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ABSTRACT

This study investigated the proximate composition and microbial profile of clam samples. Fresh clam samples were
purchased from Swali Market in Yenagoa, Bayelsa State, and transported to the laboratory in sterile containers. This study
was conducted at Federal University Otuoke, Bayelsa State, Nigeria. Samples were collected from different vendors in Swali
market and transported to the lab in a sterile bag.. Standard microbiological and proximate analysis methods (AOAC,
2005) were employed. Proximate analysis revealed the clam samples had high moisture content (average 72.83%), crude
protein (average 19.54%), and an energy value of approximately 93.39 Kcal/100g. Ash, crude fiber, and total fat contents
were relatively low, averaging 4.14%, 0.44%, and 0.53%, respectively, with carbohydrate content around 2.66%.
Microbiological analysis identified four distinct bacterial species: Staphylococcus aureus, Enterococcus faecalis, Bacillus
spp., and Staphylococcus epidermidis. Staphylococcus aureus was the most prevalent organism, accounting for 50% of the
isolates, while Enterococcus faecalis, Bacillus spp., and Staphylococcus epidermidis each represented 16.7%. All isolated
organisms were Gram-positive, with Staphylococcus aureus, Enterococcus faecalis, and Staphylococcus epidermidis
presenting as cocci, and Bacillus spp. as rods. Biochemical tests further confirmed these identifications. Microbial counts
ranged from 3.1x10° CFU/g to 5.2x10° CFU/g, corresponding to Log CFU/g values between 9.491 and 9.716. These findings
highlight the nutritional value of clams while also indicating the presence and prevalence of certain bacterial species,
which is crucial for assessing food safety and quality.
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INTRODUCTION

The abundance of clams in the sea has made it one of the most consumed seafood globally [1, 2]. It's an
animal that plays an important role in the food chain and possesses high nutritional value [2, 3]. It's one of
the highly sought-after seafood globally and has been exported to other countries from Nigeria [4]. Despite
its nutritional benefits, some reports have shown that this food can be contaminated with bacteria and
other pathogens harmful to humans [5, 6]. The contamination of clams with pathogenic organisms can stem
from the environment where they were collected, the hygiene of the vendors handling them, or the
conditions in the area where they're sold [5, 6, 7]. Some of the pathogenic organisms identified in clams
include Vibrio, Salmonella, Shigella, and Coliforms, which can cause dysentery, typhoid, and cholera [6, 7].
In Nigeria, specifically in Bayelsa State, the Niger Delta region of the country, clam (Galatea paradoxa),
commonly called "water snail" or locally "Gbou," is widely consumed by citizens and also exported globally
[4, 8]. They can be purchased from markets across different parts of Yenagoa and processed for
consumption by frying, cooking, or smoking [8]. The increasing number of people suffering from foodborne
diseases is a major concern in Bayelsa, and some of these cases have been attributed to the hygienic status
of hawked food [9, 10]. This research aims to isolate and identify Gram-positive bacteria associated with
clams to understand their presence, potential impact, and characteristics within clam habitats.

MATERIAL AND METHODS

Sample Collection and Preparation: Clams were rinsed with sterile seawater to remove contaminants, then
homogenized in a blender to release bacteria. The resulting mixture was centrifuged to remove debris,
leaving a bacterial supernatant for analysis.
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Media Preparation: All culture media were prepared following standard microbiological procedures,
involving accurate measurement of ingredients, dissolution in deionized water, sterilization by autoclaving
at 121°C for 15 minutes, and cooling before pouring into sterile Petri dishes.

Enrichment Culture: The clam sample supernatant was inoculated into peptone broth and incubated at
30°C for 24 to 48 hours to enrich for Gram-positive bacteria. The broth was then centrifuged at 10,000 rpm
for 10 minutes to concentrate the bacteria.

Isolation and Purification: The bacterial pellet was cultured on selective agar plates, including Mannitol Salt
Agar, MacConkey Agar, Nutrient Agar, and Salmonella Shigella Agar, and incubated at 30°C for 24 to 48
hours. Individual colonies were selected based on their appearance and Gram stain reaction, and purified
through repeated streaking on fresh agar. A broad spectrum of bacterial species could be isolated and
grown for the study through the use of Mannitol Salt Agar (MSA), Nutrient Agar (NA), Eosin Methylene Blue
Agar (EMB), Salmonella Shigella Agar (SSA), and MacConkey Agar (MA).

Proximate Analysis: The nutritional composition of the clam samples was determined using standard
methods (AOAC, 2005). Moisture content was measured by drying clam samples in an oven until a constant
weight was achieved. Ash content was determined by incinerating clam samples in a furnace at 550°C. Lipid
content was determined using the Soxhlet extraction method, where fat was extracted using petroleum
ether. Total protein was quantified using the Kjeldahl method. Crude fiber was estimated by sequentially
boiling defatted clam samples in acid and alkali, filtering, drying, and incinerating the residue.
Carbohydrate content was calculated by subtracting the percentages of protein, moisture, ash, fiber, and
fat from 100%. The energy value was calculated using standard caloric conversion factors for protein,
lipids, and carbohydrates.

Biochemical Characterization: Biochemical tests were conducted to identify and classify the isolated Gram-
positive bacteria. These included the Catalase Test (observing bubble formation with hydrogen peroxide),
Indole Test (red color change with Kovac's reagent), Citrate Utilization Test (blue color change indicating
citrate as carbon source), Urea Hydrolysis Test (pink color change indicating urease activity), Motility
Fermentation Test (assessing movement in semisolid agar), and Gram’s Reaction Test (staining based on
cell wall structure).

Data Collection and Analysis

This section involved meticulous recording, quantification, and visualization of data to determine the
microbial composition and identify the bacterial isolates from the clam samples.

RESULTS

TABLE 1: Proximate analysis of some selected clams collected from Local vendors in Swali market.

PARAMETERS SAMPLE (CLAM)
72.78
1 | Moisture content (%) 72.69
73.03
4.11
2 | Ash content (%) 4.14
4.16
0.41
3 | Crude fiber (%) 0.47
0.45
0.55
4 | Total fat (%) 0.51
0.54
19.51
5 | Crude protein (%) 19.55
19.57
6 | Carbohydrate (%) 2.64
2.64
2.69
93.55
7 Energy value (Kcal100g 93.33
93.29

The proximate analysis indicates that the clams are a good source of protein (average of 19.5%) and
possess a moderate ash content (average of 4.1%), suggesting a decent mineral profile. The fat content is
remarkably low (average of 0.53%), making them a lean protein source with a relatively low energy value
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(average of 93.4 Kcal/100g). However, the high moisture content (average of 72.8%) is typical for fresh
seafood but also renders the clams highly perishable and susceptible to rapid microbial spoilage if not
handled and preserved properly.

Table 2: Morphological description and characteristics of bacteria isolate from clams sample

SN | Isolate | Morphological - a TSI Test Isolate
code description 2o |8 =) § ) S
=X -
S [S|Z |E |5 |8 |H2S|Gas | Identity
sE |2 |8 |F |5 %

1 Cs1 Creamy + cocci + + - + + + + Staphylococcus
spreading aureus
colonies  with
flat irregular
shape on NA

2 CS2 Thick  creamy | + cocci + + + + + + + Enterococcus
colonies on NA faecalis

3 CS3 Black colonies + + - + + + + Staphylococcus
appearance with | +cocci aurues
small and
irregular shape
on SSA

4 CS4 Pink  colonies | +rod + + - + + _ +
with moist Bacillus
texture on SSA spp.

5 CS5 Brown colonies | + cocci + + - + + | _ + Staphylococcus
with moist aureus
appearance on
SSA

6 CcSsé6 Light pink with | + cocci + + - + + _ _ Staphylococcus
circular  shape epidermidis
appearance on
SSA

Keys

(+) = Organisms that are reactive to each of the biochemical test carried out.

(-) = Organisms that are not reactive to each of the biochemical test carried out.

Table 2.0 shows the morphological and biochemical reactions of the various bacterial isolates. A total of
four gram positive bacteria Bacillus spp, Staphylococcus epidermis, Staphylococcus aureus, and Enterococcus
faecalis were identified from the clam’s sample. The consistency of the observed Gram reactions and
morphological descriptions with the identified bacterial identities is generally good, reinforcing the
accuracy of the identification process.

Table 3: Bacterial growth based on gram staining reaction

ORGANISMS GRAM REACTION
1 Staphylococcus aureus Gram positive cocci
2 Enterococcus faecalis Gram positive Cocci
3 Bacillus spp. Gram positive rod
4 Staphylococcus epidermidis Gram positive cocci

The Result from Table 3 indicates that the following gram positive bacteria were identified from the gram
staining reaction of clam isolate: Staphylococcus aureus, Enterococcus faecalis, Bacillus spp. and
Staphylococcus epidermidis.

Table 4: Percentage of occurrence of microbial isolate from clams’ sample.

Organism No of isolates % of occurrence
Entercoccus faecalis 1 167
Bacillus spp 1 167
Staphylococcus epidermis 1 167
Staphylococcus aureus 3 50.0

Key: Total population= 6
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Number of occurence

% of occurrence = Total population x 100
L

From table 4.1 the percentage occurrence of bacterial isolated were given as Staphylococcus aureus 50.0%,
and 16.7% for the following bacteria Enterococcus faecalis, Bacillus spp, and Staphylococcus epidermis.

The microbiological analysis revealed the presence of several bacterial species, with varying prevalence:
Staphylococcus aureus: This was the most prevalent organism, accounting for 50% (3 out of 6) of the
identified isolates. The consistent Gram-positive cocci morphology and positive reactions for Catalase,
Citrate, Indole, and Urease, along with negative motility, align with the known characteristics of S. aureus.
The presence of Staphylococcus aureus in food, especially at such a high frequency, is a major public health
concern. S. aureus is a common cause of food poisoning due to the production of heat-stable enterotoxins,
often indicating contamination from human handlers (skin, nasal passages) or poor hygiene during
handling.

Enterococcus faecalis: Represented by 16.7% (1 out of 6) of the isolates. E. faecalis is a Gram-positive
coccus that is frequently used as an indicator of fecal contamination in aquatic environments and food
products. While generally commensal, some strains can cause opportunistic infections. Its presence
suggests potential fecal contamination of the clams or the water they were harvested from.

Bacillus spp. One isolate (16.7%) was identified as Bacillus spp., a Gram-positive rod. While Bacillus species
are common environmental bacteria, some, like Bacillus cereus, are known to cause foodborne illnesses.
Their presence might indicate contamination from soil or dust, or could signify spoilage potential.
Staphylococcus epidermidis: Also accounting for 16.7% (1 out of 6) of the isolates. S. epidermidis is
typically a commensal bacterium of human skin. Its isolation points towards potential contamination from
human handlers during harvesting, transportation, or sale.

Table 5: Bacterial counts from clams sample.
S/NO | Isolate codes | No of counts CFU/g | LogCFu/g
(Dilution 10-%)

1 CS1 52 5.2x10° | 9.716
2 CS2 35 3.5x10° | 9.544
3 CS4 45 4.5x10° | 9.653
4 CS6 31 3.1x10° | 9.491

Key CS1- colonies count of S. aureus, CS2 - colony count of Enterococcus faecalis, CS4 - colony count of
Bacillus spp., CS6 - colony count of Staphylococcus epidermidis. This table shows the different colony counts
of microorganisms isolated from clams’ sample.

Microbial Load (CFU/g):

The enumeration of microbial load revealed extremely high bacterial counts in the clam samples. These
values are significantly above acceptable limits for fresh seafood. Total viable counts exceeding 106 to 107
CFU/g are generally indicative of poor microbiological quality, spoilage, and potential health hazards.
Counts in the order of 109 CFU/g suggest massive bacterial contamination and advanced spoilage,
rendering the clams unsafe for human consumption. This high microbial load points towards severe
deficiencies in handling, storage, and sanitation practices from harvesting to the point of sale at Swali
Market.

DISCUSSION

Our observed bacterial counts (10”° CFU/g) are significantly higher than many reported values for fresh
clams from other regions, including some within Nigeria [7,11]. While a study in Ghana reported counts as
high as 10710 CFU/g during the dry season (which is comparable or even higher than ours) [3], the 10" to
1077 range is more commonly found in many other studies [1, 12]. This indicates that the clams from Swali
Market, Yenagoa, are under severe bacterial load, suggesting critical issues with hygiene, handling, or
environmental quality.

Our finding of 50% prevalence of Staphylococcus aureus is notably high compared to some other clam
studies in Nigeria [7] but aligns with the higher prevalence rates observed for S. aureus in other seafood
products [6, 9]. This strongly suggests that S. aureus contamination is a widespread problem in seafood
supply chains in Nigeria, pointing to issues with human hygiene and sanitation. The presence of
Enterococcus faecalis in the samples is similar to other studies, which confirms ongoing fecal contamination
in the environment or during handling [6,13].
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The results for moisture content (72.8%) are consistent with typical fresh clam values reported globally
(e.g., 72-82% range) [14,15]. The protein content (19.5%) falls within the range found in various studies
[14,16], though it's lower than the 27-30% reported in some Nigerian and Cameroonian clam studies [17,
18], possibly due to species differences, seasonality, or environmental factors. The fat content (0.53%) is
very low, which is generally a positive nutritional attribute for seafood and is comparable to the lower end
of fat ranges reported in other bivalves [14, 19]. Ash content (4.1%) also falls within typical ranges [14, 20].
Overall, the nutritional profile of clams from Swali Market seems generally good, aligning with clams being
a lean protein source. However, the significantly high microbial load and the prevalence of potential
pathogens overshadow these nutritional benefits and raise serious food safety concerns. The
microbiological findings for clams from Swali Market, Yenagoa, are alarming when compared to national
and international benchmarks. The extremely high bacterial counts and the high prevalence of
Staphylococcus aureus indicate a severe public health risk.

CONCLUSION

While the proximate composition suggests a nutritious food source, the profound microbial contamination
strongly advises against the consumption of these clams without significant improvements in harvesting,
handling, and storage practices. These results underscore the urgent need for enhanced food safety
regulations and monitoring in local markets in Yenagoa and similar regions.
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