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Abstract 

Pomacea canaliculata, also referred as the golden apple snail, is an invasive species significantly affecting agricultural crop 

production. Its rapid proliferation, secretion of contaminants like eggs and slime, and aggressive feeding habits have driven 

the search for safe, toxic-free alternatives to conventional pesticides. Among various plants, Muntingia calabura L., has 

gained attention for its potential as a natural pesticide. This study aimed to assess the molluscicidal activity of ethanolic leaf 

extract of M. calabura (ELEMC). Snail biossay was performed in simulated rice field, exposing the P. canaliculata to 

varying concentrations ranging from 200 to 1000 mg/L for 48 h. Mortality rates were recorded every 12h. Results showed 

that concentrations from 800 mg/L (T4) to 1000 mg/L (T5) were comparable to the commercial positive control. Probit 

analysis revealed that the LC50 was at 870.96 mg/L. A very high positive correlation (r=0.8358) was also observed between 

the concentration and mortality. Histopathological analysis of gills of ELEMC-treated snails revealed severe damage to the 

gills showing vacuolization, complete loss of cilia, degenerated columnar cells, reduced hemocyte quantity, splitting and 

degeneration of gill filaments. The molluscicidal activity of the extract may be accounted for from the presence of 

phytochemicals as revealed from literature. In conclusion, the ELEMC could be a potential source of molluscicide against P. 

analiculata. 
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Introduction 

Invasive species lead to disruptions that impact the economy, 

environment, and agriculture. One such species is Pomacea 

canaliculata (golden apple snail), which causes severe damage 

to crop by reducing yields and increasing production costs. 

Native to South America, this pest has proliferated across nearly 

all regions of the Philippines. P. canaliculata infests 

approximately 1.6 million hectares of rice fields, leading to 

significant economic losses estimated between 425 and 1200 

million USD annually
1
. The pest damages up to 85% of crops 

through egg deposition, slime contamination, and aggressive 

feeding
2
, severely impacting farmers' earnings. 

 

To manage this infestation, farmers have used synthetic 

molluscicides. However, concerns about their long-term effects 

on human health and the environment have prompted a search 

for plant-based alternatives
3
. Over 1,400 plant species with 

molluscicidal potential have been identified, particularly against 

P. canaliculata and related species
4
. Muntingia calabura L., an 

edible plant known for its antiseptic, anti-inflammatory, and 

antioxidant properties, has shown promising secondary 

metabolites such as flavonoids, tannins, and other compounds 

that are detrimental to pests. Research has identified toxic 

flavonoids in its leaves, including flavanones and flavones, 

which could serve as alternative molluscicidal agents
5
. Despite 

this, no studies have explored the molluscicidal potential of M. 

calabura L. This study, therefore, aims to conduct a preliminary 

evaluation of the molluscicidal effect of ELEMC extract against 

P. canaliculata in a rice-mimicking environment. 

 

Materials and Methods 

Plant Material: The collected leaves of M. calabura from the 

open field of Mabiga, Mabalacat City, Pampanga, Philippines. 

Three (3) kg of plant leaf samples were subjected to extraction 

and further concentrated at Department of Science and 

Technology (DOST), City of San Fernando, Pampanga, 

Philippines. A plant specimen was sent to Jose Vera Santos 

Memorial Herbarium, Institute of Biology, College of Science, 

University of the Philippines, Diliman, Quezon City, Philippines 

for plant authentication
6
. The specimen was labeled by the 

expert as Muntingia calabura L. 

 

Rice Seed Germination and Rice Field Mimicking: Rice 

seeds acquired from Barangay Lawi, Capas, Tarlac, 

Philippines
7
. The healthy rice seedlings were transplanted into a 

small plastic basin full of pre-autoclaved garden lawn soil 

obtained from the Department of Agriculture, LGU office of 

Mabalacat City, Pampanga, Philippines at a depth of 2 inches. 

To mimic the rice field setting, 21 transparent containers with 

the following dimensions: 6 x 9 x 6.4 inch (W:L:H) were 
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utilized. Each container was designed to mimic a rice field, and 

each contained ten (10) pieces of rice seedlings, 2 kg of soil 

from the field, and 1 liter of per treatment extract. All samples 

were maintained and kept at Biology Laboratory, Mabalacat 

City College, Mabalacat City, Pampanga, Philippines. 

 

Collection and Acclimatization of Snails: Adult snails of P. 

canaliculata (n=300) with shell lengths ranging from 35–60 

mm was collected from the rice field in Brgy. Lawi, Capas, 

Tarlac, Philippines. The collected P. canaliculata were 

transported in a clean plastic container with distilled water. 

After collection, the snails were rinsed using aged water and 

allowed to acclimate at room temperature for three days before 

being used in the experiment. The 300 snails were divided into 

three large plastic containers, each accommodating 100 snails, 

and filled with 10 liters of aged water. Snails were provided 

with young taro leaves as food every 24 hours
8
. Snails were 

authenticated by Bureau of Fisheries and Aquatic Resources 

(BFAR) Regional Office No. III in Maimpis, City of San 

Fernando, Pampanga, Philippines. The experts then 

authenticated the specimen as P. canaliculata. 

 

Molluscicidal Bioassay: Treatments with varying 

concentrations of 200 mg/L (T1), 400 mg/L (T2), 600 mg/L 

(T3), 800 mg/L (T4), and 1000 mg/L (T5), with three (3) 

replicates each, were prepared by mixing the respective amount 

of ELEMC with 1000 ml of aged water, yielding a 

concentration treatment solution of 1 liter. The treatment 

solution was administered into containers containing the 

mimicked rice field. Ten (10) snails with shell lengths ranging 

from 35 to 60 mm were exposed to the treatment. The 

containers were covered with plastic cling wrap to prevent the 

snails from crawling out with small holes poked, to allow 

airflow. For comparison, 1 L of aged water (the negative control 

– T-) was also provided, along with the niclosamide (the 

positive control – T+), with concentration of 625 mg/L. The 

snails were then exposed for 48 hours in different treatments. 

Snail mortality was recorded at 12, 24, 36, and 48 hours. To 

ensure the accurate determination of P. canaliculata mortality, 

forceps were used to move or poke the specimens. If a sample 

remained unresponsive, it was labeled as dead. The carcasses 

were removed from the containers to avoid contamination, after 

which the snails were extracted out of their shells, and gills 

dissected and trimmed, they were fixed in 10% formalin until 

utilized for histopathological preparation
9,10

. 

 

𝑆𝑛𝑎𝑖𝑙 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦  % =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑛𝑎𝑖𝑙𝑠 𝑡𝑟𝑒𝑎𝑡𝑒𝑑
 𝑥 100 

Equation-1: Snail Mortality 

 

Histopathological Screening and Analysis: To assess the 

histopathological aberrations after 48 hours of exposure to 

varying treatments, the organs of P. canaliculata were extracted 

from their shells, from which the gills were dissected and 

subsequently fixed in 10% formalin. The fixed gills were sent to 

Hi-Precision in Angeles City, Pampanga, Philippines, for 

histopathological preparation and stained with hematoxylin and 

eosin (H&E)
11

. The prepared samples were examined under a 

compound light microscope using scanner (40x), low power 

(100x), and high power (400x). 

 

Statistical Analysis: Significant differences among the 

treatments were determined through parametric test of One-way 

Analysis of Variance (ANOVA). Tukey’s post-hoc test is 

utilized to find significant differences between each treatment. 

A p-value of less than 0.05 (<0.05) was implied with significant 

difference. Additionally, median lethal concentration (LC50) 

was determined using probit analysis. The data was statistically 

analyzed using GraphPad Prism version 9.5.1 (available online 

at www.graphpad.com) and Microsoft Excel. 

 

Results and Discussion 

Mortality Rate of P. canaliculata: Table-1 presents the 

molluscicidal activity of the ELEMC against P. canaliculata. 

After 12 and 24 hours of exposure, the highest mortality rates 

were evidently observed in the positive control (Niclosamide), 

with a 70% mortality rate at 12 hours and an additional 30% 

mortality rate at 24 hours. At 36 hours, only the 1000 mg/L 

concentration showed a 20% mortality rate. After 48 hours, the 

concentrations of 600 mg/L, 800 mg/L, and 1000 mg/L 

exhibited mortality rates of 23%, 40%, and 57%, respectively. 

In contrast, a negligible mortality rate was recorded at the 

negative control, concentrations of 200 mg/L and 400 mg/L 

during the entire experimental period, which was due to the 

adaptability of P. canaliculata to artificially contained rice 

paddy water made of aged water and its resistance to lower 

concentrations of the extract. Moreover, after the entire 

experimental period (48 hours), the highest recorded mortality 

rate of P. canaliculata was registered at the positive control 

with a total average mortality of 100% and at concentrations of 

800 mg/L and 1000 mg/L with 40% and 77% mortality rates, 

respectively. These results may further indicate that the 

molluscicidal activity of the ELEMC is highly time- and dose-

dependent. These results supported by literature that P. 

canaliculata exposed to Ipomoea batatas leaf extract (aqueous, 

methanol, chloroform, and hexane) and Allium sativum 

(aqueous extract) showed increased mortality of P. canaliculata 

at higher concentrations with longer time exposure
3,14

. 

Similarly, the results of this study confirmed that mortality of P. 

canaliculata was observed and recorded at higher 

concentrations (600mg/L, 800mg/L, and 1000mg/L) with 

extended exposure times. This indicates the concentration and 

time exposure have significant and direct contribution to snail 

mortality. 

 

Plants produce several naturally active compounds that have 

been found to induce a highly toxic and adverse effect on an 

organism’s cellular and organ levels
12-14

. Bioactive compounds 

such as saponins, tannins, flavonoids, and terpenoids were all 

present in the phytochemical screening of the ethanolic leaf 

extract of M. calabura
12-19

. Such compounds have been reported 
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and are believed to possess a direct and significant role in the 

toxicity and molluscicidal effect against P. canaliculat
20

. 

Therefore, it is presumed that M. calabura's phytochemical 

components directly contribute to its molluscicidal action in the 

current study against P. canaliculata. This is consistent with 

researches
14,21

, which found a direct correlation between the 

mortality of P. canaliculata and the presence of bioactive 

compounds such as saponins, tannins, terpenoids, and 

flavonoids in plant extracts. Similarly, prior studies
23-25

 have 

linked these chemical classes to molluscicidal activity against 

other snail species. Interestingly, a recent study revealed the 

existence of these secondary metabolites in the ethanolic, 

methanolic, and hexane leaf extract of M. calabura
25

. 

Theoretically, tannins and terpenoids inhibit food ingestion and 

growth rates in experimental animals
26,27

, which has led to their 

use as plant-based pesticides
28

. Meanwhile, saponins disrupt cell 

membrane integrity, causing cell lysis
14,29

. Additionally, 

flavonoids are thought to inhibit the detoxification process in 

snails and increase saponin absorption, thereby enhancing 

toxicity and leading to rapid mortality
30,31

. 

 

Table-1: Molluscicidal Activity of ELEMC against P. 

canaliculata. 

Treatments 
% Mortality Total % 

Mortality 

(48hrs) 12h 24h 36h 48h 

T- 0 0 0 0 0 

T+ 70 30 0 0 100 

T1 0 0 0 0 0 

T2 0 0 0 0 0 

T3 0 0 0 23 23 

T4 0 0 0 40 40 

T5 0 0 20 57 77 

 

ANOVA revealed significant differences across treatment 

groups after 48 hours of exposure with p-value of <0.0001. 

Post-hoc Tukey’s test identified the significant differences 

between treatments. T5 showed significant difference to T-. 

Although the treatments of T3 and T4 do not show significant 

difference to T-, high mortality rates were still observed in T3 

and T4 in comparison to T-. Meanwhile, no significant 

differences were observed between the treatments of T4 and T5 

to T+, indicating comparable results between the high 

concentrations of ELEMC and commercial product. Probit 

analysis of LC50 revealed that at 870.96 mg/L of ELEMC 

induces 50% mortality in P. canaliculata when subjected for 48 

h. Correlation coefficient of r=0.8358 indicates a strong and 

positive relationship between the concentration and mortality. 

This confirms that it has a significant dose-dependent effect. 

Moreover, mortality in extracts were also observed at the later 

stage of observation indicating also that the extract is time 

dependent. The molluscicidal activity of ELEMC can be 

attributed to the presence of phytochemicals. Qualitative and 

quantitative analysis were conducted to detect and measure the 

phytochemical constituents of M. calabura. It was revealed that 

its leaves have presence of alkaloids, flavonoids, phenols, 

tannins, and saponins. Specifically, alkaloids are present in 

higher concentration in comparison with other 

phytochemicals
32

. In a review paper, alkaloid was highlighted 

with high efficacy to snail mortality. Physiological and 

biochemical effects of alkaloids can range from neurotoxicity to 

destabilization of cell membrane
33

. In one study, arecoline, an 

alkaloid, showed significant mortality rate to P. canaliculata by 

lowering oxygen intake, ammonia excretion, and inhibiting 

acetylcholinesterase
34

. 

 

Histopathological Examination: The histopathological 

observation of the gills of P. canaliculata revealed intact gill 

filaments in T- (Figure-1A). The gill of P. canaliculata 

consisted of numerous gill filaments, with a gill epithelium 

containing ciliated columnar cells. In Figure-1A, there were 

numerous cilia present outside the gill filaments, showing a 

double-layered arrangement of ciliated columnar cells 

positioned parallel to each other and partitioned by a narrow 

gap. Additionally, many hemocytes were observed in the 

hemolymph space, and the columnar cell structure appeared 

complete. In P. canaliculata treated with the positive control 

(T+), both snails showed complete cilia loss at 12 hours (Figure 

1B) and 24 hours (Figure-1C). The snail exposed for 12 hours 

exhibited severe degeneration of columnar cells and minimal 

tissue disintegration (Figure-1B). In contrast, the snail exposed 

for 24 hours showed complete tissue disintegration, resulting in 

degenerated tissue (Figure-1C). Studies have shown that 

synthetic molluscicides, such as niclosamide, disrupt various 

cellular processes in snail tissues, compromising cell membrane 

integrity and ion channels, which are crucial for cell function. 

These disruptions lead to cellular breakdown, loss of tissue 

integrity, and eventual tissue disintegration
34

. Interestingly, 

tissue samples from live snails treated with 200 mg/L and 400 

mg/L of ELEMC after 48 hours showed minimal aberrations. 

Histological changes in P. canaliculata treated with 200 mg/L 

included a reduction in cilia length and quantity, vacuolization, 

splitting of some columnar cells, and disorganized folding of the 

filaments (Figure-1D). Furthermore, P. canaliculata treated 

with 400mg/L of ELEMC exhibited histological alterations such 

as shedding of cilia and mild vacuolation or split columnar cells 

(Figure-1E).  

 

On one hand, P. canaliculata treated with 600mg/L for 48 

hours, exhibited a complete loss of cilia, vacuolated tissue and 

split columnar cells, and empty filaments with a reduced 

quantity of hemocytes were observed (Figure-1F). On the other 

hand, tissue from P. canaliculata treated with 800mg/L ELEMC 

for 48 hours exhibited a complete loss of cilia, severe 
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degeneration of columnar cells, and emptier filaments with a 

reduced quantity of hemocytes (Figure-1G). Lastly, P. 

canaliculata treated with 1000mg/L of ELEMC for 36-hour, 

manifested complete loss of cilia, degeneration of columnar 

cells (Figure-1H). In contrast, P. canaliculata treated with 1000 

for 48-hour presented complete loss of cilia, Undulating folds of 

the gill filaments, vacuolization, splitting, and severe 

degeneration of columnar cells, and degeneration of some 

regions of the tissue (Figure-1I). These results of P. 

canaliculata treated with different concentrations of ELEMC 

resulted in varying degrees of aberration in the gills of snails. 

Consequently, this loss of cilia in the gills can disrupt the snail's 

essential physiological activities, including respiration and 

excretion. Research findings
35

 have revealed a link between cilia 

shedding, and the inhibitory activity of the toxin could promote 

histological degeneration in P. canaliculata. Moreover, the 

results explain the direct relationship of concentration ELEMC 

led to more pronounced aberrations in the columnar cells. In 

lower concentrations of the plant extract, observed alterations 

included vacuolization and splitting of the columnar cells. 

Similar effects have been observed in studies involving the 

exposure of P. canaliculata to heavy metals
36

 and copper
37

. 

Therefore, based on these previous studies and the results, it can 

be theoretically inferred that the observed vacuolization of 

columnar cells in response to ELEMC may be indicative of a 

cellular detoxification response to the plant extract. 

 

Conclusion 

In conclusion, the ELEMC has comparable molluscicidal 

activity with positive control at high concentrations after 48 h of 

exposure. Mortality rates were observed at 36 h to 48 h of the 

highest concentration (T5). It has LC50 of 870.96mg/L. 

Histopathological examinations of gills that were subjected to 

concentrations of 800mg/L to 1000mg/L ELEMC have shown 

progressive damage to the gills, as indicated by aberrations of 

vacuolization, cilia loss, and cell and tissue degeneration. 

Literature suggested that the molluscicidal activity was derived 

from its presence of bioactive phytochemicals. These findings 

suggest that ELEMC has promising molluscicidal activity at 

high concentrations and prolonged exposure. 
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Figure-1: Histology of the gills of P. canaliculata subjected to different treatments (A-I) observed after 12-48 hours. (A) negative 

control (T-); (B) Positive control, 12hrs(T+); (C) Positive control, 24hrs (T+); (D) 200 mg/L ELEMC (T1); (E) 400 mg/L ELEMC 

(T2); (F) 600 mg/L ELEMC (T3); (G) 800 mg/L ELEMC (T4); (H) 1000 mg/L ELEMC, 36hrs (T5); (I) 1000 mg/L ELEMC, 48hrs 

(T5).Ci=cilia; CC=columnar cells; Hc=hemocytes. White asterisk=severe degeneration of CC; Red asterisk=disintegration of 

tissue; Gray arrow=dilated hemolymph space; Black arrow head=split; Red dashed line=wavy-like folding of gill filament; Measure 

line icon=larger gap in the interlamellar space. H&E. HPO 800x. Note: The black spots visible in the figure are artefacts. 
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