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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 snail (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 snail was 11.39 and 22.81 ppm, respectively.  

Based on the results, both local liquor and ethanolic cashew nut shell crude 

extracts have potent molluscicidal activity. However, the ethanolic cashew nut shell 

crude extract is more toxic to both small and medium sized golden apple snail 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. 
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CHAPTER 1 

INTRODUCTION 
 

 

1.1 State of problem 
Thailand, as the tropical country is adequate with various economic plants. 

Rice is one of the most important crops that have the most cultivated area in Thailand 

(1). As well, rice has been reported to be annually destroyed by many weed and pests, 

such as insects, birds, rodents, crabs and snails especially golden apple snail  

(Pomacae canaliculata) (2). 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 these mentioned snail through 27 

provinces and devastated 459,299 rais of rice fields in 30 provinces (3)(4). Snail can 

vary from minimal, to moderate or to severe infestation. In cases of severe infestation, 

the farmers may lose the whole crop. Methods to control snails include manual picking 

of snails during plough preparation. This practice is labor intensive and small juveniles 

are not removed. In addition, snails that burrow deep into the mud are usually left 

behind. Chemical and synthetic pesticide like Niclosamide, Metaldehyde, Copper 

Sulfate, Endosulfan had been widely used. Although Endosulfan was misused in 

paddy field, the farmers still used it normally (5). The residue of Endosulfan was 

detected to be as high as 23.5% while there was no residue reported in the previous 

year (6). The adverse effects of mentioned residues would impact on such of serious 

impacts as farmers health, wildlife, livestock, beneficial insects etc, in particular on 

agricultural products (7). 

 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. Department of Agriculture has also�studied 
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many potential plants for utilization of their extracts to be pesticides, such as neem, 

derris�� citronella grass�� pepper, curcuma and bitter bush (6). 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 in the cashew nut shell that can be able to be molluscicide (8), cashew nut 

shell waste can be reduced into the environment that estimated 2,171 tons per year 

(9,10). 

 

1.2  Objectives 
1. To study the possibility of cashew nut shell crude extract for golden 

apple snail control. 

2. To study the toxicity of cashew nut shell crude extract in different 

concentration to various sizes of golden apple snail. 

3. To study the toxicity of cashew nut shell crude extract from different 

extracting solvent, ethanol 95% and local liquor 40%. 

 

1.3  Hypothesis 
The cashew nut shell crude extract has the toxicity affect dissimilarly to 

golden apple snail.  
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1.4  Conceptual Framework 
To approach the subject as mentioned in the hypothesis, the conceptual 

framework has carried out in following figure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1 Conceptual framework for the study 

 

1.5  Scope and Limitation of Study 
1. Due to the limitation of time and budget, the study have focused on 2 sizes 

of golden apple snail (Pomacea canaliculata) killing activity of cashew nut 

(Anacardium occidentale) shell crude extract in laboratory scale. 

2. Cashew nut shell crude extract was performed by ethanol and maceration 

because it was the easy method which the farmers can apply by themselves. 

The various concentration of 

cashew nut shell crude extract 

(ppm) 

Size of snails: 

3-15 mm 

16-30 mm 

The number of snail death 

Control condition as: 

Temperature: room temperature 

Incubation time: 96 hours 
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1.6 Definition terms in this study 
 

LC50 (Lethal concentration at 50%): is the concentration of the cashew nut 

shell crude extract, which makes 50 

percentage of golden apple snail 

(Pomacea canaliculata) died at 96 hours 

of incubation time. 

CNSE (Cashew nut shell crude extract): cashew nut shell was extracted by ethanol 

and maceration at 48 hours. The solution 

was crude extract for toxicity test. 

The concentration in toxicity test: due to the crude extract did not analyze 

the active ingredient so the concentration 

for each treatment in this study was 

diluted from crude extract on the basis of 

volume by volume (v/v). 

 

1.7  Expected outcome 
The capability of cashew nut shell crude extract to be molluscicide between 

the different extracting solvent. 
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CHAPTER 2 

LITERATURE REVIEWS 
 

 

2.1 Cashew nut shell  
 

2.1.1 Cashew nut 

Cashew (Anacardium occidentale) is evergreen perennial tree cultivated 

globally in the tropical region. It grows up to 12 meters high and has a spread of 25 

meters. The cashew grows well on a wide range of soil types and is tolerant of 

drought. The bark and leaves of the tree are medicinally (11). The fruit formed by the 

cashew tree is very unusual in that it looks like a small pear with the cashew nut 

hanging from the bottom of it - a most fascinating sight of nature. The cashew apple is 

pseudo-fruit that the swollen peduncle to which the cashew nut attached. The fruit at 

maturity can be bright red, orange-red or yellow in color, and is very aromatic. The 

cashew nut is defined botanically as the fruit. It grows externally in its own kidney-

shaped hard shell at the end of this pseudo-fruit (12). 

 The cashew nut is gray in color with 3 millimeters thick shell, hard on the 

outside (Epicarp) and with a honeycomb structure (Mesocarp) containing a dark 

reddish brown oil called “cashew nut shell liqiud (CNSL)”. Inside this shell is the 

edible nut, covered by a light brown skin (Testa) for protecting the nut from CNSL. 

The shell comprises some 50% of the weight of the raw nut, the kernel represents 25% 

and the remaining 25% consist of the natural cashew nut shell liquid (12,13,14).
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Figure 2-1 Cashew nut  

Source: (15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2  Cashew nut shell  

Source: (16) 

Cashew nut  
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2.1.2 Cashew nut shell liquid (13,17) 

Cashew nut shell liquid (CNSL) is a viscous reddish brown liquid and 

contains very acrid and irritant oil. Natural CNSL contains approximately 70% 

anacardic acid, 18% cardol, and 5% cardanol, with the remainder being made up of 

other phenols and less polar substances. The chemical composition of CNSL is 

phenolic compound for example; 

1. Anacardic acid is salisylic acid derivative, which can be easily decarboxilated to 

cardanol, monohydroxy phenol, by heat. 

2. Cardol is resorcinol derivative that has long unsaturated carbon side chain. 

3. Cardanol 

4. Methyl cardol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-3  Chemical structures of cashew nut shell liquid composition  

Source: (18) 
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Table 2-1  The composition of Cashew Nut Shell studies as follow: 

Chemical Composition Percent (%)* Percent (%)** 

Moisture 13.17 8-10 

CNSL oil 35.10 40-48 

Protein 4.06 38-40 

Carbohydrate - 1-1.5 

Fiber - - 

Ash 6.74 - 

Cellulose and Lignin 17.35 - 

Source: * (19) 

** (20) 

 

2.1.3 Cashew nut shell liquid extraction (16) 

1. Mechanic: The cashew nut shell is pressed by screw press machine or 

hydraulic press machine to get the liquid. The cashew nut shell is roasted 

about 20 minutes before put into the machine for pressed. 

2. Extraction 

2.1 Roasting: The cashew nut shell liquid starts to exude when 

heated and only about half the liquid is extracted by this 

process. 

2.2 Stream treatment: The nuts are wetted by dipping in water and 

then subjected to steam treatment to open up the pores of the 

shells. 

2.3 Hot oil process: The extraction of cashew nut shell liquid, in 

which a single layer of whole nuts is passed for a few minutes 

through cashew nut shell liquid, heated at 187-194�C.  When 

the shell immersed in the same oil at high temperature, will 

lose their oil, thus increasing the volume of the oil. 

2.4 Solvent extraction: Hydrocarbon solvent is used for cashew 

nut shell liquid extraction. 
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Tyman and others (21) study soaking extract using 3 cut down sizes of 

cashew nut shell which are half shell split by mechanical tool, crushed half shell and 

refrigerated shell for phenol freezing crushed by hammer, soaking in 3 types of solvent 

i.e. carbon tetrachloride, light petroleum and diethyl ether. Tests of soaking 200 grams 

of each cut down size in 400 grams of each solvent for 1 week at room temperature 

gave analogous results. They summarized that CNSL getting from soaking all cut 

down sizes of cashew nut shell for at least 16 hours in all types of solvent are about 

35% of shell weight which are the same to additional test for crushed the whole shell. 

In addition, the tests were shown that more cracks gave more solvent absorption. 

However, they comment that soaking extract consume more solvent and take too much 

time to filter CNSL. Soxhlet extract of crushed shell which size are between 1 – 2 

millimeters and 5 – 15 millimeters in 3,000 milliliters of light petroleum for 6 hours 

get percentage of CNSL at 33.7 and 31 respectively. Moreover, soxhlet extracting of 

10-20 millimeters size of cashew nut shell, which freeze in liquid nitrogen for 2 – 3 

minutes before slightly crushed by hammer, in 120 milliliters of light petroleum at 40 

– 60 degrees Celsius for 6 hours gave percentage of CNSL at 36.4. They summarized 

that soaking extract consume much solvent than soxhlet extract and take more time in 

filter but both processes gave the similar results.  

Pratan and Sureeporn (22) used ethanol, hexane and petroleum ether to find 

appropriate ratio between weight of cashew nut shell and solvent, period and 

temperature for soxhlet extract. The study which extract 30 grams cashew nut shell in 

300 milliliters of ethanol, hexane and petroleum ether for 1 hours period at 89 degree 

Celsius get percentage of CNSL at 25.67, 23.30 and 22.17 respectively. They 

summarized that ethanol is the most appropriated solvent than others due to highest 

percentage of CNSL and less loss during invert process because of its higher boiling 

point than others. The most appropriate conditions, which generate percentage of 

CNSL at 90.78, or 34.17 percentage of shell weight, are 30 grams of shell in 300 

milliliters of solvent extracting for 4 hours at 89 degree Celsius.  

However, the study of Chantana and Molluedee (23) summarized that extract-

using hexane gave better results than ethanol. Their study of soaking 30 grams shell in 

150 milliliters hexane concluded that soaking period was not affect an invert 

percentage which was between 79 – 80 while percentage of remaining hexane after 
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process to total hexane was about 6.75. In addition, the smaller pieces of shell gave 

more CNSL due to more solvent absorption from more cracks inside but long soaking 

period gave nothing different because of absorption equilibrium. Moreover, shaking 

during soak use less solvent get CNSL faster. Additional test of dropping extract at 

rate of 1.22 milliliters per minute compare with soaking shell in 100 milliliters hexane 

with shaking for 5 minutes and soaking shell in 150 milliliters hexane with shaking for 

30 minutes presented similar results of percentage CNSL at 25 – 30 but dropping 

extract use less solvent than the others.  

 

 

2.2 Golden Apple Snail 
 

2.2.1  Taxonomy of the golden apple snails (4) 

South African apple snails are tropical and sub-tropical freshwater snails.  

They are commonly known as golden apple snail and the identification of taxonomy is 

  Phylum Mollusca 

  Class  Gastropoda 

  Subclass Prosobranchia 

  Order   Mesogastropoda 

  Family  Ampullariidae 

  Genus  Pomacea 

 

2.2.2  General characteristics of the golden apple snails (3,4) 

The snails have a dextral shell (shell opening at the right). The shell color 

varies from yellow-brown, brown to greenish brown, with or without dark spiral 

bands. The surface of the shell can be smooth or rough, depending on the 

environment.  When a snail grows, the shell has to be enlarged to fit the snail’s body. 

To accomplish that, a snail gradually extents its shell by adding new parts at the shell 

opening.  Shell opening is large, oval to round and have operculum (shell door), 

corneous plate and moderately thick, that is able to close off its shell to survive and as 

protection against predators.  
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The muscular foot is used for locomotion and consisted of several muscular 

layers. There are two types of walking in apple snails: with creeping locomotion and 

with small wave locomotion. The creeping locomotion is consisted of elongation-

shortening movement of foot (24). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4 General characteristics of the golden apple snail 

Source: (25) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-5  The structure of shell of golden apple snail 

Source: (25) 
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2.2.3  Physiology of the golden apple snails (24,25,26) 

Nervous system 

The central nervous system of the apple snail consists of a several ganglia 

connected with each other by a commisura. There is not a central brain like mammals 

have, the different ganglia are scattered throughout the body of snail, although mainly 

located in the head. Every ganglion enervates some specific organs with its nerves. 

The pedal ganglion for example enervates the foot of the snail. 

 

Digestive system 

Digestive system can be roughly in 5 regions as follows: the intake region 

(mouth and buccal cavity with radula and jaws), the pre-digestion region (oesophagus 

with salivary gland, lateral pouches and crop), the digestion region (stomach with 

digestive gland), the uptake region (intestine) and the excretion region (rectum and 

anus).  

 

Circulation system 

There is only one auricle that receives oxygen rich blood from the lung and 

the gills and deoxygenated blood from the kidney. It is a less efficient system, but 

fulfils the need of a snail very well. The blood of snails has two functions: transport of 

O2, CO2, hormones, nutrition and waste products and a chemical substance 

hemocyanin in the blood cells. 

 

Respiratory system 

 The respiratory system is highly adapted to tropical waters, which once in a 

while dry up and consists of lung, gill and respiratory siphon. The snail respiratory 

system is a combination of both a lung and a gill. The lung is an air filled sac in the 

left mantle cavity. The walls of this pulmonary sac are very well supplied with blood 

to exchange oxygen and carbondioxide between the blood and the air in the lung. 

Refreshment of the air inside the lung when the snail is under water, is archieved by 

moving the head in and out the shell, while the siphon makes contact with the surface. 

When the snail is in the water, the water enters at the left side flow over the 

osphradium, then over the gill and leaves at the right mantle cavity.  Unfortunately, the 
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gill alone does not provide enough oxygen at all times, but snails have developed the 

respiratory siphon, which help snails to breathe while staying below the surface. The 

siphon tube-like structure, when fully stretched it, is longer than the snail itself about 

2.5 times. 

 

Reproductive system 

The snail has separated sexes. The male reproductive tract consists of the 

testis and vas deferens, the seminal vesicle, the prostate gland, the penial sac, the penis 

and the penis sheath. The female reproductive consists of ovaria, oviduct and egg tube. 

The snail is sexual mature at the size of 2.5 cm, 3 months age or 5 grams weight. After 

copulation for a few days, the female snail climbs out of the water approximately 5-20 

cm. above the waterline. The snail relaxes the columellar muscle (used to retract the 

body into shell) but remains attached to the surface with her foot. The eggs are 

deposited one by one or sometimes in pairs. When the egg deposition finished, the 

snails released themselves dropped directly back into the water. The total time needed 

to deposit a clutch of eggs varies from 1-6 hours. The total number of eggs laid at once 

can vary from 388 to 3000 that are up to the size of the female snail. The egg sizes 

were vary 2.2 to 3.5 mm. diameters and had reddish. In 7-12 days, the color change is 

become paler and whiter and prior to hatching the eggs are almost white with dark 

spot. 
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Figure 2-6  Anatomy of the golden apple snail female 

Source: (24) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-7  Anatomy of the golden apple snail male 

Source: (24) 
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2.2.4  Life cycle (27) 

The golden apple snail is found in the wide floodplain and swamps. Snails are 

well adapted to life in alternating wetland and dryland habitats such as seasonal 

swamp or rice fields.   

Egg stage : To lay eggs, adult females crawl out of the water in early morning and 

evening and lay 25-500 eggs in bright pink batches on rice tillers, sedges, rice field 

dikes, or other firm substrata protruding from water. Within 1-2 weeks after 

deposition, the eggs in the egg masses gradually lighten and hatching commences. 

Hatch ability was highly variable, ranking from 7% to 90%. 

Pre-adult stage : The newly hatched neonate snail drops into the water and soon starts 

moving about, feeding on algae and detrital aggregates. The abundance of juvenile 

snails is negatively correlated with the density of adult snails.  When grown to shell 

height of about 1.5 cm, juveniles start consuming plant material. 

Adult stage : The golden apple snail has separate sexes, which can be morphologically 

distinguished by curve of the operculum. Under favorable conditions, females reach 

maturity 60-85 days after hatching and may spawn at weekly intervals throughout the 

year. 
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Figure 2-8  Life cycle of golden apple snail 
Source: (27) 
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2.3  Relevant Research 
Somkiat (28) studied about some fruit skin crude extracts for fungus control. 

In this study, the fruit skin crude extracts employ 3 methods of extraction: mechanical, 

hydro-distillation and solvent extraction using n-hexane, dichloromethane and 

methanol or ethanol was screened by poison technique as against Colletotrichum 

gloeosporioides.  It was found the cashew nut shell crude extract obtained by n-hexane 

was most toxic for exhibition of mycelium growth and spore germination with ED50 of 

254.35 ppm. The cashew nut shell was used for other experiments, the study about 

larvicidal effects of cashew nut shell extracts on mosquito larvae. The cashew nut shell 

was extracted by 95% alcohol and petroleum ether. The results showed that the 

larvicidal effects of the crude extract using both solvents were in the same level, the 

LC50 values varied from 0.032 to 0.124 mg/l. When the larvicidal activity of the 

extract becomes lower after evaporation of the solvent, the LC50 values vary from 2.08 

to 9.40 mg/l (29). Then de Souza et al (30) studied the use of cashew nut shell as an 

alternative molluscicide by using hexanolic extracts of cashew nut shell with adult 

snail and egg masses of Biomphalaria glabrata, B. tenagophila and B. straminea. The 

studied showed non extracted shells caused 40-80% mortality of adult snail, 22-35% 

mortality of embryos and 40-55% reduction of egg production.  The hexanolic extract 

caused 97.1% mortality of B. straminea, 100% mortality of B. glabrata and B. 

tenagophila.  In 1995, Jurberg and other (31) studied the effect of 

Niclosamide(Bayluscide WP70), Anacardium occidentale hexane extract and 

Euphobia splendens latex on behavior of Biomphalaria glabrata under laboratory 

condition.  The result showed the escape indexes for Niclsamide, A. occidentale, E. 

splendens were 10%, 6.22% and 6.44% respectively. Repellency occurred at the 

following concentration ranges: 0.1, 0.2 and 0.3 ppm Bayluscide, 0.1, 0.2, 0.3 ppm A. 

occidentale and 0.05, 0.1, 0.15 and 0.2 E. splendens. Studies of substitutes from 

natural extracts had become more due to hazardous from chemical pesticide. In 1998, 

efficiency of extract from croton seed and thorn apple leaf in golden apple snail had 

studied by blending croton seed and thorn apple leaf, which extracted by petroleum 

ether, with different concentrated acetone at 10, 20, 30 and 40 percent. Results of 

spraying 40%, 30% and 20% croton seed extract had shown 100% death within 3, 3 

and 4 hours while 10% extract get only 10% death in 5 hours. Results for 24 hours test 
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of thorn apple leaf extract had shown death percentage of 40%, 30% 20% and 10% 

concentration of 100%, 80%, 40% and 40% respectively (32). Further studies in 

control efficiency of big and medium size of apple snails by natural extracts used 

sugar apple leaf, eucalyptus, boraphed, neem, tobacco, papaya, yellow oleander, 

horseradish and casava are carried on. Results had shown big apple snails death within 

5, 2, 7, 7, 7, 5, 2, 7 and 5 days respectively and medium apple snails death within 15, 

6, 15, 20, 25, 20, 5, 20 and 18 days respectively. In addition, the studies of extract 

from papaya, tobacco, sugar apple, mint, neem, eucalyptus, yellow oleander, holy 

basil, citrus hystrix and thongpanchung to hatch percentage and subsistence of baby 

apple snails had shown 60, 100, 100, 75, 40, 20, 15, 100, 100 and 45, 50, 50, 45, 30, 

10, 10, 50, 45, 50 respectively (33). 

Anchaleekorn (34) studied efficacy of neem extracts on golden apple snail. 

Efficacy test of neem extracts on golden apple snail was studied under laboratory 

conditions. The study showed that the concentration of 3 ppm caused 100% mortality 

to small size snails at 48 hours while the medium size snails reached 100% mortality 

at 72 hours. Field test result showed that 6 ppm concentration has highest efficacy 

with average mortality of 79.33% at 72 hours.  The behavior of the snail after received 

the neem extract was produced copious and was unable to close the operculum. Many 

plant extracts were used as pesticide. Weed was used in the experiment by 

Pattama(35), this study was about the effect of leaf extracts from Eupatorium 

odoratum L. on detoxification enzyme levels in golden apple snail. Soxhlet extraction 

using of petroleum ether or ethanol was evaluated the products from leaves of 

Eupatorium odoratum L. The result showed that the ethanol extracts had good 

mortality with LC50 ca. 87% after 24 hours exposure and LC50 ca. 37% after 48 hours 

exposure. After Pattama’s study, Watcharaporn (36) studied in Nutgrass (Cyperus 

rotundus) corm extracts on esterase and glutathion s-tranferase level in digetive 

system of golden apple snail. Nutgrass corm had been crushed and extracted by the 

soxhlet extraction method using 95% ethanol as a solvent. After 24 and 48 hours of 

exposure, the snail showed LC50 of 4.06% and 3.33%, respectively. Derris root and tea 

seed cake were extracted by distilled water at 12 hour maceration for tested on three 

sizes (5-20, 21-35 and 36-50 mm) of golden apple snail and also tested against their 
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eggs. The LC50 value of tea seed cake was 21.49, 42.10 and 48.79 mg/l for three sizes 

of snail, respectively. The LC50 value of derris root extract was 25.20, 45.26 and 77.00 

mg/l for three sizes of snail, respectively. The hatching of eggs showed that there was 

no effect with the extracts in all concentration (25). Somrudee (37) studied the toxicity 

of indigenous plant extracts to golden apple snail. The result showed that strong 

activity was observed in aqueous extracts of Bougainvillea spectabilis, calotropis 

gigantea and Croton tiglium and many types of plant in ethanolic extract. When the 

toxicity of aqueous and ethanolic extract of each plants was compared, it was found 

that the ethanolic extract of some plants (for instance; Alpinia galanga and Calotropis 

gigantea) were significantly higher than aqueous extract while the aqueous extract of 

Mimusops elengi had more toxicity than the ethanolic extract. 
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CHAPTER 3 

MATERIALS AND METHODS 
 

 

3.1  Experimental procedure 
The experimental design was Completely Randomized Design (CRD) with  

5-concentration treatment and 3 replicates for each size and solvent. This study was 

performed in laboratory to test the toxicity of cashew nut shell crude extract to golden 

apple snail as the following: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-1  Diagram of the experimental procedure 

Cashew Nut Shell Golden Apple Snail 
Size:   3-15 mm 

16-30 mm 

Extract 

-Solvent: Ethanol95%,  
local liquor40% 
-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 
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3.2  Materials and Methods 
 

3.2.1  Materials 

1) Laboratory animal 

Two sizes of Pomacea canaliculata were used for toxicity test as follows, 

� Small snails were the snails with 3-15 mm shell length. 

� Medium snails were the snails with 16-30 mm shell length. 

2) Materials 

1  Cashew nut shell  

2  Muslin for filter 

3  Aquarium (Size 26x50x30cm) 

4  Aerator 

5  100 liters plastic bucket 

6  Plastic net 

7  Hammer 

8  Scales 

9  Food for snails: commercial food and some vegetable 

10  Thermometer 

11  pH meter 

12 Glass containers 

- Beaker 500, 1000 ml 

- Pipette 0.1, 1 ml 

- Funnel 

- Glass rod 

- Test tube 

 

3)  Chemical reagent 

1  Ethyl alcohol 40% (Local liquor ) 

2  Ethyl alcohol 95% 

3  Niclosamide (Bayluscide70WP; Bayer Thai Co, Ltd.) 
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3.2.2  Methods 

1)  Preparation  

� Preparation of snails 

The living organism used for this study was the snail Pomacea canaliculata, 

commonly referred to as the golden apple snail. For preparation of dechlorinated water 

for golden apple snail, tap water was left to store at room temperature and aerated�at 

least 24 hours before used. The snails were handpicked from pond in Mahidol 

University and were fully acclimated to laboratory conditions prior to testing (at least 

7 days). Before toxicity test, the snails were selected by sizes that were small size  

(3-15 mm) or juvenile snail and medium size (16-30 mm) or sub-adult snail  

(figure 3-2). The size of snails was selected by the length of shell (figure 2-5). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2  Two sizes of golden apple snail were used for toxicity test 
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� Preparation of cashew nut shell crude extracts 

Cashew nut shells were frozen in refrigerator at lower 0�C that could reduce 

phenol oil exudation (20) and slightly crushed by hammer into small pieces or more 

cracked inside. The ratio of cashew nut shells to solvent was 1:1.5 w/v (34). Then 

cracked cashew nut shells were soaked in solvent, ethanol, for 48 hours at room 

temperature. The liquid material were filtered and kept in refrigerator at ��C for further 

toxicity experiment. Due to this study did not analyze the active ingredient from the 

extract so the crude extract was one hundred percentage of concentration for using in 

each concentration treatment in the toxicity test.  

�

  

 

 

 

 

 

 

Figure 3-3  cashew nut shell for extraction 

   

 

  

 

  

 

 

 

 

 

Figure 3-4  The maceration of cashew nut shell 
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 2)  Toxicity Test 

The experiment had two steps that were preliminary toxicity test and definitive 

toxicity test.  

Preliminary toxicity range finding test was conducted to find out the range 

which was defined as the interval between the lowest concentration that killed all 

snails (LC100) and the highest concentration that killed none snails (LC0). The 

experiment in preliminary toxicity range finding test consisted of six concentrations of 

cashew nut shell crude extract and extracting solvent base on logarithm scale for 

instant; 0.1, 1, 10, 100, 1000, 10000 ppm. The amount of mortal snail of range finding 

test was recorded and these data were then used to establish a more narrow 

concentration range for the definitive toxicity tests. 

The experiment in definitive toxicity test consisted of five treatment 

concentrations with three replications per treatment. 

The control were done in parallel as same as the test experiment, excepted the 

snails were reared in dechlorinated water without extract addition.  

The compared experiment, used Niclosamide (at recommended dose from 

Department of Agriculture), was done as same as the test experiment. 

 

The experiments were conducted in aquarium containing 10 liters of 

dechlorinated water and continuously aerated. Thirty snails per concentration were 

exposed for 96 hours at room temperature and covered with 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 because the water was 

changed every 24 hours to remove excess food, feces and dead snails prior to dosing 

with extract. Responses of snails to different concentration tests were noted and 

mortality was determined after 96 hours of exposure.  
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3.3 Data record and data analysis 
 

3.3.1  Data record 

In each experiment were recorded the number of dead snails every 24 hours 

up to 96 hours exposure period. Snails were presumed dead if they extruded their foot 

outside the shell. Snails that did not manifest these characteristics were subjected to 

mild stimulation and/or gentle prodding, those that did not response were then placed 

in beaker containing dechlorinated water and allow to recover for a further 1 hour. 

Snails that did not recover were then counted as dead. 

If the control replication had snail death between 5-10 %, the mortality 

percentage was corrected using the Abbott’s formula (38) as follows: 

 

% Mortality = %test mortality - %control mortality     x    100 
 
    100 - %control mortality 
 

% Test mortality is percentage of total death snail in cashew nut shell crude extract 

solution at 96 hours 

% Control mortality is percentage of total death snail in dechlorinated water at 96 

hours 

If the control replication had snail death more than 10 %, The experiment 

was rejected and had to do it again. 

  

3.3.2  Data analysis 

Data on accumulated mortality of snails after 96 hours were analyzed by 

Probit Analysis that was done by SPSS computer software (Version10). The 95% 

confidence intervals of the LC50 were determined as a measure of toxicity. The details 

of Probit Analysis were calculated in appendix B. 

Different in concentration of cashew nut shell crude extract was evaluated by 

one-way ANOVA. When significant differences were observed, the Duncan’s multiple 

range test (DMRT), multi-comparison test was applied to the ANOVA to determine 

which means were significantly different. 
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The t-test at 95% confidence intervals was used to compare LC50 valued 

between cashew nut shell crude extract with ethanol 95% and local liquor 40%, and to 

compare LC50 valued in different size of snails. 
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CHAPTER 4 

RESULTS 
 

 

4.1 Preliminary toxicity test 
Preliminary toxicity range finding test was conducted to find out the range 

which was defined as the interval between the lowest concentration that killed all 

snails (LC100) and the highest concentration that killed none snails (LC0). The 

experiment in preliminary toxicity range finding test consisted of six concentrations of 

cashew nut shell crude extract (CNSE) and extracting solvent base on logarithm scale 

as follow; 0.1, 1, 10, 100, 1000, 10000 ppm. Due to the LC0 value of extracting 

solvent was higher than LC100 value of the cashew nut shell crude extract, that was not 

necessary to have the extracting solvent experiment in the definitive toxicity test.(see 

in appendix A) The experiment in definitive toxicity test consisted of five different 

concentrations of different solvent extract of cashew nut shell as follow; 

 

Table 4-1 The concentration of cashew nut shell crude extract in definitive toxicity test 

Small snail (3-15 mm) Medium snail (16-30 mm) Extract 
Test concentration (ppm) Test concentration (ppm) 
Control 

LC0 
0 

40.00 
Control 

LC0 
0 
40 

 61.37 
73.87 
82.75 
89.63 
95.25 

 61.37 
73.87 
82.75 
89.63 
95.25 

Cashew nut shell 
+ local liquor40% 

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 shell 
+ ethanol95% 

LC100 17.00 LC100 51.00 
Source: From the preliminary experiment between April 16th to June 15th, 2003 
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4.2 The result of cashew nut shell crude extract to snail mortality 
 The mortality rate obtained from this experiment was used for LC50 

determination by using computer software (SPSS version10) and used for statistic 

analysis by one-way ANOVA and Duncan’s multiple range test (DMRT). 

 

 4.2.1 The result of local liquor CNSE to golden apple snail 

 The effect of the local liquor extract from cashew nut shell to snail death was 

shown in table 4-2 and 4-3. The LC50 value in small snail 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 mortality rate among treatment group.  

 

Table 4-2 LC50 value (95%CI) of local liquor CNSE of small snail (3-15mm) 

Concentration 

 (ppm) 

Total  

Snail 

Dead  

snail 

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 letters is not significant differences at P>0.05  
Source: From the experiment on August-October, 2003 
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Table 4-3 LC50 value (95%CI) of local liquor CNSE of medium snail (16-30 mm) 

Concentration 

(ppm) 

Total  

Snail 

Dead 

snail 

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 

(112.66-257.30)

* Mean ± SE, Same letters is not significant differences at P>0.05  
Source: From the experiment on August-October, 2003 

 

 4.2.2 The result of ethanolic CNSE to golden apple snail 

 The effect of the ethanolic extract from cashew nut shell to snail death was 

shown in table 4-4 and 4-5. The LC50 value in small snail was 11.39 ppm and 22.81 

ppm for medium snail. The result showed a statistically significant difference among 

treatment groups in both sizes of snail. 

 

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

Concentration 

(ppm) 

Total 

 Snail 

Dead  

snail 

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 letters are significantly different at P > 0.05 
Source: From the experiment on August-October, 2003 
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Table 4-5 LC50 value (95%CI) of ethanolic CNSE of medium snail (16-30 mm) 

Concentration 

(ppm) 

Total 

 Snail 

Dead 

snail 

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 letters is significantly differences at P>0.05. 
Source: From the experiment on August-October, 2003 

 

Table 4-6 Conclusion of median lethal concentration (LC50) and LC95 of CNSE against 

different 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 

 

 Mortality pattern as a result of the exposure of different size ranges of golden 

apple snails to cashew nut shell crude extract is demonstrated. No or a few snail 

mortality was observed in control treatments. For small snail, mortality increased with 

increasing concentration (Figure 4-1 and 4-3), the same trend was observed for 

medium snail (Figure 4-2 and 4-4).  
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4.3 The comparison of Niclosamide and cashew nut shell crude 

extract 
 

 The lethal concentration value of Niclosamide for golden apple snails were 

far from the lethal concentration values determined for cashew nut shell crude extract. 

The LC50 values at 48 hours when golden apple snail were exposed to Niclosamide 

were 0.75 mg/l (39). The LC50 value of cashew nut shell crude extract was 

substantially different from the LC50 of Niclosamide. In this study, there were two 

concentration treatments, 0.3 and 1 ppm, for two sizes of golden apple snail. 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 showed as 

follow; 

 

Table 4-7 The mortality of golden apple snail from Niclosamide 

Snail death (96 hours)* Concentration of 

niclosamide (ppm) Small snail (3-15mm) Medium snail(16-30mm) 

0.3 13 5 

1 30 30 

* Total snail in each treatment was 30. 
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Figure 4-1 Accumulated mortality of small snail in local liquor CNSE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2 Accumulated mortality of medium snail in local liquor CNSE 
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Figure 4-3 Accumulated mortality of small snail in ethanolic CNSE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-4 Accumulated mortality of medium snail in ethanolic CNSE 
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4.4 The statistical analysis of CNSE LC50 values 
 The LC50 values (96 h.) of CNSE with different solvent extract, 95%ethanol 

and 40%local liquor, and different sizes of snail (3-15 mm and 16-30 mm) were 

analyzed statistically by determination of pair T-test at 95% confidence interval. 

 Statistical analysis showed that the ethanolic CNSE LC50 values of both sizes 

of snail (22.81 and 11.39 ppm for medium and small snail, respectively) were 

significantly different.(Figure 4-6) It is interesting to note that local liquor CNSE LC50 

value of medium and small snail (81.67 and 79.78 ppm, respectively) were not 

significantly different.(Table  4-8, Figure 4-5) 

 There were great differences in toxicity depending on the extracting solvent 

used. Data presented (Table 4-9) proved that the molluscicidal potency of the ethanolic 

CNSE was more toxic to golden apple snail than local liquor CNSE in each size of 

snails. On this basis the LC50 values in small snail were 11.39 and 79.78 ppm for 

ethanol and local liquor extract, respectively. As the LC50 values in medium snail were 

22.81 and 81.67 ppm for ethanol and local liquor extract, respectively. The CNSE 

LC50 values for two extracting solvents were substantially different.(Figure 4-7,4-8) 

 

Table 4-8 A comparison LC50 values by sizes of snail 

Extract Size of  

Snail 

Mean S.D. S.E. Mean t-test Sig. (2-tailed) 

3-15 mm 77.560 2.687 1.900 -3.584ns 0.070 Local liquor 

CNSE 16-30 mm 80.800 1.216 0.860   

3-15 mm 10.995 0.545 0.385 -13.294* 0.001 Ethanol 

CNSE 16-30 mm. 23.070 0.905 0.640   

* P > 0.05 ,  ns = not significant 
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Table 4-9 A comparison LC50 values by extracting solvent   

Size of  

Snail 

Extract by Mean S.D. S.E. Mean t-test Sig.  

(2-tailed)

Local liquor40% 77.560 2.687 1.900 -66.280* 0.000 3-15 mm 

Ethanol 95% 10.995 0.545 0.385   

Local liquor40% 80.800 1.216 0.860 -35.821* 0.001 16-30 mm 

Ethanol 95% 23.070 0.905 0.640   

* P > 0.05  
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Figure 4-5 Comparative of percentage of small and medium snail mortality in  

local liquor CNSE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-6 Comparative of percentage of small and medium snail mortality in  

ethanolic CNSE 
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Figure 4-7 Comparative of percentage of small snail mortality in local liquor and  

ethanolic CNSE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-8 Comparative of percentage of medium snail mortality in local liquor and  

ethanolic CNSE 
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CHAPTER 5 

DISCUSSION  

 

 

From the result, the 40% local liquor CNSE LC50 value of medium snail was 

81.67 and 79.78 ppm for small snail. The LC50 value of 95% ethanolic CNSE was 

11.38 and 22.81 ppm for small and medium snail, respectively. 

 

Base on the LC50 values after 96 hours exposure period, ethanolic cashew nut 

shell crude extract demonstrated more potent molluscicidal activity than local liquor 

cashew nut shell crude extract, which can be attributed to the different of extracting 

solvent. The extracting solvent, local liquor, is 40% ethanol that composes with too 

much water. CNSL (cashew nut shell liquid), the liquid from shell, is easily dissolved 

in organic solvent but it is not dissolved in water (13). While the main composition of 

cashew nut shell liquid is anacardic acid, Sakda (4) reported that golden apple snail 

inhabit a wide range of ecosystem but the water condition should not be more acidity. 

Although the mode of action of anacardic acid from Anacardium occidentales is 

unknown, the extract did cause death in snails. From the result, it is interesting that 

ethanol 95% is more concentrated than local liquor 40% about 2 times only but the 

LC50 value of ethanolic CNSE is more than local liquor CNSE approximately 7 times 

and for medium snail is 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 (30) reported that non-

extracted cashew nut shell caused 40-80% mortality of adult snail (Biomphalaria 

glabrata) while the hexanolic extract caused 100% mortality of snail. Besides, Sampas 

et al (29) reported that the larvacidal activity of the cashew nut shell extract became 

lower after evaporation of the solvent. 

The result of Probit Analysis on the mortality data is summarized in table 4-6. 

LC50 and its 95% fiducial limit as well as the LC95 are presented. For all two sizes of  
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snails studied, higher lethal concentration was observed in the medium snail  

(16-30 mm) than the small snail (3-15 mm), suggesting that lethal concentration 

increased as the size of the snail is increased. The same result as Nanthiya’s study 

(25), the LC50 value of Derris root extract and tea seed cake extract in three sizes of 

snail (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 Somrudee (37), the indigenous plant LC50 

value of large snail was higher than small snail. Although the local liquor CNSE LC50 

value for both size of snails in this study was not different, the local liquor LC50 value 

of medium snail still higher than small snail a little bit. Furthermore, I.G. Borlongan et 

at (39) studied the exposure of the different stages or size ranges of pond snails to 

tobacco dust was shown that the mortality increased with increasing exposure time. 

The study of Anchaleekorn (34) showed that the neem extract concentration of 3 ppm 

caused 50 percent mortality to large size snail at 24 hours while the snail reached 100 

percent mortality at 72 hours. The same trend of mortality of golden apple snail in this 

study was observed for exposure time whereas the most mortality was observed at 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 to small snail (3-15mm). The LC50 

value of another plant extract such as galangal (Khar), agasta (Kae) and Salod is 19.06, 

21.81 and 32.66 mg/l for small snail (3-5mm), respectively (37). From the life cycle of 

golden apple snail, when the juvenile snails grown to a shell height of about 15 mm, 

the snails start consuming plant material (27). Therefore, the crop protection from 

devastated snails is juvenile or small snail control. In addition, the crop loss would be 

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 on the first 24 hours. Eduardo C. Oliveira-Filho and other (42) 

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, is desirable, as it reduces the 

possibility of escaping behavior by the molluscs (41).  From the LC50 values, 

Niclosamide was substantially more toxic to golden apple snail than CNSE. The 

behavior was observed after golden apple snail exposed to varying concentration of 
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CNSE. The majority of golden apple snails, withdrawn into their shell on the first 24 

hours, were found to be dead at the end of the experiment. Snails exposed to various 

concentration of cashew nut shell crude extract showed signs of defense by closing 

their operculum that was a protective lid attached to their foot. Upon closure, the 

operculum effectively protects them from the outside environment. The foot is 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 Anchaleekorn (34), Ilda G. 

Boriongan et al (39) and Alexandre Giovanelli et al (40). 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATION 
 

 

6.1 Conclusion 
This study was performed in laboratory to study the toxicity of cashew nut 

shell crude extract to golden apple snail (Pomacea canaliculata). The toxicity of 

cashew nut shell crude extract prepared with two different extracting solvents (local 

liquor 40% and ethanol 95%) to two sizes, small (3-15 mm) and medium (16-30 mm), 

of golden apple snail could be compared. 

 

6.1.1 The toxicity study of different size of snails in each extract. 

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 not 

statistically significant difference.  The LC50 value at 96 hours of small size snail 

(79.78 ppm) was nearly the LC50 values of medium size of snail (81.67 ppm).  On the 

other hands, ethanolic cashew nut shell crude extract LC50 values for two sizes of snail 

were substantially different from each other and there was statistically significant 

difference. The LC50 value of ethanolic cashew nut shell crude extract was 11.39 and 

22.81 ppm for small and medium snail, respectively. 

 From the result, both of local liquor and ethanolic cashew nut shell crude 

extract had more toxic to small snail than medium snail. 

 

6.1.2 The toxicity study of different extracting solvent to each size of 

snail. 

Toxicity study of local liquor and ethanolic cashew nut shell crude extract in 

small snail exhibited the statistically significant difference of the LC50 values between 

two types of extracting solvent.  The study in small size of snail, the ethanolic cashew 

nut shell crude extract LC50 value was 11.39 ppm while the local liquor 
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cashew nut shell crude extract LC50 value was 79.78 ppm. In addition, the toxicity 

study in medium size of snail showed the ethanolic cashew nut shell crude extract was 

significantly different of LC50 values from local liquor cashew nut shell crude extract. 

From the result, ethanolic cashew nut shell crude extract had more effective 

than the local liquor cashew nut shell crude extract for both sizes of snail. Because of 

the extracting solvent, ethanol 95% had more extracted efficiency than local liquor 

40%. 

 

6.1.3 The compared experiment of Niclosamide. 

In this study, concentration of Niclosamide at 1 ppm caused the death of all 

golden apple snails on first 24 hours. The result demonstrated the efficacy of 

Niclosamide was substantially higher than cashew nut shell crude extract. 

 

 Although the toxicity test of ethanolic cashew nut shell crude extract exhibited 

the higher efficiency than local liquor cashew nut shell crude extract for both sizes of 

snail, the local liquor CNSE is easier to provide and apply by farmers. From this study, 

the CNSE application to small snail is appropriate application because the farmer can 

use the lower concentration for crop damage protecting.  

 

6.2 Recommendation 
1. The cashew nut shell crude extract should be identified the active 

ingredients and studied in another extracting solvent and extract method. 

2. Due to this study used only the crude extract solution, another method that 

can be derived purer extract from cashew nut shell such as mechanic for CNSL 

squeezing should be tried. 

3. In future, more attention must be paid to the field experiment study. 

4. Studies on the mechanism or mode of action of cashew nut shell extract 

should be done in further investigation. 

5. Further experiments should determine acute toxicity effect and chronic 

toxicity effect on non-target organism such as fish. 

�� Further study should investigate the environment impact from the extract 

application.�
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APPENDIX A 

DATA RECORDED 
 

 

1) Preliminary toxicity test  

The Preliminary test for the range of concentration finding (LC0, LC100) 
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2) Definitive toxicity test 

The experiment of cashew nut shell crude extract separated by extracting 

solvent and size of snail. In each treatment had three replications and each replication 

used thirty snails. From the experiment, data recorded as following; 

 
Data recorded of  40%local liquor cashew nut shell crude extract experiment. 
 

Mortality of small snail 

Replication 1 (13-17 Aug. 2003) Rep. 2 (25-29 Aug. 2003) Replication 3 (8-12 Sep. 2003) 

Conc. 
(ppm) 

24 48 72 96 Total 24 48 72 96 Total 24 48 72 96 Total 
40 13 4 0 0 17 1 0 0 0 1 # # # # 0 

61.37 29 0 0 0 29 2 0 1 1 4 # # # # 0 
73.87 26 1 1 2 30 9 9 1 1 20 # # # # 0 
82.75 25 0 0 2 27 0 12 1 1 14 # # # ' 2 
89.63 23 1 1 4 29 14 4 0 0 18 % # # # 1 
95.25 30 - - - 30 12 3 0 0 15 % # % & 5 
100 30 - - - 30 15 7 5 1 28 ( # � � 19 

Control 1 0 0 0 1 1 0 0 0 1 # # # # 0 
 

Mortality of medium snail 

Replication 1 (13-17 Aug. 2003) Rep. 2 (25-29 Aug. 2003) Replication 3 (8-12 Sep. 2003) 

Conc. 
(ppm) 

24 48 72 96 Total 24 48 72 96 Total 24 48 72 96 Total 

40 7 6 0 0 13 1 0 0 0 1 0 0 0 0 0 
61.37 12 9 0 1 22 2 1 3 0 6 0 0 0 1 1 
73.87 6 9 3 1 19 1 5 3 1 10 1 1 0 0 2 
82.75 13 3 4 0 20 4 3 5 2 14 0 0 2 2 4 
89.63 18 6 5 0 29 8 6 6 5 25 0 0 0 3 3 
95.25 15 5 9 0 29 10 9 4 5 24 1 0 0 2 3 
100 30 - - - 30 14 8 4 3 29 3 0 1 2 6 

Control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Data recorded of 95 % ethanolic cashew nut shell crude extract experiment. 
 

Mortality of small snail 
Replication 1 (22-26 Sep. 2003) Rep. 2 (29 Sep - 3 Oct. 2003) Replication 3 (6-10 Oct. 2003) 

Conc. 
(ppm) 

24 48 72 96 Total 24 48 72 96 Total 24 48 72 96 Total 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.69 1 0 0 3 4 0 0 0 1 1 1 0 0 0 1 

10.03 18 2 1 0 21 14 2 0 0 16 1 0 0 0 1 
12.39 22 6 0 0 28 9 15 0 0 24 2 1 0 0 3 
14.23 21 4 0 1 26 18 10 0 0 28 4 12 0 0 16 
15.73 29 1 - - 30 26 4 - - 30 5 9 1 0 15 

17 30 - - - 30 30 - - - 30 16 10 2 0 28 
control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

Mortality of medium snail 

Replication 1 (18-22 Aug. 2003) Replication 2 (1-5  Sep. 2003) Replication 3 (15-19 Sep. 2003) 

Conc. 
(ppm) 

24 48 72 96 Total 24 48 72 96 Total 24 48 72 96 Total 

1 2 4 2 1 9 2 0 0 0 2 3 0 0 0 3 
18.81 3 0 2 0 5 4 7 0 0 11 2 3 0 0 5 
29.23 10 3 3 2 18 11 15 0 0 26 5 2 1 0 8 
36.62 17 1 4 1 23 11 19 - - 30 15 15 - - 30 
42.34 20 0 0 2 22 15 14 0 0 29 17 13 - - 30 
47.04 17 5 4 3 29 13 12 1 0 26 11 19 - - 30 

51 25 3 1 1 30 24 4 2 - 30 22 8 - - 30 
control 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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APPENDIX B 

PROBIT ANALYSIS 

 

 
The LC50 value was determined by Probit Analysis using SPSS (version 10) 

for window at 95% confidence interval.  This is the example of the result from Probit 

analysis for LC50 value (96 hours) of cashew nut shell crude extract by 95% ethanol 

solvent in small snail (3-15 mm). 
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APPENDIX C 

STATISTIC  ANALYSIS 

 

 

Different in concentration of cashew nut shell crude extract was evaluated by 

one-way ANOVA. When significant differences were observed, the Duncan’s multiple 

range test (DMRT), multi-comparison test was applied to the ANOVA to determine 

which means were significantly different. 

 

The t-test at 95% confidence intervals was used to compare LC50 valued 

between cashew nut shell crude extract with ethanol 95% and local liquor 40%, and to 

compare LC50 valued in different size of snails. 
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This is the example of statistic analysis of different in each concentration 

treatment by Oneway ANOVA using SPSS (version10). The mortality data of small 

snail, which exposed to ethanolic cashew nut shell crude extract, was determined. 
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The paired t-test at 95% confidence intervals was determined to compare 

LC50 value. 
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