
plant. Instead, people cultivate it extensively in various 
regions due to its delicious edible fruit. In the Bogor Botan-

ical Gardens, West Java, the oldest collected specimen is 
Djumedi XX.D.72, collected in 1960 (https://www.gbif.org/
occurrence/2514047030). Until 2019, soursop in the Bogor 

Botanical Gardens has been cultivated in block XXIV.B.131, 
which was collected from Central America (21). This con-
firms the assumption that soursop was introduced to Indo-

nesia, particularly in Java, for the first time from Central 
America during the colonial period before 1884. The ab-
sence of well-defined ethnobotanical or folkloric beliefs 

surrounding soursop in Indonesia strongly suggests it is an 
introduced plant. In contrast, native Indonesian plants, 
like bamboo, are deeply woven into local myths, ethnobo-

tanical knowledge, and folklore in Indonesia. 

Phytochemical of soursop leaf extract          

The dried soursop leaf powder in this study has a moisture 
content of 13.16%. Another research reported that the 

moisture content of soursop leaf powder fell within the 
range of 3 to 5% (22). A lower moisture content suggests 
better stability and longer shelf life for the powder. It helps 

to prevent microbial growth, minimize oxidation, maintain 
physical properties, and prevent undesirable chemical 
reactions. By reducing the water content, the concentra-

tion of active constituents, such as alkaloids, flavonoids, 
and tannins, increases in the final powdered form. 

Fig. 9. Comparison of internet search activity using several keywords in Indonesia: color intensity indicates the percentage of searches. (Source: https://
trends.google.com/trends).  
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 Three compounds were qualitatively detected in 

the soursop leaf: alkaloid, saponin, and phenol. These 

compounds play significant roles in the chemical composi-

tion of soursop leaves and may contribute to their poten-

tial benefits or properties. The quinone compounds 

showed a negative value, indicating that these compounds 

were either not found or present in very small amounts in 

the soursop leaf extract. Quinones are a class of organic 

compounds, and their absence or minimal presence sug-

gests that they may not play a significant role in plants. 

Quinones have been identified as signaling agents in 

plants, although their role in plant signaling is not yet fully 

understood (23). However, several compounds classified 

as quinones have reportedly demonstrated potential anti-

microbial properties against a broad range of bacteria, 

fungi, and parasites (24). 

 The present study conducted a quantitative test, 

which provided specific measurements of phenol, flavo-

noid, and tannin content in the soursop leaf extract. Simi-

lar results were also observed in a previous study. Soursop 

leaves were found to contain a variety of compounds, in-

cluding alkaloids, coumarin, tannin, cardiac glycosides, 

flavonoids, carbohydrates, and phenols (25). Another 

study investigated the phytochemistry of soursop leaves 

and identified the presence of tannins, flavonoids, sapo-

nins, and terpenoids (12). Moreover, prior research empha-

sized the elevated concentrations of alkaloids, flavonoids, 

and phenols in the methanolic fractions of both soursop 

fruit and leaf (26). 

 In this study, flavonoid content has the highest val-

ue (5263.43 mg/100g), indicating a higher concentration of 

flavonoids in the soursop leaf extract. Phenol content fol-

lows with a slightly lower value (2554.22 mg GAE/100g), 

and tannin content has the lowest value (1469.77 mg 

TAE/100g). Another study discovered various phytochemi-

cals in soursop leaf extract, including tannins (0.44 + 

0.0013 mg/g), flavonoids (1.92+0.02 mg/g), phenolics 

(104.43+0.013 mg/g), carotenoids (0.302+0.001 mg/g), α-

tocopherol (14.80+0.02 mg/g), reduced glutathione 

(7.4+0.01 mg/g), lycopene (0.34+0.01 mg/g), and vitamin C 

(1.98+0.011 mg/g) (27). The levels of phytochemical com-

pounds found in leaves are reportedly affected by various 

factors such as quantity of leaf (28), harvest time, environ-

mental conditions, soil type, solar exposure, and produc-

tion location (29). 

Antimicrobial activity of soursop leaf extract          

Soursop leaf extract in various concentrations of this study 

did not exhibit significant sensitivity towards the growth of 

S. aureus compared to the NCCLS table. The inhibition 

zones formed at different concentrations of the tested 

soursop leaf extract consistently fell into the resistant cat-

egory, with a uniform growth inhibition diameter of 6 mm. 

This lack of sensitivity can be attributed to the relatively 

low concentration of the active antibacterial compounds 

present in the soursop leaf extract, as well as the dilutions 

made during the testing process. Consequently, the       

extract’s ability to inhibit bacterial growth is not fully max-

imized, and it fails to sensitively inhibit the growth of          

S. aureus bacteria within the minimum range of 21 mm, as 

suggested in the NCCLS table. 

 Flavonoids have been identified as active com-

pounds in soursop leaf extract and are known for their an-

tibacterial properties (30). The reduced sensitivity ob-

served in this study towards the growth of S. aureus can be 

attributed to the relatively low concentration of flavo-

noids. Young soursop leaf was selected as the material for 

this research, hypothesizing that their flavonoid content is 

lower compared to mature leaves due to the influence of 

photosynthesis on flavonoid synthesis. As secondary me-

tabolites, young leaves naturally contain a lower concen-

tration of flavonoids. A study reported a total flavonoid 

concentration of 410.833 mg/100g in young soursop leaf 

extract, whereas large (mature) soursop leaf extract sam-

ples contained 505.208 mg/100g (31). It is important to 

acknowledge that the flavonoid content in soursop leaves 

can vary depending on the plant’s growth stage, environ-

mental conditions, and extraction methods employed. 

Further research is necessary to fully comprehend the im-

pact of these factors on the flavonoid content in soursop 

leaf. 

 The limited ability of soursop leaf extract to inhibit 
the growth of S. aureus bacteria in this study can be at-

tributed to the initial preparation process, which involves 

direct heating under the sun. This process results in a de-

crease in flavonoid content and a water content of the ex-

tract that falls below the standard of 4.6% (32), reaching 

10%. Water content in soursop leaf extract provides a fa-

vorable environment for bacterial growth. It has been re-

ported that the moisture content of extract exceeding 10% 

will cause damage by microbes (22). The dilution of the 

extract is also believed to contribute to the reduced effica-

cy of antibacterial substances. 

 On the other hand, indirect drying methods such as 

sun drying or oven drying at temperatures below 50°C 

have been found to positively impact the phenol content 

(33). Phenols have also been identified as active com-

pounds in soursop leaf extract known for their antibacteri-

al properties (30). The evaporation process used in the 

study follows standard extract processing, employing a 

temperature of 50°C to evaporate ethanol while retaining 

water in the extract. Research suggests that a temperature 

of 45°C yields the optimal content of antimicrobial flavo-

noids (34). 

 In terms of the method chosen for testing the 

growth of S. aureus, the well diffusion method has been 

observed to result in larger inhibition zones compared to 

the disc diffusion method (35). This occurs because the 

osmolarity process takes place in the well method of ex-

tract concentration, which is higher than that of the disc 

diffusion method. In the well method, each hole is filled 

with extract concentration, making it more potent in inhib-

iting bacterial growth. 

 The results of this study do not align with previous 

studies on the bioactivity of methanol extract of young 

soursop leaf as an antibacterial against S. aureus and Pro-

pionibacterium acnes (now known as Cutibacterium     ac-
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nes) (36). The results of the study demonstrated the poten-

tial of soursop leaf extract to inhibit the growth of         S. 

aureus  and C. acnes (36). It should be noted that the use of 

methanol as a solvent may influence the antibacterial inhi-

bition activity. There is no standardized method for the 

extraction of natural materials, resulting in potential varia-

tions in the results when extracts are produced in different 

laboratories. Some factors that affect the quality of the 

extract include chemical factors such as the type of antimi-

crobial and the amount of antimicrobial chemical com-

pounds in the extract. Other factors that affect the quality 

of the extract are the extraction method and the solvent 

used. The ultrasonic extraction method produces the best 

extract quality (37). The use of ethanol solvent in the ex-

traction process and concentration treatment produces a 

lower inhibition compared to using methanol solvent (36). 

In addition, other factors cannot be controlled, such as 

biological variations; for example, the place of origin of the 

soursop leaf used, which is influenced by the nutrient con-

tent of the different soil where the soursop plant grows, 

affects the amount of active ingredients present. Environ-

mental factors such as air temperature, relative humidity, 

solar radiation, wind, plant temperature, water availabil-

ity, and adequacy of light in the process of photosynthesis 

greatly affect the physiological function, anatomical form, 

and plant life cycle. These environmental factors may 

affect the secondary metabolites produced by the leaf (38). 

College students’ perspective on soursop benefits      

The data presented provides valuable insights into the 
perspectives of college students at the Health Polytechnic 

of Denpasar regarding the benefits of soursop. A notable 

observation is the gender distribution among the partici-

pants, with a significant majority being female (93.5%) 

compared to only a small fraction of male respondents 

(6.5%). In general, college students at the Health Polytech-

nic of Denpasar are predominantly female, so it is not sur-

prising to obtain imbalanced gender comparison data. The 

sample population for the study closely mirrored the over-

all demographic of Indonesian students, which was domi-

nated by females (https://pddikti.kemdikbud.go.id/

mahasiswa). Furthermore, the age distribution of the re-

spondents shows that the majority of participants were   

19 years old (67.4%), with a smaller portion being either  

18 or 20 years old. This is common because the typical age 

range for undergraduate students in Indonesia falls be-

tween 18 and 22 years (39).  

 The belief among these college students that sour-

sop can treat a wide range of diseases is noteworthy. They 

identified 42 types of diseases that can be traditionally 

treated using soursop, with varying levels of fidelity       

(Fig. 6). Fidelity level (FL) is a metric used to quantify the 

importance of a plant species in treating a particular ail-

ment or health condition (18). It indicates the percentage 

of respondents within a group who exclusively use a par-

ticular plant species for a specific purpose (40). A higher FL 

suggests plant is highly valued and considered particularly 

effective for treating the specified condition. Based on    

Fig. 6, gout disease emerged with the highest FL (48.65%), 

indicating a strong belief in its effectiveness for treating 

this condition. The college students’ belief aligns with the 

findings reported that the coumarin fraction in soursop 

extract shows significant antioxidant and anti-uricemic 

properties, and it could be a potential treatment for gout, 

serving as an alternative to allopurinol with fewer side 

effects (41). 

 Apart from gout, there are three other diseases with 
high FL (ranging from 40.54% to 43.24%, Fig. 6), namely 

cancer, hypertension, and diabetes. Consistent with the 

research conducted byMutakin et al. (2), it has been docu-

mented that soursop demonstrates effectiveness in acting 

as an anticancer, antihypertensive, and antidiabetic agent. 

Extracts from the fruit, stems, seeds, and twigs of soursop, 

when administered to fibrosarcoma cells, impeded the 

activity of matrix metalloproteinases, which are significant 

in the progression of cancer (42). Additionally, extracts 

from the leaves, twigs, and roots of soursop inhibited the 

proliferation of the human leukemia cell by disrupting ma-

trix metalloproteinases, generating reactive oxygen spe-

cies, and inducing G0/G1 cell cycle arrest, ultimately lead-

ing to the suppression of cancer cell growth (43). Further-

more, soursop leaf extract has demonstrated antihyper-

tensive effects in normotensive rats by blocking calcium 

ion channels, resulting in reduced blood pressure (44). On 

the other hand, extracts derived from soursop fruit were 

found to demonstrate antioxidant and antidiabetic effects 

by inhibiting crucial enzymes associated with type 2 diabe-

tes mellitus, including α-amylase and α-glucosidase, in 

vitro (45). Additionally, both the fruit pulp and leaf extract 

displayed significant capabilities in inhibiting α-amylase 

and α-glucosidase, as well as reducing the rate of glucose 

absorption into the bloodstream after ingestion, com-

pared to the standard drug (46). 

 Regarding the parts of the soursop plant used in 

traditional medicine, the leaves were reported as the most 

commonly utilized component (80.77%). A smaller per-

centage of respondents mentioned using fruits (17.31%), 

while a very small proportion indicated using all parts of 

the plant (1.92%). Leaves and fruits are commonly utilized 

as sources for extracting phytochemical compounds es-

sential for researching the potential medicinal properties 

of soursop (42–46). Additionally, less common parts like 

the seeds (41–42), roots (43), stems, and branches (42) 

have also been noted in studies. 

 The preference for herbal medicine as a treatment 

option was frequently attributed to discontentment with 

conventional therapies, positive past encounters, favora-

ble attributes linked to herbal remedies, and adherence to 

familial customs (47). The belief among college students in 

the therapeutic potential of soursop for treating a wide 

range of diseases can be attributed to several factors. 

Firstly, traditional medicine practices and herbal remedies 

have deep historical roots in many cultures, including In-

donesia. This cultural context likely contributes to the stu-

dent’s confidence in the efficacy of soursop. Additionally, 

the availability of anecdotal evidence or personal experi-

ences, either from their own lives or from within their com-

munities, may further reinforce these beliefs. In terms of 
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seeking information, self-directed research and family 

customs were considered equally or even more significant 

than seeking advice from healthcare professionals (47). 

Furthermore, there is significant backing in scientific litera-

ture affirming the potential health advantages of soursop, 

particularly facilitated by the enhanced accessibility of 

information through the growing presence of online re-

sources. Studies have identified specific compounds with-

in soursop that demonstrate antioxidant, anti-uricemic, 

anticancer, antihypertensive, and antidiabetic properties 

(2). These findings bridge the gap between traditional 

knowledge and empirical evidence, giving credence to the 

students’ beliefs. Furthermore, the high FL associated with 

specific diseases, such as gout, cancer, hypertension, and 

diabetes, suggests a strong consensus within the commu-

nity regarding soursop’s effectiveness for these conditions. 

This collective belief may be influenced by word-of-mouth, 

shared experiences, or cultural traditions passed down 

over generations. The convergence of cultural beliefs, per-

sonal experiences, and scientific research provides a com-

prehensive foundation for college students’ confidence in 

soursop’s therapeutic potential. This multidimensional 

support system contributes to the widespread belief in 

soursop’s ability to treat a variety of diseases. 

Internet search trends on soursop benefits            

Google Trends is a freely accessible tool created by 

Google, offering insights into the popularity of Google 

Search searches. These reports furnish time-series data, 

accessible for any chosen period from 2004 to the current 

date, and can be tailored to hone in on searches conduct-

ed in a particular language or originating from a specific 

location (48). Google Trends has found extensive applica-

tions in diverse research and case studies. The majority of 

these research endeavors utilizing Google Trends generate 

outcomes in the shape of predictions, preferences, and 

patterns. 

 The dataset in Fig. 7–9 offers a comprehensive over-

view of internet search trends regarding the benefits of 

soursop, encompassing both the fruit and its leaves, from 

January 2011 to September 2023. The dataset provides 

valuable insights into the popularity and geographic distri-

bution of interest in soursop’s potential advantages. Nota-

bly, searches pertaining to the benefits of soursop leaves 

garnered the highest average inquiries, suggesting a 

heightened curiosity or awareness surrounding the leaves 

compared to the fruit itself. The trend analysis reveals an 

initial surge in interest, peaking in January 2012, followed 

by a gradual decline over the subsequent years. This pat-

tern indicates a temporary spike, possibly triggered by a 

specific event, publication, or health trend, which wasn’t 

sustained over the long term. Speculatively, the increase in 

searches for the benefits of soursop in 2012 could be at-

tributed to several factors. For example, during those 

years, there might have been publications or scientific re-

search highlighting the health benefits of soursop. This 

information could have piqued public interest, leading 

them to seek further information on the internet. Moreo-

ver, in those years, the public may have experienced a 

heightened awareness of the importance of health and a 

healthy lifestyle. This could have prompted them to seek 

information about foods or natural substances that could 

enhance their health. Additionally, there’s a possibility 

that specific health events or epidemics that occurred dur-

ing those years, are driving people to seek alternative solu-

tions or treatments, including the benefits of soursop. 

However, it’s important to remember that these factors 

are speculative, and further analysis is needed to under-

stand the exact causes of the increased search for sour-

sop’s benefits during those years. 

 Geographically, searches for “manfaat daun sirsak” 

were widespread across Indonesia, indicating a broad  

interest in soursop leaves. Conversely, other keywords 

(“khasiat buah sirsak”, “khasiat daun sirsak”, and “manfaat 

buah sirsak”) were predominantly searched in the central to 

western regions of Indonesia. Several factors contribute to 

the higher prevalence of internet searches in central to 

western Indonesia. Firstly, this region, particularly Java 

and its surrounding islands, boasts superior information 

technology and communication infrastructure, resulting in 

faster, more stable internet access and a greater number 

of service providers (Fig. 10). Additionally, the higher popu-

lation density in western Indonesia, particularly in Java 

and Sumatra (Statistik Indonesia 2023 at https://

www.bps.go.id), leads to increased internet usage for vari-

ous purposes (49), including seeking information on the 

benefits of soursop. Major economic and educational cen-

ters like Jakarta, Bogor, Bandung, and Surabaya further 

drive the demand for internet access, especially for health-

related inquiries. Cultural and media influences also play a 

role, potentially making individuals in the Western region 

more inclined to search for health-related information. 

Overall, these intertwined factors collectively contribute to 

the elevated level of internet search activity in central-

western Indonesia, particularly in the context of health-

related topics such as the benefits of soursop. 

 The data highlights a greater interest in the benefits 

of soursop leaves compared to the fruit. This insight serves 

as a valuable cue for researchers and the food or health 

industries to channel marketing efforts or product devel-

opment towards the benefits of soursop leaves. This infor-

mation is crucial for stakeholders in devising effective mar-

Fig. 10. Indonesian area with weak signal or no signal. (Source: https://
www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/
Indonesia%20case%20study%5B1%5D.pdf).  
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keting strategies and health education initiatives for the 

future. Although internet searches for the benefits of sour-

sop leaves appear to be consistently decreasing year by 

year in Indonesia, the opportunity to develop herbal medi-

cine products from soursop leaf extracts remains quite 

open, especially for pre-packaged and ready-to-use herbal 

medicines. A prime illustration can be found in the out-

comes of this research. The results of this study involve the 

use of soursop leaf extracts as a supplementary ingredient 

in the production of traditional scrubs, creating an innova-

tive product known as “traditional soursop leaf extract 

scrub” (Fig. 11). This product aims to prevent infectious 

diseases caused by S. aureus bacteria, exhibiting antimi-

crobial inhibitory activity at a concentration of 25% with 

an 8 mm inhibition zone (50).  
 

Conclusion  

Soursop is a native of tropical America and West Indies. It 

was introduced to Indonesia, probably before 1884, during 

the Dutch colonial period, from Central America. Currently, 

soursop is widely distributed and cultivated throughout 

Indonesia. Soursop leaf extract revealed the presence of 

phenols (2554.22 mg/100g), flavonoids (5263.43 mg/100g), 

and tannins (1469.77 mg/100g). The study indicated that 

soursop leaf extract contains active antimicrobial sub-

stances and exhibits antimicrobial potential in the re-

sistant category at concentrations of 25%, 40%, 55%, and 

70%, with a growth inhibition zone of 6 mm. College stu-

dents of Health Polytechnic of Denpasar believed that 42 

diseases could be traditionally treatable using soursop, 

with fidelity level values ranging from 2.7% to 48.65%. The 

four highest fidelity levels were observed for gout 

(48.65%), followed by cancer (43.24%), hypertension 

(43.24%), and diabetes (40.54%). The parts of the soursop 

plant commonly used in traditional medicine are the 

leaves (80.77%), followed by fruits (17.31%), and all parts 

(1.92%). The trend of information searches in Indonesia 

from January 2011 to September 2023 regarding the utili-

zation of soursop experienced an initial increase, reaching 

its peak in January 2012 and gradually declining thereafter 

until 2023. Internet search activity regarding the utilization 

of soursop from January 2011 to September 2023 mostly 

occurred in the central to western regions of Indonesia.   
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