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Abstract 
Freshwater pulmonate snails are prevalent across Kenya and act as intermediate hosts for 
trematode parasites, which cause schistosomiasis in humans. Chemical molluscicides have 
rarely been used routinely to control snail-borne parasitic infections due to high costs of 
manufacture and the subsequent environmental concerns associated with their use. This study 
tested raw extracts from green tea and purple tea plant, Camellia sinensis, which are widely 
grown in Kenyan highland areas against the freshwater pulmonate snail, Biomphalaria pfeifferi. 
Snails were exposed to five different concentrations (10, 20, 50, 100 and 150 ppm) of the water 
extracts. All quantitative data analysis was done in R version 4.4.0. The Kruskal-Wallis test was 
used to test the difference in mortality across the different extract concentrations. Kaplan-
Meier survival analysis was used to examine the survival rates of snails. Survival curves were 
compared using the log-rank test. A p-value of less than 0.05 was considered significant. 
Phytochemical analysis of the extracts was done using Liquid Chromatography and Gas 
Chromatography with mass spectrophotometry. Analysis of the raw extracts by LCMS showed 
that the compounds present in the extracts were epicatechin, epigallocatechin, caffeine, which 
was the most abundant, theobromine, as well as asamsaponin C. The compounds Identified by 
GCMS are hexadecanoic acid, caffeine, octadecenoic acid-methyl and octadec-1-ene. The 
crude extracts from the Kenyan tea plant Camellia sinensis (both green and purple tea) induced 
mortality of the Biomphalaria pfeifferi snails. Therefore, they can be explored as alternative 
plant-based molluscicides against the vector snails of intestinal schistosomiasis. 
 
Keywords: Schistosomiasis, Camellia sinensis, Biomphalaria pfeiferri 
 
1.0 Introduction 
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Schistosomiasis is a Neglected Tropical Disease (NTD) that has co-evolved with humans for 
years (Menezes et al., 2023). The blood flukes of the genus Schistosoma cause the disease 
schistosomiasis. Approximately 236 million people are infected worldwide and the bulk (90%) 
is in Africa (Carbonell et al., 2021). The disease is primarily caused by Schistosoma mansoni and 
Schistosoma haematobium (Aula et al., 2021). There are specific freshwater snail species that 
serve as the intermediate hosts (Zheng et al., 2021). In Kenya, the vector snails for both 
S.mansoni and S.haematonium are from the genus Biomphalaria and Bulinus snails 
respectively. 
 
To control the vector snails, chemical mollusciciding was at the forefront of schistosomiasis 
control (Cioli et a, 2014). From the 1950s until the 1970s, copper sulphate, sodium 
pentachlorophenol (NaPCP), N-trityl morpholine, and niclosamide were frequently used to 
control snails, particularly to control schistosomiasis in Asia, Africa, and South America (Lu et 
al., 2018). Since the 1950s, more than two thousand synthetic compounds, have been 
developed and utilized.  It was not until the introduction of chemotherapy using praziquantel 
in the 1970s, that displaced the use of molluscicides (Cioli et al., 2014). At present, there is 
limited use of chemical molluscicides because of their high cost, the risk of ecological damage, 
and potential advancement of snail resistance to chemical molluscicides.  
 
Modern-day schistosomiasis control programs in Africa primarily rely on chemotherapy using 
Praziquantel (PZQ). Although this strategy is effective in reducing the prevalence and morbidity 
associated with the disease, it is not sustainable because reinfections do rapidly occur after 
successfully treating infected individuals (Gray et al., 2010; Njenga et al., 2014), among other 
challenges. To sustain the gains made through drug-based control strategies, there is a need 
to explore ways to incorporate snail control strategies that offer efficacy but are also relatively 
friendly to the environment for control and elimination of schistosomiasis and other snail-
borne diseases. Although effective for snail control, synthetic chemical molluscicides are costly, 
unfriendly to the environment, and may have a long-term negative impact on non-target 
organisms like fish and amphibians in water.  
 
Some of the synthetic compounds with limited applications include poly quaternary 
ammonium compounds, hydrocarbons, metals and their salts including niclosamide. Further, 
the biodegradation rate for synthetic compounds is incredibly slow, making them hazardous 
to the environment (Kashyap et al., 2019). Also, these synthetic molluscicides have negative 
effects on non-target organic entities and the environment (Barua et al., 2021). Therefore, 
there is an urgent need to look into feasible and eco-friendly control techniques. Essentially, 
nonchemical techniques can be applied to enhance snail population management.  
 
On the other hand, plant-derived molluscicides meet the criteria for efficacy and safety to the 
environment and non-target organisms and can be used to complement chemotherapy (Silva 
et al., 2020). Alkaloids, saponins, cardiac glycosides, and therapeutic oils/terpenes are 
examples of metabolites that enable plants to be effective in controlling snail populations (De 
et al., 2023) . Natural plant compounds are easily accessible, inexpensive, environmentally 
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friendly, and quickly biodegrade, there are fewer chances that molluscs will be resistant 
to them (He et al., 2024). They seem to be the most reliable methods for reducing the number 
of molluscs. 
 
To combat intermediate host snails, there is a need for the development of plant-derived 
molluscicides (Radwan & Gad, 2021). The use of plant-derived molluscicides offers a simple 
and cost-effective alternative to chemical molluscicides and could play a significant role in 
sustaining efforts to control and eliminate schistosomiasis in endemic areas. Several 
experimental studies have been conducted to assess plant species for their molluscicidal 
properties (Akinpelu et al., 2012; He et al., 2024; Ibrahim et al., 2023). Also, different plant 
species have been identified as environmentally friendly alternative molluscicides (Han-Cheng 
et al., 2014; Ibrahim et al., 2015; Ibrahim et al., 2023; Kiros et al., 2014; Rodrigues et al., 2013; 
Singh et al., 2012). One plant that has shown remarkable potential as a source of plant-derived 
molluscicide is the tea plant Camellia sinensis.  
 
A saponin-based product derived from the seeds of C. sinensis has been evaluated and found 
to be effective against Oncomelania hupensis snails (the prosobranch snail species responsible 
for the transmission of Schistosoma japonicum, the causative agent of intestinal 
schistosomiasis in China and Southeast Asia), with molluscicidal activity comparable to that of 
niclosamide, a commercially available synthetic molluscicide originally developed by the 
German company Bayer (Han-Cheng et al., 2014; Jia et al., 2013). This saponin-based product 
is now commercially available in China and formed the foundation of our study. The tea plant 
Camellia sinensis is widely cultivated in the highlands of Kenya. This study aimed to evaluate 
the molluscicidal activity and phytochemical profile of Camellia sinensis (green tea) and 
Camellia sinensis var. assamica (purple tea) extracts against Biomphalaria pfeifferi, the major 
vector snails of intestinal schistosomiasis in Kenya. 
 
2.0 Materials and methods 
2.1 Collection of camellia sinensis 
The tea plants were collected in Kericho county, Nyabangi area (0° 26’ 40.41348” S, 35° 8’ 
36.78396” E). The plant parts (mature leaves, shoots, stembark, rootbark and seeds) were 
transported in sisal bags to preserve them as they were transported to Center for Traditional 
Medicine and Drug Research, KEMRI-CTMDR for processing. Plant parts were harvested from 
mature tea plants with the help of a taxonomist who assisted in identifying the two varieties 
of Camellia sinensis. Voucher specimens were deposited at the University of Nairobi (UoN) 
Herbarium under the voucher number NS/UON/2023-001. The different plant parts were air-
dried at room temperature under shade for 21 days and pulverized using a laboratory mill 
(Christy & Norris Ltd., Chelmsford, England) at CTMDR- KEMRI. The powders were packed in 
air-tight polythene bags, labeled and stored. Figure 1 below shows the procedures taken for 
plant collection and phytochemical extraction and analyses.  
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Figure 1. A Diagrammatic Representation of Plant Extraction from the Tea Seeds, Biochemical 

Characterization Process, and Testing for Molluscicidal Activity 
 
For water extraction, the powdered plant extracts were soaked in 500 ml water. They were 
then heated in a water bath at 60 °C for 1 hour. After heating, the solution was filtered by 
passing through a cotton gauze. The filtered solution was then the mixture was put in a glass 
flask and coated with dry ice and acetone. The mixture was then freeze-dried to get the 
concentrated powdered extracts. 
 
For methanol extraction, the plant materials were weighed and soaked in 500 ml of methanol 
overnight at room temperature and filtered with filter paper (whatman no.1). The plant 
materials were re-extracted immediately after filtration, with 300ml of methanol overnight and 
the filtrates pooled and concentrated under vacuum using a rotatory evaporator at 40 °C until 
dry (Das et al., 2010; Harborne, 1998). The concentrate was transferred to an air-tight 
container, weighed, labeled and stored at 4 °C. 
 
Table 1 below therefore shows the yields of the green and purple tea water extracts: 
 

Table 1 :The table below shows the plant samples collected and their respective yields in 
grams 

Plant (Camellia sinensis) Part Weight (grams) Yield (grams) 
Purple tea seeds 50 7 
Green tea seeds 100 17 
Green tea Rootbark 62 3 
Green tea Stembark 100 7 
Green tea Young shoots 100 11 
Green tea Mature leaves 100 15 

 
 
2.2 Liquid chromatography 
Samples were sonicated in pure methanol, filtered through 0.22µm syringe filters, diluted in 
the mobile phase (Methanol: H2O; 1:1) and transferred to LC autosampler vials for analysis. 
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The instrument parameters included a Kinetex 2.6 μm XB-C 18 column (150mm x 3mm) paired 
with a Phenomenex Security-Guard Ultra cartridge. The mobile phase consisted of 0.1% water 
with 0.1% formic acid and methanol. The gradient program started with 10% B for the first 0.5 
minutes, increased to 50% B by 5 minutes, then to 90% B by 8 minutes, maintained 90% B until 
11 minutes, and finally returned to 10% B from 11.01 to 20 minutes. The flow rate was set at 
0.25 mL/min, with an oven temperature of 40°C and an injection volume of 5 μL. The MS 
interface used Electro-Spray Ionization (ESI) in full scan mode with polarity switching, covering 
a range of 70-1900 m/z. Nitrogen gas flowed at 2.0 L/min for nebulizing and 15 L/min for 
drying, with MS temperatures set at 250°C for the desolvation line and 400°C for the heating 
block 
 
2.3 Gas chromatography 
Only 1 µL of the sample was injected for analysis. Separation was conducted using the SH-Rxi-
5Sil MS capillary GC column (30m, 0.25mm ID, 0.25 µm film thickness). Ultrapure helium served 
as the carrier gas at a flow rate of 1.0 ml/min. The injection temperature was maintained at 
200°C, employing the split injection mode with a 10:1 ratio. The oven temperature program 
was as follows: initial temperature 50°C (held for 1 minute); increased by 20°C/min to 200°C 
(held for 1 minute); then raised by 5°C/min to 300°C (held for 30 minutes). Samples were 
analyzed in full scan mode ranging from 50 to 700 m/z. The ion source temperature was kept 
at 200°C and the interface temperature at 280°C. 
 
2.4 Collection of biomphalaria pfeifferi  
Target snails comprised members of the freshwater snails of medical and economic 
importance in Kenya, namely Biomphalaria Pfeifferi. The snails were obtained from Kisumu and 
maintained in schistosomiasis laboratory, CBRD, Nairobi. Both juvenile and adult snails were 
tested. We collected Biomphalaria Pfeifferi in Asawo River (0°18'42.7"S 34°55'00.9"E) in the 
month of July 2024, where we used the scooping method to get the snails attached to water 
plants along the river bank. The snails were then transported in open plastic dishes covered in 
some river vegetation to avoid desiccation and heat-related stresses during transportation to 
the laboratory. We transported the snails to Nairobi, CBRD, where they were put into breeding 
trays and labelled appropriately. The snails were bred in a controlled environment with a 
light/dark cycle 12:12. The room temperature ranged from 25 °C to 28 °C. The snails were fed 
on lettuce and the breeding trays were cleaned once in every two weeks to avoid water being 
cloudy from food residues. 
  
Juvenile snails (approximately 1-3 mm in diameter) and adult snails (approximately 4-7 mm in 
diameter) were exposed to five different concentrations (10, 20, 50, 100 and 150 ppm) of the 
water extracts. The study used F1 generation for the tests, both adults and juveniles. For each 
test extract, 20 snails were put in each dish containing the extracts. Additional 20 snails were 
put in the negative control containing de-chlorinated water only. Therefore, 120 snails were 
used for each plant extract. For the 6 extracts, a total of 720 snails were used for the 
experiments. The snails were put in plastic containers with a capacity of 500 ml of water for 24 
hrs. The same procedure was done for adult snails (> 4 mm shell diameter). After 24 hours, the 
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snails were rinsed in dechlorinated tap water, then transferred into clean dishes containing 
dechlorinated tap water and fed on lettuce. They were allowed to recover from molluscicidal 
effects for 24 hours. Data record of 24- and 48-hours’ time intervals on snail's movements, 
retraction or no retraction, response to the presence of food items (lettuce), bleeding, and the 
number dead or alive were recorded. 
      
2.5 Statistical analysis 
Quantitative data analysis was conducted using R version 4.4.0. The Kruskal-Wallis test was 
applied to assess differences in retraction across various groups, specifically tea extracts and 
concentrations. Multiple pairwise comparisons were conducted using the Dunn's test with a 
Bonferroni correction. Kaplan-Meier survival analysis was performed to evaluate the survival 
rates of snails, and survival curves were compared using the log-rank test. A p-value of less 
than 0.05 was considered significant. 
 
3.0 Results 
3.1 Biotoxicity assays 
The snails were exposed to the different plant extracts that included mature leaf extract, green 
and purple tea sees extract, rootbark extract, young shoot extract and stembark extracts. The 
average snail mortality for each extract for the different concentrations is shown in table 2 
below: 
 

Table 2. Average snail mortality for both Juvenile and Adult Snails exposed to Green and 
Purple Tea Extracts at Different Concentrations 

Snail 
Stage/Extract 

Concentrations (ppm)  

Juveniles 10 20 50 100 150 Average 
Mortality 
/20 

(% Average 
mortality) 

Green Mature 
leaf 

0.00 0.00 0.00 0.29 (0.49) 0.29 
(0.49) 

0.11 (0.32) 1 

Green rootbark 0.43 (0.53) 0.29 (0.49) 15.43 
(7.30) 

19.86 (0.38) 20.00 
(0.00) 

11.20 (9.64) 56 

Seed extract 0.57 (0.83) 8.00 (6.53) 16.43 
(6.52) 

19.86 (0.84) 20.00 
(0.00) 

12.97 (8.89) 65 

Green shoot 0.00 0.00 0.29 (0.49) 1.43 (1.81) 2.57 
(1.90) 

0.86 (1.52) 5 

Green stem 0.43 (1.13) 0.14 (0.38) 0.71 (0.76) 5.00 (7.16) 7.86 
(8.82) 

2.83 (5.74) 1 

Adults        

Green tea seeds 1.14 (0.69) 1.86(0.69) 16.43 
(4.12) 

20.00 (0.00) 20.00 
(0.00) 

11.89 (8.89) 60 
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Snail 
Stage/Extract 

Concentrations (ppm)  

Purple Tea seeds 2.71 (2.43) 7.14 (6.64) 17.86 
(4.06) 

20.00 (0.00) 20.00 
(0.00) 

13.54 (8.08) 67 

 
The Green tea seeds had no retractions in the lowest concentrations of 10 ppm within the first 
two hours. The snails even recovered after 48 hours post-exposure. The subsequent 
concentrations of 20, 50, 100 and 150 ppm had observed retractions from the 1-hour time 
point all the snails retracting within the first 4 hours of exposure. Similarly purple tea seeds did 
not induce a lot of snail retractions in the 10-ppm concentration. All the snails had retracted 
after 4 hours in the 50, 100 and 150 ppm concentrations. These retracted snails were not able 
to recover 48 hours post-exposure, even after rinsing them in clean dechlorinated snail water. 
 
Despite the fact that 10 ppm concentration of the root bark did not induce any snail mortalities 
and the subsequent concentrations of 50, 100 and 150 ppm induced greater mortality. At the 
1-hour time point, all snails had retracted in all the three higher concentrations and even after 
48 hours, these snails did not recover from the effects of the root bark extracts. On the other 
hand, the stem bark extracts did not induce retractions in the snails within the first hour of 
observation in all concentrations. However, retractions were observed in all concentrations at 
the 4-hour mark and especially in the higher concentrations of 50, 100 and 150 ppm. After 24 
hours, all the snails in the 100 and 150 ppm were retracted. After 48 hours, a majority of the 
snails were not able to recover. 
 
Observations for the shoot extracts indicated that all the concentration i.e. 10, 20, 50, 100 and 
150 ppm barely induced snail mortality. In fact, the lowest concentration of 10 and 20 ppm did 
not have any snail retracted during all observation time points. At the 48-hour time point, all 
the snails exposed to the extracts recovered. Also, mature leaf extracts did not induce a lot of 
retractions across all the time points and across all the concentrations as well. Even after 24 
hours post-exposure, no snail seemed affected. All snails recovered 24 hours at the 48-hour 
mark after being rinsed with clean water and transferred to clean dechlorinated snail water. 
 

Table 3: Multiple pairwise comparisons of snail mortality among the five extracts of Green Tea 
Plant Extract 1 Plant Extract 2 n1 n2 Estimate  Statistic (Z-score) Adjusted P-value Significance 

Leaf Rootbark 35 35 61.886 5.578 0.0000 * 

Leaf Seed 35 35 74.829 6.744 0.0000 * 

Leaf Shoot 35 35 13.100 1.181 1.0000 ns 

Leaf Stem 35 35 23.471 2.116 0.3439 ns 

Rootbark Seed 35 35 12.943 1.167 1.0000 ns 

Rootbark Shoot 35 35 -48.786 -4.397 0.0001 * 

Rootbark Stem 35 35 -38.414 -3.462 0.0054 * 

Seed Shoot 35 35 -61.729 -5.564 0.0000 * 

Seed Stem 35 35 -51.357 -4.629 0.00004 * 
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Shoot Stem 35 35 10.371 0.935 1.0000 ns 

ns means not significant. * Significant at 5% level. 
 
In table 3, the five green tea extracts (Mature leaf, root bark, seed, shoot and stem) led to 
significantly different median retraction levels of the adult snails (P<0.001). The leaf extract 
differed significantly with seed and root bark extracts (P<0.001), hence a higher toxicity of the 
seed and root bark extracts against the juvenile snails as compared to the leaf extract. 
However, the seed and root bark extracts did not differ significantly. The leaf extract did not 
also differ with the shoot and stem extracts. The root bark extract differed significantly with 
extracts from the shoot and stem (P<0.001 and 0.0054, respectively), implying a higher toxicity 
of root bark to juvenile snails as compared to the shoot and stem extracts. However, there was 
no significant difference between the shoot and stem extracts.  The seed extract also differed 
significantly with the shoot and stem extracts (P<0.001). Hence, a higher toxicity of the seed 
extract to the juvenile snails as compared to the shoot and stem extracts.  
 
3.2 Survival analysis 
Survival Analysis was done and Kaplan Meier curves indicate the time taken by the snails to 
die. The curves in figure 1 also indicate the time it took for half of the snails in the extract to 
retract before being confirmed as dead. 
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Figure 2: Shows the survival curves with the survival probabilities of Biomphalaria pfeifferri snails exposed to Green tea water 

extracts 

 
 
Figure 2. shows the survival curves of snails exposed to the different tea extracts: (a) Indicates 
the survival probabilities for juvenile snails exposed to green tea seed extracts; (b) shows the 
survival probabilities of juvenile snails exposed to purple tea seed extract; (c) The log-rank p-
value of 0.04996578 indicates a significant result at 5% level of significance. However, the snails 
recovered in the green tea shoot extracts as no extracts reduced the survival of the snails 
completely (d) The log-rank p-value of 0.182 indicates a non-significant result at 5% level of 
significance. Hence, there is no survival difference between the five concentrations for green 
tea leaf extract; (e) the log-rank p-value of 0.23 indicates a non-significant result at 5% level of 
significance. Hence, there is no survival difference between the five concentrations for green 
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tea root bark extract; (f) the log-rank p-value of 0.17 indicates a non-significant result at 5% 
level of significance. There is no survival difference between the five concentrations for green 
tea stem extract. These results indicate that for the extracts that shows high toxicity, it was 
observed across the different time points. The extracts that had low toxicity, it was also 
observed across the different time points and concentrations. 
 
3.3 Liquid chromatography 
Liquid chromatography was done using Shimadzu LCMS 8040 machine. Compounds were 
identified by observing dominant peaks and extracting the chromatograms as shown in table 
4. 
 

Table 4. The table below shows the compounds identified by lcms within the different plant 
Plant Extract Compound Identified  Molecular  

weight(g/mol) 
Molecular formulae 

Green tea seeds Assamsaponin C 1231.3 C59H90O27 
Purple tea seeds Assamsaponin C 1231.3 C59H90O27 
Green tea mature leaf *** *** *** 
Green tea Stem bark Epichatechin 290.26 C15H14O6 
 Epichatechin gallate 442.37 C22H18O10 
 Epigallochatechin gallate 458.37 C22H18O11 
 Caffeine 194.19 C₈H₁₀N₄O₂ 
Green tea root bark Assamsaponin C 1231.3 C59H90O27 
 Epichatechin 290.26 C15H14O6 
 Theobromine 180.16 C7H8N4O2 
 Oxalic acid 90.03 C₂H₂O₄ 
 Tartaric acid 150.09 C4H6O6 

** There were no saponins eluted in the Mature Green Tea Leaf Extracts 
 
As shown in Table 4, Assamsaponin C was present in three extracts, green tea seed, purple tea 
seed and green tea root-bark extracts. However, they were not present in the stem bark 
extracts and the leaf extracts. The extracted ion chromatogram of Assamsaponin C is shown in 
Appendix A.1. Figure 3 shows the chemical structures of the compounds identified by LCMS. 
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Figure 3: Compounds structures retrieved from National Center for Biotechnology Information 

(NCBI). PubChem Compound Summary for Assamsaponin C, Epicatechin Gallate, Caffeine, 
Epicatechin, Theobromine, Oxalic acid, Tartaric acid 

 
3.4 Gas chromatography 
Mass spectra of the eluted compounds were compared against the NIST 17 Library for potential 
identification. The eluted compounds are shown in Table 4. 
 

Table 5. The table below shows the compounds identified by lcms within the different plant 
Plant Part (s) Compound (s) Retention Time Area Area % 
Green tea seed Caffeine 11.4 1900731 55 

Hexadecanoic acid, methyl ester 12.329 273486 7.91 
9,12-Octadecadienoic acid (Z,Z)-, methyl ester 15.091 295138 8.54 
9-Octadecenoic acid, methyl ester, (E)- 15.213 503191 14.56 

Purple tea seed Caffeine 11.406 2111689 73.03 
Theobromine 11.644 43610 1.51 
Hexadecanoic acid, methyl ester 12.334 84359 2.92 
9,12-Octadecadienoic acid (Z,Z)-, methyl ester 15.097 42765 1.48 
9-Octadecenoic acid, methyl ester, (E)- 15.219 214967 7.43 
9-Octadecenamide, (Z)- 20.407 102003 3.53 

leaf Caffeine 11.413 3094813 93.47 
Hexadecanoic acid, methyl ester 12.337 38184 1.15 

Stem Bark Beta -D-Glucopyranoside, methyl 8.291 43632 1.53 
Caffeine 11.408 2355113 82.84 
Theobromine 11.651 90457 3.18 
Hexadecanoic acid, methyl ester 12.335 128028 4.5 
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Plant Part (s) Compound (s) Retention Time Area Area % 
9,12-Octadecadienoic acid, methyl ester 15.1 40682 1.43 
8,11,14-Docosatrienoic acid, methyl ester 15.215 46575 1.64 

Root Octadec-1-ene 8.585 28670 7.25 
Octadec-1-ene 10.629 26597 6.73 
Caffeine 11.395 139088 35.18 
Hexadecanoic acid, methyl ester 12.332 21525 5.44 

 
In Table 5, the most abundant compound in all the extracts was caffeine. Hexadecanoic acid 
was also consistently present in all the extracts. The chemical structures of the compounds 
identified by GCMS are shown in figure 4. 
 

 
Figure 4: Compounds structures retrieved from NCBI. PubChem Compound Summary. 

 
3 Probit Analysis 
Probit analysis of green tea seed, purple tea seed and green tea rootbark were done. These 
three extracts exhibited the most toxicity against both the juvenile and adult Biomphalaria 
pfeifferi snails.  
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Table 8: Shows the Lethal concentration 50, (LC-50) of the green tea seed. 
Concentrations Log 10 (Conc) % Dead Probit 

 

10 1 5 3.36 y=ax+b 

20 1.301029996 40 4.75 y=3.65x+(-0.232) 

50 1.698970004 80 5.84 5=3.65x-0.232 

100 2 95 6.64 5.232=3.65x 

150 2.176091259 100 8.09 x=`1.433 

Intercept -0.231968151   
 

LC50=antilog x 

X Variable 1 3.649646244 
  

LC50= 27.102 

 
The probit analysis showed that the LC-50 of green tea seed to be at 27 ppm. This implies that 
the concentration of 27 ppm will lead to snail mortality of half of the Biomphalaria pfeifferi 
exposed to green tea seed extract. 
 
Table 9 shows the Lethal concentration 50 (LC-50) of purple tea seeds 

Concentrations Log 10 (Conc) % Dead Probit 
 

10 1 12 3.77 y=ax+b 

20 1.301029996 20 4.16 y=4.2x+-0.75 

50 1.698970004 88 6.18 5=4.2x-0.75 

100 2 100 8.09 5=3.45x 

150 2.176091259 100 8.09 x=1.37 

Intercept -0.753384562 
  

LC50=antilog x 

X Variable 1 4.16542841 
  

LC50= 23.44 

 
The probit analysis of purple tea seed implies that a concentration of 23 ppm is enough to 
cause snail mortality of half the population of Biomphalaria pfeifferi exposed to purple tea seed 
extract.at any given time. 
 
Table 10 shows the lethal concentration 50 (LC-50) of Green tea rootbark 

Concentrations Log 10 (Conc) % Dead Probit 
 

10 1 1 2.67 y=ax+b 

20 1.301029996 2 2.95 y=4.7x+(-2.5) 

50 1.698970004 75 5.67 5=4.7x-2.5 

100 2 95 6.64 7.5=4.7x 

150 2.176091259 100 8.09 x=1.596 

Intercept -2.544810283 
  

LC50=antilog x 

X Variable 1 4.73870095 
  

LC50=39.45 

 
As shown in table 10, approximately 39 ppm concentration of green tea rootbark is enough to 
cause death of more than half of Biomphalaria pfeifferi snails. 
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4.0 Discussion 
Synthetic compounds show high mortality rates when used to control snail populations. 
Despite this efficacy in reducing snail populations, the downside is that their inherent toxicity 
affects other flora and fauna, including non-target organisms like fish. Further, Zheng et al. 
(2021) indicate that the other documented side effects include carcinogenesis, mutagenicity, 
and teratogenicity. Alternative medicines and natural products show that stages of 
schistosomiasis can be interfered with through the application of natural products. For 
instance, Azevedo et al. (2023) note that various plant-derived compounds can have 
prophylactic activity on adult worms as well as the larval stages of the parasite.  
 
Many compounds derived from plants show both anti-schistosomal and molluscicidal activities 
at varying levels. Of significance is that these plant-derived compounds exhibit significantly 
reduced environmental impacts compared to synthetic compounds (Duarte Galhardo de 
Albuquerque et al., 2020). In this study, the toxicity assays demonstrated that extracts from 
green tea, purple tea, and green root bark induced significant retraction and mortality in 
Biomphalaria pfeifferi snails. Notably, snail mortality was most predictable when most snails 
exhibited retraction within the first four hours of exposure. Based on the observed mortality 
rates, the extracts were ranked in descending order of toxicity: purple tea seeds, green tea 
seeds, root bark, green tea stem bark, leaf shoots, and mature leaves. The likelihood of snail 
survival was lowest with the seed and root extracts, whereas snails exposed to the leaf extracts 
exhibited higher survival rates. Furthermore, the probability of survival diminished as the 
concentration of the extracts increased, indicating an inverse relationship. Phytochemical 
analysis revealed slight variations in the chemical composition of the different plant parts. 
Liquid chromatography identified Assam-saponin C in the green and purple tea seeds, as well 
as in the green root bark extract, while it was absent in the mature leaves and stem bark. Gas 
chromatography detected caffeine in all five analyzed extracts, establishing it as the 
predominant phytochemical across the samples. Additionally, hexadecanoic acid and 
octadecanoic acid methyl ester were consistently present in the majority of the extracts. 
Assam-saponin C, which we isolated in our extracts, is an organic compound classified as a 
triterpene saponin.  
 
Triterpenoid saponins are plant derivatives found in various plant species. Crude saponins have 
been extracted from the stem bark of Erythrophleum suavolens, Pulsatilla chinensis, Albizia 
anthelmintica, Pueraria peduncularis, and even Camellia sinensis (Akinpelu et al., 2012; Bahgat 
et al., 2018; Chen et al., 2012; Faria et al., 2018; Yang et al., 2017).Saponins naturally occur in 
various plant parts, including stems, fruits, flowers, leaves, pericarps, and seeds. However, the 
content or abundance of saponin levels may not be the same in every plant; this variation is 
also observed within various parts of the plant. Some plants may have an abundance of these 
saponins in seeds compared to the rest of the plant (Fan et al., 2021). Saponins are currently 
utilized as biopesticides in the control of mollusks and other target organisms. Furthermore, 
saponins possess certain chemical properties that make them useful as viable, low-cost, 
environmentally friendly biopesticides (Rai et al., 2021). Saponins have surfactant properties, 
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which imply the ability to reduce surface tension between water molecules. Because of their 
surfactant properties, saponins form foam; foaming is one of their characteristic properties.  
 
The tea plant contains a variety of saponin compounds occurring in different tissues. Wei et al. 
(2023) indicated that the main pathways for the synthesis of saponins are the mevalonic acid 
pathway (MVA) and the methylethritol phosphate (MEP) pathway. Metabolic pathways 
ultimately result in the expression of different saponins. For instance, Isopentenyl 
pyrophosphate (IPP) and dimethylallyl diphosphate are identified as 5-unit precursors for 
several saponins (Fan et al., 2021). In some cases, environmental-related stresses (biotic and 
abiotic) may influence the synthesis of various plant compounds, including triterpenoid 
saponins (Wei et al., 2023). Understandably, this mechanism is important for defense against 
pests and other plant pathogens (Chen et al., 2022). Also, the distribution of saponins in plants 
is also dependent on the development stage of the plant. In addition, plant compounds alter 
surrounding soil microbiomes (Zhang et al., 2022). Cumulative effects of plant compounds 
could act as toxins against pathogens. Saponins have shown hemolytic activity, and this activity 
was demonstrated by Cui et al. (2024), whereby the saponin fractions destroyed cell 
membranes. The destruction of the cell membranes is attributed to the formation of 
complexes involving cholesterol.  
 
Additionally, saponins act on bacteria by destroying their cell walls and membranes. The 
observations made by Zhang et al. (2014) indicate that saponins destroy fungal hyphae, causing 
leakage of cellular contents. The same study indicated the bactericidal activity of saponins, 
which led to ruptured cell membranes and subsequent destruction of all cellular organelles. 
The mechanism of action here acutely resembles hemolytic activity as described by Cui et al. 
(2024). Saponins are an ideal candidate for plant-based natural agents that can be utilized for 
fungicidal, bactericidal, and molluscicidal purposes. From our observations, there was visible 
disintegration of the snail tissues within the test extracts. First, due to the toxicity of the 
extracts, the snails retracted into their shells, and some moved out of the dishes due to 
probable irritation. Secondly, 24 hours post-exposure, the snail body masses detached from 
the shells, leaving empty shells. Ibrahim et al. (2023) tested the effects of saponins on Bulinus 
truncatus snails. The saponins induced tissue damage and other morphological changes within 
the snails. These changes induced irregular membranes and changes within the hemocytes. 
Other damages occurred within the cell organelles, like the vacuoles and granulocytes. There 
was increased secretion of lipid peroxidase, superoxide dismutase, and nitrogen oxide. 
Increased enzymatic activities were also observed by Akinpelu et al. (2012) when investigating 
the effects of saponins derived from Erythrophleum suaveolens against the snail Lanistes 
lybicus. The saponins induced elevated levels of acid as well as alkaline phosphatases. Bahgat 
et al. (2018) highlight that saponins induce apoptosis of some organelles within the snail 
Biomphalaria alexandrina. Other observable effects include increased amoebocytes. 
Deterioration was observed within the cytoplasm and nucleus. The chromatin within the 
nucleus was condensed, and there was visible disintegration of the endoplasmic reticulum.  
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Plant phytochemicals have antimicrobial activities that can be compared to synthetic 
compounds. For instance, epigallocatechin gallate is noted to inhibit septum formation and cell 
division in the bacteria Clostridium perfringens (Noor Mohammadi et al., 2019). In our study, 
epigallocatechin gallate was isolated in the green tea stem bark. Also, we eluted caffeine was 
in all the plant extracts. Caffeic acid is implicated in cell membrane rupture and anaerobic 
metabolism interference in Methicillin-resistant bacteria, Staphylococcus aureus (MRSA) 
(Guimarães et al., 2019). Rivera et al. (2014) demonstrated that the foodborne pathogen 
Escherichia coli is susceptible to plant-derived ethanolic phytochemicals from semi-desert 
plants. Additionally, these applications are not limited to antimicrobials only, but there is a 
myriad of other uses. These plant-derived metabolites are beneficial to both the plants from 
which they are derived and have medicinal value to humans. These secondary metabolites 
confer protective advantages to plants, which include anti-feedant properties, seed dispersal 
in animals, and attracting pollinators, among others (Martelli & Giacomini, 2018). On the other 
hand, these metabolites can be used as antifungals, anticancer treatments, as well as 
antimicrobials. Further, the synergistic properties of these plant phytochemicals are beneficial 
within animal systems and confer healing properties. Because of these healing properties, they 
can also be used in diabetes treatment to improve hyperglycemia (Roh & Choi, 2011). It is 
suggested that the combinatory effect of plant phytochemicals being used as therapeutic 
agents could be more effective compared to isolated bioactive compounds (Vaou et al., 2022). 
Therefore, phytochemicals work better when in combination with other bioactive compounds 
to produce a desired effect. 
 
In this study, it can be deduced that the compound effect of the phytochemicals within the 
Camellia sinensis plant extracts has an overall stronger molluscicidal effect than when 
individual compounds are isolated. Even so, there are individual compounds like saponins that 
have shown good molluscicidal effects. Phytochemicals like polyphenols and terpenoids have 
shown to be potent whether in isolation or in combinations. Also, their mechanism of action is 
elucidated. The ability to interfere with membrane proteins is their main mode of action 
(Álvarez-Martínez et al., 2021). The greater combinatory effect of phytochemicals suggests 
that such effects can also be replicated when the plant extracts are used in combination with 
synthetics as well (Pezzani et al., 2019).  
 
5.0 Conclusions 
This study sought to evaluate the molluscicidal activity of the Kenyan tea variant (Camellia 
sinensis) against the snails that transmit schistosomiasis. In particular, tea seeds and root bark 
performed exceptionally, causing the highest snail mortality. This molluscicidal activity could 
potentially be attributable to specific phytochemicals found in these extracts. Saponins have 
been shown to have molluscicidal activity. Consequently, tea seeds and root extracts had the 
presence of Assam-saponin C, which could be linked to the molluscicidal activity. Other 
phytochemicals like epigallocatechin gallate and caffeic acid have antimicrobial activity 
documented in other studies. These other compounds could also be important, acting 
synergistically and increasing the overall observed activity. The findings of this study confirmed 
that both green and purple tea have potential as sources of molluscicidal agents.  
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Figure A1: The Extracted Ion Chromatogram (XIC) of Assamsaponin C from the respective plant 
extracts. 


