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Abstract 

 

Background: The increasing spread of Aedes aegypti as a vector of dengue disease has 
encouraged the exploration of safer, plant-based larvicidal materials. This study aimed to identify 

the phytochemical constituents of green betel leaf (Piper betle L.) extract and to develop a bio-
larvicidal granule formulation as a modified dosage form. Phytochemical screening was 

conducted to identify bioactive compounds potentially associated with larvicidal activity. 

Methodology: Granules were prepared using the wet granulation method, employing 
polyvinylpyrrolidone (PVP) as a binder and lactose as a filler. The formulated granules were 

further evaluated through physical characterization tests, including flow rate, angle of repose, and 

dispersion time, to assess their suitability as a granular dosage form. Findings: The results 
demonstrated that all formulations exhibited acceptable flow properties, appropriate angles of 

repose, and rapid dispersion in water, indicating favorable handling and application 
characteristics. The flow rate test results showed that granules with concentration variations of 
25%, 50%, 75%, and 100% exhibited flow rates of 71.4 g/s, 62.5 g/s, 50 g/s, and 45.5 g/s, 

respectively. Physical evaluation demonstrated that the granules had acceptable angles of repose 

(31°–36°) and dispersion time (20–25 seconds). Contribution: This study was conducted as a 
step toward developing an environmentally safe, natural-material-based biolarvicide. 
 

Keywords: Bio-larvicidal granules; Granule characterization; Phytochemical screening; Piper 

betle L. 
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INTRODUCTION  

Dengue Hemorrhagic Fever (DHF) is an acute viral disease caused by dengue virus 

and transmitted to humans through the bites of infected Aedes mosquitoes, primarily 

Aedes aegypti and Aedes albopictus. Dengue virus consists of four serotypes (DEN-1, 

DEN-2, DEN-3, and DEN-4), all of which are capable of causing infection in humans. 

DHF remains a major global public health problem, particularly in tropical and 

subtropical regions. The World Health Organization (WHO) estimates that 

approximately 2.5 billion people, or 40% of the world’s population, are at risk of 

dengue infection, with around 390 million cases occurring annually worldwide. 

Indonesia is classified as a hyperendemic country for dengue, with cases reported in 

almost all provinces and districts, and daily reports reaching hundreds of cases 

accompanied by dengue-related mortality (World Health Organization, 2012). 

Indonesia’s tropical climate, characterized by high humidity and abundant 

rainfall, provides favorable conditions for the proliferation of Aedes aegypti, which 

predominantly breeds in clean water containers found both indoors and outdoors. 

Female Aedes aegypti mosquitoes act as the main vector of dengue transmission 

(Soegijanto, 2012). Morphologically, this species is distinguished by its dark body with 

distinctive silvery-white markings on the legs and a lyre-shaped pattern on the thorax 

(Service, 2012). Vector control strategies targeting the larval stage are considered one 

of the most effective approaches to reducing dengue transmission, as they prevent the 

emergence of adult mosquitoes. 

Current dengue control programs, such as space spraying (fogging), have 

shown limited effectiveness and often rely on synthetic insecticides that may induce 

resistance in mosquito populations. One of the most commonly used chemical 

larvicides is temephos (commercially known as abate). Although effective, improper 

or prolonged use of chemical larvicides can lead to resistance development and pose 

potential health risks to humans, including neurological and dermatological effects 

(Ahmad et al., 2007). These concerns highlight the urgent need for safer, 

environmentally friendly, and sustainable alternatives. WHO has recommended the 

development of biological and plant-based vector control methods as safer options for 

environmental and human health (World Health Organization, 2012). 

Green betel leaf (Piper betle L.) is a widely available plant in Indonesia, 

including Lampung Province, and has been reported to possess larvicidal properties. 

Previous studies have demonstrated that Piper betle leaves contain various bioactive 

compounds such as phenols and their derivatives (e.g., chavicol and eugenol), 

alkaloids, tannins, flavonoids, and saponins, which contribute to their insecticidal 

activity (Mustofa, 2010). Additional reports indicate that Piper betle extract exhibits 

larvicidal effects against Aedes aegypti, supported by phytochemical screening results 

showing the presence of steroids, quinones, and essential oils with antibacterial and 

antiseptic properties (Aulung, 2010). 

Despite its promising bioactivity, the practical application of Piper betle extract 

requires appropriate formulation to ensure stability, ease of handling, and effective 

release of active compounds. Granule dosage forms produced via wet granulation offer 

several advantages, including improved flow properties, reduced dust formation, and 

controlled dispersion in water. Therefore, this study focuses on phytochemical 
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profiling of green betel leaf extract and the development of a bio-larvicidal granule 

formulation, followed by comprehensive physical characterization to evaluate its 

suitability as an alternative plant-based larvicidal product. 

 

METHOD  

This study employed an experimental study of the formulation development type, 

which begins with the analysis of the phytochemical profile of the extract, followed by 

the formulation of granules, and then the characterization of the physical properties of 

the resulting granules.  

Sample 

The research material used in this study was green betel leaf (Piper betle L.), 

which was collected from Trimurjo District, Central Lampung, Indonesia. The leaves 

were selected as the plant part for extraction based on their reported bioactive 

properties.  

Instrument 

The instruments used in this study included laboratory glassware, analytical 

balance, blender, mesh sieve (60 mesh), rotary vacuum evaporator, drying oven, 

granulate flow tester (Erweka®), and pH meter. Reagents used for phytochemical 

screening included magnesium powder, concentrated hydrochloric acid, Mayer’s 

reagent, Dragendorff’s reagent, Bouchardat’s reagent, ferric chloride (FeCl₃), and 

distilled water. General laboratory tools are not described in detail. 

Data collection 

Data were collected through experimental observations during the extraction 

process, phytochemical screening, granule fabrication, and physical evaluation of the 

granules. Phytochemical data were obtained qualitatively based on color changes, 

precipitate formation, and foam stability during screening tests. Granule 

characterization data included flow rate, angle of repose, and dispersion time 

measurements, which were recorded for each formulation containing different extract 

concentrations. 

Procedure 

Preparation of Green Betel Leaf Simplicia 

Green betel leaves were cleaned, sorted to remove damaged parts, washed, 

sliced, and dried under direct sunlight for 3–4 days until a constant weight was 

achieved. The dried leaves were ground into powder using a blender and sieved 

through a 60-mesh sieve to obtain uniform simplicia. 

Extraction of Green Betel Leaf 

Extraction was performed using the maceration method, in which 1000 g of 

simplicia powder was soaked in 10.000 mL of 96% ethanol for 3 × 24 h with occasional 

stirring to enhance the extraction of bioactive compounds (Harborne, 1998).                                

The mixture was filtered to separate the filtrate from the residue                                        
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(Departemen Kesehatan Republik Indonesia, 2000). A second maceration was 

conducted using fresh solvent, and the combined filtrates were concentrated using a 

rotary vacuum evaporator at 40–45°C to obtain a viscous extract (Sarker et al., 2006). 

The total extract obtained was then calculated to determine the extraction yield (%).  

Fabrication of Bio-Larvacidal Granule 

Bio-larvicidal granules were fabricated using a wet granulation method with 

four extract concentrations (25%, 50%, 75%, and 100%), along with a 0% extract 

granule formulation used as the control. This method was selected to improve 

flowability, reduce dust formation, and prevent powder segregation                                     

(Lachman et al., 1994). The dried extract was mixed with lactose as a filler and 

polyvinylpyrrolidone (PVP) at a concentration of 2% as a binder. PVP was dissolved 

in distilled water and blended with the extract and excipients until a homogeneous 

mass was obtained, with the total formulation adjusted to 100 g. Ethanol (96%) was 

added dropwise to facilitate granule formation (Aulton, 2007). The wet mass was dried 

in an oven at 40°C for approximately 30 min and sieved through a 22-mesh sieve to 

obtain uniform granules. 

 Table 1. Granulated Biolarvicide Formulation design 

Materials F1 F2 F3 F4 F5 

P. betle Leaf extract 0% 25% 50% 75% 100% 

PVP 2% 5 ml 5 ml 5 ml 5 ml 5 ml 

Lactose Add 

to 100g 

Add 

to 100g 

Add 

to 100g 

Add 

to 100g 

Add 

to 100g 

 

Phytochemical screening 

Phytochemical screening was conducted to identify the presence of major 

secondary metabolites in the extract. Flavonoids were detected using magnesium 

powder and concentrated hydrochloric acid, indicated by the formation of red or 

yellow–orange coloration (Harborne, 1987). Alkaloids were identified using                       

Mayer’s, Dragendorff’s, and Bouchardat’s reagents based on precipitate formation 

(Farnsworth, 1996). Tannins were detected using ferric chloride solution, indicated by 

a dark green or bluish-green color change (Evans, 2009). Saponins were identified 

based on the formation of stable foam after vigorous shaking and acid addition 

(Kokate, 1994). Information on phytochemical screening methods is presented in 

Table 2. 

 Table 2. Phytochemical Screening Testing Method 

Phytochemical compound Test methods 

Flavonoid  2 ml of extract solution is added with 0.5 g of 
magnesium and five drops of concentrated HCL 

Alkaloid - Tube I : 1 ml of extract and add Mayer's reagent 

- Tube II : 1 ml of extract and add Dragendorff's 
reagent 

- Tube III : 1 ml of extract and add bouchardat's 
reagent 
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Tanin Add 1 ml of extract to 2 ml of distilled water, then 
add two drops of 1% FeCl solution 

Saponin  1 ml of extract is added to 10 ml of distilled water, 

then shaken and observed to see if there is any foam 

 

Evaluation of Granule Characteristics 

Granule characteristics were evaluated through flow rate, angle of repose, and 

dispersion time tests. Flow rate was measured using a granulate flow tester (Erweka®), 

with values greater than 10 g/s indicating good flow properties                                                          

(US Pharmacopeia, 2018). The angle of repose was calculated from the height and 

diameter of the granule pile, where values ≤ 30° indicated excellent flowability                   

(Aulton & Taylor, 2018). Dispersion time was determined by dissolving 10 g of 

granules in 1 L of water and recording the time required for complete dispersion. The 

test was conducted in triplicate at room temperature with manual agitation. 

Data analysis 

 Data obtained from phytochemical screening were analyzed descriptively 

based on qualitative observations. Granule characterization data were presented as 

numerical values and evaluated descriptively to assess the physical quality and 

suitability of the formulated granules as a bio-larvicidal dosage form. 

 

RESULT AND DISCUSSION 

Preparation of Simpicia and Extraction Yield 

Green betel leaves (Piper betle L.) were processed into simplicia through sun-

drying for 3–4 days to minimize thermal degradation of heat-sensitive phenolic 

compounds. Controlled drying without high temperature is known to preserve 

phenolic stability and improve extraction efficiency (Chan et al., 2007;                                          

Naczk & Shahidi, 2004). The dried leaves were milled and sieved using a 50-mesh 

screen to obtain uniform particle size (~500 µm), facilitating solvent penetration and 

mass transfer during extraction (Yunus et al., 2013). 

 

Table 3. Total Percentage Yield of Green Betel Leaf (Piper betle L.) Extract 

Category Amount 

Solvent volume (mL) 10.000 
Sample weight (g) 1.000 

Total viscous extract (g) 87,46 
Extrcation yield (%) 8,74 

 

Extraction was performed using maceration with 96% ethanol due to its semi-

polar nature, which is suitable for dissolving major bioactive compounds such as 

flavonoids, alkaloids, and tannins (Cowan, 1999; Azmir et al., 2013;                                                 

Dai & Mumper, 2010; Stalikas, 2007; Markham, 1982). Maceration was selected 

because it avoids thermal stress that may degrade bioactive compounds. Occasional 

stirring enhanced solvent–matrix interaction and improved metabolite diffusion 

(Rostagno et al., 2003). Concentration of the combined filtrates using a rotary 

evaporator at 45 °C yielded 87.46 g of viscous extract from 1 kg of simplicia, 

corresponding to a rendement of 8.74%. Rotary evaporation at low temperature 
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effectively preserves compound integrity while increasing extract concentration 

(Sarker & Nahar, 2012; Chemat et al., 2012). 

Phytochemical Screening of Piper betle Leaf Extract 

Phytochemical screening revealed the presence of flavonoids, alkaloids, 

tannins, and saponins in the extract. Flavonoids were confirmed by the formation of 

orange-brown precipitates, while alkaloids were detected using Dragendorff’s and 

Bouchardat’s reagents.  

Table 4. Phytochemical Screening Results of Green Betel Leaf (Piper betle L.) Extract 

Compounds Identification Result 
Phytochemical Test 

Result 

Flavonoids Formation of brownish-orange precipitate + 

Alkanoids White precipitate (mayer reagent) - 

Brown precipitate (dragendorff reagent) + 

Brown precipitate (bouchardat reagent) + 

Tanins Bluish-black precipitate + 

Saponins Foam formation + 

Note: symbol (+) indicates a positive qualitative reaction showing the presence of the tested 

phytochemical compounds; symbol (−) indicates no observable reaction based on visual 

reaction criteria.  

Tannins and saponins were identified by characteristic color changes and 

stable foam formation, respectively. These secondary metabolites are widely reported 

to exhibit insecticidal properties through disruption of enzymatic activity, digestive 

systems, and membrane integrity of insect larvae (Sukandar et al., 2006;                                     

Ghosh et al., 2012; Isman, 2006). The coexistence of these compounds suggests a 

synergistic bioactivity profile of P. betle leaf extract. 

LC-MS Identification of Bioactive Compounds 

LC–MS analysis further confirmed the complexity of bioactive compounds in 

the extract. Hydrocinnamic acid was identified as the dominant compound, indicated 

by the largest peak area (5.73 × 10¹⁰), highlighting its potential contribution to 

biological activity. Phenolic derivatives such as hydrocinnamic acid are known to 

induce oxidative stress and damage larval integument structures (Pavela, 2015). 

Several nitrogen-containing compounds consistent with alkaloid or alkaloid–peptide 

structures were also detected, aligning with reports that Piperaceae alkaloids                    

interfere with acetylcholinesterase activity and neural transmission in insect larvae                                

(Regnault-Roger et al., 2012).  

Table 5.  Compounds with larvicidal potential identified by LC–MS analysis of green 
betel leaf (Piper betle L.) extract 

No. Name of Compund Formula Area 

1. Hydrocinnamic acid C9 H10 O2 5.73×10¹⁰ 

2. Alkaloid C30 H36 N6 O7 1.39×10¹⁰ 

3. Alkaloid/Peptide C31 H38 N6 O7 6.56×10⁹ 

4. Tetrapirol C35 H36 N4 O6 5.86×10⁹ 
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5. Fenolic glicoside C34 H40 O9 5.17×10⁹ 

 

Additional compounds, including tetrapyrrole-like structures and phenolic 

glycosides, further support the potential of the extract as a bioactive agent through 

phototoxic and digestive disruption mechanisms (Duke et al., 2002; Nerio et al., 2010). 

The detected metabolite profile supports a synergistic mode of action commonly 

observed in botanical insecticides (Pavela & Benelli, 2016). 

Granule Formulation Using Wet Granulation 

Granules were formulated using wet granulation to improve flowability, 

minimize dust formation, and ensure uniform distribution of the extract. 

Polyvinylpyrrolidone (PVP) was used as a binder due to its chemical stability, non-

toxicity, and resistance to enzymatic biodegradation (Rowe et al., 2009; Kibbe, 2000), 

while lactose served as a filler to enhance mechanical strength and dispersibility 

(Sa’dah & Fudholi, 2011).  

Table 6. Formulation of Biolarvicidal Granules Containing Green Betle Leaf Extract 

Materials     F1        F2 F3     F4    F5 

P. betle Leaf extract 0 g 3,5 g 7,2 g 10,7 g 14,2 g 

Aquades 15 ml 11,5 ml 7,8 ml 4,3 ml 0,8 ml 

PVP 2% 5 ml 5 ml 5 ml 5 ml 5 ml 

Lactose 80g 80g 80g 80g 80g 

 
Four formulations containing increasing concentrations of the extract and one 

formulation without the extract were successfully made fabricated, producing granules 

with uniform size and characteristic green coloration that intensified with extract 

concentration. 

    

(a) (b) (c) (d) 

Figure 1. Granule (a) F1; (b) F2; (c) F3; (d) F4 

Differences in color were observed among the granules from the four 

formulations. Granules F1 (Figure 1) exhibited a lighter green color compared to 

granules F2, F3, and F4. Granules F2 showed a darker green color than F1, but were 

less intense than those of F3 and F4. Granules F3 and F4 displayed a more intense 

green coloration than the two preceding formulations. The intensity of the granule 

color was influenced by the concentration of extract used in each formulation. The 

granules exhibited the characteristic color of green betel leaf extract, namely brownish 

green, with a relatively compact texture that facilitates storage and further testing. 
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Physical Characterization of Biolarvacidal Granules 

Flow Rate 

Physical characterization demonstrated that extract concentration significantly 

influenced granule properties.  

Table 7. Flow Rate Test Result of Biolarvacidal Granule 

No. Formula Flow rate (g/s) 

1. I    (Extract Piper betle granule 25%) 71.4 

2. II   (Extract Piper betle granule 50%) 62.5 

3. III (Extract Piper betle granule 75%) 50.0 

4. IV (Extract Piper betle granule 100%) 45.5 

 

Flow rate decreased from 71.4 g/s at 25% extract concentration to 45.5 g/s                     

at 100 %, indicating increased interparticle cohesion at higher extract loads. Increased 

cohesion reduces gravitational dominance and restricts free flow, as previously 

reported for herbal granules with high active content (Andriani et al., 2023;                                   

Astuti & Maesaroh, 2020). Although all formulations exceeded 10 g/s, indicating very 

fast flow, excessive flowability may promote segregation and reduce application 

efficiency (Murtini & Elisa, 2018). 

Angle of Repose 

Angle of repose values ranged from 31° to 36°, corresponding to good to 

moderate flow properties (Carr, 1965; Geldart et al., 2006). Lower angles observed at 

lower extract concentrations reflected reduced friction and cohesion between particles, 

consistent with higher flow rates. Increasing extract content resulted in larger angles, 

confirming the inverse relationship between flowability and interparticle interaction 

(US Pharmacopeia, 2018; Carr, 1965). 

Table 8. Angle of Repose Test Result of Biolarvacidal Granule 

No. Formula Angle of Repose (º) 

1. I    (Extract Piper betle granule 25%) 31 

2. II  (Extract Piper betle granule 50%) 34 

3. III (Extract Piper betle granule 75%) 35 

4. IV (Extract Piper betle granule 100%) 36 

 

Dispersion Time 

Dispersion time increased proportionally with extract concentration, ranging 

from 20.14 s (25%) to 25.02 s (100%). All formulations met the acceptable dispersion 

criterion (<5 min), indicating satisfactory release behavior in aqueous media                         

(Astuti & Maesaroh, 2020). The prolonged dispersion observed at higher extract 

concentrations is attributed to denser granule structure and reduced water penetration, 

a phenomenon consistent with previous reports on herbal granules containing high 

extract loads (Marfu’ah et al., 2024). 
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Table 9. Dipersion Time Test Result of Biolarvacidal Granule 

No. Formula Dipersion Time (s) 

1. I    (Extract Piper betle granule 25%) 20.14 

2. II  (Extract Piper betle granule 50%) 22.92 

3. III (Extract Piper betle granule 75%) 24.84 

4. IV (Extract Piper betle granule 100%) 25.02 

 

CONCLUSION  

Green betel leaf (Piper betle L.) extract was confirmed to contain bioactive 

secondary metabolites, including flavonoids, alkaloids, tannins, and saponins, 

supported by LC–MS identification of dominant phenolic and alkaloid-related 

compounds. The extract was successfully formulated into biolarvicidal granules using 

a granulation-based method with polyvinylpyrrolidone as a binder and lactose as a 

filler. All granule formulations exhibited acceptable physicochemical characteristics, 

including adequate flow properties, angle of repose, and rapid dispersion in water. The 

flow rate test results showed that granules with concentration of 25%, 50%, 75%, and 

100% exhibited flow rates of 71.4 g/s, 62.5 g/s, 50 g/s, and 45.5 g/s, respectively. The 

angle of repose values increased with extract concentration, ranging from 31° for the 

25% formulation, 34 for 50%, 35 for 75%, and 36 for the 100% formulation, indicating 

acceptable flow behavior. Dispersion testing revealed rapid dispersion in water, with 

dispersion times of 20.14 seconds (25%), 22.92 seconds (50%), 24.84 seconds (75%), 

and 25.02 seconds (100%). Increasing extract concentration influenced granule 

cohesiveness and flow behavior but did not compromise dispersion performance.

 These findings indicate that Piper betle leaf extract can be successfully 

formulated into stable granules with suitable physical characteristics, providing a 

promising basis for further development of plant-based biolarvacidal formulations. 

Increasing extract concentration influenced granule cohesiveness and flow behavior 

but did not compromise dispersion performance. These results indicate that Piper betle 

leaf extract can be formulated into stable granules with suitable physical 

characteristics, providing a promising basis for further development of plant-based 

biolarvicidal formulations. 

 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge financial support for this research from the 

BIMA Research Grant funded by the Ministry of Research, Higher Education, and 

Science and Technology of the Republic of Indonesia under the Lecturer Beginner 

Research Scheme (Penelitian Dosen Pemula), Contract Number 018/C3/DT.05.00/PL/ 

2025. The authors also thank all parties who contributed to the completion of this 

study. 

 

 

 



Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 11 (4): 1396 - 1408, December 2025                                  e-ISSN: 2685-7332 
 

 Mahardianti et al., (2025). Phytochemical Profiling and Granule Formulation of Green Betel … | 1405 

REFERENCES  

Ahmad, I., Astari, S., & Tan, M. (2007). Resistance of Aedes aegypti (Diptera: 

Culicidae) in 2006 to pyrethroid insecticides in Indonesia and its association 
with oxidase and esterase levels. Pakistan journal of biological sciences: PJBS, 

10(20), 3688–3692. https://doi.org/10.3923/pjbs.2007.3688.3692 

Andriani, R., Mahmudah, R., Nuralifah., Jannah, S.R.N., Sida, N.A., Hikmah, N., 

Trinovitasari, N., & Wulandari, W.P. (2023). Formulation and Evaluation of 
Antidiabetic Granules Using Teak Leaf Extract (Tectona grandiss Linn F.) as 

the Active Ingredient. Jurnal Mandala Pharmacon Indonesia (JPMI), 9(2), 484–

491. https://doi.org/10.35311/jmpi.v9i2.410 [In Indonesian language] 

Astuti., Dwi, L., & Maesaroh., Imas. (2020). Formulation and Evaluation Test of 
Lemongrass Extract Granules (Cymbopogon citratus) as a Biolarvicide for Aedes 

aegypti Mosquitoes. Jurnal Farmasi Muhammadiyah Kuningan, 5(2), 45–50. 

https://doi.org/10.55093/jurnalfarmaku.v5i2.137  [In Indonesian language]  

Aulton, M.E. (2007). Pharmaceutics: The science of dosage form design. London: Churchill 

Livingstone. Page: 1–838. 

Aulton, M.E., & Taylor, K. (2018). Aulton’s pharmaceutics: The Design and Manufacture 

of Medicines. London: Elsevier. Page: 1–912. 

Aulung, C.C.A. (2010). Larvicidal Activity of Betel Leaf Extract Against Aedes aegypti. 

Majalah Kedokteran FK UKI, 28(1), 7–14. [In Indonesian language] 

Azmir, J., Zaidul, I.S.M., Rahman, M.M., & Sharif, K.M. (2013). Techniques for 
Extraction of Bioactive Compounds From Plant Materials: A review. Journal 

of Food Engineering, 117(4), 426–436. 

Carr, R. L. (1965). Evaluating flow properties of solids.                                                                   
Chemical Engineering, 72(2), 163–168. 

https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=201602016398256191 

Chan, E.W.C., Lim, Y.Y., & Omar, M. (2007). Antioxidant Activity of Piper betle. 

Food Chemistry, 103(4), 121–128.  

Chemat, F., Vian, M. A., & Cravotto, G. (2012). Green Extraction of Natural 

Products: concept and principles. International journal of molecular sciences, 13(7), 

8615–8627. https://doi.org/10.3390/ijms13078615 

Cowan, M.M. (1999). Plant Products as Antimicrobial Agents. Clinical Microbiology 

Reviews, 12(4), 564–582. https://doi.org/10.1128/CMR.12.4.564 

Dai, J., & Mumper, R. J. (2010). Plant Phenolics: Extraction, Analysis and Their 
Antioxidant and Anticancer Properties. Molecules (Basel, Switzerland), 15(10), 

7313–7352. https://doi.org/10.3390/molecules15107313 

Departemen Kesehatan Republik Indonesia. (2000). General Standard Parameters for 

Medicinal Plant Extracts. Jakarta: Depkes RI. Page: 1–45. [In Indonesian 

language] 

https://doi.org/10.35311/jmpi.v9i2.410
https://doi.org/10.55093/jurnalfarmaku.v5i2.137


Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 11 (4): 1396 - 1408, December 2025                                  e-ISSN: 2685-7332 
 

 Mahardianti et al., (2025). Phytochemical Profiling and Granule Formulation of Green Betel … | 1406 

Duke, S. O., Dayan, F. E., Rimando, A. M., Schrader, K. K., Aliotta, G., Oliva, A., 

& Romagni, J. G. (2002). Chemicals from nature for weed                                 
management. Weed Science, 50(2), 138–151. doi:10.1614/0043-

1745(2002)050[0138:IPCFNF]2.0.CO;2 

Evans, W.C. (2009). Trease and Evans pharmacognosy. London: Saunders Elsevier. 

Page: 1–616. 

Farnsworth N. R. (1966). Biological and phytochemical screening of plants.                                

Journal of pharmaceutical sciences, 55(3), 225–276. 

https://doi.org/10.1002/jps.2600550302 

Geldart, D., Abdullah, E.C., Hassanpour, A., Nwoke, L.C., & Wouters, I. (2006). 
Characterization of powder flowability using measurement of angle of repose. 

Powder Technology, 164(3), 188–194. https://doi.org/10.1016/S1672-

2515(07)60247-4 

Ghosh, A., Chowdhury, N., & Chandra, G. (2012). Plant Extracts as Mosquito 

Larvicides. Indian Journal of Medical Research, 135(5), 581–598. 

Harborne, J.B. (1987). Phytochemical Methods. Bandung: ITB Press. Page: 1–354. [In 

Indonesian language] 

Harborne, J.B. (1998). Phytochemical Methods Textbook: A Guide to Modern Plant Analysis 

Techniques. Fifth Edition. London: Chapman and Hall Ltd. Page: 1–302 

Isman, M.B. (2006). Botanical insecticides, deterrents, and repellents in modern 
agriculture and an increasingly regulated world. Annual review of entomology, 51, 

45–66. https://doi.org/10.1146/annurev.ento.51.110104.151146 

Kibbe, A.H. (2000). Handbook of pharmaceutical excipients. Washington DC: American 

Pharmaceutical Association. Page: 1–1125. 

Kokate, C.K. (1994). Practical pharmacognosy. New Delhi: Vallabh Prakashan. Page: 1–

181. 

Lachman, L., Lieberman, H.A., & Kanig, J.L. (1994). The theory and practice of 

industrial pharmacy. Philadelphia: Lea & Febiger. Page: 1–902. 

Markham, K.R. (1982). Techniques of flavonoid identification. London: Academic Press. 

Page: 1–113. 

Marfu’ah, N., Nisa, A.R., & Fajri, M. (2024). Formulation of Teak Wood Powder 
Extract (Tectona grandis) Sand Granules as a Larvicide for Aedes sp 

Mosquitoes. Proceeding Conference of Seminar Nasional Biologi, 7(1), 170–185. [In 

Indonesian language] 

Mustofa. (2010). Bioactive Compounds in Betel Leaf (Piper betle L.). Jurnal Farmasi 

Indonesia, 5(2), 1–7. [In Indonesian language] 

Murtini, G., & Elisa, Y. (2018). Solid Dose Technology. Jakarta: Kementerian Kesehatan 

RI. Page: 1–210. [In Indonesian language] 

https://doi.org/10.1016/S1672-2515(07)60247-4
https://doi.org/10.1016/S1672-2515(07)60247-4


Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 11 (4): 1396 - 1408, December 2025                                  e-ISSN: 2685-7332 
 

 Mahardianti et al., (2025). Phytochemical Profiling and Granule Formulation of Green Betel … | 1407 

Naczk, M., & Shahidi, F. (2004). Extraction and Analysis of Phenolics in Food. 

Journal of Chromatography A, 1054(1–2), 95–111. 

Nerio, L.S., Olivero-Verbel, J., & Stashenko, E. (2010). Repellent activity of essential 
oils: a review. Bioresource technology, 101(1), 372–378. 

https://doi.org/10.1016/j.biortech.2009.07.048 

Pavela, R. (2015). Essential oils for the development of eco-friendly mosquito 
larvicides: A review. Industrial Crops and Products, 76, 174–187. 

Pavela, R., & Benelli, G. (2016). Essential oils as Ecofriendly Biopesticides? 
Challenges and Constraints. Trends in Plant Science, 21(12), 1000-1007. 

https://doi.org/10.1016/j.tplants.2016.10.005 

Regnault-Roger, C., Vincent, C., & Arnason, J.T. (2012). Essential oils in insect 
control: low-risk products in a high-stakes world. Annual review of entomology, 

57, 405–424. https://doi.org/10.1146/annurev-ento-120710-100554  

Rostagno, M.A., Palma, M., & Barroso, C.G. (2003). Phenolic extraction. Analytical 

Chemistry, 75(20), 597–605. 

Rowe, R.C., Sheskey, P.J., & Quinn, M.E. (2009). Handbook of Pharmaceutical 

Excipients. London: Pharmaceutical Press. Page: 1–917. 

Sa’dah, H., & Fudholi, A. (2011). Optimisation of tablet formula using lactose. 

Majalah Farmasi Indonesia, 22(4), 306–314. [In Indonesian language] 

Sarker, S. D., & Nahar, L. (2012). An introduction to natural products isolation. 
Methods in molecular biology (Clifton, N.J.), 864, 1–25. 

https://doi.org/10.1007/978-1-61779-624-1_1 

Sarker, S.D., Latif, Z., & Gray, A.I. (2006). Natural products isolation. Second Edition. 

Totowa: Humana Press. Page: 1–512. 

Service, M.W. (2012). Medical entomology for students. 5th edition. Cambridge: 

Cambridge University Press. Page: 1–303. 

Soegijanto, S. (2006). Dengue Fever. Surabaya: Airlangga University Press. Page: 1–

245. [In Indonesian language] 

Stalikas C. D. (2007). Extraction, separation, and detection methods for phenolic acids 
and flavonoids. Journal of separation science, 30(18), 3268–3295. 

https://doi.org/10.1002/jssc.200700261 

Sukandar, E.Y., Nurdewi, N., & Sigit, J.I. (2006). The activity of medicinal plant 
insecticides against Aegypti larvae. Jurnal Bahan Alam Indonesia, 5(1), 17–22. 

[In Indonesian language] 

US Pharmacopeia. (2018). USP 41–NF 36. Rockville: USP Convention. Page: 1–8200. 

World Health Organization. (2012). Global Strategy for Dengue Prevention and Control 

2012–2020. Geneva: WHO Press. Page: 1–147. 

https://doi.org/10.1016/j.tplants.2016.10.005


Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 11 (4): 1396 - 1408, December 2025                                  e-ISSN: 2685-7332 
 

 Mahardianti et al., (2025). Phytochemical Profiling and Granule Formulation of Green Betel … | 1408 

Yunus, M.A.C., Hasan, M., Othman, N., Setapar, S.H.M., Salleh, L. M., Zaini, 

M.A.A & Zhari, S. (2013). Effect of Particle Size on The Oil Yield and 
Catechin Compound Using Accelerated Solvent Extraction. Jurnal Teknologi 

(Sciences and Engineering), 60(1), 21–25. 

 

 

 

 

 

 

 

How To Cite This Article, with APA style : 

Mahardianti, M., Nurani, P. R. C., Tresnaningtyas, S. A., & Islami, S. (2025). 
Phytochemical Profiling and Granule Formulation of Green Betel Leaf (Piper 

betle L.) Extract for Potential Bio-Larvicidal Application. Jurnal Pembelajaran dan 

Biologi Nukleus, 11(4), 1396-1408. https://doi.org/10.36987/jpbn.v11i4.8448 

  

 

 

 

 

 

 

Conflict of interest : The authors declare that they have no known competing 
financial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 

Author contributions : All authors contributed to the study's conception and design. 
Material preparation, data collection and analysis were 

performed by all authors. The first draft of the manuscript was 

submited by [Meita Mahardianti]. All authors contributed on 
previous version and revisions process of the manuscript. All 
authors read and approved the final manuscript. 

 


