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ABSTRACT

The effect of four experimentally prepared
diets with different protein contents and energy
levels on various biological activities of
Biomphalaria alexandrina snail was investigated
as compared with lettuce, the usual laboratory
diet. The results obtained illustrated the superior
effect of the diets prepared over lettuce on the
growth rate, egg-laying capacity and
hatchability, mortality rate and the rate of
cercarial shedding of infected snails.

INTRODUCTION

The energy level of an animal is a vital phenomenon that
affects and controls different biological and physiological
activities. The feeding capacity is an important factor
affecting the energy production in snails since reproduction
and growth rate are biological processes that need energy. -
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Many workers studied the factors that affect the different
biological parameters of shistosomes intermediate hosts. Of
these, Standen (1951); Chernin (1957): Coles (1973); De-Souza
et al., (1977); Looker and Etges (1979); Milward and Andrade
(1978); Eleman & Madoson (1982), Lewis et al., (1986);
Thompson (1988); studied the effect of some different diets on
the growth rate of the snails. Others; Sturrock and Sturrock
(1970); Meier and Meier (1981) and Roushdy and El-emam
(1984) have studied the effect of schitosome infection on the
bidiogy of snails: ‘In“any case results obtained by Thompson
(1988) suggested that the lettuce is lacking in basic
nutritional quality.

This work aims to investigate the influence of certain
experimentally prepared diets with different energy levels on
some biological activities including the growth rate,
reproduction as well as the rate of S. mansoni infection on B.

alexandrina snails.

MATERIALS AND METHODS

Adult laboratory-reared B. alexandrina snails of shell
diameter 8-10 mm and weight of 100-120 mg were used in

this study.

The. snails were divided into five groups, each of 20
snails. The snails of each group were kept in two-litre
aquarium at a water temperature of 2541 °C under constant
aeration. Each test group was fed on one of the four diets
described in tables (1 and 2). A fifth group was fed on fresh
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Table l: Percentage composition of the experimental
prepared diet used, and their energy levels

Ingredient Diet No.
1 2 3 4
Wheat bran 40 34 27 18
Rice bran 25 17 10 6
Fish meal 23 28
Soya bean meal 8 13 18 23
Cotton seed meal 5 8 12 15
Meat meal 4 5 5 5
Vegetable-o0il 3 3 3 3
Vit. min. Premix 1 1 1 1
- Dicalcium phosphate R 1 R e T
Total ‘ ~ 100 ... 100 100 100 -
Protein 25% 30.11% 35.11% 40%
Energy, KCal/Kg © 2143.49 2279.92 2415.71 2545.54
C/P ratio 85.74 75.72 68.73 63.59

Vitamin and mineral per Kg food: Vit.A,5000 IU; D,1000
IU; K, 2mg; riboflavin, 2.5 mg; niacin, 1.2 mg;choline
chloride, 80 mg; Pantothenic acid, 5 mg; Pyridoxin,0.5
mg: B12, 4 ug, 1 mg, Co, 80 ug; Se, 50 ug.

Table 2: Proximate analysis, mineral and energy values
of experimental diets used in feeding of snails

(B. alexandrinad).

Di€T No.
Item 1 3 3 a_

Crude protein. 25.00 30.11 35.15. 40.08
Crude fat 6.88 7.25 7.43 7.71
Crude Fiber 8.15 7.11 . 6.13 5.20
Ash 9.67 10.19 10.60 11719
Nitrogen free

extract 40.31 35.51 30.97 26.32
Calcium 1.79 1.99 2.13 2.29
Sodium 0.34 0.47 0.59 0.70
Potassium 1.06 1.10 l.16 o 1.21
Phosphorous 3.83 2.42 2.43 2.42

CE(Kcal/Kg diet) 4151.00 4225.00 4305.00 4369.00
ME(Kcal/kg diet) 2134.00 2280.00 2416.00 _ 2546.00
C/P ratio . 86 78 69 -~ 64
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lettuce and served as control group. The water and diets were
changed every three days.

After the establishment of the experiment, the following
biological parameters were studied for six successive weeks:

1. Determination of the growth rate of snails:

Criteria used in assessment of the growth rate include
determination of the increase in shell diameter and in the
total body weight of the snails._.The shell. diameter as well as
‘the weight of the “snails were determined weekly. Data
obtained were analysed using student “t” test (T-test was
employed to detect any significant differences at the 5%

level).

2. Determination of the mortality rate:

Any dead snails could be distinguished by lack of response
to gentle prodding with a needle. The mortality percentage was
calculated every week and statistically analysed by X2 test).

3. Determination of the fecundity and hatchability of

the snails:

The fecundity was considered as the number of viable eggs
laid by the snails, and the fertility as the number of these eggs
that hatched successfully (Frank, 1963). Polyethelene sheets
were immersed in the snail aquaria to serve as a good
subtratum for egg deposition. Eggs deposited on the sheets
were counted under the dissecting microscope, while those
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deposited on the walls of the container were counted with the
help of a magnifying lens. The mean number of egg. masses /
snail / week as well as the mean number of egg cell / snail /
week were counted.

For determinig the hatchability rate of the deposited eggs,
- polyethelene sheets containg 300 egg cells were collected
from every group after four weeks from feeding. These were
placed in aereated 250 ml - beaker with 150 ml of
dechlorinated water and egg hatching was examined every day
~under 1he dissecting mncroscope and ~the hatchability -
" percentage was calculated. ' .

4. Effect of diet on the infection rate of B. alexandri-
na with S. mansoni miracidia_and on emergence of

cercariae:

For snail infection, five freshly hatched miracidia were
pipetted into a test tube containing one snail in three ml of
dechlorinated water. Snails were left under artificial light for
at least five hours. Then five groups, each composed of 25
snails, were put in an aquarium containing two liters of
dechlorinated water. Enough amount of one of the four prepared
diets was added to each group. Fresh lettuce was used as a
control diet for the control group. The snails were examined
for cercarial shedding 6 weeks post-infection. Results of each
expriment were compared statistically.
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RESULTS

Effect of diet on the growth rate of B. alexandrina snalils:

a) Effect on total body weight:

The results presented in table (3) illustrate the effect of
the different types of diets on the total body weight of the
snails. It was found that snails fed on diet No. 1 exihibited
significant increase during the 2nd, 3rd, 4th, 5th and 6th
weeks compared with the control group. Concnrmng diet No. 2
i and No. 3 S|gmf|cant mcrease was observed during the 3rd
41_ SL_. and 6th. weeks. However feeding the snails on diet No.
4 induced a significant increase on body weight only during the
4th, 5th, and 6th, weeks of the experimental period. The
significant increase in the body weight was recorded from 2nd.
week for diet No. 1, from 3rd. week for diet No. 2 and 3 and

from the 4th. week for diet No. 4.

b) Effect on growth rate of shell diameter:

Table (4) showed the effect of the different diets on
growth rate of shell diameter of B. alexandrina. A significant
increase in shell diameter of all animal groups was observed
during the 5th. and 6th. weeks compared with the control

group.

c) Effect. of different diets on snails mortality rate:

It was found that feeding the snails on diets No. 1, 2 and 3
resulted in a lower mortality rate, while diet No. 4 that
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contained higher energy level showed a higher mortality rate
compared with other diets but still relatively lower than the
control snails (Table 5).

d) Effect of different diets on egg layving capacity of
B. alexandrina:

As presented in Table (6), the data obtained showed that
all studied diets induced marked increases in the egg laying

_ . .capacity _during the experimental period compared with. the

control snails. Whereas diet No. 3 induced the highest effect
but diet No. 4 showed the lowest effect during the 6th. week.

e) Effect of different diets on eag fertility and hatch-
bility of snails:

The data obtained in Table (7) indicated that feeding of
snails on diet No. 1, 2 and 3 produced no significant changes in
the deposited fertilized eggs compared with the snails fed on
lettuce as a control diet. While diet No. 4 showed no
significant effect. However all the four prepared diets
increased the percentage of hatchable eggs.

f) Effect of diet on the infection rate of B.alexandri-
na with S. mansoni and on emergence of cercariae:

Results in Table (8) showed that B. alexandrina infected
with S. mansoni and fed on diet No. 1 (25% protein and energy
level 2143.49 Kcal/Kg) showed the hitghest infection rate
(88.8%) compared with the control snails (36.3%). Snails fed on
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Table 5: Effect of different diets on mortality rate of B. alexandrina snails

] Number of .
TIPS | iotein| peocein | Mumber of | SurvIVANG | surviva | wumber of | Mortality
Diet % ratio snails 6 weeks from rate death rate
: feeding

Control 20 11 55% 9 45%

1 25.00 2143.49 20 15 75% 5 25%

2 30.11 2279.92 20 15 75% 5 25%

3 35.15 2415.71 20 15 75% 5 25%

4 40.00 2540.54 20 12 60% 8 40%

Table 6: Effect of experimental diets on egg-laying of B. alexandrina

Diet Crude |[Calorie Experimental Periods (Weeks)

N Protein|{Protein

- % ratio 1 2 3 4 5 6

Control 5.50010.707 | 7.166+2.136 7.22043.500 7.500&0;352 6.28045.219 | 6.40041.732
1 25.00 12143.49 |10.53018.935 11.580+4.043 |13.76045.190 14.14di7;892 12.000+3.380 |11.880+2.820
2 30.11 {2279.92 9.000i1.002 11.033i5.64i 16.23016.072 13.210i7;262 11.45015.882 12.04033.363
3 35.15 |2415.71 | 8.33040.57] |14.000+2.846 [13.89045.449 12.43613.659 12:48043.65Q |12.450+2.50Q
4 40.00 [2546.54 112.142+2.734 ]12.530+4,560 |13.800+6.127 12,40713.815 11.46043.942[11.840+2.739

Average egg laying of one group of snails (20 snails/2 liter o
% Significant at the 0.05% level (T-test).

watex + S.D.

).
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Table 7: Effect of different diets on fertility and hatachbility of mmmm of
alexandrina snails.

B.

Diet Mean Ne.of | ‘reon lNo-of % of fertilized | poon NO- °f | % of hatched
No. egg/masse ; ertilize eggs atcned eggs eggs
' eggs/masse masses
Control 21.428+6.185 21.071+6.157 98.33% w0.0.NH...ﬁN..\wO 93.66%
1 23.076+7.852 22.615+7.963 -98.00% 22.307+8.209 +96.66%
2 20.000+9.388 19.600+9.325 -98.00% 19.000+9.805 +96.66%
3 16.666+6.633 16.444+6.696 +98.66% 16.500+6.732 +99.00%
4 23.076+6.473 22.307+6.316 -96.66% 22.307+6.316 +96. 66%
# Significant at the 5% level (X“-test). Total number of eggs examined was 300 eggs
Table 8: Effect of diet on the infection rate of B. alexandrina with s. mansoni
miracidia and emergence of cercariae.
- Lo I o o
£ o~ 0 IS - o
v A oo |aess | 895 . E g
[s} A -H O @ Y4 -H ] HongH | H$Q0 W 0 el £ o
@+ @ - H O [TO0e Obei | >0 O b O Ha Ha b OHG® Y
200 ‘g o 0o+ + A eleed | oAl B H-d ] OO e 0.0 Hed SN D>y R 0o
Dol s ~ O ) s> o s 8T U [HE g 0 wa 00 © Yy
G f 0 dan loog oHg m - O Oh [SO0d | Hobg OH QDO w
On QA Zz a0 s ZOLO AR g - I 2 0.0 oy
o f @ 17 w O I - g Oueo o
” H O
Ccntrol 25 22 88% 8 ww.n\.m# 36. wwm 537.3+462.9
1 25.00 2143.49 25 20 80% 16 64% 88. mx. 995.0+550.0 | 85.10%
2 30.01 | 2279.92 25 18 |72% 9 36% 45.0% 5689.2+457.5 | 9.65%
3 35.15 245.71 25 22 88% 2 wm.x.un. »o.wm 650.04530.6 | 20.97%
4 40.00 254.54 | 25 21 84% 15 60% 71.4% 703.4+593.0 | 23.61%

* AXNV for infection rate based on surviving snail at the 5% level and infection rate based

on total snails used.

{T-test) for No. of cercarial shed snail/2days.

%&
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diet No. 2, 3 and 4 showed infection rates of 43%, 40.9 and
71.4% respectively (Table 3).

Concerning the effect on production of cercariae, resulis
revealed that snails fed on diet No. 1 produced a significant
increase in the number of cercariae (Table 8). On the other
hand, the other three diets “2, 3 and 4" did not differ
significantly from the control treatment as shown in Table (8).
In respect to the effect on the survival rate of infected snails
results showed no effect of the experimental diets on the
,.,...,sutvi,vavl',.[ate of the -host durihg-the,experimental -period (Table

8).

DISCUSSION

Aithough lettuce is widely used as a diet in most
laboratory cultures of the snails, it does not support the
maximum growth rate of the snail intermediate host (Eveland,
1972). In the present study all the four experimentally

prepared diets containing proteins, carbohydrates, oils,

vitamins and dicalcium phosphate (in the proportions described
in tables 1 and 2) and having different energy level, increased
significantly the growth rate of B. alexandrina snails. These
results are comparable with those obtained by Vierira (1967)
who found that the addition of wheat germ rich in vitamin E to
the diet of B. glabrata promotes its growth rate. He “‘explained
this increase in the view that vitamin E protects some
essential nutrients against oxidation, hence increases the
growth rate. Also the addition of dicalcium phosphate to all
the four diets has an important effect in increasing the size of
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snail. This result is supported by Milward and Andrade (1978)
who found that addition of calcium salts to the food produced
an increase in the shell diameter of snail. Another important
factor which could play a role on the growth rate is the
addition of vegetable oil which was also reported by Frank
(1963) and Thamas, et al., (1983), who found that the increase
in the density of plant food as lettuce and lucerence increased
the growth rate of snails. The egg laying capacity of B.
alexandrina fed on the prepared diets (of energy levels of
. 2143.49,..2279.92, -2415.71 -and 2545.54 K -Cal/Kg) exihibited -
significant increases compared with those snails fed on
lettuce only. It is to be noted that snails fed on diet No. 1 that
has the highest energy / protein ratio (85.74) displayed the
highest egg laying group. It is possible that the increase in the
ferility rate of the snails is partly correlated to the existence
of dicalcium phosphate. This view agrees with that reported by
Frank (1963) who also found that the addition of calcium salts
to snail diet gave optimum fecundity. On the other hand it is
suggested that this increase in the fecundity of B. alexandrina
is also due to the high protein ratio presented in the cotton
seed meal and vegetable oil. Similar results were reached by
Eveland (1972), Looker and Eiges (1965), Stanislawski and
Becker (1979) and Eleman and Madson (1982) who found a
decline in the .reproduction of Biomphalaria snails fed
carbohydrate diet. This might be due to deficiency of lipids or
proteins or might be due to a lack of protein enzymes. It is
known that the infected snails need carbohydrates, proteins
and energy to compensate the loss of nutrients consumed by
the developing daughter sporocysts. Similarly snails fed on
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diet No. 1 gave the highest infectivity rate and cercaria
production in B. alexandrina snails. This finding agreed with
that of Kendall (1949) Wright (1967), Etges and Gresso (1979),
Eveland (1972) and Coles (1973) who found that a high protein
food increased the number of cercariae and suggested that this
is due to the large size of snails which increase the space
available for parasite growth or increased availability of
nutrients for the parasite.
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