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Microbiological quality assessment and proximate analysis of fish and
shrimps sold in open markets and grocery stores in Benin city, Nigeria

Faith Iguodala Akinnibosun'* and Natural Ezewele'

SUMMARY: The aim of this research was to determine the microbiological
quality and proximate composition of fish and shrimps sold in open markets and
grocery stores in Benin City, Nigeria. Samples of fish and shrimps were analyzed
microbiologically using pour plate isolation method. The total bacterial
count/coliform count were7.80 = 0.12 x 10%/1.20 + 0.13 x 10° and 5.44 + 0.23 x
10%1.50 + 0.11 x 10° for fish and shrimp samples respectively in the open market
whilst for the grocery stores they were:3.61 + 0.32 x 10°%/4.15 =+ 0.33 x 10%and
1.42 +£0.24 x 1051.36 =+ 0.13 x 103for fish and shrimp samples respectively. The
mean fungal count for fish and shrimp samples was highest in open market shrimps
(2.11 £ 0.20 x 10%) and lowest in grocery stores shrimp (1.33 + 0.12 x 10?).
Bacterial species isolated were Pseudomonas aeruginosa, Enterobacter aerogenes,
Staphylococcus aureus, Micrococcus luteus and Staphylococcus epidermidis while
the fungi isolated were: Aspergillus niger, Penicillium sp and Mucor sp. Proximate
analysis showed that the samples were mainly made up of protein, carbohydrate
and lipids whilst moisture, fibre and ash were also present in all the samples at
varying concentrations. Results revealed no significant difference in the proximate
composition of the open market and grocery stores fish and shrimps. From the
foregoing, these high sources of nutrients should be added to our daily meal, while
proper measures, such as public enlightenment, washing and cooking of the samples
with potable water to ensure their microbiological safety are recommended.
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Introduction

Seafoods is an important part of a healthy diet and one of the most important
sources of animal protein source and other element for the maintenance of health
body, however they are highly perishable food, with its quick perishability being
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the main problem during its preservation (Khan, 2001; Musa ef al., 2010; Okoro et
al., 2010; Dewi et al., 2011; Renvichandran et al.,, 2012). In handling and storage
of fish, its quality deterioration rapidly occurs and truncates the shelf-life (Alemu,
2013). Fish contains proteins, minerals, vitamins as important sources of nutrients.
However fish meat spoils more quickly than muscle foods, particularly via natural
bacterial spoilage; about 30% of landed fish are lost through microbial degradation
only (Ghaly et al., 2010). Fish spoilage with microorganisms shows environmental
pollution (Adeyemo, 2003). Therefore, the microbial biota of fish is a reflection of
its aqueous environment. If the fish surrounding environment is polluted with
bacteria, their consumption will be risky to human health (Arafat, 2013). Many
researches of microbial flora in the body and internal organs of fish have been
carried out (Al-Harbi and Uddin, 2004; Yagoub, 2009; Okoro et al., 2010; Das
Trakroo and Agarwal, 2011; Adebayo-Tayo et al., 2012a, b). These studies have
revealed variation in the bacterial flora of fish species collected in different places
and in different countries. Bacteria such as Pseudomonas fluorescence, Aeromonas
hydrophila, Edwardsiella tarda, Vibrio sp. and Myxobacteria are common in the
aquatic environment (Gilmour et al., 1976; Allen et al., 1983). However, disease-
causing bacteria are mainly introduced into water bodies through faeces from
humans or animals (Arafat, 2013).Shrimp is one of the most delicious sea food and
is part of the almost every nation’s traditional meal (Ehigiator et al., 2014)

Shrimps are found worldwide and they include commercially significant
species such as the White leg shrimp, Atlantic white shrimp, Indian prawn and
Tiger prawn. The shrimps constitute a large group of crustaceans varying in size
from microscopic to about 35 cm long. The body is almost always laterally
compressed, the rostrum usually compressed and toothed, and the abdomen long,
longer than the carapace or head (Adedeji and Ibrahim, 2011).Shrimps can be pink,
green, brown, blue, white or yellow before cooking but turn pink with white meat
after cooking. Shrimps have suitable moisture contents (73.14% to 73.91%). The
protein was found as the major constituent, indicating that shrimp muscle can be a
good source of amino acids. Crude protein levels showed a tendency to increase in
wild shrimp. The ash content in this study was a little higher than that obtained by
Sriket et al. (2007).

Seafood refers to all fresh or salt water organisms such as shellfish, fin fish,
mollusks, crustaceans and other forms of aquatic animal life. Nigeria has a large
number of frozen seafood processing plants and retail marketsdistributed along the
country, where considerate amount of people buy their frozen seafood product
daily. The source of pathogenic bacteria may be from environmental cotamination
or unhygienic handling of shrimp by the workers. When processed frozen sea foods
are consumed raw, there is likelihood of endangering the health of consumers
especially when the microorganisms present include pathogenic ones. (Okonko,
2008). The microbiological safety of food is achieved by ensuring the absence of
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pathogenic microorganisms and by all means preventing microbial multiplication
(Edema et al., 2005). Control and prevention of contamination in shrimps, through
good water source, improved hygienic handling of shrimp , proper sewage disposal,
proper storage of shrimp lead to reduction in shrimp (seafood) hazard and danger to
public health (Ehigiator et al., 2014). Unsafe water used in processing seafood products
pose a global public health threat, placing consumers at risk for a host of diarrhea
and other diseases (Hughes and Koplan, 2005). Handling of raw materials influences
the bacteriological quality of frozen shrimps. Insufficiently iced and improper storage of
shrimp at higher temperature enhance the growth of microorganisms responsible for
microbiological quality changes (Reilly ef al., 1986).

Most of the methods that have been used to estimate the quality of fresh fish
measure or evaluate parameters that are formed, varied or modified during deterioration
of fish. These methods are either microbiological or chemical (Huss, 1995). Some
of the microbiological methods used to assess fish freshness are total plate count,
total coliform and fecal coliform. Total plate count is a good indicator of the sensory
quality or expected shelf life of the product (Olafsdottir et al., 2006; Koutsoumanis
and Nychas, 2000). A good knowledge of the microbial loads of raw processed
seafood such as fish and shrimp is necessary so as to guide the unsuitability for
consumption. Thus, regular microbiological analysis of seafood products at source
or processing plant must be carried out to check for the effectiveness of the processes of
processing and packaging. The study, therefore aims to determine the microbial load
and the proximate analysis of fish and shrimps sold in the open markets and grocery
stores in Benin City, Nigeria.

Materials and methods

Sample collection

Fresh fishes and shrimps were purchased in Oba market and grocery stores
in Benin City. The samples were immediately transported to the laboratory for
microbiological analysis.

Sample Preparation

Ten grammes of each sample Clarias gariepinius and Caridina sp.was of cut
from the head, middle and tail regionswere weighed and mashed in a sterile
laboratory mortar and pestle and aseptically introduced into 90 mL of sterile
distilled water, properly shaken before a 10-fold serial dilution was prepared.

Preparation of culture media

All media were prepared accordingly to manufacturer’s instruction. The
media used in this study were Nutrient agar (used for heterotrophic bacterial
count), MacConkey agar (used for coliform count) and potato dextrose agar (used
for fungal count).

83



F. I. AKINNIBOSUN, N. EZEWELE

Isolation and enumeration of microorganisms

One millilitre from 10 dilutions was plated out by pour plate method on
nutrient agar, MacConkey agar and potato dextrose agar. The nutrient agar and
MacConkey agar plates were amended with nystatin to prevent fungal growth and
then incubated at 37°C for 24hrs. The potato dextrose agar plates were amended
with streptomycin to prevent bacterial gowth and incubated at28°C for 72hrs. After
incubation, discrete colonies of culture on nutrient agar and potato dextrose agar
plates were counted and expressed in cfu/g.

Characterization and identification of isolates

Bacterial isolates were identified on the basis of cultural morphological and
biochemical tests according to Jolt et al., 1994 and Cheesbrough, 2006. The fungal
colonies were identified as described by Harrigan, 1998.

Proximate Analysis

Proximate analysis of the samplefor moisture content, crude protein, lipid,
fibre, ash and carbohydrate was determined using the methods description by
AOAC (1990).

Statistical Analysis

Results were expressed as means + standard error (SE) of three replicates.
Data were subjected to Analysis of Variance (ANOVA) using SPSS version 16.0
(Ogbeibu, 2015).

Results and discussion

In this study, assessment of the microbiological quality and proximate
analysis of fresh fish and shrimps sold in open markets and grocery stores in Benin
City was carried out. Results showed that the microbial counts of both samples
(Tables 1 and 2) were high.

Table 1.
Microbial counts of samples from open markets
Counts (cfu/g) Fish Shrimp
Total Heterotrophic Bacterial count 7.80+£0.12x 10% 544 £0.23x 10%
Coliform count 1.20+£0.13 x 10°® 1.50£0.11 x 10
Fungal count 1.56 £0.21 x 10* 2.11+0.20 x 10%

Note: Values are means + standard error; Means with the same letter are not significantly
different (P > 0.05)
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Table 2.
Microbial counts of samples from grocery stores
Counts (cfu/g) Fish Shrimp
Total Heterotrophic Bacterial count 3.61+0.32x 10 4.15 £0.33x 10
Coliform count 1.42 £0.24x 10°® 1.36 £0.13 x 10°
Fungal count 1.61 £0.41 x10* 1.33 £0.12x10*

Note:Values are means+ standard error; Means with the same letter are not significantly
different (P > 0.05)

The total bacterial count for fish in open market and grocery stores were
7.80 £ 0.12 x 10° and 3.61 £ 0.32 x 10’ cfu/g respectively. Fungal counts of 1.56 +
0.21 x 10? cfu/g and 1.61 + 0.41 x 10? cfu/g were respectively observed, while total
coliform counts in both samples were 1.20 = 0.13 x 10’ and 1.42 + 0.24 x 10° cfu/g
respectively. The total bacterial load from open market and grocery store shrimps
were 5.44 £ 0.23 x 10° cfu/g and 4.15 + 0.33 x 10° cfu/g respectively. Fungal
counts were: 2.11 £ 0.20 x 10 cfu/g and 1.33 + 0.12 x 107 cfu/g respectively, while
total coliform counts were 1.50 + 0.11 x 10°cfu/g and 1.36 = 0.13 x 10° cfu/g
respectively. This observation agreed with those of Ehigiator et al. (2014) and
Alemu, 2013.The high microbial count could be attributed to poor handling and
storage practices adopted by the sellers.

The counts were generally high and exceeded the FAO/WHO standard limit
of 1.0 x 10%cfu/ml for food production and water (FAO/WHO, 2007). In both open
markets and grocery stores, the bacterial and coliform counts were higher than the
fungal count. This difference could have been as a result of differences in
preservation methods of the different markets and grocery stores and their storage
conditions. Tables 3 and 4 showed the bacterial and fungal isolates respectively, as
Pseudomonas aeruginosa, Enterobacter aerogenes, Staphylococcus aureus,
Micrococcus luteus, Staphylococcus epidermidis (Table 3), and Aspergilus niger,
Penicillium sp., Mucor sp. (Table 4).

These results were similar to those reported by Ehigiator et al., 2014 and
Okonko et al. (2008). Pseudomonas aeruginosawas isolatedamong patients with
wounds, burns and cystic fibrosis and their presence is likely due to the action of
swimmers and infected individuals in water bodies and aquatic environments
which they use for recreational purposes (Ehigiator et al., 2014). Presence of S.
aureus, another pathogenic bacteria might be due to possible contamination during
sales and unhygienic handling of seafood products. This is in agreement with the
reports of Edema et al. (2005). Okonko et al. (2008 a and b) and Oluwafemi and
Simisaye, (2005).
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Table 3.
Bacteria isolated from fish and shrimps
Characteristics 1 2 3 4 5
Cultural
Elevation Low Convex Convex Convex Flat
Margin Convex Entire Entire Entire Serrated
Colour Green Yellow Yellow White Cream
Shape Circular  Circular  Circular  Circular Circular
Morphological
Gram stain - + + + +
Cell type Rod Cocci Cocci Cocci Rod
Cell arrangement Single Cluster Single Cluster Single
Spore stain - - - - -
Biochemical
Catalase + + + + +
Oxidase + - - - -
Coagulase - - - - -
Urease - + + + -
Indole - - + + +
Citrate + + + + +
Glucose + + + + +
Lactose - + + + +
Isolates “ “
S : : S S
33 S g S g S g
5§ S S S < E £z
% Tz f¢ £S5 ¥
S S S5 5 3 53 S s
235 S 3 SRS S S 3
SO A 3 = s RSy SRS
Table 4.
Cultural and microscopic characteristics of fungal isolates
Cultural Microscopic examination Isolates
Black fluffy colonies with  Septate and branched hyphae  Aspergillus niger
reverse side yellow and conida in chains
Grey colonies that were Long conidiophores Penicillium sp.
large with white border. consisting of broom like

conida in chains

White flat colony with Non-septate hyphae with Mucor sp.
reverse side colourless straight sporangiophore with
many spherical spores
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The isolation of fungi in this study is similar to result obtained by Ehigiator
et al., 2014 and Fagade et al., 2005. Fungi might have arisen due to the fact that
during storage, the samples reabsorb moisture from the environment, which
supported the growth of these microorganisms. Table 5 displayed the distribution
of isolates in the open market and grocery store. It was observed that S. aureus was
the most prevalent in all the samples while the least prevalent was E. aerogenes.
The presence of coliforms indicated faecal contamination of the water for
processing the frozen seafood (Adebolu and Ifesan, 2001).

Table 5.
Distribution of isolates in samples
Isolates Open Market Grocery store
Fish Shrimp Fish Shrimp
Pseudomonas aeruginosa + + - +
Enterobacter aerogenes - + - -
Staphylococcus aureus + + + +
Staphylococcus epidermidis + + + -
Micrococcus luteus + + - -
Aspergillus niger - + + +
Penicillium sp. + - + +
Mucor sp. + + - -

Key: + =Present, - = Absent

Proximate analysis (Table 6) of the different fish and shrimps samples
showed the presence of protein, carbohydrates, lipid, moisture, fibre and ash in all
the samples at varying concentrations. The protein content in fish samples from
open market and grocery store was found to be slightly different and were 37.22 +
1.23 % and 41.35 = 0.76 % respectively in agreement with the results of Olayemi
et al. (2011). The shrimp samples were found to be lower in protein content with
percentage composition of 18.90+ 0.79 % and 21.54 + 0.81 % respectively in
shrimps from open market and grocery stores. Interestingly, the carbohydrate
content of shrimps was found to be very high compared to that of fish. A
percentage composition of 50.77 = 1.19 % and 46.17 = 1.01 % were observed in
the respective shrimps, compared to 16.41 = 0.05 % and 13.71= 0.89 % in the
respective fish samples. This is in agreement with the work of Puga-l6pez et al.
(2013) who reported similar findings on the proximate analysis of shrimps. The ash
content of any sample is a measure of the mineral content of the food (Nnamani et
al., 2009). The ash content were: 7.43 = 0.08 % and 2.32 + 0.09 % for open market
and grocery store fish respectively while 4.52 £ 0.49 % and 531 + 0.44 %
respectively for open market and grocery store shrimps. The moisture content for
open market and grocery store fish were: 31.45 + 1.41 % and 30.63 = 0.87 %
respectively, while 21.80 = 0.92 % and 24.98 + 0.89 % for open market and
grocery store shrimp respectively.
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Table 6.
Proximate composition of samples
Nutrients (%) Open Market Grocery store
Fish Shrimp Fish Shrimp

Moisture 31.45+ 1412 21.80+0.92° 30.63+£0.872 24.98+0.89b
Crude Protein 37.22+1.23b 18.90+0.79® 41.35+0.76° 21.54+0.81°
Lipid 5.94+0.11°¢ 1.25+0.114 8.72+0.19¢ 1.02 + 0.084
Fibre 1.55+ 0.09¢ 2.76 £ 0.09¢ 3.27+0.214 0.98 £0.104
Ash 7.43+ 0.08° 4.52 +£0.49° 2.32 +0.094 5.31 £0.44°
Carbohydrate 16.41+ 0.05¢ 50.77 £ 1.19° 13.71 £ 0.89¢ 46.17 £1.01°

Note:Values are means+ standard error; Means with the same letter are not significantly
different (P > 0.05)

Open market and grocery store lipid content for fish were: 5.94 £0.11 % and
8.72 £ 0.19 % respectively, while 1.25 £ 0.11 % and 1.02 + 0.08 % for open
market and grocery store shrimps respectively. The fibre content for the open
market and grocery store fish were: 1.55 = 0.09 % and 3.27 &+ 0.21 % respectively,
while 2.76 + 0.09 % and 0.98 + 0.10 % for open market and grocery store shrimps
respectively. Results revealed no significant difference in the proximate composition of
the open market and grocery stores fish and shrimps. This finding suggests that fish and
shrimps are very high in nutrient composition and should be included in our meals.

Conclusions

The microbiological and proximate analysis of fish and shrimps sold in open
markets and grocery stores have been evaluated in this research. Results revealed that the
samples exceeded the acceptable standard limit of contamination recommended by
FAO/WHO and also microorganisms identified in this study could pose high health risk.
It is recommended, therefore, that both open market and grocery store fish and shrimps
be properly washed and cooked adequately before consumption. Public enlightenment
and proper monitoring by food regulatory bodies are also recommended.

Acknowledgements. The authors are grateful to the Department of Microbiology, Faculty

of Life sciences for the provision of materials to carry out this research.
REFERENCES

Adebayo-Tayo, B. C., Odu, N. N., Okonko, I. O. (2012b) Microbiological and physiochemical

changes and its correlation with quality indices of tilapia fish sold in Itu and Uyo markets in
Akwalbom State, Nigeria. New York Science Journal5(4):38-45

88



QUALITY AND PROXIMATE COMPOSITION OF FISH AND SHRIMPS SOLD IN BENIN CITY

Adebayo-Tayo, B. C., Odu, N. N., Igiwiloh, N. J. P. N., Okonko, 1.0. (2012a)
Microbiological and physicochemical level of fresh catfish (Arius hendelotic) from
different markets in Akwalbom State, Nigeria. New York Science Journal 5(4):56-52

Adebolu, T. T., Ifesan, B. O. (2001) Bacteriological quality of vegetables used in salads.
Nigerian Journal of Microbiology15:81-85

Adedeji, O. B., Ibrahim, S. O. (2011)Assessment of microbial safety of fresh shrimps
offered for sales at Alesinloye and Eleyele markets in Ibadan, Southwestern Nigeria.
Journal of Applied Sciences and Environmental Sanitation 6(3):239-246

Adeyemo, O. K. (2003) Consequences of pollution and degradation of Nigerian aquatic
environment on fisheries resources. The Environmentalist 23(4):297-306

Alemu, L. A. (2013) Microbiology and chemical changes of Tilapia fillet during ice storage
effect of age and sex. Advance Journal of Food Science and Technology 5(10): 1260
— 1265

Al-Harbi, A. H., Uddin, M. N. (2004) Seasonal variation in the intestinal bacterial flora of
hybrid tilapia cultured in earthen ponds in Saudi Arabia. Aquaculture 229:37- 44

Allen, D. A., Austin, B., Colwell, R. R. (1983) Numerical taxonomy of bacterial isolates
associated with a freshwater fishery. Journal of General Microbiology 129:2043—
2062

AOAC (1990) Official methods of analyses. 15" edn.Association of Official Analytical
Chemists, Washington DC, pp. 66-88

Arafat, M. G. (2013) Microbiological assessment of three types of fresh fish (7ilapia
niloticus, Lobeo niloticus and Hydrocynus sp.) sold in Ed Dueim, Sudan. New York
Science Journal 6(4):49-54

Cheesbrough, M. (2006) District laboratory practice in tropical countries. Cambridge
University Press, pp. 434

Das Trakroo, M., Agarwal, R. (2011) Qualitative and quantitative study on bacterial flora
of farm raised Rohu, Labeo rohita (Ham.) in India. Journal of Recent Trends in
Bioscience 1(2):66-71

Dewi, R. S., Huda, N., Ahmed, R. (2011) Changes in the physiochemical properties,
microstructure and sensory characteristics of shark dendeng using different drying
methods. American Journal of Food Technology 6:149-157

Edema, M. O., Omemu, A.M., Bankole, M. O. (2005) Microbiological safely and quality of
ready-to-eat foods in Nigeria. In: the Book of Abstract of the 29th Annual
Conference and General Meetings (Abeokuta 2005) on Microbes as Agents of
Substantiable Development, organized by Nigerian Society for Microbiology
(NSM), University of Agriculture, Abeokuta, from 6-10" November, pp. 26

Ehigiator, F. A. R., Akise, O. G., Eyong, M. M. (2014) Bacteria and Fungi load of Raw
Processed shrimps from different meat shops in Benin Metropolis. Nigerian Journal
of Agricultural, Food and Environment 10(3):1-7

Fagade, O. E, Ogunjobi, A. A., Oyelade, A. A. (2005) Microflora of noncarbonated orange
drink. In: the Book of Abstract of the 29th Annual Conference and General Meeting
(Abeokuta 2005) on Microbes As Agents of Sustainable Development, organized by
Nigerian Society for Microbiology (NSM), UNAAB, from 6-10th Nov., pp.16

FAO/WHO (2007) FAO/WHO guidance to governments on the application of HACCP in small
and/or less-developed food businesses. FAO Food and Nutrition paper 86, p. 84

&9



F. I. AKINNIBOSUN, N. EZEWELE

Ghaly, A. E., Dave, D., Budge, S., Brooks, M. S. (2010) Fish spoilage mechanism and
preservation techniques review. American Journal of Applied Science 7(7):859-877

Gilmour, A., McCallum, M. F., Allan, M.C. (1976) A study of the bacterial types occurring
on the skin and in the intestine of farmed plaice (Pleuronectes platessa L.)
Aquaculture, 7:161-172

Harrigan, W. F. (1998) Laboratory methods in Food Microbiology. Academic Press, 1998,
p- 532

Hughes, J.M. and Koplan, J.P. 2005. Saving lives through global safe water. Journal of
Emerging Infectious Diseases 11(10):1636-1637

Huss, H. H. (ed.) (1995) Quality and Quality Changes in Fresh fish. FAO Fish Technical
Paper 348, FAO of the United Nations, Rome, Italy

Jolt, J. G., Krieg, N. R., Sneath, P. H. A., Stanley, J. T., Williams, S. T. (1994) Bergey’s
manual of systematic bacteriology. Williams and Wilkins Co. Baltimore, Maryland.
9th edn., pp. 786

Khan, S. R. (2001) Microbiology and Quality control of locally available and exportable frozen
shrimp, M.Sc. Thesis. University of Dhaka. Microbiological and physicochemical analysis
of different water samples used for domestic purposes in Abeokuta and Ojota, Lagos State,
Nigeria. African Journal of Biotechnlogy 7(3): 617-621

Koutsoumanis, K., Nychas, G. J. E. (2000) Application of a systemic experimental
procedure to develop a microbial model for rapid fish shelf life predictions.
International Journal of Food Microbiology 60(2):171-184

Musa, U. S., Hati, S., Adam, Y. [. Mustapha, A. (2010) Pesticide residues in smoked fish
samoles from North-Eastern Nigeria. Journal of Applied Science 10:975-980

Nnamani, C. V., Oselebe, H. O., Agbatutu, A. (2009) Assessment of nutritional values of
three underutilized indigenous leafy vegetables of Ebonyi state, Nigeria. African
Journal of Biotechnology 8(9):2321 — 2324

Ogbeibu, A. E. (2015) Biostatistics: a practical approach to research and data handling
(2" edition) Mindex publishing company, Lagos, Nigeria. p. 17 —22

Okonko, I. O., Ogunjobi, A. A., Fajobi, E. A., Onoja, B. A., Babalola, E. T., Adedeji, A. O.
(2008) Comparative studies and microbial risk assessment of different Ready-to-Eat
(RTE) frozen sea-foods processed in Ijoraolopa, Lagos State, Nigeria. African
Journal of Biotechnlogy7(16):2898-2901

Okonko, I. O., Ogunjobi, A. A., Fajobi, E. A., Onoja, B. A., Babalola, E. T., Adedeji, A. O.
(2008b) Comparative studies and microbial risk assessment of different ready-to-eat
(RTE) frozen sea-foods processed in Ijoraolopa, Lagos State, Nigeria. African
Journal of Biotechnology 7(16):2898-2901

Okoro, C. C., Aboaba, O. O., Babajide, O. J. (2010) Quality Assessment of a Nigerian
Marine Fish, Mullet (Liza falcipinnis) under different storage conditions. New York
Science Journal 3(8):21-28

Olafsdottir, G., Lauzon, H. L., Martinsdottir, E,. Kristbergsson, K. (2006a) Influence of storage
temperature on microbial spoilage characteristics of haddock fillets evaluated by
multivariate quality prediction. International Journal Food Microbiology 111:112-125

Olayemi, F. F., Adedayo, M. R., Bamishaiye, E. 1., Awagu, E. F. (2011) Proximate composition of
catfish (Clarias gariepinus) smoked in Nigerian stored products research institute (NSPRI):
Developed kiln. International Journal of Fisheries and Aquaculture 3(5):95-97

90



QUALITY AND PROXIMATE COMPOSITION OF FISH AND SHRIMPS SOLD IN BENIN CITY

Oluwafemi, F. & Simisaye, M.T. (2005) Extent of microbial contamination of sausages
sold in two Nigerian cities. In: the Book of Abstract of the 29" Annual Conference
and General Meeting (Abeokuta 2005) on Microbes As Agents of Sustainable
Development, organized by Nigerian Society for Microbiology (NSM), University
of Agriculture, Abeokuta, from 6-10th November, 2005 p. 28

Puga-Lopez, D., Ponce-Palafox, J. T., Barba-Quintero, G., Rosalia Torres-Herrera, M., Romero-
Beltran, E., Arredondo-Figueroa, J. L. (2013) A comparative study of physico-chemical,
proximate composition and microbiological muscle properties, in two species shrimps of
the Pacific Tropical Coast. Journal of Agricultural Science and Applications 2(3):151-154

Ranvichandran, S., Joseph, F. R. S., Kanagalakshmi, R., Ramya, M. S. (2012) Variation in
nutritive composition of two commercially important marine fin fishes. International
Journal of Zoological Resources 8:43-51

Reilly, A., Dangala, E., De La Cruz, A. (1986) Post-harvest spoilage of shrimp (Penaecus
monodon) In: proceeding of the first Asian Fisheries Forum, Asian Fisheries Society,
Manila, Philippines, pp. 445 - 458

Sriket, P., Benjakul, S., Visessanguan, W., Kijroongrojana, K. (2007) Comparative studies on
chemical composition and thermal properties of black tiger shrimp (Penaeus monodon) and
white shrimp (Penaeus vennamei) meats. Food Chemistry 103: 1199-1207

Yagoub, S. O. (2009) Isolation of Enterobacteriaceae and Pseudomonas spp. from raw fish
sold in fish market in Khartou state. Journal of Bacteriology Research 1(7):85-88.

91



