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Abstract

Development of new animal protein sources contributes to the fight against protein deficiencies in diets of populations
in sub-Saharan Africa. This study was investigated to assess the impact of snail flesh (Limicolaria flammea) diet on
biochemical and zootechnical parameters of young wistar rats. Thus, three diets (RTC, ESC and RPP) were made and
submitted to these rats for 15 days. The biochemical analysis of snail flesh (Limicolaria flammea) powder having served
as a protein source (46.65+0.05%) is also rich in ash (6.23£0.01%), calcium (1654.54+0.06 mg/100g), potassium
(1324.54+4.18 mg/100g) and sodium (668.69+1.13 mg/100g). The results showed that the constituted diets had a
significant impact on the rats weight compared to the control diet (RTC) with an average daily variation of +2.08 g/]
(RTC); 1.68 g/] (ESC) and - 0.69 g/] (RPP) with respective final weights at the end of the experiment of 68.12+1g;
68.12+1g and 45.3+1g. Furthermore, the ESC diet had no negative impact on the weight of vital organs. The organs
weights such as the heart (0.52+0.04g), liver (3.19+0.96g), spleen (0.28+0.03g), kidneys (0.80+0.04g) and abdominal
fat (0.85+0.08g) of fed rats on the diet (ESC) showed no significant difference (p <0.05) with those of rats fed the control
diet (BTI).

Keywords: Diets; In vivo; Limicolaria flammea; Wistar rats; Zoo technical; Biochemical parameters.

1. Introduction

Snail meat popularly has been described as a high quality food that is rich in protein, iron, contain high levels of
magnesium, phosphorous and potassium but low levels of sodium, fat and cholesterol [1, 2, 3]. In West Africa, snail meat
has traditionally been a major source of protein in the diet of people living in the forest belt [4,5]. In addition, there are
claims that snail meat has medicinal value and can be used to treat ailments including whooping cough, anaemia,
asthma, and high blood pressure due to their relatively low cholesterol level but high mineral content [6,7]. The four
main species of edible land snails of the moist forest belt of Nigeria are Archachatina marginata (Swainson),
Archachatina papyracae (Pfeiffer), Limicolaria flammea (Muller) and Limicolaria aurora (Jay) [8]. They are widely
distributed in the moist forest belts of West Africa (Nigeria, the Republic of Benin, Togo, Céte d’Ivoire, Liberia, and Sierra
Leone) [8] . Several African snails of the family Achatinidae have attained notoriety as pests [9].

The Limicolaria flammea (Muller) is the smallest breed of common edible land snails. It is also known as garden snails.
Limicolaria flammea is a species of tropical air-breathing land snail, a terrestrial pulmonate gastropod mollusk in the
family Achatinidea [10]. The snail meat is mainly consumed as delicacy characterized by a high dietetic value and
excellent nutritious traits [11]. Research shows that it is rich in protein at the same time being low in lipids [12,13].
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Contribution of so-called minor foods (insects, molluscs, crustaceans) remains to this day an undeniable alternative to
food security. Several awareness-raising campaigns to address new food security constraints in countries in transition
or changing dietary habits are being promoted [14]. The subscription to this approach by populations made vulnerable
by the low availability of traditional protein sources will contribute to changing the permanent context linked to food
insecurity, which is at the root of malnutrition [15]. To this end, snail meat is highly valued by populations because of
its considerable nutritional and protein content [16]. Snail meat contains more than 40% protein and high levels of
minerals, mainly calcium and phosphorus [17]. Snail consumption remains high in West Africa, particularly in Cote
d'Ivoire where annual consumption is around 1700 tonnes [18]. However, the orientation towards this objective
alternative of food security is hampered by socio-cultural considerations that favour discrimination by certain
populations in the consumption of certain snail species [19]. These prejudices emanate from eating habits that often
differ from one individual to another and thus ensure a depreciation of certain species, namely the Limicolaria flammea
snail, in favour of other snail species, such as Archachatina marginata or Achatina achatina [20]. The present work
therefore, investigated nutritional potential of snail meat (Limicolaria flammea) diet and the influence on the young
growing rats.

2. Material and methods

The biological material consists of Limicolaria flammea snails and young rats of the wistar Ratus norvegus strain aged
45 to 55 days. Snails were collected in Agboville (South-east of Cote d’'Ivoire). The availability of experimental rats was
ensured by the pharmacology and nutrition laboratory of the UFR of pharmaceutical and biological sciences at Félix
Houphouét-Boigny University (Abidjan, Cote d'Ivoire).

2.1. Animal material

The Wistar rats (Rattus norvegicus) used in these experiments were supplied by the animal facility of Higher Normal
School (ENS) located within the Felix Houphouét -Boigny University (Abidjan, Cote d'Ivoire).

2.2. Production of snail powder

The snails (Limicolaria flammea) collected were left on an empty stomach for two days in order to release their
excrement. A batch of 500 snails used, were removed from their shells and their flesh separated from the other organs
by a stainless knife. , the snail meat was baked in an oven (80 °C), crushed and then sieved through different sieves
(1000; 750; 500; 500; 250 pm) to obtain the fine snail (Limicolaria flammea) powder.

2.3. Food inputs and diet formulation

Three diets were formulated to feed the young rats. A diet based on herring fish (Clupea harengus) powder, a diet of
snail (Limicolaria flammea) powder and a diet deprived of proteins (animal and vegetable). White corn starch (Merck)
is the main source of carbohydrates for inputs. Palm oil (Aya) provides essential fatty acids. Herring fish (Clupea
harengus) is the source of control protein. Mixture of vitamins and minerals used, is a veterinary powder called
"vitaflash".

2.4. Diets Formulation

A mass of 240 g of Limicolaria flammea snail powder (ESC) and Clupea harengus herring fish (RTC) was collected
separately. To each quantity, 975g of starch (Merck), 120g of vegetable oil "Aya", 15g of vitamin and mineral supplement
"Vitaflash" were added and the whole kneaded homogeneously and cooked for 15 minutes with 1250 ml of 'distilled
water. The private protein diet (RPP) was performed under the same conditions, but free of protein (Table 1)

Table 1 Diet formulation and food inputs

Food inputs MS (%) RTC ESC RPP
Protein 16 240 240 0
Merck Starch 65 975 975 1215
Palm oil (Aya) 8 120 120 120
Vitamin and mineral supplement 8 15 15 15
Cellulose 3 45 45 45
Dry matter 100 1500 1500 1500
Energy value (Kcal/Kg) 5940 5940 5940
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2.5. Biochemical and nutritional composition

Physicochemical and biochemical characteristics as well as the dry matter content and fibers content were determined
by [21] method. Protein content of snail powder was determined by Kjedahls [22] method using 6.25 as the conversion
factor. Fat content was determined after 6 hours of Soxhlet hexane extraction [21]. Carbohydrate content was
determined by calculation using the term described by [23] . Total carbohydrate was obtained by subtracting the per
cent amounts of crude protein, crude fat, moisture, and ash from 100%: Carbohydrate (%) = 100% - (% Moisture + %
Ash + % Fat + % Protein). The energy value of the snail sample was obtained by multiplying the per cent composition
of protein, fat, and carbohydrate by their corresponding Atwater values of 17, 37, and 17, respectively [24].

2.6. In vivo nutritional assessment of diets

A batch of twelve wistar rats (45 to 50 days of age) from Pharmacology and Nutrition Laboratory of Félix Houphouét-
Boigny University (Abidjan, Cote d'Ivoire) was used to carry out the experiment. The young rats with weights of 45 and
55g were divided into three batches of four rats. Each wistar rat was isolated in a minicage. Lot 1 was subjected to a
private protein diet, lot 2 to the herring fish (Clupea harengus) diet and lot 3 to the snail (Limicolaria flammea) powder
diet. The experimental phase carried out according to [25] was done in two stages. Stage 1: adaptation or acclimatization
phase of young rats lasted 5 days. During this period, the young rats were subjected to commercial-type granules. Stage
2 consisted of feeding each wistar rat 30g of food made from the diets produced for 15 days. Each day, the remains of
each diet and waste are discarded and weighed. The weight of each wistar rat was assessed every 3 days apart. The
faeces and urine of each rat were collected, weighed, dried in the oven (70 °C, 24 hours) and then ground. During this
phase, parameters (weight gain, total dry matter ingested, food efficiency ratio, total protein ingested, protein retention,
net protein used, apparent digestibility, protein efficiency ratio and biological value) were determined (Table2 ).

Table 2 Mathematical expressions of nutritional parameters

Nutritional parameters Mathematical expressions

MSI [As - Ar] (g) x MS (%)

CEA GP / MSI

PTI MSI x Dietary proteins (%)

RP I - (Fe - Fpp) - (U-Upp)

PNU [I- (Fe - Fpp) - (U-Upp)] /1

Da [1-F]/1

CEP GP/ PTI

VB [I- (Fe-Fpp) - (U-Upp)] /1~ (Fe-Fpp)

As: Food served, GP : Weight gain, Ar: Feed refused, MS(%) : Dry matter rate MSI : Dry matter ingested, CEA : Food efficiency ratio, PTI : Total
protein ingested RP : Protein retention, PNU : Net protein used, Da : Apparent digestibility; CEP: Protein efficiency ratio, VB: Biological value, I:
Amount of dietary protein ingested ; F: Amount of dietary protein excreted in faeces, Fe : Protein excreted by faeces of a subject other than the one
fed a protein-free diet, Fpp : Proteins excreted by faeces of a subject fed a protein-free diet, U : Protein excreted in urine of a subject other than the
one fed a protein-free diet, Upp: Protein excreted in urine of a subject fed a protein-free diet

2.7. Weight of rats organs

At the end of experimental phase (fifteen days), rats in each batch were sacrificed according to method described by
[25]. Organs (liver, kidneys, spleen and fat) were collected and weighed. Gross weight of rats organs sampled made it
possible to evaluate rats weight of the organs according to the following equation:

. Gross organ weight
Organ weight (%) = Rats weight x 100

2.8. Statistical analysis

The experiment was carried out in triplicate for proximate analysis and fivefold for nutritional evaluation. Data obtained
were analyzed by Analysis of Variance (ANOVA) using the software IBM SPSS Statistics version 20.0. Differences
between means were tested using the Duncan Multiple Range Test with 5% level of significance.
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3. Results and discussion

3.1. Biochemical and nutritional parameters

Biochemical and nutritional parameters of snail powder (Limicolaria flammea), herring fish (Clupea harengus) and corn
flour are presented in table 3. Snail powder of Limicolaria flammea had high content in protein (46.65+0.05%), calcium
(1654.54+0.06 mg/100g), potassium (1324.54+4.18 mg/100g) and sodium (668.69+1.13 mg/100g). Herring fish
powder had high content in ash (8.33+0.16%), protein (63.06+0.6 %), fat (10.5+0.6%). Corn flour had a high humidity
(10.88+2.3%), carbohydrate (70.7+2.1%), total sugars (16.3+3.4%) and reducing sugars (20.2+1.8%) contents. Energy
value of Herring fish powder (Clupea harengus), snail powder (Limicolaria flammea), maize flour are 397.94+5.2
Kcal/100g, 301.18+5.6 Kcal/100g and 335.48+7.8 Kcal/100g respectively. Most of biochemical and nutritional
parameters differ significantly (p<0.05).

Table 3 Biochemical and nutritional parameters of biological materials

Snail powder (Limicolaria Herring fish powder

Parameters (%) flammea) (Clupea harengus) Corn flour
Humidity 9.44+0.012 9.85+1.25b 10.88+2.3¢
Ash 6.23+0.012 8.33£0.16 1.32+0.06¢
Fibers 1.2+£0.252 0.87+0.01b 0.00¢
pH 7.2+0.362 6.3+1.2b 6.8+1.62
Total Carbohydrate 8.20+£0.012 16.38+3.1b 70.7+2.1¢
Total sugars 7.8+0.252 6.2+0.3b 16.3+3.4¢
Reducing sugars 7.23+0.042 6.6+1.6° 20.2+1.8¢
Protein 46.65+0.052 63.06+0.6> 8.76%3.6¢
Fat 8.64+0.642 10.5 £ 0.6P 1.96+£1.6¢
Sodium (mg/100g) 668.69+1.132 10.3+2.1b -
Potassium (mg/100g) 1324.54+4.18% 8.63£1.5P -
Calcium (mg/100g) 1654.54+0.06% 3.54+1.25V -
Energy value (Kcal/100g) 301.18+5.6? 397.94+5.2b 335.48+7.8¢
3.2. Nutritional biochemical parameters
Table 4 Diets nutritional parameters

Parameters (%) RTC ESC RPP

MSI (g/j) 7.88+0.532 8.53+1.052 7.88+0.552

CEA 0.37+£0.452 0.12£0.03°b -0.15+0.05¢

PTI (g/j) 1.37+0.15b 3.72%0.452 nd

CEP 2.81+0.312 2.7+0.292 nd

DA 84.12+1.31a 88.14+0.92 nd

DR 95.54+0.362 93.38+0.372 nd

VB 81.92+1.560 93.66+0.422 nd

RP (g/j) 4.74+ 0.492 3.82+0.192 nd

PNU 79.32+0.022 80.03+0.742 nd

nd: not determined; MSI: Dry matter ingested, CEA: Food efficiency ratio; PTI: Total protein ingested; CEP: Protein efficiency ratio; DA: Apparent
digestibility; VB: Biological value, GP: Weight gain, RP: Protein retention; PNU : Net protein used
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Nutritional biochemical parameters are presented in Table 4. This experimental study revealed most of nutritional
biochemical parameters (MSI, CEP, DA, DR, RP, PNU) don'’t differ significantly (p<0.05). However, following ingestion of
diets such as snail diet (Limicolaria flammea = ESC) and protein control diet (Clupea harengus), the dietary efficiency
coefficient (CEA) and total ingested protein (TIP) differ significantly (p < 0.05) in young rats fed respectively with these
two diets. On the other hand, the feed efficiency coefficient of young rats fed the protein-free diet is negative, unlike the
other parameters analyzed in rats fed the protein control diet (Clupea harengus) and the snail diet (ESC).

3.3. Effect diets on rats weight

3.3.1. Effect diets on rats weight

The weights of rats varied from one food source to another. The weights of rats fed the RPP diet decreased throughout
the experiment (fifteen days) while the weights of rats fed the RTC and ESC diet increased. The weights of rats fed the
BTI diet are the highest.

1

K

40 - = —+—RTC
—B—ESC
20 1 RPP

Weight (g)

0 3 6 9 12 15
Time (Days)
Figure 1 Rats weight on different diets

3.3.2. Effect diets on rats weight variation

The different variations in weight of the rats (gain or loss) during the experimental phase are presented in figure 2. The
rats fed on the RTC and ESC regimes present variations in positive weight (weight gain) and this gain is even more
significant with the RTC regime. Rats fed RPP diets show weight loss.

RTC

WESC

o R e

Diets

RIC ———-a

-2.00 -1.00 0.00 1.00 2.00 3.00 4.00
weight changes

Figure 2 Changes in rats weights (gain or loss)
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3.3.3. Weight of organs and fat

The evaluation of organs weight of the rats was carried out at the end of the experimental phase (after rats sacrifice)
and generally shows that the heart and fat weight of young rats don't differ significantly whatever their diet. In contrast,
the spleen of rats fed the RTC diet is almost twice as heavy as that of rats fed the ESC and RPP diet. The organ weights
(liver and kidneys) of rats fed diets of snails (Limicolaria flammea) and herring fish (Clupea harengus), respectively are
almost identical (Table 4).

Table 5 Weights (g) of Wistar rats organs

Organs ESC RPP RTC

Heart 0.52+0.04a 0.51+0.02a 0.51+0.06a
Liver 3.19+0.96a 2.17+0.41b 3.01+0.32a
Spleen 0.28+0.03a 0.23+0.01a 0.47+0.07b
kidneys 0.80+0.04a 0.75+0.10b 0.78+0.31a
Grease 0.85+0.08a 0.80+0.36b 0.86+0.01a

4. Discussion

Snail meat is reported to be a high quality food that is rich in protein, low in fat, and a source of many vital minerals
required for normal tissue development and maintenance [26,27,28,29,30,31,32]. The results of the present study
support these reports. The present study also support the findings that the protein content of snail is comparable with
the protein content of donkey meat [26], and higher than the protein content of beef [33]. Biochemical and nutritional
composition analysis of snail (Limicolaria flammea) meat provides a profile of components whose contents varied.
However, high protein and minerals (calcium, phosphorus) content are indicative of beneficial use in food and feed [34].

Zootechnical parameters are indicators of nutritional efficiency of food [35]. It’s generally acknowledged that rats fed
the RPP diet experienced a loss of mass. This loss of mass would be due to a very large protein deficit in diet, which
would resultin an indeterminate value of net ingested protein (PNU). According to [36], 9 to 18% of net protein ingested
would promote weight gain in rats. Young rats fed the snail diet Limicolaria flammea (ESC) and the control diet (RTC)
show an increase in rat weights.

This increase in the weight of young rats fed the snail diet (ESC) is believed to be due to the protein richness (46.65%)
of Limicolaria flammea. Indeed, according to [20], snail meat is an important source of protein and minerals beneficial
for a balanced diet. In addition, proteins ensure maintenance of growth or increase in muscle mass and the synthesis of
several metabolites that play an essential role in the functioning body. Mineral contents justify the use of snail powder
for fortification of foods for infant nutrition [17].

Rat growth could therefore indicate a regular development of rat cellular metabolism. [37,25] reported that food
induced growth of 25 g/month (or 0.89 g/d) is considered as a good protein source. As a result, snail powder would be
an excellent source of protein in the care of malnourished children. Snail powder (Limicolaria flammea), which has
caused weight gain in young rats as much as the control diet, could be recommended in the diet of growing children
who need protein-rich food.

Similarity in performance (positive variation and weight gain) in rats fed the control diet (RTC) and snail diet
(Limicolaria flammea) respectively is believed to be due to an identical effect of proteins in both diets. Indeed, according
to [38], ingestion of protein sources with approximately the same protein composition normally leads to almost similar
performance when experimental conditions remain unchanged. Organ biometrics is a technique for assessing food
quality [39]. Indeed, this measure makes it possible to detect anomalies on organs involved in nutritional metabolism
[25]. Kidneys are extremely important and effective organs for body functioning, but they are also extremely sensitive
to various substances that can cause abnormalities [20]. Weight of organs in particular (the heart and kidneys), young
rats fed the control diet (herring fish (RTC) and young rats fed the snail diet (ESC) don’t show any significant difference
(p < 0.05). This observation would suggest that protein contribution of these diets in the diet of growing rats would
contribute to the maintenance of organs weight according to continuous hematopoiesis process.
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A protein defect during this phase would therefore disrupt this process and significantly influence the relative weight
organs [40]. Also, according to [20] an interval of 0.77 to 0.90 g relative kidney weight would indicate a good state of
functioning of these organs. To this end, the relative weight of the kidneys (0.80+0.04g and 0.78+0.31g) of rats fed snail
feed (ESC) and herring fish feed (RTC) also illustrates the good functioning of these organs and the safety of the snail
feed (Limicolaria flammea) in the diet of young rats. This observation would therefore imply that a low kidney mass
would indicate a malfunction of this organ due to a dietary restriction [41]. The liver, an organ involved in nutrient
metabolism, performs three vital functions, namely purification (cholesterol elimination, transformation of ammonia
into urea, etc.), synthesis (synthesis of coagulation factors and cholesterol synthesis, etc.) and storage [20]. However,
liver hypertrophy is an indicator of treatment-related abnormality [25,36]. Liver mass (3.19+0.96g) of rats fed snail
feed (Limicolaria flammea) and rats fed herring fish (3.01+£0.32g) (Clupea harengus) don’t differ significantly (p<0.05).
These values are in line with those reported by [20] on feeding young people with dokounou (3.13-3.70g). Thus,
consumption of snails (Limicolaria flammea) would not affect functioning of rat liver. However, a low liver mass
observed in RPP diet (2.17+0.41g) is believed to be caused by a low level of ingestion of this diet [41].

Nutritional efficacy of a food in wistar rat is assessed by determining the food (CEA) and protein (CEP) efficiency
coefficients. Apart from rats fed the RPP diet, protein efficiency coefficients of rats fed the PCR diet and the ESC diet are
2.81+0.31 and 2.7+0.29 respectively and show no significant difference (p<0.05). These values are even beyond the
range defined by [42] who gives a qualitative mention to any protein with CEP greater than 2, thus revealing advantage
of using Limicolaria flammea powder in human food.

The digestibility content (84.12+1.31% and 88.14+0.9%) of the diets (RTC and ESC) respectively showed that proteins
contained in these diets are equally assimilated by rats. Indeed, according to [43], apparent digestibility (AD) more than
70% is desired in food. These results are in line with those highlighted by [44]. Similarly, the high value of relative
digestibility (RD) indicates the importance that the snail Limicolaria flammea would represent in the supplementation
of low-protein diets. Also, according to [36] actual digestibility greater than apparent digestibility is an indicator that
supports nutritional improvement of food.

Biological value (BV) of a food's protein reflects its bioavailability in body (Bouafou et al., 2011). Biological value of ESC
diet is 93.66+0.42%. Thus, 93.66% of proteins contained in this diet would normally be assimilated by the body. This
content is similar to that reported by [44].

5. Conclusion

This study was conducted to test impact of eating snail meat (Limicolaria flammea) on the growth of wistar rats. The
study (in vivo) on wistar rats showed that the diet (ESC) based on snail flesh improved the zootechnical parameters of
rats by its richness in nutrients (proteins, ash, minerals). In view of the results obtained, Limicolaria flammea snail meat
could be used in animal feed, food industry (infant flours, etc.). Snail production and consumption would go a long way
in enhancing nutritional balance of diet.
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