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ABSTRACT

The behavioural responses of the schistosome host snail Biomphalaria pfeifferi to 40 naturally 

occurring (crude and semi - processed) plant products were studied using diffusion olfactometers. 

Out of the 40 plant products, 21 were tested in the raw (unprocessed) states, 3 were boiled, 4 were 

dried and 12 were fermented.

Seven (7) out of the 21 raw plant product (33.33%) acted as significant attractants/ arrestant 

for the adult snails while 6  emerged statistically significant attractants / arrestant for the juveniles. 

Also 2 (9.52 %) exhibited significant repellent effects on the juveniles. On the whole, the adults were 

more responsive to the test materials than the juveniles

One each (33.33%) of the boiled products acted as a statistically significant attractant for both 

the adult and juvenile snails. None of the boiled products exhibited repellent effects. For the dried 

products, none (0%) had any significant effects on the adult snails; however, only dried lettuce (25%) 

exhibited significant attractant effects on the juveniles. Five of the 12 fermented products had 

statistically significant repellent effects with none having any significant attractant effects on the adult 

snails. In the case of the juveniles however, 3 day fermented cassava was the only attractant while 

3 products elicited statistically significant repellent effects on them.

Screening the plant materials which elicited statistically attractant effects on both the adult and 

juvenile snails under simulated natural condition (SNC) revealed that all seven plant products in 

plastic cylinders (trapping units) attracted more B. pfeifferi snails than the control traps. Lettuce was 

found to be the most potent attractant (P < 0.001) under SNC,
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followed by pawpaw leaves (P < 0.001) > cocoyam leaves (P < 0.001) > cabbage (P < 0.001) > water 

melon (P < 0.001) > sweet potato (P < 0.001) > 3 day fermented cassava (P < 0.01). The implications 

of these findings for the development of slow - release molluscicides for the selective removal o f 

schistosome host snails are discussed.
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CHAPTER ONE 

INTRODUCTION AND LITERATURE REVIEW

1.1 Historical Background of Schistosomiasis

Schistosomiasis is a debilitating disease caused by a blood fluke belonging to the genus 

Schistosoma. Two hundred and fifty million people are known to be infected with the disease but 

currently it is estimated that about 600 million people are ‘at risk’ of schistosome infection mainly 

in the tropical world ( W. H. O., 1993 ). Three species of the parasite are known to infect human 

beings; these are Schistosoma mansoni, S. haematobium and S. japonicum.

The first known incidence of the disease was recorded as early as 1500BC, however it was 

not until 1910 that a direct evidence of the presence of the disease was found by Sir Armund Ruffer, 

a professor of pathology at the Cairo Medical School; who found calcified eggs o f the parasite in the 

kidney tubules of two Egyptian mummies. The unknown causative agent was first discovered by 

Theodore Bilharz, a German pathologist in 1852, during an autopsy at the Kasr El Ainy Hospital in 

Cairo, Egypt. He first named the parasite Distomum haematobium, but in 1859, Cobbald pointed out 

that the parasite was not of the genus Distomum due to the presence of the gynaecophoral canal and 

so renamed it Bilharzia haematobium after Bilharz who first discovered it. The International 

Commission of Zoological Nomenclature (ICZN) however changed the generic name Bilharzia to 

Schistosoma in 1889 and this was confirmed by the International Zoological Congress in 1948 

(Abdel- Wahab, 1979).

Schistosoma mansoni on the other hand was discovered by Sir Patrick Manson in 1902, who

1
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suggested that there were two species of Bilharzia, one with lateral-spined ova which deposit eggs 

mainly in the rectum and the other with terminal-spined ova, depositing eggs in the bladder. This 

second species was later named after him as Schistosoma mansoni ( Abdel- Wahab, 1979 ). 

Schistosoma japonicum  was discovered later in 1947 by Fuji (Jordan & Webbe, 1969).

1.2 Geographical Distribution

Schistosomiasis is generally widely distributed in Africa, south-east Asia, western Pacific and 

European regions as well as South America. Endemic areas in these regions include Egypt, Kenya, 

Zaire, Burundi, Ethiopia, Ghana, Brazil and St. Lucia ( Jordan et a i ,  1993 ).

It is also believed that about 90 million persons are infected with Schistosoma haematobium 

in 53 African and eastern Mediterranean countries.

S. mansoni infection is widespread in Africa and south of the Sahara. It has also been 

reported in Israel, parts of the Arabian Peninsular, in Latin America it is found in Venezuela, Brazil, 

Surinam, French Guiana and the Caribbean Islands S. japonicum  on the other hand seems to be 

confined to the Far East, China, the Philippines, Indonesia, Japan and Taiwan (Jordan et a i ,  1993).

1.3 Intermediate Host Snails

Water is known to provide the common environment for infection to occur. This link between 

the parasite, fresh water bodies and the intermediate host snail was first revealed by Leiper in 1915. 

Schistosome parasites use fresh water pulmonate snails as the intermediate hosts to complete their 

life cycle. These snails are hermaphroditic and hence are able to proliferate to fill any water body in 

no time if all other conditions are favourable. Different species of snails are used by the different

2
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schistosome parasites as intermediate hosts. S. mansoni, S. haematobium and S. japonicum  use 

species ofBiompha/aria, Bulinus and Oncomelania respectively as intermediate host snails. These 

snails inhabit a great variety of different habitats both natural and man-made waters, ranging in size 

from small temporaiy puddles to extensive lakes; and minute seepages to large rivers ( Webbe and 

Jordan, 1993 ). They are often found in ecotone zones of the water bodies associated with aquatic 

plants such as Nymphaea species and Ceratophyllum. These plants have been found to protect the 

snails from unfavourable conditions and also provide suitable egg laying sites for the snails. Dead and 

decaying aquatic macrophytes serve as food for the snails and they may also be found feeding on 

micro flora of algae and bacteria covering them (Webbe and Jordan, 1993). Human beings become 

infected through activities such as domestic, occupational, recreational and religious; which may 

include fishing, irrigation, agriculture, swimming and washing, just to mention a few.

Abiotic factors which have been found to influence the survival o f  the snails include dissolved 

oxygen, pH, water velocity and temperature. Microhabitats with high oxygen tension , low 

temperature and a more neutral pH are also known to favor the survival o f the snails. According to 

Pfluger (1981 cited by Webbe and Jordan, 1993) optimal temperatures ranging between 20°C to 30° 

C are favorable and that fecundity of the snails diminishes when the temperature o f the water is 

above 30°C with increased mortality resulting from prolonged exposure to temperatures above 40°C. 

Geological factors such as the intrusion of hard rock silts are also important to the survival o f the 

snails since they provide slow flowing stretches of water which prevent the snails from being 

dislodged.

3
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1.4 Basic life cycle of S. mansoni and its transmission

The essentia] requirement for transmission o f S. mansoni involves human contact with water 

which is colonized by Biomphalaria species in a community with poor sanitation where some o f the 

members are infected with the parasite. Water therefore serves as the common environment that 

brings all these factors together. In Africa, B. pfeifferi serves as the intermediate host snail for S. 

mansoni infection.

The adult flukes of S. mansoni live in the blood vessels of the mesenteric veins o f the small 

intestine of man. These flukes are dioecious and pass their ova in the faeces by piercing the intestinal 

walls of the large intestine with their spines and hence breaking out and gaining entry into the rectum 

(McCullough, 1965). Due to poor sanitary conditions in endemic areas, especially in Lakeside 

communities, defaecation around water bodies may bring ova into contact with water. The ova hatch 

once in contact with water and liberate ciliated first stage larvae which are motile but non - feeding, 

called the miracidia. These move about in the water and are believed to locate the snail intermediate 

hosts by following the slime trails of the snails. The parasites may perish 12 -18  hours after it has 

been hatched if appropriate snail intermediate host is not located.

The miracidia penetrate the soft part of the snail and lose their ciliated epithelium, forming 

sac-like larvae termed sporocyst. These are capable of reproducing asexually into daughter 

sporocyst. Third stage larvae known as cercariae are eventually produced which are fork-tailed. The 

period of development inside the snail is known to be up to four (4) weeks. The cercariae then break 

out of the snail’s tissues into the external environment, that is the water body. These are non - feeding 

and must find and enter the definitive host within 48 hours or perish.

The cercariae penetrate the intact skin of human beings when they come into contact with

4
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infested water through activities such as those already mentioned. The cercariae first change into 

schistosomula and enter the blood stream. These are then carried through the lungs to the heart, 

arteries and then to the liver and the hepatic portal veins. Other organs such as the spleen and the 

kidneys may be involved. The worms develop into mature flukes which may pair up and then migrate 

to their final destination, that is the small intestine where they lay eggs and the cycle is repeated. The 

cycle in man takes about 2 - 3 months and the worm can live and reproduce in man for many years 

(Webbe and Jordan, 1993 ).

1.5 Factors that promote the transmission of Schistosomiasis

The need for hydroelectric power, roads, water supplies for agricultural purposes as well as 

domestic needs have led to the construction of dams, both large and small and irrigation canals on 

water bodies which were originally fast flowing. The provision of water in arid and semi- arid areas 

by these irrigation schemes and dams by the conversion o f basin type agriculture to partial perennial 

agriculture through irrigation has been found to increase the opportunity for transmission o f 

schistosomiasis. This prolongs snail activity, with the concomitant increase in prevalence and 

intensity of infection in humans ( Webbe, 1988 ).

Small impoundments may be used for rice and sugar-cane irrigation, fishing, water supplies 

for cattle and livestock watering, and hence are often sited very close to cultivated areas as well as 

human settlements. In developing countries, small impoundments are abundant and in aggregate and 

their significance in agricultural use and in the production of diseases such as schistosomiasis is the 

probably greater than that of large impoundments (Webbe, 1988). Migration, population resettlement 

and working conditions created by water development projects are known to be sources o f risk of

5
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infection and these may be linked to human living conditions.

Conditions found in many irrigation schemes include low gradient canal systems with silt and 

vegetation, unsatisfactory water management, poor drainage with night storage dams, many 

temporary pools and seepage waters which provide suitable habitats for colonisation by the snail 

intermediate hosts of schistosomes. Such factors coupled with lack of clean water supplies for 

domestic use and proper sanitation are the likely causes o f increase in schistosomiasis (Sturrock, 

1965). The relatively constant levels of water leading to lower velocities at the margins of head ponds 

are also conducive to human activities that enhance transmission.

A number of studies have been done on the impact that water impoundments can have on the 

transmission and prevalence of schistosomiasis. In Egypt, the construction of the low dam at Aswan 

in the early 1930's provided perennial irrigation in many provinces , but it is known to have caused 

an increase in the prevalence of .S’ haematobium infection from 2-11% to 44-75% between 1934 and 

1937. Also the construction of the high dam at Aswan in 1960 has resulted in profound changes in 

the transmission of schistosomiasis in upper and middle Egypt ( Abdul- Wahab et al., 1979 ). 

Schistosoma mansoni is reported to be progressively replacing S. haematobium which was the 

primary form of the disease in Egypt as the snail hosts of S. mansoni ( Biomphalaria alexandrina) 

are spreading focally up the Nile River into middle Egypt, replacing Bulinus truncatus ( El Almy and 

Cline, 1977, Cline et al., 1979 ). According to a study done in Fayoum and two other provinces in 

Egypt, it was found that the construction of the Aswan dam resulted in changes in the water level and 

the flow velocity, higher concentrations of suspended particles and silt and these favoured the survival 

o f Biomphalaria snails which had been present in the local waterways since 1981 but not infected 

The snails are believed to have become infected in 1984 when labourers who were infected with S.

6
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mansoni were brought in from the Delta region to help in the building o f schools in these villages.

The construction of a dam in 1964 on the Volta River in Ghana resulted in serious 

transmission of S. haematobium in lake-side communities (Scott et al., 1982). There is also equally 

serious problem in the irrigated Accra plains below the Kpong impoundment in Ghana where S. 

matisoni is being transmitted ( Odei, 1983, Wen and Chu, 1984 ). In Senegal, the prevalence of 

S. mansoni infection is said to have increased from 1% to 72% within two years o f the Diama dam 

becoming operational. Recently, a new focus of S. mansoni infection has been described in northern 

Senegal in the city of Richard-Toll. This outbreak resulted from a series o f  ecological changes which 

resulted in the creation of marshy creeks and the subsequent spread o f  Biomphalaria pfeifferi from 

an inland lake ( Lac de Guiers) to the canals of a sugar-cane plantation and the Senegal River (Stelma 

et al., 1993). Two other dams were built in 1986, one near St. Loius that prevents salt water 

intrusion into the Senegal River, and another about 1200 km upstream in Manantali, Mali, which 

regulates water flow. Subsequently the water in the Senegal river basin and the irrigation system in 

Richard-Toll has become permanently fresh and the water levels are stabilised. These modifications 

of the aquatic environment have apparently led to the massive invasion o f the canal system by B. 

pfeifferi. The explosive population growth in Richard-Toll has also contributed to increased infection 

through water contact and contamination.

1.6 Schistosoma mansoni infection in Ghana

Records have shown that schistosomiasis has been endemic in Ghana for a very long time; 

and that it is also more prevalent than has been realised. The earliest available report was in the 1895 

Annual Report of the colony of the Gold Coast (Eddington, 1957). The disease is widespread in

7
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Ghana with S. haematobium infection being more prevalent than S. mansoni infection (WHO, 1993). 

It has however been found that there are varying degrees of incidence o f the two forms even in 

known endemic areas.

Little was known about S. mansoni infection in Ghana until Macfie (1920) reported the 

occurrence of lateral-spined bilharzia eggs in the urine of a male African lunatic. When it was first 

reported, the principal focus was known to be Tarkwa in the south-western part o f the country where 

the disease was derived from the local stream. Other foci were Awabi near Kumasi, Zesilla, Bawku, 

Nyive, Atikpui, Navrongo, Wiaga and other areas in Northern Ghana (Odei, 1964; Grant, 1965). At 

Wiaga, it was reported that out of 144 school children examined by a medical field unit, 19 cases of 

S. mansoni were found, an incidence of 13.2%. Recent work has shown that there is an equally 

serious problem in the irrigated Accra plains below the Kpong impoundment where S. mansoni is 

being transmitted (Odei, 1983; Wen and Chu, 1984).

The proven intermediate host snail of S. mansoni in Ghana is Biomphalaria pfeifferi gaudi 

(Edwards and McCullough, 1954, McCullough, 1957). This species was reported from a few 

scattered localities in the western region, especially around Tarkwa and Bogoso. In the Ashanti 

region, it was found in the Awabi reservoir at Kumasi and in the river Fia which lies about 9 miles 

west of Nkoransa. The snail was more common in northern Ghana and scattered along the northern 

strip and the western edge of the region (Odei, 1964).

Factors which have led to the spread of schistosomiasis in Ghana include the increasing human 

population density and geological changes, particularly in reference to the surface water supply 

(Grant, 1965). Other factors include water development projects such as the construction o f the dam 

on the river Volta and the Tono irrigation project (Amankwa et al., 1994); the Weija reservoir and

8
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other smaller water projects throughout the country (WHO, 1993). Developmental activities such 

as the construction of roads, railways, water reservoirs, bridges, irrigation schemes and the like 

deserve mentioning, as well as human activities including fishing, farming, swimming and washing 

which play a vital role in the spread of the disease.

1.7 Morbidity due to S. mansoni infection

Patterns of morbidity due to S. mansoni infection in Sub-Saharan Africa vary considerably 

from one focus to another (Gryseels, 1988; Gryseels, 1992). This variation is partly explained by 

different intensities of infection, but other factors such as concomitant infections and immunogenetic 

predisposition may also play a role. Age-related patterns and also the history o f infection and 

exposure may also be important (Gryseels and Nkulikyinka, 1990, Fulford et al., 1991).

In Sub-Saharan Africa, areas where S. mansoni is a serious public health problem include the 

west Nile region in Uganda, where community-based and clinical surveys as well as hospital records 

have demonstrated high morbidity and even mortality attributed to advanced schistosomiasis (Ongom 

et al., 1972; Williams et al., 1986). Other areas include Egypt, Kenya and Senegal.

The major clinical symptoms of schistosomiasis include pains in the abdomen and joints, 

headaches, malaise, anorexia, nausea, vomiting and diarrhoea which may lead to weight loss. There 

is also hematuria, leading to anaemia. For S. mansoni, the most important pathology to be prevented 

is decompensated portal hypertension (DPH) due to periportal liver fibrosis (Gryseels and Polder 

man, 1991). Its clinical consequences, in particular oesophageal varices, may be fatal but develop 

insidiously and can remain asymptomatic until irreversible damage has occurred. In classic foci such 

as Egypt and Brazil, DPH due to schistosomiasis was so frequent that the need for control was in no

9
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doubt. Mariema in Eastern Zaire is one of the most intense foci in the world, where cases of 

periportal liver fibrosis due to schistosomiasis have been histologically documented (Gigase, P. L. J. 

cited by Gryseels and Polderman, 1991) and also in Burundi.

Dysenteric syndromes and massive hepatosplenomegaly are also highly frequent with S. 

mansoni infections. Increased frequencies of liver enlargement have been shown in heavily infected 

groups in most endemic areas ( Gryseels, 1988; Gryseels and Nkulikyinka, 1990); and are generally 

considered to be an indication of schistosomiasis (WHO, 1985). Schistosomiasis related 

organomegaly has been observed mainly in children and decline or even disappear in adults. Intestinal 

morbidity due to S. mansoni infection such as diarrhoea can however be relatively simply detected, 

diagnosed and treated.

1.8 Schistosomiasis Control

Transmission of schistosomiasis requires contact with water harbouring snail intermediate 

hosts in an area where sanitation is at a low level and there are infected people ( Webbe and Jordan, 

1993 ). Preventing transmission thus involves measures aimed at

1. Preventing contact with infected water and

2. Preventing contamination of water with schistosome eggs.

These can be attained through ‘disease specific’ methods of control such as chemotherapy and snail 

control; and ‘non- specific’ methods such as health education and improving living standards o f the 

people (Webbe and Jordan, 1993).

10
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1.8.1. Chemotherapy

The primary purpose of control is to reduce morbidity/ disease in the community to a level 

at which it is no longer of public health importance. Chemotherapy is a very attractive method of 

control since it depends on the use of appropriate schistosomicidal drugs such as metrifonate, 

oxamniquine or praziquantel at a standard dose to destroy the parasites in humans hence relieving 

them of pain and suffering.

Three chemotherapy delivery systems are currently recognised; and these are mass treatment, 

selective population chemotherapy (SPC) and targeted therapy (Webbe and Jordan, 1993). These may 

be directed to the whole population or to selected groups in the population such as children. 

According to Tingley et al.( 1988), even though this method has always resulted in quick qualitative 

successes, all have been followed shortly by reinfection. After examining this evidence, concluded 

that repeated chemotherapy will be needed to contain transmission, probably annually or biennially, 

but shold be supplemented with other effective control measures. However, much of current research 

still centers on drug trials.

Problems associated with this method are drug and delivery costs in the case of mass 

chemotherapy and diagnostic costs in the case of SPC where extensive population screening is 

needed. SPC is however economical in drugs as only infected persons are treated. Other problems 

are the full co-operation of all the people to prevent reinfection and compliance o f the population in 

respect of providing urine and stool samples for screening and accepting treatment. For successful 

control by this method therefore, mass chemotherapy covering whole geographic areas at the same 

time may be required. Chemotherapy is hence a means of bringing relief to victims with clear clinical 

complications resulting from high intensities of infection.
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1.8.2 Snail Control

Intermediate hosts snails are an obligate part of the life cycle o f the Schistosome parasites and 

have been found to be in intimate relationship with both the biotic and abiotic components o f the 

environment. Also snail population dynamics have been found to depend to some extent on the 

physical, chemical and biological factors of the snail’s environment. Hence manipulation o f these 

factors would be expected to have some influence on the snail populations. Various strategies for 

controlling schistosome host snails have been geared towards perturbing these aspects o f  the snail’s 

environment.

1.8.2.1 Manipulating the physical environment

Changes in the ecology of snail habitats are required to eliminate snails and/  or prevent further 

breeding. It has been shown for instance that the number of host snails found in streams decrease 

with increasing mean water velocity (Jobin et al., 1984). According to W. H. O. report o f 1957, 

water current o f sufficient velocity is found to inhibit vegetation used by snails for food, protection 

and egg deposition, and reduces snail feeding and reproduction. It also washes snails out o f  their 

protected sites; destroys part of the colony by scouring; removes soil and sediment and redistributes 

other colony members. Trials also indicate that, Biomphalaria is very susceptible to loss o f footing 

with increased velocities. Hence increasing water velocity in water channels beyond certain thresholds 

attains some measure of success in controlling snails (Jobin, 1970; Jobin and Michelson, 1969; Jordan 

and Webbe, 1969).

Other measures suggested for altering the physical environment o f snails include the drainage
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and canalisation of marshy areas at stream origins, and straightening of stream courses (Thomas and 

Tait, 1984). Weed control is also important for controlling snail populations since they impede the 

application of molluscicides. According to Ferguson (1968), gross manual removal o f most 

submerged aquatic vegetation in Puerto Rican irrigation canals resulted in temporary severe declines 

in Biomphalaria colony density. Also in Israel, periodic manual removal of pond weeds keep the 

bilharzia vectors under significant control (Saltemik and Witenberg, 1959).

1.8.2.2 Manipulating the biological environment

This method is typically directed at the biotic components of the environment. This can be 

achieved by the use of competitor snail species and also by the use of parasites, predators and 

pathogens.

1,8.2.2a Control by competitor snail species

It has been suggested that competitive interactions between host and non-host snails could 

be used to exclude host snails of Schistosomiasis from the environment. Competition between faunal 

constituents of aquatic habitats occur on a broad ecological basis (Thomas, 1973). The generalised 

association of selected vector snails with other fauna] component of the habitat is described in various 

field studies (WHO, 1957; Thomas, 1973).

Under laboratory conditions, a form of competition or colonial restriction termed the 

‘crowding phenomenon’ recognised in Biomphalaria, adversely affects growth, population density, 

and fecundity (Sturrock and Sturrock, 1970). Water volume was found to be the most important
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factor in growth and fecundity, although it was not entirely separable from the effects of surface area. 

More recently, Frandsen and Madsen (1979), and Madsen (1982,1983), have shown that under 

laboratory conditions, Helisoma duryi competes with species of Biomphalaria and Bulinus. 

However, field studies failed to show that this species can eliminate schistosomiasis host snails from 

their natural environment.

1,8.2.2b Parasites, Predators and Micropathogens

Parasites and predators have been suggested for the control of snail populations. Potential 

predators which have been suggested include Sciomyzid flies and Malacophagous fish. On the other 

hand, larvae of helminths are believed to be potential parasites for the control of Schistosome host 

snails. Other biological agents considered for control operations are micropathogens such as bacteria 

and viruses ( McCullough, 1981).

Marisa cornuarieiis, an ampullarid, has been found to be an efficient predator of 

Biomphalaria According to Jobin (1970), the introduction of snail Marisa comuarietis into ponds 

containing Biomphalaria glabrata is often followed by the exclusion of the latter species.

Marisa also successfully eliminated flourishing populations of other snail species (Nguma et al., 

1982). Displacement o f Biomphalaria by Marisa results from the constant browsing o f this large 

snail over aquatic vegetation, vegetal debris, or the water body substrate during which egg masses, 

hatchlings, and adults of the planorbid snail are actively consumed (Demain and Lufty, 1966). Young 

Marisa are also efficient consumers of Biomphalaria egg masses and will eat their own egg masses 

when starved in aquaria (Chermin et al., 1956).

Predatory Oligochaetae may provide some protection from bilharzial infection by consuming
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cercariae of S. mansoni. Leeches are also active predators o f Biomphalaria in laboratory aquaria 

(Chermin et al., 1956). Larval trematodes of the family Echinostomatidae are also very destructive 

of the digestive glands of schistosome host snails and the lower survival capacity of these vector 

snails.

The use of this method in snail control is still at a rudimentary stage and none of the factors 

identified as being potential control agent for schistosome host snails has as yet been shown 

conclusively to be effective in controlling the snails under field conditions ( Kpikpi, 1990).

1.8.2.3 Modification o f the human environment

Human behavior patterns which encourage transmission of schistosomiasis should be curtailed 

and replaced with patterns which restrict or completely break the transmission cycle. Non-specific 

methods such as sanitation and water supplies as well as health education are some of the indirect

methods which have been used in the control of schistosomiasis and are found to have both social and

medical benefits.

1.8.2.3a Health Education

Health education in relation to schistosomiasis aims to help people understand that man is the 

vector of the infection through indiscriminate urination and defaecation and that infection is from 

water contact. This involves the use of slide shows, films, posters, radio, television and talks. There 

is therefore the need to train personnel to educate the rural folks.

Health education was of little relevance when schistosomiasis and snail control were 

synonymous, and the aim was to reduce transmission. However, when morbidity control became a
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practical proposition, with the definitive host, man, becoming the target for attention, health 

education became a top priority in all schistosomiasis control projects, with emphasis on children and 

adolescents (WHO, 1990). A major problem however is that, most governments give health 

education a low priority within their health service compared with curative medicine; and as a result 

few career posts are available and inadequate funds are provided for this method o f control.

Health education is a major concern of the World Health Organization since changing human 

behavior can reduce the incidence of not only schistosomiasis, but many other parasitic infections. 

According to Jordan (1985), in St. Lucia, the provision of health education, domestic water supplies 

and laundry units led to a marked reduction in water contact and hence reinfection (72% overall 

reduction in incidence) over a period of 5 years. It is therefore stressed that while there may be 

trained health educators and teachers, all personnel in the health service including nurses, midwives, 

doctors, medical assistants and technicians should be involved in educating the community.

1,8.2.3b Water and Sanitation Projects

This involves constructional and engineering projects such as the provision o f adequate water 

and acceptable sanitation which in the long term should be the most effective method of 

schistosomiasis control. Although the provision of water was in theory an integral part o f WHO- 

assisted program in the 1940s and 1950s, it was generally considered too costly. Organizations such 

as the UNDP, World Bank and Sanitation program in Washington just to mention a few, have all been 

involved in the provision of water and sanitation in developing countries. This includes the provision 

of stand pipes and boreholes; and the construction of latrines in endemic communities.

The most comprehensive study to date on the effect of water in the control o f schistosomiasis
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was done in St. Lucia which resulted in a 75% reduction in incidence o f S. mansoni infections in 

children compared with nearby villages ( Jordan, 1985 ). Prevalence and intensity also fell in all age 

groups. In Egypt, it was noted that even partial use o f protected water markedly reduced prevalence 

rates of schistosomiasis. Similar results were also reported from South Africa, where a communal 

water supply was supplemented by simple play pools for children and wire fences prevented easy 

access to infected water.

This method has not seen much success, some o f the reasons for the limited success has been 

shown to lie not with the underling philosophy of the method but rather with poor implementation 

and the practical difficulty of changing ingrained human habits ( Jordan and Webbe, 1982; W. H. 0 /  

U N D P . ,  1979 ). Also certain occupations such as fishing which requires constant contact with 

water make it impossible to control that aspect of human behavior. Children are also constantly at risk 

of infection due to difficulties in changing their behavior patterns. Another problem is the aspect of 

maintenance since as far as schistosomiasis is concerned, a breakdown in the water supply may put 

the population at risk of infection as they revert to the nearby river or pond which may be more 

heavily contaminated before piped water became available.

1.8.2.4 Manipulating the chemical environment

Chemical control has been the most efficient way of reducing snail numbers. This involves 

the use of mollusciscides in the control of schistosome host snails. The method o f molluscicide 

control measures is effected in two ways. The first is the drip feed method where the molluscicide 

is applied at the edges of flowing water and allowed to be carried downstream by the current The 

second method is by aerial application where molluscicides are sprayed from the air by means o f an
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aircraft. Molluscicides remain the only practical method for the reduction of snail populations up to 

date (McCullough et al., 1980). The use of inorganic molluscicides, in particular ammonium sulphate 

in controlling African schistosomiasis was as far back as 1915 by Leiper. Also in the 1940's, copper 

sulphate was used against Bulinus truncatus mainly in Africa Some of the other compounds which 

were tested in the field included NaPCP which was used particularly in Brazil and Japan (Appleton, 

in press). The application of these chemicals suffered setbacks due to health hazards and non-toxicity 

to snail eggs, and toxicity to non-target organisms among others (Anneck and Peacock, 1951; Shiff 

and Gamett, 1961).

Niclosamide, a highly effective synthetic molluscicide currently available as Bayluscide was 

produced in 1960 (Foster et al., 1960). This has been the most successful molluscicide so far and has 

seen many field trials. The active ingredient in Bayluscide is clonitralide, and it has been found to be 

toxic to all stages of the life cycle of both schistosome snails and fasciolid flukes. Bayluscide has 

however been found to have piscicidal effects. According to Appleton (1985), dead fish were found 

floating on the surface of water bodies in South Africa for about three days after spraying. These and 

other disadvantages such as high cost led to the recommendation by the Scientific Working Group 

of the WHO (1977) that research concerned with control should be aimed at the development of 

cheaper and more species- specific methods.

Only synthetic chemicals were used until the discovery of the molluscicidal properties o f 

Phytolacca dodecandra by Lemma, 1965. Since then, hundreds of plants have been screened for 

molluscicidal effects ( McCullough et al., 1980). Some other plant materials which have been found 

to have molluscicidal effects include the leaves of Gardenia thunbergia (white Gardenia) and 

Apodytes dimidiata ( white pear) (Clark, 1994 as cited in Appleton (in press).
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A number of indigenous plants to Ghana are being screened by the Institute of Aquatic 

Biology in Ghana. These include Phytolacca dodecandra which was recorded by Irvin, 1961 (as 

cited by Odei, 1983) at Larteh in the eastern region of Ghana where its local name is ‘Ahoro’. Others 

are Tepgrosiavogelli, Lujfasp., Balanites aegyptiaca, Blighia sapida, Canna indica, Jatropha sp. 

and Ricinus communis. Some of these plants contain saponins and have been reported in the 

literature as having molluscicidal properties. However only Phytolacca dodecandra commonly 

known as Endod has seen some field trials, all other studies are still at laboratory stages o f research 

and development.

1.8.3 Slow - release molluscicides

The introduction of allochthonous chemicals into the fresh water environment usually suffer 

from certain disadvantages; the most important being the effects on non- target organisms and also 

high cost. The Scientific Working Group o f the WHO (1977) therefore recommended the 

development of relatively cheaper molluscicides with high target specificity. This prompted Cardarelli 

(1975) to advocate the use of controlled release technology to increase the efficiency of molluscicide 

application. In response to this, Thomas and Assefa (1979) proposed that slow release molluscicides 

might be combined with attractants, arrestants and phagostimulants in an ingestible and digestible 

matrix. This will result in the release of the toxicant in the stomach of the host snails. It is envisaged 

that the attractants, arrestants and phagostimulants would be species- specific to ensure that only 

target snails would ingest the matrix containing the molluscicide. The host snails would be removed 

selectively from the environment without harm to other organisms. This has led to a search for 

bioactive chemical factors using bioassay techniques (Thomas, 1989).
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The focus of research has been towards the identification o f both artificially formulated food 

materials (Michelson, 1960), and naturally occurring crude factors (Etges, 1963). From the late 

1970's however, the range of chemical factors assayed has been restricted to pure chemical (Thomas, 

1982,1986, 1989; Thomas et al., 1980, 1983, 1984, 1985, 1986, 1989, 1990; Kpikpi, 1990). Also, 

all the experimental work had been focused on B. glabrata snails. Among the range of chemicals that 

were found to be effective attractants and arrestants to B. glabrata were short chain carboxylic acids 

(C3 - C5) (Thomas et al.,1983) and amino acids such as propionic, aspartic and glutamic acids, 

proline and hydroxyproline. These pure chemicals were also expensive and needed to be imported just 

like the synthetic chemicals they sought to replace (Kpikpi et al., 1995). Kpikpi (1990) therefore 

pointed out the possibility of expanding the search for bioactive factors to include naturally occurring 

crude or semi - processed products which on the whole are much more easily available and less 

costly in the areas where schistosomiasis is endemic.

Consequently, this study was done with the following objectives:

1. To identify naturally occurring bioactive factors using diffusion olfactometers.

2. To investigate the effects of various processing methods on the bioactive potential o f the 

natural products.

3. To investigate the efficacy of these bioactive factors under simulated natural conditions.
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CHAPTER TWO

BIOACTIVITY STUDIES USING DIFFUSION OLFACTOMETER

2.1 INTRODUCTION

The control of the snail hosts of schistosomiasis has relied heavily on the use of molluscicides. 

These however, have two important drawbacks. Firstly, many non-target organisms get killed in the 

process. Secondly, the increasingly high cost of both chemicals and personnel is becoming a deterrent 

for chemical control.

In order to safeguard non-target species during mollusciciding programmes, it has been 

suggested that species-specific chemicals be developed and used for the purpose.

One approach towards attaining this objective is the identification of attractants and arrestants 

for the snails which could be combined with toxic chemicals in controlled release formulations. The 

idea is that the snail hosts o f schistosomiasis would be attracted to these formulations and would 

therefore be selectively removed from the water body.

Consequently, the bioactive effects of twenty one plant materials on the adults and juveniles 

of Biomphalaria pfeifferi were tested using diffusion olfactometers. The findings from these 

experiments are reported in this chapter.
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2.2 MATERIALS AND METHODS

2.2.1. Snail breeding

Adult snails of Biomphalaria pfeifferi were collected from the Weija Lake near Accra and 

kept in glass aquaria each measuring 50cm x 35cm x 20cm (LxWxH). Each contained 20 liters o f 

tap water. The snails were bred under laboratory conditions at a temperature of 27° C ± 1 and 

exposed to a normal light regime of approximately 12 hours o f light and 12 hours of darkness. The 

snails were fed with two fresh leaves of wild or edible lettuce (Launea taraxacifolia and Latuca 

sativa) twice a week and the water in the tanks was also changed twice every week.

Snails which were 4-5 weeks old and weighed 0.05g ± 0.005 ( n = 50 ) were considered as 

juvenile snails whilst 8-12 weeks old snails weighing an average of 0.12g ± 0.01 ( n = 50 ) were 

considered as adults.

2.2.2. Treatment o f  snails prior to experimentation

Twenty five (25) healthy juvenile snails were selected for each experiment. Each snail was 

placed in a 200ml plastic cup containing 150ml of tap water. A disc of lettuce of 1 cm diameter was 

placed in each of the containers to serve as food. The adult snails were however placed in 320ml 

plastic containers which had 180ml of tap water and were fed with a disc of lettuce each o f 2 cm 

diameter. After feeding for 20- 24 hours, the food was removed and the water was also changed. 

The snails were then starved for the next 20- 24 hours before using them for the bioassay studies.
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A set up showing the treatment of snails prior to experimentation

University of Ghana                              http://ugspace.ug.edu.gh



2.2.3. Preparation o f test materials

A number o f naturally occurring plants were tested in their raw state (ripe and 

unripe). In all, a total o f twenty one(21) plant products were obtained from a combination 

o f the various states. The test materials were cut into sim ilar shapes and sizes using 

cylindrical cutters. The resulting dimensions o f the test materials were 2.0cm  in diameter and 

1.5cm in thickness for adult snails and 1.0cm by 1.2cm for the juveniles. Polystyrene, an 

inert material was cut into similar dimensions and used as controls.

2.2.4. Diffusion Olfactometers

The olfactometers used in this study consisted of a perspex block o f 20 olfactometers to 

allow for 20 replicates of each test at a time. Each olfactometer was made up of a rectangular 

central chamber with a cylindrical chamber attached at both ends. The olfactometers used for the 

adult snails were larger in size than those for the juveniles. For the adults, the central chamber 

measured 8.0cm in length, 1.9cm in width and 2.2cm in depth. The cylindrical chamber however had 

a diameter of 2.3cm. The central chamber of the olfactometers used for the juveniles on the other 

hand had dimensions of 4.0cm by 0.9cm by 2.0cm and cylindrical chambers of 1.2cm diameter.

Each of the chambers was thoroughly washed with a detergent and rinsed several times with 

tap water before and after each experiment. The perspex block was placed on a flat surface during 

the experiments since snails have been found to respond to gravity ( Lever and Geuze, 1965 ).
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l'IGURE 2.1: A SKETCH OF THE ADULT BIOMPHALARIA PFEIFFERI
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Picture showing Biomphalaria pfeifferi snail feeding on lettuce
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2.2.5. Bioassay Studies

Each olfactometer was filled with 30ml and 8 ml of tap water for adult and juvenile snails 

respectively. The test material was placed at one end of the chamber and polystyrene ( an inert 

material) was fitted into the other end to serve as a control. To eliminate any directional bias, the 

locations of the test and control materials were alternated in the successive chambers. At the 

beginning of the experiment each snail was picked up with a plastic spoon and placed at the center 

of the rectangular chamber.

A stop clock was then started and the positions of the snails were noted at 2.5 minute 

intervals for 30 minutes. They were scored ‘+’ if found on the test side of the chamber and negative 

‘ ’ if on the control side. On the other hand, if snails were found attached to the test or control

disks, they were scored (+) and (-) respectively. The student’s t- test was used to determine the 

levels of significance.
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Table 2.1: Test materials and the various forms in which they were tested

PLANT COMMON NAME SCIENTIFIC NAME R/Fr Rp Un

ROOTS Cassava Manihot esculenta ★

Yam Dioscorea cayenensis *

Cocoyam Xanthosoma muffafa *

Sweet Potato Ipomoea batatas *

SEEDS Cocoa bean Theobroma cacao *

Foetid sterculia Sterculia foetida ★

FRUITS Plantain Musa paradisiaca * *

Guava Psidium guajava * *

Garden eggs Solanum incanum *

Water melon Citrulus vulgaris *

Tomatoes Lycopersicum lycopersicon *

Royal Palm Fruit Elaeis indica *

Avocado Pear Persea americana *

Mango Mangifera indica ★ *

W. Afr. Locust bean Parkia clappertoniana *

LEAVES Lettuce Latuca sativa *

Cabbage Brassica oleracea var. capitata *

Cocoyam Xanthosoma muffafa *

Pawpaw Carica papaya *

Water leaf Talinum triangulare ★

key
R = Raw 
Fr = Fresh 
Rp = Ripe
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2.3 RESULTS

2.3.1. A ttractants, arrestants and repellents

In these experiments, plant materials which caused the snails to spend significantly more time 

on the test side than on the control side were referred to as attractants On the contrary, if the snails 

spent significantly longer time on the control side than on the test side, then that plant product was 

referred to as a repellent. Those plant materials on which the snails were attached (i.e spent 

significantly more time) than the control materials were referred to as arrestants. Also plant materials 

which failed to generate any statistically significant responses on the snails were classed as neutral.

2.3.2 Response o f  B. pfeifferi to different parts o f  plant materials tested

2.3.2.1 Response to wots

A total of four root materials were tested in their raw state on the adult and juvenile snails. 

Out of this number, two products (50%) had significant effects on the adult snails. Sweet 

potato emerged as an attractant whilst yam acted as a repellent. Only sweet potato had a statistically 

significant attractant effect on the juvenile snails while yam and cocoyam acted as significant 

repellents (75%) (Figs. 2.3a, b & Appendix Tables 2.1a, b).

2.3.2.2 Response to fruits

Ten fruits were tested on adult and juvenile snails as shown in Figs. 2.4a & b and Appendix 

Tables 2.2a & b Two out of 10 (20%) emerged as significant attractants for the adult snails; these 

were water melon (P < 0.001) and pear (P < 0.05). On the other hand, garden eggs had a statistically
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significant attractant effect on the juvenile snails while locust bean elicited repellent effects on them, 

also constituting 20% of the fruits tested for the juveniles (Fig. 2.4a).

2.3.2.3. Response to seeds

From Appendix Table 2.3a, it can be seen that only 2 seed products were tested in these 

experiments. These were cocoa bean and Foetid sterculia. Out of the two, only the latter had a 

significant repellent effect on the adult snails but none had any effect on the juveniles (Fig. 2 4b).

2.3.2.4. Response to leaves

Unprocessed leaf materials tested on adult and juvenile snails of B. pfeifferi were 5 in all. 

Both the adult and juvenile snails responded significantly to four (80%). These were as follows; 

fresh cocoyam leaves > fresh pawpaw leaves > fresh lettuce > fresh cabbage for the juveniles and 

fresh lettuce > fresh cabbage > fresh cocoyam leaves > water leaf for the adult snails (Figs 2.5a & 

2.5b).

2.3.3 Response o f B. pfeifferi snails to raw test materials

2.3.3.1 Response o f adult snails to test materials

In all a total of twenty one (21) plant products were tested in their raw state. Out of this 

number, seven (7) materials (33.33%) acted as significant attractants for the adult snails. Also, 7 

(33.33%) emerged as statistically significant arrestants and 2 (9.52%) statistically significant 

repellents were obtained for the adult snails (Table 2.3). Sweet potato emerged as the most potent
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attractant (P < 0.001), followed by water melon (P < 0.001), fresh lettuce (P < 0.01), fresh cabbage 

(P < 0.01), ripe pear (P < 0.05), fresh cocoyam leaves (P < 0.05) and lastly water leaf (Talitium 

tria/igiilare). Yam and Foetid sterculia were the repellents for the adult snails.

2.3.3.2 Response o f juvenile snails to test materials

A total of twenty one (21) plant materials were also tested for the juvenile snails. Six (6 ) out 

of the 2 1  samples emerged as statistically significant attractants, that is 28.57%. Also six (6 ) 

significant arrestants ( 28.57%) and 3 significant repellents (14.28%) were obtained from the 

materials tested (Table 2.3). In the case of the juveniles however, the order of significance was fresh 

cocoyam leaves (P<0.001) > garden eggs (P<0.01) > fresh pawpaw leaves (P< 0.01) > fresh lettuce 

(P < 0.05) > fresh cabbage (P < 0.05) > sweet potato (P < 0.05). Yam, locust bean and cocoyam in 

that order emerged as statistically significant repellents for the juveniles of the same species.
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Fig 2.3a: Attractant responses of B. pfeifferi to
root materials
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□  AS-Xa
JS-Xa

Test materials

Fig 2,4a: Attractant responses of B. pfeifferi to fruits and
seeds.

= p< 0.05 AS-Xa = Mean attractant indices for adult snails
= p< 0.001 JS-Xa = Mean attractant indices for juvenile snails

* = p< 0.01 Rp = Ripe
Un = Unripe
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Fig 2.4b: Arrestant responses of B. pfeifferi to fruits and
seeds.
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-  p< 0.05 AS-Xb = Mean arrestant indices for adult snails
: = p< 0.001 JS-Xb = Mean arrestant indices for juvenile snails
* = p< 0.01 Rp = Ripe

Un = Unripe
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Fig 2.5a: Attractant responses of B. pfeifferi to leaves
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Fig 2.5b: Arrestant responses of B. pfeifferi to leaves.
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= p< 0.05 AS-Xa = Mean attractant indices for adult snails
r = p< 0.001 JS-Xa = Mean attractant indices for juvenile snails
* = p< 0.01 AS-Xb = Mean arrestant indices for adult snails

JS-Xb = Mean arrestant indices for juvenile snails
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Table 2.2: Proportions of raw plant parts which had significant effect on
B. pfeifferi snails

Snails Plant part Number tested Number significant % significant
Adults Roots 4 2 50

Fruits 10 2 20
Seeds 2 1 50
Leaves 5 4 80

Juveniles ' Roots 4 3 75
Fruits 10 2 20
Seeds 2 0 0
Leaves 5 4 80

Table 2.3: Proportions of raw test m aterials which had s ign ificant effects on 
B. pfe ifferi snails.

Snails Total no. of 
raw mats, 
tested

Number of 
significant 
attractants

% of
significant

attractants

Number of 
significant 
arrestants

% of
significant

arrestants

Number of 
significant 
repellents

% of
significant

repellents

Adults 21 7 33.33 7 33.33 2 9.52

Juveniles 21 6 28.57 6 28.57 3 14.28
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Table 2.4a: Test materials which emerged as significant attractants for adult
B. pfeifferi snails.

TEST MATERIALS Xa T-VALUE PROB.(%)
Sweet Potato 9.2 8.028 ***

Water melon 8.5 6.111 ***

Lettuce 6.6 4.002
Cabbage 6.2 3.588 **

Pear 5.6 2.833 *

Cocoyam leaves 4.7 2.317 *

Water leaf 4.4 2.893 *

Table 2.4b: Test m aterials which em erged as s ignificant attractants for juven ile
B. p feifferi snails.

TEST MATERIALS Xa T-VALUE PROB.(%)
Cocoyam leaves 7.8 6.151 ***

Garden eggs 5.9 3.337 **

Pawpaw leaves 5.7 3.497 **

Lettuce 5.7 2.553 *

Cabbage 4.5 2.189 *

Sweet Potato 3.9 2.95 *

*** = p < 0.001 
** = p < 0.01
* = p < 0.05
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Fig 2.6a: Significant attractants for adult B. pfeifferi
snails
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Table 2.5a: Test materials which emerged as significant arrestants for adult
B. pfeifferi snails.

TEST MATERIALS Xb T-VALUE PROB.(%)
Water melon 7.5 6.432 ***

Cabbage 6.6 5.18 ***

Lettuce 6.25 4.103 ★**

Water leaf 5.35 3.813 ★*

Pear 5.35 3.478 **

Cocoyam leaves 4.8 2.786 *
Sweet potato 4.15 5.376 ***

Table 2.5b: Test m aterials which em erged as s ignificant arrestants for juvenile
B. p fe iffe ri snails.

TEST MATERIALS Xb T-VALUE PROB.(%)
Cocoyam leaves 7.85 6.085
Lettuce 5.4 2.736 ★
Garden eggs 5.3 3.816 **
Pawpaw leaves 5.25 3.651 ★★
Cabbage 4.95 2.996 **
Sweet potato 3.65 2.821 *

*** = p < 0.001 
** = p < 0.01
* = p < 0.05
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Table 2.6a: Test materials which emerged as significant repellents for adult
B. pfeifferi snails.

TEST MATERIALS Xc T-VALUE PROB.(%)
Yam -5.5 -2.598 ★

F. sterculia -3.45 -2.48 *

Table 2.6b: Test m aterials w hich em erged as s ignificant repellents for juvenile
B. p fe iffe ri snails.

TEST MATERIALS Xc T-VALUE PROB.(%)
Yam -7.4 -4.976 ***

Locust bean -5.9 -5.894 *★*

Cocoyam -5.1 -2.773 ★

*** = p < 0.001 
** = p < 0.01
* = p < 0.05
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Fig 2.8a: Significant repellents for adult B. pfeifferi
snails

Test materials B T-V A LU E

Fig 2.8b: S ignificant repellents for juvenile B. p fe iffe ri
snails
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* = p< 0.05 *** = p< 0.01
** = p< 0.001 Xc = Mean repellent index
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2.4. DISCUSSION

It was observed from the present study that those plant materials which acted as strong 

attractants for the adult snails of Biomphalaria pfeifferi were either neutral or weak attractants to 

the juvenile snails and vice versa. Sweet potato for instance which emerged as the strongest 

attractant for the adult snails was a weak attractant to the juveniles (Figs. 2.3a & 2.3b). Water melon 

also acted as a strong attractant for the adults but was neutral to the juveniles snails (Figs. 2.4a & 

2.4b). Cocoyam leaves on the other hand emerged as the most potent attractant for the juvenile snails 

but acted as a weak attractant to the adults (Figs 2.5a & 2.5b). In the case of the products which 

exhibited repellent effects, only yam acted as a strong repellent to both the adult and juvenile snails. 

Foetid sterculia was a weak repellent to the adult snails but neutral to the juveniles. On the other 

hand, West African locust bean (Parkia clappertoniana) and cocoyam were repellent to the juveniles 

but neutral to the adults. Similar observations were made by Thomas et al. (1980) when they studied 

the behavioural responses of Biomphalaria glabrata, the south American schistosome host snail to 

amino acids. They found out that the amino acids which acted as strong attractants to the juvenile 

snails were either neutral or repellent to the adult snails and vice versa.

Comparative aspects

The adult and juvenile snails of B. pfeifferi were found to discriminate in their responses to 

the raw plant products tested. Only 33.33% and 28.57% of the test materials were capable o f 

inducing a behavioural response in the adult and juvenile snails respectively. This phenomenon of 

selective responses to chemical factors has been observed in other fresh water planorbid snails.
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Thomas and Assefa (1979) showed that B. glabrata responded to a statistically significant extent to 

only a few species of amino acids. Similar observations were made by Thomas et al., (1980 and 

1985) on B. glabrala and Bulinus rolhfsi in their responses to amino and carboxylic acids 

respectively. They found that only 16.1% o f the amino acids tested proved to be statistically 

significant attractants whilst 35.5% were repellents. Furthermore, B. glabrata has been shown to 

exhibit similar discriminative behavior patterns when tested with sugars (Thomas, 1986). Adults o f 

B. glabrata responded significantly to only 39.1% o f the 23 sugars tested . Adults of Bulinus 

truncalus on the other hand responded significantly to only 43.7% and 23.1% of carboxylic and 

amino acids respectively. Daldorph and Thomas (1988) recorded comparative behavioural patterns 

in all six British freshwater gastropods tested.

Dogbey (1995) and Kpikpi et al.( 1995) studied the behavioural responses of B. truncalus and 

B. pfeijferi to natural plant products and they also observed such discriminative behavior patterns in 

both snail species. They suggested that such patterns could be indicative of the functional significance 

of the chemoresponses of the snails, since it is now known that olfaction is the principal means by 

which freshwater snails navigate in their own environment (Croll, 1983). Kpikpi et a/.( 1995) also 

suggested that the selective responses to the chemical factors may be revealing aspects o f both intra 

/ interspecific interactions such as feeding, mating or avoidance o f overcrowding. The study design 

did not allow for detection of the actual behavior pattern was being revealed This was because the 

snails were exposed to a wide range of chemical factors due to the complex nature of the natural 

products compared to assays using pure chemicals. According to Kpikpi (1990) however, the snail 

species would find such a medley of chemicals much more potent than pure factors since the former 

mimics more closely the snails’ chemical environment.
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The highest attractant index recorded for the adult snails of B. tnmcatus was 8.5 (i.e to boiled 

ripe pawpaw), and this was among the highest response indices obtained from all the studies which 

had so far been conducted using the present bioassay technique (Kpikpi et al., 1995). The present 

study therefore substantiates the work of Kpikpi et al. (1995). This is because the highest attractant 

index recorded for the adult snails of B. pfeifferi was 9.2, in response to sweet potato, even higher 

than what they recorded.

Age specific responses

The present study revealed that the adult snails were more responsive to the plant materials 

than the juveniles. The adults responded to a statistically significant extent of 33.33% while the 

juveniles responded to 28.57%. In most of the studies done by the workers, pure chemicals were 

used, and the general observation was that the juvenile snails had a wider chemoreception profile than 

the adult snails (Thomas and Assefa, 1979; Thomas et al., 1980, 1985, 1986; Kpikpi, 1990). 

Thomas and Assefa (1979) and also Thomas et al (1986) suggested that the wider chemoreception 

profile of the juvenile snails of B. glabrata was to ensure their survival so that they are not wiped out 

by adverse environmental conditions such as shortage of some kinds o f food or intense competition 

from other organisms on particular food items.

Earlier on, it had been suggested that amino acids may be released by snails for metabolic 

processes and for protein synthesis. Evidence to support this was the observation that both snails and 

their plant food release amino acids into the external pool from where they can be taken up actively 

by the snails even when their concentrations are very low (Potts, 1967, Gilbertson and Jones, 1972). 

Thomas et al (1980) therefore suggested that this could explain why the juveniles of B. glabrata had
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a relatively larger chemoreception niche compared with the adults. This is because the juveniles have 

a relatively larger surface area / volume ratio hence are in a better position to make use o f the amino 

acids than the adults. They also suggested that the differences in preferences might be due to 

differences in their nutritional requirements.

Dogbey (1995) who also worked on natural plant products however obtained similar results 

to that of the present study for both B. pfeifferi and B. truncatus. He suggested that this observation 

which is at variance with previous studies using pure chemicals, could be due to the fact that 

apparently, the adult snails have additional chemoreceptors for adult life; example, recognition o f sex 

pheromones in sexually mature adults.

Bioactive factors

Another observation made from the present study was that most of the plant products which 

emerged as significant attractants / arrestants for both the adult and juvenile snails were leaf materials. 

Four (80%) out of the five leaves tested were significant for both the adults and juvenile snails (Table 

2.2). This was followed by the root materials, i.e 75% and 50% for the juveniles and adults 

respectively. Two each of the ten fruits tested ( 20%) had significant effects on both the adult and 

juveniles. However none of the two seeds tested had any significant effects on the juveniles; on the 

contrary, one of the two emerged as a repellent for the adult snails. This may be due to the presence 

of macrophytes which are mainly leaf materials in the natural environment o f the snails and so the 

snails have learnt or adapted to over the years to associate with leaves rather than any other plant 

products.

The natural products which emerged as significant attractants for both the adult and juvenile
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snails of B. pfeifferi were sweet potato, lettuce, cabbage and cocoyam leaves (Figs. 2.6a & 2.6b). 

These can therefore be considered as potential candidates for further investigations into their 

suitability for use in the slow - release formulations as the ideal attractant / arrestant should be 

effective for all ages of the target snails for efficiency.

Sweet potato has been found to contain high levels of carbohydrates. It contains 65 - 80% 

starch and 10% sugars. The starch content of sweet potato is composed of sucrose, glucose and 

fructose in approximately equal amounts (Priestley, 1979). Sucrose was found to be the common 

sugar among the attractants found by Kpikpi et al. (1995). Lettuce consists o f amino acids such as 

glutamic acid, aspartic acid and proline which have been identified by Thomas et al. (1980) as 

statistically significant attractants to B. glabrata. These three amino acids constitute 43 .4% o f the 

free amino acids of lettuce (Uhazy et al., 1978). Lettuce is also known to contain small amounts o f 

carbohydrates, i.e 4.3 grams / 100 grams of edible portions. Cabbage and cocoyam leaves also 

contain 6.0 grams and 5.7 grams of carbohydrates /100  grams of edible portions respectively.

Plant materials which acted as statistically significant repellents to the adult snails were yam 

and Foetid sterculia while yam, locust bean and cocoyam in that order emerged as significant 

repellents to the juveniles. Both yam and cocoyam are known to be energy rich food materials 

containing high amounts of carbohydrates and hence would have been expected to act as attractants 

and repellents. It has been observed that both plant products tend to elicit an itchy reaction in 

human beings when they come into contact with the skin. This reaction is termed the acridity 

principle (Wai-Kit, 1990). According to him, acridity principle is present both in the corm and leaves 

of taro crops, an example of which is cocoyam. The degree of acridity varies with cultivars and the 

exact nature of the acridity principle is not well understood (Wai-Kit, 1990). It is however known
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that proper heating can inactivate this acridity principle, but no detailed information is available on 

the amount of heat required and its mechanism of inactivation. It is possible however, that the factor 

that is responsible for this reaction in human beings is the same factor that acts to repel the snails from 

these plant products. Further investigations are however recommended for these bioactive materials 

to study their effectiveness as repellents to other freshwater snail species and the possibility of 

isolating that factor for use in the development o f molluscicides against schistosome host snails.
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CHAPTER THREE

SCREENING OF PROCESSED PLANT PRODUCTS FOR BIOACTIVITY 
USING DIFFUSION OLFACTOMETERS.

3.1 INTRODUCTION

The range of chemical factors which have been assayed for bioactivity has been restricted to 

pure chemicals (Uhazy et al., 1978; Thomas and Assefa, 1979; Thomas et al., 1980a, b, 1983; Kpikpi, 

1990). Kpikpi (1990) however pointed out the possibility of expanding the search for bioactive 

factors to include naturally occurring crude or semi- processed products.

It was believed that on the whole, these naturally occurring products are much more easily 

available and less costly in the areas where schistosomiasis is endemic. It was also hoped that the 

more complex natural substances would be more potent attractants / arrestants for the snails than 

the pure chemicals. This is because natural products contain multiple chemical factors and this more 

closely mimics the natural environment of the snails (Kpikpi, 1990).

In line with this, 21 naturally occurring materials (roots, fruits, seeds and leaves) were tested 

in their raw state as discussed in chapter 2. Out of these raw plant products, eleven (11) were 

processed either by boiling, drying or fermenting. A combination of the various processed states gave 

a total of 19 products. These were screened for bioactive factors and the results of this and possible 

implications for snail control are discussed in this chapter.
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3.2 MATERIALS AND METHODS

3.2.1 Preparation o f  test materials

3.2.1.1. Boiling procedure

This was done by placing a 1000ml beaker containing tap water on a hot plate and allowing 

it to boil at 100°C. The raw plant material to be tested was then dropped in the water and allowed 

to boil for 1-3 minutes. The material was removed, allowed to cool and then cut into cylindrical discs 

for testing.

3.2.1.2. Drying procedure

Of the test materials, only the leaves were subjected to the drying process. The leaves were 

spread out in an electric oven set at 180°C and allowed to dry for 24 hours. At the end o f this 

period, the dried leaves were removed and crushed into powdered form before they were used in the 

experiments.

3.2.1.3. Fermentation procedure

The test materials were first cut into cylindrical discs and placed in plastic bowls containing 

tap water. These were covered tightly to ensure that no air entered the containers and were left at 

room temperature to ferment. Twenty pieces were removed and assayed after 1, 3 and 7 days.
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3.2.2 Bioassay studies

The same procedure as outlined in chapter 2, section 2.2.5 was adopted. However for the 

dried materials, 1.0g ± 0.1  of the powdered test material was wrapped in a piece o f cotton wool and 

placed on the test side of the chamber. This was done to ensure that a concentration gradient was 

maintained throughout the experiment. A piece of cotton wool was used as the control material.
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Table 3.1: Test materials and the various forms in which they were tested

PLANT COMMON NAME SCIENTIFIC NAME B F D
ROOTS Cassava Manihot esculenta *

Yam Dioscorea cayenensis ★

Cocoyam Xanthosoma muffafa *

Sweet Potato Ipomoea batatas +

FRUITS Plantain Musa paradisiaca ★

Garden eggs Solarium incanum ★

LEAVES Lettuce Latuca sativa *

Cabbage Brassica oleracea var. capitata *

Cocoyam Xanthosoma muffafa *

Pawpaw Carica papaya ★

Water leaf Talinum triangulare *

Key
B = Boiled 
F = Fermented 
D = Dried
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3.3 RESULTS

3.3.1 Response o f B. pfeifferi to the various modified states o f  plant products tested

3.3.1.1 Response to boiled products

Three boiled products were tested adult and juvenile snails. One was a leaf material 

(cabbage) while the other two were fruits (garden eggs and ripe plantain). Out of these, only 

cabbage acted as a significant attractant /arrestant for the adult snails making 33.3% of the total. 

None of the three had repellent effects on the adults (Appendix Tables 3. la  & 3.1b). Again, only 

cabbage (33.33%) exhibited significant attractant/ arrestant effects on the juvenile snails (Table 3.2).

3.3.1 .2. Response to dried products

Four dried products were assayed for bioactive factors on adult and juvenile snails of 

Biomphalaria pfeifferi. These were lettuce, pawpaw leaves, cocoyam leaves and water leaf 

(Talimim triangiilare). None (0%) was statistically significant for the adult snails. For the juveniles 

however, only lettuce emerged as a significant attractant /arrestant (25%). No repellents were 

obtained for the dried products (Appendix Tables 3.2a and 3.2b).

3.3.1.3. Response to fermented products

A total of twelve (12) fermented products were obtained by fermenting four (4) plant

materials (root materials) each for 1, 3, & 7 days. These plant products which included cassava,
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cocoyam, yam and sweet potato were tested for both the adult and juvenile snails. Five (5) out of 

the 12 fermented products (41.67%) had statistically significant repellent effects on the adult snails.. 

None emerged as an attractant Only 3 day fermented cassava exhibited statistically significant 

attractant effects on the juvenile snails while 7, 1 and 3 days fermented yam, in that order, acted as 

significant repellents (Appendix Tables 3.3a and 3.3b).
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Fig 3.1a: Attractant responses of B. pfeifferi to boiled
materials

= p< 0.05 AS-Xa = Mean atractant index of adult snails
= p< 0.001 JS-Xa = Mean atractant index of juvenile snails

* = p< 0.01 (R) = Raw
(B) = Boiled
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Fig 3.1b: Arrestant responses of B. pfeifferi to boiled
materials

= p< 0.05 AS-Xb = Mean arrestant index for adult snails
= p< 0.001 JS-Xb = Mean arrestant index for juvenile snails

* = p< 0.01 (R) = Raw
(B) = Boiled
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Fig 3.2a: Attractant responses of B. pfeifferi to dried
materials

-  p< 0.05 AS-Xa = Mean attractant index for adult snails
: = p< 0.001 JS-Xa = Mean attractant index for juvenile snails
* = p< 0.01 (Fr) = Fresh

(D) = Dried
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Fig 3.2b: Arrestant responses of B. pfeifferi to dried
materials

V)
O</)co
Q .
V)
CD

-*-<
C
CO

** **

M IB M

S a

Test materials

= p< 0.05 AS-Xb = Mean arrestant index for adult snails
= p< 0.001 AS-Xb = Mean arrestant index for juvenile snails
= p< 0.01 (Fr) = Fresh

(D) = Dried

57

University of Ghana                              http://ugspace.ug.edu.gh



Fig 3.3a: Attractant responses of B. p fe iffe ri to ferm ented
products

= p< 0.05 AS-Xa = Mean atractant index of adult snails
= p< 0.001 JS-Xa = Mean atractant index of juvenile snails

* = p< 0.01 (F0) = No fermentation
(F1) = 1 day fermentation
(F3) = 3 days fermentation
(F7) = 7 days fermentation
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Fig 3.3b: Arrestant responses of B. pfeifferi to fermented
materials

= p< 0.05 AS-Xb = Mean arrestant index for adult snails
** = p< 0.001 AS-Xb = Mean arrestant index for juvenile snails
*** = p< 0.01 (F0) = No fermentation

(F1) = 1 day fermentation 
(F3) = 3 days fermentation 
(F7) = 7 days fermentation
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Table 3.2: Proportions of various states of test materials which had significant
effects on B. pfeifferi snails

Snails State of 
Test pdt.

Number tested Number significant % significant

Adults Boiled 3 1 33.33
Dried 4 0 0
Fermented 12 5 41.67

Juveniles Boiled 3 1 33.33
Dried 4 1 25
Fermented 12 4 33.33

Table 3.3a: Processed m aterials which em erged as s ign ificant a ttractants for 
B. pfe ifferi snails.

SNAILS TEST MATERIALS Xa T-VALUE PROB.(%)
Adults Cabbage(B) 6.5 3.587 **

Juveniles Cassava(F3) 6.1 3.423 **

Cabbage (B) 4.8 2.604 *

Lettuce (D) 2.2 2.391 *

KEY
= p< 0.05 Xa = Mean Attractant Index

** = p< 0.01 (B) = Boiled
*** = p< 0.001 (F3) = 3 days fermentation

(D) = Dried
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Table 3.3b: Processed materials which emerged as significant arrestants for
B. pfeifferi snails.

SNAILS TEST MATERIALS Xb T-VALUE PROB.(%)
Adults Cabbage(B) 6.3 4.257 ***

Juveniles Cabbage(B) 4.2 2.804 ★

Lettuce (D) 3.3 3.919 **★

Table 3.3c: Processed m aterials which em erged as s ignificant repellents for
B. p fe iffe ri snails.

SNAILS TEST MATERIALS Xc T-VALUE PROB.(%)
Adults Yam (F7) -8.9 -12.806 ★ **

Yam (F1) -8.7 -10.807 ★ ★★

Yam (F3) -7.1 -6.396 ***

S. potato (F7) -7 -4.591 ★ **

Cocoyam (F7) -4.7 -3.593
Juveniles Yam (F7) -8.4 -9.988 ***

Yam (F1) -8.2 -8.48 ***

Yam (F3) -7.9 -13.835 ★**

KEY
* = p< 0.05 (B) = Boiled
** = p< 0.01 (D) = Dried
*** = p< 0.001 (F1) = 1 day fermentation
Xb = Mean Arrestant Index (F3) = 3 days fermentation
Xc = Mean Repellent Index (F7) = 7 days fermentation

61

University of Ghana                              http://ugspace.ug.edu.gh



Table 3.4: Proportions of processed test materials which had significant effects on
B. pfeifferi snails.

Snails Total no. of 
processed 
mats, tested

Number of 
significant 
attractants

% of
significant

attractants

Number of 
significant 
arrestants

% of
significant

arrestants

Number of 
significant 
repellents

% of
significant

repellents

Adults 19 1 5.26 1 5.26 5 26.32

Juveniles 19 3 15.79 2 10.53 3 15.79
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Table 3.5a: Table showing raw and processed products which had significant
attractant effects on adult snails

State of 
test mat.

Test
material

Mean attractant 
index (Xa)

t - value Prob. (%)

Raw Sweet potato 9.2 8.028 *★*

Lettuce 6.6 4.002 ***

Cabbage 6.2 3.588 **

Cocoyam leaves 4.7 2.317 ★

Water leaf 4.4 2.893 *

Processed Cabbage(B) 6.5 3.787 **

Table 3.5b: Table showing raw and processed products w hich had significant 
repellent effects on adu lt snails

State of 
test mat.

Test
material

Mean repellent 
index (Xc)

t - value Prob. (%)

Raw Yam -5.5 -2.598 *

Processed Yam (F7) -8.9 -12.806 ***

Yam (F1) -8.7 -10.807 ★★★

Yam (F3) -7.1 -6.396
Sweet potato (F7) -7 -4.591 ***

Cocoyam (F7) -4.7 -3.593 ***

(B) = Boiled
(F1) = 1 day fermentation 
(F3) = 3 days fermentation 
(F7) = 7 days fermentation
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Table 3.6a: Table showing raw and processed products which had significant
attractant effects on juvenile snails

State of 
test mat.

Test
material

Mean attractant 
index (Xa)

t - value Prob. (%)

Raw Cocoyam leaves 7.8 6.151 *★*

Garden eggs 5.9 3.337
Lettuce 5.9 2.553 ★

Pawpaw leaves 5.7 3.497 ★ ★

Cabbage 4.5 2.189 *

Sweet potato 3.9 2.95 *

W ater leaf 3.3 2.619 ★

Processed Cassava (F3) 6.1 3.423 *★

Cabbage(B) 4.8 2.604 *

Lettuce (D) 2.2 2.391 ★

Table 3.6b: Table showing raw and processed products w h ich  had s ign ificant 
repellent effects on juvenile snails

State of 
test mat.

Test
material

Mean attractant 
index (Xa)

t - value Prob. (%)

Raw Yam -7.7 -4.976
Cocoyam -5.1 -2.773 ★

Processed Yam (F7) -8.4 -9.988 ★**

Yam (F1) -8.2 -8.479 ***

Yam (F3) -7.9 -13.839 ***

(B) = Boiled 
(D) = Dried
(F1) = 1 day fermentation 
(F3) = 3 days fermentation 
(F7) = 7 days fermentation
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Table 3.7a: Proportions of raw and processed materials which had significant
attractant effects on B. pfeifferi snails.

Snails Total no. of 
raw mats, 
tested

Number of 
significant 
attractant

Percentage
significant

Total number of 
processed 

materials tested

Number
significant

Percentage
significant

Adults 11 5 45.45 19 1 5.26

Juveniles 11 7 63.64 19 3 15.79

Table 3.7b: Proportions o f raw and processed m aterials w hich  had s ign ificant 
repellent effects on B. pfeifferi snails.

Snails Total no. of 
raw mats, 
tested

Number of 
significant 
repellents

Percentage
significant

Total number of 
processed 

materials tested

Number of 
significant 
repellents

Percentage
significant

Adults 11 1 9.1 19 5 26.32

Juveniles 11 2 18.18 19 3 15.79

65

University of Ghana                              http://ugspace.ug.edu.gh



DISCUSSION

Effect o f  boiling

Out of the three boiled materials tested, only cabbage had significant attractant effects on both 

the adult and juvenile snails (Fig 3.1a). It is realised that boiled cabbage unlike ripe plantain and 

garden eggs, has a strong smell and since fresh water snails are known to use olfaction as the principal 

means of navigating their environment, it is possible that the factor that elicits the strong smell o f the 

cabbage is what attracts the snails to it. Boiled ripe plantain which had been identified as a repellent 

to B. truncalus by Dogbey (1995) was neutral to B. pfeifferi snails.

Effect o f  drying

Drying seemed to destroy the attractant factors in most of the leaf materials except for lettuce 

which also suffered a reduction in potency (Tables 3.2a and Fig 3.2a). One might argue that this 

change in potency may be as a result of the method of presentation of the dried products. It would 

be recalled that the powdered dried leaves unlike all other products tested using the diffusion 

olfactometer method were wrapped in a piece of cotton wool before presenting them to the snails. 

This was done to ensure that a concentration gradient was maintained throughout the experiment. 

However, the fact that dried lettuce emerged as a significant attractant for the juvenile snails seems 

to nullify this argument. This is because dried lettuce is already being used in the laboratory as a food 

source in breeding the juvenile snails of both Bulinus truncalus and Biomphalaria pfeifferi in aquaria. 

Since dried lettuce was presented in the same way as the other leaf materials, it is unlikely that the
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method of presentation was the cause of the loss of potency of these materials. This result therefore 

somehow confirms the potency of dried lettuce as an attractant and also a food material for the 

juvenile snails of B. pfeifferi.

According to Priesley (1979), when heat is applied to foodstuff, browning occurs. The extent 

of browning however depends on a variety o f factors, such as temperature, concentration and the 

presence of other materials. Furthermore, there is the possibility that browning reactions can give rise 

to toxic materials. It may therefore be suggested that the browning process contributed to destroy 

the attractant factors in the leaf materials.

Effect o f fermentation

From this study, fermentation changed the key attractant (i.e sweet potato) to a repellent. 

Also, the repellent effects of yam and cocoyam increased with fermentation (Table 3.3a & Fig 3.3a).

Previous studies have shown that, dead and decaying plant materials are preferred by B. 

glabrata to living plant tissues as food source in nature (Pimentel and White, 1959; Calow, 1973, 

1974, 1975a , b; Fenchel and Jorgensen, 1977). Sterry et al (1983) confirmed this when they 

discovered that decaying Lemna paucicostata homogenate proved to be a significantly stronger 

attractant and arrestant than the fresh homogenate. They concluded that this was due to low 

molecular weight compounds (< 1 0 0 0  mol. wt.) of which the major end products of microbial 

decomposition, short chain carboxylic acids (C2 - C5) were likely to be the most important. The 

main difference between the process of decaying and fermenting is that the latter takes place within 

a specific time limit. Fermentation process is therefore likely to trigger off a different reaction all
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together hence leading to the release of different factors, hence the observed differences in response 

of the snails to materials subjected to the two processes.

Three day fermented cassava was the only fermented product which emerged as a significant 

attractant for the juvenile snails of B. pfeifferi Cassava is known to contain cyanogenic glucosides, 

linamarin and lotaustralin. The hydrolysis of these glucosides leads to the formation of cyanohydrins 

which may further decompose to produce hydrogen cyanide (HCN) which is easily dissipated into 

air at ambient temperature once produced (Bokanga and Otoo, 1994). These cyanohydrins hydrolyze 

enzymatically at neutral pH (Cooke, 1978). Cassava in its fresh form has been found to contain 

different levels of cyanide depending on the variety and the environment in which it has been grown 

(Obigbesan, 1994).

The process of fermentation is known to take place when cassava roots are soaked in water 

for 3 - 5 days. During fermentation, acidity develops (lower pH) and free cyanide is eliminated, 

resulting in a reduction of cyanogenic glucosides to innocuous levels. Softening of the parenchyma 

tissues of the cassava roots also occurs.

Micro-organisms such as Corynebacterium sp and Geotrichum Candida have been isolated 

from fermenting cassava roots (Collard and Levi, 1959). Lactic acid bacteria (LAB) such as 

Streptococcus and Lactobacillus have also been found to be important in cassava fermentation 

(Okafor, 1977, Abe and Lindsay, 1978; Ngaba and Lee, 1979).

The efficiency of cyanide removal from peeled cassava roots during fermentation was studied 

with five cassava cultivars by the Zaire National Cassava Research Program. After a traditional 3- 

day fermentation, cyanide removal was found to be 1 0 0 % (below the detection limit o f 0 .3 mg/kg) 

for three varieties; 99% for one variety, and 90% for the last variety. In all varieties, free cyanide was
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eliminated from the roots with any residue being in the form of cyanogenic glucosides. This may 

suggest that the absence of free cyanide in 3-day fermented cassava may be a factor that contributed 

to attracting the snails to it. Further investigation is however required to substantiate this.

Comparison o f  responses to raw and boiled test products

It can be seen that only cabbage in both the raw and boiled state had a significant attractant 

effects on both the adult and juvenile snails. Garden egg on the other hand exhibited significant 

attractant effects on the juvenile snails in the raw state but had no significant effect on the juvenile 

snails when boiled. This implies 33 .33% of both the raw and boiled products had significant effect 

on the adult snails whilst 66.67% and 33.33% of the raw and boiled products respectively had 

significant effects on the juvenile snails.

Comparison o f  responses to raw and dried products

None of the four leaf products which were dried exhibited significant effects on the adult 

snails. However in their raw state, three out of the four i.e lettuce, cocoyam leaves and water leaf 

acted as significant attractants/ arrestants for the adults (75%). Also, three out of the four raw 

products i.e raw cocoyam leaves, pawpaw leaves and lettuce in that order had significant attractant 

effects on the juvenile snails. Out of the four dried products however, only lettuce had significant 

effects on the juvenile snails making 75% and 25% of raw and dried products respectively.
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Sweet potato in the raw state had significant attractant effect on the adult snails while yam 

had repellent effects on them. However 5 (41.67%) of the 12 fermented products emerged as 

significant repellents with no attractants found for the adults. For the juveniles, yam and cocoyam 

acted as significant repellents and sweet potato as a significant attractant in their raw states. Also, 

7, 1 and 3 days fermented yam acted as significant repellents whilst 3 day fermented cassava had 

significant attractant effects on the juvenile snails.

This study has shown that a higher percentage of the raw test materials acted as significant 

attractants to the adult snails o f B. pfeifferi than the processed ones i.e 45.45% and 5.26% 

respectively. Similar results were obtained for the juveniles of the same species, i.e 63.64% of raw 

test products and 15.79% of processed materials. Contrary to this, a higher percentage o f the 

processed test materials (26.32%) had repellent effects on the adult snails than the raw (9.1). For the 

juveniles however, 18.18% and 15.79% of raw and processed materials acted as significant repellents 

(Tables 3.9a & 3.9b).

In general it was realised from this study that, dried products had similar effects on both the 

adult and juvenile snails of B. pfeifferi (i.e 33.33%). Dried products had more effect on the juveniles 

(25%) than the adults (0%) while fermented products had a higher effect on the adults (41.67%) than 

the juveniles (33.33%). It is worth mentioning that all the processed materials which exhibited 

repellent effects on both the adult and juvenile snails were fermented products. None of the boiled 

nor dried products had any significant repellent effects on B. pfeifferi snails.

C om parison o f  responses to  raw  a n d  fe r m e n te d  p ro d u c ts
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CHAPTER 4

AN EVALUATION OF THE COMBINATION OF BIOACTIVE FACTORS 
AND PLASTIC CYLINDERS FOR SCHISTOSOME HOST SNAIL TRAPPING 

UNDER SIMULATED NATURAL CONDITIONS (SNC).

4.1. INTRODUCTION

Snail trapping dates back to the early 1930's. Humphreys (1932), attempted to control 

schistosome host snails using trapping units made of slatted hurdles across a water channel for a few 

days and reported a minimal effect on snail populations. Markowski in 1955, also used decaying palm 

leaves tied to metal rods for trapping fresh water snails and reported good control. Snail traps have 

however, been used mainly as sampling devices ( Stephenson, 1947; Greany, 1952; Chu and 

Vanderburg, 1976; Daldorph, 1988;Kpikpi, 1990).

Kpikpi et al, (1995) used bamboo cylinders which had already been used by Kpikpi (1990) 

as trapping units. These were used in testing the effectiveness of some bioactive natural products 

which had been shown to be effective in bioassays conducted under laboratory conditions.. It was 

done as part of efforts to develop target-specific molluscicides for the selective removal of 

schistosome host snails from their environment.

In the present study, plastic containers instead of the bamboo cylinders were used as trapping 

units with the aim of identifying the most effective way of presenting the bioactive factors identified 

in Chapter 2 under field conditions. This is because plastic containers are more durable and can easily 

be washed and reused while the bamboo would decay after some time. The plastic containers are also 

sold cheaply by scavengers.
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This aspect of the study was done under simulated natural conditions (SNC) to further screen 

the bioactive natural materials and to determine the optimum quantities and form ( raw or boiled ) 

to be deployed under field conditions.

The natural products tested under SNC were sweet potato, water melon, cocoyam leaves, 

lettuce, pawpaw leaves and cabbage. These were selected on the basis o f their effectiveness as 

attractants for both adults and juveniles of B. pfeifferi snails. Even though water melon did not have 

statistically significant attractant effects on the juvenile snails, it was one of the most potent 

attractants found for the adult snails. Pawpaw leaves were also used for a similar reason.
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4.2 MATERIALS AND METHODS

4.2.1 Snail breeding

This was done as reported in chapter 2.2.1 The young snails were transferred into glass tanks 

each containing approximately 20 liters of tap water. The snails were fed with two leaves of lettuce 

every other day and the water in the tanks was changed once every week.

4.2.2. Preparation o f  test materials

The bioactive natural products used in these experiments were all tested in their natural states. 

These test materials were obtained by cutting the plant product into cylindrical shapes of similar 

dimensions Four discs o f the test material were used in each trap.

4.2. 3 Simulated natural condition (SNC)

A 1,108 liter concrete tank was prepared as follows for the SNC. The tank was first cleaned 

thoroughly with tap water and the bottom was covered with sand to a depth o f approximately 3cm. 

The tank was then filled with 660 liters of tap water. Aquatic macrophytes such as Pistia sp. and 

Ceratophyllum sp. were added to cover about two-thirds of the water surface. The temperature o f 

the water was kept at 29±1°C and pH and conductivity ranges of 4.10-5.80 and 95.3 - 

125.9^sm./cm3 respectively. Three hundred (300) young adult snails of Biomphalariapfeifferi o f 

5 to 6  weeks old were introduced into the tanks and allowed to acclimatize for 7 days. The snails 

were fed with two large leaves of fresh lettuce every other day during this period The snails were 

however deprived of food for a period of 24 hours prior to experimentation
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4.2.4. The trapping units

The traps consisted of plastic frytol containers. The top parts were cut off to get an opening 

with a diameter of 8.2cm each and the traps measured 19cm in length. Two opposite sides of each 

container were cut and the rectangular holes made had dimensions of 7cm x 8 cm. Plastic nets made 

of very fine mesh were used to cover the two cut sides with the aid of carpenter’s glue. A piece of 

twine was then attached to one end of the aperture of each cylinder. These cylinders were washed 

with a brush and water to remove any dirt and rinsed thoroughly with tap water prior to and after 

each experiment.

4.2.5 The SNC experiment

The traps were set up by passing a piece of stick through the nets on both sides o f the 

cylinder as well as the test material such that the test product hangs in the middle of the trap (Plate 

1). The traps were then fastened to a wooden grid hanging horizontally over the tank with the aid 

of the stings. Stones of similar sizes were used as control materials. Ten test traps and ten controls 

were used for each experiment. The locations o f the test and control traps were alternated to allow 

the snails equal chances of moving towards the traps.

The experiments were performed under a photoperiod of 12 hours of light and 12 hours o f 

dark. The traps were completely submerged under water with the aperture of each 1cm below the 

water surface. The number of snails in each trap was counted and recorded after 24 hours. Paired 

t-test (Bailey, 1981) was used to determine the levels of significance. Bioactive materials which 

caused more snails to be attracted to the test traps were deemed more effective under SNC.
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P la te  4 , 1 :  P l a s t i c  c y l i n d e r  u s e d  as t r a p p i n g  u n i t  i n  s t u d i e s  u n d e r  SNC

la te  4 . 2 :  C o n c r e t e  t a n k  used  f o r  SNC w i t h  t r a p p i n g  u n i t s  f a s t e n e d  t o
wooden g r i d .
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Table 4.1: Percentages of B. pfeifferi caught in test and control traps under SNC

Test
Materials

Tot. number of 
snails in 10 
test traps

Percentage 
caught in 
test traps

Tot. number of 
snails in 10 
control traps

Percentage 
caught in 

control traps
Lettuce 152 50.67 23 7.67
Pawpaw leaves 78 26 17 5.67
Cocoyam leaves 76 25.33 25 8.33
Cabbage 62 20.67 16 5.33
Water melon 53 17.67 17 5.67
Sweet potato 36 12 14 4.67
Cassava (F3) 18 6 5 1.67

Table 4.2: Response of B. pfeifferi to test materials under SNC

Test
Materials

Mean attractant 
index (Xa)

t - value Prob. (%)

Lettuce 12.9 5.7 ***

Pawpaw leaves 6.1 5.596 **★

Cocoyam leaves 5.1 5.67 ***

Cabbage 4.6 4.398 ***

Water melon 3.6 4.813
Sweet potato 2.2 3.971 ***

Cassava (F3) 1.3 2.902 *★

Key
** = p < 0.01
*** = p < 0.001
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Fig 4.2: Response of B. pfeifferi to test materials under
SNC_____________________ __

Test materials

Key
** = p < 0.01
*** = p < 0.001
Xa = Mean attractant index
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4.4 DISCUSSION

Generally, the results obtained under SNC correspond with those of the bioassay study 

(using diffusion olfactometers). The bioactive materials which were identified in chapter 2, i.e lettuce, 

pawpaw leaves, cocoyam leaves, cabbage, water melon and sweet potato also acted as significant 

attractants under SNC. From table 4.1 and Fig. 4.1, it can be seen that the snails showed some 

degree of discrimination to the test materials as the percentages caught in the test traps were quite 

low. With the exception of lettuce which attracted a little over 50% (i.e 50.67%) of the snails, the 

rest of the test materials attracted between 6  - 26% of the snails to their test traps.

The snails were generally more responsive to the test traps than the control traps (Fig 4.1). 

It must be noted that all the test materials were presented as whole materials. This was because 

Kpikpi et al. (1995) found out that the differences between the number o f snails caught in traps with 

whole and crushed forms of the test materials were not statistically significant. They suggested that 

in the case of whole materials, molecules were released slowly, thereby creating a diffusion gradient 

along which the snails traveled to the traps. The diffusion gradient was however disturbed in the case 

of the crushed materials since most of the materials floated out of the traps and were almost evenly 

distributed in the water. Thus, little or no diffusion gradient was formed for the snails to travel on 

to the traps.

All the seven plant materials tested under SNC emerged as significant attractants (Fig. 4.2). 

The most potent attractant under SNC was lettuce (P < 0.001), followed by pawpaw leaves (P <

0.001) > cocoyam leaves (P < 0.001) > cabbage (P < 0.001) > water melon (P < 0.001) > sweet 

potato > 3 day fermented cassava (P < 0.01). Sweet potato which emerged as the most potent 

attractant for the adult snails using bioassay studies with diffusion olfactometers was among the least
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potent under SNC. It must however be mentioned that the snails used for the SNC experiments were 

young adults, between 5 - 6  weeks old and this could contribute to the reduction in response since 

the juvenile snails did not respond too well to sweet potato using diffusion olfactometers.

The fact that lettuce emerged as the most potent attractant under SNC is of significance to 

this study. This is because lettuce is being used for breeding these snails in the laboratory as a food 

source. Pawpaw leaves and cocoyam leaves also emerged as highly potent attractants under SNC. 

This is of significant interest because these materials are relatively much less expensive and more 

common than lettuce or cabbage for instance in schistosomiasis endemic areas. It is possible that 

these could be used instead of lettuce as a food source in breeding the snails in the laboratory. Wild 

lettuce which is normally used in feeding the snails can be scarce or seasonal in their availability, 

hence researchers resort to the use of edible lettuce which may be expensive. Pawpaw and cocoyam 

leaves are more easily available and may be of minimal cost hence cheaper options as food sources. 

Further investigations o f these bioactive materials to study their effectiveness to other host snails o f 

schistosome as well as their suitability for use under field conditions are recommended.

The only fermented product which emerged as a significant attractant for the juvenile snails 

(i.e 3 day fermented cassava) using bioassay studies also showed significant attractant effects under 

SNC. Due to time constraints, materials which acted as statistically significant repellents from the 

bioassay studies i.e yam and cocoyam, could not be tested under SNC. This aspect o f the work is 

of interest because, if these materials still emerge as significant repellents to the snails under SNC, 

they could be investigated further for molluscicidal properties. It is therefore recommended that 

further studies be done on these materials under SNC as well as field trials to establish their potency 

as repellents on schistosome host snails.
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The combination of plastic cylinders and the test products resulted in effective trapping units 

with the combination of plastic cylinders and lettuce producing the most effective trapping units under 

SNC.
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CHAPTER FIVE  

SUMMARY, CONCLUSION AND RECOMMENDATIONS

In the previous chapters, investigations were made on the chemoreception niche o f the African 

host snail of Schistosoma mansoni, Biomphalaria pfeifferi by the use of diffusion olfactometer and 

under simulated natural conditions (SNC). These studies revealed some interesting features o f the 

behavioural patterns of the snails. In this chapter, an attempt is made to summarize the findings and 

their relevance to the control of the snail host o f schistosomiasis.

5.1. Bioassay experiments

5.1.1. The choice o f  test factors

Two main features were considered in choosing test factors for the bioassay studies. These 

were the availability of the material and cheapness. The range o f chemical factors assayed had been 

restricted to pure chemicals since the late 1970's. These pure chemicals were expensive and needed 

to be imported just like the synthetic chemicals they sought to replace. Kpikpi (1990), therefore 

suggested that the search for bioactive factors be expanded to include naturally occurring crude and 

semi - processed products which, on the whole, may be much more easily available and less costly 

in schistosomiasis endemic areas.

In line with this, 21 naturally occurring plant products were selected, some of which were 

roots, fruits, seeds and leaves. These were first tested by the use of diffusion olfactometers in their 

natural states and a few were processed by boiling, drying and fermenting them over specified time
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periods. The two indices generated by these studies, i.e the attractant and arrestant indices were used 

to identify bioactive factors which had significant effects on the behavioural patterns o f the 

schistosome host snails.

5.1.2 Effects o f unprocessed test factors

Seven out of the twenty one plant products tested (33.33%) acted as statistically significant 

attractants and arrestants to the adult snails. The attractants were sweet potato > water melon > fresh 

lettuce > fresh cabbage > ripe pear > fresh cocoyam leaves > water leaf (Talinum triangulare). Also, 

two materials (9.52%) emerged as significant repellents to the adults. These were yam and foetid 

sterculia

In the case of the juveniles however, six (28.57%) of the unprocessed test factors had 

statistically significant attractant and arrestant effects on them. The order of significance was 

cocoyam leaves > garden eggs > fresh pawpaw leaves > fresh lettuce > fresh cabbage > sweet potato. 

Three statistically significant repellents were also obtained. These were yam > West African locust 

bean > cocoyam.

5.1.3. Effects ofprocessed test factors

A total of 19 products were obtained from a combination of the various processed states (i.e. 

boiled, dried and fermented). Out of the 3 boiled products, only cabbage (33 .33%) acted as a 

significant attractant to both the adult and juvenile snails of B. pfeifferi.

None (0%) of the dried products had any statistically significant attractant effect on the adult 

snails However, dried lettuce (25%) emerged as a significant attractant to the juvenile snails.
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Also, none (0%) of the 12 fermented products acted as a significant attractant / arrestant to 

the adult snails. However, 5 out of the 12 products (41.67%) had statistically significant repellent 

effects on the adults. On the other hand, only 3 day fermented cassava emerged as a significant 

attractant while 7, 1, and 3 days fermented yam in that order acted as significant repellents to the 

juvenile snails.

5.2. Simulated natural condition (SNC)

5.2.1 The choice o f bioactive factors fo r  SNC experiments

The characterisation of the chemoreception niche of B. pfeifferi in chapters 2 and 3 led to the 

identification of some bioactive natural plant products ( raw / unprocessed and processed) as 

attractants and arrestants to the snails. Those natural plant products which acted as significant 

attractants and / or arrestants to both the adult and juvenile snails were preferred to those which had 

significant attractant effects on only one age group of the snail. Some of the test materials which met 

this requirement were lettuce, cabbage, cocoyam leaves and sweet potato.

Another feature which influenced the choice of test factors for SNC experiments was the 

degree of potency of the test factor. Water melon for instance was not a significant attractant to the 

juvenile snails but emerged as a highly potent attractant for the adults (P < 0.001) o f the same species 

and hence was chosen. On the other hand pawpaw leaves acted as a highly significant attractant to 

the juveniles but not to the adults and was also selected for the SNC experiments.
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5.2.2 The choice o f method fo r  evaluating test factors under SNC

The design of the trapping units had to be such that the system would be able to hold the test 

factor and release it at a slow rate so that a diffusion gradient is maintained throughout the 

experiment. Also the system should have a rigid framework to trap the snails and must have minimal 

effect on non- target organisms in the environment. The cost of the material used for the trapping 

unit is also important. Kpikpi (1990) designed bamboo traps which were also used by Dogbey 

(1995). In this study however, plastic containers were used instead of the bamboo. This was because 

it was considered that the bamboo would decay after some time while the plastic containers could be 

used several times over. Also, even though the plastic containers are synthetic, they are disposable 

and often sold cheaply by scavengers.

5.2.3 Effectiveness o f bioactive natural products under SNC.

In these experiments, all the snails found either on or in the trap were deemed caught by the 

trap. It was realised that the snails were generally more responsive to the test traps than the control 

traps. Hence all the test traps caught significantly more snails than the controls. The order of 

significance was as follows: lettuce > pawpaw leaves > cocoyam leaves > cabbage > water melon > 

sweet potato > 3 day fermented cassava.

5.3 Conclusion

1 The study of the distance chemoreception behavior pattern of Biomphalaria pfeifferi 

revealed that the adult snails had a slightly different chemoreception niche from that o f the juveniles
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even though there was a high degree of overlap

2. On the whole, both adult and juvenile snails o f B. pfeifferi responded more significantly 

to leaf materials than other plant parts tested such as roots, fruits and seeds (Table 2.2).

3. Both the adult and juvenile snails were more attracted to the unprocessed test factors than 

the processed ones. They were rather repelled by most of the processed materials especially fermented 

ones.

4. The juvenile snails were more responsive to processed plant products than the adult snails 

of the same species.

5. The traps with bioactive natural products attracted significantly more snails than the control

traps.

6 . The combination of plastic cylinders and lettuce emerged as the most effective trapping

device.

5.4 Relevance of these findings to controlled release technology

The present studies have identified a lot more natural bioactive factors for the host snail of 

Schistosoma mansoni under laboratory conditions. Those materials which emerged as potent 

attractants and /or arrestants especially under simulated natural conditions may be used as baits to 

selectively remove these snails from their environment Further tests would however be needed to 

evaluate the efficacy of these plant products under field conditions.

This method of control of schistosome host snails using trapping units is relatively simple and 

hence if better understood the local folks in endemic areas who are mainly fishermen could be 

encouraged to incorporate this into their fishing activities. This is because these fishermen who are
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always exposed to infection often use home-made traps in catching fish, prawns and crabs.

Another possibility is the incorporation of toxic factors in the trapping units devised provided 

these will have no effects on non - target organisms.

5.5 Recommendations

1. There is the need to conduct carefully controlled field experiments to further test the 

efficacy of these attractants and arrestants identified in the present study.

2. It is also recommended that this line of study be pursued further to identify more potent 

attractants and arrestants. This is because the number of snails caught by the test traps under 

simulated natural conditions was quite low and hence reflects minimal impact on the snail population 

in the natural environment.

3. Also, more effective sampling units and methods of trapping should be devised since the 

low numbers caught in the traps may be partly due to the type of trapping units as well as the method 

of trapping used.

4. Since most of the processed test factors used turned out to be repellents, it would be 

appropriate if they are investigated further to identify the factors which act to repel the snails. These 

factors could then be isolated and tested further to see if they have any molluscicidal properties.
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APPENDIX
CHAPTER 2

Table 2.1a: Attractant responses of B. pfeifferi to root materials.

TEST
MATERIALS

ADULT SNAI LS JUVENILE SNAILS
Xa t - value Prob. (%) Xa t - value Prob. (%)

Cassava -3.8 -1.871 n.s 1.1 0.504 n.s
Yam -5.5 -2.598 * -7.4 -4.976 *★*

Cocoyam -0.2 -0.099 n.s -5.1 -2.773 *

Sweet Potato 9.2 8.028 *** 3.9 2.95 *

Table 2.1b: Arrestant responses of B. pfeifferi to root materials.

TEST
MATERIALS

ADULT SNAI LS JUVENILE SNAILS
Xb t - value Prob. (%) Xb t - value Prob. (%)

Cassava -1.6 -2.081 n.s 2.35 1.571 n.s
Yam -2.95 -2.62 * -4.4 -5.774 ***

Cocoyam -0.6 -0.76 n.s -5.15 -3.327 *★

Sweet Potato 4.15 5.376 **★ 3.65 2.821 *

key
= p< 0.05 Xa = Mean Attractant Index

** = p< 0.01 Xb = Mean Arrestant Index
*** = p< 0.001 n.s = not significant
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Table 2.2a: Attractant responses of B. pfeifferi to fruits and seeds.

TEST
MATERIAL

ADULT SNAILS JUVENILE SNAILS
Xa t-value Prob. (%) Xa t - value Prob. (%)

Plantain (Rp) 1.4 0.765 n.s 0.3 0.122 n.s
Guava (Rp) -1 -0.472 n.s -2 -0.975 n.s
Guava(Un) -0.6 -0.328 n.s 1.9 0.862 n.s
Garden eggs 1.9 1.196 n.s 5.9 3.337 **

Water melon (Rp) 8.5 6.111 1.4 0.639 n.s
Tomatoes (Rp) 1.2 0.546 n.s 3.2 1.524 n.s
Avocado Pear (Rp) 5.6 2.833 ★ 3 1.249 n.s
Mango(Rp) 1.3 0.627 n.s -2.8 -1.134 n.s
Mango ( Un) -0.5 -0.211 n.s 1.4 0.675 n.s
W. Afr. locust bean -0.7 -0.326 n.s -5.9 -5.894 •kick

Foetid sterculia -3.7 -1.688 n.s 0.5 0.279 n.s
Cocoa bean 1.5 0.735 n.s -1.1 -0.467 n.s

Table 2.2b: Arrestant responses of B. pfeifferi to fruits and seeds.

TEST
MATERIAL

ADULT SNAILS JUVENILE SNAILS
Xb t-value Prob. (%) Xb t - value Prob. (%)

Plantain (Rp) 0.3 0.266 n.s 1.3 0.878 n.s
Guava (Rp) -0.3 -0.265 n.s -0.15 -0.131 n.s
Guava (Un) -1.15 -0.771 n.s 1.05 1.116 n.s
Garden eggs 1.85 1.034 n.s 5.3 3.816 **

Water melon (Rp) 7.5 6.432 *★* 2.85 1.803 n.s
Tomatoes (Rp) 0.35 0.209 n.s 3.15 1.886 n.s
Avocado Pear (Rp) 5.35 3.478 ** 2.25 1.277 n.s
Mango (Rp) 0.35 0.357 n.s -2.3 -1.786 n.s
Mango ( Un) -1.7 -1.782 n.s 1.45 0.833 n.s
W. Afr. locust bean 0.25 0.156 n.s -0.95 -1.776 n.s
Foetid sterculia -3.45 -2.48 * 0.25 0.198 n.s
Cocoa bean 0.2 0.228 n.s 0.4 0.496 n.s

key
* = p< 0.05 Xa = Mean Attractant Index
** = p< 0.01 Xb = Mean Arrestant Index
*** = p< 0.001 Rp = Ripe
n.s = not significant Un = Unripe
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Table 2.3a: Attractant responses of B. pfeifferi to leaves.

TEST
MATERIALS

ADULT SNAI _S JUVENILE SNAILS
Xa t - value Prob. (%) Xa t - value Prob. (%)

Lettuce 6.6 4.002 ★ ** 5.7 2.553 ★

Cabbage 6.2 3.588 ** 4.5 2.189 ★

Cocoyam leaves 4.7 2.317 ★ 7.8 6.151 ***

Pawpaw leaves -1.4 -0.595 n.s 5.7 3.497 ■k-k

Water leaf 4.4 2.893 * 2.8 1.619 n.s

Table 2.3b: Arrestant responses of B. pfeifferi to leaves.

TEST
MATERIALS

ADULT SNAI _S JUVENILE SNAILS
Xb t - value Prob. (%) Xb t - value Prob. (%)

Lettuce 6.25 4.103 *** 5.4 2.736 *
Cabbage 6.6 5.18 **★ 4.95 2.996 ★*
Cocoyam leaves 4.8 2.786 * 7.85 6.085 ***
Pawpaw leaves -1.6 -0.735 n.s 5.25 3.651 **
Water leaf 5.35 3.813 ** 2.65 1.429 n.s

key
* = p< 0.05 Xa = Mean Attractant Index

= p< 0.01 Xb = Mean Arrestant Index
*** = p< 0.001 n.s = not significant
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APPENDIX
CHAPTER 3

Table 3.1a: Attractant responses of B. pfeifferi to boiled products

TEST
MATERIALS

ADULT SNAI _S JUVENILE SNA LS
Xa t - value Prob. (%) Xa t - value Prob. (%)

Garden eggs (R) 1.9 1.196 n.s 5.9 3.337 **

Garden eggs (B) 2.4 1.28 n.s 0.5 0.288 n.s
Ripe Plantain (R) 1.4 0.765 n.s 0.3 0.122 n.s
Ripe Plantain (B) -2.3 -1.276 n.s 1.8 0.912 n.s
Cabbage (R) 6.2 3.588 ** 4.5 2.189 ★

Cabbage (B) 6.5 3.587 ** 4.8 2.604 *

Table 3.1b: Arrestant responses of B. pfeifferi to boiled products

TEST
MATERIALS

ADULT SNAI _S JUVENILE SNA LS
Xb t - value Prob. (%) Xb t - value Prob. (%)

Garden eggs (R) 1.85 1.034 n.s 5.3 3.816 **

Garden eggs (B) 1.65 1.319 n.s -0.8 -0.589 n.s
Ripe Plantain (R) 0.3 0.266 n.s 1.3 0.878 n.s
Ripe Plantain (B) 0.2 0.236 n.s 1.85 1.884 n.s
Cabbage (R) 6.6 5.18 *** 4.95 2.996 **

Cabbage (B) 6.3 4.257 4.2 2.804 *

key
* = p< 0.05 Xa = Mean Attractant Index
** = p< 0.01 Xb = Mean Arrestant Index
*** = p< 0.001 R = Raw
n.s = not significant B = Boiled
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Table 3.2a: Attractant responses of B. pfeifferi to dried products

TEST
MATERIALS

ADULT SNAI uS JUVENILE SNA LS
Xa t - value Prob. (%) Xa t - value Prob. (%)

Lettuce (Fr) 6.6 4.002 5.9 2.553 *

Lettuce (D) 2.2 1.296 n.s 2.2 2.391 *

Cocoyam leaves (Fr) 4.7 2.317 * 7.8 6.151 ***

Cocoyam leaves (D) 1.1 0.715 n.s -0.9 -0.558 n.s
Pawpaw leaves (Fr) -1.4 -0.595 n.s 5.7 3.497 **

Pawpaw leaves (D) 1.2 0.979 n.s 0.2 0.114 n.s
Water leaf(Fr) 4.4 2.893 ★ 2.8 1.619 *

Water leaf (D) -0.6 -0.428 n.s 0 0 n.s

Table 3.2b: Arrestant responses of B. pfeifferi to dried products

TEST
MATERIALS

ADULT SNAI lS JUVENILE SNAILS
Xb t - value Prob. (%) Xb t - value Prob. (%)

Lettuce (Fr) 6.25 4.103 *** 5.4 2.736 *

Lettuce (D) 1.65 1.645 n.s 3.3 3.919 **★

Cocoyam leaves (Fr) 4.8 2.786 * 7.85 6.085 ★**

Cocoyam leaves (D) -0.4 -0.347 n.s -0.95 -0.716 n.s
Pawpaw leaves (Fr) -1.6 -0.735 n.s 5.25 3.651 **

Pawpaw leaves (D) 0.4 0.494 n.s 1 1.051 n.s
Water leaf (Fr) 5.35 3.813 *★ 2.65 1.431 n.s
Water leaf (D) 0 0 n.s 0.95 0.798 n.s

key
* = p< 0.05
** = p< 0.01
*** = p< 0.001
Fr = Fresh

Xa = Mean Attractant Index 
Xb = Mean Arrestant Index 
n.s = not significant 
D = Dried
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Table 3.3a: Attractant responses of B. pfeifferi to fermented products

TEST
MATERIAl

No. of days 
fermented

ADULT SNAILS JUVENILE SNAILS
Xa t - value Prob. (%) Xa t - value Prob. (%)

Cassava 0 -3.8 -1.871 n.s 1.1 0.504 n.s
1 2.3 1.174 n.s 0.3 0.158 n.s
3 2.5 1.16 n.s 6.1 3.423 **

7 -3.4 -1.875 n.s 0.4 0.165 n.s
Yam 0 -5.5 -2.598 * -7.4 -4.976 *★*

1 -8.7 -10.807 *★* -8.2 -8.479 ***

3 -7.1 -6.396 *** -7.9 -13.835 ***

7 -8.9 -12.806 **★ -8.4 -9.988 ***

Cocoyam 0 -0.2 -0.099 n.s -5.1 -2.773 *

1 -0.9 -0.585 n.s -3.5 -1.941 n.s
3 -0.5 -0.356 n.s 0.4 0.204 n.s
7 -4.7 -3.593 *★* 1.5 1.009 n.s

S. potato 0 9.2 8.028 ★** 3.9 2.95 *

1 -0.5 -0.262 n.s -1.6 -0.719 n.s
3 -1.1 -0.571 n.s -1.6 -0.917 n.s
7 -7 -4.591 *** 0.4 0.164 n.s

KEY
= p< 0.05 Xa = Mean Attractant Index
= p< 0.01 n.s = not significant

*** = p< 0.001
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Table 3.3b: Arrestant responses of B. pfeifferi to fermented products

TEST
MAT.

No. of days 
fermented

ADULT SNAI LS JUVENILE SNAILS
Xb t - value Prob. (%) Xb t - value Prob. (%)

Cassava 0 -1.6 -2.081 n.s 2.35 1.571 n.s
1 0.5 0.413 n.s -0.2 -0.313 n.s
3 -1.4 -0.943 n.s 0.7 0.724 n.s
7 -2.3 -1.891 n.s -0.8 -0.385 n.s

Yam 0 -2.95 -2.62 * -4.4 -5.774 ***

1 -5.9 -8.535 *★* -6.3 -7.039 ***

3 -6.1 -10.554 *** -7.45 -19.251 ***

7 -5 -7.801 *** -4.7 -6.201 ***

Cocoyam 0 -0.6 -0.76 n.s -5.15 -3.327 ★ *

1 -1.1 -1.054 n.s -1.7 -1.36 n.s
3 -1.35 -2.039 n.s 0.05 0.029 n.s
7 -3.6 -3.696 *•** 1.6 1.249 n.s

S. potato 0 4.15 5.376 3.65 2.821 *

1 -0.6 -0.493 n.s -1.05 -0.619 n.s
3 0.1 0.076 n.s -1.2 -0.602 n.s
7 -5.45 -6.337 ★ ★★ 2.2 1.375 n.s

KEY
* = p< 0.05 Xb = Mean Arrestant Index
** = p< 0.01 n.s = not significant
*** = p< 0.001
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