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Abstract

This study examined the effect of different dietary inclusion levels of Moringa oleifera leaf meal on growth, haemo-
lymph mineral composition and meat quality of Archachatina marginata and Achatina fulica. A total of one hundred
and forty four (144) juvenile snails of A. marginata = 72 and A. fulica = 72, were used for the study. Eighteen (18)
snails of each species were subjected to four dietary treatments (0 %, 10 %, 15 % and 20 %) of M. oleifera leaf meal
in three replicates of six (6) snails per replicate over a period of 16 weeks. Growth was measured using growth in-
dices while haemolymph mineral composition and meat quality were determined spectrometrically and by proximate
method. A. marginata and A. fulica fed diets containing 20 % M. oleifera leaf meal showed the best growth perfor-
mance compared to the other treatments with increase in mean weight gain of 132.14 % and 62.95 %, mean shell
length gain of 51.87 % and 59.47 %, mean shell circumference gain of 22.81 % and 47.53 % and mean shell thickness
gain of 2.18 % and 83.43 %, respectively, as compared to the control diet. The haemolymph mineral composition
results of the two species showed that magnesium, calcium, potassium, iron, phosphorus and chlorine were highest in
snails fed diet with 20 % M. oleifera leaf meal. However, copper and sodium were recorded highest in A. marginata
fed with control diet. The results of the proximate meat analysis showed that the highest crude protein contents were
recorded in A. marginata and A. fulica fed with 20 % M. oleifera leaf meal, with an increase in crude protein content
of 80.42 % and 114.28 %, compared to the control diet. Based on the results of this study, the inclusion of Moringa
oleifera leaf meal in the snail diet up to 20 % is recommended for optimum productivity of the two snail species.

Keywords: dietary treatments, growth indices, haemolymph, proximate, non-conventional livestock, heliciculture

1 Introduction

Globally, there is a rise in human population on daily
basis. This daily increase in human population has culmin-
ated to the scarcity and high cost of food especially proteins
from animal sources. In order to alleviate this serious situ-
ation, animal nutritionists are searching for unconventional
animal proteins that are cheap, nutritious and capable of re-
placing the conventional animal proteins such as beef, pork,
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poultry etc. (Edet et al., 2017). Snail, a bilaterally seg-
mented and soft bodied invertebrate bearing a calcareous
shell exoskeleton is adjudged to be a good alternative to the
conventional animal proteins (Edet et al., 2017), due to its
richness in protein, essential minerals like phosphorous, cal-
cium, iron, zinc and low cholesterol content (Amobi et al.,
2019).

Worldwide consumption of snails is estimated at 400,000–
450,000 tonnes per year, most of which come from the wild
(Aromolaran et al., 2019). In Africa, the demand for snail
meat has increased due to health concerns as more people
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have started avoiding red meat (Aduloju et al., 2019). In
Nigeria, snail meat, commonly known as “Congo meat”
is widely consumed in many homes and it can be con-
sumed in fried, cooked and roasted forms (Nnodim & Ekpo,
2019; Oguntoye et al., 2020). The Giant West African snail
(Archachatina marginata) and Giant African snail (Achat-
ina fulica) are among the breeds of snails readily found in
Nigeria alongside Giant tiger land snail (Achatina achatina)
and are the most cultured in snail farms in Nigeria (Babalola
& Akinsoyinu, 2009; Okon et al., 2017). Their high accept-
ability by snail farmers could be due to their massive size,
excellent adaptation to available feed, and moderate to high
egg-laying capacity (Raut & Barker, 2002; Omole & Ke-
hinde, 2005).

However, the operation of snail farms on a commercial
scale in Nigeria has not been fully realised. Majority of the
snails sold in most Nigeria markets are sourced from the
wild while the few existing farms are saddled with multi-
dimensional problems such as lack of finance, technical
know-how and the right feeds that can promote early mat-
uration, improve meat quality and overall well-being of the
snails (Nnodim & Ekpo, 2019). Studies have shown that
snails can feed on various available feeds, preferably plant
leaves (Orsa et al., 2018; Amobi & Ezewudo, 2019; Amobi
et al., 2019) such as Moringa oleifera leaves (Ani et al.,
2014; Edet et al., 2017).

Moringa (Moringa oleifera Lim.) is a tropical plant used
for different purposes as virtually all parts of the tree can be
utilised as food, medicinal, industrial and agricultural pur-
poses including animal diets (Khalafalla et al., 2010; Mahfuz
& Piao, 2019). The M. oleifera leaves are rich in vitamins,
proteins and essential minerals such as calcium, phosphor-
ous, iron, zinc, making it the most nutrient-rich part of the
plant (Leone et al., 2015). The leaves of M. oleifera are
also rich in antioxidant compounds like carotenoids, ascor-
bic acids, phenolic compounds and flavonoids, hence can be
utilised as a natural antioxidant (Sahay et al., 2017).

Assessment of the nutritional benefits of feed supplied to
an animal can be properly studied by evaluating the effect of
the feed dietary components on the blood (Babalola & Akin-
soyinu, 2011). The blood of pulmonate snails, known as
haemolymph provides the medium for the transport of min-
erals and waste removals from the body of snails (Abdussa-
mad et al., 2010). Its constituents include water, inorganic
ions such as Na+, Cl−, K+, Mg2+ and Ca2+ and other com-
pounds like protein, carbohydrates and lipids (Abdussamad
et al., 2010), making it fit for both clinical and nutritional
assessment studies. The use of M. oleifera leaves in snail di-
ets to improve production yield and wellbeing has received
little attention, despite offering both nutritional and medi-

cinal benefits. Based on this finding, the present study fo-
cused on the effect of different amounts of M. oleifera leaf
meal in the diet on growth, haemolymph mineral compos-
itions, and meat quality of two edible land snails, A. mar-
ginata and A. fulica.

2 Materials and methods

2.1 Study site

The present research was conducted at the snail farm of
the Department of Animal Science, Nnamdi Azikiwe Uni-
versity, Awka, Anambra State, Nigeria. The station where
the study was conducted is located at 06°14’42.4” N and
07°07’05.4” E. It has an average temperature which fluc-
tuates between 22 °C and 34 °C with an annual rainfall of
1450–1524 mm in two seasons – the rainy and dry season
(Ozoemene et al., 2022). subsectionMoringa leaves prepar-
ation and feed formulation Fresh M. oleifera leaves were col-
lected from Amansea in Awka Metropolis, the Capital City
of Anambra State, Nigeria, while other feed ingredients were
procured from local sellers at Afor Nnobi Market, Anambra
State, Nigeria. The freshly collected M. oleifera leaves were
dried in shade under ambient temperature until they became
crispy. The drying lasted for two (2) weeks after which it
was milled using local milling machine with 1 mm mesh size
sieve and then incorporated into the feed at 0 %, 10 %, 15 %
and 20 % inclusion levels. The experimental diets were for-
mulated at equicalorie and isonitrogenous levels by adopting
Pearson Square method (Table 1).

Table 1: Gross composition of the experimental diets on a dry
matter basis.

Moringa leaf meal inclusion level

Ingredients 0 % 10 % 15 % 20 %

Yellow maize 40 40 40 40

Groundnut cake 15 10 12 10

Brewers grain 10 10 7.5 7

Palm kernel cake 12 10 7.5 5

Moringa leaf meal 0 10 15 20

Blood meal 15 12 10 10

Oyster shell 1.5 1.5 1.5 1.5

Bone meal 1.5 1.5 1.5 1.5

Vitamin premix† 5.0 5.0 5.0 5.0
†1 kg of premix contains: Vitamin A (5,000,000 I.U), Vitamin
D3 (1,000,000 I.U), Vitamin E (16,000 mg), Vitamin K3 (800
mg), Vitamin B1 (1,200 mg), Vitamin B2 (22,000 mg), Niacin
(22,000 mg), Calcium pantothenate (4,600 mg), Manganese
(948,000 mg), Iron (40,000 mg), Zinc (32,000 mg), Copper
(3,400 mg), Iodine (600 mg), Cobalt (120 mg), Selenium (48
mg), Anti-oxidant (48,000 mg).
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2.2 Experimental snails, design and set-up

A total of 150 juvenile snails (Achatina marginata,
n = 75 and Achatina fulica, n = 75) were purchased from
the Ministry of Agriculture, Awka, Anambra State, Nigeria.
The snails were acclimatised for two weeks and fed with
moistened pawpaw (Carica papaya) leaves which served as
sources of food and water. For the feeding trial, one hun-
dred and forty four snails (144) belonging to the two spe-
cies were used for the study: seventy two (72) Archachat-
ina marginata (28.90± 0.116 g) and seventy two (72) Achat-
ina fulica (16.03± 0.200 g) species. The experiment adop-
ted a 4× 3 completely randomised design (CRD) with four
dietary treatments having 0 % (control), 10 %, 15 % and
20 % inclusion levels of M. oleifera leaf meal. The study
strictly adhered to the guidelines approved by the Nnamdi
Azikiwe University, Awka, Ethical Committee on the Use
of Live Animals for Experimental Studies. Eighteen snails
(18) were assigned to each of the dietary treatments and
replicated thrice so that, each replicate contained six (6)
snails. Each replicate was housed in a mini-paddock measur-
ing 120 cm× 60 cm× 30 cm, in accordance with the housing
structure and stocking density recommended by Cobbinah et
al. (2008). The mini-paddocks were sheltered from rain and
sunlight in a covered enclosure. There were trees such as
plantains, around the farm to cushion wind effects and regu-
late sudden temperature changes.

The snails in all the treatments were further subjected
to the same management conditions: they were fed daily,
and their beddings were made with humus soil to a depth
of 20 cm. Additionally, all snail beddings were repeatedly
provided with 50 g of ground egg shell to ensure adequate
calcium supply and sprinkled daily with equal amount of
water (0.75 litre) to increase humidity and prevent aestiva-
tion due to hot weather condition common in tropical regions
(Agbogidi et al., 2008).

2.3 Determination of growth performance

Data were collected on the growth performance of the
snails by measuring the following parameters – body weight
was taken with the aid of a sensitive weighing balance
(model: BL7501), and shell length, which was taken along
the axis of the snail using vernier callipers (Okonta, 2012).
Also, the widest part of the snail was measured with ver-
nier callipers to ascertain the shell circumference while shell
thickness was taken with the aid of a micrometre screw
gauge (Amobi et al., 2019). These data were taken on
weekly basis over a period of 16 weeks.

2.4 Haemolymph collection and mineral composition
analysis

Prior to the commencement of the feeding trial, three ju-
venile snails from each species were randomly selected for
haemolymph mineral composition assay. Also, at the end
of the experimental period, three snails from each species
were randomly selected from each replicate (n = 9) of the
four (4) dietary treatments for haemolymph mineral compos-
ition analysis. The haemolymph collection followed the pro-
cedure of Cooper (1994). The haemolymph collected was
analysed in the Springboard Research Laboratories, Awka,
Anambra State, for mineral compositions using Atomic Ab-
sorption Spectrophotometry (Varian AA240, Agilent Tech-
nologies Inc., Santa Clara, California, USA). Calcium was
analysed by flame photometry using Jenway digital flame
photometer (Model: PFP7).

2.5 Determination of meat quality

Three juvenile snails from each species were randomly
selected and sacrificed before the start of the experiment for
proximate composition of the snail meat and served as the
initial result. These same snails were used for haemolymph
mineral composition assay. Also, at the end of the 16weeks
feeding trial, three snails from each species were randomly
selected from each replicate (n = 9) of the four (4) dietary
treatments. The selected snails were thoroughly washed and
the shell broken with the aid of a stone. The snail meats were
collected and properly washed with alum and water until the
slime was washed off. The meat was analysed in laboratory
for proximate composition by adopting AOAC (2005) meth-
odology.

2.6 Statistical analysis

The data generated were subjected to descriptive statistics,
student’s t-test, analysis of variance (ANOVA) using the Sta-
tistical Analysis System (SAS, 2001) and significant means
was separated using Turkey’s test at 0.05 % significance.

3 Results

3.1 Proximate composition of the formulated diets

Proximate composition of the experimental diets showed
that highest dry matter was observed in diet with 20 % in-
clusion level of M. oleifera leaf meal whereas highest crude
protein content was noted in diet with 0 % inclusion level of
M. oleifera leaf meal (Table 2). In addition, lowest values in
crude ash were recorded in control diet (0 % M. oleifera leaf
meal) and diet with 10 % inclusion level of M. oleifera leaf
meal.
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Table 2: Proximate composition of experimental diets (% dry
weight).

Inclusion level of Moringa oleifera leaf meal

Parameters 0 % 10 % 15 % 20 %

Dry matter 57.17 59.20 60.10 60.25

Crude protein 22.35 19.73 20.50 20.63

Ash 6.50 6.50 6.70 6.80

Crude fat 7.00 7.29 7.30 7.32

3.2 Growth performance

Before the start of the feeding trial, the initial wet
weight of A. marginata was 28.90± 8.50 g, 28.86± 9.60 g,
28.90± 9.40 g and 29.26± 10.00 g, for the four diets
0 %, 10 %, 15 % and 20 % inclusion levels, respectively,
while at the completion of the trial, it was observed
as 71.12± 12.40 g, 85.10± 15.00 g, 91.90± 20.50 g and
110.67± 25.70 g, respectively (Fig. 1). Overall wet body
weight gain of A. marginata fed diets with varying inclu-
sion levels (0 %, 10 %, 15 % and 20 %) of M. oleifera leaf
meal was 42.22± 15.00 g, 56.24± 18.60 g, 63.00± 19.00 g
and 81.41± 20.60 g (Fig. 1). The data of mean weight gain
of A. marginata when subjected to One way ANOVA showed
a significant difference (p< 0.05) in the mean weight gains
of snails fed diets with varying inclusion levels of M. oleifera
leaf meal. There was corresponding increase in mean shell
length of A. marginata as inclusion levels of M. oleifera in-
creased (Table 3). The lowest value for shell length was re-
corded in snails fed with 0 % inclusion level of M. oleifera
leaf meal.

Fig. 1: Growth performance of snails (Archachatina marginata
and Achatina fulica) based on different inclusion levels of
Moringa oleifera leaf meal. Error bars denote standard deviation.

There was non-significant difference (p> 0.05) in shell
length of snails (A. marginata) fed diets with 15 % and 20 %

inclusion levels of M. oleifera leaf meal whereas when com-
pared with other diets, significant differences (p< 0.05) were
observed. There was increase in mean shell thickness gains
of A. marginata fed diets with 0 %, 10 %, 15 % and 20 %
inclusion levels of M. oleifera leaf meal, however, when
subjected to One way ANOVA, non-significant differences
(p> 0.05) were observed in A. marginata fed with varying
inclusion levels of M. oleifera leaf meal. Still, the least per-
formed group in terms of the mean shell thickness was re-
corded in those control diet with slight variation (Table 3).

At the end of the feeding trial, the weight gain of
A. fulica fed diets with varying inclusion levels (0 %, 10 %,
15 % and 20 %) of M. oleifera leaf meal was recorded
as 34.96 ± 16.60 g, 38.10± 18.70 g, 41.63± 19.00 g and
46.26± 19.50 g, respectively. Overall mean body weight
gain of A. fulica fed with varying inclusion levels (0 %, 10 %,
15 % and 20 %) of M. oleifera leaf meal was 18.93± 10.50 g,
21.94± 15.00 g, 25.93 ± 17.50 g and 29.80± 18.00 g, re-
spectively (Fig. 1). Highest value for mean weight gain
was recorded in A. fulica fed diet with 20 % inclusion level
of M. oleifera with percentage difference of 62.95 % com-
pared to the treatment with lowest value recorded (snails fed
control diet). The effect of inclusion levels of M. oleifera
leaf meal in the diet of A. fulica showed that A. fulica fed
with 20 % inclusion level of M. oleifera had the highest
mean shell length gain (Table 3). For mean shell circum-
ference, there was non-significant difference (p> 0.05) in
A. fulica fed diet with 10 % and 15 % inclusion levels of
M. oleifera leaf meal while significant difference (P<0.05)
was observed in those fed diet with 0 % and 20 % inclu-
sion levels of M. oleifera leaf meal. From the results of
mean shell circumference, A. fulica fed diet with 0 % inclu-
sion level of M. oleifera leaf meal recorded the lowest value
(Table 3).

3.3 Haemolymph mineral compositions

Upon completion of the feeding trial, the two snail spe-
cies were further analysed for haemolymph mineral compos-
itions and the values obtained are recorded in Tables 4 and 5,
respectively. There was a progressive increase in all the min-
erals (magnesium, calcium, copper, potassium, iron, phos-
phorous, chlorine and sodium) analysed in A. marginata and
A. fulica fed with the experimental diets. Results obtained
showed that the values recorded for haemolymph mineral
compositions (magnesium, calcium, potassium, iron, phos-
phorus and chlorine) of A. marginata and A. fulica were
higher in both species fed diet with 20 % inclusion level of
M. oleifera leaf meal (Tables 4 and 5). However, copper
and sodium had the highest values in A. marginata fed con-
trol diet, while in A. fulica, only copper was found to have
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Table 3: Linear body performance of snails (Archachatina marginata and Achatina fulica) fed with different inclusion levels of
Moringa oleifera leaf meals after the feeding trial.

Snail
species

Inclusion level of Moringa oleifera leaf meal

Mean shell gain 0 % 10 % 15 % 20 %

length (cm) AM 3.76 ± 1.50c 4.46 ± 2.00b 5.03 ± 2.50a 5.56 ± 3.00a

AF 2.66 ± 1.15c 3.13 ± 1.20b 3.77 ± 1.50b 4.43 ± 2.50a

circumference (cm) AM 3.57 ± 1.15c 5.27 ± 2.00b 5.83 ± 2.60b 6.16 ± 3.50a

AF 2.24 ± 1.00c 3.06 ± 1.20b 3.60 ± 2.00b 4.83 ± 2.50a

thickness gain (mm) AM 0.12 ± 0.10a 0.13 ± 0.10a 0.14 ± 0.30a 0.15 ± 0.50a

AF 0.09 ± 0.05b 0.11 ± 0.50b 0.12 ± 0.10b 1.12 ± 0.10a

AM: Archachatina marginata; AF: Achatina fulica. Rows with different superscripts (a,b,c) are significantly different
at 5 %. Values are mean±SE.

Table 4: Summary of mineral composition of haemolymph (ppm) of snails (Archachatina marginata) after the feeding trial.

Final values of mineral composition of haemolymph (ppm) of snails

Initial
value n = 3

fed with graded levels of M. oleifera leaf meal (n = 9 per treatment)

Minerals 0 % 10 % 15 % 20 %

Magnesium (Mg) 9.88± 5.00 20.23± 7.10 20.24± 8.00 20.25± 8.10 20.25± 7.90

Calcium (Ca) 24.15± 9.00 42.63± 12.10d 43.08± 13.00c 44.62± 14.20b 46.46± 15.00a

Copper (Cu) 0.28± 0.30 0.48± 0.50 0.46± 0.20 0.46± 0.20 0.44± 0.15

Potassium (K) 66.10± 20.00 102.20± 35.10c 152.20± 50.00c 261.30± 70.10a 275.10± 75.50a

Iron (Fe) 1.06± 0.25 2.74± 0.80b 2.82± 0.90b 2.91± 0.90a 3.05± 0.85a

Phosphorous (P) 4.86± 0.90 10.22± 2.00c 11.31± 2.25b 11.78± 2.80b 12.37± 3.00a

Chlorine (Cl) 2.67± 1.00 8.43± 2.25c 8.82± 2.90c 9.37± 3.00b 10.23± 3.90a

Sodium (Na) 2.24± 0.50 11.48± 2.00a 10.97± 1.00b 10.65± 0.90b 9.44± 0.75c

Rows with different superscripts (a,b,c,d) are significantly different at 5 %. Values are mean±SE.

the highest value in snails fed control diet. Additionally,
copper and sodium were observed to have the lowest val-

ues in A. marginata, while only copper had the least value
in A. fulica fed diet with 20 % inclusion level of M. oleifera

Table 5: Summary of mineral composition of haemolymph (ppm) of snails (Achatina fulica) after the feeding trial.

Final values of mineral composition of haemolymph (ppm) of snails

Initial
value n = 3

fed with graded levels of M. oleifera leaf meal (n = 9 per treatment)

Minerals 0 % 10 % 15 % 20 %

Magnesium (Mg) 7.56± 2.50 16.32± 5.00 16.56± 6.00 16.60± 6.10 16.82± 6.20

Calcium (Ca) 18.34± 5.00 33.19± 10.00d 38.09± 10.50c 40.44± 12.00b 48.28± 15.00a

Copper (Cu) 0.21± 0.05 0.57± 0.50 0.55± 0.40 0.54± 0.35 0.53± 0.30

Potassium (K) 29.66± 9.00 59.10± 12.20d 75.20± 15.00c 81.30± 28.50b 89.10± 30.10a

Iron (Fe) 0.17± 0.10 2.64± 0.50b 2.85± 0.60a 2.86± 0.60a 3.00± 0.80a

Phosphorous (P) 4.38± 1.00 8.56± 1.20c 9.89± 2.00b 10.03± 2.00b 10.79± 2.50a

Chlorine (Cl) 2.86± 0.80 7.26± 1.00b 8.11± 1.50a 8.29± 1.70a 8.54± 1.60a

Sodium (Na) 20.12± 5.00 29.21± 5.90c 38.81± 9.00b 38.79± 10.00b 42.77± 12.10a

Rows with different superscripts (a,b,c,d) are significantly different at 5 %. Values are mean±SE.
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Table 6: Proximate composition of snail meat (Archachatina marginata) (%) after the feeding trial.

Final values of mineral composition of haemolymph (ppm) of snails

Initial
value n = 3

fed with graded levels of M. oleifera leaf meal (n = 9 per treatment)

Minerals 0 % 10 % 15 % 20 %

Crude protein 9.70± 2.00 14.4± 5.00c 20.10± 7.20b 20.90± 8.00b 22.20± 8.50a

Ash 2.40± 1.00 5.0± 1.20c 5.80± 1.30c 6.20± 1.50b 7.50± 1.70a

Moisture content 25.8± 5.00 74.60± 10.00d 77.20± 10.50c 80.00± 12.50b 84.60± 15.00a

Rows with different superscripts (a,b,c,d) are significantly different at 5 %. Values are mean±SE.

Table 7: Proximate composition of snail meat (Archachatina marginata) (%) after the feeding trial.

Final values of mineral composition of haemolymph (ppm) of snails

Initial
value n = 3

fed with graded levels of M. oleifera leaf meal (n = 9 per treatment)

Minerals 0 % 10 % 15 % 20 %

Crude protein 6.30± 1.00 14.20± 5.00c 19.50± 8.20b 20.30± 9.00a 21.40± 9.00a

Ash 1.80± 0.20 2.70± 0.50b 3.00± 0.70a 3.20± 0.70a 3.60± 0.80a

Moisture content 21.00± 5.00 65.00± 10.00d 69.60± 15.00c 70.10± 15.90b 76.80± 16.00a

Rows with different superscripts (a,b,c,d) are significantly different at 5 %. Values are mean±SE.

leaf meal (Table 4 and 5). Results in all the haemolymph
mineral parameters were statistically significant (p< 0.05)
while the values for magnesium and copper were statistic-
ally non-significant (p> 0.05).

3.4 Meat quality analysis

The meat of A. marginata and A. fulica were analysed at
the beginning and upon completion of the feeding trial using
proximate analysis to ascertain the effect of different diet-
ary levels of M. oleifera on the nutritional quality of the
snails’ meat. Proximate composition of the snail meat ex-
hibited wide variations in the parameters studied viz. crude
protein, ash and moisture content as the inclusion level of
M. oleifera leaf meal increased (Tables 6 and 7). In A. mar-
ginata, the meat crude protein content ranged from 14.4 % to
22.20 % while in A. fulica, it ranged from 14.20 to 21.40 %.

Highest body meat protein contents were observed in
A. marginata and A. fulica fed diet with 20 % M. oleifera
leaf meal while the least values were observed in those fed
diet with 0 % M. oleifera leaf meal (Tables 6 and 7). Lowest
crude ash was recorded in snails (A. marginata and A. fulica)
fed with control diet. Still, results of crude ash in A. mar-
ginata when statistically analysed showed significant differ-
ences (P<0.05) in diets with inclusion levels of M. oleifera
leaf meal, while in A. fulica, non-significant difference was
recorded (P>0.05). Whole body moisture contents of both
snail species were significantly different (P<0.05). Highest
value for body moisture levels were recorded in A. marginata

and A. fulica fed diet with 20 % inclusion level of M. oleifera
leaf meal.

4 Discussion

4.1 Proximate composition of formulated diets

The inclusion of M. oleifera leaf in animal diets includ-
ing snails have been considered as a potential source of pro-
tein in formulated animal feed (Ani et al., 2014, Ayodele
et al., 2014). The crude protein content for the control diet
(22.35 %) was slightly higher than the diets with M. oleifera
leaf meal (19.73–20.63 %). The moderate concentration of
crude protein in M. oleifera leaf meal formulated diets com-
pared to that of the control further confirmed that M. oleifera
can provide the required protein needed for the replace-
ment of worn-out tissues and enhancing enzymatic processes
needed for body building. The crude protein contents of the
diets with varying inclusion levels of M. oleifera leaf meal
is slightly lower than the finding (23.78–24.06 %) of Ani et
al. (2014). The differences in crude protein contents could
be a result of variations in methods of drying of the leaves,
the age of the plants, the cultivar, the fertility of the soil on
which the plants were grown, or the climatic and environ-
mental conditions prevalent in the area where the plants were
grown (Moyo et al., 2011; Amobi et al., 2019). Also, the in-
crease in protein content in the diets with varying inclusion
levels of M. oleifera leaf meal with increased inclusion of
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M. oleifera leaf meal shows that M. oleifera leaf meals are
rich in nitrogenous compounds.

The addition of M. oleifera leaf meal improved the ash
contents of the diets which in the control diet had a value
of 6.50 % but in diets with M. oleifera leaf meal, it ranged
between 6.50-6.80 %. Since ash contents measure the min-
eral content present in diets (Usunobun & Egharebva, 2014),
the increase in ash content in diets with M. oleifera leaf meal
shows that M. oleifera leaves are rich in minerals and this is
in line with the report of Moyo et al. (2011).

Furthermore, it was observed that the inclusion of
M. oleifera leaf meal in the formulated diets improved the
crude fat contents of the diets (7.29–7.32 %) compared to
the control diet (7.00 %). This suggests that M. oleifera leaf
meal contains relatively moderate to high concentrations of
fatty acids (Moyo et al., 2011) and the variation could be
linked to the age of the plant, soil and environmental con-
ditions (Sanchez-Machado et al., 2010). As reported by
Moyo et al. (2011), M. oleifera leaf was found to be richer
in polyunsaturated fatty acids than saturated fatty acids. A
higher content of polyunsaturated fatty acids (PUFAs) such
as α-linoleic, linoleic and g-linoleic acids and lower con-
tent of saturated fatty acids (SFAs) is required (Hoffman &
Wilklund, 2006). Its inclusion in animal diets may help to
improve meat quality as well as the general well-being of
animals (Colin et al., 2012).

4.2 Growth performance

In both species of snails (A. marginata and A. fulica), there
was a progressive increase in general growth performance
with an increased inclusion level of M. oleifera leaf meal,
indicating the acceptability of M. oleifera leaf meal by the
snails within these levels of inclusion. This finding is in
agreement with the observation of Ani et al. (2014) who re-
ported a better growth performance of snails (A. marginata)
fed graded levels of M. oleifera leaf meal at 0 % to 20 % in-
clusion levels, with 20 % performing best when compared to
other treatments.

The study by Aboagye et al. (2015) has shown that
M. oleifera leaf meal is of anthelmintic value when incorpor-
ated in the diets of A. achatina. Edible land snails are suscep-
tible to infection with parasitic nematodes (Angiostrongylus
catonensis), which can retard growth and general body de-
velopment (Aboagye et al., 2014). The higher body weight
gain in snails fed M. oleifera leaf meal when compared to
snails fed the control diet may be due to the fact that these
snails were able to resist parasitic infection due to the anthel-
mintic value of M. oleifera leaf meal, resulting in an increase
in their body weight. Additionally, in terms of mean weight
gain per treatment, both snail species fed the 20 % inclusion

level of M. oleifera leaf meal performed best when compared
to the other treatments. This could be due to moderate pro-
tein content and high crude fats of this diet which support
tissue growth and replacement of worn-out tissues as well
as improving the health status of the snails. The observed
significant increase in both the shell length and circumfer-
ence of the snails fed with different dietary treatments of
M. oleifera leaf meal is not out of place. As expected, the
increase in body weight leads to a corresponding increase in
size, probably due to the expansion of the shell (Amobi &
Ezewudo, 2019; Amobi et al., 2019). Also, the best perfor-
mance in terms of shell length and circumference in snails
fed 20 % M. oleifera leaf meal may be due to the presence
of more minerals in the diets, as reflected in the ash content
of the diet compared to the other diets, that the snails were
able to ingest and utilise. The significant increase in shell
thickness of both species fed different dietary supplements
of M. oleifera leaf meal could be a result of the addition of
calcium (ground eggshells) in their beddings (Amobi et al.,
2019).

Furthermore, snails fed with 20 % M. oleifera leaf meal
had the best shell thickness when compared to snails fed
with other diets. This may suggest that snails fed with 20 %
M. oleifera were able to optimally assimilate the essential
minerals inherent in their diet for shell development. Ac-
cording to Leone et al. (2015), Moringa leaves are rich in es-
sential elements such as calcium and phosphorous and since
diet with 20 % M. oleifera leaf meal is the diet with most
Moringa leaf meal, this could be the reason for the best shell
thickness recorded in this study. As reported by Funmilayo
(2008), calcium and phosphorous are necessary for proper
shell development.

4.3 Haemolymph mineral compositions

The haemolymph in pulmonate snails serves as the me-
dium for the transport of nutrients including minerals to the
cells (Abdussamad et al., 2010). Noticeable increase in min-
eral compositions were observed in all the snails fed the for-
mulated diets, however, better performance were recorded in
snails fed diets with varying inclusion levels of M. oleifera
leaf meal than the control diet. This could be linked to the
ability of the experimental animals to absorb and utilise the
minerals abounding in their diets. Also, the high mineral
compositions in the haemolymph of snails fed diets with
varying inclusion levels of M. oleifera treated diets could be
explained by the findings of Anwar et al. (2007), Anjorin
et al. (2010) and Moyo et al. (2011). These authors repor-
ted that M. oleifera leaf meal is richly endowed with both
macro- and micro-elements such as calcium, phosphorous,
iron, magnesium, copper, potassium, manganese, zinc, sul-
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phur, sodium and selenium, which are highly beneficial to
the general well-being of animals and humans. Potassium
was observed to be higher compared to other minerals found
in both species of snails. Potassium in synergy with sodium
plays a crucial role in the regulation of acid-base balance
as well as in maintaining internal water balance in humans
(Otten et al., 2006). This could be the reason for prescrib-
ing snail meat to hypertensive patients taking diuretic drugs
against high blood pressure, which usually lead to potassium
depletion due to excessive excretion of potassium in the ur-
ine (Youn & McDonough, 2009). Potassium is found to play
a key role in muscular contraction and relaxation as well as
in co-ordination of nerve cells (Moczydlowski, 2009). This
is the reason why pregnant women are being advised by
their doctors to consume snail meat and haemolymph dur-
ing pregnancy, as this helps in the contraction and relaxa-
tion of cervical muscles during child birth (Adeyeye, 1996;
Moczydlowski, 2009). Calcium and phosphorous which are
also found at appreciable amounts in snails fed diets with
varying inclusion levels of M. oleifera leaf meal suggests that
intake of such snail meat can fight osteoporosis and assist in
building strong teeth and bones. In addition, calcium also
supports blood clotting and in synergy with magnesium, aids
in nerves coordination (Engmann et al., 2013; Olagbende-
Dada, 2015). This explains the external use of snail haemo-
lymph to shorten the clotting time of open wounds that re-
quire immediate reduction of blood loss, such as in accidents
and child delivery (Agbogidi et al., 2008; Olagbende-Dada,
2015). Imbalance in calcium and magnesium levels can in-
cite the actions of nerve cells which may lead to convul-
sion in children or neurological disorders in adults (Cheng
et al., 2005; Jahnen-Dechent & Ketteler, 2012). Incorpor-
ating snail haemolymph in the diets of children and adults
could go a long way in suppressing convulsion in children
and reducing neurological disorders in adults. Iron was dis-
covered to increase in snails fed diets with varying inclu-
sion levels of M. oleifera leaf meal compared to the control.
This is likely because iron was discovered to be abundant in
Moringa leaves but was found to be deficient in most plant
leaves (Moyo et al., 2011).

The concentrations of sodium and chlorine were observed
to be increased in all the treatments at the completion of the
feeding trial. This is in line with the findings of Bamidele et
al. (2018) and Ademolu et al. (2011) who recorded higher
concentrations of chlorine and sodium in the haemolymph
of A. marginata and A. marginata ecotypes- normal skin and
albino snail, respectively. The function of sodium in nervous
coordination is significant. Hence, increased level of sodium
observed in the haemolymph of both species of snails across

treatments could support the contraction and relaxation of
their muscular foot (Bamidele et al., 2018).

4.4 Meat yield composition

Mixed feed is an excellent means of improving the meat
quality in animals, including snails (Edet et al., 2017; Cheng
et al., 2019). The inclusion of M. oleifera leaf meal in the
formulated diets improved the meat quality of A. marginata
and A. fulica. The reason for the improved performance
of the snails is attributed to the nutrient-rich nature of the
leaves of the plants, which are rich in proteins, fats, miner-
als and vitamins and have anti-microbial properties (Leone
et al., 2015). Snails fed a diet containing 20 % M. oleifera
leaf meal performed best in both species, probably due to
the moderate crude protein and high ash content of the diet.
This agrees with the finding of Ademolu et al. (2004) who
reported that diets with crude protein contents in the range of
19.12 to 20.00 % enhanced the crude protein content in the
flesh of African giant land snail (A. marginata). Addition-
ally, snails fed diets with M. oleifera leaf meal showed higher
ash contents than the control diet, underlying that M. oleifera
leaves are not only rich in protein but also contain abundant
minerals (essential minerals) necessary for the growth of the
snails (Abiona et al., 2018).

5 Conclusion

This study has shown that the Moringa oleifera leaves can
be efficiently utilised as feed ingredients in snail diets. The
incorporation of M. oleifera leaf meal at 20 % in snail diets
can boost growth performance, serves as a good source of
minerals for grow-out snails as well as improve the nutri-
tional make-up of snail meat. Future research should inves-
tigate the roles of different dietary levels of M. oleifera leaf
meal on snails’ reproductive performance and egg hatchab-
ility rate.
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