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ABSTRACT 

Toxicity tests on the effect of cashew nut shell 
crude extract against small and medium sized (3-15 
and 16-30 mm) golden apple snails (Pomacea 
canaliculata) were conducted under laboratory 
conditions.  Extracts were prepared in 40% local 
liquor and 95% ethanol at 48 hours maceration.  The 
observed mortality data of this study was analyzed 
for median lethal concentration (LC50) at 95% 
confidence interval.  The local liquor cashew nut 
shell crude extract LC50 value (96 hours) was 79.78 
and 81.67 ppm for small and medium sized snails, 
respectively.  The ethanolic cashew nut shell crude 
extract LC50 value for small and medium sized snails 
was 11.39 and 22.81 ppm, respectively.  Based on 
the results, both local liquor and ethanolic cashew 
nut shell crude extracts had potent molluscicidal 
activity.  However, the ethanolic cashew nut shell 
crude extract was more toxic to both small and 
medium sized golden apple snails than the local 
liquor cashew nut shell crude extract.  Moreover, 
compared to the reference molluscicide, Niclosamide, 
both local liquor and ethanolic cashew nut shell 
crude extracts indicated considerably less toxicity. 

 
บทคัดยอ 

การศึกษาการใชสารสกัดจากเปลือกเมล็ดมะมวงหิม-
พานตในการกําจัดหอยเชอรี่ โดยทําการทดลองกับหอยเชอรี่ 
2 ขนาด คือ 3-15 มิลลิลิตร (ขนาดเล็ก) และ 16-30 มิลลิลิตร 
(ขนาดกลาง) ภายใตสภาพหองปฏิบัติการ ดวยการเตรียมสาร
สกัดโดยวิธีหมักดวยเอทานอล 95 เปอรเซ็นต และสุรากลั่น 
40 ดีกรี (เหลาขาว) เปนเวลา 48 ช่ัวโมง ในการวิเคราะหขอ 
มูลความเปนพิษในรูปมัธยฐานของระดับความเขมขน (LC50) 
ระยะเวลา 96 ช่ัวโมง ที่ระดับความเชื่อมั่น 95 เปอรเซ็นต 
พบวา คา LC50 ของสารสกัดเปลือกเมล็ดมะมวงหิมพานต
จากเหลาขาวในหอยเชอรี่ ขนาดเล็กและขนาดกลาง มีคา

เทากับ 79.78 และ 81.67 พีพีเอ็ม ตามลําดับ ในขณะที่คา 
LC50 ของสารสกัดเปลือกเมล็ดมะมวงหิมพานตจากเอทา
นอล 95 เปอรเซ็นต มีคาเทากับ 11.39 และ 22.81 พีพีเอ็ม 
สําหรับหอยเชอรี่ขนาดเล็กและขนาดกลาง ตามลําดับ 

จากผลการศึกษาแสดงใหเห็นวาสารสกัดจากเปลือก
เมล็ดมะมวงหิมพานตมีประสิทธิภาพในการกําจัดหอยเชอรี่
ได โดยสารสกัดเปลือกเมล็ดมะมวงหิมพานตจากเอทานอล 
95 เปอรเซนตใหผลดีกวาสารสกัดจากเปลือกมะมวงหิม-
พานตจากเหลาขาวในหอยเชอรี่ทั้งสองขนาด แตเมื่อเปรียบ 
เทียบประสิทธิภาพกับสารนิโคลซาไมด ซึ่งเปนสารเคมีที่ใช
ในการกําจัดหอย พบวาสารสกัดจากเปลือกมะมวงหิมพานต
มีความเปนพิษตอหอยเชอรี่ตํ่ากวาสารนิโคลซาไมดมาก 
 
INTRODUCTION 

Thailand, as a tropical country is adequate with 
various economic plants.  Rice is one of the most 
important crops with the largest cultivated area in 
Thailand (Department of Agricultural Extension, 
2002).  However, rice has been reported to be 
annually destroyed by many weeds and pests, such 
as insects, birds, rodents, crabs and snails especially 
golden apple snails (Pomacae canaliculata).  The 
golden apple snail was firstly presented to be the 
cause of rice fields damage about 23,068 rais in 8 
provinces.  Moreover, the flooding in 1995 was 
noted to be the major cause of dispersing this snail 
through 27 provinces and devastated 459,299 rais of 
rice fields in 30 provinces (Chanyapate, 1997 and 
Sriniwet, 2000).  The snail infestation can vary from 
minimal, to moderate or to severe.  In cases of severe 
infestation, the farmers may lose the whole crop.  
Methods to control snails include the manual picking 
of snails during the plough preparation.  This 
practice is labor intensive and the small young snails 
are not removed.  In addition, snails that burrow deep 



into the mud are usually left behind. Chemical and 
synthetic pesticides like Niclosamide, Metaldehyde, 
Copper Sulfate, Endosulfan had been widely used.  
Although Endosulfan was misused in paddy fields, 
the farmers still used it normally (Entomalogy and 
Zoology Division, 1998).  The residue of Endosulfan 
was detected to be as high as 23.5% while there was 
no residue reported in the previous year (Agricultural 
Toxic Substances Division, 2000).  The adverse 
effects of the mentioned residues would impact the 
farmers’ health, wildlife, livestock, beneficial insects 
etc, and in particular agricultural products (Areekul, 
2000).  For instance, several alternative pest control 
technologies have been proposed, such as biological 
control (e.g., predators and parasites of pests), 
integrated pest management and botanical pesticides.  
The Department of Agriculture has also studied 
many potential plants for the utilization of their 
extracts as pesticides, such as neem, derris, citronella 
grass, pepper, curcuma and bitter bush (Agricultural 
Toxic Substances Division, 2000).  These derivative 
substances are expected to be less harmful to people 
and the environment than the synthetic substances as 
aforementioned.  The development of botanical 
pesticide as a possible substitute for chemical 
pesticide is gaining wide attention.  Cashew nut 
shell, a waste product of the cashew nut industry, has 
been proposed in this study.  Because, more than the 
chemical composition of the cashew nut shell can be 
molluscicide (Gedam and Sampathkumaran, 1986). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Diagram of the experimental procedure 

MATERIALS AND METHODS 

Pathway of Experimental Procedure 
The experimental design was the Completely 

Randomized Design (CRD) with 5-concentration 
treatments and 3 replicates for each snail size and 
solvent.  This study was performed in a laboratory      
to test the toxicity of the cashew nut shell crude 
extract for golden apple snails as the following: 
experimental procedure diagram (fig. 1). 
 
Preparation of snails 

The snails were handpicked from the pond at 
Mahidol University and were fully acclimated to labora- 
tory conditions prior to testing (at least 7 days).  Before 
the toxicity test, the snails were selected by length: 
small size (3-15 mm) or juvenile snail and medium size 
(16-30 mm) or sub-adult snail The size of the snails was 
determined by the length of the shell (fig. 2). 

 
Preparation of cashew nut shell crude extracts 

Cashew nut shells were frozen in a refrigerator         
at lower than 0 °C that could reduce the phenol oil 
exudation (Tychopoulos and Tyman, 1990) and slightly 
crushed by hammer into small pieces or more cracked 
inside (fig. 3).  The ratio of cashew nut shells to solvent 
was 1:1.5 w/v (Somkasettrin, 1999).  Then cracked 
cashew nut shells were soaked in the solvents, ethanol 
95% and  local liquor 40%, for 48 hours at room 
temperature.  The liquid material was filtered and kept 
in the refrigerator at 4°C for the toxicity experiment.  
Because this study did not analyze the active ingre-  
dient  from the extract, the crude extract was one hun -
dred percent of concentration when used in each 
concentration treatment in the toxicity test (fig. 4). 

 
 

Golden Apple Snails 
       Size:    3-15 mm 

     16-30 mm 
Extract 

-  Solvent: Ethanol 95%, local  
liquor 40% 

-  Ratio: 1:1.5 w/v 
-  Maceration at 48 hrs. 

Toxicity Test 

Data Recorded

Data Analysis 

-  5 concentrations of extracts 
-  Incubation time 96 hours 

Snail mortality recorded every 
24 hours until 96 hours

- LC50 by Probit analysis 
- T-test 
- One-way ANOVA; DMRT 

Cashew Nut Shells



 

  

 

 

 

 

 

 

 

 

 

 

Fig. 2 Golden Apple Snails (Pomacea canaliculata) were measured by shell length and separated into small  
snails (3-15 mm) as juvenile snails and medium (16-30 mm) as sub-adult snails 

 
 

  

 

 

 

 

 

 

Fig. 3 Fresh cashew nut shells for extraction 

   

 

  

 

  

 

 

 

 

 

 

 

Fig. 4 The extraction of cashew nut shells for the toxicity test 

 



 

TOXICITY TEST 

The experiment was divided into two steps: the 
preliminary toxicity test and the definitive toxicity 
test.  The Preliminary toxicity test was aimed to 
determine the interval between the lowest con-
centration that killed all snails (LC100) and the highest 
concentration that killed none snails (LC0).  In this 
existing crude cashew nut shell extraction, the 
concentration ranges were designed based on the 
logarithm scale of 6 concentrations: 0.1, 1, 10, 100, 
1000, 10000 ppm.  The snail mortality range test was 
recorded and these data were then used to establish   
a more narrow concentration range.  The experiment 
of the definitive toxicity test consisted of five treat- 
ment concentrations (concentration of LC0, LC100 and 
3 conc. of LC0 – LC100 interval range) with three 
replications per treatment.  The control was con- 
ducted by 2 methods, the first one was dechlorinated 
water without extract addition, the other was the 
usage of Niclosamide (at the recommended dose 
from the Department of Agriculture).  All experi-
ments were conducted in an aquarium containing    
10 liters of dechlorinated water and continuously 
aerated.  Thirty snails per concentration were 
exposed for 96 hours at room temperature and the 
aquarium covered with a plastic net to prevent the 
snails from creeping out.  The extract was added to 
the aquarium at time 0 and, thereafter, the same 
amount was added at 24 hours intervals (the water 

was changed every 24 hours to remove excess food, 
feces and dead snails prior to dosing with extract).  
The responses of the snails to the different con-
centration tests were noted and the mortality range 
was determined after 96 hours of exposure. 
 
RESULTS AND DISCUSSION 
Preliminary toxicity test 

Due to the LC0 value of extracting solvent was 
higher than the LC100 value of the cashew nut shell 
crude extract, it was not necessary to have the 
extracting solvent experiment in the definitive 
toxicity test.  The experiment of the definitive 
toxicity test consisted of five different concentrations 
of different solvent extracts of cashew nut shells as 
shown in table 1. 

 
The result of local liquor CNSE (Cashew nut shell 
crude extract) to golden apple snails. 

The effect of the local liquor extract from 
cashew nut shells to snail death is shown in table 2 
and 3.  The LC50 value of small snails was 79.78 
ppm.  No statistically significant percentage of snail 
death was observed at any cashew nut shell crude 
extract concentration.  As the LC50 value in medium 
snail was 81.67 ppm and there were no significant 
differences in the mortality rate among the treatment 
groups. 

 
 

Table 1  The concentration of cashew nut shell crude extract in definitive toxicity test 

Small Snails (3-15 mm) Medium Snails (16-30 mm) Extract 
Test Concentration (ppm) Test Concentration (ppm) 
Control 

LC0 
0 

40.00 
Control 

LC0 
0 

40.00 
 61.37 

73.87 
82.75 
89.63 
95.25 

 61.37 
73.87 
82.75 
89.63 
95.25 

Cashew nut shells 
+ local liquor 40% 

LC100 100.00 LC100 100.00 
Control 

LC0 
0 

1.00 
Control 

LC0 
0 

1.00 
   6.69 

10.03 
12.39 
14.23 
15.73 

 18.81 
29.23 
36.62 
42.34 
47.05 

Cashew nut shells 
+ ethanol 95% 

LC100 17.00 LC100 51.00 
 

 

 

 



 

Table 2  LC50 value (95%CI) of local liquor CNSE of small snail (3-15mm) 

Concentration 
 (ppm) 

Total  
Snails 

Dead  
Snails 

Mean of Mortality * LC50 (ppm) 
(95% CI) 

LC95 (ppm) 
(95%CI) 

61.37 90 33 11.00 ± 9.07a 

73.87 90 50 16.67 ± 8.82a 

82.75 90 43 14.33 ± 7.22a 

89.63 90 48 16.00 ± 8.14a 

95.25 90 50 16.67 ± 7.26a 

0 (control) 90 2  

79.78 
(52.78-124.62) 

154.85 
(116.14-517.47) 

* Mean ± SE, Same numbers are not significantly different at P>0.05  

 
Table 3  LC50 value (95%CI) of local liquor CNSE of medium snail (16-30 mm) 

Concentration 
(ppm) 

Total  
Snails 

Dead 
Snails 

Mean of Mortality * LC50 (ppm) 
(95% CI) 

LC95 (ppm) 
(95%CI) 

61.37 90 29   9.67 ± 4.18a 

73.87 90 31 10.33 ± 6.33a 

82.75 90 38 12.67 ± 4.67a 

89.63 90 57 19.00 ± 8.08a 

95.25 90 56 18.67 ± 7.97a 

0 (control) 90 0  

81.67 
(66.19-102.22) 

138.84 
(112.66-57.30) 

* Mean ± SE, Same numbers are not significantly different at P>0.05 
 
 
The result of ethanolic CNSE to golden apple snails 

The effect of the ethanolic extract from cashew 
nut shell to snail death is shown in table 4 and 5.  The 
LC50 value in small snails was 11.39 ppm and 22.81 

ppm for medium snails.  The result showed a 
statistically significant difference among the treat-
ment groups in both sizes of snails. 

 
Table 4  LC50 value (95%CI) of ethanolic CNSE of small snail (3-15mm) 

Concentration 
(ppm) 

Total 
Snails 

Dead  
Snails 

Mean of Mortality * LC50 (ppm) 
(95% CI) 

LC95 (ppm) 
(95% CI) 

6.69 90 6 2.00 ± 1.00a 

10.03 90 38 12.67 ± 6.01ab 

12.39 90 55 18.33 ± 7.75b 

14.23 90 70 23.33 ± 4.37b 

15.73 90 75 25.00 ± 5.00b 

0 (control) 90 0  

11.39 
(9.75-12.68) 

17.18 
(15.40-20.84) 

*Mean ± SE, Different numbers are significantly different at P > 0.05 
 
 

 



 

Table 5  LC50 value (95%CI) of ethanolic CNSE of medium snail (16-30 mm) 

Concentration 
(ppm) 

Total 
 Snails 

Dead 
Snails 

Mean of  Mortality * LC50 (ppm) 
(95% CI) 

LC95 (ppm) 
(95% CI) 

18.81 90 21   7.67 ± 1.76a 

29.23 90 52 20.33 ± 2.85b 

36.62 90 80 26.67 ± 2.03c 

42.34 90 78 26.00 ± 2.08c 

47.05 90 85 28.33 ± 0.67c 

0 (control) 90 0  

22.81 
(18.93-26.32) 

47.09 
(42.12-54.05) 

*Mean ± SE, Different numbers are significantly different at P>0.05
 
 
The comparison of Niclosamide and cashew nut shell 
crude extract 

Moreover, the lethal concentration value of 
Niclosamide for golden apple snails were far from 
the lethal concentration values determined for the 
cashew nut shell crude extract.  The LC50 values at 48 
hours when golden apple snails were exposed to 
Niclosamide were 0.75 mg/l (Eduardo et al, 2000). 

The LC50 value of the cashew nut shell crude extract 
was substantially different from the LC50 of 
Niclosamide. In this study, there were two con-
centration treat- ments, 0.3 and 1 ppm, for two sizes 
of golden apple snails. The concentration at 0.3 ppm 
was calculated from the recommended rate used and 
1 ppm was the lowest LC0 value of cashew nut shell 
crude extract. The result is shown in table 6. 

 
 
Table 6  The mortality of golden apple snails from Niclosamide 

Snail Death (96 hours)* Concentration of Niclosamide 

(ppm) Small Snails (3-15mm) Medium Snails (16-30mm) 

0.3 13  5 

1 30 30 

* Total number of snails in each treatment was 30. 

 
The 40% local liquor CNSE LC50 value for 

medium snails was 81.67 and 79.78 ppm for small 
snails.  The LC50 value of 95% ethanolic CNSE was 
11.38 and 22.81 ppm for small and medium snails, 
respectively.  Based on the LC50 values after the 96 
hours exposure period, the ethanolic cashew nut shell 
crude extract demonstrated more potent molluscicidal 
activity than the local liquor cashew nut shell crude 
extract, which can be attributed to the difference in 
extracting solvent.  The extracting solvent, local 
liquor, was 40% ethanol composed with too much 
water.  CNSL (cashew nut shell liquid), the liquid 
from shells, is easily dissolved in organic solvent but it 
does not dissolve in water (Sinchaisri, 1991).  While 
the main composition of cashew nut shell liquid is 
anacardic acid, Sriniwet (2000) reported that golden 
apple snails inhabit a wide range of the ecosystem but 
the water condition should not be of more acidity. 

Although the mode of action of the anacardic 
acid from Anacardium occidentales was unknown, 
the extract did cause death in snails.  From the result,     
it is interesting to see that ethanol 95% was more 
concentrated than the local liquor 40%, about 2 times 
more but the LC50 value of ethanolic CNSE, was 
higher than the local liquor CNSE, approximately 7 
times and for medium snails, it was about 3.7 times.  
This study did not cover to analyse the chemical or 
active ingredient from the extract but it was possible 
that the extracting solvent could raise the efficiency 
of CNSE. de Souza et al. (1992) reported that non-
extracted cashew nut shells caused 40-80% mortality 
in adult snails (Biomphalaria glabrata) while the 
hexanolic extract caused 100% mortality in snails. 
Besides, Nicharat et al. (1999) reported that the 
larvacidal activity of the cashew nut shell extract 
became lower after the evaporation of the solvent. 

 
 
 



 

Table 7  Conclusion of median lethal concentration (LC50) and LC95 of CNSE upon the size of snails 

95% Fiducial Limit Extract Size of Snail LC50 

(ppm) Upper Lower 

LC95 

(ppm) 

Small 79.78 52.78 124.62 154.85 Local liquor CNSE 

Medium 81.67 66.19 102.22 138.84 

Small 11.39   9.75   12.68   17.18 Ethanolic CNSE 

Medium 22.81 18.93   26.32   47.09 

 
 

The result of the Probit Analysis on the mortality 
data is summarized in table 7. LC50 and its 95% 
fiducial limit as well as the LC95 is presented.  For all 
two sizes of snails studied, a higher lethal con- 
centration was observed in the medium snails (16-30 
mm) than the small snails (3-15 mm), noted that the 
lethal concentration increased as the size of the snails  
increased.  The same result as Phosawat’s study 
(Phosawat, 2000), the LC50 value of Derris root ex-
tract and tea seed cake extract in three sizes of snails 
(0.5-2.0, 2.1-3.5 and 3.6-5.0 cm) were 22.5, 45.26, 
77.0 g/l and 21.49, 42.10, 48.79 mg/l, respectively.  
As the study of Moungnoi (2002), the indigenous 
plant LC50 value of large snails was higher than of 
small snails. Although the local liquor CNSE LC50 
value for both sizes of snails in this study was not 
different, the local liquor LC50 value of medium 
snails was still by a little bit higher than the small 
snails.  Furthermore Borlongan et al. (1998) studied 
the exposure of the different stages or size ranges of 
pond snails to tobacco dust and showed that the 
mortality increased with increased exposure time.  
The study of Somkasettrin (1999) showed that the 
neem extract concentration of 3 ppm caused 50 
percent mortality to large size snails in 24 hours 
while the snails reached 100 percent mortality at 72 
hours.  The same trend of mortality of golden apple 
snails in this study was observed for the exposure 
time whereas the most mortality was observed in the  
first 48 hours.  In addition, the comparison of LC50 
value of cashew nut shell crude extract to another 
extract with the same extracting solvent, ethanol, 
showed that the ethanolic CNSE (LC50 11.39 ppm) 
has the higher toxicity for small snails (3-15mm).  
The LC50 value of another plant extract such as 
galangal (Khar), agasta (Kae) and Salod was 19.06, 
21.81 and 32.66 mg/l for small snails (3-5mm), 
respectively (Moungnoi, 2002).  From the life cycle 
of golden apple snails, when the juvenile snails grow 
to a shell height of about 15 mm, the snails start 
consuming plant materials (NPAG Data, 1985).  
Therefore, the crop protection from devastation by 
snails was through juvenile or small snail control.  In 
addition, the crop loss was reduced and the lower 
concentration of extract or molluscicide was used. In 

this study, concentration of Niclosamide at 1  
ppm caused the death of all golden apple snails in the 
first 24 hours.  Eduardo et al. (2000) reported  that 
the LC50 value of Niclosamide at 48 hours was 0.75 
mg/l.  The rapid mortality, propably due to an acute 
toxic effect, was desirable, as it reduced the 
possibility of escape by the molluscs (Sarquis et al., 
1998).  From the LC50 values, Niclosamide was 
substantially more toxic for golden apple snails than 
CNSE. The behavior was observed after golden apple 
snails were exposed to varying concentrations of 
CNSE.  The majority of golden apple snails, with-
drew into their shell in the first 24 hours, were found 
to be dead at the end of the experiment.  Snails 
exposed to various concentrations of cashew nut shell 
crude extract showed signs of defense by closing 
their operculum that is a protective lid attached to 
their foot.  Upon closure, the operculum effectively 
protects them from the outside environment.  The 
foot has been the biggest part of snail’s body and 
contains most of its important organ systems.  Dying 
snails manifested profuse mucus secretion, a slimy 
body and eventually extruded their foot upon death.  
This had also been observed by Giovanelli et al. 
(2002), Somkasettrin (1999) and Boriongan et 
al.(1998).  

In conclusion, the local liquor cashew nut shell 
crude extract LC50 values for two sizes of golden 
apple snails were not substantially different from 
each other and there was no statistically significant 
difference.  The LC50 value at 96 hours for small size 
snails (79.78 ppm) was nearly the LC50 value of 
medium size of snails (81.67 ppm).  As well, 
ethanolic cashew nut shell crude extract LC50 values 
for two sizes of snail were substantially different 
from each other and there was a statistically signifi-
cant difference.  The LC50 value of ethanolic cashew 
nut shell crude extract was 11.39 and 22.81 ppm for 
small and medium snails, respectively.  The com-
pared experiment with Niclosamide showed that the 
concentration of Niclosamide at 1 ppm caused the 
death of all golden apple snails in the first 24 hours.  
The result demonstrates that the efficacy of 
Niclosamide was substantially higher than the 
cashew nut shell crude extract. 
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