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ABSTRACT

Background: Seafood are known to be nutritionally rich, however, water bodies from where these foods are harvested are often
burdened with wastes from industries, household and run-offs. Thus seafood can harbor pathogenic microorganisms and heavy
metals which can pose a serious health hazard to consumers. Materials and Methods: In this study, 5kg each of Littorina littorea,
Achatina fulica, Tympanotonos fuscatus, Dorsanum miran, Egeria radiate and Penaeus notialis were investigated for microbial,
proximate and heavy metal qualities using standard microbiological and chemical methods of analysis. Results: The gastropod
mollusks Tympanotonos fuscatus, Littorina littorea and Achatina fulica had significantly (p<0.05) higher microbial loads compared
to other samples. All the samples had significantly (p<0.05) higher coliform counts compared to standard specifications. The
microbial isolates from the samples included species of Bacillus, Klebsiellae, Citrobacter, Providencia, Pseudomonas, Staphylococcus
aureus, Escherichia coli and Aspergillus niger, Aspergillus flavus, yeasts, Alternaria, Absidia, Rhizopus, and Mucor. Antibiogram of
the isolates revealed multiple resistances with 79.55% and 66.67 % resistance to antibacterial and antifungal agents respectively.
The seafood was rich in protein (8.0+0.03 to 46.0+0.03%) and fat (0.6+0.01 to 8.8+1.00%) but low in carbohydrate (1.18+0.84 to
3.81+0.86%).The heavy metal compositions of the seafood were generally low except for manganese 6.36:0.03ppm in Dorsanum
miran and nickel 0.81£0.50 ppm in Penaeus notialis. Conclusion: The microbial loads of the seafood are significantly (p<0.05)
higher in gastropods and more than acceptable standard, effective protection of water bodies for food cultivation and constant
monitoring of seafood is necessary. Adequate processing and employing good manufacturing practices can reduce the
microbial loads to an acceptable level and prevent food borne hazards that could be associated with seafood consumption.
Keywords: Seafood; Heavy metals; Microbial profile; proximate compositions
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Résumé

Contexte: les fruits de mer sont connus pour étre nutritionnellement riches, cependant, les étendues d'eau d'ou ces aliments
sont récoltés sont souvent surchargés de déchets provenant des industries, de ruissellement et des ménages. Ainsi, les fruits
de mer peuvent héberger des micro-organismes pathogenes et les métaux lourds qui peuvent constituer un grave danger
pour la santé des consommateurs. Matériel et méthodes : Dans cette étude, 5kg chacun de Littorina littorea, Achatina fulica,
Tympanotonos fuscatus, Dorsanum miran, Penaeus notialis Egeria rayonner et ont été étudiés pour les microorganismes, les
causes immédiates et qualités de métaux lourds en utilisant des méthodes microbiologiques et chimiques de 1'analyse.
Résultats: L'amphibien Tympanotonos fuscatus, Littorina littorea et Achatina fulica avaient significativement (p<0,05) les
charges microbiennes comparativement a d'autres échantillons. Tous les échantillons avaient significativement (p<0,05) plus
élevée de coliformes fécaux par rapport aux spécifications standard. Les isolats microbiens provenant des échantillons des
especes de Bacillus, Klebsiellae, Citrobacter, Providencia, Pseudomonas, Staphylococcus aureus, Escherichia coli et de
I'Aspergillus niger, Aspergillus flavus, levures, Alternaria, Absidia, Rhizopus, Mucor et. Antibiogramme des isolats ont
révélé de multiples résistances avec 79,55 % et 66,67 % résistance a propriétés antibactériennes et antifongiques,
respectivement. Les fruits de mer sont riches en protéines (8,0 + 0,03 a 46,0 £ 0,03 %) et de matiéres grasses (0,6 £ 0,01 48,8 £
1,5 %) mais faible en glucides (1,18 + 0,84 a 3,81 * 0,86 %). Le heavy metal les compositions des fruits de mer ont été
généralement faibles, sauf pour le manganése 6,36% + 0,03 ppm dans Dorsanum miran et nickel 0,81 + 0,50 ppm dans
Penaeus notialis. Conclusion : Les charges microbiennes de la mer sont significativement (p<0,05) plus élevée chez les
gastropodes et plus de norme acceptable, une protection efficace des plans d'eau pour la culture des aliments et d'une
surveillance constante de la mer est nécessaire. Le traitement adéquat et une bonne pratiques de fabrication peuvent réduire
la charge microbienne a un niveau acceptable et de prévenir les risques d'origine alimentaire qui pourraient étre associés a
la consommation de fruits de mer.

Mots-clés: Fruits de mer ; métaux lourds ; profil microbien ; compositions immédiate
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INTRODUCTION

Seafood is any fish or shellfish from the sea used
for food (1). It includes all fresh or saltwater finfish,
mollusks, shellfish, crustaceans, and other forms of
edible aquatic animal life (2). Seafood is consumed all
over the world (3). It is generally accepted that seafood
is important in a healthy, safe, nutritious, and balanced
diet. A well-balanced diet that includes a variety of fish
and shellfish can contribute to heart health and
children's growth and development (4, 5). Over one
billion people rely on seafood as their primary source of
animal protein; it provides the world's prime source of
high-quality protein, 14-16% of the animal protein
consumed world-wide (3). Also, seafood is an important
source of valuable nutrients, like minerals (e.g., calcium,
phosphorus, magnesium, iodine, zinc, copper etc.),
vitamins specifically fat soluble vitamins A, D, E, K,
fatty acids (e.g., long chain n-3 polyunsaturated fatty
acids, EPA-Eicosapentaenoic Acid, DHA-
Docosahexaenoic Acid, and is low in saturated fats (4, 5,
6, 7, 8). Polyunsaturated n -3 fatty acids in seafood are
known to decrease the risks of coronary heart disease
and cancer and to improve the response to
inflammatory diseases, like psoriasis, and rheumatoid
arthritis, increase heart rate variability, decrease the risk
of stroke and heart attack, reduce levels of
triacylglycerides in serum, reduce blood pressure,
reduce insulin resistance and modulate glucose (sugar)
metabolism thus help prevent development of diabetes,
beneficial effect on patients with attention
deficit/hyperactivity disorder (ADHD) and
schizophrenia; they are also known to have a beneficial
effect on managing depression in adult patients (9, 10,
11, 12). Seafood products harvested from contaminated
waters or which have been improperly preserved after
harvesting are known to play an important role in
infections, especially by Vibrio spp (13). Consumption of
raw or undercooked seafood, particularly shellfish,
contaminated with V. parahaemolyticus may lead to the
development of acute gastroenteritis characterized by
diarrhoea, headache, vomiting, nausea, abdominal
cramps, and low fever (14). This bacterium is
recognized as an important seafood-borne pathogen
throughout the world (15, 16).

Heavy metals are natural trace components of the
aquatic environment, but their levels have increased
due to industrial, agricultural and mining activities (17).
As a result, aquatic animals are exposed to elevated
levels of heavy metals. The levels of metals in upper
members of the food web like fish can reach values
many times higher than those found in the aquatic
environment or in sediments. Thus contamination in the
region is an important issue regarding the health of the
aquatic animals and, in turn, that of the seafood
consumers (17).

Seafood has a natural tendency to concentrate mercury
and other heavy metals in their bodies, often in the form
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of methyl mercury, a highly toxic organic compound of
mercury (18, 19). Heavy metals pose a great concern as
they cause environmental contamination, cannot be
degraded further, and their toxic effects can be long
lasting, unlike the organic contaminants that decompose
into other chemicals with time (20). Heavy metals are
known to have toxic effects even at low concentration,
and their concentration in biota can be increased
through bio-accumulations (21, 22, 23).

The purpose of this study was to determine and
compare the microbial quality, proximate and heavy
metal composition of some selected seafood (gastropod
mollusks, bivalve mollusk, and crustacean) with a view
to contributing microbiological and nutritional
information and proffering necessary measures to
prevent food borne hazards that could be associated
with seafood consumption.

METHODS

Collection of samples

Samples of gastropod mollusks: Littorina littorea (common
periwinkle), Achatina fulica (Giant African Land Snail),
Tympanotonos fuscatus, Dorsanum miran (sea snail);
bivalve mollusk: Egeria radiata (hard clam) and
crustacean Penaeus notialis (shrimp), were randomly
purchased from ten fishermen and ten seafood vendors
in Itu, Akwa Ibom State, Nigeria. Itu is located at
5°10'0"N7°59'0"E (fig. 1 (24). Two hundred and fifty
(250) g of samples of the seafood from the different
sources (fishermen and seafood vendors) were pooled
based on types to obtain 5kg of each sample type.
Samples for further analysis for each of the seafood
were from the pool. Samples were washed with distilled
water to remove any adhering contamination and were
transported in cold chain 4°C to the Department of
Biological Sciences laboratories of Covenant University
for analysis. The samples were identified at the Biology
unit of Department of Biological Sciences, Covenant
University, Ota, Nigeria.

Sample preparation

The outer shell of Littorina littorea,Achatina fulica,
Tympanotonos  fuscatus,, Dorsanum miranand Egeria
radiata were washed in running tap water using a nail
brush and rinsed in several changes of distilled water.
The shells were then disinfected using swabs moistened
in 70% alcohol. After wards, they were de-shelled
aseptically. Similarly, the carapace of Penaeus notialis
was also removed. Sterile forceps and dissecting Kkits
were employed to remove the edible portions after
shells and carapaces were removed for further analyses.

Microbiological analysis
Twenty-five gram (25g) portion of samples was
pulverized in sterile Stomacher lab blender and
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FIGURE 1: MAP OF AKWA IBOM STATE SHOWING STUDY AREA AND ITS LINKS TO THE WATERWAYS. ADAPTED FROM
GOOGLE IMAGE, 2017 AND ETIM AND BREY, (1994)(24)

dilutions were spread plated in triplicate onto Nutrient
agar (NA) for total aerobic plate count (TAPC),
MacConkey agar (MA) for coliform count and Potato

homogenized in 225 mL distilled water for 1:10 dilution.
Further tenfold dilutions of the sample homogenate to
106 were achieved. Aliquot 0.1 mL of appropriate
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dextrose agar (PDA) for the fungal count. One gram (1
g) samples were inoculated into Eosin Methylene blue
(EMB) broth with inverted Durham tube in Macartheny
bottles and subsequent plating out on Eosin Methylene
blue agar after incubation for the coliform test. Cultures
on NA, MA, and EMB broth were incubated for 24 to 48
h at 37°C. PDA was incubated at 28+2°C laboratory
room temperature for 3 to 7 days.

Enumeration and identification of microbial isolates
from seafood

Culture plates were examined at the expiration of
incubation period, and colonies were enumerated using
Gallenkamp digital colony counter (Gallenkamp,
England). Means of total and specific microbial
population from the triplicate plates were expressed as
colony forming units per ml (cfu/mL). Colonial
morphology and other cultural characteristics were
observed and recorded and pure cultures of microbial
isolates were obtained by repeated sub-culturing on
appropriate media. Preliminary identification of
bacterial isolates was based on cultural, morphological
and basic biochemical characteristics; Gram staining,
catalase activity, indole, methyl red, Voges Proskaur
test, motility, citrate utilization, urease production,
oxidase, starch hydrolysis, gelatin liquefaction,
coagulase and fermentation of sugars. Further
identification of bacterial isolates was based on standard
bacteriological procedures (25) and employing the
Biomerieux® sa API system. Confirmation for coliform
organisms was based on presumptive, confirmatory and
completed tests following the description of Speck (26,
27).

Fungal isolates were identified based on cultural and
morphological characteristics, pigmentation on media,
and microscopic characteristics, sporulation, mycelia
arrangement, and sugar assimilation tests and with
reference to standard identification key and atlas (28).

Sensitivity test of isolates to commonly used
antibiotics and antifungal agents
Disc diffusion technique as described by Lalitha, (29)
and CLSI, (30) was used to carry out the susceptibility
testing of the isolates. Three to five colonies of pure
isolates were transferred into test tubes containing 5ml
of peptone water and incubated for six hours. The
turbidity of the broth culture was adjusted to that of the
0.5 McFarland standards- approximately 1 to 2 x 108
cfu/ml (for bacteria). Turbidity for fungal cultures was
adjusted to 1 to 5 x 106 cells /ml. A sterile cotton swab
was dipped into the adjusted suspension, rotated several
times and pressed firmly on the inside wall of the tube
above the fluid level to remove excess inoculum from the
swab. The entire dried surface of Miieller-Hinton agar
plate (Oxoid) prepared based on manufacturer’s
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instruction, was evenly streak inoculated. Miieller-Hinton
agar for fungal sensitivity was, however, supplemented
with 2% glucose + 0.5 pg /ml Methylene Blue Dye. The
plates were allowed to stand for 5 minutes to allow for
any excess inoculum to diffuse before introducing the
discs. The following antimicrobial agents were
employed; Cefuroxime (30ug), Ceftriaxone (30ug),
Erythromycin(5ug), Amoxycillin (25ng),
Cotrimetrazole(25pg), Nitrofurantoin
(50ng), Gentamycin  (10pg), Nalidixic acid  (15pg),
Ofloxacin (5pg), Tetracycline (10pg), Streptomycin
(10ng), Chloramphenicol (30pg) and Amphotericin B
(20ng), Ketoconazole  (15ng),  Fluconazole  (25pg),
Griseofulvin (10png) and Nystatin(100 unit).The plates
were incubated at 37°C for 18-24 hours for bacteria and
the fungi culture was kept at room temperature for 5
days after which the zones of inhibition were measured.

Proximate analyses

The samples were pulverized and the method of the
Association of Official Analytical Chemists (AOAC) (31)
was adopted for determination of proximate
compositions (moisture, protein, lipid, ash, and fibre).
The percentage moisture content was measured from 5
g sample oven dried at 100 to 110°C to constant weight.
The loss in weight multiplied by a hundred was
regarded as a measure of moisture. The Nitrogen
content in the sample was estimated by the micro
Kjeldahl method and crude protein was calculated by
multiplying the evaluated nitrogen by a factor of 6.25 (N
% % 6.25). Total lipid was extracted from the sample
with petroleum ether (60 to 80°C) in a Soxhlet apparatus
for about 6 to 8 hours. The residual solvent was
evaporated in a pre-weighed beaker and an increase in
the weight of the beaker gave total lipid. Ash was
determined from sample heated in a furnace at 550°C
until white or grayish white ash was obtained. The
Weight of the ash was noted directly. Crude fiber was
determined by treating the sample with 1.25%
Tetraoxosulphate vi acid (H2SOs), 1.25% Sodium
hydroxide (NaOH) and then 1% Nitric acid (HNOs3),
filtered and washed with hot water after each step. The
residue obtained was dried in an oven at 130°C and
ashed at 550°C in a furnace. The loss in weight on
ignition was expressed as content of crude fiber. The
value of total Carbohydrate was determined by the
Phenol-Sulfuric Acid Method following the description
of Nielsen (32).

Determination of heavy metals
The heavy metal contents of the samples: lead (Pb),
copper (Cu), cadmium (Cd), iron (Fe), zinc (Zn), nickel

(Ni), manganese (Mn), and arsenic (As) were
determined using the atomic absorption
spectrophotomete (G105 UV-VIS, Thermo Fisher

Scientific, GeneSys, Madison, USA), as described in the
methods of the Association of Official Analytical
Chemists (31).



Statistics

Results are presented as mean and standard deviations,
antibiograms were presented as percentages of
susceptibility. One way analysis of variance was
employed to compare mean microbial and chemical
compositions and correlation analysis and test of
significance for the microbial, proximate, heavy metal
compositions at p=0.05.

RESULTS

Table 1 reveals that the gastropod mollusks
Tympanotonos fuscatus, Littorina littorea and Achatina
fulica had significantly (p<0.05) higher microbial loads

compared to other samples. The table also reveals that
all the samples had significantly (p<0.05) higher
coliform counts compared to standard specifications.
Table 2 reveals the predominant bacterial and fungal
species isolated from each of the seafood samples. It
shows that Bacillus, Klebsiella and E. coli were the most
predominant bacteria spp, while Aspergillus, yeasts and
Mucor were the predominant fungi isolated from the
samples.

TABLE 1 MEAN MICROBIAL COUNT (cfu/g) OF THE SEAFOOD SAMPLES

TCC

TFC

Sample TAPC

Littorina littorea 4.3 x 107+ 2.06P
Achatina fulica 2.0 x 106+ 1.50¢
Tympanotonos fuscatus 3.0 x 108+ 2.202
Dorsanum miran 1.3 x 107 £ 2.64b
Egeria radiate 4.0 x 104+ 0.05¢

Penaeus notialis

9.2 x 105+ 1.044d

3.9 x105£1.01f

1.0 x 106+ 2.04e
2.0x 105+ 1.64f
1.5x 103+ 1.00h
1.0 x 104+ 0.54s
2.5x 103+ 0.06h

3.0x 106+ 1.02a
1.0x 103+ 0.02d
2.0x 100+ 1.84a
1.1 x 105+ 0.84
2.0x104£0.03¢
1.4 x 105+ 0.34b

KEY: TAPC= Total Aerobic plate count, TCC= Total coliform count, TFC=Total fungal

the same count (within the same column) are significantly different

count. Super script abcdefgh= counts with different superscript for

TABLE 2 PREDOMINANT BACTERIAL AND FUNGAL SPECIES ISOLATED FROM SEAFOOD

Sample Bacteria spp isolated Fungi spp isolated
Littorina littorea Escherichia coli; Bacillus spp; Acinetobacter spp  Aspergillus niger, Aspergillus flavus, yeast
Achatina fulica Klebsiella spp; Staphylococcus; Citrobacter spp;  Aspergillus niger, mucor, streptomyces spp

Tympanotonos fuscatus

Dorsanum miran

Egeria radiate
Penaeus notialis

Bacillus spp

Escherichia coli; Pseudomonas spp; Bacillus spp
Bacillus sp;Staphylococcus sp; Escherichia
coli;Aeromonas spp

Klebsiella sp; Bacillus sp, Citrobacter spp
Bacillus sp; Pseudomonas spp, Aeromonas spp,

Yeast, mucor, Aspergillusspp, Aspergillusniger

Saccharomyces cerevisiae; Mucor  sp;
Aspergillus niger

Mucor sp Alternaria, Absidia, Rhizopus
Penicillium spp, Aspergillus spp;

Klebsiella spp

Saccharomyces cerevisiae

Table 3 and 4 reveals that the bacterial isolates were
multi-resistant to the antimicrobial agents. Pseudomonas
gave 90.91% resistance and Klebsielln showed 81.82%
resistance. These organisms were 100% resistant to
Cotrimoxazole, Tetracycline, and Chloramphenicol and
all the bacterial isolates were 79.55% resistant to all the
antibacterial agents and 20.45% were sensitive. Table 4

The proximate composition of the seafood samples is
shown in Table 5. It explains that seafood is rich in
protein, lipid, and ash and have high moisture, total
solid and organic matter contents. The proximate
analysis shows that the crude protein contents ranged
from 8.0 to 46.0%, total lipid and carbohydrate contents
ranged from 0.6 to 8.8 % and 1.18 to 3.81% respectively.
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shows that all the fungal isolates were 60% and above
resistant to the antifungal agents, except for Alternaria
spp. Species of Penicillium and Absidia were 100%
resistant to the antifungal agents tested. All the fungal
isolates were 66.67% resistant to all the antifungal
agents and 33.33% sensitive.

Penaeus notialis (crustacean) and bivalve mollusk (Egeria
radiata) has significantly (p<0.05) higher protein content
than the gastropods except for Dorsanum miran. The
lipid contents of the samples were not significantly
different, except however, for Dorsanum miran which
has significantly (p<0.05) higher lipid content and
Penaeus notialis with significantly (p<0.05) lower lipid
content compared to all other samples



TABLE 3 PERCENTAGE (%) SUSCEPTIBILITY OF BACTERIAL ISOLATES TO COMMONLY USED ANTIBACTERIAL

AGENTS
OFL GEN COT AMX TET AUG STR CHL ERY CTR NAL CRX CAZ NIT CLX %S %R
LORGANISM
Bacillus sp. S S R R R R R R R - - - S R 27.27 7273
Klebsiella R S R - R - R R - S R R R - 18.18  81.82
sp.
Staph. sp. S S R R R R S R R - - - R R 27.27 7273
Pseudo. sp. S R R - R - R R - R R R R - 9.09 90.91
%S 75.0  75.0 0.0 0.0 0.0 0.0 250 0.0 0.0 500 0.0 0.0 250 0.0 20.45
%R 250 25.0 100 100 100 100 75.0 100 100 50.0 100 100

75.0 100 >< 79.55

Not applicable

LGANISM AMC.B KTZ FLZ GRV NYT %S %R
Aspergillus niger S S R R R 40 60
Aspergillus flavus R S R S R 40 60
Yeast. S S R R R 40 60
Mucor spp S R R S R 40 60
Streptomyces spp S R S R R 40 60
Penicillium spp R R R R R 00 100
Alternaria spp R S S S R 60 40
Absidia spp R R R R R 00 100
Rhizopus spp R S R R S 40 60
%S 44.44 55.56 22.22 33.33 11.11 33.33
% R 55.56 44.44 77.78 66.67 88.89 66.67

KEY: AMC=Amphotericin B, KTZ=Ketoconazole, FLZ=Fluconazole, GRV=Griseofulvin NYT=Nystatin

TABLE 5 PERCENTAGE (%) PROXIMATE COMPOSITION OF SEAFOOD

SAMPLE Moisture Protein Lipid Ash Fibre Total Total solid  Organic
carbohy (dry matter
Drate matter)

Littorina 51.80+2.042  8.0£0.032  4.18£0.052  19.80+0.222  8.48+2.05=  1.94+1.05=  48.20£0.052  80.20+2.342

littorea

Achatina 55.10+£3.052  32.0£0.01> 4.77£0.232  4.21#0.68>  7.08+1.01=  2.52+1.04>  44.90+1.44>  95.79+1.02>

fulica

Tympanotonos ~ 74.80£2.02>  27.0£0.02>  5.20£0.08=  4.16£0.60>  2.88+0.05>  2.67+1.03=  25.20£0.98>  95.84+1.00>

fuscatus

Dorsanum 68.80+1.22ab  43.0£0.05¢  8.80£1.00c  12.71+1.05¢  4.00£0.05>  1.32+0.23c  31.20£0.08c  87.29+1.662

miran

Egeria radiata  75.5012.04>  46.0£0.03¢  4.57+0.08=  4.79+1.01>  9.96+0.66c=  1.18+0.84c  24.50+0.52>  95.21+0.10>

Penaeus 74.50£1.01>  46.0£0.02¢  0.60£0.01>  5.36£0.54>  3.83+1.01>  3.81+0.86>  25.50+0.06>  94.64+2.02b

notialis

Key: OFL=Oflaxacin, GEN=Gentamycin, COT=Cotrimoxazole, AMX=Amoxicillin, TET=Tetracycline, AUG=Augmentin,
STR=Streptomycin, CHL=Chloramphenicol, ERY=Erythromycin, CTR=Ceftriaxone, NAL=Nalidixic acid, CRX=Cefuroxime,
CAZ=Ceftrazidime, NIT=Nitrofurantoin, CLX=Cloxacillin, R=Resistant, S=Sensitive, % S= %Susceptible, % R= % Resistant,

TABLE 4 PERCENTAGE (%) SUSCEPTIBILITY OF FUNGAL ISOLATES TO COMMONLY USED ANTIFUNGAL AGENTS

Super script abc= values with different superscript for the same parameter (within the same column) are significantly different
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Table 6 reveals the heavy metal composition of the
seafood samples. It shows that lead and Arsenic were
not detected in the samples except for trace amount in
some samples. Dorsanum miran had significantly
(p=0.05) higher levels of Mn, Zn and Cu compared to

other samples except for Cu in Littorina littorea. The
correlation among microbial load (0.331), proximate
composition (0.223) and heavy metal composition (0.192) was
weak.

TABLE 6 HEAVY METAL COMPOSITIONS (PPM) OF SEAFOOD

SAMPLE Mn Fe Zn Ni Cd Cu Pb As
Littorina littorea 0.722%0.012 5.28+0.05 17.240.052 0.16%0.00 2 0.1240.022 7.5610.31 ¢ trace Nil
Achatina fulica Trace 2.32%0.022 2.620.01° 0.120.102 0.14%0.012 2.8340.04 2 Nil Nil
Tympanotonos 2.190£0.04= 1.98%0.01 2 3.510.02° 0.15£0.01 2 0.1210.002 1.50+0.012 Nil Trace
fuscatus
Dorsanum miran 6.36+0.03 b 2.90+0.05 2 23.1+0.022 0.11+0.002 0.16+0.002 4.55+0.20 b Nil Trace
Egeria radiate 1.0240.01 2 2.14%0.022 5.310.01° 0.23+0.012 0.15%0.012 1.6410.022 trace Nil
Penaeus notialis Trace 1.81+0.04 2 5.5+0.01 b 0.81+0.50 2 0.13+0.00 2 2.71+0.03 2 trace Nil
Maximum  limit 50 - 30-50 80 0.3-1.0 20-30 1.5 -
(ppm)

(FAO, 1983; WHO,
1985, FAO/WHO,
1984

Key: Mn = Manganese, Fe=Iron, Zn= Zinc, Ni=Nickel, Cd= Cadmium, Cu= Copper, Pb= Lead, As= Arsenic, - = Not provided
Super script abc= values with different superscript for same parameter (within same column) are significantly different

DISCUSSION

The total microbial count obtained in this study shows
that the microbial quality of the seafood samples was
poor compared to the specified standard limit.
According to the International Commission on
Microbiological Specifications for Food (ICMSF) (33), a
total aerobic plate count (TAPC) of not more than 5x105
cfu/g is recommended for fresh bivalve mollusks and
107 cfu/g for raw crustaceans. It means that Littorina
littorea, Tympanotonos ~ fuscatus, Achatina  fulica and
Dorsanum miran had total aerobic plate counts
significantly (p< 0.05) higher than the recommended
microbial limits for fresh mollusks. Similarly, maximum
total coliform count recommended by ICMSF33 is 11
cfu/g for raw crustaceans of good quality products and
500 cfu/g for marginally acceptable quality products.
Maximum coliform level recommended for fresh
bivalve mollusk is 16 cfu/g. Table 1 reveals that all the
samples had coliform counts significantly (p< 0.05) well
above the recommended microbial limits. The higher
microbial counts in the gastropod mollusks compared to
bivalves could be associated with the univalve anatomy
that tends to trap and incubate more materials that sieve
into the mollusks.

Salmonella and vibrio species were not isolated from
examined seafood thus this report is not in tandem to
the report of Adebayo-Tayo et al (34), who reported the
isolation in a high number of salmonella and vibrio
species from seafood. Coliforms (E. coli, Klebsiella,
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Citrobacter) and Staphylococcus aureus were, isolated in
significantly high counts and from a large number of the
seafood samples examined. This is in conformity with
the reports of Nwiyi and Okonkwo (35), Zaky and
Ibrahim (36); Although Nwiyi and Okonkwo (35)
isolated high number of salmonella which is at variance
with this report. Coliforms are indicators of faecal
contamination, and this is corroborated by isolation of
faecal E. coli from the samples analyzed, their presence
in these samples is of public health significance. The
presence of S. aureus calls for concerns, as this organism
has been implicated in foodborne diseases’” and is
associated with various human diseases (38). S. aureus is
a normal human flora and can easily contaminate
processed food product, control of its presence in raw
foods will help minimize the presence in finished
products. Contamination by these microorganisms of
water bodies from where the seafood were harvested
could be from human activities such as bathing,
disposal of faecal matters, sewage discharge by
municipal authorities, runoff, unhygienic handling and
improper packaging/transportation and storage by the
fishermen and seafood vendors (39, 40, 41). Fish and
other free-swimming marine animals do not usually
carry those organisms generally considered to be typical
of the mammalian microflora, including Escherichia coli,
the ‘faecal coliforms’, and enterococci. The presence of
human enteric organisms on marine food products is
clear evidence of contamination from a terrigenous



source (36). Dabadé et al (42) evaluated the bacterial
concentration and diversity in fresh tropical shrimps
(Penaeus notialis) and the surrounding brackish waters
and sediment and observed that total mesophilic
aerobic counts in shrimp samples were significantly
higher than in water or sediment samples. In contrast,
bacterial diversity was higher in sediment or water than
in shrimps. They concluded that the bacterial
community of tropical brackish water shrimps cannot
be predicted from the microbiota of their aquatic
environment. The results of this work corroborate some
reports on the bacteriology of seafood (43, 44, 45).

Fungal species are spore bearers and common
environmental contaminants of food and food products.
The isolation of these organisms in seafood is in tandem
with the reports of (36, 46, 47, 48, 49). These fungi are
observed as pathogens or opportunistic pathogens in
fresh and salt water fishes and have also been
implicated in veterinary and human diseases (27, 50,
51). The presence of these fungi in seafood could be
associated with contamination from the water
environment, the fishermen and vendors, and
instrument of fishing (52, 53, 54, 55).

The antibiogram revealed that most of the microbial
isolates were multi-resistant to the common
antimicrobial agents; this report is in tandem with the
observations of Zaky and Ibrahim, 3¢ that screened
bacterial and fungal biota associated with Oreochromis
niloticus, it, however, differs from the report of Shimaa
et al (56) who reported high sensitivity of bacterial
isolates from ponds cultured Indian shrimps. That most
organisms in this study are multi-resistant to the
common antimicrobial agents, could be explained that
theseorganisms may have been subjected to several
harsh environmental conditions and exposed to sub-
lethal doses of antimicrobial substances, causing them
to adapt and mutate into resistant strains. Inappropriate
use of antimicrobials, lack of health care personnel with
continual health education on antimicrobials and poor
quality drugs have also been reported as a major cause
of antimicrobial agents resistance specifically in
developing countries (57, 58).Several mechanical,
epidemiological and genetic factors may lead to the
development of drug resistance (57, 59, 60, 61). The
occurrence of drug resistance genes in microbial isolates
will result in microorganisms that are multi-resistant to
virtually all antimicrobial agent. This poses a serious
public health concern because should such a multi-drug
resistant organism cause infection, empirical treatment
will be difficult (57, 58, 62).

The nutritional composition of the samples revealed
high protein and lipid content for some of the seafood
samples, this compares favourably with similar works
reported by other researchers (8, 34, 63, 64, 65, 66). The
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proximate values, however, differ significantly with the
reports of some commercially important seafood
presented by Mohammad and Yusuf®”. Mean levels of
heavy metals in the sea food samples were generally
found to be below the acceptable limits of heavy metal
pollution of fishes and shell fishes (68, 69, 70, 71). A
level of 0.81 ppm was reported for nickel in Penaeus
notialis, Nwabueze (72) reported a higher level of nickel
in Egeria radiate harvested from creeks in Delta state,
Nigeria. The mineral levels reported for shellfishes by
Davies and Jamabo (73) is higher than the level
presented in this work. Manganese was detected in the
sea snail sample at 6.36 ppm. This level is significantly
p< 0.05 higher than the adequate intake (Al) levels
stipulated for infants (0.003mg/day), for adult male
(2.3mk/day) and 2.6 mg/day in lactation. The level
reported is however within the range stipulated for
tolerable upper intake level (UL) 2mg/day to 11mg/day
for infants and adults respectively. Manganese is both
nutritionally essential and potentially toxic; it plays an
important role in a number of physiologic processes as a
constituent of multiple enzymes and an activator of
other enzymes (74). There is little risk of excessive
exposure to manganese through ingestion of fish or
shellfish emanating from contaminated waters unless
the manganese levels in the fish are extremely high
and/or the fish are eaten as subsistence. The inhalation
of air contaminated with particulate matter containing
manganese is the primary source of excess manganese
exposure for the general population (74, 75, 76).
Manganese toxicity can result in early symptoms such
as irritability, aggressiveness, and hallucinations this
will be followed by a permanent neurological disorder
known as manganism with symptoms that include
tremors, difficulty walking, facial muscle spasms,
adverse cognitive effects, including difficulty with
concentration and memory problems (74, 75, 76).
Although the levels of heavy metals presented in this
work are low, some researchers (22, 23, 77, 78)however,
observed that heavy metals have relatively high density
and are toxic or poisonous even at low concentrations.
In view of this, there is a need for constant monitoring
of the levels of heavy metals to forestall any significant
rise in their levels resulting in ecological and health
concerns such as biochemical variations, mutations,
deformities and sometimes death in the organism,
bioaccumulation in the food chain and toxicity to man
(79, 80, 81).

Conclusion

The present study revealed that samples of the selected
seafood from Itu, Akwa Ibom state Nigeria contain an
unacceptable level of microorganisms, the presence of
organisms such as feacal Escherichia coli, other coliforms,
and Staphylococcus species implies a poor sanitary
condition of the water bodies from where the samples
were harvested. The gastropod mollusks had



significantly higher microbial loads than the bivalve
mollusk and crustacean. The isolated organisms prove
to be multi-resistant to commonly used antibacterial
and antifungal agents, this presents serious public
health concerns. The seafood is nutritionally rich and
with low heavy metal concentrations. This study did not
establish a significant difference in the proximate and
heavy metal compositions of the gastropod mollusks,
bivalve mollusk, and crustacean. Effective policing of
water bodies for seafood cultivation by all concerned is
necessary, public enlightenment campaign on the need
to keep the water bodies free of pollutants and the
health benefits of seafood consumption is advocated.
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