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Effect of the Inclusion Rate of Cashew Nut Cake in the Diet on the Physical and Chemical Characteristics and Survival of Achatina achatina (Linnaeus, 1758) Reared in Northern Côte d’Ivoire
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ABSTRACT 
	The use of locally available agricultural by-products in snail diets to improve production performance and meat quality remains a challenge for snail farmers. This study evaluated the effects of replacing soya meal with cashew nut cake on carcass characteristics, flesh composition and survival of Achatina achatina. A 12-week trial involved 270 one-month-old snails with an initial mean weight of 2.55 ± 0.54 g. The animals were assigned to three dietary treatments, each comprising three replicates of 30 snails. The control diet (RT) used soya meal as the plant protein source, whereas diets R5 and R10 replaced 5% and 10% of the soya meal, respectively, with cashew nut cake. Carcass characteristics were measured after the trial, and the chemical composition of the flesh was compared among the dietary groups and with that of wild snails purchased at the market. Carcass yield did not differ significantly among the diets and ranged from 31.48% to 34.52%. Wild snails had the highest moisture content (4.4%), whereas R5 and R10 had the highest fat contents (9.8% and 9.4%, respectively). Crude protein content increased from 59.7% in RT to 63.4% in R5 and 63.7% in R10, while carbohydrate content decreased. Survival rates were 93.33% for R5, 92.22% for R10 and 85.55% for RT. Under the conditions of this trial, replacing up to 10% of soya meal with cashew nut cake maintained carcass yield and was associated with higher flesh protein content and survival.



Keywords: Achatina achatina; cashew nut cake; carcass characteristics; flesh composition; dietary protein; agro-industrial by-product; survival rate; snail farming; soya meal replacement

1. INTRODUCTION 
Land snails of the Achatinidae family are a highly valued food source in West Africa. In Côte d’Ivoire, Kouassi et al. (2008) estimated that approximately 1,700 tonnes of Achatina achatina are sold annually in Abidjan markets alone, generating a monthly net profit of approximately US$411 for traders. This high demand demonstrates the economic and nutritional importance of this resource.
The growing interest in snails is mainly attributable to the nutritional quality of their flesh, which is rich in proteins of high biological value, low in fat and contains appreciable amounts of essential minerals, including calcium, potassium, phosphorus and iron (Nkansah et al., 2021; Manet et al., 2022; Tchowan et al., 2022). These characteristics make snails a valued source of animal protein and support the gradual expansion of snail farming to meet increasing demand.
As with other livestock, the zootechnical performance of snails is strongly influenced by dietary quality. Several studies have shown that dietary calcium content improves reproductive performance, weight gain and meat yield in snails (Adou et al., 2019; Bouye et al., 2017; Aman et al., 2025). The nature of the calcium source is also a determining factor in the survival of snails reared in captivity (Otchoumou et al., 2004). Moreover, the chemical composition of the meat is influenced by the nutritional quality of the feed provided (Adou et al., 2019; Obakanurhe et al., 2024), highlighting the importance of ingredients containing highly digestible and bioavailable proteins. Recent evidence from farmed land snails also indicates that dietary intervention can elicit measurable physiological responses even when growth remains unchanged, supporting the assessment of outcomes beyond body-weight gain (Efstratiou et al., 2024).
With this in mind, numerous studies have sought to optimise snail-feed formulation by assessing nutritional factors and their effects on zootechnical performance. In particular, research has examined the effects of the source and level of dietary calcium on the growth of Achatina achatina and Archachatina ventricosa (Otchoumou et al., 2004; Otchoumou, Dupont-Nivet, & Dosso, 2005; Aman et al., 2025), as well as on the reproductive performance of Achatina fulica and Limicolaria flammea (Otchoumou, Dupont-Nivet, N’Da, et al., 2005; Karamoko et al., 2014). Other studies have examined the influence of the proportion of soya protein on the growth of Achatina fulica (Sika et al., 2015) and the use of various cultivated plants in the diet of Archachatina marginata (Okocha & Onunkwo, 2018). Despite these advances, alternative protein sources that could reduce feed costs while maintaining satisfactory zootechnical performance remain largely unexplored. Recent feeding and host-preference studies further indicate that feed intake, dressing percentage and food selection can vary according to the dietary ingredient or plant material offered (Popoola et al., 2024; Priyanka et al., 2025).
Among these resources, cashew nut cake is a promising agro-industrial by-product. It is available in large quantities in Côte d’Ivoire—the world’s leading producer—and has high protein and mineral contents, making it a potentially valuable animal-feed ingredient (Makinde & Joel, 2019; Coffi et al., 2023; Fofana et al., 2023; Dembélé et al., 2025). However, to the best of our knowledge, its use in land-snail diets has not been assessed. More broadly, recent evidence supports the evaluation of agro-industrial by-products as alternative feed resources while emphasising that nutrient digestibility and appropriate inclusion levels should be established for each ingredient and animal-production system (Rashmi et al., 2024; Shah et al., 2025).
Accordingly, a specific evidence gap remains concerning the effects of graded cashew nut cake inclusion on carcass characteristics, flesh composition and survival in juvenile Achatina achatina under controlled rearing conditions.
The overall aim of this study was to assess the potential of cashew nut cake as a protein source in the diet of Achatina achatina. More specifically, the study evaluated the effects of different inclusion levels of this by-product on carcass characteristics, flesh composition and the survival rate of these snails in captivity.
2. MATERIALS AND METHODS
2.1 Study site 
This study was conducted at the snail farm of Peleforo GON COULIBALY University in Korhogo, Côte d’Ivoire. The farm is located beneath trees that provide shade during the hottest part of the day. The rectangular farm building measured 14 m × 8 m and contained snail-rearing tanks, each with an area of 1 m². The average temperature in the rearing building ranged from 22 to 27°C, with relative humidity between 82% and 92%.
2.2 Biological material
The animals used in this study were one-month-old Achatina achatina snails with an average weight of 2.55 ± 0.54 g. Cashew nut cake was the plant material evaluated. It was produced by pressing substandard cashew kernels using an automatic oil press set at 150°C.
2.3 Setting up the livestock farm
The rearing substrate consisted of topsoil, which was sieved and sterilised by heating for 30 min before being placed in the snail-rearing tanks to a depth of 40 cm. The snails were then placed in the tanks. To maintain substrate moisture, dry teak leaves (Tectona grandis L. f.), which had also been sterilised in boiling water, were used to cover the snails.
2.4 Feed formulation
Three diets were formulated according to the animals’ nutritional requirements. The control diet (RT) contained soya meal as the protein source. In diets R5 and R10, cashew nut cake replaced 5% and 10% of the soya meal, respectively. Table 1 presents the centesimal and chemical compositions of the three diets.
Table 1. Centesimal and chemical composition of diets 
	Settings 
	RT
	R5
	R10

	
	Centesimal composition

	Corn
	14.18
	14.18
	14.18

	Soya meal
	23.62
	22.44
	21.26

	Cashew nut cake
	0
	1.18
	2.36

	Premix
	23.62
	23.62
	23.62

	Sel
	0.39
	0.39
	0.39

	Calcium carbonate
	11.81
	11.81
	11.81

	Wheat bran
	23.23
	23.23
	23.23

	Dicalcium phosphate
	3.15
	3.15
	3.15

	Total
	100
	100
	100

	
	Chemical composition

	Crude protein (%)
	22.41
	22.25
	22.09

	Fat (%)
	2.4
	2.54
	2.68

	Crude fibre (%)
	4.55
	4.54
	4.53

	Phosphorus (g/kg)
	1.48
	1.48
	1.47

	Calcium (g/kg)
	6.34
	6.33
	6.33

	Sodium (g/kg)
	0.83
	0.83
	0.83

	Metabolisable energy (kcal/kg)
	1665.35
	1677.37
	1689.4


* RT: Control diet; R5: Diet containing 5 per cent cashew nuts; R10: Diet containing 10 per cent cashew nut cake.
2.5 Conduct of the experiment
A total of 270 snails were randomly allocated to three dietary treatments, each comprising three replicate groups of 30 snails. The snails were stocked at a density of 30 individuals per square metre and watered twice daily with 1.5 litres of water per rearing tank on each occasion. They were monitored for 12 weeks, and feed was provided ad libitum. Dead snails were removed each morning before feeding, counted and recorded according to treatment. After 12 weeks, 20 snails per diet were randomly selected for assessment of their physical characteristics. The snails were fasted for 24 h and then weighed before being placed in batches in mesh bags. The bags were kept in damp areas to induce inactivity. The snails were subsequently anaesthetised and immersed in boiling water for 10 min (Aman et al., 2025). They were removed from their shells, and the weights of the soft tissues, edible flesh, viscera and shell were recorded. The proportions of the different body parts were calculated using the following formula:
Proportion = (Weight of the relevant part)/(Live weight of the snail) × 100

Following the assessment of carcass characteristics, 15 snails per diet were randomly selected and sent to the laboratory for analysis of flesh composition. For comparison, edible tissue from 20 wild Achatina achatina purchased at the market was also analysed. These snails had an average weight of 25 g, comparable to that of the farmed snails, and had consumed wild plants. Chemical analysis of the edible portion was conducted in accordance with AOAC (1990) methods. Metabolisable energy (ME) was calculated according to the Food and Agriculture Organization of the United Nations (FAO, 2003) using the following formula:
ME (Kcal/Kg) = 3,36 x P + 8,37 x F + 3,6 x TC
With P: proteins; F: Fat; TC : Total Carbohydrates
2.6 Statistical analyses
The data were analysed using XLSTAT software, version 2014.5.03. The assumptions for parametric tests were first assessed using the Shapiro–Wilk normality test and Levene’s test for homogeneity of variances. When the data did not meet the assumptions of normality or equal variances, they were transformed using logarithmic or square-root functions, after which the preliminary tests were repeated. If the assumptions remained unmet, non-parametric tests were used in accordance with Scherrer (1984); otherwise, parametric tests were applied. Means were compared using one-way analysis of variance, with diet as the factor. Survival proportions were compared using the chi-squared (χ²) test for homogeneity after verifying that all expected frequencies were ≥1 and that at least 80% were ≥5. The threshold for statistical significance was set at 5% for all analyses.
3. RESULTS
3.1 EFFECT OF DIETS ON THE PHYSICAL CHARACTERISTICS OF ACHATINA ACHATINA
The weights of the different body parts and carcass yields are presented in Table 2. Snails fed diet R10 had the highest mean live weight (26.20 ± 5.37 g), whereas those fed R5 had the lowest (24.16 ± 4.79 g). The control group had the highest soft-tissue weight (14.72 ± 2.53 g), corresponding to a mean proportion of 58.57 ± 5.83%. The control and R10 groups recorded the highest flesh and visceral weights. Flesh weight and carcass yield were highest in the control group, at 8.74 ± 1.95 g and 34.52 ± 4.31%, respectively, while the two experimental groups had similar values. Despite these numerical variations, no statistically significant differences were observed for these characteristics. Shell weight was the only variable that differed significantly among diets: the control differed from R5 (P = 0.005), while R10 was statistically intermediate.


Table 2. Effect of the diet on the carcass characteristics of Achatina achatina in captivity
	Diets
	Live weight
N=20
	Soft tissue mass
N=20
	Flesh weight
N=20
	Weight of the viscera
N=20
	Weight of the shell
N=20

	RT : Weight (g)
	25.25 ± 4.34a
	14.72 ± 2.53a
	8.74 ± 1.95a
	5.28 ± 0.99a
	9.56 ± 2.20a

	RT : Proportion (%)
	100
	58.57 ± 5.83
	34.52 ± 4.31
	21.10 ± 3.21
	38.49 ± 9.95

	R5 : Weight (g)
	24.16 ± 4.79a
	13.00 ± 2.89a
	7.71 ± 1.75a
	4.58 ± 1.38a
	7.78 ± 1.28b

	R5 : Proportion (%)
	100
	53.78 ± 4.32
	31.88 ± 3.13
	18.88 ± 3.83
	32.93 ± 6.65

	R10 : Weight (g)
	26.2 ± 5.37a
	13.64 ± 2.70a
	8.33± 2.36a
	5.39± 1.83a
	9.01 ± 1.43ab

	R10 : Proportion (%)
	100
	52.22 ± 4.01
	31.48 ± 4.95
	20.70 ± 6.23
	35.21 ± 6.88

	P-value
	0.42
	0.14
	0.29
	0.17
	0.005


* RT: Control diet; R5: Diet containing 5% cashew nuts; R10: Diet containing 10% cashew nut cake. Values in columns marked with the same letters are not statistically different at P > 0.05.

3.2 EFFECT OF DIETS ON THE CHEMICAL CHARACTERISTICS OF THE FLESH OF ACHATINA ACHATINA
The chemical characteristics of the flesh of farmed and wild snails are presented in Table 3. Moisture content differed significantly (P = 0.009), ranging from 3.8% to 4.4%. Wild snails had the highest moisture content (4.4%), while RT, R5 and R10 recorded 3.9%, 3.8% and 4.1%, respectively. Fat content was significantly higher in snails fed diets containing cashew nut cake (9.8% for R5 and 9.4% for R10) than in the other groups (P = 0.02), whereas the lowest value (5.1%) was recorded in wild snails. Crude protein content increased with the level of cashew nut cake inclusion: RT, R5 and R10 contained 59.7%, 63.4% and 63.7% crude protein, respectively, while wild snails recorded the lowest value (55.5%). Crude protein content differed significantly among groups (P = 0.02), with the highest values observed in the cashew nut cake groups. Ash content followed a similar pattern, with the highest value in R10 and the lowest in wild snails (P = 0.02). Total carbohydrate content showed the opposite trend and differed significantly among groups (P = 0.02), ranging from 7.7% in R10 to 24.7% in wild snails. Metabolisable energy was significantly higher (P = 0.04) in R5 (3,245.7 kcal/kg) than in RT, while R10 and wild snails were statistically intermediate.
Table 3. Effect of the diets on the chemical characteristics of the edible part of Achatina achatina
	Settings on a dry matter basis 
	Snail from the market (wild)
N= 3
	RT
N= 3
	R5
N= 3
	R10
N= 3
	P-value

	Humidity (%)
	4.40 ± 0.08a
	3.90 ± 0.15b
	3.80 ± 0.20b
	4.10 ± 0.20ab
	0.009

	Fat content (%)
	5.10 ± 0.20a
	5.90 ± 0.26a
	9.80 ± 0.23b
	9.40 ± 0.10b
	0.02

	Crude protein (%)
	55.50 ± 0.60a
	59.70 ± 0.60ab
	63.40 ± 0.30ab
	63.70 ± 0.30b
	0.02

	Crude fibre (%)
	1.60 ± 0.15ab
	0.30 ± 0.04a
	1.90 ± 0.10b
	1.60 ± 0.10ab
	0.03

	Ash (%)
	10.30 ± 0.30a
	13.30 ± 0.15ab
	14.80 ± 0.20ab
	15.10 ± 0.15b
	0,02

	Carbohydrates (%)
	24.70 ± 0.30a
	17.20 ± 0,30ab
	8.20 ± 0.17ab
	7.70 ± 0.40b
	0.02

	EM (Kcal/kg)
	3180.87 ± 47.70ab
	3118.95 ± 52.72a
	3245.70 ± 35.45b
	3204.30 ± 32.85ab
	0.04


*RT: Control diet; R5: Diet containing 5% cashew nuts; R10: Diet containing 10% cashew nut cake. Values in lines marked with the same letters are not statistically different at P > 0.05. EM: Metabolisable energy

3.3 EFFECT OF DIETS ON THE SURVIVAL RATE OF ACHATINA ACHATINA
Figure 1 presents the survival rates observed for the different diets. Survival was significantly higher in groups R5 and R10 than in group RT (P = 0.04; chi-squared test). The survival rates were 93.33%, 92.22% and 85.55% for R5, R10 and RT, respectively.
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Figure 1. Effect of diets on the survival of Achatina achatina in captivity
*RT: Control diet; R5: Diet containing 5% cashew nuts; R10: Diet containing 10% cashew nut cake. Values in the histograms marked with the same letters are not statistically different at P > 0.05 to chi-squared (X²) test. 
4. DISCUSSION 
Carcass yield did not differ significantly among diets and ranged from 31.48 ± 4.95% to 34.52 ± 4.31%, corresponding to flesh weights of 8.33 ± 2.36 g and 8.74 ± 1.95 g, respectively. The absence of significant differences suggests that cashew nut cake inclusion at the tested levels did not adversely affect carcass yield. Although cashew nut cake contains antinutritional compounds such as phytates, tannins and oxalates (Makinde & Joel, 2019; Chen et al., 2023; Yeniçeri et al., 2025), no discernible negative effect on carcass yield was observed under the conditions of this study.
However, these values were lower than those reported by Aman et al. (2024) for Achatina achatina and by Obakanurhe et al. (2024) for Archachatina marginata fed different protein sources, which ranged from 38% to 40%. This difference may be attributable to the species used. Indeed, Archachatina marginata grows more rapidly, attaining a live weight approximately four times that of Achatina achatina after six months of rearing (Kouassi et al., 2010). Furthermore, Ibom et al. (2017) reported adult weights of 127.6–443.4 g for Archachatina marginata, compared with 85.43–249.08 g for Achatina achatina. Nevertheless, the yields recorded in the present study were comparable to the approximately 33% reported by Aman et al. (2025) for Achatina achatina fed plant-based diets supplemented with different levels of oyster-shell powder.
The proportion of shell did not differ significantly among diets. Across all diets, however, shell proportion was slightly higher than flesh proportion. Aman et al. (2024) reported lower shell proportions of 24.9% and 27.68% in subadult and juvenile Achatina achatina, respectively. This difference may be related to dietary calcium content, as calcium contributes to shell growth (Otchoumou, Dupont-Nivet, & Dosso, 2005; Bouye et al., 2017). Above an optimal dietary level, calcium may promote greater shell production relative to flesh production (Otchoumou, Dupont-Nivet, & Dosso, 2005). Nevertheless, the shell and flesh proportions recorded across the diets were broadly similar. These observations are consistent with those of Aman et al. (2024) for the same species obtained from markets and therefore presumed to be wild-sourced, but not for Archachatina ventricosa in that study.
Visceral weight and proportion did not differ significantly among diets and averaged approximately 5 g and 20%, respectively. This similarity may reflect the fact that all three groups received concentrated feeds of comparable composition. Concentrated feeds generally provide more nutrients than plant-based feeds and may therefore have resulted in similar quantities of material in the digestive tract across treatments. These observations are consistent with Aman et al. (2025), who reported decreases in visceral weight and proportion as the level of oyster-shell powder in plant-based feed for Achatina achatina increased.
Regarding flesh composition, wild snails had the highest moisture content. This may be explained by their diet, as wild snails generally consume fresh leaves from wild or cultivated plants (Otchoumou, N’Da, & Kouassi, 2005; Agongnikpo et al., 2010; Kalio & Etela, 2011; Okonta, 2012; Amobi & Ezewudo, 2019). Unlike concentrated feed, these leaves have a high moisture content, ranging from 77% to 83% (Otchoumou, Dupont-Nivet, & Dosso, 2005; Agongnikpo et al., 2010). Consumption of fresh leaves may therefore have contributed to the higher moisture content of wild-snail flesh. Fat content was higher in snails fed cashew nut cake, possibly reflecting its reported fat content of 33.14 ± 0.02%, compared with 17.49 ± 0.43% in the soya meal used in the control diet (Fofana et al., 2023). By contrast, Manet et al. (2022) reported fat contents of 1.6%, 1.22% and 1.20% in the flesh of Achatina achatina, Achatina fulica and Archachatina marginata, respectively, which were lower than those recorded in the present study. Crude protein content increased with the level of cashew nut cake inclusion. Although soya meal was reported to contain more crude protein than cashew nut cake (Fofana et al., 2023), the flesh of snails fed cashew nut cake had a higher protein content. This may be related to differences in protein and amino-acid availability and digestibility. Net protein deposition in skeletal muscle is governed by the synchronised availability of amino acids and glucose at the sites of protein deposition (Macelline et al., 2021).
The lower protein content in wild-snail flesh may be related to the lower protein content of fresh leaves compared with cashew nut cake and soya meal. In contrast, Nkansah et al. (2021) reported a higher crude protein content of 71.66% in Achatina achatina specimens obtained from markets in Ghana.
The survival rates of R5 (93.33%) and R10 (92.22%) were statistically similar, indicating that cashew nut cake had no major adverse effect on survival under the tested conditions, although it did not improve carcass yield. These values were similar to the 93% survival rate reported by Orsar et al. (2020) for Archachatina marginata fed a combination of protein sources, including peanut meal, fish meal and soya meal. However, the survival rates recorded in the present study were higher than the 62.5–70% reported by Tchowan et al. (2022) for adult Achatina achatina fed diets with different energy levels.
5. Conclusion
Under the conditions of this 12-week trial, replacing 5% or 10% of the soya meal with cashew nut cake did not significantly affect live weight, soft-tissue mass, flesh weight, visceral weight or carcass yield in juvenile Achatina achatina. Carcass yield remained within 31.48–34.52%, indicating that the tested diets maintained physical carcass performance. Shell weight differed among treatments, with the control exceeding R5 and R10 showing an intermediate value. The flesh of snails receiving cashew nut cake contained higher crude protein and fat, whereas carbohydrate content decreased as the inclusion level increased. Survival was also higher in R5 and R10 than in the control group. These findings indicate that cashew nut cake can replace part of the soya meal at the tested levels without reducing carcass yield. However, the trial does not establish an optimal inclusion rate or demonstrate an improvement in carcass yield. Further replicated studies should quantify feed intake, growth, nutrient digestibility, antinutritional factors, sensory acceptability and economic performance before wider adoption.
Limitations 
The study did not report feed intake, growth trajectories, nutrient digestibility, antinutritional factors or economic performance. The experimental unit and the treatment of replicate-level variation in the statistical analysis were not fully described. The wild-snail comparison was uncontrolled for age, origin and prior diet. Survival results were reported as percentages without replicate-level counts. These constraints limit causal interpretation and the identification of an optimal inclusion rate.
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