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Abstract: This study was to identify the bacteria commonly involved in contamination of smoked-dried fishes;
Stock fish (Gadusmorhua), Bonga fish (Ethalmosafimbriota), Croaker (Pseudotolithustypus), African catfish
(Clariasgariepinus), mackerel (Scomberscombrus) available in Umuahia metropolis, Eastern Nigeria. A total
of 300 fish were sampled randomly from four different market location, Ndoru, Isi gate, Ahiacke and Ubani
Markets. Seventy Five fish samples were bought randomly from each of the market. Ten grams of the fish
sample obtained from each of the markets was weighed aseptically and macerated in 90 ml of sterile peptone
water as a stock and five other test tubes also containing 9 ml of sterile peptone water were arranged serially
in the test tube rack. 1 ml. of the stock was collected using a pipette to the first test tube and from the first test
tube to the second test tube up to the fifth test tube respectively. The media used were Mannitol salt agar,
MacConkey agar and Salmonella Shigella agar. Mackerel fish had the highest level of contamination with
bacteria followed by Croaker fish, Bonga fish, Cat fish and Stock fish respectively. Ahiacke market had the
highest number of fish contaminated with bacteria. Staphylococcus was one of the most prominent bacteria that
the fish were contaminated with; Ahiaeke market had the highest mean of 1.81 x 10°cfu/g, Isigate gate 1.62 x 10°
cfu/g, Ubani 1.44 x 10° cfu/g and Ndoru 1.26 x10°fu/g, respectively.
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INTRODUCTION

Fish is considered as one of the sources of proteins,
vitamins and minerals and also an essential nutrients
required for supplementing both infant and adult diets
[1]. Fish and fish products play an important role in the
diets of the populations of West African countries
and it constitutes more than 60% of the total protein
intake in adults, especially in rural areas. It has a relatively
10% calories content, hence its role in nutrition is
recognized. In Nigeria, fish is eaten cooked, preserved or
processed (smoked) and it is a delicacy that cuts across
socio-economic, age, religious and educational barriers
[2]. In terms of safety, fish has been implicated in several
outbreaks of food-borne infections. It is a potential

vehicle for food-borne infections such as cholera,
listerosis, salmonellosis and many more [3-5]. Many
spoilage microorganisms which are also known to be
opportunistic pathogens including Pseudomonas spp.
and Proteus spp. have also been associated with fish
[3, 6-8]. Smoked fish constitute a major source of animal
protein for a vast majority of the population in Nigeria,
particularly the rural population. These products can be
kept for 2 to 4 weeks in market stalls with poor storage
facilities. Smoke drying method is carried out in traditional
smoking kilns of clay, cement blocks, drums or iron sheets
[9]. From the point of processing to market stalls, smoked
dried fishes often get contaminated with microorganisms
such as bacteria, yeasts and moulds [10-12]. Various
pathogenic agents that are isolated from different types of
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fish can grow and produce their toxic secondary
metabolites, these are retained in fish flesh even after
salting. These toxic substances cause public health
hazards [13]. The smoking of fish from wood for
preservation dates back to civilization [14]. Apart from
giving the product desirable taste and odour smoking
provides longer shelf-life through its anti-bacterial and
oxidative effects, lowering of pH, as well as accelerating
the drying process and acting as antagonist to spoilage
agents [15, 16]. The aim of the present study is to
determine and identify the bacterial pathogens
contaminating smoked dried fishes in Umuahia metropolis.

MATERIALS AND METHODS
Study Area: The study area was Umuahia Metropolis.

Sample Collection: A total of 300 smoke dried fishes (Cat
Fish, Stock Fish, Bonga Fish, Mackerel and Croaker Fish)
will be randomly sampled and purchased from four
different marketing sites located in Umuahia. These would
include Ndoru, Ahaike, Isi- Gate and Ubani markets at an
interval of one week for a period of four weeks. Seventy
five samples of the fish species will be obtained from each
market. To avoid contamination during sampling,
transportation and storage, the samples will be kept in
labeled polythene bags and taken immediately to
Veterinary Microbiology laboratory Michael Okpara
University of Agriculture, Umudike for analysis.

Sample Preparation

Preparation of Serial Dilution: Sample preparation will be
made using the method described by Chessbrough [17].
Ten grams of the fish sample obtained from each of the
markets will be weighed aseptically and macerated in 90 ml
of sterile peptone water as a stock and five other test
tubes also containing 9 ml of sterile peptone water will be
arranged serially in the test tube rack. 1 ml. of the stock
will be collected using a pipette to the first test tube and
from the first test tube to the second test tube up to the
fifth test tube respectively i.e. 107", 1072 107, 10~ *and
107° respectively. 10~ and 107° will be used as the
dilution factor and 1 ml will be taken from each factor into
a sterilized petri dish in duplicate. All plates will be
incubated at a temperature of 37°C for 24 hrs, before
colony counting and isolation procedures.

Media: The media used includes: Mannitol salt agar
(MSA) was used for Staphylococcus aureus; MacConkey
Agar (MCA) was used to enhance the growth of Gram-

205

negative organisms and as a multipurpose agar;
Salmonella Shiggella agar (SSA) was used for culturing
Salmonella and Shigella species. All media for isolation of
the organisms was prepared aseptically according to
manufacturer s specification.

Inoculation of Media Plates: Pour-plate method was
adopted for inoculation of all media plates. The plates
were then be subjected to 24 hours incubation at 37°C
after which all plates were read. Each discrete colony
observed was picked and streaked on fresh media plates
to obtain pure cultures. All plates and test tubes used
were properly labeled according to dilution, agar used and
Market from which the sample was obtained. Bacterial
growths from the plates were subjected to Gram staining
test and biochemical test. (Coagulase, Catalase, Citrate
utilization test and Indole etc.) tests, to confirm their
identity.

Bacteria Colony Count: Bacteria colonies was counted
using colony counter machine. The number of colonies on
the plate was multiplied by the reciprocal of the dilution
factor and calculation was done for 1 ml of the original
sample and plating was done in duplicate for each
dilution. An average count was taken to obtain the total
count. The colony counts of duplicate plates was
calculated by Average count x dilution factor.

RESULTS

A total of 300 of fish were sampled randomly from
four (4) different market locations Ndoru, Isi Gate, Ahiacke
and Ubani markets, (75) samples were bought randomly
from each of the market. Table 1 shows that mackerel fish
had the highest number of fish with bacterial
contamination followed by croaker fish, Bonga fish, cat
fish and stock fish respectively. Table 2 shows that
Ahiacke market had the highest percentage of fish
contaminated with bacteria (80%) followed by Ndoru, Isi-
gate and Ubani Market respectively. Table 3 shows that
Ndoru market had 38.8% of the fish samples been
contaminated with  Staphylococcus  spp, 33.3%
contaminated with Micrococcus and 27.7% contaminated
with Bacillus spp. Ahiacke market had 35% of the fish
samples contaminated with Bacillus and Micrococcus
and 30% with Staphylococcus spp. Isi-gate market had
53.3% of the fish contaminated with Staphylococcus with
26.6% contaminated with Micrococcus and 20%
contaminated with Bacillus. Ubani Market had 38.4% of
the fish sample contaminated with Staphylococcus spp.
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Table 1: Prevalence of bacterial contamination based on type of fish

S/N Type of fish No. Sampled No positive (%)
1 Cat Fish 60 36(60)
2 Stock Fish 60 30 (50)
3 Bonga Fish 60 39 (65)
4 Croaker Fish 60 45(75)
5 Mackerel Fish 60 48 (80)
Total 300

Table 2: Prevalence of bacterial contamination based on market location

S/N Market locations No. Sampled No positive%

1 Ndoru 75 54 (72%)

2 Abhiaeke 75 60 (80%)

3 Isi Gate 75 45 (60%)

4 Ubani 75 39 (52%)
Total 300

Table 3: Percentage occurrence of bacteria in the fish samples

S/N Market Location Isolate Number Percentage (%)

1 Ndoru Bacillus spp. 15 27.7
Staphylococcus spp. 21 38.8
Micrococcus spp. 18 333

2 Ahiake Bacillus spp. 21 35
Staphylococcus spp. 18 30
Micrococcus spp. 21 35

3 Isi gate Bacillus spp. 9 20
Staphylococcus spp. 24 533
Micrococcus spp. 12 26.6

4 Ubani Bacillus spp. 12 30.7
Staphylococcus spp. 15 38.4
Micrococcus spp. 12 30.7

Table 4: Mean Bacteria Count of the Smoked Fish Samples

Market Location Total no of samples Mean count values (cfu/g)
Ndoru 75 1.28 x10°
Ahiake 75 1.81 x 10°
Isi —gate 75 1.62 x 10°
Ubani 75 1.44x 10°

Table 5:Cultural and Morphological Characteristics of bacteria in the Smoked fish Samples

Suspected Isolates Morphology Microscopic appearance
Bacillus spp. Creamy white, raised with rough edges Gram positive bacilli
Staphylococcus spp. Creamy, slightly raised with smooth edges Gram positive cocci
Micrococcus spp. Creamy, slightly raised with smooth edges Gram positive cocci

Table 6: Biochemical test of bacterial isolated from the fish samples

Organism Catalase Coaguluse Urease Suc H2S Citrate Vp MR Indole Maltose Mannitol Lactose Glucose Oxidase Motility Gram
Bacillus + NA - + - - + - - + - + - - + +
Staphylococcus  + + - + NA NA + - NA + + + + _ NA +
Micrococus + - NA + NA NA - + NA + + + + + - +

NA=Not applicable. + Positive. -Negative

with 30.7% contamination with Bacillus spp. and  10°%fu/g and Ndoru 1.26 x10°%fu/g respectively.
Micrococcus spp. Table 4 shows the mean bacteria Table 5 shows the cultural and morphological
count for the wvarious market location. Ahiacke characteristics of bacterial isolates and Table 6 shows the
market had the highest mean of 1.81 x 10°fu/g biochemical test used in characterization of the bacterial
Isigate gate with 1.62 x 10° cfu/g, Ubani 1.44 x Isolates.
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DISCUSSION

This study shows that pathogenic bacteria are
present in smoked fish sold in, Ndoru, Isigate, Ahiacke
and Ndoru Market. The bacteria organisms isolated
from the fish include Bacillus spp., Staphylococcus
spp. and Micrococcus spp. This result agrees with that of
Brown; Umoh and Odoba, Okonta and Ekelemu
[18-20]. Staphylococcus spp. is said to be one of the
predominant bacteria that the smoked fish samples
were contaminated with, this agrees with the work of
Okonta and Ekelemu [20] and Okonko et al. [21] who
reported Staphylococcus as one of the predominant
bacteria contaminating smoked fish and causing
spoilage. Its evidence would be as a result of poor
sanitary condition and lack of adequate packaging of
the products as they are always exposed at the market.
These organisms may have contaminated the smoked
fish through human handlers, air and soil. The bacteria
group of Staphylococcus spp. according to Herman et al.
[22] reported that it was one of the most common causes
of human disease and they constitute the normal flora of
the human skin and mucous membrane without resulting
in a diseased condition. This bacteria class may also
cause superficial and systemic infections such as boils,
impetigo and folliculitis while more serious and more
common infections could be pneumonia, bacteremia and
other infections of the bones and wounds as reported by
Adelaja et al. [23]. Bacillus and Micrococcus were also
found to be present in the smoked fish samples which
agrees with a similar study carried out by Moshood and
Tengku Haziyamin [24], Bacillus aureus, Staphylococcus
aureus, Proteus mirabilis, Klebsiella sp., Salmonella
typhii and Streptococcus sp. were all found to be
associated with smoked fish. It is suspected that these
organisms may have contaminated the smoked fish
through human handlers, air and soil. The presence of
these organisms in the smoked fish might be due to
increase in moisture content of the product during
storage and also increase in temperature that favours the
growth of these organisms. All the pathogens are of food
and public health implication and hence hazardous and
injurious to human health, if consumed. Microbial load on
ready-to-eat foods is important, however, factors such as,
processing, storage and display may influence the
microbiological load of ready-to-eat foods at the point of
sale [25, 26]. Although smoke-drying reduces water
activity and destroys bacteria through the agency of heat,
post-processing contamination can and do occur
especially during handling and transportation of
processed foods to the point of sale as showed by Mepba
et al. [27]. The mean bacteria count in the smoked fishes
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sampled in this study was between 1.26 x10°cfu/gto 1.81
x 10° cfu/g.

CONCLUSION

The study showed that though smoking helps in
inhibiting activities of bacteria, however, when not
properly carried out, bacterial growth and activities still
lead to the deterioration of the fish. Due to public health
implication, the state of smoked fish should be paid
proper attention by the processors and consumers for
their safety through proper processing, storage and
handling procedures. It is noteworthy that sanitary
condition under which fishes are handled, processed and
stored be improved upon to reflect standard or good
practices.

Recommendations: This study recommends that the fish
handlers should be educated on proper hand washing
during fish processing. Public education of the fish
processors on the need for proper environmental
sanitation. Good hygienic practice aimed at minimizing the
microbial load of fish must be ensured.

ACKNOWLEDGEMENT

I sincerely acknowledge the Head of Department, The
Chief Technologist Mr Sunday Enwerem and all the
Laboratory staff Department of Veterinary Microbiology,
College of Veterinary Medicine, Michael Okpara
University of Agriculture, Umudike for the assistance and
allowing us use their facilities.

REFERENCES

1. Abdullahi, S.A., D.S. Abolude and R.A. Ega, 2001.
Nutrient quality of four oven dried Freshwater
species in Northern Nigeria. Journal of Tropical
Biological Sciences, 1: 70-76.

2. Adebayo-Tayo, B.C., A.A. Onilude and U.G. Patrick,
2008. Mycofloral of smoke-dried Fishes sold in Uyo,
Eastern Nigeria. World Journal of Agricultural
Sciences, 4: 346- 350.

3. Popovic, N.T., A.B. Skukan, P. Dzidara, I. Coz-
Rackovac, L. Strunjank-Perovic, Kozacinski,
M. Jadan and D. Brlek-Gorski, 2010. Microbiological
quality of marketed fresh and frozen seafood caught
off the Adriatic coast of Croatia. Veterinarni
Medicinia, 55(5): 233-241.

4. Costa, R., 2013. Escherichia coli in seafood: A brief
overview.  Advances in  Bioscience  and
Biotechnology,4, 450-454.



10.

11.

12.

13.

14.

15.

Global Veterinaria, 20 (5)

Akoachere, J.F., R.N. Bughe, B.O. Oben, L.M. Ndip
and R.N. Ndip, 2009. Phenotypic characterization of
human pathogenic bacteria in fish from the coastal
waters of South West Cameroon: Public health
implications. Reviews on Environmental Health,
24: 147-156.

Ikutegbe, V. and F. Sikoki, 2014. Microbiological and
biochemical spoilage of smoke-dried fishes sold in
West African open markets. Food Chemistry,
161: 332-336.

Tryfinopoulou, P., E. Tsakalidou, M. Vancanneyt,
B. Hoste, J. Swings and G.J.E. Nychas, 2007.
Diversity of Shewanella population in fish Sparus
aurata harvested in the Aegean Sea. Journal of
Applied Microbiology 103: 711-721.

Viji, P., S. Tanuja, G. Ninan and A.A. Zynudheen,
2014. Quality Characteristics and Shelf Life of
Sutchi Cat Fish (Pangasianodon hypophthalmus)
Steaks during Refrigerated Storage, International
Journal of Agriculture and Food Science
Technology, 5(2): 105-116.

Fafioye, O. and O. Fafioye, 2013. Microbial
identification of smoke-dried fish (Clarias
gariepinus) from some local markets in Ibadan
metropolis. Wudpecker Journal of Agricultural
Research, 2(11): 294-298.

Okafor, N. and B.C. Nzeako, 1985. Microbial flora of
fresh and smoked fish from Nigerian Fresh Water. F.
Microbio., 2: 71-75.

D’Andrea, C., 2012. Guidelines on Assessment and
Remediation of Fungi in indoor Environments New-
York city Dept. of Health and Mental Hygiene. New
York, USA.

Wu, M.T. and D.K. Salunkhe, 1978. Mycotoxin
producing potential of fungi associated with dry
shrimps. J. Appl Bacteriol., 45: 231-238.
Swaminathan, B. and P.H. Sparling, 1998. The
bacteriology of food excluding dairy products. In
Toply and Wilson. Collier L, Balows A, Sussman M.
Microbiology and microbial infection. (9" Edn.),
Vol. 2 Edward Arnold Publishers Ltd, pp: 407-408.
Olokor, J.O., J.A. Thuahi, F.S. Omojowo, B.A. Falayi
and E.O. Adelowo, 2007. Handbook of Practical
Fisheries  Technology. Fisheries Technology
Division, National Institute for Freshwater Fisheries
Research (NIFFR). New Bussa, Niger State Nigeria.
Sengor, G.F., H. Kalafatoglu and H. Gun, 2004.
The Determination of Microbial Flora, Water
Activity and Chemical Analysis in Smoked Mussels
(Mytilus galloprovincialis, L.) Turk J Vet Anim Sci.,
28:793-797.

208

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2 204-208, 2018

Eyo, A.A., 2012. Traditional and improved fish
handling, preservation and processing Techniques.
NAERLS/NIFER national workshop on fish process
storage, marketing and utilization, pp: 15-20.
Cheesbrough, M., 2002. District Laboratory Practice
in Tropical Countries. (Part II). Tropical Health
Technology Publishers, Great Britain, pp: 40-56.
Brown, G.E., 2004. A Report on the Prevalence of
Bacteria specie in Retailed Smoked Fish within
Bauchi Metropolis.

Umoh, U.J. and M.B. Odoba, 1999. Safety and Quality
Evaluation of Street Foods Sold in Zaria kuna State,
Nigeria. Nigeria Journal, 10: 9-14.

Okonta, A.A. and J.K.S. Ekelemu, 2005. A preliminary
study of micro-organisms associated with fish
spoilage in Asaba, Nigeria. Proceedings of the 20th
Annual Conference of FISON, Port Harcourt. 14-18™"
November, 557-559.

Okonko, T.A., A.A. Ogunnusi, A.O. Ogunjobi,
O.D. Adedeji, E.T. Adejoye, Babalola and
A.A. Ogun, 2008. Microbial Studies on Frozen
Shrimps Processed in Ibadan and Lagos, Nigeria.
Scientific Research, 3: 543-545.

Herman, H.H., W. Lin, P.J. Petrecca, M.R. Simmons
and J. Houghton, 2011. Centrifugal Bioreactors and
their application in remediation’s. Remediation
Journal, 11(4): 15-33.

Adelaja, 0.0.,J. Olalekan, N.B. Ikenweiwe and
S.S. Ashley-Dejo, 2013. Comparison of Microbial
Load Associated with Smoked Fish (Chrysichthys
nigrodigitatus) from Oyan Lake and Ogun Waterside
in Ogun State, Nigeria. Global Journal of Science
Frontier Research Agriculture and  Veterinary,
13(8)1: 35-39.

Moshood, A.Y. and A.A. Tengku Haziyamin, 2012.
Isolation and Identification of Bacteria in Retailed
Smoked Fish within Bauchi Metropolis. J. Pharm.
And Biol. Sciences, 3(1): 1-5.

Angelidis, A.S.E.N., Chronis D.K. Papageorgiou,
L.I. Azakis, K.C. Arsenoglou and G.A. Stathopoulos,
2006. Nonlactic acid containing flora in ready-to-eat
foods: A potential quality index. Food Microbiol.,
23:95-100.

Beuchat, L. R and J. H. Ryu, 2004. Produce handling
and processing practices, Emerging Infectious
Diseases, 3:459-465.

Mepba, H.D., 2002. Effect of processing methods and
storage on the Qualities of coconut milk. Discov.
Innov, 14 (3/4): 179-185.



