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Abstract: Snail meat is a popular delicacy in Nigeria, cherished for its taste, nutritional composition, and culinary
versatility. However, the safety and quality of ready-to-eat snail meat (RTESM) have not been extensively
studied. This research aimed to evaluate the chemical and microbiological quality of ready-to-eat snail meat in
three southern Nigerian states: Delta, Edo, and Ondo. A total of 60 samples were collected from open markets
in these regions and analyzed for proximate, trace metals and microbiological properties using standard
techniques. The proximate analysis revealed non-significant (p<0.05) variations in moisture, fat, protein, ash,
crude fiber, and carbohydrate contents among the samples from different locations. Akure and Benin City
RTESM samples showed higher moisture content (51.34 - 52.28), while Warri samples had higher fat (13.56 %)
and protein (24.22 %) contents. Akure samples exhibited higher ash (10.48 %) and carbohydrate (9.86 %) contents.
Appreciable amountof essential metals in the RTESM were observed and highlight its potential as a valuable
dietary component. Potential foodborne bacteria, including Listeria spp. (6.7 %), Salmonella spp., (15.0 %),
Escherichia coli (25.0 %), and Staphylococcus aureus (53.3 %) were detected and pose some public health concerns.
Findings from this study provide valuable insights into the chemical and microbiological quality of RTESM in
southern Nigeria. The variations observed in chemical composition and the presence of potentially harmful
microorganisms emphasize the need for implementation of good hygiene practices throughout the production

and processing chain to ensure the safety and nutritional value of snail meat products.
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1. INTRODUCTION

Snail meat is highly valued and widely consumed globally. In Nigeria, snail meat is highly sought
after for its delicate flavor and texture and commonly used in traditional recipes, including stews,
soups, and various local delicacies [1], [2]. In recent times, consumers have come to appreciate the
freshness and natural taste of snails, and the availability of snail meat allows for culinary creativity
and incorporation into a variety of dishes [3]. Snail meat is a rich source of essential nutrients with
important medicinal values [4]. The meat from snail is highly regarded for its nutritional composition,
which includes high-quality protein, low fat content, and essential amino acids [4], [5]. Also, they are
rich in minerals such as iron, calcium, zinc, and phosphorus, making them a valuable dietary

component [6].
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Although, African wild snails have been considered for their nutritional benefits and good
advantages in comparison with other sources of lower animal proteins, snails have the potential to
harbour various heavy metals [7] and pathogenic microorganisms[8]. Increasing reports of heavy
metal accumulations in plants and animal products pose serious public health concerns [9], [10].
Similarly, the presence of pathogenic microorganisms in snail products poses a significant risk to
human health if consumed. Common pathogens associated with snail products include Salmonella,
Escherichia coli, Staphylococcus aureus, and Listeria monocytogenes [8], [11]. These organisms can cause
foodborne illnesses, resulting in gastrointestinal symptoms and potentially severe health
consequences. Salmonella is known to cause salmonellosis, a common disease characterized by
symptoms such as diarrhea, abdominal pain, fever, and vomiting. Escherichia coli, particularly the
enterohemorrhagic strain (EHEC), can lead to severe gastrointestinal illness, with symptoms
including bloody diarrhea, abdominal cramps, and, in some cases, kidney failure. Staphylococcus
aureus produces toxins that can contaminate food, causing staphylococcal food poisoning, which
manifests as symptoms like nausea, vomiting, abdominal pain, and diarrhea. Listeria monocytogenes,
on the other hand, is responsible for listeriosis, a serious infection that primarily affects vulnerable
populations with symptoms such as fever, muscle aches, nausea, diarrhea, and, in severe cases,
meningitis or septicemia [12]. The microbiological quality of processed snail meat can be influenced
by multiple factors throughout the production and processing chain. These factors include the snail's
rearing environment, feeding practices, sanitation measures, transportation conditions, and
processing techniques. Contamination can occur at various stages, such as during feeding, handling,
slaughter, and storage. Cross-contamination from other sources and poor hygiene practices can also
contribute to the microbial contamination of snail meat [13], [14], [15].

Despite the growing demand for fresh snail meat in southern Nigeria, limited research has been
conducted on the chemical and microbiological quality of RTESM. This knowledge gap hinders the
development of effective quality control measures and regulatory guidelines specific to the region.
The lack of comprehensive research addressing the chemical composition, nutritional value, and
microbiological safety of processed snail meat in poses significant challenges for consumers, and
regulatory authorities. Therefore, there is a need for inclusive research to evaluate the chemical and
microbiological quality of processed snail meat in Southern Nigeria. The aim of this research was to
evaluate the chemical and microbiological quality of ready-to-eat snail meat in three southern (Delta,

Edo and Ondo) Nigerian States.

2. MATERIALS AND METHODS
2.1. Study Area

The study area includes three main open markets in Akure, Benin City and Warri metropolis.
Benin City, the capital of Edo State, Warri, a major city in Delta State and Akure, the capital city of
Ondo State, are located in southern part of Nigeria, with coordinates approximately 6.3350° N
latitude and 5.6270° E longitude, 5.5547° N latitude and 5.7798° E longitude, and 7.2516° N latitude
and 5.2105° E longitude (Figure 1). The cities experience a tropical wet and dry climate, characterized
by distinct wet and dry seasons. The wet season typically occurs from April to October, with heavy
rainfall, while the dry season lasts from November to March, with reduced rainfall. The average

annual temperature for these southern states ranges from 25 to 32 °C.
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Figure 1. Location Map of Nigeria showing the Ondo, Edo and Delta State

2.2, Collection of RTESM Samples

A total of 60 (20 each from the three locations) RTESM samples was collected by a stratified
random sampling approach from vendors at open markets in the Warri, Benin City and Akure.
Proper sanitation and aseptic techniques were followed during sample collection, packaging and

transportation to the laboratory to avoid contaminations [16].

2.3. Determination of Trace Metals of RTESM Samples

Snail meat samples were dried at a low temperature and ground into a fine powder.
Approximately 1 g of the powdered sample was weighed into a digestion vessel. The powdered
sample was digested using acid mixtures containing a combination of nitric acid, hydrochloric acid,
and perchloric acid for about 3 hours until a colorless solution was attained. The solution was filtered
into a clean volumetric flask (100 ml) and level up to mark using distilled water. The digested samples
were analyzed using Atomic Absorption Spectrophotometer (AAS-Buck 2000 model) to determine
the concentrations of trace metals. Calibration curves were prepared using standard solutions, and

the concentrations of selected trace metals in the samples were quantified in duplicates [17].

2.4. Determination of Proximate Contents of RTESM Samples

The moisture content of snail meat samples was determined by drying the samples in an oven
at 105°C until a constant weight was achieved. The protein content was determined using the
Kjeldahl method. The samples were digested and the nitrogen content was measured. Protein content
was calculated by multiplying the nitrogen content by an appropriate conversion factor. The fat
content was determined by solvent extraction using the Soxhlet method. The lipid fraction was
extracted using organic solvents, and the remaining fat was dried and weighed. The ash content was
determined by incinerating the samples in a muffle furnace at high temperature until complete

combustion occurred. The remaining ash was weighed and used to calculate the ash content. The
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carbohydrate content was calculated by subtracting the sum of moisture, protein, fat, and ash content
from 100% [17].

2.5. Determination Bacterial and Fungal Contents of RTESM Samples

Microbiological analysis was performed to assess the bacterial and fungal loads and the
presence of pathogenic bacteria and fungi. Exactly 25g of each snail samples was homogenized in 225
mL 0.1 % sterile peptone water before carrying out a two-fold serial dilution. By using spread plating
techniques, total aerobic bacterial and fungal counts were determine with sterile plate count agar
(Oxoid, UK) and Sabouraud Dextrose agar (Oxoid Ltd, UK). The presence of Salmonella spp., Listeria
spp., Escherichia coli and Staphylococcus aureus was detected using the enrichment and selective broth
culture methods by streaking on Xylose lysine desoxycholate/Salmonella-Shigella agar (Oxoid Ltd,
UK), Listeria selective agar Agar (Oxoid Ltd, UK), Eosin methylene blue agar (Oxoid Ltd, UK), and
Mannitol salt agar (Oxoid Ltd, UK), respectively. The cultural conditions for all the cultures were 36
—44 °C, 24 - 48 h and 28 — 30 °C, 48 — 72 h for the bacterial and fungal cultures. Bacterial and fungal
colonies were enumerated using a colony counter (Gallenkamp) and expressed in standard unit of
colony-forming unit per gram of RTESM samples (CFU/g). Isolation and identification of pure
cultures of pathogenic bacteria was done using their cultural, morphological, and other biochemical
tests [18].

2.6. Data Analysis
Descriptive statistics was used to summarize the data for chemical composition and
microbiological parameters. One way ANOVA was used to compare the mean values of ready-to-eat

snail meat samples between the different locations at a significance level of 0.05.

3. RESULTS AND DISCUSSION

The proximate content analysis of ready-to-eat snail meat revealed variations in moisture, fat,
protein, ash, crude fiber, and carbohydrate contents across three different locations. Akure and Benin
City RTESM samples exhibited higher moisture contents, while Warri had the highest fat and protein
contents. Akure RTESM samples showed highest ash and carbohydrate contents compared to the
other cities. These variations could be attributed to several factors, including differences in
geographical locations, snail species, and local feeding practices. Moisture content is an important

indicator of the water content in food products, which can affect their texture, taste, and shelf life.

Table 1. Proximate contents in RTESM samples from Warri, Bennin City and Akure

Ready-to-eat snail meat

Proximate content (%)

Warri Benin City Akure
Moisture 43.85+2.06 51.34 £ 0.02 52.28 £ 0.05
Fat 13.56 + 0.05 13.51+2.18 11.57 +1.03
Protein 2422 +4.11 21.73 £ 0.04 15.22+0.03
Ash 9.94+0.12 7.15+0.02 10.48 £ 2.32
Crude fiber 2.35+2.23 1.95+1.11 1.59 +0.01
Carbohydrate 6.08 +0.01 5.22 +0.03 9.86+1.33

The higher RTESM moisture content in Benin City samples (51.34 + 0.02%) and Akure samples
(52.28 + 0.05%) compared to Warri samples (43.85 + 2.06%) suggests that the RTESM in these cities

may have a higher water content, potentially resulting in a more tender and succulent texture [19].
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The variation in moisture content could be influenced by factors such as local climate, processing
methods, and storage conditions. Similar submission was reported previously for moisture contents
of dried food products [20].

Fat content plays a crucial role in the nutritional composition of meat products, contributing to
flavor, juiciness, and caloric value [21]. The relatively similar fat contents observed in Warri (13.56 +
0.05%) and Benin City (13.51 +2.18%), with slightly lower levels in Akure (11.57 +1.03%) and suggest
that the RTESM in these cities may provide comparable fat contents. These findings indicate that snail
meat can be a good source of dietary fat, which is essential for energy provision and the absorption
of fat-soluble vitamins. Protein content is a critical component for growth, repair, and maintenance
of body tissues. The higher protein content observed in Warri (24.22 + 4.11%) and Benin City (21.73 +
0.04%) compared to Akure (15.22 + 0.03%) suggests that the RTESM in Warri and Benin City may
provide a more substantial protein content for average consumers of snail products. This finding
highlights the potential nutritional value of snail meat as a protein source, particularly for individuals
with increased protein requirements or those following protein-rich diets. This finding supports
earlier reports that snails are good sources of proteins for healthy growth [4], [5]. Ash content reflects
the mineral content in food, including essential elements such as calcium, phosphorus, and iron. The
higher ash content observed in Akure samples (10.48 + 2.32%) compared to Warri samples (9.94 +
0.12%) and Benin City samples (7.15 + 0.02%) suggests that the RTESM in Akure may offer a richer
mineral profile. Previous studies have reported similar observations on the high mineral profiles of
snail [4], [6], [22]. The variation in ash content could be influenced by factors such as soil composition,
snail diet, and local agricultural practices [22].

Crude fiber represents the indigestible material in food that can help with digestion. In snails,
this fiber mainly comes from chitin, a natural compound found in the shell and exoskeleton, rather
than from plants [46]. The higher crude fiber content in Warri (2.35 + 2.23%) compared to Benin City
(1.95 £ 1.11%) and Akure (1.59 = 0.01%) suggests that the RTESM from Warri may contain more
chitinous material, which could affect its texture and digestive properties. This finding indicates that
snail meat, even in its processed form, can still provide some dietary fiber, which is important for
promoting satiety and maintaining healthy bowel movements. Carbohydrate content represents the
total amount of sugars, starches, and dietary fibers in food products. The higher carbohydrate content
observed in Akure (9.86 + 1.33%) compared to Warri (6.08 = 0.01%) and Benin City (5.22 + 0.03%)
suggests that the RTESM in Akure may have a higher concentration of carbohydrates. This finding
implies that snail meat from different cities may differ in their energy-providing carbohydrate
content, potentially influencing the glycemic response and overall dietary impact. The proximate
contents of the RTESM were not significantly different in all the locations, suggesting that the
nutritional compositions of snail meat from these three locations are relatively similar. The observed
variations could be attributed to the snail species [23] and rigorous processing materials/conditions.

The results shown in Table 2 revealed variations in the levels of trace metals in RTESM samples
from the three Nigerian cities. Although cobalt (Co), cadmium (Cd), chromium (Cr), copper (Cu),
iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), selenium (Se), and zinc (Zn) varied across locations,
the differences were not statistically significant (p < 0.05). Cobalt (Co) levels were highest in Benin
City (3.722 + 0.020 mg/kg), followed by Warri (1.702 + 0.001 mg/kg) and Akure (0.552 + 0.003 mg/kg),
exceeding the FAO provisional limit of 0.0024 mg/kg/day. This suggests potential exposure risks, as

cobalt is essential for vitamin B12 synthesis and red blood cell formation, but excessive intake can
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harm the liver and kidneys [25]. These variations indicate the potential influence of geographical

locations and environmental factors on the accumulation of trace metals in snail meat [7], [24].

Table 2. Analysis of trace metals in RTESM samples from Warri, Benin City and Akure

Metals Ready-to-eat snail meat FAO permissible limit
(mg/kg?) Warri Benin City Akure (mg/kg/day) [44,45]
Co 1.702 £ 0.001 3.722 +0.020 0.552 + 0.003 0.0024
Cd 0.001 £ 0.000 0.001+ 0.000 0.002+ 0.000 0.005
Cr 0.000 + 0.000 0.000 + 0.000 0.001 = 0.001 0.035 (men); 0.025 (women)
Cu 2.023 £ 0.002 0.754 + 0.001 1.024 +0.022 0.9
Fe 0.134 £0.011 1.891 + 0.007 2.090 + 0.000 8 (men); 18 (women)
Mn 2.453 + 0.005 3.012 £ 0.031 1.373 £ 0.007 2.3 (men); 1.8 (women)
Ni 0.002 + 0.001 0.011 +0.021 0.000 + 0.000 0.001-0.003 (daily)
Pb 0.051 + 0.022 0.103 + 0.000 0.029 +0.101 No safe limit
Se 0.205 +0.000 0.023 +0.003 2.007 +0.025 0.55 (daily)
Zn 1.754 + 0.000 3.321 +£0.101 2.452 +0.044 8; 11 (daily)

Cadmium (Cd) and chromium (Cr) were found at very low concentrations in all samples (Cd:
0.001-0.002 mg/kg; Cr: 0.000-0.001 mg/kg), well below the recommended limits (Cd: 0.005
mg/kg/day; Cr: 0.025-0.035 mg/kg/day), indicating low contamination of snail with this toxic metal
and minimal risk. This is encouraging, as high levels of Cd and Cr can have detrimental effects on
human health, including kidney damage and potential carcinogenicity [32]. Copper (Cu) levels were
highest in Warri (2.023 + 0.002 mg/kg), exceeding the FAO limit of 0.9 mg/kg/day. Benin City and
Akure had lower Cu levels, within safe limits. Copper is an essential micronutrient; however,
excessive intake can lead to gastrointestinal upset, liver damage, and other adverse health effects [26].
It is important to monitor copper levels in food products to ensure they remain within acceptable
limits. Iron (Fe) concentrations were significantly higher in Benin City (1.891 + 0.007 mg/kg) and
Akure (2.090 £ 0.000 mg/kg) compared to Warri (0.134 + 0.011 mg/kg), yet still below the
recommended daily intake for men (8 mg/day) and women (18 mg/day). While iron is an essential
mineral, excessive intake can lead to iron overload and associated health risks [27]. The elevated iron
levels observed in some samples indicate the possibility of contamination or the presence of iron-rich
soil in the areas where the snails were sourced. Zinc (Zn) concentrations were highest in Benin City
(3.321 £0.101 mg/kg), but below the daily intake limits of 8-11 mg/day. Zinc concentrations were also
within the acceptable limit in all samples and locations. Zinc is an essential dietary mineral, necessary
for proper immune functions and growth, but excessive intake can lead to cause nausea, vomiting,
and zinc toxicity [28]. The differences in zinc levels observed in may be attributed to environmental
contaminations or variations in the snail's diet in these regions. It is also crucial to monitor and
regulate zinc levels in RTESM to ensure consumer safety. Manganese (Mn) levels were highest in
Benin City (3.012 + 0.031 mg/kg), exceeding the provisional limits for men (2.3 mg/day) and women
(1.8 mg/day). Manganese is an essential trace element; however, excessive intake can have neurotoxic
effects [29]. Warri and Akure had lower, safer Mn levels. The higher levels observed in Benin City
samples suggest the need for further investigation to identify potential sources of contamination.
Lead (Pb) levels were highest in Benin City (0.103 + 0.000 mg/kg) but still considered minimal for
dietary exposure [45]. Lead is highly toxic elements which are associated with various health issues,

particularly in children, even at low doses [30]. The findings of this study suggest that the RTESM
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samples analyzed have a low risk of lead contamination. Selenium (Se) was highest in Akure (2.007
+ 0.025 mg/kg), exceeding the FAO limit of 0.055 mg/day. Warri and Benin City levels were below
the limit indicating a low risk of selenium toxicity in those areas. Moderate levels of selenium, like
other essential micronutrients, possesses essential antioxidants, antimicrobial and anti-inflammatory
properties and important for maintaining homeostasis and normal cellular functions [31]. However,
high selenium intake can have adverse effects on human health, including selenosis [31]. Further
investigation is required to determine the sources of elevated levels of selenium in Akure snail

samples and to assess the potential health risks associated with consuming these samples.
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Figure 2. Total heterotrophic bacterial (THBC) and fungal (THFC) counts of RTESM samples from Warri, Benin
City, and Akure

Figure 2 displays the Total Heterotrophic Bacterial Count (THBC) and Total Heterotrophic
Fungal Count (THFC) of Ready-to-Eat Smoked Meat (RTESM) samples obtained from three locations:
Warri, Benin City, and Akure (log CFU/g.) The THBC values ranged from 3.28 log CFU/g in Warri to
3.42 log CFU/g in Akure, with Benin City recording an intermediate value of 3.38 log CFU/g.
Although the variations were not statistically significant (p > 0.05), Akure samples exhibited slightly
higher bacterial counts than those from the other locations. The higher THBC in Akure may suggest
increased exposure to contamination during handling or processing. Similar studies have noted that
elevated bacterial loads in ready-to-eat foods often result from inadequate hygiene, unsanitary
processing environments, or poor handling practices during retail [15], [33], [34]. For fungal counts,
the THFC ranged from 1.96 log CFU/g in Warri to 2.26 log CFU/g in Akure, with Benin City showing
2.02 log CFU/g. Akure samples again recorded the highest fungal load, though not statistically
significant (p > 0.05). The higher fungal count in Akure could be attributed to environmental
conditions such as elevated temperature and humidity, which favour fungal growth and sporulation
[35]-[37]. In addition, poor storage conditions during transportation and retail may further contribute
to fungal proliferation and contamination of the meat samples. Fungi are common contaminants in
meat and other food products, leading to spoilage, off-odours, and potential mycotoxin production,
which compromise food quality and consumer safety [35]. Thus, continuous monitoring of microbial
quality in ready-to-eat meat, coupled with improved environmental and storage practices, is vital for

maintaining product safety and consumer health.
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The prevalence of pathogenic bacteria in RTESM samples from the three cities (Warri, Benin City,

and Akure) are shown in Table 3.

Table 3. Prevalence of pathogenic bacteria in ready-to-eat snail samples from Warri, Benin City and Akure

Prevalence
Pathogenic bacterial Warri Benin City Akure Total
isolates (n=20) (n=20) (n=20) (n=60)
Listeria spp. 1 (5.0 %) 1(5.0 %) 2 (10.0 %) 4 (6.7 %)
Salmonella spp. 3 (15.0 %) 5 (25.0 %) 2 (20.0 %) 9 (15.0%)
E. coli 4 (20.0 %) 5 (25.0 %) 6 (30.0 %) 15 (25.0 %)
S. aureus 12 (65.0 %) 9 (45.0%) 10 (50.0%) 32 (53.3 %)
Total 20 (100 %) 20 (100 %) 20 (100 %) 60 (100 %)

The results showed that Listeria spp. was present in 6.7 % of the samples, Salmonella spp. in 15.0
% of the samples, E. coli in 25.0 % of the samples, and S. aureus in 53.3% of the samples. The findings
of this study indicate the presence of pathogenic bacteria in RTESM samples from the investigated
cities in southern Nigeria. The prevalence of Listeria spp. (6.7%) is of concern since this bacterium is
associated with severe foodborne infections, such as listeriosis, which can have significant health
consequences, especially for vulnerable populations [12]. The presence of Salmonella spp. in 15.0% of
the samples highlights the potential risk of salmonellosis, a common foodborne illness worldwide
[38]. The relatively higher prevalence of E. coli (25.0%) in the samples suggests fecal contamination,
emphasizing the importance of good hygiene practices during food processing and preparation [39].
The most noteworthy finding is the high prevalence of S. aureus, which was detected in more than
half of the samples (53.3%). S. aureus is known to produce various heat-stable toxins, including
staphylococcal enterotoxins, which can cause gastroenteritis upon ingestion [40], [42]such a
significant proportion of the samples indicates inadequate food handling practices and highlights the

need for improved sanitation and hygiene measures throughout the food production chain[33], [43].

4. CONCLUSION

This study investigated the nutritional composition, trace metal content, and microbial load of
ready-to-eat snail meat (RTESM) from Warri, Benin City, and Akure. Although some variations were
observed across locations, especially in moisture, fat, protein, ash, and carbohydrate contents, the
overall proximate values indicate that snail meat from all three cities is a nutritious source of protein,
essential minerals, and dietary fiber. The variations in chemical composition among samples from
different locations indicate the influence of geographical factors and local feeding practices. The
presence of essential micronutrients in RTESM underscores its potential as a valuable dietary
component. However, the detection of some pathogenic bacteria in some samples raises concerns
about consumer safety. To mitigate these risks, it is crucial to establish stringent quality control
measures and regulatory guidelines specific to the region. Implementing good hygiene practices
throughout the production and processing chain is essential to ensure the safety and nutritional value
of snail meat products. By addressing these findings and implementing appropriate measures,
stakeholders in the snail meat industry can enhance consumer confidence, reduce health risks, and
foster the sustainable growth of the industry in Nigeria.
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